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I NTRODUCTION 

The term Vibriosis , in i t s widest sense , is applied to an 

infectious bacterial disease which affec t s cattle a nd sheep . 

The etiologic organism is Vibrio fetus . I n cattle the symp-

toms are enzootic sterility and sporadic abort ions , in sheep 

the symptoms are enzootic abortions . 

Although infections with other species of the genus 

Vibrio occur both in cattle , in other animal species and in 

human beings these infections are not included in t he t erm 

Vibriosis . 

Moreover , i n a more narrow and common sense , t he t erm 

Vibriosis is limited t o t he venereal V. fetus infection i n 

cattle which is predominantly characterized by a markedly re -

duced concept ion rat e but also by abortions at the late r 

stages of pregnancy . To t hese manifes tations of vibriosis the 

t erm Bovine Genital Vibriosis has been applied and it is this 

disease that has been and still is the subject of the great es t 

in t erest and most extensive investigations in all civilized 

parts of t he world . The reasons for this are t he gr eat eco-

nomic losses in reduced r'ecrui t ing l ivestock, reduced milk 

production , prolonged intervals between successive parturi-

t ions and all expenses due t o consultation of veterinarians 

and treat ment . In Denmark the l osses caused by the disease 

were estimat ed to be 30 million Danish kroner ( ~43 ~ , 000) in 

1951 (64 ) . In Germany Mitscherlich and Forschner in 1956 (33) 
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estimated t he average expenses per animal in i nfec ted herds 

t o be 330 DM ( $82 . 50) . According to a F. A. O. re port of ·1954 

( 67) 40% of all steril i t y among cattle in the U. S . A. was 

attributed t o Vibriosis and the economic l osses were es t imated 

t o $138 million . Although venereal vibriosis has bee n com-

batted i n many countries t he disease still r epre sents a great 

problem where na tural breeding is extensivel y used . The re -

fore , it is of paramount importance t o develop and es tablish 

reliable diagnostic methods ; not only me thods t o detect vibrio 

organisms bu t also me t hods for differen tiation be t ween the 

true pathogen Vibrio fetus and nonpathogenic vibrios . 

The purposes of t his inves tigation were as foll ows : 

1 . To s t udy and compare the biochemical and s erological prop-

erties of s trains of vibrios of bovine and ovine orig in 

which had been isolated in t his country . The biochemical 

t est s applied were the conventional ones which will be 

described later in detai l . The serological tes t was the 

complement fixation test ( later referred t o as the CFT ) 

which in Europe has been found t o be the most r e l iable 

method for differentia t ion be tween vibrio strains of var-

ious origin . The intent ion was t o see whe t her sera pre -

pared a gains t the six types of vibrio es t ablished by the 

CFT in Eur ope could be used t o t es t field strains of 

vibrio isolat ed i n t he United S t a t es . Moreover , the au-

t hor wanted t o see which of t he methods , t he biochemical 
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or the serolo;ical , might serve as the most reliable 

means of di~ferentiation . 

2 . The second purpose was to label the six type specific 

sera with fluorescein isothiocyanate (later referred to 

as FITC) , exanine stained smears of the f ield strains 

under the f luorescence microscope , and correlate the re -

sults with t hose obtained by means of the CFT and the bio-

chemical tests . As far as vibriosis is concerned the 

f l uorescent antibody technique (later referred t o as the 

FAT) has only been used to detect V. fetus in the semen 

and preputial washinss of bulls . By introducing the 

me t hod as a means of differentiation the author thereby 

wanted t o see whether it could be a ppl ied as an easy and 

rapid diasnostic tool . 



4 

REVI EW OF LITERATURE 

The his t ory of vibriosis ma y naturally be divided into 

three periods : 

lo 1909- 1949 , a period during which V. fetus was on l y 

associated with abort ions i n cattle and sheep . 

2 . 1949- 1956, a peri od during which V. fetus , in addi-

t ion t o abort ions , became associat e d wi t h e nzootic 

sterili t y i n cattle . 

3 . 1956 and onwards , a period during which mos t a t ten-

tion has been focused on t he possible pathogenic 

role played by various s t rains of vibrio isolated 

f rom cattle and sheep . All the i n t ensive efforts 

which have been ma de in t hi s area have aimed a t es -

tablishing cheap bu t reliabl e laborat ory t es ts for 

differentiation and t hereby avoid e xpensive and time -

consuming pathogenicity t ests . 

Although t he problems of differentiat ing be t wee n vari ous 

strains of vibrio arose long before 1956 this review will be 

primarily concerned wi t h the last period menti oned . 

V. fetus was first isola t ed fr om abort ed ovine fetuses 

by McFadyean and St ockman i n Eng land in 1909 (29 ) . In 1911 

the same workers isolated the organism from aborted bovine 

fe t uses in Ire l a nd and in Wales. 

During t he period 1917- 23 , Smith (56 , 57, 58, 59) and 

Smi t h , e t al ., (60 , 62) in t he United Stat es isol ated a 
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spirillurn- lilce organism from 40 cases of bovine abortions 

altogether in which infection wit~ Brucella abortus was pre -

cluded . Smith reproduced t he disease by intravenous and sub-

cutaneous inoculations of pure cultures of the organism and 

it was r eisolated eit her from aborted fetuses or from diseased 

placentas . 

Smith and Taylor in 1919 (62) gave a detailed and elabo-

rate description of t he cellular and the g rowth character -

istics of the vibrios they had isolated and established t he 

name Vibrio fetus . 

Smith describes as early as in 1918 , in his first publi-

cation concerning the new abortifacient age nt (59) , prelim-
I 

inary serological inves t i gations . The agglut i nation test 

showed the fetal vibrio s t rains t o be closel y related . 

Then Smith and Taylor in 1919 (62 ) t ested 22 fetal 

strai ns and 2 cal f strains . One of the calf strains was is o-

lated from the spleen and one from the l iver . Sera were pre -

pared against 3 of the fetal strains and one of the calf 

s t rains and a nt igens were prepa red from whole cells of 24 

strains . All of the feta l strains and one of the calf strains 

proved t o be l ong to t he same serological gr oup but one calf 

strain diffe red s lightly from the fetal strains . The second 

cal f s train was completely unrelated to the other s trains . 

Smi t h and Orcutt in 1927 (61) applied the agglutination 

t est to 5 bovine fe tal strains and t o 2 s trains isolated from 
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the spleen of calves suffering from diarrhea . They found 

t hat at least 4 t ypes of antigenic factors existed and t hat 

a ny one strain could possess 3 of these factors . 

The factors were as fol l ows : 

1 . A common vibrio fac t or . 

2 . Individual strain factors . 

3 . A cal f group fac t or . 

4 . A fe t a l gr oup factor . 

Fac t ors 1 a nd 2 were heat l abile whi l e facto r s 3 and 4 

were heat s t able . The authors concluded that there was close 

relat ionship, but not identit y , between t he calf strains and 

t he fe t a l s t rains . Moreover , t hey emphasized that vibri os are 

of complex ant igenic struct ure . 

Blakemore and Gledhill in 1946 (6) s t udied 4 ovine 

strains from different outbrea ks of abortion . They performed 

OH- and 0- aggl utinat ion and found t hat t here was a certain 

relat ionship be t ween t he H- antigens . In contrast , al l the 0-

a ntigens wer~ he t erologous a lthough there was a slight re l a -

t ionship between 2 of them . The conclusion was that routine 

diagnostic t es t s carried out against a singl e l abora t ory 

s t rain were of l i tt le val ue . 

Plastridge , et al . in 1947 (41) were t he first ones to 

s uggest tha t V. fetus infection might interfere with concep-

t ion and/or cause an early embryonic death . This sugges t ion 

was l a t er support ed by t he observations by Pl astridge , et al . 
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in 1951 (39 ) , that there was a s t ron6 corre l ation between a 

low conception rate and presence of V. fetus antibodies in the 

serum . Moreover, in t he publ ication of 1947 ( 41 ) , Plastridge , 

e t a l ., on t he basis of the serum aggl utinat ion tes t , tenta-

t i ve l y concluded that "bulls mus t be regarded as susceptible 

to V. fetus infec t ion" . 

However , stronger evidence for V. fetus t o cause en-

zootic s t erility i n cat tle was submitted by t he Dutch workers 

Sjollema, e t al o ( 55) a t t he 14th I nternat ional Ve t erinary 

Congress in London in 1949 0 Their conclusions were based on 

t he following observations : 

1 . Cows bred naturally or art ificially by cert ain bulls 

showed a very l ow conception rate ( 6 . 7 ) while cows 

bred with heal thy bulls showed a normal c oncept ion 

rate ( 1 . 8 ) . 

2 . Vibrios were isolated f r om t he semen f r om 2 bul ls 

causing enzootic sterility and from t he vaginal 

mucus from cows affected with a low c oncept ion rate . 

3 . Sevent y per cent of the cows with a low conception 

rate were positive to the vaginal mucus agglutinat i on 

t es t t o V. f etus while cm:s with nor mal conception 

rate were negat i ve to t his test . 

Levi in 1950 (27 ) worked wi t h 5 strains isolated fro~ 

ovine f e tuses and found that aggl utinin t i ters i n sheep se ra 

varied wit h the ant igen used . Experimental ly produced rabbit 
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sera gave higher titers against homologous than against 

heterologous strains and the author therefore recommended 

that more than one antigen should be used in serodiagnostic 

tests . 

Gallut in 1952 (17) studied 4 V. fe t us strains of human 

origin and 6 strains of animal origin . At first he applied 

the agglutination test and discovered considerable divergence 

among the strains . Each of the 10 antisera agglutinated at 

least 2 other strains in addition to the homologous one . 

Then Gallut (18 ) proceeded to the precipitation t est , pre -

paring antigen fract ions by extracting cells with a 95% phenol 

solution . He obtained one phenol soluble and one phenol in-

soluble fraction . On the basis of qualitative biochemical 

tests it was concluded that the first fraction was of protein 

nature and the second fraction of carbohydrate nature . In the 

precipitation test t he phenol soluble fraction reacted wi th 9 

of the 10 sera prepared against the fractions but not with 

sera prepared agains t whole cells . The phenol insoluble 

fraction gave high titers with homologous strains but incon-

stant titers with heterologous strains . Gallut concluded that 

t he phenol extractable fraction was the antigenic component 

specific for the species V. fetus . However , Biberstein ( 4 ) 

maintains that Gallut ' s phenol extractable fraction "rather 

points t o its being an extraction artifact" . 

Marsh and Fireharnmer in 1953 (28 ) t ested 23 ovine and 
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3 bovine strains by means of the agglutination t es t and they 

could distinguish between 5 serological types . The ovine 

strains were of 4 t ypes and the bovine strains of a fifth 

typeo The majority of ovine strains belonged t o one type 

which was sharply differentiated from the ot her 4 types . The 

bovine strains showed relationship to 2 of the less common 

ovine types , t ypes 2 and 5 . Although t he bovine strains con-

stituted one group their cross- agglutination titers we re not 

uniform. 

I n their genera l study of vibriosis in 1953 , Plastridge , 

et al . (40) experienced on the basis of agglutination titra-

tions that bovine strains be l onged to one antigenic type while 

ovine strains belonged t o several different types . They em-

phasized t hat strains used for antigen preparation should be 

selected careful ly with regard to specificity, sensitivit y 

and stability . 

Price , et al . in 1953 (42 ) studied 34 vibrio strains fr om 

t he following sources : 

Group I: 20 s trains from bovine fetuses . 

Group II : 2 strains from ovine fetuses . 

Group III : 5 strains from bovine vaginal r.iucus . 

Group IV: 3 strains from bull semen . 

Group V: 1 strain from bovine uterus . 

Group VI : 1 strain from a pig with dysentery . 

Group VII : 2 bovine strains of unknown origin . (The 
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l ocation of the s t rai ns in the t wo animals was not 

known . ) 

Twent y- five antisera were prepared . 

Results : 

Group I : Mos t of t he 20 bovine fe t a l s trains were c l ose-

l y relat ed . However , variations in ti t ers occurred 

a nd some fai l ed t o aggl utinat e as many as six of the 

antiser a of t his group . 

Group II : The 2 ovine s t rains were c l ose l y related to 

t he bovine fetal strains . 

Group III : 4 of t he bovine vagi nal mucus s t rains were 

c l ose l y re l ated t o group I but one (homologous ti t er 

1 : 9600 ) did not reac t wi t h any other sera . 

Group V: The single strain from a bovine u t erus was not 

agg l u t inated by any s era . 

Group VI : The pig strain reacted only with i t s homolo-

gous serum . 

Group VII : The bovine strains of unknown origin were re -

lated t o group I . 

The aut hors concluded t hat strains used for antigen pro-

duc t ion shoul d be t es t ed agains t a great number of sera in 

order t o se l ect t hose wi t h t he broadest serolog ical spectrum 

wi t hin t heir own group . In t he material of the authors , only 

10 of t he 20 bovine fe t al strains sat isfied t his requirement , 

i . e ., t hey r eac t ed with a l l the 20 antisera . 
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Juhler in 1955 (23) studied 21 V. fetus isolated from 

bulls used for artificial insemination in Denmark . OH-

agglutinat ion revealed that 18 of t he strains belonged to one 

group while 3 other strains belonged to one group each . He 

t hen performed pure 0- agglutination by means of 3 antigens 

of the main group and antigens of the 3 different strains . 

His conclusion was t hat the 0- antigen is group specific . 

The serolog ical investigat ions done so far had shown that 

V. fetus apparently is a heterogenous organism as far as anti -

genic structure is concerned. However, whether all these 

studies were done on the true V. fetus or also on other 

vibrios will always remain an open question . Simple , practi-

cal and reliable me thods for distinguishing between various 

types of vibrios were still missing . An important step to-

wards the solution of this problem was made in 1955 when 

Bryner and Frank (9) reported on the present well - known bio-

chemical tests for differentiation between pathogenic and non-

pathogenic vibrios . These workers examined 164 strai ns ·iso-

lated from aborted bovine fetuses , vag inal mucus , semen and 

preputial samples , and t he reproductive tract of slaughtered 

cattle . On the basis of' source , pathogenicity, g rowth char-

acteristics and biochemical properties the s t rains were 

divided into two gr oups : 

Group I consisted of strains isolated either from aborted 

fetuses or from the reproductive trac t of animals which had 
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shown a definite history of infertility . These strains p r o-

duced catalase , did not produce H2S and did not grow in deep 

stab culture . Group II consisted of strains which were only 

isolated from the reproductive trac t of animals which showed 

no hist ory of infertility . These strains were catalase-

negative , H2S- posit ive and grew well in deep stab culture . 

No cross - agglutination occurred between strains of t he 

two groups . 

In 1956 t he findings of Bryner and Frank were confirmed 

by Hubrig and Wohanka ( 21) who worked with a material of 107 

strains . 

Frank, et a l . ( 16 ) ext ended the studies on the t wo groups 

of vibrios t o pathog enici t y tests . They found that catalase-

positive vibrios were not isolated from virg in heifers or 

from bulls which had never bred . Moreover, t h is type of 

vibrio was transmitted from infected bull s t o heifers and 

cows , in the g enitalia of which it pers i sted for a long per-

iod of t ime and· caused a low conception rate . 

On the o t her hand catalase - negative vibrio s were fre -

quently isol ate d fr om bulls which had never bred o This vibrio 

type a l so remained onl y for a short period of time in t he 

genitalia when it was t ransmitted to heifers . The conception 

rate s of infected f e males were normal. 

In 1955, Wiidik and Hlidar (68 ) describe d for the fi rst 

time a capsular or K- antige n of V. fetus . They performed 
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extensive agglutination tests on 5 strains and the presence of 

a K- antigen was indicated by t he following observations: 

1 . The inagglutinability of livi ng or formalinized cul-

tures by homologous 0- serum and their agglutinability 

in OKH- serum, prepared by the use of living or for -

malinized cultures . 

2 . A positive Neufeld 1s quellung reaction. 

3 . A positive capsular staining reaction after the 

me thod of Hiss and Olt . 

In most cases the K-antige n was destroyed by heating the 

cultures t o 100 C for 2 hours but in a few cases it was not 

destroyed unless the cultures were autoc laved at 120 C for 2 

hours . The authors concluded that the K- ant igen was l ocated 

on the cell surface and that it varied in quant ity from one 

strain t o another . Quali t atively it appeared to be identical 

in all strains . 

The third period in the history of vibriosis started in 

1956 wi t h the discovery of a new type of vibrio which would 

cause much concern during the years t o come . Before pro-

ceeding to review t he publicat ions concerning t his particular 

era it , seems natural to present the necessary comnents on the 

investigations hitherto done to characterize vari ous vibrios . 

Biberstein in 1956 (5), working with 5 V. fetus strains 

studied the relationship between oacterial morphology and 

antigenic sensi t ivi ty . As the incubation time of the 
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cultures used for antigen production was increased the or-

ganisms underwent a change from the spirillar to the cocccid 

form . No distinct correlation was found between morphologi -

cal changes and changes in sensitivity of the antigens . Nor 

did t he sensitivity decrease markedly by a g ing of the cul -

t ures but the prezone phenomena became more pronounced . 

Kuzdas and Morse in 1 956 ( 25 ) performed extensive bio-

chemical studies on 66 vibrio strains of t he most diverse 

orig in . In addition to confirming the results previously ob-

tained by other workers with the catalase- and the H2S- test 

they introduced a new useful test . While catalase - positive 

vibrios did not grow, catalase- negative vibrios did grow in 

the presence of 3 . 5% sodium chloride . 

Bond in 1957 (7) studied the colonial , biochemical and 

serological characteristics of 6 bovine , 2 ovine and 2 human 

strains o Nine of them were catalase- positive and H S -ne~a-2 0 

tive; one ( from bull semen) was catala s e - ne gative and H2S-

positive . Three colonial forms , one smooth (S) , one rough 

(R) , and one mucoid ( M) occurred on solid medium. While the 

S- and the M- form remained in a stable suspension in saline , 

the R- form precipi t ated eas i ly . The S- and the R- form were 

cat alase - positive and H2S- ncgati ve but t h e M- f or m was catalase-

negati ve and H2S - pos i tive . Agglutination- absor p t i on tests 

revealed t hat the S- antigens were more s pecif i c than the R-

antig ens . Conclus ive l y , the author e mphasized t h e i mportance 
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of a careful examination of vibrio colonies , since a cata-

lase - negative and H2S- posi t1ve vibrio may be due to its 

occurrence in the M- form . 

Lecce in 1958 (26) , working with a material of 18 bo-

vine , 6 ovine and 3 porcine strains studied the oxidative 

capacity of these strains on 30 different substrates . All 

the strains were found to possess the same qualitative oxi -

dative capacity, utilizing onl y formate , pyruvate , ketoglu-

tarate and succinate as electron donors . Lecce also found 

that the growth of 11 out of 12 catalase - positive bovine 

strains were inhibited by 0 . 8% glycine while 5 out of 6 ovine 

strains were not inhibi ted . He t hereby introduced the gly-

cine test ; a test which l ater would be used t o differentiate 

between vibrios of bovine and ovine origin . 

Ristic , et al . in 1956 (49) studied the colonial and 

antigenic variations of 5 bovine fetal , 3 ovine f etal and 2 

human strains . The cultures could be divided into one smooth 

and 4 nonsmooth colonies with correlated cell morphology . The 

nonsmooth colonies had a mucoid (M) , cut g lass (CG) , rough (R) 

or very rough (VR ) character . The nonsmooth forms were 

easi l y autoagGlutinable and they were also agglutinated non-

specifically by normal bovine serum . Cross - agglutination 

t es ts showed that the S- forms were specific while cross - reac -

tions occurred among rough variants of homologous and heter-

ologous strains. 
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Ristic , et al . in 1957 (53) studied the effect of heat 

on the agglutinability of 5 catalase - positive strains and one 

catalase - negative strain . Serological heterogeneity and in-

a gglutinabili t y were demonstrated between s mooth and rough 

variants wi t hin t he parent culture and a mong t he variants of 

the five str ains . 

This heterogeneity was mini~ized when heat - treated anti -

gen ( boiling for 2 hours) was used . The greatest number of 

cross - reactions occurred when rough heated antigens were ag-

glutinated by sera a gainst rough heated ce l ls . On the basis 

of these result s the authors recommended the additional use 

of heated antigen in serodiagnostic tests for vibriosis . 

Ristic , e t al . in 1958 (52 ) divided 19 strains of bovine 

and ovine origin into 6 groups on the basis of cellular and 

colonial characteristics and dissociation pattern in succes -

sive generations . Two different colonial f orms of V. fetus 

were observed , one smooth a nd one cut - g lass form . These 

were acco~panied by cellula r and anti~enic cha racteristics . 

Catalase - negative bovine vibrios could be distinsuished from 

V. fetus on t he basis of their colony characteris tics . 

In a series of publications during t he period 1959-61 

Ristic and different co- workers (47 , 48 , 50, 51) made exten -

sive basic studies on the antiGenic structure of V. fetus . 

At first , Ristic and Brandly ( 47) isolated from a V. 

fetus strain and defined chemically a heat - stable and 
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wat er- s oluble fraction which was designated t he HS - frac t ion . 

It produced a gglutinating antibodies in rabbits and was ac-

t ive in the gel precipitation t es t . Moreover , it was capable 

of inhibiting specific agglutination of whole cells by their 

homolog ous antibodies . 

In a subsequent paper Ristic and Brandl y (48 ) reported 

on t he deve l opment of an indirect haemagglutination test by 

sensitizing sheep erythrocyt e s with t he HS - frac t ion . Sensi-

tized cells were agglutinated by s pecific sera produced in 

rabbits and by sera of naturally infected bulls . The speci-

ficity of t he haemagglutinat ion reaction was shown by its 

inhibi tion by the fre e HS - fracti on of polysaccharide nat ure . 

This frac tion a ppeared to represent a type - specific 0- antigen 

shared by a n~~ber of individual s t rains of bovine and ovine 

but not of human origin . 

In a t hird paper Ris t ic and Walker (51) described a 

haemolytic test for t he detec t ion of V. fetus antibodies . 

Using compl e ment and sheep erythrocytes sensitized with t he 

HS - fraction the cells were l ysed by 21 s e ra prepared aga i nst 

whole cells of vibrio strains of bovine , ovine and human 

origin . Wi th regard t o sensitivi t y the hemolytic t es t proved 

t o be s uperior to the tube agglutination t est . 

In t he fourth and the last publication Ristic and Murty 

( 50 ) described the de ve l opment of a rapi d slide gel diffusion 

test for the de t ection of V. f e t us antibodies . Precipitat ion 
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reactions of 4 HS - antigens and 19 s pecific rabbit sera pre -

pared a gainst whole cells were studied . By mixing the HS -

antigens of 2 bovine fetal strains, reactions were obtained 

with sera agains t all the bovine fetal strains , two ovine 

fetal strains and t wo human strains but with none of the bo-

vine and ovine nonfetal strains . Thus , it appeared to be 

possible to dis tinguish between pathogenic and nonpathogenic 

vibrios by means of the gel precipitation test . 

DiLiello , e t al . in 1959 (13) performed comprehensive ---
biochemical and serological studies on 68 vibrio strains of 

bovine , ovine , human , porcine and avian origin . 

V. fetus strains of bovine , ovine and human origin ap-

peared to be (with one exception) the same organism serologi -

cally, with minor biochemi cal diffe rences . These organisms 

were catalase - positive , H2S- negative and salt sensitive . 

Vibrios from nonfetal sources we re serologically unre -

lated to V. fetus and were catalase - negative , H2S- positive a nd 

salt tolerant . 

The swine vibrios were biochemi cally and serologically 

heterogenous and the authors the re fore indicated the possibil -

ity of t his animal species being carriers for V. fetus i nf e c -

t i on in cattle , sheep , goats , and , possibly, in man . 

Morgan in 1959 (35) performed extensive a ggl utination 

and a gglutination- absorption tests on a great number of bovine 

and ovine f e tal vibrio strains . He distinguished be tween 2 



19 

0- groups and found both bovine and ovine strains in each 

group . H- sera were prepared by adsorbing 0- antigens with OH-

sera . Pure H- agglutination revealed that nearly a ll strains 

contained a common H- component . Neither the 0- sera , nor the 

H-sera agglutinated nonpathogenic catalase - negative vibrios . 

Bryans and Smith in 1960 (8) studied 55 strains isolated 

from cattle , sheep and chickens . The last ones were isolated 

from the liver or bile of chickens suffering from hepatitis . 

By and large only two biochemical reactions proved to be of 

value as a basis f or differen t iat ing between pathogenic and 

nonpathogenic vibrios. Pathogenic strains were cata lase -

positive and salt-sensitive while nonpathogenic strains were 

catalase - negative and salt - tolerant . No consistency existed 

between pathogenicity and the ability t o produce H2s . More -

over , the ability t o g row in the presence of 1% bile proved 

t o be a useful test for differentiating between bovine 

strains . Only catalase - posi t ive bovine strains tolerated 1% 

bile . This t es t did not give any consistent results with 

ovine and avian s trains . 

Roberstad and Morrison in 1961 (54) prepared saline (S) 

and phenol (P) extracts from 16 fetal strains of bovine , ovine 

and hlli~an strains . The extrac t s were tested against whole 

cell antisera in t he Oakley- Fulthorpe precipitat ion t es t and 

in the Ouchterlony agar diffusion t es t . The 16 strains were 

divided into 3 groups . No significant differences were 
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observed between the phenol and saline extracts used as anti -

gens and no antigenic pattern was found associated with the 

source of isolat ion . 

Reich, e t al . in 1961 (44 ) studied 5 bovine fetal strains 

by means of reciprocal adsorption and cross - agglutination 

tests . Eleven antigens and five haptens were discovered . 

\tinter and Dunne in 1962 (70) made an antigenic analysis 

of 26 catalase- positive strains and 7 catalase - negative 

strains . Fractions were prepared by phenol extraction and by 

sonification . The phenol fraction proved to be a toxic sub-

stance which was able to kill mice . The ultrasonic extracts 

contained both heat labile flagellar and heat stable somatic 

agglutinogens and several precipitinogens . Using the ultra-

sonic extracts in agar precipitation and indirect hemagglu-

tination tests antigenic relationship was found between all 

the V. fetus strains and between V. fetus and some of the 

catalase - negative , saprophytic strains . 

Winter (69 ) continued these studies and he also prepared 

extracts by means of trichloracetic acid . All t hese extracts 

contained one heat stable fraction , probably the polysaccha-

ride moie t y of an endotoxin . The heat labile fraction was 

separated into subfractions by means of ion exchanse chroma -

tography and t ested in t he indirect hemasglutination test and 

the gel precipi tat ion test . The subfractions were also 

treated by various enzymes followed by precipitat ion reactions . 
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It was concluded that the subfractions , apart from one flagel -

lar component , were of protein nature . 

Ogg in 1962 (38 ) studied the coccoid form of 4 ovine fe -

tal strains. Two of t he strains were both catalase - and H2s-
positive while the 2 other strains were catalase - positive but 

H2S - negat ive . The t wo groups were serological l y unrelated but 

cross - agglutination occurred bet ween t he primary spiral and 

t he secondary coccoid form within each group . The coccoid 

form showed l ower antigenicity than the spir al form and Ogg 

hypothesized t hat it might represent the carrier state in the 

host or ganism . 

Nagaswararao and Blobel in 1963 (36 ) prepared by means 

of acid precipi tati on antigenic substances from cell - free 

filtrates of 22 V. fetus strains . This acid precipitable 

material (APM) was compared wi t h lysed cell extracts with re -

gard to chemical composition and antigenic pr operties . Pre -

cipitation reactions in t he double - diffusion t echnique of 

Ouchterlony and irrununeleGtrophoresis revealed that t here was a 

difference both in antigenic and chemical composition between 

APM and the homologous l ysed cel l ext ract . The conc l usion was 

tha t the major part of APM did not constitute the cellular 

components freed by l ysis of vibrio cells . 

As to phage typing of V. fetus and related vibrios there 

is at present time only one report . Fletcher and Hess in 1964 

(14) tested t he filtrates of bovine , porcine , avian and human 
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feces for antivibrio phages . The t est strains were 20 micro-

aerophilic vibrios which according to the aut hors were dis -

tributed as follows : 
~ 

0 s t rains of v. fetus , type I 

4 strains of v. fetus , type I I 

2 strains of v. fetus , type III 

2 strains of v. bubulus 

3 strains of V. coli 

3 strains isolated from cases of avian hepatitis 

Phages of human feces had low l ytic activi t y on V. fetus , 

types I and II . Phages of avian and porcine feces lysed V. 

fetus , type I and V . coli . No lysis was observed with strains 

of V. bubulus . Thus it seemed to be possible to distinguish 

by means of phage typing between V. fetus on t he one hand and 

V. bubulus on the other hand , using any of the phages . More -

over, it seemed to be possible t o distinguish between V. fetus , 

type I and type II , using phages of porcine or avian orig in . 

The problem of distinguishing between pathoGenic and non-

pathogenic vibrios seemed to be definitely solved when Bryner 

and Frank introduced the catalase - and the H2S- t es t in 1955 . 
Bulls and cows infected with catalase- positive vibrios were 

considered t o be infected with t he true Vo fetus causing en -

zootic sterility . Such animals were e ither submitted t o var-

ious k inds of more or less expensive treat ment or s l aughtered . 

Howeve r, one should soon discover a new type of vibrio which 
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in some respec ts was related to and in other respects was not 

related to the true V. fetus . Akkermans , et al . in 195.5 (1) 
distinguished between 2 groups of pathogenic vibrios . Strains 

of group I were isolated from the semen and prepuce of bulls 

and from the genital tract of cows in outbreaks of infer-

tility . These strains were catalase- positive and H2S- negative . 

Strains of group II were isolated only from aborted fetuses 

and were not found in cases of sterility, nor in bul l s . These 

strains were both catalase- positive and H2S- positive . Out of 

20 strains isolated from aborted fetuses , 5 belonged to group 

I and 15 to group II . 

Mit scherlich and Forschner , 1955 (33) , isolated 2 cata-

lase - a nd H2S- positive strains from bovine fetuses , 2 from the 

genital tract of cows and 12 from semen or preputium of bulls . 

None of these strains were associated with infert ility and 

the workers emphasized the i mportance of distinguishing be -

tween t he t yo types of catalase - positive vibrios . The pro-

hibition of using bulls infected with the new vibrio type for 

natural or artificial breeding would cause serious economic 

l osses and much trouble both to farmers and the A. I . centers . 

In 1959 Hubrig and i·:ohanl<:a (22) reported 2 more ioola-

ti ons fr om bulls of the new vibrio type which they desisnated 

"Art III" in addition to the true V. fetus and the catalasc -

ne~ative, non~atho;en~c V. bubulus~ a t erm which had now co~e 

into general use . 
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F l orent in 1959 (15) studied more thoroughly the rela-

tionship between the orig inal V. fetus and t he new aborti -

facient a gent . He made the following statemen ts : 

1 . Biochemically the new type , in contrast to V. fetus , 

produced H2S in an appropriate· medium (containing 

0 . 02% cysteine) under precise conditions (incubation 

for 5 days) . Moreover, it g rew in the presence of 1% 

g l ycine , while V. fetus did not . 

2 . Although antigenically related to V. fetus the new 

type possessed specific enough components in order t o 

be dis t ing uished from V. fetus by means of the a gglu-

tination test . 

3 . The predilection si t e of V. fetus was the c e rvix and 

vag ina of the nonpregnant cow and the f e t a l membranes 

of the pregnant cow . The predilection site of the 

n ew t ype was the intestine of cattle , sheep and 

swine . 

4. The original V. fetus caused enzootic s t erility and 

sporadic abortions in cattle . The new t ype caused 

sporadic abortions in cattle and enzootic abort ions 

in sheep . 

In conc l usi on, F l orent dis t inguished be t ween t wo types of 

pa thogenic , fet a l vibrios : 

1 . Vibrio f e t us vene r ialiG 

2 . V. fetus int estinal is ( Art III , Hubrig and Wohanka ) . 
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Having reviewed t o s ome extent t he unsuccessful attempts 

to classify different t ypes of vibrio by means of the agglu-

tinat ion t es t, Mitscherlich and Liess i n 1958 (34) resorted 

to the complement fixat i on t est (CFT) as a possibl e means of 

differentiation . 

So far , only a few reports had been published concern-

ing the application of the CFT to vibriosis . Ame ll and 

Stockton in 1956 (2) used t he test to detect antibodies in 

vaccinat ed cattle and found that it by and large gave results 

consistent with the serum agglutination test . Trilenko (65) 

developed in 1956 a slow CFT for detection of antibodies in 

infec t ed catt l e o The slow CFT , which consisted in incubating 

t he specific sys t em overnight at 4 C, was superior to t he 

ordinary CFT with regard t o sensit ivit y . Trilenko, et al . 

(66 ) and Zyabkin and Ruchii (71) further increased the 

sensitivity of t he test by using concentrated antigen . 

Bibers t ein in 1956 (4) attempted by means of the CFT t o dis -

tinguish be t ween 56 strains of bovlne and ovine origin , using 

as antigens whole cells and ext rac ts prepared by various 

physica l and chemical t reat me nts . Generally , t he ant i gens 

were t oo weak or too unspecific t o warrant a bas i s for 

differentiat ion . 

Mit scherl i ch and Liess used as antigen an extract pre-

pared by boiling whol e cel l s in phenol~~ l iquidum fo llowed 

by dialysis t o remove t he phenol . Thirt een 
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catalase - positive and negative strains of bovine and ovine 

origin were tested and divided into three groups on t he basis 

of t he CFT : 

Group I . Vibrios of t his g r oup were ca tal ase - posi t ive 

and H2S- negative and were designat ed V. fetus , t ype ~ · 

Group II . Vibrios of this group were a lso catalase -

posi t ive and H2S- negative and were designat ed V. 

fe t us , t ype 2 . 

Group III . Vibrios of t his group were catalase - negative 

and H2S- positive and were considered to be the corr~on 

V. bubulus . 

The results ob t ained by means of t he CFT were then com-

pared with those obtained by means of the agglutination test . 

The last t es t proved t o be satisfactory as far as the dis -

t inction between catalase - positive and catalase - negative 

vibrios was concerned . But only the CFT could be used to 

dist inguish be t ween the two groups of catalase- positive 

vibrios . 

Kamel in 1960 (24) continued the previous work and 

s t udied the cultural and serologica l properties of 160 

s t rains , 155 of bovine origin and 4 of ovine ori£1n and one of 

porcine origin . By means of the CFT these strains were di -

vided into 7 groups on the basis of t he anti6en factors 1 , 2 , 

3, 4, 5, o , and 7 . Based on their source of isolation these 

7 types were given the names as foll ows : 



Vibrio fetus , type 1 

Vibrio fetus , type 2 

Vibrio fetus , type 7 
Vibrio bubulus , type 3 

Vibrio bubulus , type 4 
Vibrio bubulus , t ype 5 
Vibrio suis , type 6 

27 

Some strains of types 1 , 2 and 7 were isolated from aborted 

fetuses and were the r efore considered to be pathogenic . 

Types 3, 4 and 5 were not isolated from aborted fetuses 

and were t herefore considered to be nonpathogenic . 

No conclusions were drawn with regard to t he pathogen-

icity of the single strain of type 6 . 

This author found the CFT to form a mor e reliable basis 

for differentiation than t ests based on cultural and biochemi-

cal characteristics . Of the 67 strains which according to the 

CFT proved to be V. fetus, t ype 1, 5 strains or 7. 5% were 

catalase - negative . 

S8derlind, in 1961 (63 ) cont inued the work initiated by 

Mitscherlich, Liess and Kamel . He t ested , by means of the 

a gglutinati on t est , 51 bovine and ovine s trains which by t he 

CFT had been identified as follows : 

V. fetus , type 1 : 20 strains 

v. fetus , type 2 : 27 stra ins 

V. fe t us , t ype 7: 4 strains 
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The following results were obtained : 

1 . Of the 20 strains , previously shown by the CFT t o be 

V. fetus , type 1 , 5 strains showed in the agglut ina-

tion t est identical titers with serum against V. 

fetus, type 1 and V. fetus , t ype 2 . 

2 . Of the 27 strains previously shown by the CFT to be 

V. fetus , type 2 , 12 strains showed identical t iters 

with serum against Vo fetus , t ype 1 and V. fet us , 

t ype 2 . 

3 . The 4 strains previously shown by the CFT to be v. 
fetus, t ype 7, did not react significantly with any 

of their homologous or heterologous sera in the 

aggl utinat ion t est . 

Thus t he CFT proved to be a more re l iable and specific 

test t han the agglutination t est in differentiati ng between 

vibrios pathogenic for cattle and sheep . Moreover, one of the 

pathogenic t ypes, V. fetus, type 7 could only be identified by 

means of the CFT . 

In a report at the 4th International Congr ess on Animal 

Reproduction he ld in The Hague in 1961 (32 ) , Mi ts cherlich pre -

sented the results of biochemical and serological investiga-

tions of an accumulated 1na t e r i al of 204 s trains of ovine and 

bovi ne origin . The common biochemical t ests , production of 

catalase and H2s and growth in the pr esence of 3. 5% sodium 

chloride , proved to be useful to the extent of dis t inguishing 
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between the pathogenic types , V. fe tus , types 1 , 2 and 7 on 

t he one hand, and the nonpathogenic t ypes , V. bubulus, types 

3, 4 and 5, on the other hand . Furt her differentiation had t o 

be done by means of serological t ests and comprehensive ti-

t rat i ons had shown that the CFT was superior to t he agglutina-

t ion test in this regard . 

In t his report i t was also concluded that V. fetus , type 

1 was identical with Florent ' s V. fetus venerialis and that 

V. fe tus, t ype 2 was ident ical with Florent ' s V. fetus 

i ntestinalis . 

In connec tion wi t h t he investigat ions reported above , a 

publication by Melrose , et al . in 1962 (31) is of int eres t . 

These workers infec t ed he i fers successfully with strains which 

according t o t he biochemical tests were V. fetus int estinal is , 
~~- -~~~~~~ 

and the organisms remained in vagina for more than 12 months . 

The conc lusion was t herefore that this t ype of vibrio may also 

cause enzootic sterility in cattle . Later Mitscherlich1 

t ested some of these s t rains by means of the CFT . He found 

that the s t rains in ques t were V. fetus , t ype 1 or venereal 

vibrio , thus indica t ing a stronger correlation between patho-

genicity and t he CFT than between pathogenicity and the bio-

chemical tests. 

1E . Mitsche rlich , TierHrztliches Institute der Universi -
tHt uett ingen, aett i ngen , Ge r many . Different iation of str a i ns 
of vibri o . Private c orrununi cati on . April 1st, 1964 . 
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In line wi th the investigations in Europe just described 

there are t wo recent reports from the United States . Bryner, 

et al . in 1962 (10 ) studied t he cellular and colonial charac -

t eristics and t he biochemical properties of 87 strains iso-

l a t ed from bovine fetuses and from bovine genit al tracts . 

The fol l owing scheme was est abl ished : 

Vibrio fetus 
Type 1 Subtype 1 Type 2 

Catalase 

H2S a fter 24 hours 

H2S after 5 days 

Salt tolerance (3 . 5%) 

Blle tolerance (2%) 

Glycine tolerance (1%) 

+ 

+ 

+ + 

-H+ -H+ 

+ + 

+ 

Vibrio 
bubulus 

++++ 

++++ 

+ 

+ 

The biochemical activity of the colonial variants did not dif -

fer from their smooth parent cultures . 

Ringen and Frank in 1963 (46) modified the com~only used 

biochemical test media for differcntiatio~ between vener eal , 

intestinal and saprophytic vibrios , as they found these media, 

when used in t heir conventional form, gave t oo much overlap -

ping . One t enth of one per cent FeS04 ·7 H20 was added to the 

media and the results obtalned were as follows : 
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V. fetus var . intestinalis 
(31 ovine s trains, 1 bovine 
s t rain) 

V. fetus var . venerialis 
( 6 bovine strains) 

V. bubulus 
( 6 various sources) 

H2S-
production 

+ 

Growth in 
1% glycine 

+ 

+ 

As t o fluorescent antibody s t udies on V. fetus and re-

lated vibrios only 2 reports are available when this thes is 

is being written . A third report commented on in this re -

view has not been published. 

In order t o detect V. fetus infection in bulls Herschler 

in 1962 (20 ) labeled the globulin fraction of 4 V. fe t us anti -

sera with fluorescein isocyanate . Semen and preputial secre -

tions from artificially and naturally infected bulls were 

stained with the conjugates and V. fetus was successfully de -

t ec t ed . Heifers were inseminated wi th semen and preputial 

secre t ions fr om bulls . V. fetus was isol ated in pure culture 

from heifers mat ed by bulls which were found positive to the 

fluorescence ant ibody t est . 

Mellick, e t a~ in 1964 (30) also r eported on successful 

att empts t o diagnose V. fe t us infection in bulls by means of 

t he FAT . 

O' Berry in 1964 (37) compared three methods in the 

preparation of V. fetus f luores cent ant i body conjugates . 
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Lapine and bovine hyperimmune sera were fractionat ed with 

a . ammoniwn sulfate , 

b . ethanol , and 

c. ethodin . 

The various frac t ions were label ed with f l uorescein isothio-

cyanate (FITC) and smears and suspensions of V. fetus ce l ls 

were stained wit h t he different conjugates . Fractionation 

with ammonium sulfate proved to be superior to e t hodin and 

ethanol fracti onation. 
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EXPERIMENTAL INVESTIGATIONS 

Material 

Type strains 

Vibrio type strains which had been identified by means of 

the compl ement fixation t est were received from Dr . K. DrMger 

at Behringwerke Aktiengesellschaft , 355 Marburg/Lahn, West -

Germany . 

These strains were as follows: 

V. fetus, type 1 : Strain no . 177 

V. fetus, type 2 : Strain no. 9 

V. fetus, type 7: Strain no . 72 

V. bubulus , type 3 : Strain no . 193 

V. bubulus, type 4 : St rain no . 42 

V. bubul us, type 5: Strain no . 45 

Source 

Bovine fetus 

Bovine vagina 

Bovine fetus 

Bovine prepuce 

Bovine vagina 

Bovine vagina 

The strains were received in a lyophilized state and were 

resuspended in one ml . of thioglycollate medium (Difco). 1 

Five tenths ml . was then transferred to each of two 15xl50 

mm . screw-cap tubes containing 5 ml . thioglycollate medium. 

The cultures were incubated aerobically at 37 C for 4-5 days 

before they were subcultured . 

Field strains 

The field strains were , with one exception ( strain no . 

1Difco Laboratories, Detroit , Michigan . 
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7212) , received from Dr . A. H. Frank at The National Animal 

Disease Laboratories , Ames , Iowa. Strain no . 7212 was re -

ceived from Dr. J. E. Lovell at the Veterinary Medical Re -

search Ins titute, Ames, Iowa . 

These strains were as follows: 

Strain no. 

436 
852 

5 
8 

250 
482 
671 
728 
758 
676 
739 
818 
643 

7212 
831 
105 
652 
653 
657 
658 
664 
665 
836 
871 
872 

Source 

Bovine fetus 
Bovine fetus 
Bovine vagina 
Bovine vagina 
Bovine vagina 
Bovine vagina 
Bovine vagina 
Bovine vagina 
Bovine vagina 
Bovine semen 
Bovine semen 
Bovine semen 
Bovine prepuce 
Bovine prepuce 
Bovine bile 
Ovine fetus 
Ovine fetus 
Ovine fetus 
Ovine fetus 
Ovine fetus 
Ovine fetus 
Ovine fetus 
Ovine bile 
Ovine feces 
Ovine feces 

Apart from strain no . 7212 which had been kept in cul -

ture since its isolation in June, 1962 , these strains had 

been stored in deep frozen state in thioglycollate medium . 

After thawing at room t emperature they were subcultured on 

blood agar and on thioglycollatc medium . The bl ood agar 

plates were incubated at 37 C for 4-6 days in an at~osphere 

containing 5% oxygen, 10% carbon dioxide and 85% nitrogen . 
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If growth did not appear directly on thioglycollate medium it 

usually appeared on the pl ates and col onies could be trans -

ferred t o thioglyc ollate medium on which t he author received 

the strains . 

Both the type strains and the field strains were subcul-

t ur ed every third week on t hiol medium (Difeo ) and on thio-

glycollate medium. During the first four days after subcul -

turing t hey were incubated at 37 c. Late r they were stored 

at r oom temperature . 

Me thods 

Biochemical tests 

These tes ts were performed as described by Bryner and 

Frank in 1955 (9 ) and by Bryner , et al . in 1962 (10). 

The catalase test was performed after macroscopically 

distinct growth had been obtained on thiol medium after 3 

days incubation . The cultures were checked for purity and 

motility . During t he peri od of time the experiment was 

underway some of the t ype strains , V. fetus , t ype 7 and V. 

bubulus , t ypes 3 and 4, which had been l yophilized, grew well 

and type 3 even abundantly but they never became motileo 

The medium used for the H2S-tes t had the foll owing 

composition: 

Beef ext rac t (Difeo) 

Bacto- peptone (Difeo ) 

Sodium chl oride 

5 grams 

10 grams 

5 grams 
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L- cysteine hydrochl oride1 

Bacto- agar (Difeo) 

Distilled water 

pH was adjusted to 7 . 2 . 

0 . 275 grams 

1 gram 

1000 ml . 

A 5x80 mm . sterile strip of lead acetate paper was in-

serted into each inoculated tube and into one uninoculated 

control tube . 

For the salt t olerance t est thiol medium was used with 

the addition of 3 . 5% sodium chloride. 

For the glycine and the bile tolerance t ests thiogly -

collate medium was used with the addition of 1% glycine2 and 

2% oxgall (Difeo) respectively . 

About 5 ml . of the tes t media were inoculated with 0 . 5 

ml . of vibrio cultures which had been grown for 4 days on 

t hiogl ycol late medium . Purity and motility was checked prior 

to inoculation . In order to perform these tests under maxi -

mally standardized conditions 15xl50 mm . test t ubes with metal 

caps were used . All tubes except those used for the H2S- test 

were incubated aerobically at 37 C for 5 days . The tubes 

used for the H2S- test were incubated at 37 C for 5 days in the 

same atmosphere as that one previously described for the blood 

agar plates . 

Upon reading of the results a positive H2S- reaction was 

1Nutritional Biochemicals Corporation, Cleve land, Ohio . 
2Arthur H. Thomas, Co ., Philadelphia , Pennsylvania . 
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interpreted as a distinct blackening of the lead acetate 

paper . With regard to the tolerance tests the appearance of 

the characteristic sub- surface layer of vibrio growth was con-

sidered a positive result . Uninoculated control tubes were 

used for comparison and in cases where more diffuse growth 

occurred microscopical examinations were performed . In order 

to avoid false negative results comparison was made with inoc-

ul ated t ubes which did not contain the inhibitory substanceso 

The complement fixation test 

Preparation of antigens The medium used for antigen 

production was thiol agar prepared by adding 2% Ba.etc- agar to 

thiol broth (Difeo) . As the type strains grew better on thio-

glycollate medium these strains were seeded on thiog l ycollate 

agar . Fifteen Roux flasks were seeded, each with about 5 ml . 

of a 4 day old vibrio culture on thiol medium (thiog lycollate 

medium was used for the type strains) . The flasks were incu-

bated at 37 C in the same atmosphere as that one used for the 

blood agar plates and the H2S-test (5% oxygen, 10% carbon di -

oxide and 85% nitrogen) . The incubator used for this purpose 

was an old autoclave which was equipped with a heating ele -

me nt, a fan and a thermostat . This incubator had a ca paci t y 

of 30 Roux flasks . After 2 days incubation at 37 C the flasks 

were taken out and the surface of the agar flooded wit h the 

inoculum . Then the flasks were incubated for another 2 days . 

For harvesting about 50 ml . 0 . 5% phenolized saline and glass 
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beads were added to each flask . The growth was washed off by 

gentle shaking and the contents poured separately into 50 ml . 

t ubes . Purity of growth was checked by examining Gram-

stained smears from each t ube . The bacterial suspension was 

then filtered through 4 layers of cheese cloth and centri -

fuged at 1500 r . p . m. for 10 minut es in order to remove ex-

t raneous material . The supernatant was centrifuged at 3000 

r . p . m. for 30 minutes and the sedimented cells were washed 

twice in phenol saline at the same speed and for t he same 

period of time . Finally, the sediment was trans ferred to 10 

ml . graduat ed centrifuge tubes which were centrifuged at 2000 

r . p . m. for two hours . 

The extraction of the antigen fraction t o be used in the 

compl ement fixation t es t was done as described by Mitscherlich 

and Liess (34) . To one ml . of packed cells was added 10 ml . 

phenolum liquidurn . This was prepared by melting 90 grams of 

crystalline phenolurn and the me lted substance was added to 10 

ml . distilled water . The cells resuspended in phenol were 

then placed in a gently boiling water bath and stirred con-

tinuously until the solut ion became clear . After coolin~ , the 

pH was adjusted t o 7 . 2 by means of a 10% sodium hydroxide 

solution . In order to remove the phenol the extract was 

transferred t o dialysing collodion1 bags . These were fitted 

1I•1embr anfil t ert:;esellschaft , Sartori uswerke Aktien;esell -
schaft , G8ttin3en , Wes t - Germany . Distributed in t he U. S . A. by 
Carl Schleicher & Schuell , Co . , Keene , New Hampshi r e . 
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to the opening of inverted ordinary test t ubes . By means of 

cloth pegs the tubes were kept suspended in a rack and t he 

collodion bags immersed in continuously f l owing tap water . 

After dialysing for 24 hours 3 ml . sterile sal ine was added 

to each bag and the dialysis continued for another 24 hours . 

Traces of phenol in the remaining contents of the bags were 

detected by means of Millon ' s reagent (3) . This was prepared 

by l etting 1 part (weight) of mercury react with 2 parts 

(weight) of concentrated nitrous acid and t hen addi ng 2 volumes 

of distilled water . A 1 : 10,000 sol ution of phenol wa s prepared 

and Millon ' s reagent was added dropwise under boiling of t he 

solution . A deep red color indicated a positive reaction . 

Millon ' s reagent t ogether with distilled water did not produce 

any red color . In order to economize with the limited amounts 

of the extracted antigens 0 . 5 ml . extract of each antigen was 

mixed with 4. 5 ml . distilled water and Mi llon ' s r eagent was 

added . If any red color occurred the dialysis was continued 

until no phenol was left . When the dialysis was finished mer-

t hiolate was added at a concentration of 1 : 10, 000 . One drop 

of a 1% neutral red solution1 was added as an indicator and 

neutralization was performed by means of a 0 . 1% hydrochloric 

acid or a 0 . 1% sodium hydroxide sol ution . A neutral reaction 

was indicat ed by a slightly pink color . Finally the extracts 

were centrifuged at 2000 r . p . m. for 15 minutes in order to 

l Hartman- Leddon Co . , Philadelphia , Pennsylvania . 
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remove coarse particl es . They were the n ready for titration 

in the complement fixation t es t . 

Preparation of hyperimmune sera Ant igens used for 

t he production of type s pecific hyperimmune sera were seeded 

and harvested in t he manner just described . The only dif fe r-

ence was that s t erile saline was used for wa shing the cells . 

After the f i nal washing t he packed cel l s wer e resuspended in 

0 . 3% formalinized saline and stored as a concentrated s t ock 

suspension . Sterility tests were performed by inoculating 

t ryptose phosphate broth (Difeo) and thiogl ycol late medium 

wi th one drop of the suspens i on . The tubes were incubated 

a erobically at 37 C for one week . A suspens i on correspondi ng 

t o the density of tube no . 5 (1, 500 million ce lls per ml . ) o~ 

McFarland ' s nephalometer was used for i rn.'Tiunizat ion . Rabbits 

were i noculated intravenously o times a t 3 or 4 day intervals 

and the doses were 0 . 5; 1.0; 1 . 5 ; 2 . 0 ; 2 . 0 and 2 . 0 ml . One 

week after the last in oculation 40 ml . blood was col l ected 

from each rabbit by cardiac puncture . The serwn was separated 

by centrifugat ion and immediately f r ozen at - 20 c. Two 

rabbits , one i nocul a t ed wi t h V. fetus , t ype 1 and one with V. 

fe t us , t ype 7 , died after the first bleeding. After a restin~ 

period of one week the four remainir.~ rabbi t s received a 

seven t h inoculation of 2 ml . foll owed by a second bl eed i r.6 or.e 

week l ater . 

Ori; inally 12 rabbi ts were ac~uired for the experi:r:ent . 

The intention was to prepare antisera specific for the anti~e~ 
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extract of each of the vibrio type strains and for this pur-

pose preliminary immunization was made with V. fetus , type 1 

and V. bubulus, types 3 and 4. Two rabbits were used for type 

1 and type 3 and one rabbit for type 4. As preliminary tit ra-

t ions of these antisera after 3 weeks immunization gave rather 

l ow titers (maximum 1: 80 ) in the compl ement fixation test , one 

proceeded to whole cell immunization . Prior t o this , unsuc -

cessful attempt s had been made to increase the serum titers by 

using antigen extracts mixed with Freund 1 s adjuvant (Difeo). 

As sterility t ests showed that one of the whole cell suspen-

sions was cont aminated , the rabbit used for i mmunization with 

t his s train was, of course, exc l uded from the experiment . The 

6 remaining rabbits were therefor e used for whole cell immuni -

zation with one rabbit for each t ype strain . 

Elaboration and performance of t he complement fixation 

t es t As the system applied by Mitscherlich and Liess ( 34 ) 

was to some extent modified , the system used in t his investi -

gati on had t o be e laborated and established independently of 

t heir system. Lyophilized complement and g l ycerinated hemol y-

sin were used and both were acquired commercially from the 

Difeo Laboratories . The advantage of using commercially 

available reagents, prepared from one l ot of guinea pig serum 

and one lot of anti-sheep red cell serum respectively, was the 

stability of these reagents . Having once determined the 

titers of the complement and the hemolysin the reagents could 
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be used in the same dilution throughout the whole titra tion 

procedure . 

Instead of saline a modified barbital buffer described 

by Campbell , e t al . (11) was used . This buffer contained 

magnesi~~ and calciwn ions and was us e d for d iluti on of a l l 

reagents . The concentrated stock solution of the buf fer was 

kept sterile at 4 C. Diluted buffer for titration was freshly 

prepared either on the day of t itration or on the day before 

by mixing one part of concentrat ed buffer wi t h four parts of 

distilled water t o which 0 . 04% Bacto- ge latin (Difeo) had been 

added . The gelatin was dissolved in part of t he distilled 

water by g entle heating in a water bath . The s era were inac -

tivate d in a water- bat h at 56 C for 30 minute s . 

Sheep blood was collected in Als e ver ' s solu tion (11 ) at 

a ratio of 1 : 1 . I mmedia t e l y before t i tration 5 ml . of sedi -

mente d sheep erythrocyte s were washed t hree t imes in about 

40 ml . of t he buffer by centrifugatin3 t he mixture at 2000 

r . p . m. for 15 minu tes . A fourth centrifugation at the same 

speed and for the same period of time was done in 10 ml . 

g raduat e d centrifuge t ubes . The supernatant was carefully r e -

mov ed by means of a Pas teur pipe tte and the r equire d volume 

of pa cLced cells was p i pe tted off t o ma ke up a 27~ susp2nsion . 

The hemol y tic system was prepared by mixin3 e qual vol -

umes of d ilu t ed he,nol ysin and the 2% suspension of ~heep 

eryt hrocyt es . In order t o sensi tize the ery t hrocyt es the 
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mixt ure was left in a water- bath at 37 C for 10- 15 minutes . 

Before use all reagents were stored at 4 C and resus -

pended complement was immediately frozen after the required 

amount had been removed for the current titration . All pi -

pettes and tubes used for titrations and dilutions were 

cleaned in chromium- sulphuric acid and rinsed , first in three 

changes of tap wat er and then in three changes of distilled 

water . As to titration of hemolysin and co:nplement and deter-

mination of anticomplemen tary effec t s , see Tables 1, 2 and 3 

respec t ively . 

Determination of antigenic dose In order to determine 

t he optimal antigenic dose of the t ype antigens some prelimi-

nary "block " t itrations were performed in which s everal dilu-

tions of antigen were concurrently titrated against succes -

sive dilutions of serum . These titrations were performed with 

antigens of V. fetus, t ypes 1 and 2 and their homologous sera . 

However , the complement fixing activity did not increase with 

decreasing concentrations of anti~en . For further titrations 

of their homologous sera the type antigens were t herefore used 

in concentrations corresponding t o their anticomplementary 

value . 

The next logical step after the t iters of the type sera 

had been determined was to evaluate the specifici t y of these 

sera by cross-titrations . Prior to these cross - titrations 

t he titers of the type anti~ens were determined . This was 



Table 1 . Titrat ion of hemolysin 

Control of non -
specific lytic 

effec t 
He - Buf -

Comp . mol . fer 

Tube no . 1 2 3 4 5 6 7 8 9 10 11 12 13 

Buffer, 1111 . Oo6 o .6 o. 6 o.6 o . 6 o. 6 o.6 o. 6 o. 6 o. 6 1 . 0 

Hemolysin , a 
ml . 0 . 2 Oo2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 lo O 

Dllut ion of 1 1 1 1 1 1 1 1 1 1 1 
hemolysin moo "2"000 3UOO tmuu 5000 ouoo 70UCT sooo -gmm 10000 moo 
2% Sheep 
H. B. Co, ml. 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 

Cornplement 
( 1 : 20 dil . ) , 
ml . 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 1 . 0 

Mix and incubate in a wat er bath a t 37 c for 30 minutes . 
Interpre tation : The unit of hemolysin is 

plete hemolysis . 
the highes t dilution that give s com-

For fur t her titrations two units of hemolysin were used . 

aThe hernolys in is added separately to t he tubes from the corresponding tubes 
in a previously prepared series of hc111olysin dilutions . 

+:=-
+:=-



Table 2 . Titration of complement 

Cont r . Cont r . 
of of 

hemol . compl. 

Tube no . 1 2 3 4 5 6 7 8 9 10 

Compl ement 
(1 : 20 di l.) , ml . o . 4o 0 . 35 Oo30 0 . 25 0 . 20 0 .15 0 . 10 0 . 05 o . 4o 

Hemol)sin (2 
units , ml . 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 

Buffer , ml . o . 4o o . 45 0 . 50 0 .55 0 . 60 0 . 65 0 . 70 0 . 75 0 . 80 0 . 80 
+:-
\Jl 

2% Sheep 
R. B. C., ml o 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 

Mix and incubate in a water bath at 37 c for 30 minutes . 

I nterpre t ation : The exact uni t of complement is the smalles t amount that gives 
compl e te hemolysis . The full unit is 0 . 05 ml . more than the exact unit . For fur -
t he r titrations the complement was di luted so t hat 0 . 5 ml . contained 2 full units . 



Table 3. Determinat ion of anticompl ementary effec t s of antigens and sera 

Contr . of 
nonspecific 
lytic effect 

Anticomplementary Anticomplementary Ant i -
effect of serw11 effec t of antigen Serum gen 

Tube no . 1 2 3 4 5 6 7 8 9 10 11 12 13 

Serum, 
0 . 15 inl . 1 : 5 1 : 10 1:20 1 : 1+0 1 : 80 ---- ---- ---- ---- ---- 1 : 5 

Antigen, 
Ool5 ml . undi l . 1: 2 1 : 4 1:8 1 : 16 1 : 32 undil . 

Buffer, ml . 0 . 15 0 . 15 0 .15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 85 0 . 85 

Complement, 
(2 full 
units) , ml . 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 .5 0 . 5 

l·lix and incubate at 37 C for 30 minutes . Then add t he hemolytic system: 

2% Sheep 
n.B.C., Jn l . 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 

He,11olysln 
(2 units) , 
li'i l . 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 

Mix and incubate a t 37 C f or 30 minuteso 

I n t erpretations : (a) The anticomplementary value of serum is the lowest dilu-
t ion whlch , in the absence of anti~en , does not interfere wi th the acti vi t y of t he 
compl ement . 

( b ) rrhc anticomplementary value of antlt;en ls t he lowest dilut lon which, in 
t lit: aµ;,;~ncv u1' ::;~ 1· u111 , uv<;!::; nut .u1te1·1·ere vLL th the ae: t i vi ty of t he comvlemen t . 

+=" 
0-\ 
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done because the amount of each antigen was limited. Once 

the titers of t he type sera had been determined, using the 

anticomplementary value of the homologous antigen, the indi-

vidual type sera were cross-titrated , using the lowest possi-

ble dilution of antigen which still gave a strong positive 

reaction with i ts homologous serum . Titrations of serum and 

antigen are shown in Tables 4 and 5 respectively . 

Titration of unknown antigens This ti t ration pro-

cedure was performed in three steps : 

Tube 

Row 

Row 

Row 

1 . At firs t the anticomplementary and nonspecific lytic 

effects , if any , were determined for each antigen . 

(See Table 3) . 
2. The initial dilution of the antigens for further 

no . 

no . 

no . 

no . 

titrations was the anticomplementary value . As each 

antigen had to be t itrated against S type sera plus 

normal serum, a preliminary screen t es ting was per-

formed as follows: 

1 : 

2 : 

3: 

Vibrio r'etus 
fype Type 

1 2 

1 2 

Cone . anti5en of 

Serun1 ( 2 uni t s ) 
Vi brio bubulus 

Type Type Type Type 
7 3 4 5 

Normal 
serum 
(1 : 5) 

3 4 5 6 7 

e . S ., strain x in all tubes . 

Antisen , dil . 1 : 4 , of strain x in all tubes . 

Homol ogous antigen (2 units ) added to hon1olo.:;ous 
serum . 
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Volumes of serum, antisen , complement and hemolytic . 
system were the same as given in Tabl es 3, 4 and 5 . 

3 . I f an ant igen reacted in a concentra t ed condition 

with one or more of the type s era it was titrated at 

a dilution of 1 : 2 agains t t hese sera . If an antigen 

also reac t ed at a dilution of 1 : 4 with one or more 

of the type sera i t was titrated t o the end point 

agains t t hese sera . 

Standards used for reading of titration results These 

were read after t he cells had been allowed t o sediment by 

l eaving the racks overnight in t he refrigerator . In order to 

arrive at an exact, visible interpretation of the results the 

s t andards were set up as indicated in Table 6 . 

The fluorescent antibody t es t 

Fractionation of serum g l obulins and determination of the 

protein content The g l obul in fractions of hyperimmunsera 

and of normal serum were obtained by means of half-saturation 

with ammoniwn sulfate . The met hod used is described in detail 

by Cherry , et al . ( 12 ) . Eight ml . of each of the immunsera 

a nd 10 ml . of n ormal serum were fractiona ted . Af t er the glob-

ulin frac t ions had been prcci;itated for t he third t i me and 

redissolved in distilled water , they were transferred to 0 . 9 

inch wide dialysing t ubes . 1 Dialysis was then performed under 

1Vislcing Company , Division of Union Carbide Corporation , 
6733 ~est 65th Street , Chicago 38, Ill!nois . 



Ta ble 4 . Titration of serum 

Sus pec t ed or known positi ve serum Normal serum 
Contr . Contr . Contr . 

of of of 
a g . serum s erum 

---- ---- -------- -------- - -- ------ -- ----
Tube no . 1 2 3 4 5 6 7 8 9 10 11 12 13 

Buf'fer 0 . 15 0 . 15 0 . 1 5 0 . 15 0 . 1 5 0 .15 0 . 15 0 . 1 5 0 . 15 0 . 15 0 . 15 

Seruma 0 . 15 0 . 15 0 .15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 

Di l. of 
serum 1 : 5 1 : 5 1 : 10 1 :20 1 : 40 1: 80 1 : 16 0 1 : 320 1 : 5 1 : 10 1: 20 1 : 40 

Antigen , 
( 2 units ) 0 . 15 0 . 15 0 . 15 0 .15 0 .15 0 . 1 5 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 

Compl . 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 

Mix and incubate at 37 c for 30 mi nutes . Then add the hemolytic sys t e m: 

2% Sheep 
R. B. C. 0 . 2 0 . 2 0 . 2 0.2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 

Hemol . 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 

Mix and incubate at 37 c for 30 minutes . 

aAfter the serum, diluted 1: 5 , has been added t o tube no . 4 , the contents of 
th is tube are mixed and 0 . 15 ml . is transferred successively with intercurrent 
mixi ng s t o t he fol l owing tubes until tube no . 9 is reached . After the fi nal mix-
i ng , 0 . 15 ml . from tube no . 9 is discarded . The same procedure is a pplied to the 
normal serum . 

Inter,t...retation : The serum titer is the highest dilution of the serum that 
causes compl e te (100%) fixation . This dilution is terme d one unit . 

+:-
\.D 



Table 5. Titrat lon of antigen 

Suspected or known posi t ive serum Normal serum 
Contr . Contr . Cont r . 

of of of 
serum ant igen serum 

TLbe no . 1 2 3 4 5 6 7 8 9 10 11 12 13 

Buffer 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 

Antigena 0 . 15 0 . 15 0 . 15 0 . 15 0 .15 0 . 15 0 . 15 0 . 15 0 .15 0 . 15 0 . 15 
..( 

Dil. of 
1 : 4 1 : 8 antii;en undi l. undil . 1 : 2 1 : 16 1 : 32 1 : 64 undil . 1 : 2 1 : 4 

Serum (2 
unl ts) 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0 . 15 0.15 0 . 15 0 . 15 0 . 15 0 . 15 

Coinpl . 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 
Mix and incubate at 37 C for 30 minutes . Then add the hemolytic system: 

2~ Sheep 
R. B. C. 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 
Hernol . 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 

Hlx and incubate a t 37 c for 30 mi nutes . 

aAfter undi l uted a n t igen has been added t o t ube no . 4, t he cont ent s of t his 
t ube are mixed and 0 . 15 ml . is t ransferred successivel y with int ercurrent mixing s t o 
the f ol l owing t ubes un t i l t ube no . 9 is reached . Af t er t he final mixing 0 . 15 ml . 
from tube no . 9 is discarded . The same procedure i s applied t o t he normal serun1 . 

Int er};;re t a t ion : Ti1e ant .L._,(;!n t .i.. t~.c ..1. l:i tuc .11..1. Q u t:::> t culuti on or t he anti:;en 
t na t c,; au:..:;e s c01nplete ( lOO% ) fixa t ion . Th i.s di l utj on is termed one un1 t . For 
l'ul'tllcl' t l t ru t l01w or se1·u 2 u11l ts were used . 

\Jl 
0 
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Table 6 . Standards for reading of serum titration and 
antigen titration 

For serum titration : 

Tube no . 1 2 3 4 5 
Distilled water , ml . 0 . 65 0.75 0.85 0 .95 1. 05 
Hemolytic system, ml. o.4 0. 3 0.2 0 .1 

Ant i gen , ml . ( The 
same dilution as used 0 . 15 0. 15 0.15 0 . 15 0.15 
in the titration 
proper) 

Corresponding to 
degree of lysis 100% 75% 50% 2576 0% 
Corresponding to de - 0% 25% 50% 75% 100% 
gree of fixation + ++ +++ ++++ 

For antigen titration : 

Tube no . 1 2 3 4 5 
Distilled wat er , ml . 0. 65 0. 75 o.85 0. 95 1. 05 
Hemol yt ic system, ml . o. 4 0 .3 0.2 0. 1 
Serum, ml. (The same 0.15 0.15 0.15 0.15 0. 15 
dilution as used in 
t he t itration proper) 

Corresponding to l OOJb 75% 50% 25~b 0% 
degree of lysis 

Corresponding t o de- 0 01 /0 25% 50% 1sr6 100% 
gree of fixation + ++ +++ ++++ 
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continuous stirring at 4 C for 36 hours against four changes 

of saline . Any trace of ammonium sulfate in the dial ysat e 

was de t ected by mixing equal volumes of the dialysate with 

equal vol umes of a saturated (40%) solution of barium chlor-

ide . 

The protein content of the globul in solutions was deter-

mined by means of the Biuret me thod described by Gornall , et 

al . ( 19). For convenience , commercially available Biure t 
1 Reagent Tablets were used o Different dilutions of sheep 

gamma g l obulin, fraction rr2 were prepared as a standard, the 

Biuret reagent was added and the color intensity was deter-

mi ned spectrophotometrically3 at a wavelength of 540 m,..w- A 

calibrat ion curve was drawn as shown in Figure 1 . Then dif-

ferent dilutions of the immune and the normal gl obulin frac -

tions were prepar ed , biuret reagent was added and the light 

t ransmittance measured . The percentage of l ight transmitted 

by t he different solutions was pl otted on the ordinate of the 

graph and by means of the calibration curve the corresponding 

protein concentrations were found on the abscissa . The 

1Manufactured by Cambridge Chemical Products , Inc . Dis -
tributed by : Scientific Produc ts Division, American Hospital 
Supply Corporation, General Offices : Evanston, Illinois . 

2Pentex, Inc ., Kankakee, Illinois . 

3spectrophotome t er used : Spectronic 20 , Bausch and Lomb , 
Inc . , Rochester , New York . 



Figure 1. Correl a t ion between l i ght t ransmittance ( percent-
age ) and prot ein cont ent (mg . per ml . ) of standard 
dilutions of sheep gamma globulin. 

Light t ransmi ttance 
( percentage ) 

88 
74 
65 
~~ 
40 
29 

Protein cont ent 
(mg o /ml . ) 

0. 5 
1 . 0 
1. 5 
2 . 0 
2 . 5 
3. 0 
4 . 0 
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protein content of the globulin fractions was t hen calculated 

as the average of three measurements of each fraction . Be -

fore conjugation the protein content was adjusted to 1% by 

means of distilled water . 

Conjugation of serum globulins All the serum globu-

lins were conjugated with fluorescein isothiocyanate (FITC). 1 

The method of Riggs , et al . (45) was used . A mixture , con-

taining 10 ml . saline, 3 ml . carbonate-bicarbonate buffer (see 

below) and 2 ml . acetone was cooled in a salt- ice bath . Under 

constant stirring on a magnetic stirrer 10 ml. of the diluted 

globulin fraction of known protein content (1%) was added 

dropwise. Then 1 . 5 ml . acetone containing t he required amount 

of FITC (0. 05 mg . dye per mg . of protein) was added in the 

course of 10 minutes . Stirring was continued overnight at 4 

c . The carbonate-bicarbonate buffer (0 . 5 M) was prepared as 

follows : 

Solution A 

Sodium carbonate (Na2co3) 

Distilled water ad 

Solution B 

Sodium bicarbonate (NaHC03 ) 

Di s tilled water ad 

5 . 3 grams 

100 . 0 ml . 

4 . 2 grams 

100 . 0 ml . 

pH was adjusted to 9 by adding t he required amount of 

solution A to solution B. 

l Mann Research Laboratories , Inc ., New York 6, New York . 



Separation of unconjugated dye This was done by gel 
1 f iltrat ion t hrough Sephadex gel, grade 25 . The gel was 

pr epared by adding 40 grams of Sephadex to a 0 . 02 M phosphate 

buffer of the following composi t ion : 

Sol u t ion A 

1 M Na2HP04 

Sol ut i on B 

1 M. NaH2P04 

Ten ml. of solution A wer e mixed with 10 ml . of sol ut ion 

B and dis t i lled wat er added t o make up a vol ume of 1000 ml. 

The r esulti ng pH was 6. 6. 
The gel was then washed 5 times by vigorous shaking . Be-

t ween t he washings it was l eft i n the refrigerator until it 

had settled . Having sett led after t he final washing most of 

the c l ear supernatant was poured off and t he viscous ge l was 

t ransferred t o a chromotographic column . When i t had settled 

so t hat i t consti t u t ed t wo thirds of the volume of t he col umn, 

it was s l ightly packed by means of positive pressure . A s mall 

piece of filter paper was t hen layered on the surface of the 

gel and when the overlaying buffer had reached the same leve l 

as the fi l ter paper , the conjugate was carefully layered over 

the gel . Prior to this the conjugate had been equilibrated by 

dialysis agains t t he same buffer for 5 hours . The column was 

1Pharmacia, Uppsala , Sweden . 
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then left a t room temperature until the conjugate had reached 

t he bottom. Now t he conjugated globulin molecules wer e col -

lected by means of a slight positive pressure and the uncon-

jugated dye remained in t he column . The conjugates were i m-

mediately frozen at - 20 C in aliquots of 2 ml . 

Staining procedure and tes t ing of conjugates for specifi -

city Vibrios to be t es t ed by the FAT were g rown for 

four days on t hiol a gar t o which 10% defibrinated bl ood and 

brilliant green (Difeo) , 1: 40 , 000 had been added . Plate s pre-

pared in t his manner we re incubated in the same atmosphere as 

the Roux flask s . The growt h was harvested in 0 . 3% formalin -

ized saline and cen t rifuged at 1000 r . p . m. for 10 minutes t o 

r emove extraneous material . Then the cells were washed t hree 

t i mes in saline by centrifuging at 3000 r . p . m. for 15 minutes 

and resuspended to match a s t andard consis ting of 1 . 0 ml . of 

distilled water and 1. 5 ml . of t ube no . 1 of McFarland ' s 

nephalomet er . The resulting density was approximately 180 

mil l ion cells per ml . A l oopful of the s us pens ion was pl aced 

on slides which had first been cleaned in hydrochl oric ac i d 

and then in acetone . After dr ying in the air t he smears were 

fixed by gentle heat . Slides were placed in petri dishes 

equipped with a mois t ened piece of filte r paper and t he s mear 

was covered with one drop of conjugat e . Afte r staining at 

37 C for 30 minut es t he slides were washed for 10 minutes in 

0 . 01 M phosphate buffer with one chan~e of buffer after 5 
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minutes . The buffer had the following composi tion : 

Solution A 

0 . 1 M Na2HP04 
Solut ion B 

0 . 1 M KH2 P04 

The diluted buffer- for use was prepared by mixing 8 5 o7 ml . of 

solution A with 14 . 3 ml . of solution B and addin; water to 

1000 ml . ·The resulting pH was 7 . 4 . After washing the slides 

were mount ed i n phosphate-buffered g lycerol saline (1 part 

g lycerol and 9 parts buffe red saline) and examined . 

Mic roscopy A Leitz Labolux microscope with a dark -

field condenser , type D, 1 . 20 A No . 82 was used . The magn i -

fying power of t he ocular was l OX and that of t he objectives 

l OX, 45X and 54X respec tive ly . The light source was a High 

Pressure Me rcury Vapor Bulb , HBO 200 , and t he filters were a 

"Streuscheibe " f ilter and a UV- Trans . ( 2 mm . UB 1 ) filter . 

Controls In order to determine t hat the f l uorescence 

which was observed was caused by conjugated , specific immun -

g lobulin , t he t wo-step bl ocking t es t was performed wi th each 

of t he type strains and the ir homologous conjugates . At 

first , smears of the six type s t rains were t reat ed individ-

ually f or 30 minut es with homologous unconju~ated antiseru~ . 

Afte r washing in buffer the smear s were stained for another 

30 minut es , waohed and examined . 

The second cont rol concerned the possible nonspecific 
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staining of vibrio organisms by conjugated normal globulins. 

This was controlled by staining smears of type strains with 

conjugated normal gl obul in . 

Final l y the specificity of the conjugates was examined 

by staining s mears of each type strain with the six different 

i rrunune conjugates . 

Staining of field strains Smear s of each field 

strain were stained with the six immune conjugates plus con-

jugated normal globulin . 
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RESULTS 

Biochemical Reac tions 

Type strains 

The biochemical reactions of the German type strains are 

shown in Table 7 . 
I t may be seen from t his table that the reactions of the 

fe tal strains conform t o t he classical scheme which is pre -

sent ed in its mos t compl e t e form by Bryner, e t al . in 1962 

(10) . The fetal strains are a ll s trongly catalase pos i tive , 

they produce no H2S, none of them grow in the presence of 3. 5% 
NaC l and wi t h one exception , V. fetus, type 7, t hey are all 

bile t ol erant . 

I n contrast, t he V. bubulus s t rains s how considerable in-

cons is t ency . For the firs t, V. b.ubulus , t ype 3 is bile 

t olerant , but the most divergent reac tion pattern is shown by 

V. bubul us , type 4 . This type is dis tinctly catalase posi t i ve 

and salt sensitive and the only f eature that distinguishe s 

t his V. bubulus t ype from V. fetus , type 7 is the H2S- reac -

tion j the forme r being posit ive and the latter negative . V. 

bubulus , t ype 5 conforms entirely t o t he classi cal scheme . 

In s pite of some overlapping in t he bioche~ica l tes t s 

it seems t o be possible by means of these tests t o distinguish 

be t ween t he pathogenic V. fet us s t rains on the one hand and 

the nonpathogenic V. bubulus strains on the ot her hand . This 

is also in agreemen t with the observations of ~itscherlich (32) . 



Table 7 . Biochemical reac t ions of t he t ype strains 

Growth Growth Growth 
in t he i n the in the 

pre sence presence presence 
Cat alase Prod . of of of of 

Type of vibrio activity H2S 3 . 5% NaCl 1% glycine 2% ox bile 

v. fetus , type 1 67 mm . + 
v. fetus , t ype 2 97 mm . + + 
v. fetus , type 7 37 mm . + 

0\ 
I-' v. bubulus , type 3 0 mm . + + + + 

v. bubulus , t ype 4 12 mm . + + 
v. bubulus , type 5 0 mm . + + + 
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Fie ld strains 

The biochemical reactions of the American field strains 

a r e shown in Table 8 . 
Table 8 reveals a most divergent biochemical reac t ion 

patte rn of the field strains although t here is a certain de -

gree of consistency with the classical scheme . 

The strains belonging to group I conform completely to 

v. fetus , t ype 1 of Bryner , et al . Likewise , t he s t rai ns of 

group IIa conform to v. fetus, type 2 of the same workers . 

However, it is peculiar tha t t he two ovine fetal strains of 

g roup IIb are cat alase nega t i ve , but in other respects are 

identical wi t h V. fet us , t ype 2 in the classical scheme . 

Group I II is composed of 4 strains of different origin . 

As t o t he identification of t hese s t rains on biochemical ba -

sis , the ques tion ·arises whether they might be a g l ycine 

t olerant V. fetus , type 1 or a H2S- negative V. fetus , type 2 . 

While the 3 strains of group IVa conform to t he typical 

V. bubulus t he sing l e strain of group IVb deviates in one 

essential respect ; it is catalase positive . 

The single strain of group Va conforms t o V. fetus , sub-

type 1 . 

As t o the remaining 5 groups wi t h one strain each t hey 

share features partly with the t wo c l assical V. fetus types 

and partly with v. bubulus . Whether these strains represent 

occasional deviations from the com~on vibrio type s or belon~ 



Table 8 . Biochemical react ions of the f'ie ld strains 

G1·01vth Growth Gr o\'l th 
in the J n the in the 

µrcsence presence presence 
St rain Catalase Prod . of of of of 

Group no . Source activily H2S 3 . 5,,_; NaC l l~S L; lyclne 2i~ ox bile 

I 482 Bovine va:..:;ina 52 10111 . + 
6'(1 Bovine va:;ina 95 ITlJI! . + 
723 Bovine va,_;jna u2 nun . + 

(j\ 

'(58 Bovine va_;;ina Lo 111111 . + v.• 

7212 Bovi ne i,repuce 80 ri1111 . + 
Ila 113u Bovine fetus l Ob l.Uil . + + + 

653 Ovine retus 115 l;\lll . + + + 
658 Ovlne fetus 110 llll:I . + + + 
bo5 Ovine fetus '7'::) 1.un . + + + 

Ilb 052 Ovine fetus 0 1111 11 . + + + 
,j5( Ovine fetus 0 Jlllll. + + + 

III b52 Bovine fetus vU 11.111 . + + 
u7u BovJ nc se1.1e n u9 1:11.1 . + + 
uull Ovlne fetus ,,5 J1l11I . + + 
G30 Ovlne blle tlj Ill.Ill . + + 

I Va 5 Bovine vu;_;lna 0 lllli. , + + + 
e Bovlnc vat.,ina 0 nun . + + + 

C1C BovJnc semen 0 1111!1 . + + + 
I Vb !.l ( l Ovlne feces Uti !.IJll . + + + 
Va 643 DO VJ.Ile 1,r·epuce Tr :ru.1 . + + 
Vb 831 Dovlne l>ile 0 nuu. + + 
VI a 105 Ovlne fetus 112 l1UO . + + 
Vlb Ll72 Ovine !'et us 0 111.n . + + 
VII 250 Bovine vat:; i na 311 llll.i . + 
VIII '(39 Bovine sc.nen 11 ( llllal . 
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to other separate groups is not possible to say at the pres-

ent time. In order to answer this question many more strains 

of various origins need to be tested . 

Serological Reac tions 

The compl ement fixation test 

I nit ial titrations in the CFT gave a hemolysin titer 

of 1 : 4 , 000 in the presence of a 1 : 20 dilution of guinea pig 

serum. As indicated before , 2 units of hemolysin we re used 

for further titrations during the inves tigation . The glycer-

inated Difco- hemolysin was therefore invariably diluted 

1 : 2,000 immediately before each titration . 

The complement t i ter in the presence of 2 units of hemo-

lys in was 0 . 10 ml . of a 1:20 dilution of the guinea pig 

serum . This was the exact unit , and the full unit was 0 . 15 ml . 

As indicat ed before, 2 full units of complemen t in a vol~~e 

of 0 . 5 ml . were used for further titrations . The lyophilized 

Difeo guinea pig serum was therefore diluted 1:33 immediately 

before each titration after resuspending in the prescribed 

amount of Kolmer saline . 

Type strains The titers of the antigens and the anti -

sera of the type strains are shown in Table 9. Neither the 

immune sera nor t he normal rabbit serum were anticomplementary 

or caused any nonspec ific lytic effect at a dilution of 1:5 . 



Table 9 . Complement fixation titers of the t ype strains 

Type of vibrio Titer of serum Tite r of antigen 

v. fe t us , t ype 1 1: 320 1 : 16 

v. fe t us , type 2 1 : 40 1:128 

v. fe t us, t ype 7 1: 20 Undiluted 

v. bubulus, type 3 1:40 Undiluted 

v. bubulus, type 4 1: 80 1: 4 

v. bubulus , t ype 5 1 : 20 Undiluted 

None of the concentrated antigens were nonspecifically 

lytic. Only the antigens of V. fetus , type 1 and V. fetus , 

type 2 showed a slight anticompl ementary effect; V. fetus , 

type 1 at a dilution of 1: 2 and V. fetus , type 2 in undiluted 

condi tion. 

With regard to nonspecific reactions with normal serum it 

was only the antigen of V. fetus, type 2 t hat reacted slightly 

(25% fixation) a t a dilution of 1: 2 with normal serum diluted 

1:10. The slight anticomplementary effect of the antigens of 

v. fetus , t ypes 1 and 2 and the slight nonspecific reaction of 

the antigen of v. fetus , type 2 were easi l y eliminated by 

dilution and caused no probl em under the subsequent cross-

t i tra t ions . 

Neither t he sera nor the antigens gave the titers one 
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had hoped they would give . The possible reasons for thi s 

will be discussed later . The serum titers ranked from 1 : 20 

to 1 : 320 . In t he material of Mitscherlich (32) the serum 

titers vary from 1 : 40 to 1:1280 . In this experiment the high-

est antigen t i ter was 1:128 and 3 of the antigens gave only a 

distinct reac t ion when used in undiluted conditiono I n the 

material of Mi tscherlich the antigen titers vary from 1 : 4 to 

1:128 . 

The resul ts of the cross - titrations of the type sera are 

shown in Table 10 . It may be seen from this table that t he 

type sera are specific although t heir homologous titers are 

rather low . I t is only the serum of V. fetus , t ype 7 that 

shows any noticeable degree of cross- reactivity as it reacts 

distinctly at a dilution of 1:10 with antigen of V. fetus , type 

1 and V. bubulus , t ype 4 o 

Field strains The results of the tirations of antigens 

prepared from t he field strains are presented in Table 11 . 

The two s triking features of Table 11 are the large num-

ber of negative results and the considerable number of weak 

reac t ions with serum of v. fetus , type 7. Otherwise , anti -

complementary effec ts and nonspecific r eactions with normal 

serum are negligible . However , there are a t least 3 strains 

which react significantly and distinctly enough to be identi -

fied by means of t he CFT . These strains are strains numbered 

436, 658 and 664. Antigens of strain no . 436, isolated from a 



Table 10. 

Serum 

V. f e tus , 
- type I 

V. f e tus , 
-type 2 

V. f e tus, 
-type r 

V. bubulus , 
- t yve 3 
V. bubulus , 
- t y}:Je 4 

V. bubulus , 
- type 5 

Cross -titrations of vibrio type sera (the homologous serum titers are 
included) 

V. fetus, 
-type I 

++++: 1:320 

++++:1 : 10 

v . fetus , 
-type 2 

++++: l : LW 

Antigen (2 uni t s) 
v. fetus , V. bubulus , 
- tyµe '( - type 3 

++++: 1 : 20 +: 1 : 10 

++++: 1:40 

+: 1 : 5 

V. bubulus, 
- type 4 

++++: 1 : 10 

++++: 1 : 80 

V. bubulus , 
- type 5 

+H-+: 1 : 20 
As mentioned under the experimental procedure the titer of serum or antigen was 

interpreted as the highest dilution of serum or antigen , respectively , that gave com-
plete f ixation of compleinent . In order to indicate degrees of cross - reactions the 
foll owing symbols have been used in Table s 10 and 11 : 

+: 
++: 

+++: 
++++: 

No fixation of complement 
Twenty- five per cent fixat ion of complement 
11'ifty per cent fixation of c ompJ.emcnt 
Sevcnty- f ive per cent fixati on of complement 
One hundred per cent fixation of complement 



Table 11 . Antigen t iters of t he field s t rains 

Serum (2 units) 
v. v. v. v. v. 

Strain fe'E"us , fe'E"us , fetus , bubulus , bubulus , 
no . 

43v 

852 

5 

8 

250 

482 

671 

Source 'Eype 1 'Eype 2 'type 7 type 3 type 4 

Bovine ++++: ++: 
fe tus 1:32 1 : 4 

Bovine ++++: 
fetus 1 : L~ 

Bovine 
var:; ina 

Bovine ++: 1 : 2 ++++: +: 1 : 2 
vat;ina 1 : 4 

Bovine ++++: ++++: 
vagina undil . 1 : 4 

Bovine ++++: ++++: +: 
vagina undil . 1 : J.1 undil . 

Bovine ++++: 
vagina 1 : 4 

aNonspecific reaction with normal serum (1 :10 ) . 

bAnticomplement ary effect . 

v. 
bubulus , Normal Anticpl . 

t ype 5 seruma effectb 

+: undil . 

++: undil . 
CJ\ 
--l 
OJ 

++: 1 : 2 

++: +: 
undil . undil . 



Table 11 (Continued) 

Serum (2 units ) v. v. v. v. v. v. 
S t rain fetus , fetus , fetus , bubulus , bubulus , bubulus , Normal Anticpl . 

no . Source t ype 1 t ype 2 t ype '7 type 3 t ype tj: type 5 seruma effect b 

728 Bovine ++++: 
va61na 1:2 

758 Bovine ++++: 
vagina 1: 4 

676 Bovine ++++: O'\ 
semen undi +. ()'.) 

739 Bovine ++++: ++t: ++t : 
semen 1 : 4 1 :8 undi l . 

818 Bovine ++++: 
semen undi l . 

643 Bovine ++t+: 
prepuce 1 : l~ 

7212 Bovine ;+++: ++t+: +: +: 1:4 ++: 1 : 2 ++ : 
prepuce 1: 4 1 : 4 1 : 4 undil . 

831 Bovine ;+++: 
bile 1 : 2 



Table 11 (Con tinued) 

Serum {2 uni ts) 
v. v. v. v. v. v. 

Strain fetus , fetus , fetus , bubulus , bubulus , bubulus , Normal Anticpl . 
no . Source type 1 type 2 type 7 type 3 type 4 type 5 seruma effectb 

105 Ovine ++++: 
fetus 1 : )~ 

052 Ovine ++++: 
fetus 1 :4 

653 Ovine ++++: O'I 

fetus undil . \D 

657 Ovine ++ : 
fetus 1 : 8 

658 Ovine ++++: ++++: 
fetus 1 : 16 1 : 4 

664 Ovine ++++: +: 1 : 4 
fetus 1 : 8 

665 Ovine 
fetus 

836 Ovine +++: ++: +: l : LI +++ : ++++: 
tile 1 : 4 1 : 4 1 : 2 undil . 

871 Ovine 
feces 



Table 11 (Continued) 

Serum (2 uni ts) 
v. v. v. v. v. v. 

Strain fei;us , fetus, fetus, bubulus , bubulus , bubulus , Normal Anticpl . 
no . Source type 1 type 2 type 7 type 3 type t+ type 5 seruma effectb 

872 Ovine 
feces 

Positive 
control 
(2 units) ++++ ++++ ++++ ++++ ++++ ++++ 

-.:i 
0 
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bovine fetus, and of strain no . 658, isolated from an ovine 

fetus, react at dilutions of 1:32 and 1 :16 , respectively with 

serum against V. fe t us , type 2. Antigen of strain no . 664 , 

also isolated from an ovine fetus , reacts at a dilution of 

1: 8 with serum against V. fetus , type 1. Considering the 

antigen titers obtained by Mi tscherlich, these r eac t ions are 

significant enough . Although t he extensive but low- titered 

reactions of so many antigens with serum against V. fetus , 

t ype 7 apparently are specific in most cases , the author dares 

not draw any conclusions about the identity of t hese strains . 

Both these peculiar reactions on the one hand and the exten-

sive l ack of reaction will be discussed later . 

The fluorescent antibody test 

Type s t rains When time finally was due for conjuga-

tion of the t ype sera with FITC the author was fully aware 

that the t iters of these sera were not particularly suitable 

for this purpose . However , as the disposable time was short 

and the sera had proved t o be specific e nough in the CFT, 

conjugation was performed . The results are shown in Table 12 . 

It may be seen fr om this t able that the t ype strains were 

stained specifically with h omologous FITC conjugated g lobul in . 

Moreover, t he s trains were not stained with conjugated normal 

g l obulin . But the f l uorescence which was observed was rather 

poor and unfortunately not suitable f or any photography . 

Moreover , t he two- s tep blocking t es t was unsuccessful 



Table 12 . Staining of t ype strains with fluorescent antibody conjugates 

Conju-
ga t e 
of 

Smear V. fetus , V. fe t us , V. fetus , V. bubulus , V. bubulus , V. bubul us , norma l 
- t ype 1 - t ype 2 - t ype 7 - type 3 - t ype 4 - type 5 serum 

V. fetus , 
-type I 

V. fe tus, 
- type 2 

V. fe t us , 
- type '( 

V. bubulus , 
- t yJje 3 

V. bubulus , 
- type 4 

V. bubulus , 
type 5 

+ 

+ 

+ 

+ 

+ 

+ 
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indicating that the unconjugated ho~ol~gous sera were inade -

quate in inhibiting the subsequent stainin3 with the ho~olo-

gous conjugat es . 

Field s t rains The results obt ained by s t aining t he 

field strains with t he 6 type specific conjugates plus con -

jugat ed n ormal g l obul in are shown in Ta ble 13 . It may be seen 

from Tabl e 13 that none of t he 25 field s trains were stained 

nonspecifical l y with conjugated nor~al globulin . Eleven of 

the 25 strains were not stained with any of t he type - specific 

conjugates . The remaining 14 stra~ns s t ained distinctly 

and specifically ei t her with conju;ate of V. fetus , type 1 or 

V. fe t us , t ype 2 . In two cases ( strain no . 643 and 728 ) 

where distinct f l uoresc ence was caused by the c onjugate of 

V. fetus , type 1 , only a faint fluorescence was caused by the 

conjugat e of V. fetus , type 2 . In two cases (st~ain no . 852 

and 7212) dis t inct fluorescence occurred with t he con~u3ate of 

V. fetus , type 1 but only a ne~li~ible fluorescence with t he 

conjugate of V. fetus , type 7 . In addit~on to these 4 strains 

men tioned , 8 more strains (nos . 8 , 105, 250 , 482 , S71 , 676 , 

739 and 758 ) were s t ained distinctly and specifically with the 

conju:;;at e of V. fetus , type 1. All these 12 strains showed 

low- titcred reactions with serum a.:;ainst V. fetus , type 7 in 

the CFT . Thus , the peculiar reactions with seru.'71 a::;ainst 

V. fetus , type 7 in the CFT were eli~inated in the RAT . Note -

worthy al::rn is that the tvTO strains (no . 43-S and 55S ) \vi1icll 



Table 13 . Staining of fie l d s t rains wi t h f l uorescent an t ibody conjugates 

Smear Con j ugat es 
of • . • 

s t rain Source fetus , fetus , fet us , bubulus , bubulus , bubulus , Normal 
no . t ype 1 type 2 t ype 7 type 3 t ype z:~ t ype 5 serum 

436 Bovine fetus + 

852 Bovine fetus + ( +) 

5 Bovine vagina 

8 Bovine vagina + 
-...;i 

250 Bovine vagina + +=-

482 Bovine vagina + 
671 Bovine vagina + 

728 Bovine vagina + (+) 

758 Bovine vagina + 
676 Bovine vagina + 
739 Bovine semen + 

818 Bovine semen 

643 Bovine prepuce + (+) 



Tabl e 13 (Cont i nued) 

Smear Conjugat es 
of v. v. v. v. v. v. 

strain Source fe t us , fetus , fetus , bubul us , bubul us , bubul us , Normal 
no . t ype 1 type 2 t ype 7 t yJ:.>e 3 type 4 t ype 5 serum 

7212 Bovine prepuce + ( + ) 

831 Bovine bile 

105 Ovine fe t us + 

052 Ovine fe t us 

G53 Ovine fe t us 

G57 Ovine fe t us 

658 Ovine fe t us + 

G64 Ovine f e t us 

665 Ovine f e t us 

836 Ovine bile 

071 Ovine feces 

872 Ovine feces 



reacted distinctly in the CFT wi th serum against V. fetus , 

type 2 were consis t ently stained with the conjugate of the 

same vibrio t ype in the FAT . 

Comparison Between the Three 

Me thods Used for Differentiation 

The results obtained by means of t he t hree methods are 

shown in Tabl e 14 . As all the l ow- titered reactions with 

serum of V. fetus, type 7 in the CFT are not considered to be 

significant t hese reacti ons are r ecorded as negative in Table 

14 . It appears from this table that 6 of the 25 strains do 

not r eact in any of the serological t ests . Nor do these 

strains show biochemical reactions which allow them to be 

grouped in the classical scheme . The 19 remaining strains 

r eact in one or more of the three methods used . Where reac -

tions occur in two of the methods there is inconsistency in 

two cases . St rain no . 8 is biochemically V. bubulus (Bryner, 

et al .) but serologically V. f etus , type 1 in the FAT . Strain 

no . 643 is biochemically V. fetus , subtype 1 , but V. fetus , 

type 1 in the FAT . Only in t wo cases are there compl e t e con-

sistency be t ween the three methods . St rains numbered 436 and 

658 react distinctly and consis t ently in all me t hods and 

appear to be v. fe t us , type 2 . Being aware of t he very l imited 

mat e rial as a basis for conclus ions , t his all t he same indi-

cates t hat V. fetus , t ype 2 (Bryner, e t al . ) is i dent ical with 



Table 14 . Comparison between t he three me t hods used for differentiation 

Complement Fluorescent anti -
Biochemical fixation body test, as 

Strain me t hod test based on the com-
no . Source (Bryner, et al . ) (Mi t scherlich) plement fixation t es t 

43G Bovine fetus v. fetus , type 2 v. fetus , type 2 v. fetus , type 2 
852 Bovine fetus ? v. fetus , type 1 

5 Bovine vagina v. bubulus . 

8 Bovine vagina v. bubulus v. fetus , type 1 -..J 
-..J 

250 Bovine vagina ? v. fetus, type 1 
482 Bovine vagina v. fetus , type 1 v. fetus , type 1 

671 Bovine vagina v. fetus , type 1 v. fetus , type 1 

728 Bovine vagina v. f e tus , t ype 1 v. fetus , type 1 

758 Bovine vagina v. fetus , type 1 v. fetus , type 1 

676 Bovine vagina ? v. fetus , type 1 

739 Bovine semen ? v. fetus , type 1 
8 18 Bovine semen v. bubulus 

643 Bovine prepuce v. fetus , v. f e tus , type 1 
subtype 1 



Table 14 (Continued ) 

Complement Fluorescent anti -
Biochemical fixa t ion body test , as 

Strain method test based on the com-
no . (Bryner, et al .) (Mi tscherl ich) plement fixation test --

7212 Bovine prepuce v. fetus , type 1 v. fetus , t ype 1 

831 Bovine bile ? 

105 Ovine fetus ? v. fetus , t ype 1 

652 Ovine fetus ? 
--..J 

653 Ovine fetus v. fetus , type 2 OJ 

657 Ovine fetus ? 

658 Ovine fetus v. fetus, type 2 v. fetus , type 2 v. fetus , t ype 2 
664 Ovine fetus ? v. fetus , type 1 

665 Ovine fetus v. f e tus , type 2 

836 Ovine bile ? 

871 Ovine f eces ? 

872 Ovine feces ? 
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v0 fetus , t ype 1 (Mitscherlich) or V. fetus intestinalis 

(Florent ) . This is also entirely consis t ent with t he sources 

of isolation of t hese t wo strains ; strain no . 436 from a bo-

vine fetus and strain no . 658 from an ovine fetus . Moreover , 

i t may be seen t hat 5 s t rains , 4 of t hem isol a t ed f rom the 

bovine vagina and one from t he bovine prepuce , prove to be 

V. f e t us , t ype 1 both i n t he biochemical method and the FAT . 

Unfort unatel y none of these strains r eact ed i n the CFT . Pro-

vided t he reaction in t he FAT , which was dist inc t enough , i s 

significant , t his would indicate t hat V. fetus , t ype 1 (Bryner, 

e t al . ) i s i dent i ca l with V. fetus , t ype 1 (Mit scherlich ) or 

V. fe t us i n t estinalis (Florent ). Five of the strains which 

were identi f i ed a s V. fetus, t ype 1 by the FAT could not be 

ident ified by t he biochemical method . Since nei t her of t hese 

strains reac t ed in t he CFT, no conclusions can be drawn 

whe t her t he FAT, as based on t he CFT, is a more reliable 

me t hod for differentiation than t he biochemi cal method . 
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DISCUSSION 

Introduction 

It should be emphasized t hat t he author is fully aware 

tha t the resul ts to be discussed are rather inade quate and it 

is regrettable t hat the results did not pr ove to be more 

conclusive . 

Observations 

Biochemical t ests 

It a ppears that t hree of the type strains and 12 of the 

field strains cannot be classified according to the conven-

tional biochemical test scheme . These discrepancie s give rise 

to three alternative questions: 

1 . Do t hese strains represent distinct groups per se , 

separable by means of individual well-defined bio-

chemical reaction patt erns? 

2 . Are t hey occasional variants t hat diverge from the 

common well-defined biochemical t ypes? 

3. Have the i r physiological characteristics undergone 

changes dur ing prolonged maintenance and repeated 

subculture s on artificial media? 

I n order t o decide whether these aberrant s t rains repre -

sent biochemically distinc t gr oups many more strains of var -

ious ori gin need t o be tested . 

I f the strains are atypical variants of the more common 



81 

biochemical t ypes , t hen i t must be conc luded that t he conven-

t i onal biochemical tes ts do not serve a s a reliable method f or 

diffe r ent iation . As mentioned in t he l ite rature review there 

are varying degrees of confidence in the biochemical t es ts . 

Bryner and Frank (9, 10 ) and Ringen and Franlc (46 ) readil y 

managed t o c l assify vibrios of bovine and ovine origin as one 

of t he three t ypes which are now general l y r ecognized, namely 

V. fe t us vene rialis , v. fetus int estinalis or V. bubulus . On 

t he ot her hand , Kamel (24 ) and Mi t scherlich (32) did not obtain 

uniform results with the biochemical t ests . An in t ermediate 

position is occupied by Bryans and Smi t h (8 ) who maintain t hat 

only t he catalase test and the salt t olerance t es t are of 

value as criteria of pathogenicity of a vibrio s t r ain . 

As t o the possibility of vibrios unde r going changes 

during prol onged maintenance in an artificial mi l ieu opinions 

also diffe r . Bond (7) maintains that vibrios grown on semi -

solid media easi l y unde r go colonial , biochemical and sero lo~i ­

cal changes whil e they remai n stable on solid media . When 

the original smooth (S ) form changes to the mucoid ( ~ ) for~ 

i t becomes cat a l ase ne :::;ati ve and H2S- posi t ive . If this 

commonly occurs it may expl ain at least some of t he discrep-

ancies in t he author ' s results because the strains were main -

tained on semisolid thiol and thio6 lycol late ~ediwJ . How-

ever , t he more recent observat ions of Bryner , et al . (1 0) , 

who worked with a considerabl y lar~er material (87 s t rains ) 
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than Bond ( 10 strains) , give evidence that the biochemical 

activity of col onial variants do not differ from their smooth 

parent cultures. 

The compl ement fixati on test 

As far as the type strains are concerned it may be specu-

lated why the sera, prepared a gainst whole cells, did not give 

higher t i t ers . These varied from 1: 20 t o 1 : 320 . It is a 

well - known fac t that t he CFT is not a particularly sensitive 

test . The worker who in troduced t his test for t he purpose 

of differentiating between various vibrios did not operate 

with any particular high- t i t ered ant isera . Wi t h a few excep-

tions they varied from 1 : 40 t o 1 : 640 . Thi s may be due to t he , 

fac t which several workers have experienced , t hat it is far 

more difficult to produce sera of high titers against Vibrio 

sp . than against Brucella sp . However, the sera which were 

pr oduced in this case were , with one exception , specific . This 

combination of rather poorl y but specific irnmunsera is in 

a greemen t wi t h the general concept of antibody produc t ion . 

According t o Raffe l (43 ) the physicochemical properties of 

antibodies produced in an experimental animal depend on four 

factors : 

1. The antige n used . 

2 . The animal species used for immunizat ion . 

3 . The route of administrat ion . 

4 . The duration of t he vaccination period . 
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The relative ly poor anti~enicity of vibrio organisms has just 

been mentioned . Whe t her a different animal species than the 

rabbi t and a different inoculation route than t he intravenous 

one , might better have s t imulat ed the antibody production, r e -

main t o be investigat ed . What might have influenced the re -

sults in t his experiment is t he rather short vaccination per-

iod . The rabbi ts were bled only 3 weeks after the first 

inoculation. It is known that during t he early s t ages of an 

i mmunizati on period there are predominantl y produced rather 

specific but poorly reactive antibody mo lecules . Thes e mole-

cules belong t o t he 19S or gamma1 gl obulins which have a 

molecular weight of about 900, 000 . Later in t he immunization 

process t here are produced l ess specific but more reac tive 

antibody molecules . These molecules be l ong to the 7S or 

ga mma 2 g l obul i ns which have a mol ecular w~i;ht of about 

150, 000 . Both t he differe nc e in specificity and reactivi t y 

may be attributed t o t he fac t that some of the 19S antibodies 

are univalent and the 7S antibodies multivalent ; i . e ., the 

multivalent antibodies possess multiple co~bining s i t es . 

This may explain why the antisera produced in this case were 

ra t her specific but poorly r eactive . 

Anot he r f a c tor t o be considered is t he gr eat i ndividual 

variat_ons in t he ability of experimental animals t o produce 

antibodies . Sera should therefore be pool ed from several 

rabbits i mmunized with each bac t e rial s train . Since some of 
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the rabbits in this experiment were used for preliminary 

immunization with antigen extrac t s only one rabbi t was l eft 

for immunization with each of the 6 type strains . 

With regard to the field strains two things are striking : 

1. 20 of the 25 strains react, although at rather 

low titers, distinctly with serum against v. fetus , 

t ype 7, and , 

2 . only three strains react specifically at significant 

titers with serum against one of the other type 

strains . 

It would be most peculiar if 20 of 25 or 80% of the unknown 

s t rains should be identified as V. fetus, type 7 . Kamel, 

who was the first one to identify this vibrio type , found only 

4 strains or 2 .5% of v. fetus , t ype 7 out of a material of 160 

strains (24 ). ' That all the low- titered reactions are non-

specific and therefore have been recorded as negative are 

strongly support ed by t wo observations . The serum a gainst 

v. fetus , t ype 7 was the only one which showed any degree of 

cross-reaction; it reacted both with V. fetus , t ype 1 and 

V. bubulus , type 4 . Moreover, the same degree of reaction 

with this particular serum occurred in t he two cases (strains 

numbered 436 and 658 ) where signifi cant reaction occurred 

with serum against V. fetus, t ype 2 . If the reactions with 

V. fetus , type 7 serum on this basis are considered i nsignif-

icant and negative , then the followi ng question aris es; how 



shall all the negative reactions be interpreted? Apart from 

significant reaction with t ype 2 serum in two cases and with 

type 1 serum in one case the remaining 22 strains did not re -

act specifically with any of the type sera . Does this indi-

cate that the majority of the 25 field strains are antigen-

ically unrelated to the 6 different field strains , or in other 

words; are indigenous bovine and ovine vibrio strains , iso-

lated in one country, serologically unrelated to indigenous 

bovine and ovine strains isolated in a different country? 

This possibility is hardly probable . Although there are not 

many reports on international exchange of vibrio strains , 

there are at least two which indicate that strains isolated 

in various countries are serologically identical or related . 

Morgan (35) worked with a great number of bovine and ovine 

fetal strains collec t ed fro1:i England, Denmark and U. S . A. 

Only 2 0- groups were established by means of the agglutination 

test and the re was no consistency be tween the groups and coun-

try of isolation . Wiidik and Hlidar (68) found the capsular 

or K- antigen to be qualitatively the same in 5 V. fetus 

strains , 3 of which were isolated in Denmark, one in Swede n 

and one in Holland . Therefore , it is more probable that the 

great number of negative results in this investigation is due 

to poorly reactive antigens and/or sera . As to the sensi -

t i v i ty of the antigens there are seve ral reports (5, 7, 49, 
53) dealing with loss of specifici t y and sensitivity as t he 
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cultures undergo variation during prolonged growth in arti -

ficial media . Whether this could be a current factor in the 

present investigation is not known . With particular r egard 

to this question Mi tscherlich was consulted . According to 

his experiences repeated subcultures of strains in semi- liquid 

media had never influenced the results observed by means of 

the CFT . 1 Moreover , if the antigens had developed a broader 

reaction pattern they should also react unspecifically with 

other type sera than the serum against V. fetus , type 7 . 

The fluorescent antibody test 

While only 3 of the f ield strains reacted in the CFT, 14 

strains reacted in t he FAT . Only one strain (no . 664) reacted 

in the CFT but not in the FAT . As no reactions with conju-

gated normal globulin occurred this indicates that the FAT is 

far more sensitive than the CFT . In other words , only a 

small number of FITC - tagged antibody molecules are needed to 

give a visible reaction in the FAT . 

Comparison between the three me thods used for differentiation 

The first purpose of this investigation was to compare 

the results obtained by means of the biochemical method and 

the CFT and thereby assess which of the me thods is the most 

reliable one . Unfortunately this is not possible because only 

1E. Mi t scherlich, TierMrztliches Institut der Univer-
si tHt , GBttingen , Germany . Sensitivity of vibrio antigens in 
t he .CFT • . Priva t e communication . September 26 , 1964 . 

) 
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3 of the field strains react distinctly and signifi cantly in 

the CFT . Two of these strains (no . 436 and 658) prove to 

be the same t ype of vibrio when tested by both methods . On 

this basis the t entat ive conclusion might be drawn t hat the 

two methods are equally reliable . However, t he third strain 

(no . 664) is , according to the CFT , V. fetus , type 1 but does 

not fit consistently into the biochemical t est scheme . It 

seems strange that an ovine fetal strain should be V. fetus , 

type l o However, t his type of vibrio fetus has been iso-

lated from the ovine f e tus (32) . Pathogenicity tests would be 

needed to decide whether strain no . 664 is v. fet us , type 1 or 

not , and the r eby make it clear whether t his strain can only 

be identified by means of the CFT . 

The second purpose of this investigation was to see 

whether the FAT, when based on t he CFT might serve as a more 

easy and rapid diagnostic tool than the CFT itself . Unfor-

tunately, this question can not be answered positively be -

cause the field st~ains , with the t wo exceptions mentioned, 

ei ther do not react in any of the two tests or in only one of 

them . 

With regard to future prospects t he author is of the opin-

ion that there is still much work to be done . Yet there is no 

generally accepted me thod of differentiation of various types 

of vibrio organisms . Considering the great problem vibrio 

infection still represents in many countries the need for such 
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a method is obvious . I magine only a case in which a first 

prize bull is found infected with V. fetus venerialis . The 

use of t he bull is , of course , prohibited resulting in serious 

economic losses , and much trouble both t o farmers and to t he 

owner of t he bull . Then imagine that the diagnosis , V. fetus 

venerialis, was false because the diagnostic methods were not 

reliable enough . Not only for academic reasons but also for 

practical, economic and forensic reasons reliable differential 

diagnostic me thods are seriously needed . Moreover , vibrio 

strains, isolated from various sources in different countries , 

should be exchanged and examined in order to establish their 

h omogeneity or heterogeneityo Although the results of the 

author ' s investigations were more frus trating than promising, 

the conviction still exists that the pertinent problem ought 

to be solved and that it can be solved . Satisfactory V. fetus 

fluorescent antibody conjugat es have been prepared for the 

de tection of V. fetus infection in bulls (20 , 30) . With care -

ful se l ec tion of properly antigenic type strains it should be 

also possible to prepare type specific conjugates , satisfac -

tory for differentiation between unknown strains . 



CONCLUSIONS 

1 . Thirteen out of 25 vibrio strains of bovine and ovine 

origin could be identified by means of the biochemical test 

scheme of Bryner , et al . 

2 . Only 3 out of the 25 strains could be identified by 

means of the complement fixation test of Mitscherlich and 

Liess . 

3 . Fourteen out of the 25 strains could be identified 

by means of fluorescent antibody conjugates pr epared against 

strains which had previously been identified by means of t he 

compl ement fixati on t est . Therefore , the fluorescent antibody 

t est proved to be a more sensitive me thod than the comple~ent 

fixation test . 

4 . Two strains were consistently identified by means of 

all t hree methods . Because of the large number of negative 

results in t he complement fixation test and in t he fluores -

cent antibody t est no conclusions could be drawn as to the 

r elative reliabil i ty of the three methods employed . 

5 . The negative serological results are attributed t o 

the rather poorly reactive antigens and antisera employed . 

Careful selection of strongly antigenic strains for produc -

tion of immune sera , and more potent antigens mi ght possibly 

i mprove the results . 
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SUMMARY 

Whole cell antisera were prepared against 6 German vibrio 

strains which , according to the complement fixation test of 

Mitscherlich and Liess ( 34 ) had been identified as V. fetus, 
-

types 1, 2 and 7, and V. bubulus , t ypes 3, 4 and 5, respec -

tively . Twenty- five American field strains of bovine and 

ovine origin were tested by means of three methods : 

1 . The biochemical tests established by Bryner, et al . 

(10) . 
2 . The complement fixation test of Mitscherlich and 

Liess . 

3 . The fluorescent antibody test introduced by the 

author . This test was a supplement t o the CFT as the 

sera prepared against the German t ype strains were 

conjugated with f~uorescein isothiocyanate (FITC) . 

The purpose was to see whether this test could be 

used as an easier and more rapid diagnostic tool than 

the CFT itself . 

Thirteen out of the 25 field strains could be identified 

by means of the biochemical tests . Only 3 strains could be 

identified by means of the CFT . Fourt een s trains could be 

identified by means of the FAT . Thus, the FAT appeared to be 

a more sensitive test than the CFT i tself o Only two of the 

25 strains , one from a bovine f e tus and one frrnn an ovine 

fetus , were consistently i dentified as V. fetus, type 2 by 
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means of a ll three methods . Because of the large number 

of negat ive results in the CFT and in t he FAT no conclusions 

could be drawn as to the re l ative r e l iabilit y of t he t hree 

met hods empl oyed . However , it is hoped that the produc t ion 

of more pot ent s e r a and antigens may impr ove the resul ts in 

fut ure work . 
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