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SIUDLES OF THE O ANTIGENS OF TYPEOID, PARAPYMIOID, AND COLOW BACTLLY
Io INCIDENCE OF O AND H AGGLUTINING FON BACTERION PARATTS0S0M B
IN NORMAL SUMAN SEOMS
IT, ORSERVATIONS ON THE ORICIN OF THE BACTERIOM PARATYRHOSM B
AOGLUTINING I¥ NORIAL HUMAN Smims)

Iatroduction

The abllity of nomsl serus to wgglutinete bacteria in suspension
s observed by msny of those serly workers who studied the proportiss
of the lmmuve sgsiutinins (Bordes,1599, Gengou, 1899, Jatta, 1900). Mo
urﬁumk_ie inveatigntion of this astursl phenomencn wme apparantly made
8% that time. Poluts of difference bdetween netuyal sud imsuns sgelutinins
were deseribed by Lanﬁnﬁmr end Calva {1902), =nd Lendeteiner and Paieh {rons),
in the serclogieal study of particuler organisms their uﬂﬁﬂmtion by
normal serum wss mentioned end its extest noted, as for exssple, in the
caee of Pf. mallei, by M'Fadyean (1896), and Sustman (1608). In the
sase of the straptocceei, nommal sgelutinine wems desoribed by Moser and
Yo Pirguit (1908). Durbes [1902) demonstrutsd the sresence of rpoTHal nlil

asglutins is huses serum.

1« Throughout thie paper the nomenclsture of the Kouflfuann-hite
seheme of clussification in the Ssismonelis sToup hes bheon used. For
orgenime not included in $his group the nomspelaturs of the fifth
sdition of Bergey's ¥anual 1o employed, ]



Investigations of Parischa {1998), Pelix (1923), cigliold {1008},
Piiper (1930} and Lewin (1938) have demonstrated $he ooqrones of aommal
agglutining to the Salmonella gronp. From this woe cen eonclude thet the

phenomencs of somel agglutinins te world wide end not vestricted $o any

 one looality,

The oocurrence of sgglutining in the serum of nomel humans has
hean obasrved &y fany workors. Tosher and Fislden {(1928) found that of
276 male serums, 42 per cent showad the presence of O agelutinins fop
Bact. typbosum and 28 por cenmt .;"or Bect, poratyphosum %, Saith, YseVie
end Howbold {193}, sive the following results for the fingellar or
H sgelutinins of 102 serums. OF this total 14.9 per gent agzelutinsted
Baete Syphosum, 5.9 per cent agglutinetsd Buet. paratyphosum B. Havens
and Mayfield (1931) tested 11% serums for O agElatining asd found %8 ;ir
g;nt of the sotal %o sgziutinsie Bact, typhosun, 14 per cent in a 1140
dilution, six por eent in 1180, and three por sent in a 13180 iuuﬁop
o2 higher. Fishberg (1922) studted 60 human sporwss and rmﬁi‘mnﬂ;

20 por eent of the totsl sgglutinases Boets byphosum in u 1120 4ilution.
In thrse ousos the agglotinatisn ceeurred in s 1550 aflution. Giglioly 619.:133
states that of 180 serume from 2 randon sample of the populetion of
British Guisna:
'3le 0% sgglutinated Bmot. typhosum X
4,85 &églmimt-ﬂ Boot. paratyphosum B
437 agglutinated Baet. parstyphosm B O

4408 agglutinated Becs. typhosmum O
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Alvea {.‘ﬁx} in & sertes of 570 non-inooulsted Douthers Nodssisn netives,
fbuncsl that Baet. typhosmm X &uiutiwtiﬁa waz present in 5.1 per cent in
& mintmom dilution of 1180, Lewin {19&5}‘ records the following rosults
ef 442 humen serumss

s
- =

B Aggiutismation 8 Apglutinet ian

Sornm p—
Pliution | Bumbsr Showing | Por Cent Showing| Huwxber Showing | Per Csnt &ewm]
Agglutination | Asglutinasion Agglutination | Jgglutinstion

hE] .. A7 10.8 159 £5,0
12100 ) 1z 28 20 deB
11200 % 1.1 ¢ EeD

] 13400 z The 8 1.8

Carinar snd Ddubizgtos {39&} report that in '&’2 human serums Yasted, granular
O sgglutination cocurred in & 132850 dllutlon as followar %0 per cenmt
showad Baat. trmim agglutinins, and 10 per cant showsd Baet, parat yphosun
B agglutinine, Dresranlesu, bebssu anl ¥oCrady (1870) state that five

of 109 male, bt none of 100 famele sewume gave agglutinacion iz & dilutton
of 1350, Crujcksbank {1928) upon the sxmsisation of 800 Wassermann ssrums
reports that 11,5 per cent sgrlutiunsted Bact. ;‘imtnhom B, end 18.° pear
cont iaﬂutiﬁn}@d Buet, %:}*;}ﬁéﬂlﬂ: in the gresuler somatie O phase. Oregory
and AMkenson (1928) iﬁtticﬁ& that of U00 serums sent into the laborstory

Tor the Wassermsnn test apd titored for the presance of X and O agglutinins
for Baet. Syphosun, Prot. typhosus ¥ and Baot. peratyphosus 4 as followa:
173 par cont of the totel agglutinsted Buet. parstyphoous B, 0.2 per gent
Baet. paratyphomm A, and 30,8 pev eont sgilutinated Baot. typhomum in the

0 phese. ® sgglutisntion occeurred ss felloss: for Baet, parstyphosus B
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Zel por cont, Buct. paratyphosum A O.4 por cent and Baot. typhosun 5.6 per
conts Sears and Phillipe {1938) of this luboratory hevs peported sn
wnusually high ineidence of ¢ sgglusinine teken from » random sample in
thig area. The study mporded in the present paper wae undertaken to
confirs end extend the studies of these investigators in respeot Lo this

orgahiem.

Objectives af Thuis Thesin

Thie investigntiion deanls with: (1) The cecurrence of momssl humen
sgglutinine for Bect. parsbyphosum B} (2) The behavior of sueh serum

with other related amtigens; {3) The specific sature of sorsel sgglutiniss,

Hothod and Technique

Seruss tekem for the routine Kelim test were obtained from the
Kultnomsh County Hospitel. BSerums that showed any trace of hemolyeis
wers not useld, nor were the pevume of wﬁim’—ta huving = past history of
enteric fever. Positive Kshn seruss weve Likewise eliminated,
Antigens used for the uggiétimtﬁn Leats wore as :t‘cilouz
Baete paretyshosum B 8008 - Ob%#i.a.ed from Kauffennn {Copenhagen)
Baebs puratyphomum B 898 ~ Obtuined from Californis Stats Leboratory (Berkley)
Baet, typhosum (001 - ﬁb‘ﬁuiuéa frou Felix {london)
Baet. trp?m_ "H906Y = Obtaired fron Felix {London)

The H and O antigens were prepersd sssestislly mecording to Coleman [1978).



Preparation of the H Antigen

Ceve wog taken to enploy eativa‘;‘.r #wotile emooth strmine. One or
ﬁu of the smooth colonies were suspended in suline and then trensfersd
to Hlake bottles. after incubetion for 18 t© 20 hours st 27° C., the
growth was washed off with U.8Y per cent ssline containing & per cent
.‘!‘em@lim. Bterility tests weve made and the suspension wae Shen sban~
Gardized o give o turbidity ecusl to ten times the Berriun Bulfete stantard
No. 3. Upon using, the suspensios was diluted 1210 with saline thus re-
dueing the formalin sontent '© 0.0 jer cent.

dowover, it was found that this method wes not suitebls for the
prepereion of pure spocific end nou-speelfic i astigess. When these
matigens were prepersd in the shove masner it wes moted that the spepiflie
phese alweye contsined a emall ancunt of mua;auiﬁe and vies varss,

To elisinete this error it wee found adviseble $o use » 8ix to eight

hour broth calsure from aingle coloniss to which was néded formalin $o

& finsl eomcestrstion of 0.2 per cent.

Prapuration of 0 antigens

The sane procadurs was used s in $he preparstion of the H antigens.
The O antigen differs in that O.% per cent phencl in 0.80 per eont salins
was used to wesh off the growth on the Bleke dottles. Alcshol wus alded

te give a fimsl concentraticn of %040 per cent. The standardizstion was



carriad out as 1n the preparadion of the 5 sntigen. The sgglutinability
of the suspension was tested in comparisen with a previous lot which had

proven o he satisfaetory.

Prelizinary Testing of Humm Sarums
The purpose o thia experizment waus to discover those serums which
might contain agglutinins for Bact. pczmt:ﬂ_shom B ir any of its anmcoth
antigenie forme. Each serum was subjeeted to o pmlminary teat using
.“ 0 snbigea of Bacs. nrntyp%m B 8000, snd slso sn ¥ antigen of she
same straln in which spacific ang group phoses were prepersd gmﬂtnly
and mixed. Each serum was tested in & singls dilution of 1320 against
esch natigan, Serums which gave po sgglutinatios with these antigens
wors diecarded wnd are no? econsidersd further in this paper, Thoss which
have & positive reuction #ith elthar the 5':;1-‘0 antizen wers inveatigmted
ﬁﬂhw a8 described later,
| In theae puiﬁiury taats, me in all other $ests desoridbed, three
by three-sighths ineh ngglutinatlon tubes wers used in which the tobal
volums was muintained 53 0.5 oo, The Lncubstion in She water duth wes et
W0° C. Tue tubes were Lmmerssd sc thet only one-fourth to cne-hal? of the
solumn was below the witer level, thus Tacilitating the mixing by conveetion
eurrent.
H agglutination was read st she end of two hours, an;i the ¢ agelutina~

tion effter twenty houre in the watar bath. rﬂﬁ. of the tubes mers rend



with the naked oye und slsc with the botstom lems of a 10X microsespeoculnre
| The degree or smount of sggludinetion present was resordsd as follows:
| #4§ == Cloar syperpatent fluid; complete agplutinstion
. +3 «= Cleer supsrnatent fluld; definite agglutin tion
+2 == Slightly cloudy flutd; definite szglutinstion
#L - t:louﬁy supernalant Tluld; szglutination berely dilscernible
. e the eve
C3L = Agglutisetion visible enly by the use of & lans.
A total of 237 ssrums wes sxamined In %he preliminary tests and of

these 158 gave negative resulta. Teble I gives the details of the 77 serums

that agglutinsted one or both of the antigens used {n the preliminary iui,



Tabie I

BETAILED RESULTE OR 77 SERUME S0WING B OF O AGULUTINATION

IN A PRELININARY TEST IN A 1120 DILOTION

o Banote paratyphosum B 5008
Perem Nuiber |
0 Antigen ] 2 Antigen
ERELB 12} o
33883 *8 0
93684 +} o
81096 L e &
93845 *3 o]
93892 +2 v
93864 +3 ]
#3471 e G
9%ges +4 &
5872 *2 4]
QU676 *7 0
93874 4 e
1738 .4 1]
R +2 [+
23071 3 43
18087 o 3]
Pl Bus +2 e
78 #CH +4 0
$9951 -8 o
r4070 % ¢
22950 i ¢
vER8 *1 o
b ot *d 9
15934 +3 G
2480 +3 Q
22948 +4 +2
22978 R ]
80974 +4 0
34958 4 Q
4008 *4 a2
M . +3 0
24028 4 0
g398s &
34019 td o
19 BCH i o
98343 3 0
96341 i 0
DURE? 0 +E




Table I {Contimued)

Buet. poratyphooum B G008
Farus Hunbsey
0 Antigen i Antigen
8008Y +3 o
PA0032 +4 &
PE059 »3 2 |
Pa408 +2 O
P441E +2 0
F4551 £ 34 o]
84430 3 i)
86754 4 0
iE MCE £ o
&2 MG +3 ¢
o R +4 &
PLEST 8 ]
§8188 +15 g
#54LE +4 G
82458 4 ]
e 1t B +& 0
6344 +3 e
anvag +4 o]
13043 +3 a3
85470 8 i ]
95334 +8 4]
95423 +2 4]
BEg4l +1L o
95485 3 2
g8aa] 4 &
2B NG +3 o
B4kza . w}, e
86542 +E 0
N800 &3 el
5883 %3 &
A uE +8 434
61887 +1L 4
a5087 +§ 0
=l R +4 O
a8 NCR 0 '+
HoBy MOH *4 ]
Fe VNCH *+3 s}
ialse 4 ¢
RO 7 4}
3078 +8 o
Peany ) o
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Couplote Titration of Serume Positive in the Praliminary Tess

Serume which wers positive in this preliminery test were exemined
furthar a8 follows! ‘

0 sgglutinins were titmated in dilutions 1180 to 11580 {nelusive,
agsinst the separate ¢ antipens of Bact. parstyphosum B 8002, Baeb,
puretyphosun B 2898, and Beet. Syphosum 0901,

Serone that showsd the presence of H apglutinins s the preliminsry
tost woers titrated asssinet H antigene of Buct. typhosum 3901, snd specifiec
and group phass sultigans separstely of the two strsing of Baot. paretyphosum B,
The dilutions wers slso 180 to 11040 induqivn |

Inspeciion of Tuble Il voveals the dstailed titeation of the ¢

poaitive serums. In this teble the L:B80 dilubtion 46 omitied sinee

none af the serums tested gave aggluiinstion in this dilutiocn. Exminse
tion of Table II shows that the highest titer in the majority of the

gorums was 1low. However, upon ths inspeetion of Table IV, we see thes

en spprecisbls portion of the serums agglutinated one or more of 4he
aptigens in dilutions as high as 14180, the figure being £0.7 per a&tﬁ

in the case of O satigens of Bact,. paratyphosus B BODE, snd 17 per eentd

in the ceme b Baet, ty;s!mm 080k, It eppears thet the O antigen of

Bact. paratyphosum B 209B (a8 less agglutinabls than is Buet. paratyphosum B
PO0O6 since nose of the serums sgglutineted the former antigen to » dilution
ef 11180, and since seven ssrTums sgglutinating Bues, parstyphoses B BOOS

failed S0 aﬁl\:ﬂ'mﬂi Baot. puratyphosun B 2898 even in & 1130 dilution,



il

In » Li80 dilution only 17 per cent of the total seruss agglutinste
fmet. pavalyphomum B 260B, wheress the corresponding figure for Buct,
pavetyphosum B 8008 18 "0 por cent. In the two lowsr dilutisns the fige
ures for Bact. paratyphosum B BO9B nre groster than for Baet. parstyphosun
R 8008, ,

Refarsing to Teble 1T, 1t 18 seon that the grester sensitivensse
of the Daet. paratyphosum B 6008 0 antigen is manifested slsc in the
grester completensss of agglutination even in the lewer dilutions, since
& hu:h per cent of the ﬁms ere recorded one or mare plusses higher

for the Baot. paratyphosum B 6008 then for the Baet. paratyphosur B 2098
O antigen.
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Table I

O AGGLUTINATION REACTION OF ALL TME YOSITIVE SEFUMS FOUND

IN TEE PRELININARY 1:20 BILUTION

Baote. parstyphosus B
Sarus Baote typhomm 0901
Humbay 008 298D
FE- S E i - 1L e 1320 =~ 1L
Basan 1180 - +2 12B0 - #1 1220 = +8
1140 = +1 1540 - 1L 1340 = +8
FIREA LtB0 ~ #& 1180 « #% 1388 « 1L
1240 - #1 1340 - #)
#1078 L3120 = +2 1180 = +2 S
1840 = 41 Lidl = 4]
3849 1120 = 0 1120 = +3 1120 = 44
1140 = +8 1540 = 21 " Llied - +8
1180 = #} B0 = #1
93884 180 - +8 13180 « &0 118D - +1
1140 = +8 140 = *}
1180 = +1
08478 1380 - #3 1350 - & 1880 = 8
1040 = +2 1340 = +1 1140 = 22
1iB0 = ¢l 1180 = #)
13460=1L
LRSS 1380 - <4 1120 - 28 ‘
1140 = +8 1140 = #)
1180 - 1L
PRETE 1380 = +4 1300 = +2 1130 = +8
1340 = +2 ii40 = o 1340 « #»8
1:80 » +1 180 = 1L LB - +8
13183~ 1L




Table II {Continned)

P

Zerum Buet. paratyphosum B
umbar Beet. tyshosu 0903
2908 2EGH

21 1 & 95% . &, 9% Pis? b ]
Rl uS Li1B0 = +8 1420 » #1L w BE
- &5

3
pir
IE0 =~ +}

= o
s
s

¥
g

1380 » +4 1380 ~ +3 o
a4 ¢ 1140 - 1L

®

A3

JADES 1800 =« +8 LiR0 = +3} 3

#

5d8E 1130 » #4 1130 - 3 Y
1840 - 2 1340 = 42
3120 A
1z :

boela L& - +4 1800 - +2 L1zt - 1L
1140 o +4 1340 = #:
1380 » +8
11180 -« 1L

PIBET 110G -~ +4 1220 = 7 0
L340 - +3 1140 » &8

0893 1180 = 3 13180 = #4 Y]
1140 = +& 1840 - 2

i:13 w &3

08459 1680 » #4 120
1140 « #4 1540 = #F
1180 = +8 1180 » +8

13180 -~ +8

13040 1180 - +8 1160 » +3 ]
1140 = 2 184D - 2
k4
3

¥




Table II {Continued)

Sem Bact. parntyph : . Py
"M;’;r nggh = Gmitfn laets Syphosum 0001

¢3851 1380 - +1 w el

Lol
b
@
i
L=

]
5
gkt
B
L2
o8
3

L4 - »
16034 1380 = +4 1180 » 43 1530 » +3
3340 - #R 140 » 3

13180 = +%

11180 « #1

TRILG 1320= +2 1180 « +} @

18 NcE 1180 « +8 3480 = #) o

DERED FUD - &4 1180 » 44 1180 - +8

180 = i180 « ¢} 1180 » =}

0874 1:80 » #2 1980 » 44 1100 » +4

1t40 » +2 1340 - #§ 1140 - «3
480 = 8 1380 - #) 1380 - +2
121180 = 2}

78 M 1t80 » #4 Li00 = o 150 » 8

1040 = o4 1840 « 22 L340 - 3
L0 -~ 3 1180 - #1 1889 » 1

15180 - +2

-

a3 1100 = w8 1180 - 1L 180 = »8
1140 - 98
1180 - o}

4§ 1380 = «2 1100 - #3
L 1140 » a2 1340 = +3

+1 380 - #} 1380 - #%

20 « &8 ItE0 » &3

1340 » o3

4
ro
i o
% en
H
A
T

1

$4001 1386 - #4 1380 » +4 1880 » =4
Lidd - +4 1240 « &0 1140 ~ 3

1180 » +E LI80 » #} 1180 - 2}

11168 = »1 1$380 ~ »1




Teble II {Continued)

Soyem Beet.
Famber Baebs Sy hosum 0501

£0087 180 - # 1300 = ¢} o
ip40 - +1

wo A A 13?,3 e »é&},_

5420 iz L 1:80
L340 » #§ 1140 - 1L
Lz

408E LIED « +3 1480 - +2 &

57 MCH 1800 - +4 1320 » +4 1380 » +5
L1140 » # 1340 » %) 1¢fy - &8
1580 ~ &}

24408 1180 « #8 1320 - +3 1480 » +3
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Table 111 shows the sggiutiration recction of $he six positive
fi serums, The tnbl.- shows that one of the 3ix seruns mpglutineted both
strains of Duct. parotyphosum P in the speeifie phass enly. Two of the
#ix serums agglutinated Back. paretyphosum B 8006 ir the non~ampecifiec
phase, wheress for Dact. puratyphosum B 299D only ons of the serums
was found in tﬁw nopwsgecific phass. 'fhﬂ. of the totsl serume soeurred
in both pghases. In mone of the positive H ma ves the B antigen of
Bact. typhosan sgglutinsted. Eowever, ma2 only & very small mumbee of

U agelutining werume were found, the sbove retic is not significants
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Tabis IV

HICEEST TITERZ FOE DIFFERENT O ANTIGHNS SS0WN BY 77 NOIMAL HMAN SERUMS,

SIICH AOCLUTIZATED AN O ANTIGEN OF BACT, PATATYPUOSIM B 5008

IW THE PNELININARY TEST.

_Ant 1gens
Hishest *3a0t. typhosum Baot.paratyphomm | *Hect.paratyy. Satw
Titer OF a0t o B BOOS O B 8EROD
Somi Ko. of | Per oent llio. af | Par cont No. of | Per pamt
Semms | of toisl Sorums | of Total Berane | of Total
" | Positives Poaitives lpaitivas
1280 11 o 14 18,2 20 28,9
1:40 14 n E7 .1 b 4.8
1:80 17 a2 b 4] B9 12 17:1
i3ie0 3 17 18 20,7 0 4]
Totel
Poaitives s 100 L x4 38,3 0 D8

*Thess tesulte orve ot for the totsl mumber of ssrums tested, but onmly
Tor those seruns thot showed Hmet. peratyphosum B 8006 sgglutinine,



Tatle ¥

IFCIDENCE OF AGGLUTLIYINS FOF O AND I ANTIOGINS OF

BACT. PARATYZHORUM B 8008 IN 207 NOWMAL ZBMARN §

Numbsy Per Cant

Nogative {n 1330

158 5 i 4 870 ¥7ed

Positive in 11220 79 4 18,8 LN
Total £33 233 100 160

b}
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GRAPHIC REPRESENTATION OF THE PERCANT INCIDENCE OF HIGHEST TTITER

IN THE 77 0 AGGLUTININ POSITIVE SERUMS.

Bact. paratyphosum B

8006

N

Percent:

N

Percent:

Percent:

N\

.Dilution:

Dilution:
Percent: -

Dilution:

Dilution:

1280

1:40
e

1:160
207

Bact. paratyphosum B =

289B

V7

Dilution:

Percent:

Dilution:

Percent:

Dilution:

Percent:

n
[AV]
O

12840
LD



Signifioancs of Results

Pelstionshiy to Sero~Disguosis

®ith the infommtion pressnted in the teblss, 1t fs avident that
.H single arbitrary titer can be selected at, or sbove, which an
agglutination ¢an be considered as positive, and below whioh 18 can be
rogarded as ﬂmﬁw.

Provious investigetors have i‘tfmptod to set an arbitvery titer
whick would rule out all nomespecific factors., Coleman {1928} sugsests
the following technicue for the reuding of the sgglutination resotioni

A+ Heport thet definite agplutinetion coourred -

1. Wnen both gramular and flooular sgglutination {+) or ‘u}
is obtained in 5 13180, or hi@er, dilutions

2« hen elther g;rmulmr or flocular agglutinetion {+F or +4)
is obbained iz s 121160, or higher, dilution,

Be Hepors that partial asgglutisetion ocourred »-

1« #hen renctions lecss ‘than’ thoee reported as definite
sgglutinetion are obtalnwed, provided {+35 or +4] one
or both types oocur in & 1140 dilution.
€« PReport that agglutinstion of &ils:‘a;nwzm signtfiounce did not oeoup ==
1. When revetions lese than those regavded as partisl are
obtained.

s When mno agglutination is obitnined.
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Topley snd Wilson (1938) regard o titer of 11380 for both X and O sntigems
ag wall shove the norml level, snd i3 usually suite safe te uss. Zinser
and Bayme Jouss (1974) reco=d that = mniﬁ.v# 0 sgglutinstion ﬁ’aor' sinve
1180 1o significant, while for U agglutination, titerz of 1180 or slove
sppear to huve some disgnostie significanee. Cherwood {1298} publishes
Ehat the titer should e 1180 to suggest cotive infesction. Stitt, Clough
and Clough (1938} point out that sgglutinstion in = dilution of 11100 is

disgnostic of =etive infection.

From only a few citations one realizes that ths titer whish represents

anp active infection sppears %0 vary with esch individual author. It is
quite pooassery that 10 an arbitrary titer 12 to be set for s positive
serum, the titer must be high esough to exelude the range of mormal
agglutinins. The nomsal sgglutinia lovel will vary with eifferent loeslie
ties. The serum Siter of nomal bhumens will be mueh higher whers there
is a contimuous apread of the disense agent than in o locaiity showing a
low esse incidence. Thso technigue employed im different laboratoriss is
not constant, snd se a resuls, ths reports will show considersble variae
tions. The stage of the discuse will effect the serum titer a@ well as

& preavicus waceinasion %0 typhold or paratyphold. If such an arblérary
titer wore o be selecked for thils ares, then from the rasults of t'!zin'
research wo would e inclined to set an O titer of 1317930 or above as h#im

disgnostic, for below this we enter the range of nomal sgglutinins,



It f8 aleo significant that & ssrun showing no H eggiuitinins,
but an O titer of 131180 i# not an indicetios of infeetion, However, Trom
the searelty of momel B agglutisins {Table V), a serum showing an # titer
of 13160 1o move apt to be indiecdive of fufeetion than a positive O et
& 11160 dilutions This in turs briuge out the value of esployisg both
H and § sitretion of sll suspected serumo.

The varivtion of results fron different parts of the world are in
all pmhbiiit‘y fue to differences in technigue and materials used. From
the infommation in Table IV une can see thet different streins of the
gase antigen show marked yeriations ir sensiti{vity whea applied to the
:uluﬁmtwn; ronetion. From uu. discussion, it iz evident that experi-
mental resulis from &ifferent purts of ths world oan not be accurately

coupared unleoss standard technique wsas enployed by all.

Ristory

There has been much diseussion fv the 1itersture &z to the orFigin
of sggivtining found in & rendon sample of population for s specifie
anbigett, Cus of the favorite theories io thet the sgglutinins in the
serus of nomal parsons arise dus to 2 prior azposure to the specifie
fafsetious ageat either through vaceiznation or se & result of aatursl
iunfection, aimimgl or subelinjeal. HNany woriars sesm to favor this

viewpoint. Fosher and Fislden {1982) whose results have provicusly bees
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direunsed, «Stribtute this Bigh percentege of pommal sgglutinins to the
wholesale vacelastion during the Yorld ¥ar. Oiglioli (1923) coneludes
thot a eubeclinieal infection was probably responsibls for the agglubining
present. MNeill, Fleming, and Gespori (1971) observed thet about 285 per
eent of adults have agglutinins ageinst the ¢l htheria baeillus in &
dilution of 1:l0 or higher. Thess suthors concluds thst it is herd to
minu people wuld develop mmai agplut 1,n1aaf to diphtheris except

a8 a result of a pest infection. Havens end Mayfield (1931) huve dis-
closed thot in nigglutiﬁatlan teste for Beet. tybhosum with the serum

of 1,126 supporedly nomal persons, 50 per cent ylsldsd positive results.
Tron those experimentel resulte the above suthore do npt fesl that the
sormel agelutining sre csused by m&-n;:mifié factors but rather by an
associntion with the speeifie orgunisn. Pericha, Panje and Lal {1928)

show that the cccurrence of agglutinine iz the serum of syparestly

healthy individuels can be considered s svidence of exposure to the

specifie infecticus agent either thvough nﬂiﬂeial saang OF 08 o remlt
of matural infestion, cliniesl or subecliniosl. Pijliper {1928} ie slso
of the opinion that normel sgglutinins are the result of a previous
infeetion. Savege {191%) reports that sines the serum of a neweborn
child is largely dovoid of sgglutinine that are found in later life,
agglutining may, =foer all, be acamuired properties. Lewin [1978) bases
hisg eonolusion on th§ fact that in his ares BDaet. parstyphosum B is
quite common and that the mormal agglutisims are probably dus %o a past
infection.



There ara, however, obeesmvstions which huve been intorpreted as
svidence of nome-speeific stimuladion. OCilbert and Colemen {1330} heve
noted inerenssd typhold agglutinine during the eourse of infeetion sueh

56 undulent fever, in porsons, some of whom gave ao history of typhold

veceination or an astack of typhotid fever. HXilduff and Merscler (1319)

Tound a high incidence of typhoid agglutinius iz tubereslostis potiente,
40 per ecent of which could nmot be explained by vaccinadion or sn attack
Qﬁ; tyohold fevers, Damon {1937) and Madgwieh and Fortner {1238} bave alse
gﬁmxmu sinilar resulis. OGrapgory am Atkinson [1936) conclude thad

the presencs of norsel 0 sgelutinine for Bset. paraty bosusn By, in human
um; wig Que to eome other organise then Baot. parstyphosum B or a
foreign proteins Sears and Phillips {18%9) in their work on nomsel

agplutinins suggest their experimental results as baling due to none

- 8pacifie factors rether then te the specific disense sgent. Jordan {1959)

concludes nsoranl rggludtining nay be present in the blood without infestion
end without the entyy parenterelly or enterslly of am antigenie subotsnoe.
Ingalls {1937} attributes the development of nermal agglutinins to the

axistance of a haptonie Froction.
Theories on the Origin of Nomeal Aggludvinine

Thess two modes of ovigln, namelys {1) $he specirfie stimulation
of mgglutinine by setusl infection with the correspending orgeniam;
and (2) f{ofeetion with soms othar orgsnism shet shares & oomuon anigehie

toaponent, do not exhoust A1l 9ther possidilities. Topley sad Wilson (1978)
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list two other thoories besides the abovs two! {3} the antrance to the
tissues via the intestinal truet, or possibly other routes, of mom-living
antigenic material eupable of stisulating the production of sn sntibody
with the aotive group in question; and {4) the Pormation of such antilodies
se n by-product in the rommel functioning of the sntibody-forming appars~

tue sltogethsr apert fros sny specific sxternal stimuluse
Interpretation of Theories

In view of $he findings in the first purt of thie thesle, it would

ba Gifficult to zceept the theory that aggiutinins Trom a randos sample

of population arise in resgonse 1o the infections dlsesss sgent. From
thie sheory une would interpret the uigh percestegs of nornel Dact.
paratyphosum B O sggluticins ss an lndex of the iscideonce of Waet,

paratyphosun B infection. This theory ean not be the explanstion of the

high inecldence of nommal agglutinins as every evidence tands to point

to the faet that Bact. paretyphosun B s well ss other enteric infections
iz this area are rere. The records of the publiec hselth and hospital
laboratories bring out very clearly the low iscidence of Haet. paratyphosum
B The stete ladoretories report thet in the lest five years, Duct,
paraiyphosun B was suecessfully ifeolsted from patisnts either through
blood, stocl or urine ia enly qn\i'inﬂunu. The oity laboratory reports

for the lsst five years ure nageative for i{sclatios of Baet. pnmkmdﬂ i
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The state health department states thab {afsotion with Bact. parelyphosun B
in this veglon is very rare. The aity ladbpratory hes mede approkimstely
10,000 routine stool szsaipubions on Pood hanélers for ceryiers of ine
feotions Oros negative baceflli, and i mwe inskapeo was » positive asael
Tounds. '

From the extranse ravity of thiz infection, veceizadtion for Bacts

paratyphosum B hes boen seldom performsd,

in the firat part of this theals date sos presented on the ineidense
of agglutinine ir a smnple of nomoul serums for Dact, parutyphosum B,
Thess resulte indicuted the probability that the origin of these sggiutinine
- wsme to be sought in some satigenic component common to Baet. porstyphosum B,
and other widely distributed intesiinel orgsnisus,

It 12 the '?urﬂ“ of this garﬁ of thas thesis to inveatigate the
a_catu};i.itg of the existence of such common mpcam_t; with the wearious

strains of the most !ddgll)‘ oveurring iztestinal organigs, namely Egeh. eoli,
dothods and Teshnique

A preliminary test wos cerried Qut oo ceversl nomal humen serums.
This test consieted of using stock mixtures of Esch. soli lebeled X ané Y
Stock mixture ¥ contained o mixture of O sptigens from one-half of the

$otal nusber of coli strains, and mizture Y conteined U autigens from the
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remaining belf of the eoli straing, This procedurs wp intmainged to re-

duce the smmount of work necess:ry to test esch serum with separste ¢

'mﬂm: of the eight coli streins suployeds Whan 2 cermm failed to

agglutinate atther of the two stoek mixbures, the serum wes then Jiew
onrded snd consideradle time wnzmmved. Serums showing aggludizins for -
slthar of the stoek mizturas ware then 3itrated with zeperate O antigens
of the eight ooli antigens. ALl sntigens wers prapavad aze listed in pard
ong. The techniqus Tor the spalutinetion re=ction mas surried out sccopde
iag to the mathod eeployed In the fore pard of this thesis. The Hsche
noli stmini wore {golated ohiefly from the feces and urine, snd upon
exemination gave enltursl end biochemical wrecotions, Table VI, that were
typioal of Bach. coli. The streins difPer fros eseh other oply in minor
cheracteristics.

Table TII giver the somplete results of the preliminary tost. I%
bagomes quite avident that ihe momnl human semum comtaine s retber high
poarcentage of Emch. ooli sgelutinina, and some ahow saplutinetion in titers
a2 high as 11280, The limitation of using stock mixtures X and ¥ wes
noted, and since the grester malority of serume apposr %o contsin coli
aggiutinina, thisz test wae sliminated, )

The cuestion then arene s %o whethar thess eoli sgglutiniss were

in some way aimilar to the Bact. paretyprhomm B saglutinins. To sscertain

if suck were thae cass, eerums vore obtained from the hospitel and sgglutination



CULTURAL REACTICNE OF THE ESCH.
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*A% = Acid and Gus

- = Hagutive

81 = 8light Acid and Oas

#*3 = Throe doys befors reaction ccourred
+£ = Two days defora resction ocourred.



Tuble VI
THE PHELIMINARY TEST OF NOMNAL ROMAN 3EMAE
WITED STGCE MIXPORIE OF COLI AWTICENS
Sorum Antigens
Nambary
X ¥
R 1180 » +3 1880 » +8
1140 -~ +3 13140 ~ 8
1380 » +8 1180 « +2
12180 » <2 13160 » #2
18380 - 1k 1580 - 1%,
“ LER0 = +& 1180 - +3
1340 »~ +8 140 = &8
1180 - +§ 1180 - 2}
13180 » #) 13160 « #}
12080 - 1L 13580 - 1L
43 LG - +3 1120 » +4
1140 » +% 1340 ~ +2
1180 -« #1 1180 - #1%
13380 o +}
11380 « 1L
45 1230 » 2 1380 » 28
1240 ~ &3 1340 « &3
1380 » +3 1180 ~ »38
133180 « +% 11180 « 1L
L8520 ~ #)
49 1280 = of 1120 - #1L
134l - 1L
48 1180 « +0 1180 ~ +4
1840 - »2 184G » &3
1380 » #8 1:80 « +2
leldow +§ 13180 « 1L
) 1120 = +3 1330 - »4
1340 - +3 1140 ~ +8
1180 - +3 1180 = 8
12180 » &% 12160 -~ 1L
1:080 « 1L 11380 -~ 1L
4 Li80 - »8 1180 « +5
1840 - +2 13140 ~ +8
1580 » +3 180 » +&
S$LED « 2 30180 = #2
313380 « &% 11280 « »2

X sclution sonts

shrning.
strains,

izad Hiller, Ballmen, Gredy, Hillmsn B coli

¥s solution contained Flyme, Swapson, 271, & B. ecoll



Table VIII

PRELININARY TEST ON 58 RUMAN STTOMS TOR

BACT, PARATYPEOSE B AND EBOE. OCLI O AGOLUTINING
Sorue Bache coli Pant,
Bz boep paratypghosem N
Hilimsn o008

10848 0 ]
pTiz 3 i -
- et 0 4 8
102483 4 o
10858 *4 w
102818 +*4 g
&GI078 +4 ¥
was +8 4]
47247 vé ik
835247 4] ¢
JBEEY ¥ 4]
18130 v &
108845 i o
loge: *3 2
104 MCH & o
49430 +@ ¥
so0as wd G
10873L3 +q +1
541086 #3 ]
JOEBLY? #1 %
108530 w4 0
1058844 w o #1

- B4808 & o
104848 g 7
104 & 0

- 308 NCE . *4 0
101308 #1 0
1085848 4 8
1% EcH #4 &%

- J08838 &4 4]




Table VII1 {Coutimued)

Serun Esch. coli Pacte pacatyphosus
Fozbar
fiilleman £006

TEECL +4 5]
234888 L] 2
22 Mo +8 i
24 MCH +1 1k
21100 +1 o
2 kCH i 4
11 8 +»3 ]
2404 +4 ¥
2457 #1 U
SQTHY 7 o
30776 g e
ilsl 4 o
102809 vd 4
108887 ¢l o
lozane 4 Q
101048 # *4
87458 *d g
laplas 4 2
PET43 - +£
B11i4b L Q
102812 4 =k
47728 % -1
108614 4 L
79581 4 iL
o818 4 *1
57218 ¢4 *3
soss 4 i
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teate, uelng 0 antigens of Beet. parstyphosunm B and Eseh. eoll, wer: con=
dueted on onch serum, After 56 serums hud besn tosted {Table VIII) and
19 ssrums found that showed Bact, parstyphosum B egglutinine, absprpiion

toste wers conducted on %en of the positive serumas.
Techinloue for the Absorption Test

Thres Haeks htt_lu war: inoomulated with such of the eight Esch. eoli
streaine, that hué baen tented pmiousiz: for mooithneses After 20 hours
ineubation at 277 C., the prowth was renoved with 10 ¢.2. of 0.BS per ocest
saline. The growtk fror all the bottles was pooled and thoroughly mized.

Froe thie, 10 €.2s porticss were pipstted into centrifuge tubes and

~ eentrifuged. To the packed cells, serum wasz adied and. nlne G.8 gece of

‘Pive per sent phemol, and diluted with saline so thet five 6« ¢u of

serum represvnted a 1:10 dilution. The thoroughly mixed eelis and serum
afbar inm’bﬂioﬁ for two hours st 37° {,, followed by refrigerstion over
night, wae sodimented by centrifuging anid the olesr supsrmatsnt parum was
tested for cumpleteness of cheorpticns TFesbsorption wep praformed when
muznry.' A serum control was run ﬂ,ih each absorbed ssrum.

Table IX eoctaine the deteiled resulte for the pusitive Baet. pavstyphosum
B nomsal serums that were absorbed with mixtuves of ¢ight coli streins
and re-titersd for 0 nglutimm ol Baets paratyphosus B Five of the
serums subjected to this test showed no Haet. peretyphosws B O egglutingn
removal after absorption Ir,r Each. e0li. Two serume showed gmﬂ.al Do

duetion in titer, and three of the ten ssrums testsd weras al o ¢ sompletaly

freed of 0 agzlutinine for Haet. paratyphosum By
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Tabls IX

FOTMAL MUMAN SYROM

COLI ABSORBED BACT. PARATYPROSTM B

tntigen Filution of Serum
Ladl 1140 80 11380
Serus Ho. 38748
&68B 1L Y a ]
Control +2 it & 0
008 +1 o 0 &
Control 3 5§ iL ¢
Be typhisurium. G o 47 o
Control 4] G i (4]
Serum No. MTELE
2E95 vl #1 G Q
Conbrol #t 0 #1 1L,
H006 +d +2 AL 4]
Control *§ 4 &1 1%
Be typhlaurius ~L o (i) o
Contral +8 5 o v
Seron Soe. 108814
2E0B s o Y 1]
Control +1 1L - -
2008 o 4 1] &
foatrol 132 ¢l ¢ &
B tyehimurium & & L) @
fontrel o G o




Table IX {fonsinued}

intigen Dilutisa of Serum
L B0 L4 1180 13180
Seyvun ¥Wo. 108613
ZBRB O G { Y
Tontyol *d iL 0 0
8508 *i & W 0
Conktrol 3 0 L a
B, typhimurium 8 0 & Q
Cont sl & a { a
Serum Fo. 108809
20888 +3 v »1 G
Control +4 *3 3 L
#0008 B e #1 [+ 3
Control *4 *4 3 *1
Be typhimurius w0 G : o 0
Controi +§ Q. g 0
Seraa Mo, 101668
2588 +1 +1 1L i1

Condol +4 3 el

85086 +Z . P4 1

Control 4, 4 & o1

B typhisurium 0 o & o

Cont ral B 1L '] 0
Serum No. 182558

2698 3 #1 o 9

Central

BO0S
Contral

8 tyohimurius

Control

*4

*4
4

+E

5

v s

1
+4
0
@




Table IX {Contimmed)

Aot igen Hlution of Serum
Lisg Ly Al 180 13180
Serux No. 15 MCH
259p 3 +3 4] T8
fontrol &3 #} @ g
BOOS e 5 1 g ¢
Control 3 8 { &
B Syphimurium 8 ] 4] ]
Condrol L7 & 4 G
Ssram Wo. 20848
ER95 +8 +1 P o
fontroi E3 L g e
BOCE *l +1 U @
Control *E +1 0 e
B typhimurium ¢ o o L+
Cont ol 4] Q 4 0
Sarum Bo. 1028648
wgen 5 8 ik il €
Cont el £ 2 %1 & {
5008 o8 iL o o
control +i 1L G G
B. typhimuriaa iL iL 1L g
Control 1L iL o 0
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The interpretetion of this experiment presents evidence that Hagh.
ool 1s not the melor factor involved ir the production ¢f normel O
agglutinine for Beeot. puratyphomg B If FTech. eoll were the dominant
factor, then the above sbsorption tests chould hove pressuted =ory l-!-u
showing & conplete removal of sgglutinires However, considering the fset
that no two ¢oli atrvains possess the sume servlogierl resctions, we aay
also assuzne that if more than sight Fach. voli streing had been used
thers may have bsen more seruma with titer reductions. Insemuch sz three
of the ten serums fram this test ¢id ehow titer ﬁﬁznzana. the poseibility
~of an sntigenie ralationshis Detwesn Bsch. ¢oli and Peet. peratyphosmm B
sewng to exist., The sxtsnt of this relationship 12 to be determined by

further investigetion,

H atbry

The abiiity of coli strsins to be agglutinatad by e wariety of
seruas hms been shown by verfous imvestigstors. Wilson (1308} pointe
out $het whes the serum 4f typhoid Tever patients waz oxmminsd with
rmi-é to its agglutinetive sction on other bacilli (v.g., Beeh. ooli,
Bact. onteritides) it wes found that these mlorobess st times were sgulu~
tinated, Denes and Denes {1732) reported thet a verisnt of Tech. coli
was agglutinated in high titer by an antiserum prepured fron Bact. typhosums

Engel and 0lin {1928) published that patients suffering frov pernicious
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saenis will often show the presence of coli agglutinine. Kristenson,
Bejien and Kjser (19396) show that from » systemstic study of 1,104 eold
streins, 184 of these stmine sgglutinete with one orv sors of the
Salmonells & antiserumg. BSome sgglutinsted in titers oo high as the
homologous Salmonellas Meekte {1937) and Haysehi {1920) teve bosh
showm ©« relstlionship to exist between certsin enli etrelns end Ehigelils
dysenterise. Habs and srjome {(1398) reported thet & stvain of Esche
eoll a8 sgglutivated by she serum of the fulzonellin group De By

eross agplutination and sbsorption it was determined g$hat Eeuh. eoli

conteined antigens balomging to the Salmonells grou; U snd B
Fach. coll Absorpiion of Dalmonellic Tomine Jerums.

To 4ﬂtm§.nﬁ the antigenio rsletionship between strains of Fseh.
ecli and Beet. paratyphosum B, antissrms weve prepayed for Begt.
parstyphoses B and wvarious other mombars of the Salrounells group. When
the prepored seorums wers titared by each of dhs elght ocoll -tns.,u, n
wide renge of nmlnﬁutim gegurred. Table X presents thae resulis of
thi0 teat. It 18 interssting %o note that no two coli straina cmﬁst’
the same agplutinstive power. The Hillosan straln of el appsars t0
soglutinets in $iters woll beyond that shows by the remaining strains.
Orady and ¥lyan coli strains show relutively no sgglutination, wheress the
remaining strains of coll wers intemediste i;a their n‘biiu:r 0 agglutinate

io the presence of various Selmonells Lmmune serum. It was also noted



s

that coll agglutinstion occurved malely with serums prepared from
Baots parstyphosum B and Dact. Lyphosum. Jone of the o0li sirains
sgalusinated in siters as high as 1:12060. The resvits from Table X
would indiecute that lDasch. eoli sheres aptigenlc somponents with Eack.
parstyphossy 2 and Baot. Syphosus, and %S¢ o leseer degree with other
Wﬂi}..&.a BrOUpEs

in order to ascertein the sztent of the antigeniec reletionship
betwosn Lach. coll and Becte paraiypbosun B, 1t was fell sdvisable teo
tbeorh Bact. pavetyphosuwm B and allied lamuns sermm with two strains of
Eschie 0oli, vamely Hillsan and Swenson. Teble XI shows that when the
Seimonelic fmmuns sorums wers abeorbed with Ssvh. coli snd thesree
titernd with thelr own tmma}.oma- antigoens, no 4rop in titsr could be
noted. This 12 quite striking due 6 the Tect thet o0oli antipgens showed
agglutining to & relatively high titer with the sbove serums.

The resulte from Tuble Xl leads sume wvidence whleh would indicate
that the agglvtinins removed by eoll absorption were not of sufficient
guantity to reduce thae serum titgr m‘ i’u own Sorologous antigen. It
may alap be poesidle that Nsch. coli sherss only one of the several
antigenie factors of the Salwonella serume Thus by rencving but one of
Bagt. paretyshomam B sovers! satigenic fuotors, the ressining factors
boing indtact are still of sufficient quantity to essble $he sorum to show

0o $iter redustion.
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Table XX
TITRADION OF BALMONELLA SEFUME WITZ ITS QWN HONOLOGOUS ANTIGEM AFDER
ADBORPTION BY 7W0 ROCH. QOLY STRAINS
Salmonells Serums
Baet, Bacts b=t Boots
byphosum 338 [typbimarium |peretyphosmum B| Yirchow
&308
Absorbed by Hillasn
Bafore 1:20,480 110,240 13%0,480 110,840
After 1:180,420 L1100, %40 1:50,480 1:10,840
Abzorbed by Swanson
BsTors 1:20,480 1:130,240 1330,480 1:10,240
ifter 1180,480 1510,840 1:80,450 1:10,240
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It has previcusly besn pointed out that cartein Nseh, ecli sirains
show & etriking powsr of saglutinstion with Salmonalls sermms %o 2
relatively high titar. This wido range of sgslutinetion s fizet bee
lioved i$>ﬂ¢ﬂﬂr as a result of Hillwan coll containing 2 hebterophile .
antigen, but experimental results showed this wae ot the case {see
kppendixz}. However, ié ob&ui# BOTE eamglsis information o their muntigenie
relationship, mirvor ngglutinttian and sbeorpiion tests were perfomsed.
» Coli iamume serums were prepered for Hilluman and Swassgon strainsvnr fBohe
eoli« When thoese oolt 1mmun§ sorume wore titered uﬁth the varicus
Salmonelis antigens, it wes observed $hat angglutination failed to ocouy
ruch sbove the nowmal sgglutinin lavel as eseen from Teble ITI. All of
the seslutinstion in this sxperirent eould be esecounted for o the basis
of the nommal agglutining present hefore imsmnizaiion began and tharefore
rust be sxcluded. This inabiliity of coli lmmuns serum to ngglutinate
sotigens of the Caluonella group, Utends $o cast doubd upon the ssrumption
that coli and Bact. paratyphosus B shure & common antigesnie fuotors There
#xists, howsver, a possidility that BDuet. peratyphosum § sharss a deep
Somatic antigen with a surfsce sntigen of the soli group. If sueh s
phenomency were to oxist shen the inability of Buet, puruiyphosun B t¢
aggletinate in the presence of coli lmmune serum could be secounted for.

The vide range of imcuns serums speeific Pfor sembere of the fatestinsl
group of pathogens whioh seglutinate IZseh. eoli, indicste the axtrene |
complexity of the latter organism. It would sppoar cufte improbable that
Usehe nnli wuld shere antigenz comuop to all such groups. Topley and

Wilson (1536) liet the Hauffmenn-White classification of the Dalmonslla
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group. lach of the seven 4iffervent groups listed eontain two or more
entigenie Tactors which are epseifie for thet groups Inammuch s Zsch,
eoli sgglutinates in the presspes of serum from several of these groups
it n& negssenry $0 :pmzﬁouu} absord serum rom the groups Feoh. ool
rescts upon. The spaeifivally sbsorbed ssrum was then titered with Esch.
coll 3o esoertein the specific components with which coli rencts, Then
such serums ware prepared and tested the results from Table XITI show
such & oomplexidy as to abed but little light uwpon this sudjeet. Fith
the infommatior derived from thie table oms csn ses thet certsin eeld
straine apparestly shure sntigenic factors cormon $o all the Selmonells
groupe tested. Upon & close sxsmineticn of Teble XITY it wms notad thet
when #l1 of the antigens wmers remcved from Daet, garﬂtypaoum! axceyt
Faotor ¥V, no extemsive egglutination oecurred. Thus one oan asssume that
Fache eoli contains so factor V. Whan the same serum was sbeorbed and
factors IV and V ware left intact, ralatively ac sgglutinstion occurred.
In othor words, §f Esch., coll doas share sntigenic Factore common o the
Selmonells group, ons would from this experiment be inclined $o Lintt
such relationekip te factor AII. Sowaver, Bect. virchow which containg
no factor XII does show a relstionship to Esch. coll 'mieh ésn not be
attributed to Tactor XTI but more to factor VI, With the Salsonsells
strains sveilable in thie laboretory, it was im:ossible to prepars a apeol o
sbsorbed eerum contalsing only feetor XII. IF such = sorum were svaileble,
more oomplete informetion msy have been derived. It i» suite nossible
thet if such 2 eorum wers available, no eoli agglutination wouid have

cecurrad, snd thus one could either eliminste fegtor XIY or show that it
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waz the factor which 15 commonly shared. If Tacter XIT wevs the reaponsible
agent shen more thum 52 per cens of all the seruse tested in the First
part of this shesis should show Baet. pavetyphosum ® nomal agglutining.
Thiz cen be amphasized from the faet that elmost a=ll of the serums tested
for morsal coli sgzlutinizs were positives I eoli nn;ﬂ Baet. pavetyphoswn B
were to lhuﬁ factor XII, the same proportion af‘» there serums should show
rormal Deets perstyphosun B agglutinine. This, bhowaver, was not the ense
und Sherefore plnses o limitation on the value of the shove phencmencn,

It hae already besn shown that Esch., coll streins are sgmlutinsted
in the presence of Zalmonells Lunune serums, Wt Sslmonells antigens do
Bot agglutinate when titered sgainmst coli imwmune serums. Since Ssimonslls
amune serumg possess eoli sgglutinine, the uestion srose as to whathap
these coli agglutinins were of & spaeific nature, 7To desonstrats the
spaeificity of the coli aggluun;m pragant in salnaaullé {amune serum, two
sgch serums wera abmrm'!nh their o howologous smtisens. Whem all the
Saluomella sgglutinins ware resoved, the sevum wes re=titersd for the
prasence of any existing coll agglusiniss. Teble XIV includes ths results
from the above test end shows that the eoli agglutinins were not complstely
removed fror the Paot. paratyphosus B or Dact, typhosum somm uPon «Leprpe
Sion with their own bomologous antigems. This 414 not huld true whers such
aoli nﬂmﬁi:;ins exist iz n 1480 or lower titer. Before imsunization to
Bact, ﬂﬁtfn&mm B 2698, the Hiliman eoli agelutinin titer was 11180,

This represente the mommal Hillman $iter. After immunizetiorn with 869N,



Tubla XIV

ES(H, COLI TITEN OF BAOT. PAIMATYFROSOM B 2869 AND BACT. TYPUHOSUM 0901

SERDMS AFTE AISORPTION WITE TUZIF Z0w0LOOOUS ANTIORENS

. Esato eoll Brot. puratyphosum B ESOD Bact. typhosum 0901
Aatigens absorbsd by Ahsorbed by
Beot. pavetyphomum E 299D Emcte typhosum 000}
¥lynn & i
Control 8 4
Baldmarn ¥ 0
Contyol 0 [+
Wo. 8 11580 o
Control i3%,560 v
Grady o o
Lot rol o 1480
Swangon 1180 1160
Lortol 12180 11220
Yo, &71 G ¢
tontrol Q G
Hiller 1180 1180
fontrol 11840 12180
fiilliaen 1:1,280 1:180
Congrel 112,90 112,560
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the Hillaan titer had ineveasad o 151,880, Thiz markad inersass of colil
agplutining can be sttriduted to the stimulsting effect of the Daet.
paratyphosun B 2002 {msunizetion. The injection of the rebbit with 289D
kas stinulsted the production of Hillman eolil sgglutiniase. Thess eolt
aptibodiss in Salmonells fmeune serus csnnot be eonsidersd a3 DPact,
paretyphosun © winc”sgglutinine hut are specifiec coll sggiutinine. As

s result ef thir eoli spelutinin stimulatiocn in the 3698 lmsuoe sovum,

ﬁ {2 only satural for such serum 0 show & high titer for she Hillmen

e0li antigen, If this phencoenon exista, ther all the sntigenic rolationwe
ships existing in the immune serum for ¢oli and Bect. paratyphosus B mush

be guestionady In ell likelihood, such relstionshiy iz dus to the anamsetie
roesction and mot to a» antigenic component ecmaen to both orgenisms. This
phenomenor explains why Dact. 'hypk;::m end Baot. peratyphosum B {mmune

serum show such & high titer to coll sntigens, and why Bact, Syphosum

snd Bact. paretyphosum B will no? sgglutinste in the presence of eall

Lmune serum. Nommel rabdhits in ths&i:l.' rojatively short span of lifa -do not
coms in sonbuet with Baet. paretypheosum B consoquently showing no mlut_uiu
to this orgeniam. Coli Lmwnizetion in rebbits showing mowmal eoll agglus
tining and no Deet. paretyshomum B mgelutinins, will obricusly 1nem.ss

the coli tzur‘ but will have no stimulating effeet on the Bueot. parstyphoeum B
agglutinins, as none wers pmsaﬁt at the start of the immnizetion. Experis
mental results do mot indicate thet we sre dealing with sntigenie mlntmﬂ«

sbips but are momel sgelutinins that have been stimulatad by the anannessie
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Therefore, it is extranely ;smuiry Tor one doing ressaren on
antiganie relationshiye between Salsmonellin and the coli group, %0 test the
oxperinental animeis before lwmunizatice for Eseh. ec}};i sgelutining. To
merely tast the momal eerun with one or twe coli entigens 1s mot sufficient
a5 the coll group is so hetavrogenitics

Duriug the oourse of thie investigation the dlssovery of & $yphotd
ongs whooe serux had & bigh coll agglutiain titer pressnted an opportunity
¢ test thie phenomens with a human sntietypiold ssrum. Oerum was obtained
from the patient and titered with various asvtigens of the Sglaonellia and
fnchs coll groups. Table IV contains the datailed results of this experi-
mants It 12 seen thet csrtair coli strsine sre sgglutinstisd in titers
equally as high as thet shown by Baet, typhosusm 0001« Tho tlter in eseh
case was 11640. All of the Rach. ooll strains employed wore agglutinated
in titers of 1340 or higheri These results are from the typhoid semum
early in the course of the disease. A lapse of twelve duys ensued bc‘t_an
s setond Gumple was ﬁxu. Thle was perfomed 1o asgerSsisn 1T a lapse of
time would effect tha Hech. eoll titer of the humen anti=typhold serums It
has beos shown previously thet radbits lumunized $o Baet. typhomus will
stimulate the produetion of eoli agglutining, and this hunnn serum pore
senta an opportunity to detemine if the same fs true with & typlenl human
- spti~typhold serum. Tabdle IVI conteins the rosults obdainsd from the humen

anti~typhoid serum after a lapee of twslve days from that of the serua



Tabls XV
WHAK TYINMIOID ANTI-SEHE TITENED wWITH

8 ;.‘.-'U': ":Il.‘-h;a-t At L .“-.1.-~|4i L.r'!.': 0 ;"HI:-::.;E

Serun Dilution

Antizens -

1:20 |1:40 |1:80 | 13280 12320 |1:840 |Lsl .=

Back. typhosum 0301 +d vd vd # 2 *} 0

&b

Bacts paratyphoaus B 2004 | +4 * iL O 0 0

Baet, virchow Q 0 0 g ] G

PBagb. sriendérs 0

o]
L=

Baet. pooss * g o O o

Bast, lomdon #4 +4 0 a o o o0

Bact. typhinurias o +4 ) ) i 0 o

*
ot
L
=
L&)
&
L=

Bast. aberdesn L & +5

Paete prratyphosus A

3
-‘r.
o
(=

Fsch, woll Hiller “d LN sl 1L o 0 o

Pach. eoli Flyan #Z 1L g 0 0 g 0

Esoh. coli No. O 1L i H 2 0 Q e

Esche coll Hillusn ' 4 #0 3 iL 4] 0
Zach. woli Ne. 271 *4 +A »h » i i1

Esche. eoli Orasdy e +4 +4 *] “8 1L
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Table AVI
HOMAN TYMIOID ASTI-SUDOW TITERED ¥ITH ¢ ANDIGENS FROM TEER

SALSONELLA AND 55GH. QOLY ANITGENS

{Serun taken 12 days after thet of Serus from Table XV}
!

Antigens Serom Diiutione

1540 | 1580 (138160 | 13380 | 1e840 121,280

Bact. typhosum 0201 4 L L .y iL o

Bact. pardyphosus B 8008 | +3 | 1L o | © 0 o

Bact. abverdsom O 3 i3 O o I}
Bash. ooli Hillise ¥ +3 +3 @ 2]

Eueh,. eoli ¥o. %1 ) +4 i b 4 S

Back, toll Swsnson |

Beehs coli Orady +38 *4 *4 d 3 | iL

Eseh. ooll Hillman il 3 #2 w8 ik




tosted In Tabls XV. Upon eompuriseon of the two tables, one oan Boe

that the lapse of time has facilitated the ineressed prduction of nold
sgglutining, Cortein esli straine have incressed in Siter from 13640 to
131,860, Other straine of ooll show no apparest changs in Siter. These
resulte lend eonfimation to those obisined fros mbm'e. inune serume
Interpretation of these resmults presents svidense that ﬁ- tyvhold condie

tion has stimuleted the inorecsed sroduetion of eoll sgmlutinins,

feveral absorpilon testz weres confyoted upor the humen anti-—tnb@i.ﬂ
sarus o deternine if the inersssed preduotion of coli agglutining wmaa the
result of the snamnestic recetion snd not $o an sntigenie velationsnis bew
twoun Hech. ocoli and Baet. typhosum. In an sarlisr pert of this thesis,
¢ wae shown thst coll aulﬂinim prezent ivn Bact. typhosum and Baot.
parstyshosan P lmmune serus werd not remcved with the warums, Wt wers abe
sorbed wiih thelr own homologous sntigens. This bumep spdi-typheid sarum
pni-h en opportunity to investignte, and deternine 17 such resction were
ulso to be observed in human anti-typboid um. %hen the above sevom wep
abgorbed with Deet. typhosum 0901, Teble AVII shows that the removal of sll
typhoid agglutinine hae but littls offect upon the coli titers. All of 1#&
coli straine employed in this experiment apglutinated im titers just as high,
after Buet. typhosus OPOL sbsorpticn, as theyr é1d defors the tant wae cone

dusted. This abworpbion does, however, resove sll of Bect, puretyshosus B
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EUEAN TIPUOID ANTI-SERDN ABSORBED By

BACT, TYVEODUM 0801 AND TITERTD WITI O ANTIGENZ FROM M iMAERS

AW REER AT e Ee . = o gy . 1
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Serum Dliutions

intigens

Buet, Syphosum 09503 o D & & i O

Consol +4 o *4 *4 it 0
Bsohe ooll Hillsr 3 «3 | #2 3, o] L)
Control L ¥ ¥l #3 *0 a ]

Eache coll Hillman +1 * $2 .2 1 &
fontrol rd P *4 »d iL ;

Zeeke coli Grady +] rd -l * r1 1L
Control e’ 2 2 v * *2

.'hghl f\;li ?‘ﬂ- !:1?1 & L * 4 il i +3
Coutrol +4 * = & i 4 el ¥

L]

ol o0ll Swansap #3 L= +. 1L i
Contral 4 #5 v *3 2 o

=
o *

Sact. abardeen o 0 4] o i3
Cuntrol o @ 2

Bact. P it yphioayn B B006 LY G 2
fontml L2 1L o - @ o

[ e

Baeots parstyphomm 3 2893 o 0 ( i &
Control el iL. | & | © 3

Lo &
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agglutinias. Thiz f¢ %o Lo expected since Bach. typhosum end Bsob.
parvatyphosun ¥ share o common antigen, and the removal of this antigenie
componant led to the ramovel of Bact., puretyshosum B agglntinins. The
information derived from this axperiment prsssnte evidence that Tach. esli
snd Duet. tyohosym ape in no menner antigeniezlly relsted. Also, the
maﬂnmﬁ produetion of eoli agglutining in the human apti~typheid um
was in regponse to the enmunestic veastion.

To ﬁ&inﬂo&y azciude any possible sntigenic relationahip detween
fseh. ooli and Bm:i. typhoman, the human anti-typhioid marym was =bdsorbed
by two different styains of Esch. coli. The results from Table m.‘tll show
that when this anti-esrun wss sbeorbed by Hiiimsan mmn of Esech. o#0li,
thers was uo titer seduetion for sither Dact. typhomm or Buet. parvatypdosum
B. This sgein presents evidenee thet Bech, eoli and Peet. typhosum or
Bagt. pamatyphosum B are not nﬁtumimny rolsted to ench sther. Soue
very interesting facts are brought out by Tedle XVIII regerding certain
Esob.s coll strain reletlonships. Absorption by Hillaan has removed almost
entirely nil Swanson snd Hiller sgglutiniss, thus showing that the alove
two coli strains contagn antigeanic factors whieh ure common to Hillmen
str=in of coli.

The contents of Teble XIX show the titer of varicus aatigens alter
the antie-serun wes shsorbed by Swanson strein of eoli. WHevre upsin one
_can obsarve that the above absorptiou did not change the titer of either

Baet. typhooum or Baot. paratyphosum B, This will confim the dizecussion



HOMAN TYPHOID ANTISERUM

Table XVIIX

bt Ry 12

ABSORBED BY EILIMAN

e o s g
?- ".E.:- ia = ey

a8

« COLY

Beras Dlutions
antigens
1340 LeB0 (13360 |1 500 (33040 |15, 200 162,080

Epghe. colil Hillman it (31 ¥ G ¢ ¢ G
Gontral & 4 | *4 #! 1L i A

Ezghs coli Grady *8 |+ | IL & g 4] o
Cortrol 4 | v4 | +4 il +i #3 13
Esche ©oli ¥o, &7 b4 | +4 | »5 4 4 & 1L
Control *d | 4 | #4 +4 +4 vd 1
Bsohs ooli Hiller i | o o 8 0 o )
Control o4 | *4 | +4 +4 ¢l 9] o
Each, o0ll Besnson 4] 0 Q 3] & 0 0
fontrol 4 ¢4 | +4 1%L

Baet. parstyphosum B R8006| +1 | 1L o G g O &
Control +1 | ¥ 3 o 0 0 iy
Beet, paratyshosue B 2605 1L & o 0 3 0 &
Control &1 O {3 ) 4 0 0
Buet. typhosun 0901 *3 | 5 | *2 1%

Control 5 | +4 ) iL




Table XIX

BUMAN TYRIOID ARTI-SERUN ABSHORED BY OEANSON OTRALH OF 2=0H. OOLI
Seran Dilutions
Antlrene
1040 (3680 |30180| 20200 15640 (121,200 112,580

Bact. Syphosuws D0 ¥4 | o4 | +2 o 2 o g
Control : 4 | +4 | +4 1L 2 u g
Beet. paratyphosum B A00E| +3 & Q e Q@ i+ L1
Control 1 | ik o G ] 4] G
Bact. persiyphosum B 289D 1L ¢ G ) 0 o @
Control 1 G 0 )] 0 O
Esche goli Me. 271 4 | 4 | +4 4 A ET +}
Contrai 4 | o4 | +4 g 4 o iL
Esche 20li Hiller w4 | +4 +4 #i4 L 0 &
Control *h | +4 | +4 *d 1L o &
Esche coli Grady +»2 | 1L | ik i 0 G G
fontrel +4 | +4 | ¢4 +4 s 4 it
Evcb. ooll Eilluen 4 |*3 | «3 5 1L & &
Control *6 |24 | +4 3 it 1L o]
Puche u0li Swanson g 0 ) o 0 ] &
Control ded] 4 w4 iL 3 e o




Table XX

HJNAR TYP0ID ANTI-EXMUM ARSORNBED BEY BACT, PARATYPEOIUU D 2837B

50

—
Seram Dilution
Apbigens
1340 | 1380 (12180 | 13280 |31840 (131,200

Bagt, perstyphosum B DE9E & 0 0 ¥ 3 2
Contral +3 1L 0 (4] ' o

-
Baet. paratyphosum 8 82006 0 o 0 0 ¢ G
Cnnr.x?l #3 1L a ] 0 o
Mmats Syphosum 0801 g td +4 i 0 o
Contral +hd +4 i i iL D
fleet. aberdesn o | O 0 o 0 2
Contrnl 3 G 2 o 0 0
Esch. coll So. 271 wd w4 +4 4 4 *4
Contral ik 4 *4 *4 4 o4
Bseb. coli Hillar »2 +2 + .} 4] 0
Control 3 +2 # ! 0 v
Esth. eoll Hillman w4 4 *4 +4 +E L
Cartral i B & &4 d iL
Eschs o0ll Bwsnecn 4 #3 *0 ik G
Control 4 4 *4 # 7 & 0
Esch. euli Umdy. *3 w7 9 . iL O
Control 3 3 L 2 #0 $L o8

il
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given for Teble IVIII. Swemson adsorptior hed mo appreciable sffect om
any of the esli etraing oxgept Grady which showed & marked reduciion in
 #iver. |

The Tinsl absorption on thip anti~parum war parformed by abiorbing
with Baet. parutypheosun B 260B. Thove eoxisted a possibility that Rech,
peratyphomm B absnrption would reduce the coll titery however, Table IX
shows thet thers was wo coll titer reduction. One oen notise the alight
raduction in titer for BDact, typhosum which oun be accounted for since

both organisms shars s comacr andigenic faotor.

goscLusion

or sas q!mm: of humen seruas ﬁhittﬂl to & elinie for the sero=
logtanl test for ayphilis, 77 ot %3 per cent were found %o sgglutinate
#n O antigen and sixz or 2.8 por cemt an I amtiges of Baed. parety-hosus B
From the eix seruns which showed ! astibodies, one showed only the
non-apecifiec type, tw showad only the specifie type, while thcee showed
toth spseific snd non-spseifie types. Twn of thm serums gave titers as
high as 11180, snd of the cthers, 1140 wno the highest $iter given,
- 0f the 7?7 specimens showing 0 aggiutination, 20.7 per cant gave
titers to 131160, zﬁﬁ'pc:- cent geve titars to 1480 only, 38.0 par eent
prva titars to 1140, and 18.2 per cent agzlutimated oaly in the lowsst

dilution seployed, nmuely, 1:2C.
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A @ifference in the aggiutinsbility of the Swo strains of Bagt, '
parstyphosun B ussd was evident, strain 85008 showing a higher ssnsie
tivity than struin 2898,

Only the serump tested with O antigens of Bect. paratyphosun B

wara bitrated cgalast sn O antigen of Bugt. typhosun. From thses sonme,

- 84 pur eent of the total showed the presance of Buet. typhosun egelutiniam,

Right serums not iucluded in the above were tested for thelr espaeity

to agglutinate two polyvalent entigens of Eoch. oli, esch consieting of

- g mixture of four eSralan. Poth antigans were sgglutiscted by all the

ssruna testeds An additional 52 sermme ware tosted for the presause of
Bact. parafyphooun B 0 agglutinineg and for O agglutimine of = slngle
strain of EBseh. solis Wineteen of this dotsl were poeltive in a 1180
dilution for Baet, parstyphosus B and 58 for the Eache coli sntigen.

Ten of the sermme conbtaining Baet. paratyphosun P agglutinine were
absorbed by a mizturs of el;ht Lson. ooll stralne. Three of these lost

all agglutinine for Baet. paratyphommm 8 antigen, two showed cnly a re=
duetion, while fivs remained unchenged.

- ¥hen rabbite wore meiwd to esrbuln typhoid and Saluonells strains
their serume frequantly aggluticeted Esech. ocoll wntigess Ia dAiluticns muok
higher than did the serume of the same animale previous to lmsunizztion.
Then ssrums showlng this risge iz titer for Sseh. ooli wers absorbad with
thelir own honmologous antiges, ths woll titer was geserally unchmoged.

Absorpticn of these Salwounalls serums »ith Zaschs o0l streins removed

the agglutinins for the sbsorbing strsin, but geuersl fsiled to affeet the

titer of the semum for its homologous asntigen or for other Sslmonaslla antis ons.



The affeet of Edeh. coli absorption wyon the titer of thess serans for coli
strajine other thon the absorbing one wus varinbles Sone had thelr agglu-
tinins completely removed, othaers showed a slight reduction in titer, shile
for s§ill othere the %iter remainsd unchenpged. '

An atbespt was mede to discover the apesifie 0 somponent of the
fplmonslls serums which wes responsible for apsluntinmtion of the eoll
lt.nint»- by the use of serums reedersd spoeifis for individusl sntigenie
corponents by seleotive sbsorption. The resylts indiceted tha® none of
these components with the poseible sxeepiicn of XIT couléd bhe eredited

with ecausing this phepomenon. With the steains aveileble 117 this labora-

fory; 1t wes S17FIonls %0 sucleods the possidility Shat fastor XIT was ¥0e

responsible spent thoush certuin observetions threw oonetdershle doubt
upon this essumption. The faot that only 84 ner sent of the sermme posie
tive for Beet. paratyphomm I agglutinnted Bret, ty-hosun sugrests that
Tagtor XII i2 not the only szent involved,

Antmals tmamnized to ocsvtain soli strains showsd oo {norease over
thelr novmal Q sgalntinin contert for antigsne of the typhetd and Salmonells
phrning.

-'Bu ebove cbeervations fnil to confire t-lm theery thet the 0 applue
tinine ir noymal asvums for Bact. paratyphosus 2 are froguently ths result
of tmuunization with meymel intestinsl orpaniens sharing common anticssie
components with Baed, paratyphosum B. I Paet the results lesve thie problam
slnost entirely untouched. The observed tendency, willely moted by others
al2o, for Pech., coll agglntining $o ineresse groatly 12 the asrmme of ani-

mals fmeunized to typhoid mnd Selmonalle streing likewise eppesrs ng® to



&4

be dus Lo common antigenle compovents in these organisms, but ratker suge
gests that this phonomanon is & type of anemnestic resction. It i R g
goeted $hat the widespread presence of coll =mpglutisins in the nm?a of
lower animale iz due to specific stimuli srising from their own intestinal
tracta and thet subsegquent intensive lmowmplszstion ar.muh salnels sgeingd
any nntigen may have the resuli of resctivating the mechaniem for Esche coll
snudibody formation. |

Htudies mads on the serum of one auss of typhold faver yevealed
furing the course of the disessge, & marked vise of Hseh. coli agglutining
which wers ol resoved when the serum wes sbscrbed by s stock typhoid
antigen. This observebion susgests that the phemomencn in animels Glew

eusssd above, cecure alse in husen beings.
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AVPENTIX

Savoral exporimemts wore condgebed during the course of this
fovestigation which were not of sufficient welus to be iscluded i the
main body of thie thesis. The results oFf these axporiments ers recorded
hare for future reference. |
it wos neted during this inveatigation that the Hillman oolfi atvain
exbibited a high degres of sensitivisy shoen titersd with varicus Sslmonella
immune serums. Yhis wide range of sgmiutinstion was first believed to
oecur a8 the result of Bs&inan toli containing & heterophils antigen.
Therafore, s test war pade for the presence of e heterophile antibody
in the Hiliman goli imsmune s2rum.
) To 0B cote of a 1110 dtlution of Tillmen jmmune serms, 0.% oo
of & 0»3 per cent suspension of sheep cells was ndded and after thorough
sixiag, @sﬁ ¢sce of 2 12310 4ilution of guines pig compliment wap added.
The tubss were read =fter ineudation for one hour st 379C, -7.:: the wateyr
buthe The umusl controls {sheep cells, compliment wnd serum) wers ineluded.
No hemolysis ocourred after the resulred lemgth of fnecubaticn. The costrols
wore all setisfectory. fhis axperinent Mows that the Hillman strain of
eall woss ot contain a hetyrophile antigom.
in attempl was mude %o estinmaie the sensitivity of uantigens pre-
pared by various methode. The Hillman strain ér ools was used for this

toet, and the sntigens were prepured ne followe:



it

i1« Live autigens.

2. Live astigens hested to 60° 4. for " mimutes.

%« Live sntigens plus phenol {finsl concentration of 0.8 per
cent)a

4e Hiilmen antigen prepared acecrdisg o the method given
in the main part of this these {stamduriised).

Theze four antigens were titreted by Hillmen immune serum.

Peblie Ib
TITRATION OF BILLMAN IUMOWE SGTOM BY LIVE, SoATED, PEEMOLIZED AMD

STANDARDTIZED MILLNAN ANTIGEND

Eiliﬁm gnii Bitlmen Serun Dilution
Antisens -
38700 | 13640 | lei,280 | 222,500 | 138,180 | 1:10,2e0
Eive +d »4 wd + 3 &g #3
Hanted 4 *i +4 5 P 11,
FPhernolined 4 #4 4 # 0 &5
Standardised | +4 4§ w4 #d 42 .

Proa the results of thie exporisent, one zan ass that all foay
antigens exhibit ebout the sams degres of senaiiivity,

An experinent was devised %o detamuine if tha tima factor was invelved
in the production of sinarasglutinogens dy sandbars of the Dulmonelln groupe
intigens were propared for wmrious strains of the SBalmonelle grour st time

fantervale from 12 $o 98 hours inclusive, When thess sntigens of differsst
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growih periods wers (itered with coli lsmune serum, no difference in titer
W& ahnincé» Tridently %he time fsctor is pot involwved in the produstion
of miner agglutinogen by the Selmonells groups Iuring this isvestigition
& totel of 26 rabbit serums was sested for the prossmee of eoli and
Eaimulla aémni egglutinias. OF this sotal EX or 04.8 por cent showed
wornmal agglutisins for the Hillsse strsin of coli, 18 or 46.1 par cent
showed somal agglutinios for the Ssanson stmain of eoli, 10 or B4 por
cont ocontalmed momsul agglutinins for Beot. parstyphosus B Bi}ﬂé. ® or
Z48 por cent showed normal agglutining for Buet. typhosus 0901, =nd

? or 34.€ por cent of this tobal contalned mommsl agglutinins for Baot.

ViTEhowe
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