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I. HISTORICAL INTRODUCTION

- ed on the etmlogy« of bacillary dysentery. Recent publica-
ns have summarized the status of the dysentery problem,
ative agent has universally been accepted to be the bacilli
Shigella. As the antigenic structure of these organisms is
A 'e, ‘an understanding of the antigenic configuration of
oup Would s1mphfy the type determmatlon of the alf-

e m],@ted spec1es. Of the latter, several are suspected
ogens and others are of pra.ctlcal mterest for the sake
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limit, Andrewes and Inman® undertook
careful serological survey of a large number of strains. As a working:
hypothesis, they accepted Durham’s® conception of multiple’ anti-
genic components, with their corresponding multiplicity of ag-
glutinins and evidence of the existence of group agglutinins within
- the group. Their purpose was to ascertain how many antigenic com-
ponents could be defined and how far the predominance of one over
another was responsible for the apparent racial differences that ex-

_isted. \ o

Andrewes and Inman studied 116 different §tfains.‘~Howevér; they

subjected only a small series (21) to a detailed ‘investigation, which
findings would be subsequently 'applied to the study of the whole
series at their disposal. For the small group of bacilli studied, the
system of investigation employed was: (a) agglutination by known
sera, (b) agglutinogenic power, and (c) absorption test. They uti-
lized agglutination only for the remainder of their cultures. B
‘Although some sera of human origin were employed at the begin-

ning of the work, the sera mainly used were obtained by immunizing
rabbits. ‘Byvcross-agglutinating some of their cultures with the sera

 at their disposal, they found that “grouping was at once apparent,”

_“and that there were at least four antigenic components present in the
* Flexner group. These they called V, W, X, and Z; the predominance
of each by itself imparted specific character totherace. ' - 4

* ' The existence of two intermediate groups, VZ and WX, was also"

recognized ; another group was denominated Y. Their conclusions . .

‘ ‘concerning the latter were not as convincing as those obtained for
. the other races. This last group suggested the presence of a mixture

. of antigenic components. - - :
: In races V, W; and Z,there was found a great predominance of a
_single antigenic component. All three behaved; serologically, almost
like distinct species, and each one required a serum belonging toits
own race for adequate agglutination. Nonetheless, ' two -sub-races
were found, VZ and WX, which were considered essential members
of the V and W races but which contained so large a proportion of a
second antigenic constituent as to modify their serological behavior.
X race was found unique in that it refused to agglutinate, except

5. F. W. Andrewes and.A. C. Inman, A ,Study lof ‘the %logiwl Races of glie Fle;mer-:ii‘
Group of Dysentery Baciﬁi (London: Medical Research. Committee, Special Report Series
No.42,1019). 7« ~7 ! : ; ! ;

6. H. E; Durham, Some theoretical considerations upon the nature of agglut'uﬁﬁé, ‘oogéther i
\. with' further observations upon Bacillus typhi abdominalis, Bacillus enterstidis, Bacillus coli’ ;-
haracter. J.Exp.Med., .

.. " commumis, Bacillus lactis (aerogenes, and some other bacilli of»‘a‘_ll'-;'dv ¢
SSiSRI098, 0000008 2 B G D e

o

L

thé.'fask of carrying out a

egree, with any other sera but its.own, yet it was able to
rise to a serum that would agglutinate not only X race but also
nd; to some extent, 'V races. Regarding these four races, evidence -
brought to bear that the agglutinins corresponding to each of the
ntigenic componehts could not bemore than partially absorbed
»others. It was therefore concluded that they were distinct

a

Y race showed different serological characteristics. Andrewes and
)an stated that it also required a serum of its own race for ade-
uati u\agg_lﬂt‘,ihation, though they were not sure whether it contained
fth - )ﬁfigehié component or, rather, presented a mixture of the
our primary elements found in V, W, X, and Z, respectively.
also’suggested that Y race had a mere primitive antigenic
‘t,ure.thaﬁ"tli‘e,rest. { i :
~_01:def—3t§x check their findings, Andrewes and Inman aggluti-
ith their sera cultures kept as type strains in various labora-
eir V race was found to correspond to most of the strains
pical in the various laboratories: The “‘d’Herelle”
ved from the Institute Pasteur was classified in the VZ'
strain was found to agree with their sera for the X and Z
‘Many cultures considered as Y by different ‘laboratories
assified as W, and a strain of the V race was agglutinated to
' e extent by both the W.and Y sera. However, the
and Y from Lentz, in Berlin, corresponded to the -
wesand Inman. -~ el el ol e
was found that no one of the races was built up of a
‘component; but that each contained others as well
ome instances, that a second antigenic fraction was present
unt to consider the organism of a composite race.
fieation. After an extensive study and analysis of more
nd strains of .dysentery bacilli, isolated in India,
h a new classification for the Sh. paradysenteriae
 percent of the organisms in the Flexner group he
nging to five types of the Andrewes and TInman
nder being included in additional new types found
% . 3 » - s iy

‘ )i éIasSiﬁthi’bﬂ on the fact that’ each' Flexner l‘organ-
ype-specific antigen but shared a common group antigen
o variation of the strain when maintained in arti--

’ i
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tially or completely lost, and there might be an increase, apparent.
or real, of the group antigen. The distinctive characteristics of the
' orgtinjsms,_which were undoubtedly due to the type antigen, disap-
- peared; retrogression towards a type common to all races occurred.

process-of mutation was rapidly progressive; in others, where the loss
“of type antigen was incomplete, a state of equilibrium seemed to be
 reached, though this might occur only over a long period of years.
' According to Boyd’s hypothesis, the type antigen was a recent and
’;si)eé_rialized individual characteristic, which either occupied a super-
 ficial position orwasrelatively and loosely associated with the bacterial
“body, while the group antigen was a more primitive and permanent

‘character, more deeply seated in, or more intimately blended with, -

th,_e body of the bacillus. After more detailed study, this group anti-

- gen was shown to be more complex in structure than was originally
supposed and contained several components. ;

. In his classification, Boyd retained the V, W, and Z races of the
' Andrewes and Inman scheme, which he considered to be valid types.

‘Each had its own antigen, and all had varying degrees of the common .

~ group antigen, which he claimed accounted for the cross-agglutina-
“tion that the races showed. There was a VZ sub-group, which Boyd

_thought was a V race, with the type antigen of V, an excess of a
* group component also found in Z. '

a separate race, though Boyd acknowledged the possibility that the

original strain X, described by Andrewes and Inman, might exist in’

Europe even though it had not yet found its way to India. Y was

not a valid but a degenerated type, having lost its type antigen, and

.. was believed to be a variant of W. _ : . :

' The other type strains of Boyd’s classification consisted of three

- other type races: type 103, P 119, and 88-Newcastle-Manchester

‘group. Beésides these, Boyd mentioned several other strains that are

not of Jg’réat importance because of their rarity; he retained three

that are probably the most frequently encountered. Boyd’s classifi-
* cation is shown in Table 1.

. .Type 108 differed from the ‘other races in that its group ﬁntigeh
. appeared to be somewhat obscured in the freshly isolated strain, so

"‘;,thﬁ‘thqjlérganﬁimﬁ:had little tendency for cross-agglutination with .
f other members of this group. P 119, like 103, produced a
t which was devoid of type antigen but was rich in group anti-

ﬁCIal culture for sometime, the type-specific antigen might be par- .

In certain races that produced a variant devoid of type antigen, the °

X type.was considered to be an incoxﬁplete,,variant of Z and not

e
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‘TABLE 1
Boyd’s Classification

 New Name 0ld Name
’ teriae Flexner I Andrewes & Inman V
dy Wriae Flexner IT - Andrewes & Inman W
‘mt@ﬁae Flexner I1T Andrewes & Inman Z

teriae Flexner IV
enteriae Flexner V
jsentersae Flexner VI

Type 103
Type P 119
88-Newcastle-Manchester group

, dyaéiﬁeriae Bloyd | i Type 170
dysenteriae Boyd 11 Type P 288
dysenteriae Boyd I11 Type D1

rica but had not yet been found in Europe.
ler’s studies of antigenic relationships. Except for very minor
ces, mainly'in the distribution of the group components :
e types, Wheeler’s® findings were in general accord with
tudies. The effect of variation resulting in the loss of the spe-
as demonstrated by Boyd, was admitted by Wheeler,
naintain his cultures in the smooth form insofar as indi-
roperties. The testing of three hundred strains of
gave results that, with but very few exceptions,
ment with his own studies of the type strains. This

: strains came from different sources: Standard Lab-
£ hc ‘Health Service, The Province of Quebec De-
Health, Instituto de Higiene, Montevideo, and so forth.
f Flexner and Boyd types were also secured from
>s; other strains were isolated at the Bureau of Labora-
necticut State Department of Health. The physio-
0 th}: type culture were typical of paradysenteric
aces produced indole, except type 88, and all fer-
nd mannite. Some produced. delayed acidity in

0 fa, ,’t'ype-speciﬁc.“antigen could be easily demon-
types, exceptin X and Y, by absorption methods. After
remove group antibody, the residual agglutinins in X

'see_m‘qoiﬁparable to the much more potent specifc
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antibodies of V W, and Z antisera. In Y, it was impossible to\show
agglutinins of significant titer after absorption with cultures of other

types.

Among various strains of the same type and of group antigenic '

composition, some variation in the sensitivity of the strain to agglu-
tination by the absorbed group sera was found. This was apparent

when Type Z strain was tested with absorbed Type X antiserum. A .

discrepancy was also noted in the results of direct agglutinative tests, .

absorptive tests, and immunization. “It is possible,” wrote Wheeler,
“to explain these on the basis of antigen site, whether surface or deep,
and on quant1tat1ve variation in the antigens among strains.”. . -
To get a clearer conception of how Wheeler’s analysis compares
with that of Boyd, the results of both investigators are inserted here.

TABLE 2
Set Boyd’s Analysis of Antigens »
Organism Type of Antigen Group of Antigen
Components
V and VZ Specific 1,2,3,4,5,6
W Specific 1,2,4
X Specific (?) 1,2,6 (?)
Z Specific 1,2,6
103 Specific 1208
P119 Specific 1,5 %
o A i f :
Newcastle . Specific 1,2, 4
Manchester '
TABLE 3 '
W heeler’s Sero-types of Sh. paradysenteriae
Andrewes & Inman Type- Group Type
and Boyd Types specific " Designation
v I 12 456 9 I
1 34 ITa
W ‘ 11 1 789 Ib
X » 1 789
Y 1 34
Z 111 1 6789 11T
103 v 1 6 18
P119 v ¥ 57 v
88-Newcastle VI 12 4 VI

‘The complexity of the pattern for antigens is obvious. Broad com-

ponents, as well as fractlons with a definite specificity for a hm1ted

\
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n common to all races, Whlch they de51gnated with the arabic
eral, 1. Wheeler observed that Type 103 strain shared its prin-
group antigen with the Z and V strains instead of with the V
train alone; however, other cultures of 103 shared antigen with the
'Y races. In the case of W strains, different group antigens
‘combined with the same specific antigen, one sharing a major
p antigen with V, Y, and Type 88, and others with X, Z, and
9 strains.

eil’s study of the genus Shigella on a parallel basts with Salmon-
In a recent paper by Weil, Black, and Farsetta,® a new attempt
made fo solve the complicated problem concerning the antigenic
ke-up of the Flexner bacilli. These authors believe that there is
v good agreement among investigators as to actual observations,
that considerable uncertainty exists as to the interpretation of
data. Although they confirmed some of Boyd’s work, they ad-
abandonment of the qualitative distinction between group and
pecific antigens proposed by him. They also objected to the
,‘& ration of the antigenic structure, as viewed by Andrewes and
"ﬁn ln terms of a spectrum in which the antigen that character-
’is only quantxtatlvely greater.

ot al with a procedure that they claim paralled the work on
ssification of the Salmonella, analyzed a total of 136 strains.

e strains were carefully investigated beforehand to ascertain
typical 'cultural properties. (In a later pubhcatlon,m these
s admitted that there could be variations in phase, involving
in antlgemc behavior without change in cultural behavior,
' j types ¥ However the1r class1ﬁcat1on Was based on a method

I'to VI of their scheme corresponded to Boyd’s Flexner
VI; their Types VII and VIII, to Andrewes’ and Inman’s
‘and Types IX to X1V, to Boyd’s new types. All of these

pes had a single primary antigen; then there were four
with dual type antigens: Types I-III, III-IV, TI-VII,

We ‘J.v Black and K. Farsetta, The serological types of S}ngella paradysenteriae |
unol., 49:321-851, 1944. 3

Weil, K. Farsetta and V. Knaub, The phnse variation of Shigella paradysentenae
; ._.I Immunol., 52:221-229, 1946.. ;
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For purposes of comparison the above described classifications are
inserted here below.

TABLE 4
Classification of Flexner Dysentery Bacilli According to
/ Different Authors |
Weil et al. Andrewes & Inman Boyd
Type Type Type

I v Flexner I

II W Flexner I1

II1 : Z Flexner 111

IV gy Flexner IV (103)

vV Flexner V (P119)

VI Flexner VI (88)
- via X )

VIII Y :

IX Boyd I (170)

X Boyd I (P288)

XI : Boyd 111 (D1)

XII Boyd D19

XIII Boyd P143

X1V Boyd P274

I-111 VZ

II-VII WX

III-1v

V-VII

The indentification of the primary antigen in a given culture is
made possible by the employment of immune serum, which has been
deprived of its secondary antibody fractions by approprlate absorp-
tion with strains possessing primary antlgens corresponding to said
antibody fractions. The secondary antigen is considered as not being
“available” in the intact microorganism for #n vitro reaction, that is,
it is not, as a rule, accessible to the antibody. :

Secondary antigen becomes effective after parenteral introduction,
when the bacteria are broken down in the body of the animal. The
explanation for this is as follows: the primary antigen is Jocated at

the surface, where it can react: with its antibody, occluding the sec-

ondary antigen from contact with its antibody. Another possibility
is that the secondary antigen may be hidden inside the larger com-
plex molecule of the somatic antiger, in which latter case, the ques-
tion is one of intramolecular arrangement rather than organization
of the bacterial surface.

Finally, from Weil et al.’s passive protectlon experlments in chick
embryo, it was concluded that the prlmary antigen predominated
in immune protection. .

he carbohydrate fraction in antigenic specificity. Antigenic

f the dysentery bacilli is dominated by the carbohydrate

" Boivin and his collaborators!! obtained the somatic anti-
dccrirred as a complex molecule and the speciﬁcity of which

;‘lipid, fatty acid and nitrogenous material not identified
‘These “antigénes complets” were isolated from Shiga,
‘ ‘alkalescens.
An and Partrldge“’ conﬁrmed Boivin’s findings and, carried
experlments that added to present knowledge on the subject.

fplex of the “smooth” forms consisted of three major
‘af,’polysaccharlde, a phospholipid, and phosphoprotein,

ier minor components might also be present. A polysac-
dominated the serological specificity of the bacillus

" ted, this substance was absent from the rough varlants, but

ppeared concelvable,” Morgan and Partridge declared,\
erigl'~ antigen, as it existed in the intact bacterial cell,

' antiserum 4n vitro. The protein component carried
de gra;ded!form a prosthetlc group that contamed phosphorus s

nd Mesrobeaunu, Recherches sur les toxines des bacilles dysenteriques.

. ques)au bacille de Flexner,Compt.rend.Soc. de Biol., 124:1078-1081, 1937.

0 nu and G. Calalb, Sur lantigéne somatique glucndohpndlque des bacilles
,Pm riété chimique. Compt.fend.Soc.de Biol., 122:496-497, 1936,

L esrobeaunu, Sur l'antigéne somatique glucidolipique des bacilles

é toxique et specifique. Compt.rend.Soc.de Biol., 122:497-499, 1936.

S. M. Partridge, Studies in lmmunochemnstry 1V.  The fractiona-

-mf,tenal isolated from bacteriae dysenteriae (Shiga). Biochem.J.,

and S . M. Partndge, An examination of the O antxgemc complex of :
leth ,23 151—165, 1942 : 3
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indistinguishable, chemically and immunologically, from the one pre-
pared from the Shiga bacillus. Flexner VI of Boyd contained a simi-
lar protein. In'its undegraded condition, the polysaccharide of the
dysentery bacillus could be combined with the conjugated protein of
the typhoid bacillus to form an antigenic complex that would pro-
duce an antiserum, specific for the polysaccharide substance, in ani-
mals. The converse might take place with the polysaccharide of the

* typhoid and the protein of the dysentery organism. -

-

Specific polysaccharides were obtained by Kurauchi' from Flexner
and Sonne bacilli. The presence of these substances has been utilized
in trying to diagnose dysentery'® infections and in determining the
types of Sh. paradysenteriae.'s ;

Using various methods of extraction, Goebel, Binkley, and Perl-

‘man? prepared the antigens of several types of Flexner dysentery
baeilli. They found that the specific antigens of this group of bacte-

ria fell into-that group of complex organic substances called the
lipocarbohydrate proteins. None of the ‘methods were found to
be ideal since chemical injury to the antigenic substances could not
be avoided. Regardless of the type from which it was derived, ‘the
polysaccharide obtained contained neither protein nor phospholipid

and . was considered as the carbohydrate hapten of the antigenic

complex. These polysaccharides differed from one another in specific
rotation and nitrogen content, but since they were found to contain
no proteins, or protein degradation products, their nitrogenous con-

stituent was believed to be an amino hexose. On acid hydrolysis all

the polysaccharides yielded reducing sugars.

‘The nitrogen’ content for the specific hapten of Pype V was 2.06
percent; for that of Type W, 3.10 percent, and for that of Type Z,
3.37 percent. ‘ o :

" The authors prepared in their laboratory, in pure solid form, a poly- A
* saccharide substance that was obtained by the formamide method™®

* of extraction and used in the present studies of the Shigellas. This

procedure consisted of growing large amounts of dysenteric bacilli

~ 14. Kurauchi (Report of K. Ando), A simple method of obtaining soluble specific substances
from various bacteriae. J.Immunol., 17:555-557, 1929. 3

15. N. M. Spassky and L. A. Dannenfeldt, Experimental preparation of specific poly-
saccharides of dysenteric bacteria. Bull.Biol.et Med.Exp., U.S.S.R., 7:202-205, 1939. ’

16. L. M. Gonzélez and P. Morales-Otero, A rapid method for the determination of the
races of Shigella dysenteriae Flexner.Proc.Soc.Exper.Biol.and Med., 51:94-95, 1942.

17. F. W. Goebel, F. Binkley, and E. Perlman, Studies on the Flexner group of dysenteric
bacilli. I. The specific antigens of Shigella paradysenteriae (Flexner). J.Exp.Med.,81:815-330,
1945. : A I

Sh. paradysenteriae isolated in Puerto Rico. .J Immunol., 50:378-376, 1944.
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] jt}iem with formamide in the manrr_x'erA alre;ady de-
_ momt of reagents used were proportionally increased
o the yield of bacterial cells in each batch. The polysac-

thus obtained was dissolved in distilled water, neutralized

m @rb(mate‘, and dialized through cellulose tubing (Vis-
in cold water for twenty-four hours. The carbohydrate
then centrifuged and filtered through a glass sintered

| it of any solid matter that may have separated during
i _rchsé. The filtrate was afterwards evaporated to a
er a vacuum in the refrigerator. SN
:t thus obtained was a white, cotton-li ce substance,

in water and having the antigenic properties charac-
formamide extract used in precipitation, complement-
culation reactions, with corresponding antisera for

i described in other papers. This substance gave

o’glycol extraction method and this laboratory’s specific

: d mas&‘p.r_epared by formamide extraction, it would seem

theory\ of multiplicity of antigens within a bacterial
’:..e'rs'al acceptance. Durham? used the word “mo-
this combination of antigenic factors in a single cell.
4.,1‘:he-Flexner bacilli, Andrewes and Inman?! found
antigenic components in this group of bacteria, one of
edm each bacterial type and imparted specific

18. L. M. Gonzélez'and P. Morales-Otero, op: cit.; Antigenic and biochemical studies of - |

: ‘iﬁndébt'qt'l to Dr. Congrado F. Asenjo, of the Department of Chemistry |
Opi ‘l_;(gd;mne, for the 9hemica1 analyses carried out on the polysaccharide
op.eit, sy et o ‘

esand A. C. Inman, op. cit. .
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character to the race, while the other three were present within the
same cell in minor amounts. Boyd?? later reviewed the question of
the classification and antigenic composition of the Shigellas and
brought forth a new hypothesis. The predominance of a single type
antigen was retained in each race, but he explained that the interrela-
tion between the different types on the basis of a common complex
group antigen was shared by all. Recently Weil?® and Wheeler**
worked out new schemes based on the occurrence of a primary anti-
' _gen and of several components in each bacterial type of this bacilli

group. ;

There was, nevertheless, a fundamental aspeet common to all of
the above theories: the presence of a primary, predominating anti-
genic factor and minor amounts of other secondary components.

The parenteral injection of a bacterial cell into a normal animal
will act as an antigen and stimulate the production of antibodies.
Since the bacterial cell consists of several antigenic components, it
will induce the formation of a corresponding number of different anti-
bodies. With the idea of observing the antibody rise for primary and
secondary antigenic components in the rabbit, the following experi-
ment was performed. : '

Two normal rabbits were given a series of injections of a vaccine
made of a Type I Sh. paradysenteriae culture. The presence of anti-
bodies to primary and secondary components in the sera of these
immunized animals was detected by various serological tests: agglu-
tination, complement-fixation, precipitation, and flocculation. At
regular intervals, blood samples were obtained from the rabbits, and
the time at which homologous and heterologous antibodies appeared
was determined by each of the tests indicated.

Materials. The three representative type strains of Sh. paradysen-
teriae utilized in these experiments were obtained through the cour-
tesy of Dr. A. J. Weil, of the Lederle Laboratories, Pearl River, New
York. The cultures were Numbers 67-104V, Type I;63-143W, Type
11, and 63-143Z, Type I11. A formolized vaccine for immunization of
the rabbits was prepared from the Type I culture as follows: a 24-
hour culture of the organism grown on tryptose agar (Difco) was
suspended in sterile saline and the suspension then diluted to match
the Number 3 Standard of McFarland’s nephelometer. The bacilli
were killed by adding 0.2 percent of formalin (Formaldehyde Merck).

. Polysaccharide extracts of the organism, used as antigens in the

N

22. J.8. K. Boyd, op. cit.
23. A.J. Weil, op.cit.
24
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: tion, precipita\tion; and flocculation tests, were pre-
ling to the formamide extraction method, described in a
gblication. 28 '
tal. Two rabbits weighing approximately 2.5 kg. were

ys before commencing on the next three doses. This
ethod followed in the preparation of antisera for typ-
ms of the Shigella group by the precipitation test.” The
re bled at different times during the experimental period,
L Tablé 5, and the serum was separated from the clot and

TABLE 5

Schedule Followed in Vaccinating and in
Obtaining Samples:

Amount
Date of Vaccine
Inoculated
(2n cc.)

May 20, 1946'
May 21, 1946
May 22, 1946
May 28, 1946
May 27, 1946
May 28, 1946
May 29, 1946
May 31, 1946
June 3, 1946
June 4, 1946
June 5,1946
June 6,1946
June 10, 1946
June 13, 1946
June 17, 1946
_ June 19, 1946

s.::en before injecting the vaccine, if both steps in the experiment were

vbrg:‘inisxrnsvg‘rown for 24 hours on tryptose agar (Dif-

. K. M. Wheeler, op. cit. | B g

and P. Morales-Otero, op. cit. (18).
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co). The bacterial cultures were then removed with sterile saline -
from the tryptose agar slant; the saline suspension was centrifuged
and the supernatant discarded. The bacterial sediment was resus-
pended in sterile saline to make a concentration corresponding to
about the Number 2 Standard in McFarland’s nephelometer.

Antigens were made from organisms of Types 1, 11, and III; simul-
taneously, the agglutination tests were carried out with the sera ob-
tained from the rabbits at various time-intervals during the period
of immunization. The tubes, which contained the serum dilutions
with the antigens, were incubated in a water bath at 37°C for one
hour, then placed in the refrigerator overnight. The following morn-
ing readings were made. :

Table 6 shows the titers for homologous and heterologous antigens
of each sample of serum.

{

TABLE 6
Agglutination Test

Number of Antibodies in Blood Samples 1 to 10

Antigen No.
1 2 3 A 5 6 7 8 9 10

TypeI (V) 100 | 100-|12,800 (12,800 | 6,400 | 3,200 | 6,400 | 6,400 | 6,400 6,400

Rab-
bit TypeII(W) | 0 0 800 | 1,600 | 1,600 | 1,600 | 3,200 | 1,600 | 1,600 | 800
308 :

Type 11 (Z) 0 0 | 1,600 | 1,600 800| 800[1,600| 800| 800| 800
) TypeI(V) 100 | 100 [12,800 (12,800 |[12,800 {12,800 | 6,400 (12,800 (12,800 6,400
Rab-

bit Type II (W) 50 | 100 | 1,600 | 6,400 | 8,200 | 3,200 | 1,600 | 1,600 | 1,600 1,600
313

Type I1I (Z) 0 o | 1,600 1,600 | 3,200 | 1,600 | 800 | 1,600 | 1,600 1,600

Precipitation test. Antigens from cultures of Types I, I1, and III
of Sh. paradysenteriae, utilized in the precipitation test, were poly-
saccharide extracts of these organisms. The precipitation test with
the sera obtained from the two experimental rabbits was carried out
according to'the senior authors’ technic.” ?

The results are presented in Table 7.

27, Ibid.

ST i T
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TaBLE 7
Precipitation Test

Reaction in Blood Samples 1 to 10
S e e S T
(0 L i e B e e T
o/o|lo|o|o|lo|o0|0o|o0]|o
0o/o|o]|o|+|0o]o]o|o]|o
0 L0 b4+ [+ |+ |+ |+]+]+
olo|o|+|+|0]o]o]o]|o
olo|o|+|+]0o]|0o|0o|o]o

mi-fization test. Antigens used for the complement-fixa-
were polysaccharide extracts of Sh. paradysenteriae Types
,ﬁIﬁII{."*In order to obtain a sufficient amount of this poly-
au}?sfance to make concentrated solutions of the antigens,
were prepared in Blake bottles on tryptose agar (Difco).
'bout five bottles of each type strain. The bacterial
‘then removed from the agar medium with saline and
egtrjfugation. As there was a great quantity of this
1 to work with, the amount of formamide, as well as
1‘acid alcohol and acetone—was ten times that ordi-
for ;Eyping dysenteric bacilli. The final precipitate ob-
' the ‘_mfzgrporation of the acetone was dissolved in about

" Utlllzmg the spot-plate method—with phenol red as
ntigenic solution was neutralized with a 0.fX solu-
The dose of antigen to be used in the test wa deter-
gmegt-ﬁxation titration against rabbit antiserum,
- a strong precipitation with the corresponding poly-

;\‘s‘(k)lutipn. ; —
ht?ﬁ:?atibn test was carried out as follows: doses of
ea pig complement, determined by titration, were
-,‘ _dilutions of inactivated rabbit antiserum and
igerator for fixation (temperature about 6°C) dur-
msitized sheep cells were then added, and the mix-
water bath for 15 minutes at 37°C. The tubes
a ‘readings recorded. Tables 8a and 8b show the




TABLE 8a

Complement-Fization: Rabbit 308

ariothe Genils Shigella

: TABL‘EV. 8b

. Complement-Fization: Rabbit 318

Antibodies in Blood Samples 1 to 10

e e B i e

Amount

Antibodies in Blood Samples 1 to 10

Sl e | oo | ®

i
O W
=0
O

=

c oo | oo oo | oo |

Antigen No.
of Serum 1betalslslel et aliAw
TypeI(V) |0 |1]2 |2 |4|38|38|38|3s]2
0.05cc. [TypeIlI(W) oo |0 |03 [0]1]1]0]0
; TypellI(Z) {0 |0 |1 |14 [{1]|1]|1[1]0
Type I (V) 0010 |8 |8 14 [ 4] 4| 4|44
0.02cc. |TypeIlI(W) | 0| 0|0 |0 |1]|0|0]|O0]|O0]oO
Type I11 (Z) 0 0| 2 1
0.02cc. [TypeI(V) |0 | 0| 4 |4 |4 |a/|4]|4a}]4]s4
ofls |TypelI(W)'| 00|00 |0|0|0]|0]|0]oO0
dilution |TypeIII(Z) | 0 i R R LR R
0.02cc. |Typel (V) 0| 0|3 |4 |4 |4 | 4| 4]|4/|4
oflY{ |TypelI(W) |0 |0 |0|0|0|06|0]|]0t1o]oO
dilution |TypeIII(Z) | 0 | 0 | 0 | O | 0| OO0/ 0] 0]0O0 :
002cc. |TypeI(V) |0 |0 |2 |38 |4 |4|4]| 4|44
of 14 Type IT (W)
dilution | Type I (Z)
0.02cc. |[TypeI(V) |0 |0 |0 |0 |4 |4a|4|4]|4]|1
of U5 Type IT (W) )
dilution | Type III (Z)
0.02cc. |Typel (V) ojJo|o|lo|1]|0|2|0]0]o0O
oflg - | TypelIl (W) ' ;
dilution | TypeIII (Z) !

ﬂﬁs tesf, antigen solutions were prepared
or complement-fixation. The test itself was
) a technic outlined in a subsequent portion

ent cholesterol solution in absolute alcohol
om of a Wassermann tube and one ml. of a
solution of the polysaccharide antigen slowly
vxgorously shaken for one minute. Into each of
e esPecmlly made for ‘the Kline flocculation -
: bblt sera to be tested was placed, and one drop
(about 0.008 cc.) then added. The slide was
wites in an electrical rotator, and readings were
ope. The positive reactions were graded
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following the standards described in Part V of this paper. The results

are demonstrated in Table 9.

TABLE 9
Flocculation Test

Reaction in Blood Samples 1t0 10
Antigen No.
7 2 138 . b 6 74 8 |-9.:1+.10
TypeI(V) |0 [0 | 4|4 |4 |4|4]|4]|4)]|4
Rabbit | TypeII(W) (0|0 |0 |18 2|38 |21/ 1
308
Typelll(Z) {0 {0 (0} O0}1 | 0F0/| 0|0 0
TypeI (V) obo | 4124 4a 4] 4ls8
Rabbit
313 | TypeII(W) |0 |0 |2 |8|4 |38 |2|1]0]|0
Type 111 (Z) 0 0 0 2 1 1 0 0 010

Discussion. Results showed that, when bacterial cells of the
Shigella group were injected into a normal rabbit, corresponding
antibodies were produced to the primary and secondary antigens.
Antibodies for the primary antigenic components were always found
in the serum in higher titers than those corresponding to the secon-
dary antigens, thus suggesting that the former occurred in larger
amounts than the latter in the antigenic make-up of the cell or,
possibly, that the primary antigens were found in a form that make
for better antibody producers.

According to current terminology, immune bodies are referred to
as agglutinins, precipitins, opsonins, complement-fixing antibodies,
and so forth, but the unitarian hypothesis, almost universally ac-
cepted today, recognizes them as a single type of antibody. Dean®
established the fact that the precipitating and complement-fixing
antibodies were identical. Heidelberger and Kabat® sustained that
agglutinins and precipitins were the same, and that the agglutination
of bacteria might be regarded as a precipitation reaction at the surface
of the cells. If an agglutinin were the same antibody as a precipitin,
and a precipitin the same as a complement-fixing antibody, then all
three were one and the same, the difference in functional activity

28. H. R. Dean, The relation between the ﬁxatlon of complement and the formahon of a
precipitate. Roy.Soc.Med. (Path., Sec.T), 5:62-103, 1911.

29. H. Heidelberger and E. A. Kabat, Chemical studies in bacterial a.gglutmatlong Proc.
Soc.Exper.Biol.and Med., 31:595-598, 1934,
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gft%rmilned not by the nature of the antibody itself but by a
> in the structure of the antigens, or in the conditions or
ta;uces under which the antigen-antibody reaction . was
bout.:

ceptlon of serum reaction did not disclaim the fact that a
ity of antigens induced the formation of a multiplicity of
ding antibodies. Each of the many antigens, which formed
mosaic of every bacterial cell, would stimulate the pro-
antibodies in variable amounts. In an agglutination test,
1 used is the intact bacterial cell; in this test, the entire
‘mosaic of antigens on the surface of the cell are exposed to
of the antibodies. All the complicated chemical groupings
called protein-carbohydrate-lipoid complexes are pre-
‘their native form for interaction with the corresponding
The antigens are thus exposed to the influence of their
antibodies under the same condition as when they induce
ion of the latter in the animal body (assuming that the
ﬁ * no change before or during the generative process).

'“natlon test is to be considered the antigen-antibody
““par excellence,” such a combination will naturally be
and the presence of the antibodies in the serum will
re they are demonstrable by less perfect or less sen-

useg_l in this experiment for the precipitation, comple-
nd flocculation tests was a substance, polysaccharide
had been extracted from the bacterial cell by chem-
It was an incomplete antigen—a hapten. This
a part of the “antigéne complet,” but its combi-
ibodies could not be as *“ideal” as the antigen-
the agglutination phenomenon. Not only Was

hly diluted with saline. The reacting sub-
ne secondary antigen of the cells would be pro-

L test in this experiment showed a sudden rise
three antigens used on the seventh day after the
. The titers of the sera were, in all instances, sig-
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samples that were taken about eight days: after mjectlon of the last

dose of vaccine.

The precipitation test began to turn strongly positive for the pri- ;

mary antigen seven days after the first inoculation and continued
that way throughout the rest of the experimental period. Precipitins
for the secondary components were only demonstrable in Samples
4 and 5 of one rabbit (313) and for antigen III alone in the fifth sam-
ple of the other animal (308). The positive precipitation reaction
in Samples 4 and 5 of Rabbit 313 coincided with the highest tlter
of agglutinin shown by the agglutination test.

As shown by the complement-fixation test, antibodies for the pri-
mary antigenic factors were detectable from the third blood specimen
“on and remained at about that level throughout the experiment. Com-
plement-fixing antibodies for the secondary antigenic components
appeared in the blood samples corresponding to the period between
the tenth and fifteenth days after the first immunizing dose was
given; however, the reactions were rather weak, indicating a low
antibody titer.

The flocculation test confirmed the findings in the other serologlcal
tests. The antibodies for the primary antigen were present from the
third blood sample on and maintained high values during the rest of
the experimental period. Both secondary components produced
visible reaction in sera over a period starting about the tenth day of
immunization and diminishing or disappearing in the last two sam-
ples of blood.

From the data presented here, the agglutmatlon test appeared to
be more sensitive for detecting small amounts of antibodies than the
precipitation, ‘complement-fixation, or flocculation tests. Under the
conditions of the present experiment, the titers of the antibodies
had to reach a certain- value before they ‘were demonstrable by these
last three named tests. Judging from the present findings, a thresh-
old had to be established before the presence of immune bodies were
discovered by either the precipitation, complement-fixation, or floc-
culation tests. This threshold seemed to be by-passed when the ag-
glutinins attained a value around 3,000.

A paper in which Doak, Halbert, Smolens, and Mudd?® compared
the response of rabbits and mice to vaccination with Sk. paradysen-

teriae, reported a rabbit, immunized against Type 1T of Sh. parady-
senteriae, that showed agglutinin values of 32,000 for the homologous

80..B. E: Doak, S. P. Halbert, J. Smolens, and S. Mudd, A comparison of rabbxt and mouse
antisera to Shigella paradyamterm J.Immunol., 52:113-120, 1946,

s for Type III were only 2,000. Using a puri-

te extraet, they observed precipitation for the ho-
ut no reaction to the heterologous polysaccharide
periment was repeated with Type III bacilli used

in thls second case, even though the agglutinins for
s went up as high as 4,000, they were unable to
t1pn with the carbohydrate extract of this type of

ion test was found best for detecting low titers of
m the blood. Besides. the polysaccharide fraction,
constituents probably took part in this reaction and
1g the test more sensitive, though cross-reactions
igens were frequent. This agglutiuation phenomenon
ult of the interaction of both primary and secondary
espective antibodies.
epared in rabbits for organisms of the dysenteric
bodies for the primary antigens were generally
unts than the antibodies for secondary antigens.
antibody titer was necessary before the pre-
-fixation, and flocculation reactions could be
in values between the immune bodies for primary
ens made possible the use of an unabsorbed anti-
. . This unabsorbed serum acted selectively on the
like a monovalent antiserum.
nation of cultures of organisms of the Shigella
he classification to be made is based on pri-
ecommended by Weil et al.*—the authors feel
) t offers advantage in that the antisera used
’ rbed -Besides, this test is a rapid one and does
Tience in performing or interpreting it.
pargntel_'a.l injection of a rabbit with a vac-
culture of Sh. paradysenteriae, antibodies were
y and secondary antigenic components of the
une ‘bodles for the primary antigen fraction

n rise in ant!bodles for all components on the
i@qtibn of the first dose of vaccine. 3
est proved to be the best serological test for
nts of antibodies in a serum. The titer.of the
‘had to reach a certain level before they

A
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could be detected by flocculation, complement-fixation, or the pre-
cipitation reactions.

According to the results obtained, the flocculation test seemed
to be more sensitive than the last two tests mentioned. ,

The precipitation test was more convenient for demonstrating
antibodies in sera for the primary antigenic components, since this
test required high antibody values that were not generally attained
by the secondary immune bodies and therefore made possible the use
of unabsorbed antisera.

III. ANTIGENIC STUDIES BY THE PRECIPITATION TEST

The existence of a primary or a dominant antigen, which charac-
terizes each bacterial type of the genus Shigella, is recognized by all
the investigators®? who proposed schemes for the classification of
the group. This whole antigen is probably the same complete anti-
genic complex described by Boivin and Mesrobeaunu®® and con-
firmed by Morgan and Partridge.?* In this phosphorus-containing-
polysaccharide-protein-complex antigen, the-type-specificity of the
different races of the dysenteric bacilli is determined by the carbo-
hydrate component ; its protein element is not type-specific.

Part II of this study presented evidence to show that the preci-
pitation test was especially suited for demonstrating antibodies in
the sera of rabbits for the primary antigens of Sh. paradysenteriae.
In order that said precipitation test could be detected, the antibodies
had to exceed a titer corresponding to about 3,000 in agglutinins.
In rabbit antiserum, immune bodies for the primary antigen were
found in greater amounts than for secondary antigens. Generally
speaking, immune bodies for secondary antigens did not become de-
tectable unless the threshold necessary for the precipitation reaction
were exceeded. This fact offered advantage in that the antiserum,
if properly prepared, could be utilized in the test without absorption
of the secondary antibodies, thus behaving like monospecific serum.
It could therefore be used to detect the presence of primary anti-
genic components in the different races of the Shigellas.

Different methods have been employed for the extraction of the
carbohydrate component of the antigen complex in an attempt to
isolate said fraction for use as a diagnostic antigen in bacillary dysen-
tery;3 also for the classification of the organisms in their respective

82. F. W. Andrewes and A. C. Inman; J. S. K. Boyd; K. M. Wheeler; A. J. Weil, J. Black,
and K. Farsetta, op. cit.

83. A. Boivin and L. Mesrobeaunu; G. Calalb and L. Mesrobeaunu,op eil.

34. W.T.J. Morgan and S. M. Partridge, op. cit. (12).

85. N. M. Spassky and L. A. Dannenfeldt, op. cit.
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namide method, utilized by two of these investi-
o7, and Morales-Otero, preserved the specific carbo-
these bacilli and separated it from other antigenic constit-
ecipitation test makes possible the detection of the
haride components in these bacilli.
udies present classification in the light of the reactions
e specific polysaccharide antigenic fraction. It has
discover the antigenic relationships that may exist
TS of the group.
,;wmenclature proposed by Weil et al.*” comprises all the
ed by all other students of this problem, it will be
enience’s sake. However, for the sake of completeness,
ispar, Sh. alkalescens, Sh. sonnei, Sh. schmitzi, and
» have also been included, in addition to the bacilli of
p (see Table 4, Part I).

TasLE 10
Strains Used

Type Source
(Weil’s classification) Dr. A. J. V\f?il

- Dr. K. M. Wheeler

% % Dr.A.J. Weil
(13 " (3 (13 € 3
(18 (1 13 13 €<
b : 113 6 11 13
(33 ; 3 €< 13 €<
", 11 € (13 (13 [
lescens Am. Type Culture Collection
et .+ Sch. Trop. Med. S. J.

Am. Type Culture Collection
Seh. Trop. Med. S, J.
Dr.A.J. Weil

. Morales Otero, op. cit. (16 and 18), F. Draper, The precipitin,
methyl red reactions of the dysentery bacilli. Med.J.Australia,

chmitzi :
ysenteriae (Shiga)

d K. Farsetta, op. cit. -
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' Type strains of the Shigella group were obtained from Dr. A. J.

" Weil, Dr. K. M. Wheeler, The American Type Culture Collection,

“and from the stock of strains isolated in Puerto Rico and kept at
the School of Tropical Medicine. These strains are shown in Table
10. :

Formolized vaccines were prepared from each one of the type cul-
tures; antisera for each one of the strains were prepared in rabbits. A
formamide extraction was made from every type strain, and precipi-
tation tests were performed with both homologous and heterologous
sera. The antisera not being absorbed, they were used as obtained
from rabbits.- The technic was the same as already described.®®

The chart inserted below indicates the precipitation reactions for

each antigen and antiserum. The solid black squares indicate pre-
cipitation as a white band, easily visible at the line where the surface
of the antisera and the antigens come in contact. The squares filled
with stippling denote visible opalescence at the line of union of anti-
serum and antigen. Readings were made with the naked eye; no hand
lens bging used. For the interpretation of results, both cases were con-
sidered positive for precipitation. '
- Duscussion. All the type cultures produced antisera that precipi-
tated with the extract obtained from their homologous strains (see
chart). Types VI, IX, X, XI, XIII, X1V, Sk. alkalescens, Sh. sonnez,
Sh. schmitzi, Sh. dispar, and Sh. dysenteriae (Shiga) formed precipi-
tates with their own antisera only. Type XII precipitated its homol-
ogous antiserum and the antiserum for Sk. sonnei. The extracts from
Types I to V gave a precipitate with their homologous sera and with
that for VII or VIII, or both. Types VII and VIII produced precipi-
tates with their own antisera and with those for typesI1to V.

The precipitation reactions of the representative strains of types
having dual antigens (see chart) showed precipitation with more
than one antiserum. The polysaccharide extract of Type I-III pre-
cipitated its own antiserum as well as those of Types I, III, and
I}I-IV. The antigenic substance of Type III-IV precipitated its own

' antiserum and the antisera of Types III and I-III, but it did not pre-
cipitate the antiserum for Type IV. Besides its homologous antiserum,
the antigen prepared for the strains representative of Types II-VII
precipitated the antisera of TypesII, II1, V, VII and VIII. The other
type having a dual antigen, Type V-VII, produced precipitation in
more antisera than any of the other dual types strains. In addition
to the precipitation produced in its own antiserum, it precipitated

88. L. M. Gonzélez and P. Morales Otero, op. cit. (16 and 18).
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the antisera of the following types: I, III, IV, V, VII, VIII, and II-
VIL. The precipitation analysis of this type showed an antigenic pat-
tern the same as that of Type VII.

The agglutination and agglutinin-absorption procedures have
been-used extensively in the study of the antigenic structure and clas-
sification of the Shigella group.

The immunological specificity of the antigenic complex is produced
by its carbohydrate fraction, which has been utilized by several
authors in attempts to diagnose® and type® the organisms of the
dysenteric group by means of the precipitation test. Although ob-
tained denatured by the formamide extraction method, the carbo-
hydrate constituent of the whole antigenic complex can be used for
the classification and study of the Shigella bacilli by the precipita-
tion reaction, which is a very simple and satisfactory test.

With the probable exception of Types VII and VIII, all members
of the Shigella group possess a type-specific polysaccharide antigen.
As revealed by the precipitation reaction, Type VII and Type V-VII
showed the same antigenic pattern, thus suggesting that these two
representative laboratory strains belong to the same type.

A slight precipitation was produced by the antigenic extract of
Type XII (D19) in the antiserum of Sk. sonnet; this was a confirma-
tion of the cross-reaction between these two types reported by Boyd,
Wheeler, and Draper.

Summary. The precipitation test is a simple and rapid method for
typing organisms of the Shigella group. If properly prepared in rab-
bits, the antiserum used in this test does not have to be absorbed to
eliminate secondary antibodies, as precipitation only takes place
between primary antibodies and their corresponding antigens.

With the exception of Types VII, VIII, I-III, II-VII, and V-VII,
all members of the genus Shigella possess a predominant type-specific
polysaccharide that characterizes each individual type. Type VII
contains antigenic factors also found in Types I, III, IV, V, and VIII;
Type VIII has antigenic components also found in Types I, IL, III,
1V, V, and VII. Types I, II, I1I, IV, and V have antigenic elements
in common with types VII and VIII. Type XII and Sh. sonne: have
a common carbohydrate component.

39. N. M. Spassky and L. A. Dannenfeldt, op. cit.
40. L. M. Gonzalez and P. Morales Otero, op. cit. (16 and 18). F. Draper, op. mt

\

¢ STUDIES BY THE COMPLEMENT-FIXATION TEST

Dean and Webb**—these last in 1926—established
entity of the precipitation and complement-fixation
28, Goldsworthy*® confirmed their conclusion, be-
he conclusion that the precipitation and comple-
sts depended on a single antigen-antibody reaction.
antigenic structure of the Shigella’ group, based
e predominating primary antigens, in which the pre-
utilized as the investigative tool, has been pre-
II of this paper. Part II demonstrated the close
between the complement-fixation and precipita-
detecting antibodies formed in rabbits immunized
e Flexner group. Since the unitarian principle
' complement-fixing immune bodies is well estab-
f the present investigation will attempt to confirm,
mt-fixation test, the preceding findings obtained by

itisera. prepared in rabbits for the different types of
1 d the same polysaccharide antigen extracted
1 ethod used in the preceding study, were utilized
e complement-fixation test. The procedure for
sera and for the extraction of the carbohy-
the same. So as to adapt the reagents to the
mplemgnt-ﬁxation test and obtain a concen-
the antigen, the latter was prepared as follows:
ere grown in large Blake bottles on tryptose

terla was collected by centrifugation in large
and extracted with 2 ml! of formamide for 15
C. The formamide extract was treated with
nd centrifuged to rid it of any solid matter that
ifter the heating process. To the clear superna-
e C. P. were added; the precipitation obtained
5 ml. of sterile saline. The antigenic solution
eutralized with sodium carbonate (indicator—
plate method. The antigen from each type

ion. J.Path.and Bact.,29 473492, 1926.

nents upon the relntlonshxp of complement-fixation to
1220-235, 1928.
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cglture medium. Five bottles were seeded with

/ebb, The infiuence of optimal proportions of antigen and anti-
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of the Shigellas was then titrated with its corresponding antisera to
determine the complement-fixing -dose. The technic for this was as
tollows: different dilutions of the antigen stock solution were made
so that a wide range of doses could be utilized in the titrations. The
doses employed started with 0.1 ml. of the pure stock solution and

dilution.

1
ran down to 0.1 ml. of 10,000

Two different amounts of the homologous antiserum were em-
ployed—0.05 and 0.02. A normal rabbit serum was employed as con-
trol in all determinations. The mixture of serum, antigen, and guinea
- pigs’ complement was placed in the refrigerator during 4 hours, at

about 3° to 6° C, for the fixation reaction; then the antisheep hemo-
lysin (amboceptor) and sheep cell suspension were added, and the
whole was incubated in a water bath at 37° C for 15 minutes. The

tubes were centrifuged and the readings made. i

Selection of the antigenic dose was made according to standard
procedures: “That quantity which gave a strong 4 + reaction in a
known 4 + positive serum,** when one half the quantity to be used
in the test is employed; and a clear negative reaction in a known
negative serum when double the quantity to be used in the test is
used.”45 i ; e

In carrying out the complement-fixation test, the titrated dose
of antigen obtained from each type of the Shigellas was tested against
its homologous and all the other heterologous antisera of the dysen-
teric bacilli. Two doses of each serum were used: 0.05 ml. and 0.02

" ml. The degree of inhibition of hemolysis recorded was 4 (100 per-
cent); 3 (75 percent); 2 (50 percent); 1 (25 percent) inhibition. The

results are shown in Table 11.

Comments. The preceding table demonstrated that the antigen
from all type strains fixed the complement in the presence of the
homologous antisera; that reaction, corresponding to Type XI1I, was
not presented because the antiserum at hand was very weak in its

' precipitin content, probably due to the small amount of the poly-
saccharide obtained from the culture at hand.

. Antigens from Types VL IX, X, XI, X111, X1V, Sh. alkalescens,
Sh. sonnei, Sh. dispar, Sh. schmitzi, and Sh. dysenteriae reacted with
their own antisera.only. Besides fixing the complement in the pres-

" ence of their homologous sera, antigens of Type cultures III and V

44, Antisera that gave a strong precipitation reaction with its homologous antigen were

considered 4 + positive.
45. 3. A. Kolmer and F. Boerner, Approved Laboratory Technic, 4th ed. (New York: Apple-

ton Century Co., 1945).
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. Complement-Fizxation Reactions

Antigens

Sh. alkalescens

Sh. sonner
Sh. dispar
Sh. schmitzi

Sh. shiga

8 except its own and the antiserum of the culture
ens I_-_I‘II.- The antigenie polysaccharide substance
W;th the.antisera, of Types VII and VIII, besides
! -Aptlgens of Types VII and VIII fixed the
presence of their corresponding sera and of the
pther _baciili of the Flexner group.
ving dual antigens, reacted in most cases with
nding to the respective type antigens that con-
‘components, Type I-I1I1 reacted with the anti-
4 VII and III-IV. The antigen of Type III-IV
nolysis of t_he sheep cells in the presence of antisera *
/I, VIIIL, and 11, but not with Type IV serum
ture TT-VIT reacted with antisera of Types II, II,
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V, and V-VIL; the antigen of V-VII reacted with antisera IIL IV,
VII, and II-VIL. / :

In general, the results of complement-fixing reactions of the poly-
saccharide antigens of organisms of the Shigella group, with/their
antisera, were analagous to those previously obtained in the precipi-
tation test. The present data confirmed previous findings and once
again presented evidence to show that both serological reactions
depended on the same antigen-antibody reaction. In a foregoing
section the authors pointed out the close similarity between the com-
plement-fixation and precipitation tests; with the present data they
ratified the similarity in the mechanism of both.

Summary. Utilizing the polysaccharide fraction of organisms of
the genus Shigella as antigens and antisera for these bacilli, prepared
in rabbits, complement-fixation tests were performed to verify the
findings previously obtained with the precipitation test. Antigens
from Types VI, IX, X, X1, XIII, X1V, Sh. alkalescens, Sh. sonnet,
Sh. dispar, Sh. schmitzi, and Sh. dysenteriae fixed the complement
with their own antisera only.

Types IL, I1L, IV, and V reacted with their sera and the antisera
of VII or VIII, or with both. The antigens of Types VII, VIII, I-111,
II-VII, and V-VII reacted with several antisera, demonstrating the
presence of various constituents in their antigenic configuration.

In general, the data obtained for the complement'-ﬁxation experi-
ments agreed with the results from the precipitation test and con-
veyed further evidence to prove that there was a predominant carbo-
hydrate component that characterized each individual type.

V. ANTIGENIC STUDIES BY THE FLOCCULATION TEST

The presence of a predominating type-specific antigen in the genus
Shigella has attained paramount importance both with relation to
the immunological reactions of the host and to the laboratory classi-
fication of the Flexner bacilli. As far as various protection tests in
developing chick embryo® and in mice¥ indicate, the minor anti-
genic factors have proved of little value in obtaining cross-protection
for different types of these bacilli. In the classification of the organ-
jsm of the dysenteric group, the detection of major type antigen
has been the essential pivot around which all tests centered. The

agglutination test has always been of limited value in typing these

46. A.J. Weil and J. McFarlane, Protection of the developing chick embryo with specific
serum against infection with Shigella paradysenteriae (Flexner). J Immunol., 48:291-296, 1944.

47. J. Smolens, S. P. Halbert, S. Miidd, B. W. Doak, and L. M. Gonzélez, Studies with the
somatic antigen of Shigella paradysenteriae (Flexner). J.Immunol., 52:41-58, 1946.
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gree of cross-agglutination that tak

sera are used and to the difficulty in the prep-
when all the necessary

. antisera,. especially
st has reeently been proposed as a rapid
sse bacilli# and for studying the antigenic struc-
TV of this study ratified the findings obtained
est, at which time the same type of antigen
A were utilized in carrying out the experiments
fixation reaction. - ;
> présqrit study deals with a flocculation test,
on and easily interpreted, for detecting the primary
ysenteric baeilli.
f a specific soluble polysaccharide substance in the
do i‘nates‘in}lmunological reactions, has been de-
ithors.** The formamide method of extraction of
stanice has proved very convenient and was the
for obtaining the antigen used in the test presented
‘the different races of the Shigellas were also
escribed. The nomenclature utilized for the
terial group was that proposed by Weil et al.*
ures were the same as in the preceding studies.
ens. The standard culture of each of the
s grown for 24 hours in one-pint Blake bottles
ifco In order to collect the cells, the growth
e and the suspension centrifuged in large
Pwo ml. of formamide were then added to th
ure was extracted in an oil bath at about
The extract was allowed to cool, when 5 ml.
ided; it was then centrifuged to rid it of any
sht have remained after the heating process.
was dgca,nted into a clean tube, and 10 ml. of
Tlée precipitate obtained was dissolved in
e solution neutralized with sodium car-
d) By the spot-plate method. Finally,
Vi .centrffuged to obtain a perfectly clear
olved particles. -
ion for the diagnostic tests were prepared as
lbo tom of a Wassermann tube, with a 0.2 cc.

[orales Otero, op. cit. (16).
orales Otero, op. cit. (16 and
Farsetta, op. cit. -

18), F. Dré,pe'r,' op. cit.
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pipette marked off in 0.001 cc., 0.02 ml. of a one percent cholesterin
solution (C. P. Pfanstiehl) in absolute ethyl alcohol; one ml. of the
polysaccharide solution is added and permitted to run down the
side of the tube very slowly, the whilst this is being vigorously
‘shaken. After all the antigen solution has been added, the tube is
again shaken for about 10 or 15 seconds. When examined under the
microscope (low power 16 mm. objective, eye-piece 10), this emulsion
will show numerous very fine particles but no clumps whatever.

The test. A slide with twelve depressions (approximately 16 mm.
in diameter by 1.75 deep)—the type used for the Kline test in syph-
ilis—was utilized in this test. With'a 0.2 cc. pipette, marked off in
0.001 cc., 0.05 cc. of serum was poured into each of these depressions.
One drop of the antigen emulsion (about 0.008 cc.) was then allowed
to fall from a Wright pipette into the serum, and the slide rotated
for 4 minutes in an electrical rotator. Readings were made at once
through the microscope (low power 16 mm. objective, eye-piece
10) with the light cut down for more convenient examination. The
results were reported according to the degree of clumping and size
of the clumps (Fig. 1).. : ‘

The positives were classified into four gradations: + when the
clumps were small and their distribution was fairly even throughout
the microscopic field; + 4, when the clumps were large and feath-
ery, and no longer evenly distributed over all the-field but arranged
in small groups; + -+ =+, when the clusters were larger and more
abundant, although the clumps were still loosely packed; + + + +
when the clumps were tightly packed and appeared firm and three

~ dimensional, in some instances, taking on the shape of a sausage.
' Flocculation reactions of the Shigellas. Cholesterolized antigens
~ were prepared from all standard type cultures of the dysenteric ba-
cilli. Antisera prepared in rabbits were obtained for all the types
" of the Shigellas. Each antiserum was tested with its homologous
antigen and with the antigens of all the other members of the group
included in this investigation. The results are presented in Table 12.
 With the exception of Types XII and II-VII, all antigens produced
flocculation with their homologous antisera. Sh. sonnei was not in-
cluded because a freshly isolated strain of this organism could not
be obtained at the time the tests were made. The reaction of Type
V-VII was weak. Types I, V, XIIL, and Sh. schmitzi produced floc-
culation with their corresponding sera only; the antigens of the
remaining twenty types reacted with more than one antiserum,
though in some cases the other antiserum with which they reacted
was for a standard strain having dual primary antigens. - For in-
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TABLE 12
Floceulation Reactions

Antigens
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_ﬂ.(')c'cu_lat.editS homologous serum and theb anti-
m,anhg,en 111 reacted with its own serum and

ie | ntisera, those of Types II, IV, and VIIL In
"‘yi)etwe_e’n these two races has been noted. :
Type XIII (P 143) reacted with more antigens
No reaction was observed with this antiserum
e Flexner group, Types I, 11, IIT, IV, V, VII,
t flocculate with the antigens of the types having
‘e}ffs, which are all found in the Flexner organ- -
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isms, a very significant fact. Carpenter and Stuart * reported on
the antigenic relationship between Type XIII and Sk. dispar, and
Neter5? observed cross-agglutinations between this type of Sh para-
dysenteriae and Sh. alkalescens.

The antigen of Sh. alkalescens also gave a pos1t1ve flocculation
reaction with the antisera of Types IX (Boyd 170) and X (Boyd
288). This cross-reaction was also observed by Draper.?3

The results here presented agreed in all major points with the data
concerning the primary antigenic components of the bacilli of the
group Shigellas, obtained by the precipitation and complement-fix-
ation reactions. The flocculation reaction, in some instances, seemed
more sensitive than the other two serological tests, for it disclosed
certain antigenic relationships that were not apparent by either the
precipitation or the complement-fixation. This greater sensitivity
was also apparent in the data presented in Part II on the formation
of antibodies for primary and secondary antigenic components.

Summary. A flocculation test for detecting the predominating

antigens of the bacilli of the genus Shigella has been presented. The
~ antigen utilized was a solution of the polysaccharide component of
the somatic antigen of the dysenteric bacilli, obtained by formamide
extraction to which cholesterol had been added. The antisera were
prepared in rabbits by immunization of the animals with a formohzed
vaccine containing the organisms of the dysenteric group.

With the exception of Types XII and II-VII, all antigens produced
flocculation with their homologous antisera. Types I, V, XIII, and
Sh. schmatzi reacted with their corresponding antisera only ; the other
types flocculated more than one serum, but in most cases the cross-
reaction was with antisera of races having dual antigens, one of whose
. components was common to'the other type culture.

The flocculation reaction seemed to be more sensitive than the
precipitation or the complement- fixation reactions, for it disclosed
certain antigenic relationships that were not apparent by these-last
two named serological tests. However, the results confirmed in their
major points the facts observed in the precipitation and complement-
fixation reactions.

51. P. L. Carpenter and C. A. Stuart, Antigenic relationship of Sk. dispar, types I and 11, to
Sh. paradysenteriae, Boyd P 148. Proc.Soc. Exper Biol.and Med., 61:238-240, 1946.

52. E. Neter, Antigenic relationship of various types of Sh. alkalescens to Sh. paradysen-
teriae. J.Immunol., 51:151-156, 1945.

58. F. Draper, op. cit.
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higella paradysenteriae AS REVEALED BY THE
PRECIPITATION TEST

| [he prempltatlon test for typing the Flexner group
has had frequent use.’* The formam1de method

t. The spemﬁmty of this test offers a very simple
means of studying the antigenic structure of the
acilli. 5

A ne, by this method, recently isolated cultures
) .and cultures that had been kept in stock on

they had the antlgemc polysaccharide compo-
their type and had undergone no mutation.
haride extract was obtained by the Fuller
tly isolated cultures of Flexner bacilli and from
laboratory for the past three years. These “old
pt on tryptose agar (Difco) and, whenever nec- ¢
ansplants made to keep them viable.

est was carried out with the antigen from each
ra for Types I to VIII. Cultures used belonged
III, IV, VI, and Sk. sonnei, the types usually
) where the organisms were isolated. No Type
r been found on the Island.

ts indicate the precipitation analysis for each

; lsolated cultures of Type 1 produced heavy

Morﬁles Otero, op. cit. (16); F. Draper; op. cit.

¢ F&rsetta, op. cit.
ide method for the extraction of polysaccharide from hemolytic
1130-189, 1938. :
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precipitation in its antiserum (Chart 2), but only slight precipitation
was observed in the antisera for Types VII and VIII, though more
consistently in the latter. “Old cultures” of this type gave a marked
precipitation in the serum for Type I and slight precipitation, or
. opalescence, in that of Type III. Precipitation for antlsera VII and
' VIII could be observed in a few cases only. -

" Type II (W). The antigenic extract prepared from recently iso-
lated strains of Type II produced marked precipitation in the anti-
sera of TypesII and VIII (Chart 2). The precipitate formed in serum
for Type II was more abundant than that for VIII; in some strains,
the precipitate for the latter was only an opalescence. The strains
of this type of Flexner bacilli, kept for a long time under’ artificial
cultivation, showed no change when reacting to their homologous
antiserum, but the precipitation with Type VIII antiserum was very
slight. One of the ““old cultures also gave a slight precipitation with
the serum of Type IV.

Type 111 (Z). The formamide -extract of freshly isolated strains
of Type III precipitated its antiserum but produced an opalescence
in antiserum VII (Chart 3). A culture isolated some weeks before
the others gave a heavier precipitate with antiserum VII. Occasional
opalescence was observed with antiserum VIII. In addition to their
homologous serum, strains of Type III, which had been in the labora-
tory for about three years, precipitated the antiserum for Type VII
very strongly. Precipitation was also produced in the antiserum for
Type V, indicating the presence of a fraction in the antigenic extract
for this type. Antiserum VIII reacted to one strain only.

Type I-IT1 (VZ). Recently isolated cultures of Type I-III formed
a marked precipitation in antiserum I but only an opalescence in
antiserum ITI (Chart 8). As the cultures aged, the precipitation in
antiserum 111 became more pronounced. No reactlon was observed
to any other serum.

“Old cultures” of this dual antigenic type behaved qulte differ-
ently from freshly isolated strains. The precipitation induced by the
antigenic extract of Type I antiserum now appeared only ds an opal-
escence, while the reaction to antiserum III was very marked in all
instances. One culture did not react to antiserum I. Judging by the
heavy precipitate formed in the antisera for Types VII and VIII,
the presence of antigenic fractions, common to these two types, was
evident, A slight reaction was observed for Types IV and V. No

precipitation was noted with antisera IT and VI. Although isolated -

‘about three years before like the other cultures, strain No. 10512
did not show precipitation with antisera IV and V. The reaction to

_»thm a shorter time after 1solat10n In some
 in antigenic structure were noticed a few days
ere obtained from patients. Antigenic extracts
two or three days prior to the test, produced a
on in antiserum IV but only a slight opalescence
. One or two weeks after isolation, the strains
‘actor found in antiserum V. Precipitation in anti-
a;Vy, as it was, also, in antiserum VII.

6 IV, which were obtained three or more years
tudy, exhibited precipitation in all the antisera,
VI.-In practically all strains the precipitation

castle). Analysm of the cultures of Type VI dld
ion in their antigenic structure due to aging
1sms of this type preCIpltated their homologous

o recently isolated cultures of Sh. sonnei were
ains of this type ‘that had been in the labora-
ears; however,. their formamide extract pro-
jeir homologous antiserum only. The antigen
ed cultures formed quite a noticeable precipitate
ut the- antlgemc extract of the “old cultures”
ence in the serum.

vestigators have studied the variation emst-
teriae group,® but none of them has utilized
b their studies, which have befn based on the
lonies and on the alteration of the antigenic
s as measured by agglutination reactions. A
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gative tool is here presented. Theoretically, as one of the reagents
used for this test is a carbohydrate antigen, obtainéd from the cell of
the Shigella organism, variation of this carbohydrate component
produced by mutative changes may become evident in the test
though, in general, the variations which occur in the several types
studied do not come about at any precise time after isolation of the
cultures but rather at different times.

For instance, the changes in the antigenic constitution of Type IV
occur sooner than in Type I-IIT; the variation in the latter type be-
comes evident before alteration in the configuration of Types I or 1T
are noticed. Another example of rapid dissociation is the well-known
case of Sh. sonnei. However, the contrary appears to be the case in
Type VI (88-Newcastle), on which artificial cultivation for three
years did not have any appreciable effect.

The loss of type-specificity in the case of the Flexner bacilli prob-
ably proceeds pari passu, as Mudd® suggested, for the capsular poly-
saccharides of virulent pneumococei and for the Vi somatic polysac-
charides of virulent E. typhosa, and so forth. Loss of the type-speci-
fic antigenic carbohydrate factor was observed in Sh. sonnet, but
* no other fraction found in other Shigella organisms was acqulred by

this particular type

The changes in Types I and II were not very significant. As a

result of aging, Type I acquired a fraction common to Type III.
Slight reactions to antisera VII and VIII, observed in recently iso-
lated cultures, showed a tendency to disappear as the cultures aged.
“Although the precipitation was less in all strains studied,  Type II
retained its reactivity to antiserum VIII. An old strain of Type II
precipitated with Type IV antiserum. Both types I and II retained
their type-spemﬁc polysaccharide antigen, and their study by precip-
itation did not indicate the acquisition of an antlgemc component
common to all organisms of the Flexner group—in other words, a
single group antigen. The variation consisted of a factor found in
another type. ’

. From the time of their isolation, the cultures of Type III presented
a factor common to Type VII. Judging from the precipitation reac-
tion, this antigenic fraction increased as the cultures grew older. On
aging, the organisms of Type III precipitated the antiserum for Type
V. Unfortunately, it has not been possible to isolate in Puerto Rico
bacilli belonging to Type V, consequently this type was not studied
- in relation to the effects of subculturing on its antigenic structure.

60. S. Mudd, Pathogenic bacteria, rickettsias, and viruses as shown by the electron micro-
scopg II. Relationship to immunity, J.A.M. A 126:682-639, 1944,
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tures of Types VII and V-VII, as shown by the
vere mmﬂar, thus pointing out the possibility of

the antigenic pattern of the “old strains” of Type
andard laboratory strains of Types VII and V-VII,

itation studies, makes evident the great similar-

hic mosaic of these three organisms (Chart 5). In

iments, as yet unpubhshed Boyd®! concludes
complete variant of Z, and not a separate race.
reat similarity existing in the pattern of both the
VIII and I-TII and those of standard cultures of
, there exists quite a possibility that Type X
form of the VZ subgroup (Type I-II). It is

»Type I antlgen, yet Type 111 antlgen predoml-
es.” Boyd®? suggested that a recently acquired
¢ superﬁcml position or is relatlvely loosely

b terial body.
heory, the antigenic factor of Type III, in sub-
uently a more primitive and permanent charac-
is Flexner type; the former component is more
more intimately blended with, the body of the
yer, Perlman and Goebel®® report studies on
Types I, 111, and I-1I1, wherein they conclude
ens of these races of Sh. paradysenteriae are
ances, and that the specificity and cross-reac-
*ﬂlem are, dependent upon similarities in their
. Furthermore, they state that it is this simi-
nstitution of the carbohydrate components
s of the Flexner bacilli which, in their opinion,
gical crossing. When dissociation takes place,
an alteration in the structure of the polysac-
ther such alteration consis§g of a rearrange-
* a. variation in their ché structure,

' to say.

tions with Type IV (103 Boyd) tend. to con-
18. Unquestionably, the antigenic structure
f the “old cultures” of Type IV are almost

Goebel, Studies of the Flexner group of dysentery bacilli. V. A
cal cross-reactions. J.Exp.Med., 84:235-245, 1946.
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identical (Chart 5). Boyd expressed the belief that “there IS NO rea- | '+ dlassification, based on the antigenic analysis
sonable doubt that type 103 is the old Lentz “Y”’, which was not } t classificat: ’t'ﬁ L e e
included in its original form in the Andrewes’ series.” Personal ob- | ‘43 befe . un(.ler ik ((:ila tcu' e ;0 bZ mis(’:al%en fo;'
servations have revealed that, after a variable time in artificial cul- : alls, gn%ce fepeiste A, : Ea:n (Si n;)o};e Bovd believed
.ture, Type IV gives rise to variants that are antigenically different e cultu;es(i shs at‘; : mad’e thzir classica
from recently isolated cultures of this type. Using the agglutination 3 n1‘1‘1a1§1, i Wl fe LR '
test and his typing sera, Dr. Weil®* observed that 14 strains of this ntz § X 31 lt§ orlgmta : ﬁo rrg. smple and satisfac-
type, of various periods of isolation, submitted by this laboratory, pre.Clplta'{LlO.n il (t)r i ai; oi') SRR
gave numerous cross-reactions to antisera I to VIIIL. By the precip- ?ﬁgg g Snosuop .
itation test, with antigens prepared in an acid extraction, Draperss < il SR v g
noticed similar croSs-liactignspbetween the Flexner X and FleI))(ner jation by the preCI})]:tat{(?Il FeSt e .Old Stli:uns hOf
IV (103 Boyd). ’ ‘ d undergone dissociation, sugge’s;}s1 that 3 e?ir

The precipitate formed by antigens of standard type cultures of | indard ‘laborafcory Type VII (51(1) d e1StaI;. 7
VII and VIII and of mutated variants of Types I-III and IV in all 1 Qf,T}tp.f: Vﬂ ik t}.le el e e
antisera was not the same quantitatively, probably indicating that recipitation reactlol'ls. . o

_there is no single group antigen common to all types but a combina- ~V,HI. (Y) and old 4 pgeted cultiieo oL AV ES

' tion of antigenic components, as ‘suggested by Wheeler’s® recent ilar. , ; £ ik
work. Boya stated that the group antigen is more complex in'struc- ds to confirm Boyd’s observations of muta-
ture than he originally supposed, and that it contains several com- roup has been presented.
ponénts. She i

" The classification of recently isolated cultures of Sh. paradysen-
teriae by the precipitation method can be performed without great |
difficulty, since the cultures at this stage have not undergone altera-
tion in their antigenic configurations, and type-specific antigens pre-
dominate. However, after they have been subjected to artificial
cultivation, the antigenic picture is complicated by the appearance
of other components common to types other than the type culture
under classification. The determination of types therefore presents
a more complicated picture. Besides providing an easy method of

_determining the type-specific antigen in recently isolated strains,
the precipitation test presents a very objective means of detecting
the secondary components that may have arisen in dissociated
strains. It so far reveals that the antigenic pattern of the different -
strains are different among races, and characteristic of the type. group.
Consequently, a picture which portrays the antigenic architecture 5 6£"TypeS,VII, VIIIL, 1-III, II-VII, and
of the dissociated organisms, so that the classification of the strain ; iof the genus Shigella possess a predominating
may be definitely established, can be obtained by the precipitation charide, which characterizes each individual
test. igenic factors also found in Types I, IIT,

\F‘jnally, it is suggested that any schema for the classification of o‘i:trllg*;g;c \ffaIcII(: the antigenic comysonents of

n Type I, IT, IIL, V, and VIL Types I, IL, IIT,

nic elements in common with Types VIL and

‘should be made from studies of recently isolated

o i

- General conclusions

in pi'ésented suggest that the titers of immune
injecting rabbits with vaccines prepared from

radysenteriae, have to reach a certain level before
db s either the flocculation, complement-ﬁxation,

test, when the carbohydrate is used as the anti-

test is found to be the most convenient reac-
ting antibodies in sera for the primary antigenic
uires high antibody values that/are not gener-
'jgr'y\ immune bodies, thergfore making the use
possible. '

fation test is a simple and rapid ‘ethod for typing

64. A.J. Weil, Peraonal‘communicatian.
65. F. Draper, op. cit.
 66. K. M. Wheeler, op. cit.
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VIII. Type XII and Shk. sonnet showed a common antigenic compo-
nent.

5. When the complement-ﬁxatlon test is performed with 1 the poly-
saccharide fraction of the organism as antigen, antigens from Types
VI, IX, X, XI, XIII, X1V, Sk. alkalescens,-Sh. sonnei, Sh. dispar,
Sh. schmitzi and Sh. dysenteriae fixed the complement with their
own antisera only. Types I, IIT, IV, and V reac¢ted ‘with their sera
‘and the antisera of VII or VIII, or with both. The antigens of Types
VII, VIII, I-I11, II-VII, and V-VII reacted to several antlsera, thus
demonstrating the presence of various constituents in their antlgenlc
configuration.

6. In the flocculation test, all antigens reacted to their homolo-
gous antisera; exception to this, Types XII and II-VIL. Types I,
V, XIII, and Sh. schmitzt reacted to their corresponding antisera
only. The other types flocculated more than one serum but, in most
cases, the cross-reactions were with the antisera of races having dual
antigens, one of whose components was common to the other type
culture.

7. Freshly 1solated strains, and strains of the same type which had
been kept in artificial media for more than three years; were studied
by the precipitation test. It was found that “old cultures” may show
variation in their original antigenic configuration. : :

8. Examined by the precipitation test, “old strains’ of Type I-I11
suggested that they are similar to the standard laboratory Type VII.
The standard laboratory cultures of Type VII and the dual antigen
V-VII gave identical precipitation reactions, thus suggesting that
the strains are similar. The studies of Type VIII and of “old cul-
tures” of Type IV revealed them to be also similar.

udies' on the Genus Shigella

3 the clumps were small and their distribution was
the microscopic field.

 the clumps were large and feathery and no longer
Il the field but arranged in small groups.

en the clusters were larger and more abundant, al-
still loosely packed.

| the clumps were tightly packed and appeared firm
) con una sola cruz (+) la distribucién uniforme de

s grumos.-eran de mayor tamafio y de aspecto
n dlstrlbuldos umformemente en todo el campo,

o los ctimulos eran mas volummosos; y densos,
ensiones.




