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INTRODUCTION 

Purpose of this Investigation 

Several bacterial polysaccharides, in particular the capsular poly-

saccharides of Diplococcus pneumoniae Which act as haptens in rabbits, 

have proven to be antigenic in mice and man •. Some haptens have been 

made antigenic by methods of increasing particle size or by mixing with ,, 
adjuvants (45). Antisera against purified Vi antigens would prove a 

valuable tool for studying the effects of purification on the antigenic 

molecule. These antisera would be especially helpful in studying the 

effects of deacetylating the antigen since there are some indications 

that there are serologic differences in purified Vi antigens after 

deacetylation (74)_. The purpose of this investigation was to attempt to 

produce such antisera in rabbits by using various methods to increase 

the antigenicity of the Vi molecule and to study these sera for sero­

logic differences. Mice were also immunized with purified Vi antigen in 

order to compare the response of mice and rabbits to the same purified 

Vi antigen preparations • 

1. 



• 
:Qiscoyery of Vi Anti~en 

In 1934, Felix and Pitt observed a new antigen in some strains of 

Salmonella typhosa which had been freshly isolated from the blood of 

typhoid patients (24). Until then, typhoid organisms had been known to 

contain at least 2 heat stable 0 components in the somatic fraction and 

one specific H antigen in the flagellar fraction (3). Strains possess-

ing this new antigen were inagglutinable in 0 antiserum and appeared to 

be more virulent for mice than strains lacking it (23,24). For this 
' 

reason, Felix and Pitt called this nevr antigen 11Vi" or virulence antigen. 

The discovery of Vi antigen and the possibility that it might be the vir­

ulence antigen led to studies of its role in severity of attack and im-

munity to typhoid fever. 

Vi antigens which were serologically similar have been found in 

almost all freshly isolated strains of Salmonella typhosa (24) ~ in strains 

of Salmonella hirschfeldii (S. paratyphi C) (61), i..'tl Paracolobactm 

ballerup ( 42) , and in Escherichia coli ( 40). 

Giovanardi (33) was the first to observe that, on solid culture 

media, Vi-containing colonies were more opague than non-Vi-containing 

colonies. Kauffman (39) called colonies containing Vi antigen V forms 

(viel) and those which had lost Vi antigen W forms (wenig). In his term-
. 

inology, V-W forms were thmse organisms which still possessed Vi antigen 

but showed some 0 agglutinability and V-W degradation 1vas the process by 

which bacteria lost Vi antigen. Kauffman believed that even W forms re-

tained Vi potentialities and under certain conditions might regain Vi 

antigen. Biochemical reactions of Vi-containing strains were found to be 

no different from those of strains lacking Vi antigen (3)# 

2. 
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Relationship of Vi Antigen to Virulence 

Felix and Pitt (23,24), in 1-rork ~th mice, observed that the pres-

ence of Vi antigen in ~ typhosa rendered the bacteria resistant to the 

action of 0 antibodies in vivo as well as in vitro. This antigen also in-

creased the ability of the bacteria to invade their host. Other workers 

(40,21,2) substantiated a qualitative relationship between the presencejof 

Vi antigen in smooth (containing 0 antigen) typhoid cultures and their 

ability to kill mice injected intraabdominally with a standard dose of 

one-hundred million organisms. It -vras generally agreed (3), however, that . 

3. 

virulence was not a function of Vi antigen alone but of the combined action 

of Vi and 0 antigens. Organisms possessing either antigen alone or both 

antigens in unequal proportions 1-rere less virulent than organisms having 

more nearly equal amo~ts of both (24, 28). 

The mechanism by which Vi ro1tigen enhanced the ability of typhoid 

organisms to kill mice ivas not entirely knmm. The increased invasive 

po-vrer of the organisms postulated by Felix and Pitt (23) had not actually 

been demonstrated. In fact, ;6rskov and KauffiJl.an (59 ) found no difference 

between the invasive ab~ity of Vi-containing and non-Vi-containing strains 

or in the survival of mice vihen they were given sublethal doses of these 

strains. They found that both V and W forms of the Watson Strain of §.. 

t;yphosa remained in the spleens of inoculated mice for up to seven days 
. 

after inoculation of one million organism~ intraabdominally or intraven-

ously even though the animals remained healthy. R-901 strain and the V 

variant of H-901 described by Kauffman ( 39), were found in the spleens for 

at least thirteen days. Grasset and Levl'in ( 35) found that there i·Tas even 

less invasion of the blood stream by Vi strains* than by non-Vi strains 

*For brevity Vi-containing strains, cultures etc. vdll be refened to as 
¥% strainths, cultures etc. and strains lacking Vi referred to as non-Vi 

ra~ns roughout the rest of this paper. 



• 
Hhen larger doses of the organisms were given. ¢rskov and Kauffman and 

Grasset and Lewin postulated a greater toxicity for Vi forms than for non-

Vi forms. They assumed that larger doses so weaken~d the injected animals 

that their normal innibitory mechanisms were over14helmed. Felix and Pitt,(z4) 

however, demonstrated that killed suspensions of virulent organisms wer~ 

no more toxic for mice than killed non-virulent organisms. Topley and 

co-vrorkers (69) observed that alcohol -precipitates of acetone dried extracts 

1-rere no more toxic when derived from Vi cultures (Rawlings strain) than 

from non-Vi cultures (U-901 strain). Smith (63) found that the toxicity · 

of aqueous extracts for mice and rabbits did not depend upon their content 

of Vi antigen. She observed that Vi and non-Vi strains Here equally toxic 

for mice;' 0 • .5 1lll of either type of suspension killed mice uniformly. The 

toxicity of these suspensions for rabbits vras more variable but averaged 

0 • .5 rrll./l{.g regardless of the strain used. The toJdc effect i'las not altered 

by boiling the extracts for one hour. 

Almon (3):postulated that faster multiplication of Vi organisms than 

of non-Vi organisms might be responsible for their greater virulence, actual 

death then being caused by into:x:i.cation. In support of this theory, 

Bhatnagar (~ has reported that Vi organisms are less easily phagocytized 

than non-Vi forms. 

In 19.51, Batson, Landy and Brown ( 9) defined virulence as the result 

of a combination of factors pertaining to the organisms, the host, and 

the conditions under vfuich the pathological state was established. They 

then compared three methods for measuring virulence of two Vi and ~WO non­

Vi strains of S. t;rphosa in mice: 

4. 



0 

0 

s. 

1) intracerebral inoculation of organisms 
2) intraabdominal inoculation of organisms in saline 
3) intraabdominal inoculation of organisms in mucin 

Differences in virulence among strains based only on the possession of Vi 

antigen could not be demonstrated when the intracerebralToute of inoculation 

was used. In fact, one of their Vi strains was non-virulent when inoculated 

in this manner. There was, hotvever, a difference in behavior of the two 
I 

types of strains when the "intraperitoneal saline" method was used, which 

became more marked t-Jhen mucin was added to the organisms injected. In view 

of these results, they concluded that the differences in virulence of the 

strains was independent of the presence or absence of Vi antigen but rather 

dependent on the method of testing for virulence. This sppported Kauffman's 

view that Vi antigen alone was not responsible for virulence (40). A report 

in 1961 by Gaines and Tully also supported this view (32). They observed 

that intracerebral inoculation was a more sensitive method than intra-

abdominal injection in assaying for differences in virulence among strains 

o§ S. tvphosa. They postulated that the reason for this was that immediate 

contact with phagocytic cells in the peritoneal cavity eliminated many of 

the organisms injected there. If Bhatnagar1s observations were correct, 

this would explain -vmy Vi forms appeared to be more virulent upon intra-

abdominal injection although by intracerebral injection virulence was 

independent of the presence of Vi antigen. In fact, in 1951 Felix and Pitt 

(28) had admitted that the protective effect of Vi antigen was probably 

more important than any invasive ability the antigen might confer upon the 

organism. 
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Immunogenicity of Vi Antigen 

Felix ana Pitt l'iTere able to demonstrate Vi antibody by agglutination 

and absorption tests in sera from mice immunized with virulent (Vi) organ­

isms (24). The in vitro titer of Vi antibody in their results was low as 

compared to trre titer of 0 antibody but immunized mice were pratected 

against challenge with virulent S. typhosa. They also were able to protect 

mice ii.lth rabbit antisera in ~mich Vi antibodies could not be demonstrated 

_by agglutination techniques. 

Smith was the first to perform a systematic study of 1lnmnunization of 

rabbits with Vi and non-Vi strains (63). She vaccinated rabbits with water 

extracts of several strains of s. typhosa. The resulting titers of H and 0 

antibodies were fairly consistent among the strruu1s but there was great 

irregularity of Vi antibody production• Not all rabbits immunized with the 

same strain produced antibodies and no Vi antibodies were produced by 

animals immunized with either the Tyz or vlatson strains. In all cases the 

titers of H and 0 antibodies l-Tere much higher than the titers of Vi antibody. 

Stuart and Kennedy (67) obtained similar results on Vi antibody production 

in rabbits. ~paun (6.5) in 19.54 showed that the quantity of Vi in a strain 
. . 

has an influence on the titers obtained. He found that the cultures DII and 

Watson showed the smallest Vi content by quantitative antigen analysis. 

These strains also gave the lov1est antibody titers in rabbits immunized 

1f.Lth heat treated cultures. 

Significance of Vi Antigen in Typhoid Vaccines 

During the years following the discover,r of Vi antigen and its relation­

ship to virulence for mice, the persisting concept was that the organisms 

used for vaccine production had to be highly virulent (contain Vi antigen) 

6. 



• 
and recently isolated for best immunizing effects. There was, however, 

no general agreement as to the immunogenic significance of Vi antigen 

other than that Vi antibodies protected mice against challenge with vir­

ulent h tyPhosa. Since Vi antigen was thought to be heat labile at that 

time and phenol destroyed it in culture (24) questions arose as to the 

protective potency of the heat-killed, phenol-preserved vaccines used for 

human immUl1ization. 

In 1941, Felix introduced an alcohol-killed and alcohol-preserved 

typhoid vaccine (27). He lf!ound more Vi antibody in sera from h:§.tman beings 

immunized with this alcohol vaccine than those immunized with heat-killed, 

phenol-preserved vaccine. In 1947, Drysdale (20) compared heat-killed, 

phenol-preserved vaccine and alcohol killed and preserved vaccine made at 

the same time from a culture of S. typhosa, strain Tyz. Vi agglutination 

titers of sera from llllinunized human beings and rabbits were higher for 

the alcohol treated vaccine. MOuse protection tests demonstrated no differ-

ence betiveen the t-vro vaccines. 

In the United States, the significance of Felix's discovery was 
-

slo1-1 to be realized. Siler et al (62), in 1941 published a monograph on 

typhoid immunization in which stress was put on the virulence of a typhoid 

strain to be used in heat killed vaccine without mention of the si~ificance 

of Vi antigen. They failed to investigate various strains for comparative 

Vi antigen content. In 1943, Longfellow and Luippold (52) discovered that 

~· balleruJ1 and E. coli strains containing Vi antigen could be used for 
' 
a vaccine to protect mice against typhoid infection~ In 1944 and 1946, 

. 
Luippmld (53,54) suggested improving the United States Armlf typhoid vaccine 

. 
by adding E. caJi Vi antigen extract to the vaccine. Spaun (66) attributed 
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this rather indirect discover.y of the significance of Vi antigen to the 

fact that the typhoid strain 58 {Panama carrier) used by the United States 

Arrey for vaccine production was low in Vi antigen content and Vi antibody 

was hard to detect in immune sera. The E. coli strain 5396/38, on the 

othe~ h~d, had a much greater· amount of Vi than even strain Tyz, the most 

virulent strain for human beings. 

In 1950, Batson, Landy and Brovm (10) shotved that four typhoid strains 

from the same source (Panama carrier), two virulent and two avirulent, all 

protected mice against infection with virulent organisms (intracerebral 

challenge) disproving a direct relationship between virulence and immun-

ogenic activity when intracerebral inoculation was performeQ.. This raised 

the question of the need for Vi antigen in a vaccine. In 1953 and 1957, 

however, Landy (47,49) showed that vaccines in which Vi antigen had been 

retained were better immunizing agents. He performed mouse protection 

tests on mice that had been immunized vrith one of three vaccines; 

1) an 0 variant of s. typhosa, strain 58 
2) a heat-killed, phenol-preserved~accine from 

a strain containing both Vi and 0 antigens 
3) an acetone dried vaccine containing both Vi and 0 

antigens 

He found that the acetone dried preparation gave best results, heat-phenol 

a. 

preparation fair, and the 0 preparation very little if any protection. The 

heat-phenol vaccine gave some passive protection without demonstrable Vi 

hemagglutinins. This protection was due to Vi antibody because sera 

absorbed vl'ith Vi-coated erythrocytes no longer protected mice. Th~ss 

supported Drysdale's earlier observation that heat-killed and alcohol-

killed vaccines protected mice to an equal degree. 

The results of these several investigations seemed to support the view 
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that phenol altered Vi antigen somehow so that a great deal of its immuno­

genicity was lost. Vaccines prepared vdth organic solvents seemed to give 

the best results. Alcohol-killed and preserved vaccines yielded the highest 

Vi antiboqy titers, but potency of the vaccine was rapidly lost at room 

temperature (27). Formalinized vaccines were also excellent but acetone 

dehydrated vaccine seemed to offer theWlost stable preparation since it 

could be stored in a dehydrated state and reconstituted vr.Lth water prior to 

use (49). None of the vaccines have been adequately proven in hpman ~ield 

trials as the conditions of the few trials made have not been satisfa~torily 

controlled (66). 

Purification of Vi Antigen 

Chemical separation of Vi antigen from the rest of the bacterium was 

attempted shortly after the initial discovery of its significance in vir­

ulence for and protection of mice. The~~pose for this line of invest­

igation was two fold; first, the production of non-toxic protective vaccines 

for hlli~an immunization and second, determination of the chemical and biolog-

ical properties of the antigen 1iLthout interference from other cellular 

co1nponents. Purified preparations perhaps would settle the controversy 

over the role of Vi antigen in virulence and immunity to infection. 

Early methods of purification were rather harsh, probably injuring 

the ~~tigen chemically and thus immunogenically. Boivin and Mesrobeanu (12,13) 

prepared a Vi antigen fraction from protein free trichloroacetic acid 

extracts by uranyl salt fractionation. Since Freeman and Anderson (29) 

couldn't repeat this separation from an ~xtract containing both Vi and'o 

antigens, they concluded t.hat Boivin and Mesrobeanu's preparation was not 

free from 0 antigen contamination. Henderson and Morgan (37) obtained a 
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Vi preparation, at least partially purified, by anhydrous diethylene glycol 

extraction of rough forms (lacking or having only traces of 0 antigen) of 

various strains of S. typhosa. This preparation protected mice against 

challenge vdth S. typhosa, stimulated Vi antibody production in rabbits, and 

reacted ir.lth Vi antisera in precipitin and complement-fixation tests. They 

observed that sera made with this extract didn't protect mice to the same 

degree that sera made from whole organisms did. Also, as stated before, 

heat-killed suspensions of typhoid organisms oidn 1t.produce detectable 

antibodies in large amounts but were immunogenic in mice. Because of 

these findings, Craigie and Brandon (17) assumed that Vi was a complex 

antigen, designating the agglutinogenic portion as V and the entire complex 

as Vi. They felt that the entire complex was necessary for immunization 

but 01~ the Vportion for serologic and protective reactions to occur. 

Henderson and Morgan (37) however, claimed that Vi was a single compound 

altered physically, chemically, and antigenically by the purification 

process making the extract less potent than whole organisms in inducing 

antibody formation. They also considered the possibility that Vi might 

be a single compound possessing tvro -or more antigenill: radicals. 

Ashida (4) in 1949 prepared a purified antigen f~m S. typhosa, 

strain Ty2• He called his preparation Vi Specific Substance (Vi.S.S.). 

The method of purification involved extraction of the antigen with 0.1 N 

NaOH for fOUl1 hours, probably removing 0-acetyl groups. This preparation 

was found to react in vitro but not to be arrcigenic in vivo. Vi.S.S • 

precipitated with anti-Vi sera made with Vi-containing organisms but 

would not precipitate with antisera against 0 organisms, sho1f.ing the 

preparation to be free from detectable 0 antigen. Immunization of rabbits 
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using three 0.5 mg injections of Vi.S.S. induced no detectable antiboqy 

formation. Ashida, therefore, decided that V:i,S.S. was a hapten. Land­

steiner has defined a hapten as a non-protein substance which, although 

reactive in vitro, induces no or only a silght antibody response. It has 

been ment,ioned above that Vi antibody production in rabbits t-ras poorer 

than in mice but Ashida performed no experiments in mice to compare with 

his experiments in rabbits. 

In l952, Webster, Landy and Freeman (70) obtained a Vi preparation 

from E. coli by ethanol-salt fractionation of ~rctter extracts of agar-grovr.n 

bacilli follo~red by hydrolysis with l M acetic acid at· 100 C for 24 hours. 

to remove 0 antigen. By serologic tests this preparation proved free 

from 0 antigen. It was antigenic for mice and non-toxic in doses up to 
. 

and including 5 mg. In contrast to Ashida 1 s results, this preparation was 

also antigenic for rabbits. However, larger amounts of purified antigen 

than of acetone dried V form bacilli t-Tere required to induce antibody 
( 

formation. Hpman :immunizations trere also performed vlith this preparation., 

As little as 10 p.g of this purified Vi (from E. coli) in.duced antibody 

formation in man conipar;ble to that induced by three injections of 0.5 ml 

(400 .ng total) of acetone-killed and dried s. typhosa, strain Ty2. The 
. 

response to 40 )lg in human subjects was comparable to Vi antibody levels 

observed in patients recovering from typhoid fever. Webster, et al (70) 

also prepared antigens from s. typhosa, strain Ty2 and P. ballerup. The 

E. coli preparation proved to be most effective in irmnunizing rabbits 

against typhoid infection, P. ballerup next~ and s. typhosa, strain Ty2 

least effective. 

Both Ashida and Webster, et al succeeded in destroying the toxicity 

11. 



of their preparations but used harsh methods to do so. As stated before, 

the alkali extraction of Ashida probably removed all the 0-acetyl groups 

of the antigen. Acid treatment could have degraded a portion of the antigen. 

Baker, Whiteside, Basch and Derow (7) in 1959 perfected a method for extract­

ion of Vi antige~ vdthout using acid, alklli, or heat. It was felt that this 

preparation 1vas more lite that present in the living organisms than those 

prepared by more drastic means. Briefly, the method of purification con-

sisted of alcohol fractionation of a saline s~spension of acetone-dried 

organisms and treatment idth cetyltrimethylammonium. bromide in instances 

where 0 antigen contamination was still evident (7). Antigens were prepared 

in this. manner from P. ballerup, E. coli, S. tyPhosa, strain Ty2, and 

S. typhosa, strain 61. These preparations 't"rere shotm to be free from 0 anti­

gen by a modification of the agar diffusion tecl~ique of Ouchterlony (7). 

This material 1vas not antigenic .for rabbits given a total of 7J •. 7 mg in six 

injections and only slightly antigenic in rabbits given 8. 75 mg in twelve 

injections. Crude 0 antigen-containing preparations had been found to be 

good imrntmizing agents so attempts were n1a.de to immunize rabbits vdth puri­

fied Vi antigen mixedvi.Lth 0 antigen vi.Lthout success. ~lso, rabbits were 

inoculated with Vi mixed with acetone killed and dried P. ballerup organisms 

tdth no success. Large doses, totaling 90 mg, did not induce antiboqy for­

mation to an appreciable extent. On the other hand, these Vi antigen prep-

arations immunized mice against challenge with living S. typhosa T,y2• . ' . 
E. coli appeared to be more effective than the other preparations. l~~n 

experiments were repeated using another strain of mice however, all prep-
~ 

arations seemed to be equally effective. Purified Vi antigen in amounts 

as low as 0.5 )lg also induced Vi antibody formation in man. (8) 
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Chemical Characterization of ~Mrified Vi Antigen 

Webster, Clark and Freeman (71), and.Clark, McLaughlin and Webster (15), 

found that the acid hydrolysis product of purified Vi antigens of s. typhosa 

P. ballerup, and E. coli was an aminohexuronic acid hydrochloride containing 

two molecules of water of crystalization. From analytical results, they 

determined that Vi antigen was a polymer of N-acetylaminohexuronic acid 

units in alpha glycosidic linkage. "These findings 'tvere confirmed by Heyns, 

et al (38) and the aminohexuronic acid shovnl to be aminogalacturonic acid 

by synthesis. Baker, et al (7) found that in addition to the N-acetyl groups 

there were also 0-acetyl groups attached to carbon atoms • 



:t:1ATERIALS AND METHODS 

Extraction and Purification of Vi Antigen 
. 

Vi antigens prepared from Salmonella typhosa, strain Ty2, Paracolo-

bactrum ballerup, strain 481, and Escherichia coli, strain 136 vrere used in 

this study. Deacetylated 36i antigen derived from P. ballerup, strain 481 

was also used. 

Vi antigens tvere prepared from the various organisms by the method of 

Baker, et a1 (?). The medium for cult~ing the organisms consisted of 15 

liters of one per c~nt casamino acids (Difco) broth (PH 7.2) a~toclaved in 
... ~ .... ... 

14. 

a 5 gallon Pyrex jug. In the afternoon, the medium ivas inoculated 'With 5 ml 
. 

of a young broth culture of the organisms to be grovr.n9 At the time of 

inoculation, 5 ml of phenol red and the dialysate from 5 g of Brewer 1 s yeast 

sterilized by filtration were added to the jug. One to two grams of DL-

tryptophane i-l'ere also added to the medium for cultivation of Sallnonella 

typhosa. The next morning the bottle vra.s fitted 'With a stirring mechanism 

and an aeration tube. Tvro hundred grams of sterile dextrose and a fevr 

drops of tributylphosphate (to prevent foaming) were added and the org-
. ~ 

anism grown for 6 hours at 30-34 C tilth constant stirring and aeration. 

As acid i-l'aS produced by the gro-vr.ing bacteria (indicated by the phenol red 

solution), 5 per cent NaOH vra.s added drop by drop te neutralize the culture. 

When the growing period was completed, 1.5 volumes of technical grade 

acetone were added to precipitate the organisms. After thorough stirring, 
. 

the preparation was allowed to ren~in overnight at room temperature to 

complete the precipitation. The next morning the precipitated organisms 
. 

were collected by centrifugation and dehydrated 'With acetone. Excess 

acetone was removed by drying in air. 



Vi antigen was extracted from 100 g of organisms prepared in this 

manner. The dried organisms were suspended in 0.15 M NaCl. After ttro 

hours, two volumes of 95 per cent alcohol t-1ere added. The alcohol pre­

cipitate, composed of bacilli plus Vi and 0 antigens, was collected in 

centrifuge tubes and extracted with 60 per cent ethanol in 0.15 M NaCl 

at 37 C for 18-24hours. This step was repeated several times. The ex­

tracts were combined and the precipitate collected by centrifugation at 

0 C. It "t>ras then redissolved in 60 per cent ethanol and precipitated at 

0 C. The resulting precipitate contained Vi antigen with some 0 antigen 

comtamination in preparations obtained from E. coli ru1d s. tXPhosa, strain 

Ty2• In orger to purify the Vi antigen, the preparation was dissolved in 

0.15 M ~01 and the pH adjusted.to 7. Then a 2 percent solution of 

cetyltrimethylammonium bromide (cetavlon), a detergent, 1>ras added until:-.a 

precipitate formed. The precipitate was collected by centrifugation and 

wash~d 3 or 4 times vdth Q.l5 M NaCl to remove the detergent. The pre­

cipitate was then dissolved in a small amount of 0.15 M NaCl and three 

volumes of alcohol were added. The resulting precipitate vras collected 

by centrifugation and dissolved again in 60 per cent alcohol at 37 C, 

then refrigerated overnight. The preparation vras electrodialyzed to 

remove the remaining detergent, neutralized 1-rith sodium acetate to convert 

all of the Vi to the sodium salt, dialyzed again, and lyophilized. 

15. 

Vi antigen was deacetylated in the follo1dng manner. P. ballerup Vi 

antigen "tvas dissolved in 0.1 N NaOH and, after t'tvo hours at room temperature, 

the mixture -vras neutralized with acetic acid. The sodium acetate formed 

was removed by dialysi~ and the antigen was lyophilized. 

For stock Vi solutions, the Vi ~~tigen was dissolved in 0.15 MNaCl to 



give a concentration of 1 mg/ml. Enough Vi solution was prepared to per­

form the current experiment and new stock solution made for the next exper­

iment. The stock solution was frozen for the duration of an experiment. 

Animals Used 

C~rorth Farms CF 1 albino mice were used for immunization. The 

16. 

animals were injected intraabdominally "With 0 .1-ml amounts of Vi antigen. 

Albino rabbits weighing 2-3 kg were used for the rabbit experiments. Unless 

otherwise specified the rabbits were injected in the marginal vein of the 
' 

left ear. ~ial~bleedings were taken from the marginal vein of the right 

ear. All rabbits were bled before injection and the sera saved to test 

with the trial and final bleedings after inmruu1ization. 

Immunizing Agents 

§_ensi tized rabbit erythrocytes: Ten ml of blood were obtained from 

the marginal ear veins of rabbits and collected in tubes containing an 

equal volume of sterile ACD (modified Alsever 1 s) solution to prevent 

clotting. 

ACD solution: Sodium chloride • 42 % 
Glucose 2.o5 % 
Sodium citrate .80 % 
Citric acid .005% 

autoclaved at 15 pounds pressure for 15 min. 

The blood samples were centrifuged at 1500 RPM for 5 minutes and the 

erythrocytes saved. The erythrocytes from each rabbit were caated tvith 

P. ballerup Vi antigen according to a modification of the method of Lanqy 

and Lamb (48). This method consisted of the following: Erythrocytes were 
. . 

washed 3 times in 10 volumes of 0.15 M NaCl and the supernatants were 

discarded. The cells were then resuspended in 10 volumes of 0.15 MNaCl 



and centrifuged at 1500 RPM fol' 10 minutes. The supernatants vrere again 

discarded and a 10 per cent suspension of cells made in@.l5 M NaCl. An 

equal volume of a 1 mg/ml Vi antigen solution was added, the contents mixed 

and incubated in a water bath at 37 C for 2 hours tvith shaking every 30 min­

utes. Landy and Lamb (48) used only 10 ug/rol of Vi antigen solution but 

in this case maximum absorption was sought by the presence of a large 

amount of antigen. Unabsorbed Vi was removed by 1vashing the suspension 

three times v1ith 10 volumes of 0.15 IIJ: NaCl and' centrifuging in conical 

tubes at 2000 RPM for 5 minutes the first 2 times, aqd for 10 minutes 

the third time. The supernatant tv-as discarded and the packed cells made 

up to a 5 per cent suspension in one experiment and a 10 per cent suspen-

sion in another. To confirm that absorption had occurred, a standard hem­

agglutination test (described belovr) w-as performed ·with the cells using a 

kno-vm Vi antiserum. Rabbits vrere injected intravenously v1ith jfl-ml amounts 

of the coated cells. Freshly sensitized erythrocytes were used for every 

2 injections since they disintegrate rapidly after 48 hours (48). Three 

rabbits were given injections of a 5 per cent suspension of sensitized 

erythrocytes every other day until 6 injections had been administered. 

One month later, 3 booster injections were given every other day. One week 
. 

later the rabbits were bled qy cardiac puncture and the sera tested by hem-

agglutination. In the second experiment, 3 rabbits were given 6 injections 

of a 10 per cent suspension of sensitized er.ythrocytes in the same manner. 

One week later, the rabbits were bled from the ear and another series of' 6 

injections given. One week later, the rabbits were bled by cardiac puncture 

and the sera tested by hemagglutination. 



Vi antigen in adjuvant: Vi antigen emulsified in Freund's complete 

adjuvant was used to immunize rabbits. Freund's complete adjuvant consists 
~ 

of Arlacel A, Bayol F and killed 1iycobacterium butyricum. J\.rlacel A and 

Bawa.b F in a proportion of 1.5 to 8.5 vol/vol was autoclaved at 15 lb pres-

sure for 20 minutes and stored in screw cap test tubes. M. butyricum was 

grovm in meat extract broth for 3 days, boiled at 100 C for 20 minutes, 

the cells removed from the broth by filtration, dried in a 37 C incubator 

and stored in a desiccator until used. Five mg Ivi. butyricum per 10 m1 
. . 

adjuvant were added ~efore use. For injection, 0.2 m1 (1 mg/ml) P. bal• 
. 

lerup Vi were added to 0.2 ml complete adjuvant and the mixture emulsified 

by drawing it "in and out of a syr~ga several times. Tvro-tenths m1 of the 

emulsion was administered to each of 3 rabbits by injection of 0.05 ml into 

each toe pad of the right hind foot. One month later, boosters of Vi 

antigen (1 mg/rril.) -vmre administered intravenously in 1-ml amounts. 

Specific precipitate in adjuvant: A preliminary precipitin titration 
~ 

was set up -vl'ith P. ballerup Vi and P. ballerup antisErum obtained by immun-. 
ization of rabbits with whole organisms. Tlie equivalence zone u-ms found 

to occur at a Vi concentration of 1 mg/rril. and an antiserum dilution of 1:2. 

The supernatant -vras tested for both excess antigen and antibody. T-vro ml of 

1 mg/ml Vi solution and 2 ml of a 1:2 antiserum dilution were then mixed 

18. 

in a plastic centrifuge tube and allowed to stand overnight in the refrig­

erator. All the materials were prepared and handled under sterile conditions. 

The next morning the precipitate vihich had formed was washed 5 times in 

sterile 0.15 M NaCl. The suspension was then emulsified in an equal volume 

of sterile Freund's complete adjuvant. Rabbits to be immunized were pre-

pared beforehand by shaving the paws and back. The material was injected 



• 
into the foot pads of both hind feet and intracutaneously into the back 

with a 5-ml syringe and a 20 guage needle. Each of 3 rabbits received 0.5 m1 

of the emulsion cor:eqsponding to 500 }lg of Vi antigen. After ·one month, 

boosters of 0.5 ml specific precipitate were given intravenously. 

Specific precipitates of S. typhosa, strain Ty~ water extract and 

antiserum: Specific precipitates containing both 0 and Vi antigens were 

prepared for intravenous inoculation of rabbits as follmv-s: Preliminary 

titrations of S. typhosa, strain 0-901 antiserum and of P. ballerup anti­

serum ruth S. typhosa, strain T.12 water extract were performed to determine 

the equivalence zone of the antigen-antibody reactions. · In the S. typhosa, 

strain T.12 -vmter extract-P. ballerup antiserum system at equivalence the 

water extract was diluted to 0.5 mg/ml and th~ antiserum diluted 1:4. In 

the other system, the water extract rras diluted to 0.75 mg/ml and the anti-

serum undiluted. S. typhosa, strain Ty2 "tvater extract of the proper dilution 

vras mixed with all equal volume of undiluted S. tyehosa 0-901 antiserum and 

with an equal volume of P. ballerup antiserum diluted 1:4:1n sterile centri­

fuge tubes. The tubes were refrigerated overnight at 4 C. The precipitates 

-vrere then -vmshed 5 . times with sterile salt solution and finally suspended 

in 5 ml of sterile saline solution for inoculation. ~ portion of both 

precipitates vms incubated tdth trypsin to remove antl?ody from the com­

plex and tested by the agar gel precipitin test (to be discribed later) in 

orger to determine which antigens were present in the precipitate. Each 

specific precipitate was administered intravenously to 2 rabbits. Five 
. 

injections (2 a week) consisting of 0.2 ml, ~-3 ml, 0.5 ml, 0.5 ml, ~ 

0.5 El respectively were given. The injections corresponded to approx-
. 

imately 100 :u,g, 1.50 Jlg, 2.50 ug, 2.50 ug, and 2.50 JJg of s. tyehosa Ty2 water 
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extract. The amounts could only be estimatea because the precipitates 

were in suspension and the exact amount injected each time could not be 

completely controlled. At the same time, 2 rabbits were given S. typhosa,. 

strain T.12 water extract in the comparable amounts listed above. Four 
. 

rabbits were immunized with the amounts normally used for immunization 

(200 Ag, 300 )lg, 500 )lg, 800 Jlg, and 1 mg) in order to compare antibody 

titers. 

In another experiment, larger amounts of the specific precipitates 

toTer~ administered, 0.3 ml, 0.4 ml, 0.5 ml, 1 ,mJ_ and 1.5 ml respectively. 

Because the S. typhosa 0-901 antiserum-water extract specific precipitate 

was toxic in these amounts, injections of 0.1 ml, 0.2 ml, (!.3 ml, 0.6 ml, 

and 1 ml were administered. 

Immunization with purified Vi antigen: To serve as controls, 3 

rabbits were immunized with purified P. ballerup Vi antigen. One mg of 

Vi antigen vms administered intravenously ever.y other day for a total of 

6 injections. One week later, the rabbits were bmed from the ear and 

another series of 6 injections was given. E. coli and S. typhosa, &train 

T,r2 Vi antigens w·ere also administered in this manner, a total of 20 mg of 

s. typhosa, strain T.12 Vi antigen being given. 

Collection of Antisera 

l1ice were bled b,y decapitation, the blood was collected in test tubes, 

allowed to clot and stand overnight at 4 c. The serum was collected after 

centrifugation the following morning. MOuse'serum was not stored but 

tested immediately. 

A prel~inary bleeding of 10 ml was performed on each rabbit before 

20. 



immunization to check for previous antibody titer. In many cases trial 

bleedings were made during the immunization process. Final bleedings 

were performed over a period o~ three days, since it has been observed that 

a ~.amount of serum can be obtained if a 50-ml bleeding is performed 

on each of the two da,ys prior to final bleeding from the heart. The 

bloods were allowed to clot and were stored overnight at 4 c. Serum was 

collected after centrifugation of the blood, stored at 4 0 and preserved 

by addition of merthiolate to a final dilution of 1:10,000. 

Methods of Testing Antisera 

~. 

Hemagglutination: The major method for testing sera was Vi hem­

agglutination. The method of Landy and Lamb (48) as described previously 

t¥as employed with the following modifications: A 10 per cent saline sus­

pension of horse erythrocytes obtained from The Commonwealth of 11assachu­

setts Department of Public Health, Biologic Laboratories, Boston, 11assachu­

setts was sensitized with an equal volume of 100 pg/ml Vi antigen. The 

final suspension of erythrocytes for the tests was 0.5 rather than l per 

cent because agglutination was easier to read at this dilution. · Five­

tenths-ml amounts of 2-fold serial dilutions of sera in salt solution were 

prepared in Wassermann tubes and 0.5 ml of sensitized e~jthrocytes (0.5 per 

cent) were added to each. The tubes were shaken ru1d incubated for 2 hours 

at 37 C. The ·titer was determined by the highest dilution of se~um sho1v.Lng 

agglutination of erythrocytes. Both normal and known ,innnune sera ws~e run 

at the same time to serve as sensitization controls. Controls of sensitized 

cells in salt solution and unsensitized cells in salt 1Solution were also run 

to check on spontaneous agglutination of cells.·· 



In some cases, sera 1.rere tE!sted in albumin as ~rell as in salt solution 
. . -

to test for incomplete antibody formation. This was done by diluting sera 

in 1.5 per ·cent bovine serum albumin rather than in salt solution. Cells 

were also sensitized vrith S. typho§.S. 0-901 water extract to test for 0 

antibodies in the rabbit sera. 

Bacterial agglutinati<2,:q,: Sera found to have ~tibodies by hemagglut­

ination were further tested by other means. Bacterial agglutinations were 

performed with P. balleru;a organisms. Serum dilutions 1vere made as des­

cribed above, but 0.5 ml of a once-washe~ suspension of acetone-killed 

and dried organisms was added to each tube rather than sensitized ery-

throcytes. The bacterial suspensions were standardized at 35 per cent 

tr<lTISmissio!]. with a Baush and Lomb Spectrophotmeter at 600ny1. The tubes 

were incubated for ~hours at .52 C. Bacterial agglutination tests for 

0 antibody were ·also performed with organisms that had been boiled for 

2 hours and 1.rashed 3 times 1dth salt solution to remove the soluble Vi 

, antigen. Controls of salt solution 1dth serum and salt solution idth 

organisms were also run. 

Precipitin tests: Precipitin tests were performed on hemagglutination 

positive sera using 0.2-ml amou.rits of Vi dilutions of 1 mgfrril, 0.2 mgfnil, 

o.o4 mg/rrll. and 0.008 mg/rrll. Hith 0.2 rrll. undiluted serum as described by 

Edv1ards and Ewing (22). 

Ag_ar Gel diffusion: Ouchterlony plates rrere prepared idth sera 

showing hemagglutinative reactions. The sera were compared against 

known positive Vi antisera by this method. The plates were prepared in 

the following manner: One rnl of 1 per cent Noble agar (Difco) containing 

0.15 MNaCl and me~thiolate (l:lO,OOO) was placed in the bottom of a petri 

22. 



dish 60 mm in diameter. vlhen this layer had hardened, a 4 well mold was 

placed on top and 3 IDl of agar added. After the agar hardened the mold was 

removed carefully so as not to disrupt the wells formed. The wells were 

filled with 0.02 ml of antigen or antiserum from a l-ml syringe and the re­

actants allowed to diffuse into the surrounding medium while incubated in 
;7 

a moist chamber at 30 C. Zones of precipitate usually formed 1vithin a ~ 
! 

or two at places where homologous antigen and antiboqy met. Plates were 

observed for one week before being discarded. 

Concentration of sera: Some of the sera were concentrated by adding 

saturated ammonium sulfate ~o a 40 per cent concentration. These sera 

were then allowed tp precipitate overnight or until all the precipitates 

settled. After centrifugation the precipitates were dialyzed against 

distilled water for.2 to 3 hours and then against salt solution overnight. 

Absorption of sera: Sera were absorbed in the following manner: 
'· 

100 mg of acetone-dried organisms were washed once with salt solution and 

added to l ml of serum in a plastic centrifuge tube. The suspension was 

stirred for l hour then placed in the refrigerator overnight. The organ­

isms were then removed by centrifugation and the sera tested for antiboqy 

by hemagglutination. 

2). 



RESULTS 

MOuse Experiments 

Eighteen Albino Carvrorth Farms mice were immunized intraabdominally 

with 0.6 mg P~ ballerup Vi antigen administered in 6 injections of 0.1 m1 

each. Injections were given every other day. Six days after the lastiiE.­

jection the mice were exsanguinated by decapitation and the sera pooled. 

Fourteen mice were immunized in the same man..11.er with S. tzyhosa, strain 

Ty2 Vi antigen. The t\iO pools of serum were tested by hemagglutination 

(using 10 ug/ml Vi for sensitization of erythrocytes) in serial tvro-fold 

dilutions from 1:2 to 1:64. No Vi antibody was detected where as a know 

positive P. ballerup antiserum had a titer of 1:1600. 

Because no antibody was observed in the e~periment above 'another 

group of mice was immunized with smaller amounts of P. ballerup Vi antigen 

ranging from l:ug to 6 :ug in order to avoid the possibility of immuno­

paralysis. Doses were administered intraabdominally in 1 .ug amounts so 

that the first group of two received only oneinjection while the last 

grpup received 6 injections. Six days after the final injection each 

group was exsanguinated and the sera saved until all 6 groups had been 

collected. The hemagglutination test was repeated exactly as before with 

the same results. Test sera had no demonstrable antibody where as the 

control serum showed a titer of 1:1600. 

As this time it was decided to use 100 JJ.g/,ml Vi antigen for sensi­

tizing the erythrocytes. To obtain more serum, groups of .3 mice were 

immunized in the same manner with 1 J,Ig to 6 .ug amounts. The results of 

this experiment are summarized in Table I. Titers showed an increase 

from 1:4 to 1:16 with increased dosage. There was sufficient sera from 

24. 
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the groups immunized with 5 and 6 pg to perform the hemagglutination test 

in albumin also. A rise in titer of 2 tubes (to 1:64) i'ras observed with 
< 

the 5 )lg antiserum and a rise of 1 tube (to 1:32) vdth the 6 )lg antiserum. 

Rabbit mxPeriments 

Vi sensitized rabbit erythrocytes: Three rabbits t;rere given lnill!lo.of 

a 5 percent suspension of Vi coated erythrocytes every other day until 

6 injections had been administered. After 1 month, 3 booster injections 

were administered, one every other day. One week after the last booster 

25. 

the rabbi·Gs were exsanguinated by cardiac puncture. By the hern..a.gglutination 

technique, these rabbit sera showed antibody titers of 1:8, 1:16, and 1:4 

respectively. 

Because the antibody titers were so low the experiment was repeated 

using a 10 per cent suspension of sensitized a~hrocytes. The animals 

were bled one week after the first 6 injections and another series of 6 

injections administered. One week later, the rabbits were bled again. 

No antibody was observed in any of these sera. The results of these 

experiments are tabulated in Table II.t 

Vi antigen in adjuvant: Three rabbits were given toe pad injections 

of 0.1 ml P. ballerup Vi antigen emulsified in an equal volume of Freund's 

complete adjuvant. One month after the injection, 1-ml boosters of!!.:.. 

balleru:e_ Vi (1 rng/rril.) were administered intravenously every other day. 

Tvro rabbits received 3 booster i~jections; 1 received 6 booster injections. 

The results are sho1m in Table III. One of the sera from a rabbit which 

had received 3 boosters showed an antibody titer of 1:64; the other 2 

contained no antibody. 
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TABLE I 

IMMUNIZATION OF 
MICE WITH,!:. :BALLERUP VI ANTIGEN 

Total Number Hemagglutination(l) !Dosage Of 
(ug) Injections in 0.1.5 M NaCl in Albumin 

1 1 1:4 _(2-) 

2 2 1:4 _{2) 

3 3 1:8 -(2) 

. (2) 4 4 1:16 -
.5 .5 1:16 1:64 

6 6 1:16 1:64 

(l)Test performed on pooled sera of three mice. 
(2)Insufficient serum to perform test. 

Control: Sensitized cells vs positive control 
serum - 1:3200 • 

26 • 
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Rabbit No. , 
I 

97 

98 

99 

137 

138 

139 

~or mal 
fRabbit 
Serum 
~ta.ndard 
~· balJ.enm 
Antiserum 

I 

T.A:BLE II 

IMMUNIZATION OF 
RABBITS W'ITH VI COATED ERYTBROCY!f!EIS 

Number Total 
Immunized Of Amount 

With Injections 
1 

Administered \ 1:2 

s% suspension 
of Vi coated 9 9m1 t 
erythrocytes 

II 9 9ml .;. 

II 9 9m1 t 

lo% suspension 6 6ml -of Vi coated -

erythro·cytes 12 12 ml -
6 6ml -II 

12 12 ml -
II 6 6ml -

12 12 ml -
--- -- -- -

Acetone killed 
and dried whole 
organisms 

1:4 

.f. 

.;. 

+ 
-
-
-
-
-
-
-

• 

I 

Vi Hemagglutination 
1:8 1:16 1:,:32 1:64. Cont. i 

I 

+ - - - - I 

I 

.f. t - - - I 

- - - - -· 
- - - - -
- - - - -
- -. - - -
- - - - -
- - - - -
- - - - -
- - - - -

positive 1:32000 
N 
"'-..J • 
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Babbit No. 

112 

114 

166 

Normal 
Rabbit ~ 

Serum 

' Standard f, 
~; ba.llerJl!) 

ntiserum · 
L_ _____ -

TABLE III 

IMMUNIZATION OF RAB:SITS 
\VITH ;e,. :BALLERUP VI ANTIGEN IN ADJUVANT 

Number of Hemagglutination 
Dose :Boosters 

Administered. l mg Vi/ml 1:2 1:4 1:8 1:16 1:.32 1:64 1:128 
r ' 

0.2 ml total 
0.1 ml Vi .3 - - - - - - -
0.1 ml adjuvant 

0.2 m1 total 
0.1 ml Vi .3 f t t t f t -
o .1 ml ad.j.uvan t 

0.2 ml total 
0.1 ml Vi 6 - - - - - - -
0.1 ml adjuvant 

-- - - - - - - - -
J 

Acetone killed 
and dried - positive 1:12,800 
organisms 

0 

i:iaJ.lne 
1:256 Control 

- -

- -

- -

- -

--

~ • 
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Specific precipitate in adjuvant: A specific precipitate of P. ballerup 

Vi antigen and P. ballerup antiserum was prepared and emulsified in Freund 1 s 

adjuvant as described previously. Each of 3 rabbits v1as given 0.5 rill of 

the emulsion by toe pad and intracutaneous injection. Each rabbit received 

0.5 mg of Vi antigen by this method. Necrotic lesions were observed at the 

sites of injection a few days later. After l month, intravenous booster 

injections of 0.5 m1 of the specific precipitate (containing approximately 

0.5 mg Vi antigen) 1-rere administered l week apart. Before the second 

booster and l week later the rabbits were bled and the sera tested for Vi 

antiboqy by hemagglutination. No antibodies were produced. 

Specific precipitates of water extract and antiserum: Since it has 

been observed that tvhole organisms and crude extracts induce Vi antiboqy 

production in rabbits (;W, it was thought that a Vi-0 complex might be res-

ponsible for immunogenicity. In order to test this hypothesis, 2 rabbit~ 

were given 5 injections of the specific precipitate of s. typhosa, strain 

Ty2 water extract and S. typhosa, strain 0-901 antiserum. Two rabbits 

were also given 5 injections of the specific precipitate of s. typhosa, 

strain Ty2 1-1ater extract and P. ballerup antiserum. At the same time, 2 

rabbits were given S. typhosa, strain Ty2 water extract in amounts compar­

able to that in the specific precipitate and 4 rabbits 'tvere immunized vti.th 

the am01mts normally used for il.1liT1Wlization in order to compare antibody 

titers. Two of these rabbits died during the course of immunization. 

Agar gel precipitin tests were made on the specific precipitates after 

trypsinization to remove antibocy from the complex. The S. typhosa, strain 

Ty2 water extract-P. ballerup antiserum specific precipitate contained both 

Vi and 0 antigens. In contrast only 0 antigen tvas detected in the S. :t.yphosa.., 

strain Ty2 water extract-S.~hosa, strain 0-901 antiserum specific 
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precipitate. Sera obtained from the 2 rabbits immunized1ilth the water 

extract-P. ballerup antiserum specific precipitate contained antibody in 

high titer to S. tyPhosa, strain 0-901. 0 antibody was also detected by 

agar gel precipitin. Tliese rabbits responded poorly to Vi antigen since 

antibody could be detected only by hemagglutination after 24 hours. 

Rabbits immunized with the water extract-~. typhosa, strain 0-901 anti­

serum specific precipitate produced antibody against both Vi and 0 anti­

gens. Hemagglutination titers were evident after 2 hours and agglutination 

of P. ballerup organisms occurred in low titer. However, Vi antibody was 
. ·, ' 

not demonstrated by agar gel precipitin tests. 0 antibody was shown in 

high titer by both agglutination iilth s. t;vphosa, strain 0-901 and by agar 

gel precipitin tests. The results of this experiment are summarized in 

Table rv. 
Because the response to Vi antigen'was poor and Vi antigen was 

not demonstrated by agar gel precipitin in one of the original specific 

precipitates, it was thought that the amount of Vi i..11 the preparation 

might be too low. For this reason, 2 more rabbits were immunized, 1 with 

the specific precipitate of s. typhosa, strain T,r2 water extract and 

s. typhosa, strain 0-901 antiserum and 1 with the specific precipitate of 

s. ~Y]h<!§.!!, strain T;V2 water extract amd P. ballerup antiserum. This time 

larger amounts were administered; o.; ml, 0.4 ml, 0.5 ml, · 1 m1 and 1.5 m1 

respectively. The ~~ter extract-0-901 antisermh specific precipitate was 

toxic for 2 rabbits when administered in these amounts, consequently it 

was administered in the follo-vti.ng amotints: 0.1 ml, 0.2 ml, 0.3 ml, 0.6 ml, 

and 1 m1 respectively. When these larger amo:unts of specific precipitate 

were administered, the results vrere s~lar to those of the previous 



Babbit Bo. 

183 

184 

185 

186 

190 

Standard 
~. 9i\l.l~t~ 
Ant iserum 

Bormal. 
Babb1t 
Serua 

TABLE IV 

IMMOlUZATIOB OF 
B.AlmiTS WITH SPl!XHFIC P.REC IPIT.A.TES 

Agglutination 
1JIUDW1ized With Hemagglutination With f . balleryp 

(Vi) Organisms 

Specific precipitate of 
.§. tXPhosa, Ty2 water 1: 64 0 
extract am l. )2allerqg overnight 
antiserum 

• 1:128 0 
OTernight 

Specific precipitate of 
§.. tnhoaa, Ty-2 water 1: 256 1: 4 
extract and .§,. t:rphoea, 
o-901 antiserum 

" 1:32 1:4 

1 .... t;Q)hgy. 172 
water extract - 5 

" 1:64 0 

Acetone killed and 
dri ed whole 1: 64oo 
organisms 

• 

• 

Agglutination 
With~. trphoaa, 
Q-901 

1: 512 

1: 512 

1:1024 

1:512 

at 1east 
1:1024 

at least 
1:1024 

\..) 
1-' 
• 
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Ba.bbit No. 

220 

233 

Standard 
f. balleru];! 
Antiserum 

!I!ABLIDV 

IMMUNIZATION OF BA'Bl3ITS 1'1ITH 
LARGER DOSES OF SPECIFIC PRECIPI~TE 

Agglutination 
Immunization With Hemagglutination Withf. ballel'!W 

Organisms 

Specific precipitate 
of ~. tn>hosa. Ty-2 1:128 1:32 water extrae t am f. 
ballerup antiserum 

I 

Specific precipitate 
of~. trnhosa, Ty2 1:4 0 . 
water extract and ~. 

1 tYJ?hosa, 0-901 antiserum 
1 

I 
I 

Acetone killed ana 
! dried whole 1:3200 I ' --

organisms l I 
I 

I Normal 
Rabbit -l --- -- --
Serum I 

I 

I 
I 

' 

J 
! 
II 
I 
\ 
I 
' 
' 

d 

Agglutination 
With~. typhosa, 0-901 

Organisms 

1:512 

1:512 

-

--

Vl 
N 
~-" 
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experiment (Table V) except that the serum from the rabbit immunized with 
~ 

S. typhosa, strain T.Y2 water extract-S. typhosa, strain 0-901 antiser.um 

did not produce Vi antibodies to a significant degree, the hemaggluti­

nation titer being 1:4. 

Intravenous in.jections of' purified Vi antigen: As controls for the 

previous experiments, 3 rabbits 'tvere immunized with P. balleru,p Vi antigen. 

One mg of' Vi antigen was administered intravenously every mther day for a 

total of' 6 injections. One week after the last injection the rabbits 

were bled for 10 ml and another series of' 6 injections was administered. 

One week after the second series, the rabbits were exsanguinated. The 

6 injection sera showed titers of' 1:256, 1:32 and 0 respectively. A signi­

ficant rise in titer was observed after 12 injections; 1:1024, 1:512 and 

1:64 respectively. 

The experiment was repeated using E. coli and s. t:yphosa, strain T.Y2 

Vi as well as P. ballerup deacetylated Vi antigen. Of' the 9 rabbits 

immunized, 1 given E. coli Vi antigen sho-vred a serum antibody titer of' 

1:512 in the 12 injection serum but no antibody in the 6 injection serum. 

None of' the other rabbit sera showed the presence of' Vi antibody. Three 

more rabbits were imm~zed "t<r.i.th s. typhosa, strain Ty2 Vi antigen in 

hopes of' obtaining an antiserum to this particular Vi antigen. These last 

3 rabbits could not be induced to produce Vi antibody even after a total of' 

20 mg s. typhosa, strain r,y2 Vi antigen were administered. The results 

are tabulated in Table VI. 
. 

Further testing of' sera: The 4 sera having positive Vi hemaggluti-

nation titers were tested by bacterial agglutination with a once-washed 

suspension of' P. ballerup acetone dried organisms. No antibody was observed.! 
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TAl3LE VI 

I MMUliiZAT ION OF 
BAJmiTS WI TH PURIFIED VI ANTIGEli 

Total Dosage Vi Heuagg1utination 

iBabbit No. Immunized With Of Vi* 1:2 1:4 1:8 1:16 1:,32 1:64 1 : 128 1:256 1:512 1:1024 Cont. 

6mg t t t t t t + t - - -
14o ~- RAlltl'lm Vi t t t t t t t t t t 12 " -

6 " t t + t f- - - - - - -
141 f. :bAlll~ Vi 

12 II + + t + t t + + t - -
6 II - - - - - - - - - - -

142 l. ballerup Vi 
12 " + t + t + t - - - - -

6 " - - - - - - - - - - -
15.3 !. W,i Vi 

12 " + t + + t t + + t - -
6 " - - - - - - - - - - -

154 1. ~Vi 
I 12 " - - - - - - - - - - -

6 " - - - - - - - - - - -
155 ! . .£QJJ. Vi 

12 " - - - - - - - - - - -
6 " - - - - - - - - - - -

159 
§.. tnhosa, 

ca:;;_ - :;~ T,y2 Vi l? " 
-~ 

.... I 
...::..-L...r~ 

--~ ':"'" - - - --~--- ·:s:~ --~ ,- ---,..- '_1 - - - -,.,- • - :::i.i.i:i ~ =..-:,- 1-· 

~ ~-~~'"": . - -- --~-
IT' -; - ~ 

160 L t.rt)OM. 6 • - - - - - - - - - - -~ 
.__ ·-- - - -~ 1'1 12 " - - - - - - - - - - ~ -

161 §. t~hg§A, 6 II - - - - - - - - - - -
1)-'2 Vi 12 II - - - - - - - - - - -

174 §. tzyhosa, 6 " - - - - - - - - - - -
'! { 

- T)r2 Vi h , ~l2 a '"" 

._.-: - - ; . .~.: - - - - --- ·- ''_.,r .J . • 

§.. ~!l!h21Uh 
6 II - - - - - - - - - - -

175 Ty2 Vi " 12 - - - - - - - - - - -
1?6 ~- ~DDgf.iu 6 " - - - - - - - - - - -

'ry2 Vi 12 " - - - - - - - - - - -
Normal 
Babbit --- - - - - - - - - - - - -
Serum 

Stamard Acetone killed 
~· BlllrQQ and dried - Positive 1:3200 
AnUaerua organia• 

• Individual doaee equal 1 mg/injection. 
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The E.balleruR antisera 1v-ere aJ.so tested with P,. balleruR organisms 

waich had been boiled for 2 hours and washed to remove soluble Vi antigen. 

No antibod;v 1va.s detected. The E. coli antiserum was tested in the same way 

with boiled E. coli organisms. No antibod;y' was observeQ.. 

No antibody v-m.s observed by the hemagglutination technique 'tvhen the 

erythrocytes were sensitized with 0 antigen altqough a known 0 antiserum 

had a titer of 1:12,800. 

Concentration of 2 of the sera by the ammonium sulfate method out-

' lined under Materials and Methods increased the titers by 2 tUbes. One 

titer increased from 1:1024 to 1:4096 and the other from 1:512 to 1:2048. 

Antibody could not be detected by any method other than hemagglutination 

in the concentrated sera. 

4bsorption of the sera v-dth both homologous and heterologous org­

anisms removed all the Vi antibody as detected by hemagglutination. 

Hemagglutination tests performed \~h erythrocytes sensitized ~r.ith 

heterologous_Vi antigen showed no sig~ificant difference in tite~ from 

tests performed with erythrocytes sensitized with homologous Vi antigen. 

The results of this test are summ.arized in Table VII, 
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TAELE VII 

HEl-iA.GGLUTmATIOB OF POSITIVE SERA WITH ERYTHROCYTES 
SENSITIZED WITH HOMOLOGOUS AND HETEROLOGOUS VI ANTIGENS 

J:rythroc1tee Hemagglutination 
Immunized Sensitized 

Rabbit No. With With 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:.512 1:1024 Cont. 

P. :bAll~rw> Vi t t t t t t t t t t -
~. 

14o R~ller""" §.. ~:orohQI~• t t t t + + t f f- - -Vi Ty2 Vi 

!. ~Vi f f + f f f t + - - -
f. b!J.liUJal Vi f f f + f f f + t - -

f.. 
141 Rill§~ §.. ~;tl;!bQ!i!:t + f f + + f t f t - -Vi Ty2 Vi 

~. Wi Vi f t t t t f f f t- - -
~. RAlltrw> Vi f t f t f f - - - - -

f. 
142 ba1leryp §.. t:yphosa, f f f f + I - - - - - -Vi Ty2 Vi 

- ~~ -~' -·--:.._._-:;:- !. ~!.1 ·.~ 1 

... t~'l:~-s~a:&.f~t~.~~~.,_ 1"-~T-:~~"ii •( - - -~ .. ]_~ ... ~ 
. "',._ ·- ·-~- -· . -...... 

;~~ -·~· 
~- ·~ ___::_;..:: 

l.. W'•ra Yi + " " "' " I I 1- - - -·-- ··- --~--- 1--
-~....-.:..- -~=-~-=' =~ ~.:=;,.-= ~--="'- ,cr--

153 
1.~ ~. ~!llbQI&, f + f f t f- +-Vi - - - -Ty2 Vi 

J!l, • .£J2l.1 Vi 1- 1- f f f f f f f - -
Normal P • l2all~ryp V 1 - - - - - - - - - -
Rabbit -- .§. . :1i!J2hg 1!!!:. 
Serum Ty2 Vi - - - - - - - - - - -

-

~. ¥ill Vi ~ - - - - - - - - -' '.'•. ' ' - -- :-'<'• ·•'' -- --- o.,.-.;:; ~_, - -.. ... . . ~~ ...... .. ~ . 
Stan:iard ,E. ~-
~. Rlll~run :bal1iDW ba llgryp positive 1:64ooo 
Antiserum whole Vi 

organisms 

stamard ~. ~. 
~. typhgy, $~QSit jjYnhg~. 

positiTe 1:4ooo Ty2 Ty2 Ty2 
Antiserum whole Vi 

organisms 

Standard ~-~ ~-- ~. ~ -~ 1 - whol e - -~ Vi 
~-

pos itive 1 : )2000 
Antiserum organisms 

\ 
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DISCUSSION 

Although rabbits can be immunized against Vi antigen using whole 

organisms or crude extracts, (72) attempts to immunize them with purified 

extracts have failed with one exception. Landy and illebster (46) w·ere 
. . . 

able to immunize rabbits with their purified preparation but the response 

was less than that obtained when whole organisms w·ere used for immunization. 

Mice and man, however, respond very well to the purified antigens as weJ..l 

as to 1r1hole organisms. 

In this investigation, mice produ~ed antibody to amounts of Vi as 

low as 1 ~ When sera were tested by the hemagglutination technique. The 

titers were lO't·rer, however, than those observed by Gaines, Currie and Tully 

(31) who immunized BALB/c mice (Bagg strain variant) with the E. coli Vi 

preparation of Landy and Webster. They also found that Cinnamon mice 

injected in the same manner did not produce antibody detectable by hem-

agglutination in salt solution. Immunized mice were protected to the same 

degree as BALB/c mice against challenge with virulent S. typhosa. They 

found that antibody could be detected when sera were diluted in albumin 

rather then aalt solution for the hemagglutination tests. It was suggested 

that this result might be explained by the formation of incomplete anti­

bodies which were not deteated by hemagglutination pe~for.med in sait~sQl• 

ution. The Carworth Farms strain of mice used in this investigation 

appears to be intermediate between BALB / c and Cinnamon mice in that saline 

antibody tva.s present but lovrer than that of BALB/c mice. Incomplete anti-
' 

body might have been present also since the sera from :mice immunized with 

5 and 6 pg sho"tved higher titers in albumin than in salt solution. Rabbit 
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sera tested for this incomplete antiboqy formation failed to show higher 

titers in albumin than in sali5 solution. The reason mice immunized with 

38. 

0.6 mg Vi antigen did not produce antiboey might have been that they 'tiere 

immunologically paralyzed by too la.Dge a dose of Vi antigen. Another ex­

planation could be that the erythrocytes were sensitized with Vi antigen 

diluted to 10 JJ.g/ml. Through experience, it has been observed that 100 )Jg/ml 

sensitized. erythrocytes to a greater degree, increasing the sensitivity of 

the test since more Vi antigen was coated on the erythrocytes and avail­

able £or the reaction. 

·Attempts to make purified Vi antigen antigenic for rabbits by the 

various manipulations dicussed ( Vi sensitized erythrocytes, Vi antigen ct.L 

emulsified in adjuvant, Specific precipitate in adjuvant and Specific pre­

cipitate containing both Vi and 0 antigens) were less successful than t~e 

use o£ intravenous inoculation of purified Vi antigen alone. The Vi anti-

bodies produced against P. ballerup and E. coli appeared to be the same 

serologically. Landy and Webster ( 46) observed that Vi antigen prepared 

from E. coli was a better immunizing agent in both rabbits and mice than 

that £romP. ballerup or s .• typhosa, strain Ty2• Baker and Whiteside 

(72) obtained similar results in mice except that they found P. ballerup 

and S. typhosa, strain Ty2 preparations to be equally potent in mice. 

Laney and Webster (46) found that P. ballerup Vi was 9 times as potent 

as S. typhosa Ty2 Vi in Iliice. When another strain of mice was tested 

using the preparation of Baker, et al (72) all Vi preparations seemed 
< 

equally potent in inducing the formation of protective antibodies. The 

results of rabbit immunizations undertaken for this investigation seem to 

indicate that P. ballerup Vi is the most potent, E. coli Vi next and 
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g. typhosa, strain Ty2 Vi least potent. When Smith (6J) immunized rabbits 
. . . 

vl'ith water extracts, she also observed no antibody production 1:dth s. typhosa 

strain Tyz. It must be remembered, how·ever, that the reaction in rabbits 

is variable and especially since a poor antigen 1vas used, no conclusions 

can be drawn as to the relative potency of the various preparations unless 

more rabbits are immunized. The failure of s. tyghosa, strain Ty2 water 

extract (6J) or purified Vi antigen to induce antibody formation could 

indicate a difference among the Vi antigens. Antisera, how·ever, agglutinated 
. 

erythrocytes sensitized 'tilth heterologous Vi antigen to the same degree as 

they agglutinated erythrocytes sensitized 'l'l'i th homol~gous Vi antigen. Also, 
> 

sera absorbed with heterologous Vi containing organisms showed no reaction 

with erythrocytes sensitized -vl'ith homologous Vi antigen. Baker and White­

side (74), hovrever, have reported possible serologic·~ differences in Vi 

antigen after deacetylation. 

Vi antibody produced in rabbits against purified preparations was 

demonstrable only b)' the hemagglutination technique. Thfus observation 

agrees with those of Spaun (64), and of tan/.]' and LalTlb (48) concerning the 

sensitivity of the hemagglutination technique. In their early experiments, 

Felix and Pitt (24) found that sera from immunized rabbits protected mice 

against challenge although no antibodies could be demonstrated by bacterial 

agglutination. It can be questioned whether or not these sera lllight have 
. 

been positive qy the hemagglutination technique. This technique has been 

shown by Spaun (64) and by Landy and Lamb (48) to be far more sensitive and 
. 

reproducible than the bacterial agglutination tests used by Fel~ and Pitt. 

It may be possible that Vi antibody levels too low to be detected by sero­

logical means offer good protection against Vi containing typhoid organisms 



at least in mice. Interest:ingly, Felix and Pitt used mainly the typhoid 

strains Ty2 and Watson shown by Spaun. (65) to have the lowest Vi antigen 

content by quantitative measurements. Spaun used the agglutinin binding 

technique for his quantitative determinations. Since the results of this 
~ 

method are variable, Spaun1s results may be subject to some error. However, 
. 

s. typhos~ Ty2 was the strain reported above to be least immunogenic in the 

rabbits immunized for this and other investigations (63,46). 

The success of Chu and Hoyt (14) in immuniz:ing rabbit~ with Vi-coated 
v 

erythrocytes was probably because of the use of a Vi preparation partially . ~, 

contaminated v..'d.th other cellular antigens. They used an extract from 

boiled organisms treated with HCl which may not have destroyed other cell­

ular antigens and may have degraded some lhf the Vi antigen. It has been 

sho~ that partially purified Vi antigen induces Vi antimoqy response in 

rabbits (72). The response to erythrocytes coated with purified Vi antigen 
. 

was insignificant when compared to immunization vd th purified Vi antigen 

alone. 

The use of adjuvant to enhance antiboey production failed. This may 

have been because of the technique of administration, or as a result of too 

small a dose of Vi antigen, or because adjuvant isn't effective with poly-
. 

saccharide haptens. Leskowitz (50) was successful -vrl.th comparable amoDnts 

of bovine serum albumin in adjuvant but proteins are generally better imm~­

izing agents than po~:rsaccharides. 

Because Vi in whole organisms and :in crude extracts was antigenic for 

rabbits it was thought that Vi might exist in the natural state complexed 

with 0 antigen. The specific precipitate ~eriments were performed with 

I I • d thtS:..&'l.n nn.n • If a complex did exist then a specific precipitate from 
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the water extract and 0-901 antiserum or water extract and P. ballerup 

antiserum should contain both Vi and 0 antigens. The results of the 

experiments reported her~ suggest that a complex may exist. The specific 

precipitate of S. t;vphosa, strain Ty2 water extract and P. ballerup anti­

serum contained 0 antigen which induced good 0 antibody production in 

rabbits immU11ized with this specific precipitate. The spcific precipi­

tate 9f S. · tyohQ..2.a, strain T"tJ2 water extract and S. typhosa, strain 0-901 

antiserum did not show any Vi antigen in the agar gel precipitin test but 

sera from rabbits immunized with this specific precipitate showed the pres­

ence of Vi antibody by hemagglutination. It must be remembered, however, 

that Vi antibody in sera of rabbits immunized with purified Vi antigen was 

not demontrated by agar gell diffusion either. The rabbits immunized 1iith 

the water extract-ballerup specific precipitate didn 1t produce as much anti-

body ~a·the rabbits immunized vr.ith 0-90&antiserum-water extract specific 

precipitate. The whole problem may be one of relative concentration of the 

2 antigens and also of the variability of the response of rabbits. The 

second series of immunizations may demonstra~e this si~ce this time the 

rabbit given more tqater extract-0901 antiserum didn 1t produce Vi antibodies 

although those receiving a smaller amount did. The rabbit given the other 

preparation produced no higher titer of Vi antibody than those given puri-

fied Vi antigen alone. 

Vi antigen appeax:s to be imm~ogenically similar to the capsular 

polysaccharides of Diplococcus pneumoniae. The acetyl polysaccharide 

isolated from type I pneumococcus viaS also a hapten in rabbits and con­

tained uronic acid (6). At»ery and Goebel (5,34) were able to make 

pneumococcal.polysaccharide antigenic by forming a specific precipitate 
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but they chemically altered the antigen first. This was not attempted 

Q with Vi antigen since the natural state was being ma.intpned as nearly as 

possible. A specific precipitate of Vi and P. ballerup antibody administered 

0 

in adjuvant was unsuccessful in immunizing rabbits. Leskowitz v.ras success-
~ 

ful in immunizing rabbits with specific precipitates in adjuvant but he 

was using a protein.: antigen which is a ;:ery good antigen W'.ae:q compared vti. th 

polysaccharides. 

Because of the failure to prod~ce Vi antisera in rabbits, it appears 

that the only practical and the easiest way to obtain antisera for sero-

logic studies is to immunize Human beings.. Purified Vi antigen has been 

observed to be an excellent antigen in man as well as in the mouse. The 

significance of this is not known. It has been shov.m that the antibody 

formed in mice is protective against Vi-containing typhoid strains but 

earlier experiments showed that Vi antiboey was not as effective passively 

in mice against organisms lacking Vi antigen (24,40). A very important 

£act to be remembered when making any comparison is that typhoid £ever is 

exclusively ·a natural disease of man. Experimental animals do not react in 

the same way to laboratory infection as man does to the natural infectionit 

The role of Vi antigen in hrunan typhoid disease can only be settled by 

experiments on human volunteers t.fuo are willing to be challenged after 

immunization with Vi preparations. Wide spread field trials would not be 

effective since increased hygiene and sanitation makes typhoid epidemics · 

highly unlikely under normal conditions. 



SUMMARY 

l. Mice responded to intraabdominal injections of l to 6 pg of purified 

Vi antigen with increasing antiboqy formation as the dosage increased. 

No detectable antibody was produced in mice immunized with 0.6 .mg of Vi 

antigen. The Vi antibody titers of mouse sera were higher in albumin than 

in saline sho-vJing the possibility of incomplete antibody formation. 

2. Rabbits were immunized with the following preparations: 
l) Vi sensitized rabbit erythrocytes 
2) Vi antigen in adjuvant 
J) The specific precipitate of Vi antigen and P. ballerup 

. antiserum in adjuvant . 
4) The specific precipitate of S. typhosa, strain Ty2 

.water extra~t and s. typhosa, strain 0-901 antiserum 
or of S. tyehosa, strain Ty2 -vmter extract and~· 
ballerup antiserum. 

5) Purified Vi antigen 
. 

The purified preparation alone was the only successful immunizing agent. 

J. The Vi antibody in sera from rabbits innnuhized with purified Vi antigen 

could be detected only by hemagglutination, demonstrating that this test 

is more sensitive than other conventional tests. 
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Since the discovery of Vi antigen by Felix and Pitt in 1934 (The 

Lancet, ~:186, 1934), investigators have attempted to isolate, purif.y and 

characterize this antigen. Antisera against purified Vi antigens wo¥Id 

prove a valuable tool for studying the effects of purification on the 

antigenic molecule. Purified Vi antigen, however, has proven to be a 

hapten in rabbits vr.ith one exception. Lanqy and Webster 1s Vi preparation 
. -

was immunogenic for rabbits as well as for mice (J. Immunol., §.2:143, 1952) 

but the preparations of Ashida (Japan. J. Exper. Med., g&:181, 1949), ~d 

of Baker, et al (J. Immunol.,fll:687, 19S9) t-rere non-imm~ogenic although 
. ~ 

Baker1 s preparation immunized mice and man. Landy and Webster, however, 

observed that more o£ their preparation than of t.vhole organisms was 

necessary to immunize rabbits to an equal degree. 

In this investigation, attempts were made to obtain Vi antisera for 

1.· 

serologic studies by immunizing rabbits ~Iith Vi antigen using methods 

employed vr.lth haptens. Vi antigens prepared from Paracolobactrum ballerup, 

strain 481, Escherichia coli, strain 136, and Salmonella t;vphosa, strain Tyz 

were used for this investigation. The method used for testing sera was 

a modification of the hemagglutination technique used by Landy· and Lamb 

(Proc. Soc. Exp. Biol. Med., .a2:593, 1953) • 
. 

Rabbits were immunized with Vi coated rabbit erythrocytes in 5 and 

10 per cent saline suspensions. Very low antibody titers (1:8, 1:16, 
. 

and 1:4) were obtained in rabbits immunized tilth the 5 per cent suspension 
~ 

and none in rabbits immunized with 10 per cent suspension • 

Three rabbits were given toe pad injections of Vi antigen emulsified 

in Freund's complete adjuvant. One rabbit produced Vi an~ibody in low 

' titer (1:64); the other two produced no antibody. 



• 

;·, > Another group of rabbits was given the specific precipitate of Vi 

antigen and P. ballerup antiserum emulsified in adjuvant. Boosters of 

the specific precipitate were given intravenously one month later. No 

antibodies were produced by any of the rabbits injected. 

Because it had been observed that whole organisms or crude Vi extracts 

still containing 0 antigen induced Vi antiboqy production in rabbits 

(J. Immunol., §2:687, 1959), it was thought that Vi antigen might exist 

complexed with 0 antigen in the natural state. In order~to test the 

hypothesis that this·complex might be the immunogenic factor, rabbits ~rere 

immunized with the specific precipitate of s. typhosa, strain Ty water 
. 2 

extract and S. typhosa, strain 0-901 antiserum or vdth the specific pre-

cipitate of the 'tOJ-ater extract and P. ballerup antiserUm. If a complex 

did exist, then the specific precipitates should contain both Vi and 0 

antigens. Agjr gel precipitin tests were set up for the specific precip­

itates after ~rypsinization (to remove antiboqy) in order to determine 

which anti~ens were present in the complex. The s. typhosa, strain Ty2 

water extract-F. ballerup antiserum specific precipitate contained both Vi 

and 0 antigens. In contrast, only 0 antigen was detected in the S. typhosa, 

2'. 

strain Ty2 .water extract-S. typhosa, strain 0-901 antiserum specific 

precipitate. However, rabbits immunized with both specific :precipitates 

produced Vi antibodies as vTell as 0 antibodies showing that a complex might 

exist. The response to Vi antigen was pooiJ so 2 more rabbits were immunized 

with larger amotmts of the specific precipitates; one with each specific 

precipitate. The results were similar except that the rabbit immunized with 

the water extract-0-901 antiserum specific precipitate did not produce Vi 

antibodies to a significant degree, the hemagglutination titer being 1:4. 
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The problem may be one of relative concentration of the two antigens in 

the specific precipitates and also of the variability of.the response of 

rabbits. 

Rabbits were immunized with purified P. b~erup Vi. antigen to serve 

as a control for the immunization described above. A series og six 1 mg 

injections were administered. Five days later the rabbits were bled for 

lo·ml and another series of six injections given. The six injection sera 

showed titers of 1:256, 1:32 and 0 respectively. ~ significant rise in titer 
.. 

-vras observed after twelve injections; 1:1024, 1:512 and 1:64 respectively. 

Because the best results 'tvere obtained with ;purified P.. ballerup Vi anti-

gen alone, rabbits were also immunized with E. coli and S. typhosa, strain 

Ty2 Vi antigens. One rabbit produced antibodies again~t E. coli Vi (titer 

1:512). Rabbits injected with S. t:yphosa, strain Ty2 Vi antigen could not 
. . 

be induced to produce antibodies by injections of up to and including 20 mg 

of Vi antigen. These results may indicate that P. ballerup Vi antigen is 

most potent in inducing antibody response .in rabbits, E. coli Vi antigen 

next, and s. typhosa, strain Ty2 Vi antigen least potent. W'.aen ?mith 

(J. Infect. Dis., .22,:21, 1938) immunized rabbits with water ex:bracts, she . 
. 

also observed no antibody production with S. typhosa, strain Ty2 water 

extract. It must be remembered, however, that the reaction in rabbits is 

variable and especially since a poor antigen was used, no conclusions can 

be draiin as to the relative potency of the various preparations unless 

more rabbits are immunized • 

Although the results of rabbit immunizations indicate that there 

might be an immunogenic difference among Vi antigens, these antisera 

agglutinated erythrocytes sensitized with heterologous Vi antigen to th~ 
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same degree as they agglutinated erythrocytes sensitized with homologous 

Vi antigen. Also, sera absorbed with heterologous Vi-containing organisms 

did not agglutinate erythrocytes sensitized with homologous Vi antigen, 

showing that all the Vi antibody had been removed. 

Besides hemagglutination, other methods were used for testing the anti­

sera; bacterial agglutination, tube precipitin, and agar gel precipitin tests 

were performed. The Vi antibody produced by immunization with purified 

antigen was demonstrable only by the hemagglutination technique. This 

supported the observations of Spaun (Acta path. microb. scand., ~:416, 19 .51) 

and of Landy and Lamb (Proc. Soc. Exp. Biol. l-'Ied., 82:.593, 19.53) 1vho 

found that the hemagglutination technique was far more sensitive and 

reproducible than the bacterial agglutination tests used by other workers. 

Because of the failure to produce Vi antisera in rabbits, it appears 

that the only practical and the easiest way to obtain antisera for sero­

logic studies is to immunize human beings. Vi antigen is an excellent 

antigen in man. The significance of this is not known, nor is the role of 

Vi antigen in human infection understood. Comparisons betl~en laboratory 

animals and man cannot be made since typhoid fever is a natural disease only 

of man. The role of Vi antigen can be understood only after experiments 

on human volunteers. 


