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TUTRCLUCTIGH

When dlscussing pullorum disease eradlication with
hatcherymen, the diagnosticlian 1s often asked wny repeated
blood=-testing of breeder flocks has failed to bring about re-
duction or eliumination of the dlsease in chicks. Sometiuos
one can find management practices which are at fault. 1In
other cases, however, one 1is at a loss to explain this fallure
to his own satisfaction; much less to thie satisfaction of
the hatcherymane. The rerorts of various Canadian workers
concerning the presence of so-called "varilant" stralas of

Salmonclla pullorum have offered anotner possible explana=-

tione It was felt that a survey to determine the incidence
of "varlant" strains of S. pullorum among cultures lsolated
from fowl presented for diagnosls at the Poultry Clinic

might ald 1n the evaluation of the importance of thls aspect

of the lichigan pullorum disease control plan.






REVIEW OF LITERATURE

Younle (10) states that in 1939, & few outbreaks
of pullorum disease occured in chicks hatched from breeders
- which were negative to pullorum dlsease tube tests. In 1940,
an inorease in the number of such outbreaks was noticed. A
retest of the breeders of one breed revealed only ll reactorse.
Losses continued to the end of the hatching seasone Neither
the post-mortem appearance of affected chicks nor the cul-
tural characteristics of the organisms 1solated from them
differed from the usual findings in pullorum disease. (er-
tain serological differences were seen. Slide agglutination
tests showed differences In rapldity and type of agglutination.
In tube agglutination tests, antiserum of the pullorum variant
did not react with Eastern Conference strains 19 and 20 and
gave only & l+ reaction in 1/50 dilution with strain 17 while
‘three variant strains gave complete agglutination in a 1/800
dilution.

Younie reported further study in 1942 (1ll). A
flock of 94 pullets was tested for pullorum disease in the
‘fall. Three percent were found to be reactors. A reteat
made six weeks later showed no new reactors. On July Sth
of the followling year, the flock was tested with antigens
made from the three conference strains, five variant strains,
with three commercial antigens, and with one vomsaerdlal whol e=

blood antigen. Serum from three birds reacted with the ocone
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fercnce strains! ansvlgens arnd corucercial antisens while 64
sera rsacted with tne varlant strains! antijens. Cultures
of S. pullorum were obtalned from 65, of 90 birds autopsied.
Additional history suprlied after the study wzs begun indl-
catcd that the varlant Infection may have started in the
spring rrecedlns the July teste A flock of baby chicks pur-
chased at that time suffered a 40y mortality from pullorum
disease caused by a variant straine.

Attempts to verlfy Younie's rosports and to find
en explanation for them have besn made. Glover and Connell (3)
used 47 cultures of S. pullorum obtained from consiznments
sent to the diagnostic laboratory. Agolutinin absorption
tests showed that the strains fell into at least two groups=-
"normal" and "variant". Low titer sera from experimentally
InTected birds agrlutinated the homologous antigen but did
not agglutinate the heteroloous typee. "Consequently," they
state, "infected birds carrying a low ssrum titer are in
many lnstances not detected by the standard agglutination
test+." Byrne (1) used ten strains of S. pullorum and their
respectlve rabblt antisera 1n his studies. He found cross
agglutinatlion between variant and standard strains but he
polnts out that the titers of these sera were higher than
mizht be expscted to cccur in fowl naturally infected with
the chronlic form of pullorum disease. Agzglutinin absorption
studlies showed a distinct divislon into standard and atyplcal

or variant strainse.



Wrizht (©) reported that, 1In over 7000 blood
samples tosted by ths tuve agilutination mzthoc with anti-
gen of voth conference strains and varliant stralns, Z3.0.
were posltlve wlth varlant antl en but only l.4,) were posi-
tive wlith conference straln antl en. 'ixlir; corference and
variant strains inM™aliquot™ proportion yielded an anti cen
interimedlates in results betwoen 1ts two conmponentse.

Gwatikin and Iond (8) Infected 333 ciiicks witiy five
variant strains of 3. nullorum. Of 294 w.ich w.re tested
for asslutinins at five to sixzx wecks of a e, 191 were posi-
tive witn variant anti en but only 20 with recular tyove

antigen. +<nerefors, about s¢,. of the reactors woula lave
been missod by tne rejular antilien 1f positive and susrliclous
reactions were roupede. A second test was made betwesn &0
and 102 days of aze. Rejular (or conference strainsg) anti-
cens failed to detect 6545, of the birds whoss sera were
elther positlve or sugpiclous with variant anti on. In ¢lb
tosts, only two (0.25,) known nezative birds reacted with
variant antizene.

This study was continued by Cwatkin (5). At five
and a half months of a-e, 40.2., ol the cnlckens positive

with variant anti;en ware nelative with resular antizene.
At tiis tlie, the fowl were dlvided into two flocks; one
positive and one nejative. 7The nezative Jroup (110 birds)
was tested at seven and a half months; ten reactors to
variant antigen wore found. ive of these birds did not

rzach to resular antigen; nowever, S. pullorum was recovered
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from seven. At nine montiis, two reacted with variant antizen
and one of tihiese with tre rsiular antl cn. 4t ten montiis no
reacters were found wilth cltucr antlen In eitlier the rlato
or tube testse. At ons yvear of acge, one hen reacted witn
varlant aentilzen but was nejative to the re_ ular anti‘ens

Se pullorum was not recovered. Uhree settinss of esrs from
each ol thie positive and nesative floclts were mades The

mortallties for each of the settings from the negative ;roup

wers 127, 1<, snd 10.; S. pullorum was not recovered from

[
1
G

any of thesce. & rercent mourtalities 1n ciicks hatched fron

the variant yositive croup were &4, 42, and ¢3. The rullorum
orzanism was reccvired from 100,, 80, and €1, respectively.
Cwatlkin states, [ d] "1t apoears that variant infection was
controlled by the same nctheds emvnloyed in dealing with

egular type infsctlon with the very luportant difference
that a veriant antizsn was cuzloyed.™

Gwatkin rejported anotiier study of scerolo;jical

reactlons of variant §. pullorum infoctions in 194S (7).
Sixty blrcds wiilch had been infected by mouth as cnicks with
variant strailns of S. pullorum were killed or died between
the 6th and 17th months after infectlion anli bacteriolosical
examinations were maus on these birdse. All werce rogsitive in
tube agslutination teste with variant antliiense Eight of
the ©0 had the same serum titer with both anticens; the re-

malnder had hizher titers wilth variant tharn with regular

antigense Thirty-two were negative with resular antigen in
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dilutisns as low as 1/10. The organism was recovered from

25 of these. Iourtsen of the 32 reacted only in a 1/20
dillution with varlant antlgen and ti.e orga:sism was recovered
from nine of these. veventesen other bircs of the 60 reacted
with resular antizen oaly in a 1/10 or a 1/20 dilution and
the orzanism was recovered from 15. 1th advancing age,
fewer Lirds were missed by the rezular antigen but during

the age when thoy would normally have been tested, many would
have been rnlsssd by regular anti cn onlye.

Soma othier ouscervatlons wiilch Cwatkin rniace during
the course of his studies are rerorted (7). Frarenteral in-
fection with variant trpe strains did not jive clear cut
results and scrum nad to Te collected euarly to detect dif-
ferences in agclutinins. absorrtion experiments showed that
resular agglutinins were more easily removed b either
regular or variant strains than were variant a;;slutininse.

In sorie cases, however, nassive treatment with either regular
or variant ty;se organisms removed both types of agglutininse.
That an antl-enlic diffcrence beftween variant and recular
types of Se. pullorum exists was si:own by cross agslutination

tests with a strain of Froteus sp. lsolated from the ovary

4.

of a hen whose serum agglutinated varlant antigen. Eighteen
variant -strains wers agglutinated in fairly hizh titer

(1/160 to 1/640) irn Froteus antiscrum. ihirt; regular

strains were agglutinated only in a 1/10 or a 1/<0 dilutione.



Gwatkin (6) tested 746 birds from varlant infected
flocks and 645 from regular tyre infected flocks using both
tube and plate tests and with variant, regular, anc mixed
antizens. wnole blood anti;jens gave an agreement of 9944
betweon variant and mixsd antigens and 90.8¢% between resular
and nmlixed antigense. In the first tube test comparison,
positive ard suspicious reactions were roupccd. llixed antle-
gen detected 98.6. of reacting ovirds detected by varlant
antlizen and 28.4; of regular anti;en reactors. Ilegular anti-
gon detected only o5.7, of the variant reactors. In the
second tube test comparison, agreoment between variant and
mixed antl;cns and rezular and mixed anti~ens was 973
and 92.8,, respectively, when tested at 1/50 dilution. i/hen
tested at 1/25 serum dilution, the agreement was 94.9,; and
902 respectively.

Pinally, a detalled antigenlc analisls has been
made by idwards and Lruner (£)e. 'he authors state that
the antigenic formula of S. pullorum 1is IX, XIIl, EXIIz;]
XIIS. In normal culturcs, the XII, factor is variable, and
forms contalning a large amount or a negligible amount of
XIIgcan be 1solated from the same normal strain. It is
posslible for culturss to become fairly well stabilized in
either form, thus givinz rise to the so-called "standard®
(St.) strains and "variant" (X) strains. 21he standard strains
contain only a small amount of XIIg but the variant strains
contain a large amounte.
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The reactlons in S. paratypii A var. durazzo serum

(11, XIIy, XIIS) and S. readinz ssrum (IV, XIIqys XIIz) were
particularly revealing. The Proteus serum of Gwatkin gave
results comparabls to tihiose obtained with 8. resding serum.
The Proteus culture ussed to prepare the serum contains all
or a portion of XIIz. It was evldent that S. pullorum St
had a very weak X112 content whereas S. pullorum X had a
very strong XII2 component .

When S.iyrhi 0901 (IX, XIIy, XIIy, XIIs) or S. pul=-
lorum X serum was absorved by 8. tyyhi T 2 (IX, XII;, XIIx)
a stron; residue of ajzslutinins remained for 3. pullorum X,
Se typhi 0901 and S. recadins. This resldue represented the
antigen XIIQ. When the same sera were absgorved wlth Se

pullorum (standard), a much weaker residue of agglutinins

was letf't for_§; pullorum X, EL.EZEEE 0¢0l and'gl readinge

Thls Indlcated that whlle the ¥1Ig component was not suf-
ficlently developed in E; pullorum St. %o cause eviaent
agzlutinatlion, a sufficient amount was present to absorb

most of the XIIg agzlutinins. This conclusion was sup-

ported by absorpfion of S. pullorum St. serum with Se EiQEE

T 2. A residue of XIIo aczlutinin was left in the serun

which agglutinated.g; pullorum I, §;'EZEEE 0001 and.g; reading.
Apparsntly, whlle S. pullorum St. did not contain sufficlent
XII, antlgen to Dbe agslutinated, 1t did conftaln enough to

produce a low titer of XIIg agglutininse.






\lhen durazzo serum was absorbed by S. reading
1t st1ll agglutinated Se pullorum X in a low dilutlon,
indicating that the varlant strains contained a small
amount of I 3 antigen. S. readinc ssrum ebsorbed with
durazzo no lcnzer azzlutinated Se. pullorum Ste. indlcating

that the stancard strain did not contain sufficlent XIIZ

antigen to cause it to asrlutinate in :{II2 serune.

The XIIzi and XIIoe+ forus were easily dls=-
tinsuished in the slide agjlutinatlon tests using S. reading
serum absorved by durazzo (XIIz) ana durazzo scerum absorbed
with 5. reading (XIIz). The ## forms agilutinated rapidly
In XIIg serum and very slowly or not at all in XITz serum.
In the t forms, the behavior was just the reverse.

An attempt to differentiate tihe two forms of
S« pullorum by using a phace (4) isolated from organs of
chicks naturally 1lnfected with a regular strain of Se.
pullorum showed no signiflcant differconce in activity for
any of six resuler or five variant strains tested.

A fcew statements concerning the relative incidence
of varliant Infection occur iIn the literature. 7“he outbreaks
of pullcrum disease In chlcks wnlch Younis reports (10,11)
were priuarily of the varlant type. Clover and Connell (3)
typed 161 strains of S. pullorum isolated Irom post-mortem
material and found 110 variant strains, 49 normal (or stan-
dard or regular) and 2 walch agglutinated with both sera
equally well. ueference has already been made to Wright's
(9) scries of ajglutination.testse
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IATITALS AL 1LLTIIODS

Two hundred and two cultures ol galmonella pul-

lorum representing 199 consiynments were 1lsolated from
chilckens ard turkeys of varlious ajes prescsnted over a

period extending from lovember 1, 1945 to Septemver 1, 194G.
In many Instances, the consignments were sihiprod to the
laboratory. Often it was not roscslble to lecarn {ne name

of the hatchery from which tiie cihlcks were purchased. Iience,
it 1s not xmown how many differcent hatclieries are rsyre-
sented nor how many of the stralns collected ori;inated

from the same hatchery's stocke.

Isolations were made by streaking material from
birds suspected of having pullorum dilssase on Uifco "3Sj3e."
agar plates. After 24 hours lncupbation, colonics having
the gross appearance of S. pullorum wers subcultured and
ldentified. Usually after identification, one culture,
chosen at random from each consismment, was rlaced in stocke.

Stock cultures were maintained by stab secedin; semi-solild

;
azar contailning 0.5)% beef extract and 0.5, proteose-peptonec.
These were incubated 48 hours, sealed with paraffin, and
stored in a 36° to 40° F. refrizerator. ‘The stock cultures
were transferred at 4 to 6 weck inlervalse

An antigen was prepared from each strain in the

stock culturs collection by seediny about 5 cce of broth

with a loopful of the stock culture. The broth tubes were
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incubated for 8 hours at 37° C. on a mechanical horizontal
shakere. Lhis prococdure gave rather uniformly jood growthe
Bach brotn culture was then used to se:d a:ar slants con=-
talped in © or 8 ounce screw-cap prescription bottles. ‘Lhe
slants wers incuiated in a vertical prositicn for 40 hourse.
After incubation, the surplus broth inoculum was as:;irated

and discarded. N2 bacterial ¢rowth wac washed from cach

C

glant using about 5 cce. of physiolojlcal saline per slant.
m.ls vielded a very dense suspensilon of live ocrganlsuise.

(Y

sGwatkin (7) resortsd that antiserum prerared with

a strain of Proteus obtulncd Irom tue ovary of a b

@

n

(6]

e
glutinated variant strains of S. pullorum in hish cilutlon
but did not azslutinate standard strains beyond 1/20. I
kindly supzlied a transglant of tlils Protsus strain. An
antl-en was prevared from 1t by bolling the psrowth washed
off .. a 24 hour aZar slant culturc. A rabbit was hyner-
immunized by 4 Intravenous inJections of 0.5 mle sach aiv 4
day intervals. MAnother rabbli was similarly immunized with

Salmonella maratyrhi A variety durazzoe. A thilrd raboult was

immuwiized with S. pullorum, sastsrn Conference strain 1¢.
Four days after the last injectlon of antigsn, each rabblt
was bled by cardiac puncture and tne serum was narvested.
The 202 recently lsolated strains of S. pullorum
and 6 strains mailntained in the laboratory for several jyears
were typed by placing approximately 0.02 mle. of each oi thwe

tires sera cn a glass plate and mixing with each scerum a
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sirdlar quantity ol antigen. If aglutination was not in=-
mediate, ths rlate was gently rotated. LYhie 1Intensity of tie
reaction was nou ciassiiicd except In tiiosc stralilts wilch
were positive to Prcteus antissrume. Wit the vullorum
antiserum used, all strains, except nunicer vy, ave a dell=-

-

nite positive reactlone. Straln number 509 was classiiied
ag <+ or narivlale e raraty ;hl A antiserum rarely gave
riore tiian &% reactlon wilth any of Uiie pulloruw stralnse

Since rost of the tynin; of pullorum strains re-

-

rorted prior to the time of this study had been done witn
tre tuve aglutination test, 16 was assired to choeck the
results of the szrum plate tsesst with tinse of the tube test.

Accordlin;ly, anti erns preparcd from S4 strains werc each

-
R

¢iluted to a icrarland acli:clomcter turbidily cf 1 and con-
bined with Iroteus antiserum and wilth 5. paraty - hl A variety
durazzo antiszrum in serum c¢iluticons of 1/20, 1/00, 1/160
and 1/320. These were incuusted 20 hours at 50° (. in a
water bath and 4 hiours at room tzuperaturece

Tiie results of the serum-vlate tyzin;g ol 1lEO0
strains are recorded In Table 1 A. The results of the

-

tyring of the otlier 52 culsurcs, exau’nsd by both this scrum=
plate test and tie tube test, are recorded in Table 1 3.

“he results of all ol thie ssrum-plate tests ars summarized
in Table 2. <Cf the 31 strains (15. of ithe total) vhich az-
glutinated with Iroteus antiscrun, 20 a;jlubtinated quickly

and Qistinctly. 7The cell agsrecatos were, hovwever, sualler
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Table 1 A.

Serum FPlate Asslutination Results

Consignment
Lunber

Antiserum

Frotous

Fara 4

tullorum

45 - 591
595
608
607
oe7
624
629
631
036
637
638
640
644
646
©50
633
657
658
664
681
636
638
©6¢c0
691
©93
694
695
698
709
711
712
713
714
715
716
719
721
722
725
728
732
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Table 1 A+ (continued)

Consisnment Antiserum

IJumber Proteus rara A rullorum

46 = 7308
738
739
741
742
ET)
745
746
748
753
754
756
757
759
760
761
765
766
763
769
770
7L
72
778
781
782
783
784
786
783
810
811
815
824
865
876
830
884
835
830
887
838
892
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Table 1 A

(continued)

Conslgnment
lumber

Antiscrum

Froteus

rara A

Pulloxrum

45 = 893
804
895
3u7
893
359
900
202
S04
9006
907
503
909
910
912
913
g17
G20
cie
S30
931
9323
934
Q37
9383
939
949
003
0583
961
962
9865
o067
968
971
973
988
995
996

1005
1006
1007

~——
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Table 1 A.

(continued)

Conslghment

Nuriber

Antiserunm

‘Prolsus

ara A

Fullcrum

P
P
i
M
I

1040
1042
1069
1071
1079
4

15
57
45
S0
o4
70
79
87
103
105
100
117
122
lo4
135
170
188
196
179
19
17
19
20

Variant 201
Proteus

o
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vich pullorun antliserum; iiunce,
tlrey were classiliczd as only 24 reaculunse.e “wo straians,

althou ;1 positive, were consiceradly slower in asslutinabingg

o

- 1

and tae recctlcocng wowrs classiflicd as 1g.

The tube aj_lutiration tests and tihc scrus-nlute

agclutinaticn tests were In ood anrcement. Jrositlve re-

actions dld not occur 1ln any of the tube a3 lutlination

test dllutions of Protzausc antiscrum whalch were not also

itive to tiie serum-rlate test. Only onc strain, nuaber

3
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@

o

854, azlutinatzd In the scrum=-plate test but did nov ag-

()

clutinate In tiie tube teste 10 explanacvion for tuis is

(&)

cf'fzxrecd.
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Table 2.

Summary of serum=-plate typing

»)

of 203 strains of 3. Eullorum.

Proteus antiscrum|ilumder of |S.paratynrnl A var.|ilumver of

reactlion Strains |Jurazzo anti-serun| Strains
reaction

1+ +
(6}

14

175

+

- 177 t 2

- 19 =






DISCUSSION

sdwards (2) has shown that the so-called variant
strain of S. vullorum i1s a form in which the productlion of
laxrge anounts of XIIo antigen nas become stabilized. The

"standard" strains of S. pullorum contain small amounts of

the XITo factor. Fe found that recently isclated strains,
considered to be the '"norial" form, gave rise to two forus
of colonies; those havinzg much and those having little
XIIg factor. Howaver, thcse forms when transferred twice
on azar again gave rise to both foris. In other words,
they dic not stabilize in either form. _ Inasiuch as the
antizens tested rerresented the growth of masses of colonies,
it 1s felt that only those strains which orlginally were
stablilized in the variant or XIIs t4 form reacted with
Froteus antiserume. Variant forms probably did exist in
gome of the other strains but were not detected because
the strains were not stabllized in that Torme.

The stralns which had been maintained in stqck
lonzest were examincd for the presence of rougch colonies
and were found to be qulte smooth and entirely sultable

for thails survey.



SULLARY

Two hundred and two stralns of S. pullorum lso-
lated from consignments presented for dla-mosls at the
Poultry Clinic and six laboratory strains wers clacsified
as variant or standard ty,;e according to tizelr regction
with Proteus and with S. raraty il A var. Durazzo antl-
serae. ‘'he serum-plate test was used. Thirty-one strains
(15%) of the variant type were found. The results ol the

srum-plate test were in good agreem:=nt with the results
of the tuo: teste. In one case (MA" strains) whers the
flock history was knovm, and, desrite repeated testin- of
breecders, prullorum discase persisted, 1t was found ithat

4 of the 5 strains examined were of the varlant typre.
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