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INTRODUCTION

The serologic means generally available or the det-
ection of Salmonellosis in poultry breeding stocks is the
S. pullorum agglutination test, but recently bacterial indi-
rect hemagglutination, reported first by Keogh et al(1,2)
and used for the detection of antigens of various bacteria
by many workers, have been applied to Salmonellosis in
poultry(3, 4).

Gwatkin et al(5, 6, 7), Wright(8, 9) and Byrne(10
reported that there exist no reactors to agglutination test
in which standard strain of S.pulloruin were used as
antigen. Finally, Younie(11, 12) was isolated the new
strains of S.pullorum in Canadian flocks and concluded
that antigenic differcnces existed between the standard

strains and cultures which he isolated from chicks,

Since the variant strain of the Canadian investigators

occured among recently isolated cultures, it is assumed
that smooth-rough variation plays no part in the products
of these variants, This suggests that the occurence of the
variant be found in form variation. Edwards and Brun-
ner(13) confirmed that the antigenic formula of S. pull-
orum 5 ¥, XN, ({2), XI,. In normal cultures, the [,

factor is variable. The standard strain contains a small
amount of Yll;, while the variant strain contains a large
amount of the antigen.

Antigenic variations arc of particular importance when
they exist in the causative organisms of any disease, the
detection or control of which is based on the use of
serological methods. The recognition of serological diffe-
rences among the strains of S. pullorum has been stimula-
ted additional interest in the field of antigenic variation.

These scrological differentiation of S. pullorum strains,
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involve the use of  two antiserums; the X, and Xl; agge
utinin, The nature. of these differences has been variously
described by different workers Edwards et. al, (14, 15),
Wright(16) and Spoeyenbous et. al. (17, 18) but might
not well understood.

The purpose of tlhis studies sets forth the results obtai-
ned in serological #tudies; indirect hemagglutinatiorn test,

of S. pullorum standard and variant strain.

MATEQ‘IALS AND METHODS

Test Organism: S. pullorum standard and variant strain
were used. These! strains were kindly supplied by Dr.
Edwards, Commuxiicable Disease Cente(r, Chamblee, Geo-
rgia, U.S.A. and !prescrved by subculturing.\on nutrient
siabs at thg interval of four weck.

Antiserum; By.the routine mcthods of Edwards and
Ewing(19), the antisera were produced by rabbit innoc-
ulated intravenously, four times during 21 day period,
with the S. prllorkm standard and variant strain sepa}ut-»
ely.

Principles of the Indirect Hemagglutination Test: Hem-
agglutination test Jvas carried out by the method described
by Chun and Parkl'(20) and Chun et. al. (21). Suspensions
of 24—48 hours érown cells are employed as crude anti-
gen and followed! further modification. Any of the supe-
rnatant, containing the liberated erythrocyte sensitizing
substance i3 added to 2 per cent washed erythrocyte
suspension and té) allow sensitization 2 hours incubated
at 37°C with dccasional agitation. After incubation,
unadsorbed bacterial material is removed from the sensi-
tized erythrocyte by washing three times and then resus-
pend in 0. 8I5 per_cent physiological saline solution cqual

t¢ the original volume, The treated cell suspension(0.25
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ml) was added to 0.25 ml of immune scrums in ss:rial
dilutions and to normal serum for control purpose. The
results were tentatively read after 2 hours of incubation
in water-bath at'37°C according to the method described
by Satk(22). ‘

Red Blood Cell: Human O-type,) goat and chicken
red blood cclls were collected aseptically in an equal
volume of Alsever’s solution, The mi‘xture of red blood
celi and Alsever’s solution was centrifuged and the eryt-
hrocytes were washed three times v{rith 0.85 per cent
physiological saline solution. After the last centrifugation
at 3000 r. p. m. for 15 minutes, 'thé supernatant fluid
v:as removed and the packed cells w!ere used. And by
the method described by Neter(23), trypsin treatment on
red blood cell was carried out as foll:owing; 2 per cent
suspension of washed ted blood ¢ M in the 0.1 M
NagHPO, was mixed with equal volumg of 1:500 trypsin
(Difeo 1;250), incubated for 20 minutes at 37°C water-
bath incubation, this mixture was washed twice with
0.85 per cent physiological saline solution and resuspended
in the original volume with the saline;' solution.

Ammonium Sulfate Saturation: The treatment with
the saturated ammonium sulfate solutflon was carried out
as described by Smolens et. al. (24). Shturated ammonium
sulfate(760g/100 ml) was added to %the antigens(crude
antigen) in concentration of 60 per cjent. After replace
this mixture at 0°C for an hour, cer;'mtrifuged at 3,000
r.p.m. for an hour. The precipitate was dissolved in
amount of distilled water and then céntrifuged at 3, 000
r.p.m. for 15—20 minutes. Then, if any sediment was
eist, discarded it. Above treatment was done twice more,
the supernatants were collected and concentrated in front
of a fan. These final supernatants and precipitates were
dialysed for running tap water for 48 hours and in dist.
water for 24 hours, adjusted the volume(20 mg/ml orig-
inally) and then used for antigen. ‘

" Trypsin Digestion: Epual volume of 0.1 M Na,HPQ,
solution was added to antigen! (A) direct
zed bacterial cell suspension(20 mg/ml), (B) antigens
extracted by iat or acid and its modification(40 mg/ml),

trypsini-

and (C) the {ractions of ammonium sulfate saturation (40
mg/ml miginal volume), and then commercial trypsin
was added to this to this mixture so as to be the conce-
niration of 1 206. After incubated at 37°C for 24 hours,
the supernatants {\'el'e used &8s antigen.

Precipitation Test: Precipitation test was carvied out

by ring test, that is by overlaying the antigen of rerial
dilution in capillary tubes upon the immune serum diluted
with normal rabbis serum in 1 : 4, Results werce rcad ay
the white ring between the antigen and serum laver

alter one hour in room temperature.

EXPERIMENTAL RESULTS

1. Effects of Treatment on the Extraction of

Anligen:

To determine the cffects of various treatments on  the
liberation of antigens of S. pullorum standard and variant
strain, the culture suspension in 0. 85 per cent physiolo-
gical salinc solution or in pH 2.0 phosphate buffer solu-
tion(20 mg/ml) was treated as follows; (A) suspension
of cutures in 0.85 per cent physiological saline solution
was Feated at 100°C for one hour at pH 7.0 and then
centrifuged: the supernatant designated as lieat extracted
antigen(100°C hour at pH 7,0), (B) suspension of cult-
ures in pH 2,0 phosphate buffer solution was heated at
55°C for 24 hours and this suspenstons was centrifuged
treatment, adjusted to pH 7.0 with sodium hydroxide:
the supernatant designated as acid extracted antigen (55, C
24 hours at pll 2.0) and (C) is the same as original
suspensi on of acid cxtracted antigen, heated at 100°C
for one hour and centrifuged and the supernatant was
also adjusted the pH to 7.0 : this supernatant designated
as acid heat extracted antigen(100°C 1 hour at pH 2.0).
As centrifugation, every antigen was centrifuged at 3, 000
r.p.m. for one hour. Obtained antigens extracted by var-
fous treatments weie used as sensitizing antigens for hem-
agglutination reaction.

As shovn in table 1, it is evident that erythrocytes of
blood group 0 of human and chicken red Dblood cells
were well modified with both of S. pullorum standared and
variant strain, but goat cells were negative in standared
and positive reaction weakly in variant strain.

Acid extracted and acid heat extracted antigens vere
negative, These results are coincident with the report of
Chun et al (21) who observed negative hemagglutination
by Sh. ﬂexn;'ri antigens extracted at 55°C for 20 hours
at pH 2.0.

From this tesnles, it is evident that 100°C onc hour
treatment at pll 7.0 is better than any other methods
for the extraction of hemagglutinating antigen  and there

is no evident differences between Lwo strains.
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2. Effcets of Trypsin Digestion on the Antigen:

Antigens which (A) heat cxtracted antigen, (B) acid
extracted antigen, (C) acid heat exiracted antigen and
(D) direet trypsinized antigen were used to determine the
effects of trypsin on it and to cvaluate the difference of
the two strain. The results are shown in table 2. o

In comparison with the two antigens; such the heat
extracted antigen and acid extracted antigen, on the
hemagglutination reaction, the later changed to positive
reaction in the titer of 640 with hu.man O-type, 1280
with chicken and 40 with goat red blood cell S. pullorum
variant strain and titer of 40 both of human O-type and
chicken red blood cell in S. pullorwm standard strain,
and however the former antigen also revealed positive
rezction,

On the direct trypsinized antigen, more or less strong
reactions observed but in acid heat extracted antigen, it
was also revealed negative results. It is evident from these
results that in most instances the trypsin enhanced the
antigenecity on hemagglutination rcaction but any differ-
ence between the two strains could not be noticed by this
experiment

3. Properties of Antigen Obtained by Ammonium

Sulfate Saturation:

The fractionation procedure and obtained fractions are
outlined in fg. 1, 2 and 3. Heat extracted antigen (10
0°C t hour at pH 7.0) and acid extracted antigen (55°
C 24 hours at pH 2.0) of S. pullorum standard and var-
iant strain were used and the results are summarized in
table 3.

On the treatment of ammoninm sulfate saturation, the
S. pullcrien standard and variant strain revealed much
differences; on heat extracted antigen, obtained superna-
tant and precipilate fraction in both of the two strain,
however, acid extracted antigen did not obtain the prec-
ipitate fraction in the variant strain, o herwise in stand-
ard strain, the supernatant and precipitate fraction were
also cbtained.

In acid extracted treatment, the results in this experi-
ment was coincided with the results of Wiiliam (25, 26);
i.e. an agucous solution of ammonium salts, containing
33g of the salt per liter, clears S. pullorum standard type
suspensions following a short period of incubation and
centrifugation, has little effect on the turbity of variant
typz of S. pullorum suspension.

As shown in table 3, it can be clearly seen that the

supcruatant as well as the precipitate of S. pullorum var-
fant strain modified the chicken red blood cells excellen-
tly, resulting in specific hemagglutination with Hcmolégouq
antiserum in hlgh titer. By the way, it is doubtful why
the heat extracted antigen lost its hemagglutinability after
treated ammonium sulfate treatment. It is evident form
this results that the two vstrains revealed quit.e-differem

characters in this expenments

4. Effetcs of Trypsin on lhe Fraction Ellclted by

the Ammonium Sulfate Saturation:

To cvaluate the effects of trypsin, the antigens which
was in the same antigens in experiment were 3 treated
with trypsin and carried out the hemagglutination reaction
with chicken red blood cell and the results are presented
in table 4.

As shown in this results, the more active hemaggluti-
nable substance was the precipitate fraction in S. pullorum
standard strain and it could be demonstrate after treatm-
ent of trypsin and;this positive results were only demo-
nstrated the precipitate fraction both of the heat and acid

extracted antigens. ’
The results obtained with the antigens treated with

“trypsin can be expiained by the assumption that the red

|
blood cell modifying antigens was extracted but it was

inactive antigenical!y before treated with trypsin. This
results were largel}:} paralleled those of conventional bioc-
hemical diffcrentiation described by Williums(25, 26,

5. Precipitation Test:

Ten fold dilution of antlgens wlnch were used in this
experiments and cbrr@pondmg antiserum were employed
to detezt the améenecny of theantigens and obtained

i
nearly negative results.

DISCUSSION

Since S.pulloruni is a non-motile and non-flagellated
organisms, its serdlogical reactions are due to entirely to
somatic antigens. Further, it i3 not known to heat labile
components, hencé, in any investigation of variability of
its antigenic behavior, it is necessary to consider thoes
phenomena of bacterial variation.
which

O-antigens are involved the smooth-rough variation of

In Salmonella group the only variants in
Arkright and the form variation of Kauffmann. All of
thé experimental work has confirmed by the work of

Younie (11, 12) and emphasized the following important
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" facts; (A) there exist a definete anugemc vanahon among
S. pullorum strains, (B) the antigenic  variants do not
differ from the usual strains in cultural biochemical,
pathogenic or other characteristics, and (C) an antigen
containing the variant tyep of the pullorum organisms
should be employed to detect variant infection.

Edwards et. al, (13, 14, 15), anht and Edwards (9)
and Snoeyenbous et al (17, 18) ,haye studied to the
serological differentiation of S. pulloﬁm strains,. With
these knowledge, about the difference between S. pullorum
standard and variant strain, this atte}npt to see what

difference, under the variety condition iof extraction and

further treatment, i.e. trypsin digestiob, nd ammonium

sulfate saturation etc., would be obtained to the hemagg-
futination reaction was carried out. R
Crude enterobacterial antigens obtaineéd by thd heating
of bacterial suspensions have been su::cesfully used for
the indirect hemagglutinétfon test. Asi shown by Neter
et al boiling of bacterial suspension is an excellent meth-
ods of treatment for the procurement of erythrocyte
modifying antigens. Neter et. al. at first considered the
possibility that heat destroys an mhlbitors, but as did

Neter (27) in a later repert, constdemd it more likely

that the effect of heat on bacterial Luspenston causes -

release of red blood cell modifying antilgen. On the other
hand, the treatment of bacteria at 55°t in low pH, is
effective in the release of erythrocyte r!nodifying antigen
and its difference between the two strains may be used
to advantage jn further differentiation. I’By the way, the
negative result obtained with the antige}l which was not
treated with trypsin and after treatment, revealed positive
results, can be explained by the assumﬁtion that the red
blood cell modifying antigens are extracted but by trypsin
treatment prove to be antigenecity active in hemaggluti-
nation test. The preparation of erythrocyte modifying
materials by the heating and other treatment of bacterial
suspensions appears to be due to the liberation of polys-
accaride (2), protein (28) and O-antigen of E. coli (23)
described by many authors and Sieburth (3) also reported
that soluble-polysaccharide of S. pullorum. The limited
erythrocyte modifyng capacity of bacterial polysaccharide
has been increased by heat, sodium hydroxide treatment,
presumably hydrolysis of lipid to liberate polysaccharide.

Concurrent with anligenic variation of S. pullorum

cultures, there may occur a change in the susceptibility

of the cultures at the sediment effect of the salt ammon-
ium sulfate. An explanation of this differcnce should
provide a_dditional insight into the basic physical or che.-
mical changes that occur in bacterial cells during antig-
enic variations. Regarding the the relation with the non-
serological methods described by Williams (25, 26), the
mechanism involved is not clearly understood by this time,
but the antigenecity was demonstrated in precipitate
fraction of S. pullorum standard strain and in presipitate
as well as supernatant fraction of variant strain and this
was great interest that displayed some difference between

the S. pullorum standard and variant strain. Further

studies are needed to determine the reason for the diffe-

rence,

SUMMARY

The antigenecity of somatic substances of S. pullorim
standard strain and variant strain extracted byheat treat-
ment, acid treatment and their modification, ammonium
sulfate saturation (GO per cent), trypsin digestion was
tested by indirest hemagglutination test and precipitation
test and following results were optained.

1. Teatment at 100°C for an hour of the bacteria
could extract the antigen of S. pullorum standared strain
and variant strain which was demonstrable by hemagglut-
ination reaction +with the human O group and chicken
red blood cell.

2. Trypsin digesticn was more enhanced its antigene-
city in acid extracted antigen of S. pullerwm variant strain
compare with the S. pullorum slandard strain,

3. The extracted antigenic substances of S. puliorum
standard strain existed chiefly in the elicited {raction of
precipitate at the treatment of ammonium sulfate saturation
and after trypsin digestion, its antigenecity was demons-
trated by hemagglutination.

4. At the trealment of ammonium sulfate treatmeent,
did not occur the precipicate in acid extracted antigens
of . pullorum variant strain, however, the heat extr.
acted antigen, potitive reactions were obtained in both of
the precipitate and supernatant fraction of the S. putlorum
variant strain-by hewagglutination reaction. After trypsin
digestion, these fraction nalso exhibited positive reactions,

5. Precipitation test also tested dut colud not detect in

any sott of the antigens.
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MzREEL A {KEt Salmonella pullorum #lROI B8t WAZE .
RRABQUHAS B W . &

l

Salmonella pullorum gl fk 3 SSULBIRS TAMHAE MM, REEAIL, MEIAINY, trypsin il X
Yifg ammonium MAIE] Siike 2 WISl AL & HEel VEHEE m‘xﬂammﬁm 3RS 2 LRI} o
et e WRE AYch

1. S. pulloram BMAKUGES W 3 BRI o) zho] IMMHHMM vLo) AOMMIRE Bkl B o
AUREHERNE ) RIS vheblsieh,

2. Trypsin ] fEsgre Pla J¥WISl & o shvh BRM:ANLHLLIoN 4 &melﬁait} BRI ETE (R BE YR ol
A KT Blke 5 M) g e},

3. S pullorum ERSOWEGEES] BLHEB S HLMTNE A9 o LR BT ole @ WRIEE trypsin
PHEShE 2 4 IR SR SRS R See IR 4 slsleh

4. wsieRs S. pulloram BRDEIE RIILTNG 4 HRSFE 9E ¢ UL 2 LML WAHLS
Slstett MAMBHLRE S1o1 4% L Bt ) ORSURITN g v ebd 9 o

5. I HALBGUGIAIG) WURRRC Reo) 4 & A1) RMiE Ferga) ofvshst .

eI CSUDE ANTIGEN b
100°C lhr at pH 7.0 '
I
S. pullorum i S. pullorum
standard strain | variant strain
[
Ammonium sulfate : Ammonium sulfate
saturation (60%) 1 saturation(609)
A E— | !
i Supernatant Precipilate Supernatant Precipitant
f fraction fraction 'hnctlon fxaclmn
R, e e g e -

Fig. 1. The fractionation by saturated ammonuim sulfate solution from the :he:tt extracted antigen(100°C 1 hr. at
t
pH 7.0).

CRUDE ANTIGEN
55° C 24hrs at pH 2.0

‘ S. pullororum ‘

S. pullorum

standared strain variant strain l

Ammonium Sulfate lAmmoni_oum sulfate
saturation(6095) saturatlor|1(60%)
| | L | :
Supernatant Precipitate Supernatant Did not
fraction fraction fractlori obtained

S —

TFig. 2. The fractionation by saturated ammonium sulfate solutior from the acid extracted antigen (55°C 24 hrs. at
pH 2.0) ‘
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" CRUDE ANIGEN 40 mg/ml [

——

Ammonium sulfate saturation(60%)

I 1
‘ Precipitate '

Supernatant

|
Dissolve in Dist. Water

Ammonium sulfate saturation (€%

SN B o]
! Supernatant 2 ‘

Precipitate ’
i

Dissolve in Dist. water
!
Ammonium sulfate saturation (60%)

s e ke ——-——l Supernatant ; l Precipitate (
Conentrcate Dissolve in Dist. water

Dialyse for running tap waler

Dialyse for running tap water 1
48 hrs and Dist. water 24 s,

48 hrs and Dist. water 24 hrs

Supernatant
fraction

Precipitate
{rction

Fig. 3. The pocedurc of the treatment of ammonium sulfale saturation

Table 1. Hemagglutination r&action of S. pullorum antigens extracted by various treatment.

H.A. TITER

TRYPSIN

ANTICEN R.B.C. e
EXTRACTION TREATMENT S. PULLORUM ™~ ~S”PULLORUM ™~
e STNNDARD VARIANT
o human - 2, 560 2,560
| s , 56
100°C O-type + 320 5,120
1 hr Tt T 'W"mw“;ﬂzg(; T 5*«* T
’ . k - y N 120
al chcken ‘ + 1,280 5,120
H 2.0 | - ~ 40
p goat + . 40
o R B human o — —
55°C O-type ‘ -+ — —
24hrs - T T T
chicke N - -
ot hicken + . _*
pH2.0 goat " ' - -
o human ——- o - o tAvi:¥ -
100°C O-type n _ =
1 hr ' CooTTTTTTTT T
chicken : -
at - o
pH 2.0 goat + _ -




Remark: 1, Trypsin treatments indicated that trypsin treated red blood cell suspensions were used.
2. “=" in titer indicates negative reaction as serum dilution af 1: 40.
3. Titers were expressed as recipoocl of serum dllutlons

Table 2, T effects of trypsin dlgasuon in mdxrect hemagglutmatlon tes.

(U N S R [ SSRmmmsana kLo LS AT

METHODS OF H.A, TITER
TRYPSIN R.B.C S. PULLORUM _ S, PULLORUM
DIGESTION : STANDARED VARIANT
Divect N human O-type 40 : 640
chicken 160 2, 560
trypsinized ot — 160
Tfygjii't‘gled ~ Duman Odtype L0 1,280
100°C 1 hr chicken 1,280 2,560
pH 2.0 - - .
antigen goat 40 160
Trpeped _ human Oype 40 640 B
85°C 24 hrs chiken 10 1,280
pH 2.0 o :
antigen goat - 40

Trypsinized
with

human O-type

100°C .
atl hr chicken —_ —
pH 2.0
antigen goat - -

b}

Remark: Antigen was added to the equal volume of 0.2 M Na,HPO, solutxlon and commercial trypsin was added

to these mixture so as to be the concentration of 1: 200. These were treated at 37°C for 24 hours.

TABLE 3. Pxopertlcs of antigens of S. pullorum obtamed by athmonium sulfate saturation,

ANTIGEN AMMONIUM H. A, TITER -
SULFATE S PULLORUM ST PULLORUM
EXTRACTION SATURATIION STANDARED VARIANT
1(1)0;9 L Supernatant — 10, 240 -
p}?tz, 0 Precipitate —_— 5,120
225}295 Supernatant — _
pHEtZ. 0 Precipitate — R

i

!
Remark: “*” in titer indicates that did not occured the precipitate fraction &t 60 per cent ammonium sulfate

saturation.

1

Table 4. Effect of tyrpsin on the fraction elicited by the ammonium sulfate saturation.

AMMONIUM

ANTIGEN _ ' H. A. TITER
SULFATE S. PULLORUM S, PULLORUM
EXTRACTION SATURATION STANDARED VARIANT
l(i\O;\(r: Supernatant — 5,120
oH 2.0 Precipilate 5,120 5,120
225}')2 Supernatant — —
p}?tz 0 Precipitate 1,280 *
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Remark:

10,

11.

12,

13.

14.

“*#" in titer indicates that this this fracti was not tested because of did not occur the precitate fraction of

60 percent ammonium sulfate saturation dn shown in Table 3.
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