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CHARACTERISTICS OF BORIC ACII) T O L E R A N T VIBRIO CHOLERAE 

M . O . O J O 

Department of Veterinary Microbiology ami Parasitology, University of Ibadan, Ibadan, Nigeria 

Summary 

Two strains of boric acid tolerant Vibrio cholerae 
have been studied in order to identify the charac-
teristics which distinguish them from the 'wild-
type' virulent strains. Strain Ib5 requires ei ther 
amino acid cysteine or methionine while strain 
Ib5S requires deoxyribonucleic acid ( D N A ) for 
growth. Although the strains did not grow on 
desoxycholate citrate agar ( D C A ) they grew well 
on chocolate agar. Morphologically filamentous, 
bacillary and comma-shaped forms were seen, 
depending on the media and incubation period. 
The strains failed to cause accumulation of fluid 
in gut ligation and permeability factor tests. With 
the single radial immunodiffusion test, strain 
Ib5S gave positive reaction in 83% of the tests 
when D N A was added to the growth medium. 
On the o ther hand only 25% of the tests were 
positive when no DNA was added to the growth 
medium, even though the antigen was concen-
trated ten-fold. Strain Ib5 only gave 50% positive 
tests when the antigen was concentrated ten-
fold. It is therefore suggested that Ib5S strain is a 
choleragenoid producer in the presence of 
D N A , and may be useful as an effective vaccine 
against cholera. 

Resume 

Deux souches de Vibrio cholerae tolerantes a 
Pacid borigue ont etc etudiees pour quon puisse 
identifier les caractcres qui les distingue de 
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souches virulentes . La sourche Ib5 a besoin d'ou 
cysteine d ' ou meth ion ine tandis que la souche 
Ib5S n'a que besoin Pacid deoxyribonucleic 
( D N A ) pour lacro issance poussent biensurl'ag-
ar a chocolat mais pas sur Pagar a desoxycholate 
citrate ( D C A ) . A n point dc vae de la morpholo-
gic. on a ident i f ier , selon le milieu de croissancc 
et la per iode d ' incuba t ion , des formes 
f i lamentcuscs , bacillaircs et en virgules. A les 
cpreuvcs de la l igature de Panse intestinale grele 
et de la facteur de permeabi l i te , les souches 
n'ont pas cause Paccumulat ion de I'cau. 

A Pepreuve d ' immunod i f fus ion , unique et 
radiale, la souche Ib5S a d o n n e des resultats 
positifs dans 83% des cas quand on a ajoute le 
D N A au milieu dc la croissancc. Au contraire, il 
n'y avait que 25% des cas positifs quand on a pas 
a jou te le D N A au milieu de la croissancc meme 
si Pantigen a etc concent re dix fois. Ib5 n'a que 
donne 50% des resultats positifs quand Pantigen 
a etc concentre dix fois. II est done suggere que 
la souche. Ib5S produce le choleragenoid en 
presence du D N A , et peut ctre utile comme une 
vaccine contre le cholera. 

Introduction 
I he biological and physical propert ies, patho-
genicity and immunogenicity of boric acid tolerant 
Vibrio cholerae strain have been reported (Ojo, 
1975; O jo & Smith, 1979). Choleragenoid (natural 
toxoid) consists of L-subunits of choleragen 
(Holmgren et al1977). These workers pointed 
out that the excessive diarrhoea in cholera is due 
to the action of exotoxin produced by V. cholerae 
on the small intestine epi thel ium. On this basis, 
the possible use of toxoid for improved immuno-
prophylaxis is considered a better alternative to 
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the vaccine in use (Ho lmgren et al., 1977). 
Formalin-derived toxoid, although reasonably 

antigenic, p roves unsat isfactory because of 
reversion to toxicity. O n the o the r hand , gluter-
aldehyde-dcrivcd toxoid, though stable, is poorly 
immunogenic. T h e L-subunits of the enterotoxin 
do not revert to toxicity and possess high protective 
immunity in exper imenta l animals (Holmgren et 
«/., 1977). 

The W . H . O . Scientific G r o u p (1972) on oral 
bacterial vaccines considered effect ive immuni-
zation of the popula t ion at risk as the al ternat ive 
to sani ta t ion , public heal th and personal hygiene 
in o rder to limit intest inal infect ions, particularly 
in the deve lop ing count r ies where the problems 
of env i ronmen ta l hygiene may not be solved 
within the next four or five decades. The vaccines 
must however be s table when given orally and 
possess character is t ics tha t readily distinguish 
them f rom the 'wi ld- type ' virulent strains in the 
natural s ta te . 

The present work was t he re fo re carried out 
to de t e rmine the morpho logy of the strains 
under test when cu l tured in di f ferent media , 
their b iochemical react ions , growth require-
ments , sensitivity to ant ibacter ia l agents , shelf 
life of gelat ine discs of the organisms and their 
ability to p roduce cho le ragen or choleragenoid . 
These we re u n d e r t a k e n in o r d e r to identify a 
choleragenoid p roduce r because it is believed 
this will be a c h e a p e r and eas ier me thod of pro-
ducing toxoid a n d that the o the r character is t ics 
will aid the ident i f icat ion of the s trains which 
produce cho le ragenoid and hence distinguish 
them f rom 'wi ld- type ' virulent s trains. 

Materials and methods 

Morphology 

St rains Ib5 and Ib5S were cu l tured on blood 
agar, nutr ient agar , M a c C o n k e y aga r , desoxy-
cholate c i t ra te ( D C A ) agar (Oxoid) and choco-
late agar incubated at 37°C and room t empe ra -
ture (22-28°C) for 20-120 h. T h e growth ra tes 
were no ted and the i r colonial morpho logy 
examined macroscopical ly and r eco rded . G r a m 
stain of the cul tures on d i f fe ren t media was 
carried out at d i f ferent s tages of g rowth . T h e 
Gram stain was slightly modif ied by counte r -
staining with dilute carbol fuchsin because , f rom 
personal exper ience , it is a be t t e r d i f ferent ia l 

Biochemical reactions 

Indole test a f t e r 24 and 48 h, oxidase reaction 
and ability to grow in Koser's citrate were carried 
out . Fermenta t ion tests for glucose, mal tose , 
sucrose, galactose, mannosc , a rab inose , lactose, 
manni tol , f ructose , xylose, dulci tol , inositol and 
glycerol were carried out by conventional methods. 
O t h e r tests included urease p roduc t ion , methyl 
red ( M R ) , Voges-Proskauer (V-P) and l i tmus 
milk reactions. T w o sets of react ion were set up 
for each strain; a set was incubated at room 
tempera ture and the o the r set at 37°C for up to 
21 days in the case of fe rmenta t ion tests, l i tmus 
milk react ion, urease product ion and ability to 
grow in Koser 's citrate. 

Sensitivity test 

T h e sensitivity pat tern was de te rmined by the 
disc sensitivity test. A loopful of cach s i ia in , 
including the 'wild ' s train and microcolon)-
grown overnight on nutrient agar, was inoculated 
into 3*0 ml of nutrient broth in Bi jou bott le It 
was incubated for 6 h at 37°C. A sensitivity agar 
(Wel lcome Reagents Ltd , England) plate was 
f looded with each cul ture , the excess r emoved 
and multodiscs (Oxoid) were placed on the agar 
plates. T h e multodiscs con ta ined oxyte t ra -
cyclinc ( O T , 10 meg) , ampicillin (PN, 10 meg) , 
e rythromycin ( E , 10 meg), s t rep tomycin (S, 10 
meg), furazol idone (F, 15 meg) , triple su lpha 
(S 3 ,300 meg) nalidix acid (N A, 30 meg), penicillin 
(P , 1-5 units) and polymyxin B ( P B , 100 meg) . 
T h e plates were left at room t e m p e r a t u r e for 1 h 
be fo re incubat ing at 37°C for 24 h . T h e zone of 
inhibit ion a round each disc was measu red in mm 
and recorded . 

Growth requirements 

Davis minimal m e d i u m was p repa red as 
follows: K H 2 P 0 4 , 3 g; K 2 H P 0 4 ; 3 H > 0 , 9-2 g; 
N a 3 - c i t r a t c . 2 H 2 0 , 0-5 g; M g S 0 4 . 7 H 2 0 , 0 1 g; 
( N H 4 ) 2 S 0 4 , 1-0 g a n d agar ( G i b c o , U . S . A . ) , 
14 0 g. Each salt was dissolved in the o r d e r indi-
cated in a litre of distilled wa te r , wai t ing until 
previous salt is dissolved be fo re add ing the next . 
T h e solut ion was then fi l tered into 2-litre flask 
and the agar a d d e d ; the mixture was divided in to 
al iquots of 100 ml and autoc laved at 15 lb/in* for 
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15 min. After autoclaving and cooling to 55°C stored in sterile Bijou bottles and kent 
sterile glucose solution was added to each aliquot bench at room temperature (22-28°C) Th"V h c 

so that the final concentration of glucose was w e r c prepared in June 1976 and L u , s 

n.<<y i • . uncuiiMr#., u 3 / o- made in nutrient broth at 3-month intervals f 
over 3 years. r 

Amino acids 

The following amino acids were prepared in 
five groups so that the final concentration of 
each amino acid was 20 mcg/ml of the L-forms: 
Group A — arginine, proline and glutamic 

acid; 
Group B — glyccrine, serine, histidine and 

cysteine; 
Group C — lysine, methionine and aspartic 

acid; 
Group D —val ine , leucine, alanine, isoleucine 

and threonine; 
Group E — phenylalanine, tyrosine and tryto-

phan. 

Deoxyribonucleic acid (DNA) 

Deoxyribonucleic acid from calf thymus (Sigma 
Chemicals Co. , U.S.A.) was prepared so that 
the final concentration was 10 mcg/ml. The amino 
acids and DNA were sterilized by filtration using 
450 nni millipore filter. 

Amino acids in cach Group A - E were added 
io aliquot of 100 ml minimal agar while all the 
amino acids in the groups were added to another 
aliquot of minimal agar. To another aliquot was 
added DNA while another aliquot contained 
neither amino acids nor DNA. Agar plates were 
prepared by the conventional methods. 

Each strain including the 'wild' strain was 
streaked on the different media, incubated at 
37°C for 24-72 h and the results recorded. If 
growth occurred on a medium containing a 
group of amino acids, the particular amino acid 
or amino acids required for growth were deter-
mined by streaking the strain on minimal agar 
plate and discs (6 mm diam.) impregnated with 
20 meg of the amino acids using 50-dropper 
pipette werc put on the streaked lines. The 
plates were incubated at 37°C for 24-72 h and 
growth around the discs if any recorded. 

Shelf-life of bacterial discs 

The strains were preserved by drying in 
gelatine ascorbic acid discs according to the 
method of McCraken (1964). The discs were 

Choler age n or choleragenoid production 

The strains were grown in syncasc medium 
which consists of the following (per litre)- N 
H P 0 4 , 5 0 g; K 2 H P 0 4 , 5 0 g; sucrose, 5-0 *• 
Na 2 S0 4 , 0-089 g; NH4CI, 1 1 8 g; MgCl2.6H 
0-0042 g, MnCl2 .7H2 0 ,0*004g, Fecl3.6H20,0-005 
g and casamino acids (Difco), 10-0 g. 

The different constituents were dissolved 
separately and made up to 1 litre. The pH was 
usually 7-2-7-4. The medium was autoclaved at 
15 lb/in2 for 15 min. 

The 24-h culture was ccntrifuged at 4°C at 
6000 rcv/min for 30 min. The supernatant was 
removed, cultured on nutrient agar to ascertain 
that the supernatant was free of bacteria. The 
supernatant was then concentrated. The concen-
tration was achieved by putting the supernatant 
in a dialysis tube, both ends tied and polyethy-
lene glycol (Sigma Chemical Co. , U.S.A.). 
approximately 20000 mol. wt., poured over the 
tube in a plastic container. The container and its 
contents werc kept at 4°C until the final volume 
was about 10% of the original volume. 

Skin permeability factor (PF) using the super-
natant was carried out according to the method 
of Craig (1966) while gut ligation test was done 
in rabbits according to the method of Ojo and 
Smith (1979). Single radial immunodiffusion 
(SRID) was carried out according to the method 
of Holmgren (pers. comm.). For PF, gut ligation 
tests and S R I D , choleragen obtained from Dr 
Holmgren was used as the positive control. 

Results 

Growth on media 

The two strains (Ib5 and Ib5S) grew well on 
nutrient agar, though the colonies of Ib5 were 
larger than those of Ib5S which were pin point 
after 24 h and even af ter 48 h they were not as 
large as those of the 24-h culture of Ib5 or the 
'wild-type' strain of V. cholerae (Figs la and lb). 
Both strains grew very well on chocolate agar 
after 24 h, but they only produced patchy and 
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F I G . lb . Twen ty - four hour colonics o f 'w i ld - type ' V. choteraeon nutr ient a g a r (magnification x 
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H G 2a. Seventy-two hour cul ture of !b5S on blood agar -.flowing knob-l ike s e c o n d a r y colonics (magni f i es -
l ion x 3-5). 
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L&W & 

F ' C . 2b. Microcolonies be tween t w o 72-h colonies of I M S on blood agar (magnif icat ion x 2-7) 
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FIG. 3. Gram stain of Ib5 culturc on MacConkcy agar; 
comma-shapcd organisms arc present (magnification x 640). 

f K' 5. Ciram stain of 48-h Ib5S culturc on nutrient agar; 
f,rgamsms arc mainly filamentous (magnification x 640). 

FIG. 4. Gram stain of Ib5S culturc on chocoU :<• .i . 
filamentous and bacillary forms predominate (m*«i>.iv A»,. 

x 640). 

irregular growths on blood agar. After about 
72-120 h incubation both strains showed small 
knob-like secondary colonics on the surface of 
the parent colony (Fig. 2a) and in some cases, 
microcolonies appeared between two adjacent 
parent colonies (Fig. 2b). Strain lb5S only grew 
at the inoculum on MacConkey agar while Ib5 
produced patchy growth on the medium. 'Hie 
two strains did not grow on D C A . 

Gram stain 

On MacConkcy agar, Ib5S was mainly bacil-
lary while some comma-shaped bacilli were seen 
in Ib5 (Fig. 3). On chocolate agar fi lamentous, 
bacillary and a few comma-shaped forms were 
seen in Ib5S (Fig. 4). Filamentous form predom-
inates in both strains when grown on blood and 
nutrient agar, but a few comma-shaped orga-
nisms were seen in Ib5S, cultured on nutrient 
agar (Fig. 5). The filamentous form appeared in 
Ib5S only in 48-h culture on nutrient agar. 

Biochemical reactions 

They were both oxidase and catalase positive. 
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Boric acid Vibrio cholerae 17 
Strain Ib5S only produced acid in sucrose and 
glucose at room temperature and none at 37°C. 
The other tests werc negative even after 21 days' 
incubation. Where there was no turbidity, sub-
cultures were made on nutrient agar and both 
strains grew, except from glycerol and Koser 's 
citrate. 

Growth requirements 

Strain Ib5 required cither amino acid cysteine 
or methionine for growth but when the two 
amino acids were present the growth was consid-
erably improved. Strain Ib5S only grew when 
DNA was added to the minimal medium but the 
'wild' strain grew well on minimal medium. 

Sensitivity test 

A strain was considered sensitive when the 
zone of inhibition was at least 2 mm. Strain Ib5 
was sensitive to all the antibacterial agents except 
triple sulpha, polymyxin and penicillin, while 
Ib5S was only resistant to triple sulpha and 
polymyxin. The 'wild' strain was resistant to 
polymyxin, tetracycline, erythromycin and 
penicillin. The microcolony on the other hand 
was only resistant to triple sulpha. 

Shelf-life 

Both strains grew very well when subcultured 
in nutrient broth for at least 3 years 8 months. 

Tests for choleragen or choleragenoid production 

Both the skin and gut ligation tests were 
negative for both strains, when the supernatants 
were used. Choleragen was positive in both the 

I IG. 6. Seventy-.*™ hour colonics of IbS on nutrient agar showing opaque centres and transparent per, 
dHlTU'S /m;«c»nifir:itinn v 
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skin and gut ligation tests. Using the S R I D 
me thod , the test was positive in f i f teen out of 
eighteen tests for Ib5S superna tan t when D N A 
was added to syncase med ium. Strain Ib5 was 
only positive when the superna tan t was concen-
trated at least ten- fo ld . T h e positive reaction was 
ob ta ined on four out of eight occasions when the 
test was carr ied ou t . Strain Ib5S, without D N A 
added to it, was only positive on two out of eight 
occasions even though the superna tan t was con-
cen t ra ted at least ten- fo ld . Genera l ly the rings 
appeared af ter 3 days incubation but they became 
s t ronger a f t e r 7 days incubat ion. 

Discussion 

Small , knob- l ike secondary colonies observed in 
both s t ra ins growing on blood agar are charac-
teristics of V. cholerae colonics incubated for 
abou t a week (Wilson & Miles, 1966). Balteau 
(1926), cited by Wilson and Miles (1966), described 
th ree colonial va r ian t s in cul ture of cholera and 
cholcra- l ike vibrios, namely rugose, opaque 
cen t re with a t r anspa ren t per iphery and opaque . 
Accord ing to him the first two variants reverted 
to type w h e n subcu l tu red on agar while the later 
slowly reve r t ed in b ro th but remained constant 
for a long t ime on agar. Colonies of Ib5 are mainly 
of the var ian t with o p a q u e cen t re and t ranspar-
c m pe r iphe ry (Fig. 6). Strain Ib5, however , does 
not rever t . Biochemical ly , Ib5S belongs to g roup 
II of H e i b e r t ' s classification of vibrios. The 
react ions only took place at room t empera tu re . 
O n the basis of incubat ion at 37°C, the two 
s t ra ins be long to g r o u p VI . 

Negat ive gut l igation skin permeabi l i ty tests 
and posit ive S R I D test indicate that the strains 
p roduce cho le rageno id ( H o l m g r e n , pers . 
c o m m . ) . Finkels te in a n d LoSpa l lu to (1969) 
isolated a non- toxic p ro te in cho le ragenoid that 
is immunologica l ly s imilar to the toxin but has a 
molecular weight of only 56CXX) daltons. Lonnroth 
and H o l m g r e n (1973) la ter showed tha t this pro-
tein con ta ins the s a m e L-subuni t s as does the 
toxin but that it lacks the H-subun i t . T h e indica-
tion that the two s t ra ins p r o d u c e chole ragenoid 
needs to be c o n f i r m e d using a m o r e sensit ive 
test , for e x a m p l e , E L I S A . Hie facilities for 
E L I S A test a re not avai lable in my D e p a r t m e n t . 

Cho le rageno id is m o r e readily p roduced by 
Ib5S strain when D N A is a d d e d to the growth 

medium. It is therefore suggested that a tablet 
form of the organism, grown in DNA-cnriched 
medium may be a good oral vaccine. O j o and 
Smith (1979) showed that rabbits given 2 ml of 
Ib5S broth culture orally for 5 days failed to 
respond to gut-ligation test when later chal-
lenged with virulent V. cholerae strain. The 
volume may be reduced by concentrat ing the 
culturc by ccntrifuging at 4°C. On the other hand 
the toxoid added to lipopolysaccharidc (LPS) 
can be used as an immunogen (Holmgren et al., 
1977). Other strains have also been developed 
but detailed studies on them have not been 
carried out . 
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