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INTRODUCTION

Pullorum disease in turkeys was first recorded by Eewitt in 1928.
Since then a great deal of work has accumulated on means of proper disg-
rosie of disensed and carrier birds. The officisl tests prescribed by
the National Turkey Imnrovement Plan (1945) includes (1) Standard tube
agglutination test (U. S. Live Stock Sanitary Association Meeting, 1932),
(2) The rapid serum test (Runnells, Coon, Farley and Thorp, 1927), and
(3) The rapid whole-blood tests In the case of the standard tube agglu-
tination test, it is recommended that elther of tkhe two serum dilutions
1:25 or 1:50 may te employed.

Corpron (1945), while studying mmllorum disesse in turkeys found
that in standard tube agglutination tests some birds which gave the max-
jpum sgelutination reaction in 13390, 1:200, 1:LOO snd even in 1:800
serum dilutiones showed only slicht reactions in 1:25 and 1350 serum dilu-
tions.

This ohenomenon, referred to in the literature as zone reaction,
prozones, prezones, zones of inhibition and vpro-agglutinoid zones is
not uncommon in antigen—antibody resctionse Thus Coventry (1930), while
studying the trymanocidal effects of immune serum in rats infected with

Trypanosoma lewici, found that le.l ml of the immune serum had no trypan~

ocidal effect, 1le5 ml was markedly trypanocidal, 19 ml had no such efw

fect, 213 ml was only slightly trynanocidal and 2.7 ml was markedly try-
panocidal. She 2lso found that these zone nhenomena were indevendent of
the inactivation of the serum. Taliafferro and Johneon (1925) observed

similar zones of inkibition in mice infected with T. ecuinum.

Telton end Bailey (1926) observed gone reactions in their studies

on the protective ection of preumococcus anti-serum in mice infected with



pneumococci. They found higher doses of the entiserum less effective
as compared to certain smaller doses in some mice. They attributed
this sbsence of protection when higher doses of antiserum were used to
a subetence different from the vrotective antibody, but which nara-
lyzed éhe defence mechanisms of the mice.

Lorgen and Nigg (1928) observed that in some positive Wassermann
reactions for syphilis in leprous individusls, there was more comple-
ment fixation in tubes containing smeller amounts of patients serum than
in the ones containing the maximum amounts. They found the incidence
of such reactions to be as high as 50% of the positive Wassermann reac-
tionse.

Priestley (1931) observed zones of inhibition in standard tubde

i
sgelutination tests in sera from animals infected with the Brucella
groun of orzanisms. He, also, found that, provided a2 stardard tech-
nique wes adhered to, the zone generally occurred in the seme pogi-
tion. Seddon (1915) mede o similar observation. White (1931) has
drewn attention to the occurrence of prozone inhibition phenomenon in
teats performed with frechly drawg sera of typhus sufferers 2nd conval-~
escentse Shibley (1929) has made sn extensive study on gones produced
artifically by heating immune sera to various temperaturea for differ-
ent periods of time.

The present etudy was undertaken to gain more information on
the gubject of zone reactions as they occur in standsrd tube agglutin-

ation tests for nullorum disease in turleyse.
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Materials and Methods

Bacterinl strainsg The orzanisms used in this study were:
l. Selmonelln nullorum Stminmn'oooo'ooo,-‘-
2o Sa.lmonella pullonm strainececcecseall

3« Salmonella pullorum straineeccccccecscsll

All entigens discussed in this report were prepered from the or-
ganisms listed above and are referred to by thelr numbers hereafter.

- Al1 orgenisms were plated on tryptose agar (Difco), and incubated
for 24 houre at 370 C. Single, smooth colonies as indicated by reflected
light were vicked up end all esntigens were prepared from cultures orig-
inating from such colonies. The morphological, cﬁltural end biochemical
resctions of all the three strains correspmond to those listed in Bergey's
Manual (19u8).

Preparation of standerd antizensy Kolle flasks containing tryp-

tose agar (Difco) were seeded with ebout 2 ml of 2L hours tryptose bdroth
(Difco) culturese Simulteneously a loopful of the same broth culture
was streaked on a tryptose ager plate, and after 24 hours incubation at
270 C., the pletes were examined by reflected 1light for the presence of
any rough or dissociated forms. Kolle flasks corresponding to plates
showing only smooth colonies were selected for entigen prenaration.

The Kolle flasks, after 24-U8 hours of incubation, were weshed
with phenolized (0.5%) physiologicel sodium chloride (0.85%) solution
(referred to hereafter as 0.5% carbol-saline solution) to form thick
susnensionse These suspensions were filtered through sterilized cotton

pads, and the filtrastes stored in the refrigerator as stock entigense
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To prenare standard antigens, each stock antigen, just before use,
was diluted with enough 0.5% carbol-salire solution to corresvond in tur-
bidity to tube three in McTFarland's nephelometer (McFarlend: 1907).

To prepare polyvalent standard antigen, eouel ouantities of each
of the stock entigens 4, 10 ard 11 were mixed in a test tube and the
mixture then diluted with 0.5% carbol-ssline solution to match in tur-
bidity of tude three in McFarland's (1907) nepholometers

Sera ugeds - Three turkeys (previously tested end found negative
to the agglutination test for pullorum diseasse) were inoculated intra-
venously with 0«5 ml of 2U4 hours tryptose broth culture, as follows!?

Turkey 395........ «e..S. vullorum straine..... Y4
Tarkey 615ecec-eerceseS. pullorum straineces..10
Turkey 11921leeccceces-Se pullorum strainese...10

The turkeys were bled at various intervals of time, and the sera
were sepasrated by centrifugation of the cosgulated bloode All sera were
stored in the refrigerator without sdded vnreservetives. The time of the
vost-infection bleeding was indicated by labelling the serum containers
as followst ll-day serum or 16-day serum, etc.

Methodst The standard macroscopic tube agglutinetion test was
used. All serum-antigen mixtures were incubated in a water bath at 55° C.
for 18 hours unless otherwise steted. In view of the consideradble import-
ance attributed to convection currents in affecting an increasse in the
speed of clumping in agglutination tests(Topley and Platts: 1918, Fleming
192%) the tubes were immersed in the water bath up to three-fourths of

the denth of the contained fluid.
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The degrees of agelutination have been indicated on the following

++*+ ——- Complete sgglutination - supernatent fluid cleesr
+%* ——- Markedly granuler with flocculstion

* ——- Granular without flocculation

+ -~ Doubtful

- Negative

Experiments and Results

I. Influence of temperature of incubation on agglutination tests

Shibley (1929) obeerved a serum (pneumococcus Type I, horse) in
which an inhibition ,one sppeared only when the incubation was at 56C Ce
but disapneared when incubation wes at 37° C. BHeidelberger and Kondsll
(1929), while studying precipitation reaction, observed flocculations at
icebox temverstures in mixtures which showed no precinitation at room
temperature. Spencer (1920) on the other hand, found that the zone was
destroyed if the serum=suspension mixtures were incubsted at 560 C.
Priestley's (1971) results indicated a definite narrowing of the zone
vhen the incubation temperature was 56° C.

The following experiments were plenned to study the commarative
influence of the incubation temperstures of 370 C. and %6° C. on sgglue
tination tests in pullorum positive sera.

‘Agglutination tests in duvnlicate were performed with the 11, 15
and 2l-day sera of turkeys 515 and 11921. One set of tubes of esch serum
gemple was incubated st 37° C. and the other at 56° C.

. Table I shows the results of these experimentse.
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It will be seen from this table thet there were no zones of inhibi-
tion in 11 and 2l-day eers when the incubation temmerature was 370 C. but
definite though weak zones Aamneared in 1:10 serum dilution of the ll-day
serum and well marked zones apneared in 1:10 end 1:20 seram dilut}ons of
2l-day sers when tests were incubsted at 565° C. In the cese 6f 15-day sera,
the already existing week z ones in 1:10 serum dilutions widened to 1:20
serum dilutions ot 56° Ce incudetion.

This obrervetion is very significant since in any pullorum eredi-
cetion progrem in turkeys, where a2 single dilution method is employed end
th; tests are incubated at 560 C. some poeitive birds are lisble to be
missed and will be potentisl sources of infection for the healthy etock.

11. Effect of dilution of the entigen

Heur (1972) and da Costa Cruz (1929) showed that zone reactions
in agglutination tests could alweys be demonstrated when very light bac-
terial susnensicns were titrated in constent amount, agsinst increasing
dilutions of antiserum. Seddon (1915) found that by reducing the density
of the bacterisl susvension, the dilutions in which zone occurred were
raisede Priestley (1931) ty helving the density of the bacterial suspen~
sion raised the zone to the next serum dilution. Spencer (1920) made a
similar observation. Corpron (19:5) did not find much difference in the
zone reactions by chenging the density of the entigen. In the following
experiments the results obtained by the use of stendard antigens and the
stondard anticens diluted 1:1 with 8.5% carbol-saline solution are shown

in Table II.
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By studying the dats in Table II it will be ohserved thet by re-
ducing the density of the antigens by one helf the zones of inhibition
became more mronounced and in most ceses these are raiged to 1:20 esnd
then to 1340 serum dilutionse It thus seems that the position of the
zone ¢ f inhibition in the egglutination test depends on the ratio between
the smount of serum snd the number of organismse From this it will be
seen mossible thket further dilutions of the sntizen might extend the no-
sition of the zones to 1:80 cerum dilutions or even highere.

These observations have imnortsnt besrings on the central program
of pullorum disease. The use of one serum dilution of 1825 or of two
serum dilutions of 1:25 and 1350 with & light bacterial susvmension as
recommended by the Nationel Turkey Improvement Plen (1945) and the sub-
requent incubstion of the serum-suspensisn mixtures st 550 C. might fail
to detect some diseased and carrier birdse

In view of the above observations, a better and more definite way
to detect the diseased and carrier birds would nrobably be either to re=
plece the use of two serum dilutions of 1:25 and 1:50 as recommended by
the National Turkey Imnrovement Plen (1946) by four serum dilutions to
include 1:100 end 13200 serum dilutions or if only two serum dilutions
must be used, A& serum dilution of 1:25 combined with 13100 or 1:200 serum
dilutions to cross over the ares of occurrence of ZzZone.

I1I. Effect of heated serum

Detre (1927) stated that the : ®one was removed and egglutination

occurred when zone sera were inactiveted by hesat at 53° C. Svencer (1920)
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showed that if the serum was insctivated st 5° C. for verlods verying
from 10 to 60 minutes, the zone widened in provmortion to the length of
time of inactivation. In some of the sera used by him, heat treatment
introduced new zones of inhibition. Priestley (1931) snd Corpron (1SL5)
8lso mede similsr observationg. Corpron (1945) also noticed a fall in
the end-titres of the heated sera.

Dreyer and Jem. Blake (1906) studied the production of "Zone ef-
fects" with sers heated at 70-75° C. They noticed intermediste zones
of inhibition in such sera and attributed them to tke production by
heat of & substence which impeded agglutination. Shibley (1929) also
investigeted the production of 2zZones by heat treatment of immune sera.
Fis experiments showed three stetes of immune serum induced by hest,
(2) The unheated serum gave agglutinntion in =11 concentrstions to the
1imit of the titers (b) After heating at about 50 to 70° C. a zone of
inhibition occurred in the lowest serum dilutisn, but agglutination
took place in the higher dilutions to the limit of the titer; (c) After
further hesting st about 76° C. there wss no Zone, but the titer wss
lowered, snd with serum.heated to 78% Ce no agglutination appesred.

The fcllowing exneriments were conducted to determine the effect
of heat treatment on 1l-day sere. of turkeys 615 end 119”1. Sera used
in bhis study were heated at 55° C. and 55° C. for % hour, thke ones
which were heated st 65° C. were diluted 1:5 with 0.85% sodium chlor-
ide solution before hest treatment to aveid their cosgulestion. Table
IIT shows the results of this exveriment.

It will be seen from the results that heating the sera at 55° C.

for % hour did not ceuse any material chenge in the vwosition ¢f the
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zone reaction but when the sers were heated at $5° C. no egelutination
anneared. Avnparently ell thre agelutinime had been destroyed at thet
temner=ture.

IV. The shift of zone in the serum of Turkey 395

The egelutination reactions of turkey 395 sre shown in Tsble IV.
It will be seen from that tatle that the nosition of the zone shifts
from 12320 serum dilution in the 16-day serum to 1:80 serum dilution in
the 20-=day serum, *6 1:20 in the 25-~day serum snd 1:10 end 1:20 serum
dilutions in the 30-day serum. This ghift in the vwosition of the zone
coincides with the fall in the end-titers of the sera, which shifts
from 1:5UC in the 1l6~day serum to 1:220 in the 20-day serum and 1380
in the 25 and 30-day sers. A similar reaction was observed bty Spencer
(1930) who noted in his studies that in the later samnles of the serum
from the same natient, the zone of inhibition had shifted from the in-
termediate nvosition to the tubes of maximum serum concentrestion.

This observetion is in line with that obdtained in experiment II
(Influence of dilutions of antigen; Table II)e There is enmerently a
correlation between the vrovortion of serum snd antigen ard the occum
rence of Zone. It was noticed in exveriment II that if the antigen
wag diluted, the zone shifted to include a corresvondingly higher di-
lution of the serume In this experiment when the smount of antibodies
is reduced the zone shifts to higher concentrations of the serum.

Ve Agglutinin absorption in zone areas

The following exveriment was plenned to see what happens to the

agglutining vresent in the tubes exhibiting zone resctions. For such
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a study, it wes considered necessary to produce wider and éefinite sgones
and so a lighter bacterial susvension (Stendard antigen 10 diluted 1:1
with 0.85% sodium chloride solution) wes employed ms an sntigen. Eleven,
gixteen and twenty-one-day sera of turkey 15 were titrated ageinst the
d1luted entigsen 2nd the tubes incubated at 560 C. for 18 hours. Table V
shows that there were definite zones vresent in all the three sera(reac-
tions A, B end C). All the tubes showing reactions A, B and C were cen-
trifuged for one-half hour et 3,007 r.vem. and the supernatant fluid
from each tube was again titrated ageinst the diluted sntigen. The re-
sults obtained are detailed in Table V (reactions A', B! end C'), end
show that the supernatent flulds from A, B and C contain fairly high
concentretion of agglutinins in the zones of inhibition, as indicated
by ++ agglutination reactions. This indicates thet in the originsl eg-
glutinetion tests (A, B 2nd C), few, 1f any, sntibodies combined with
tre antigen.

The absence of agglutination in the presence of sntibodies revesls
the precence of an inhibitory factor. The exact nature of such a factor
hes been the subject of much sneculstion and debates -

Two hynotheses have been put forward to exnlain the avpesrance of
zone phenomenon in sgglutinetion reactions. ZEisénberg ard Volk (1902)
exnlsined the vhenomenan on the lines of Ehrlich's concention of the 2g-
glutinin ag consisting of ® "hantovhore" snd a "zymovhore" group, the
hantonhore groun bringing about the specific union of the sgglutinin with
the bacteria snd zymonhore grouv causing agglutination. They further ss-

sume thet by hestine or sging, some of the amzlutinin is so modified
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(2gglutinoid) that the clumpirg component is destroyed without, however,
affecting the binding vorticn. To explein the inhibition of reaction
in lower serum dilutions 1t is agsumed that the agglutinoid in these
concentretions has a greater affinity for the bacteria snd is, there-
fore bound to them to the exclusion of effective sgglutinetion.

The second hymothesis was vut forward by Zihceer (1923) and hes
been widely acceptede It explains the inhibition of clumping in a zone
of stronger serum concentrestion, due to the presence of a non-svecific
ovrotein colloid which coats the bacterial bodies in the antiger and thus
prevents thelr agglomeratione.

Recently Wiener (1944) end Rece (1Si4) have shown the presence of
bothk ™ncomplete" and complete antibodies in the Anti-Rh serum of the in-
dividuels shewing zone reactions in lower serum dilutions. Incomvlete
sntibcdies, sccording to Wiener (1945) are univalent end are unable to
serve as a8 link between red cells that effectively combine with the re-
cevtors on the red cells ttus preventing agglutination by bivalent or

comnlete entibodies - & trend back to Ehrlich's hypothesis.
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SULLIARY

Week, if any, zone reactions were produced when the serum-antigen
mixtures were incubated at 37° C. but definite and wide zones were no-
ticed when the mixtures were incubated at 560 C.

Dilution of the antigen raised the zone to as high 2s 1:M0 serum
dilution.

It 1s suggested that in any pullorum eradication progrsm, either of
four serum dilutions of 1:25, 1:50, 1:100 end 12200 should be employed
or 1f only two dilutions must be used, serum dilutions of 1:25 end 13100
or 1:200 ehould be preferred.

Heating the sera at 56° C. for % hour did not produce any change
in the nosition of the zone reactions, but heating the sera to 650 C.
destroyed all esgglutinins in them.

The shift of zones in one turkey correlated to shifts in its end
titer.

Supernatsnt fluide from tubes showing zone reactions revealed the
presence of high titre of agglutinins when titrated with fresh entigens.

Literature on the subject is reviewed.
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