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Characteristics of Non-Cholera Vibrios
Isolated from Cases of Human Diarrhoea

0. ROSS McINTYRE I & JOHN C. FEELEY 2

Eighty-two organisms tentatively identified as non-cholera vibrios were isolated from
cases of diarrhoea occurring in East Pakistan. In 19 well-studied cases they were the
predominant organism recovered, and a rise in agglutinating-antibody titre was found in
six of these cases.

Because of this additional evidence that non-cholera vibrios cause diarrhoeal disease, it
was necessary to evaluate simple screening tests as a means of recognizing them. It was
found that all organisms that produced a gelatinase " zone ", had typical vibrio morphology
on microscopic examination, produced colonies showing a characteristic picture when
examined by oblique light microscopy, and gave a positive " string " test were vibrios.
Agglutination tests with vibrio 0 group I antiserum and with antirough vibrio serum dis-
tinguished the organisms from Vibrio cholerae. Since these organisms may be discarded
by enteric diagnostic procedures directed mainly towards the isolation and identification of
Salmonella and Shigella, it is recommended that the screening tests for these organisms be
carried out in cases of diarrhoea ofunknown etiology.

In addition to Vibrio cholerae, which produces
classic diarrhoeal disease, other members of the
genus Vibrio have been implicated in diarrhoeal
infections. Among these are the halophilic vibrios
described by Sakazaki, Iwanami & Fukumi (1963)
and V. fetus (Mandel & Ellison, 1963; King, 1962).
Recent reports (Yajnik & Prasad, 1954; Dutta, Panse
& Jhala, 1963) have suggested that so-called " non-
agglutinable " (NAG) or " water " vibrios may also
cause diarrhoea. We have recently presented addi-
tional evidence that these organisms cause diarrhoea
in man and have described the clinical picture
occurring in 19 cases, some of which displayed a rise
in agglutinating-antibody titre against the recovered
organisms (McIntyre et al., 1965). Since these
organisms are, in fact, agglutinable (Gallut, 1963),
we have described the isolated organisms simply as
non-cholera vibrios (NCV). The purpose of this
report is to describe the bacteriological studies that
were aimed at characterizing 82 organisms isolated
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from patients with diarrhoea in East Pakistan and
tentatively identified as vibrios, and to describe the
simple methods used to differentiate these organisms
from other organisms with which they were initially
confused. The need for simple screening tests for
the recognition of these vibrios is apparent, since
several recent reports (Davis & Park, 1962; Sebald
& Veron, 1963; Colwell & Mandel, 1964) have
indicated that some organisms long regarded as
vibrios are actually members of other genera. The
term " NCV ", used throughout this report, is an
informal description of this heterogeneous group of
organisms. Precise designations for these vibrios
must await a more complete understanding of the
many members of the group.

MATERIALS AND METHODS

Isolation of vibrios andpreliminary screening tests

Rectal swabs of patients with suspected cholera or
gastroenteritis were usually streaked directly on
gelatin-agar plates (Smith, Freter & Sweeny, 1961)
or on taurocholate tellurite gelatin-agar plates
(Monsur, 1961). Plates were incubated for 18 hours
at 35°C. During certain field studies, when direct
plating was not possible, the swabs were placed in
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alkaline peptone water or in liquid alkaline tellurite
transport medium (Monsur, 1963), and plates were
inoculated several hours to several days later. The
appearance of a cloudy zone caused by gelatinase
activity was the primary criterion by which suspect
colonies were recognized. Initial tests in Pakistan
gave a tentative identification as NCV, and cultures
were shipped on agar slants to our laboratory. Upon
receipt, the organisms were streaked on gelatin-agar
plates and re-examined for purity. Four preliminary
tests were performed at this time.

(1) The presence or absence of a gelatinase
" zone " (Smith, Freter, & Sweeney, 1961) was
noted.

(2) The colonies with a surface texture and
iridescence shown by low-power stereoscopic oblique
light microscopy (Feeley, 1962) to be similar to those
of V. cholerae were said to have vibrio morphology.
Features such as translucence and size at a given age
were often different from those usually observed with
V. cholerae under these conditions.

(3) One set of smears was Gram-stained, while
another, fixed in 0.9% saline containing 1 % formol,
was stained with crystal violet. Cellular curvature
was more distinct in smears stained with crystal violet
than in those stained by Gram's method. When the
majority of organisms appeared as curved rods the
cultures were said to have microscopic vibrio
morphology.

(4) The " string " test (Smith, 1958) was performed
by transferring a portion of a colony to a slide, where
it was mixed with a loopful of 0.5% sodium desoxy-
cholate. If the organisms lysed and formed a viscous
mass that could be drawn away from the slide in
a " string ", the test was said to be positive.

Further biochemical and cultural tests

A series of tests selected mainly from procedures
utilized by other investigators in taxonomic studies
of vibrios and closely related organisms (Davis
& Park, 1962; Ewing, Hugh & Johnson, 1961) was
performed as follows:

(1) Pellicle formation in 1% trypticase (Baltimore
Biological Laboratories), 1% saline broth incubated
for 48 hours at 35°C.

(2) H2S formation in Kligler's iron agar (Difco).
(3) Cytochrome oxidase test according to Ewing

& Johnson (1960).
(4) Indol and indol pyruvic acid tests, using a

liquid substrate of K2HPO4 (0.244 Y.), KH2PO4
(0.082 %), yeast extract (0.05%) and L-tryptophane

(0.1 %)- a modification of that employed in tablet
form by Hoyt & Pickett (1957). 0.5-ml amounts
were inoculated heavily with a loopful of cell paste
from a slant, and tests for indol and indol pyruvic
acid were performed after 2-4 hours' incubation
(Hoyt & Pickett, 1957).

(5) Motility and nitrate reduction in motility-
nitrate medium, as described by Moore & Pickett
(1960), using a modified medium containing tryp-
ticase (1.0%), NaCl (1.0 %), KNO3 (0.1 %) and agar
(0.4 %).

(6) Urease activity in urea broth (Difco), used in
0.5-ml amounts and inoculated with cell paste.

(7) Carbohydrate fermentation in purple broth
base (Difco) to which carbohydrates sterilized for
30 minutes at 100'C were added in 0.5% concentra-
tion. Cultures were also tested by the " oxidative
fermentation " (glucose) method of Hugh & Leifson
(1953).

(8) Acetylmethylcarbinol formation in MR-VP
medium (Difco) incubated for 48 hours at 35°C and
tested by the Barritt alpha-naphthol-KOH method
as described by Ewing (1962).

(9) Lysine and ornithine decarboxylase and argi-
nine dihydrolase activities, using the medium of
Falkow with a mineral oil overlay as described by
Ewing, Davis & Edwards (1960).

(10) Haemolytic activity around well-isolated
colonies on sheep-blood agar plates incubated for
18 hours at 35°C.

(11) 0/129 inhibition (Shewan, Hodgkiss & Liston,
1954), by placing a few crystals of 2,4-diamino-6,7-
diisipropyl pteridine (base) (0/129) 1 in the centre of
a gelatin-agar plate inoculated to produce a " lawn"
of confluent growth.

Serological tests

Living organisms were tested by slide- and tube-
agglutination techniques with vibrio 0 group I
antiserum,2 and also with antirough vibrio serum
(prepared by immunizing rabbits with a suspension
of strain 381 R3 heated for 30 minutes at I000C) to
help to exclude the possibility that the organisms
were rough strains of V. cholerae (Lankford, 1958).

1 Kindly supplied by Mr W. A. Cox of Allen & Han-
bury's Ltd, Ware, Herts., England.

2Kindly supplied by Dr Kenneth Goodner, Jefferson
Medical College, Philadelphia, Pa., USA.

8 Kindly supplied by Dr R. A. Finkelstein, Walter Reed
Army Institute of Research, Washington, D.C., USA.
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RESULTS

Cultural and biochemical properties
The properties of the 82 organisms from cases of

human diarrhoea are given in Table 1. Two relatively
distinct groups were apparent. The first, consisting
of 69 strains, possessed characteristics we regarded

TABLE I
REACTIONS OF 82 CULTURES ORIGINALLY REGARDED

AS NON-CHOLERA VIBRIOS

Reaction Positive results with:
69 vibrios a 13 non-vibrios

Gelatinase (" zone ")

Vibrio morphology

Oblique light

" String " test

Cytochrome-oxidase

Motility

Nitrates to nitrites

Nitrates to N2

Urease

Acetylmethylcarbinol

Indol

Indol pyruvic-acid

H2S (Kllgier's)
Pellicle formation

Haemolysis

0/129 inhibition

Carbohydrate fermentation:

Dextrose b

Gas from dextrose

Lactose

Sucrose

Mannose

Arabinose

Mannitol

Salicin

Amino acids:

Lysine decarboxylase

Arginine dihydrolase

Ornithine decarboxylase

69 (19)

69 (19)

67 (18)

69 (19)

69 (19)

69 (19)

68 (19)

0 (0)

O (0)

34 (7)

68 (19)

0 (0)

0 (0)

58 (13)

68 (19)

69 (19)

69 (19)
0 (0)

48 (late) (13)

66 (19)

22 (1)

4 (0)

69 (19)
0 (0)

65 (19)
0 (0)

65 (19)

13

0

0

0

13

13

13

0

0

0

13

0

0

4

4 (3 weak)

I (weak)

13

12

0

2

13

13

13 (weak)

13

0

as typical of the genus Vibrio. All but two cultures
passed the four preliminary screening tests. These
two did not show vibrio-like colonies by oblique
light examination. In addition, one failed to reduce
nitrates and another was indol-negative. With these
exceptions, all strains were motile, oxidase-positive,
urease-negative, and indol-positive; they reduced
nitrates to nitrites, attacked dextrose "fermen-
tatively" without gas production, were positive for
lysine and ornithine decarboxylase but negative for
arginine dihydrolase, and were sensitive to vibrio-
static agent 0/129. The properties of 19 NCV from
cases described in a previous report (McIntyre et al.,
1965) are also shown in Table 1.
The remaining 13 strains had been regarded as

possible NCV on examination in the field because
they produced a "zone " on gelatin agar, super-
ficially resembled vibrios, and failed to agglutinate in
cholera antiserum. On closer examination in our
laboratory, however, they were found to be different
from vibrios microscopically and colonially, and
did not give a positive result in the " string " test.
Hence, these organisms were positive by only one
of the four screening criteria. In addition, they
differed significantly from the organisms regarded as
vibrios by giving a positive result in the arginine
test, a weakly positive result in the lysine test, and a
negative result in the ornithine test. With the
exception of one strain, which was only slightly
inhibited, all were resistant to the vibriostatic agent
0/129. Of the 13 cultures, 12 produced gas from
dextrose. The properties of the 13 organisms were
consistent with those of the genus Aeromonas
(Ewing, Hugh & Johnson, 1961).
Organisms of both of the above groups are

readily differentiated from Enterobacteriaceae by
the oxidase test (Ewing & Johnson, 1960), from
Commamonas by attack of dextrose (Davis & Park,
1962), and from Pseudomonas by "fermentative"
attack of this carbohydrate (Hugh & Leifson, 1953).

Distribution of the vibrio cultures according to
the Heiberg fermentation grouping (Heiberg, 1935),
which is based on fermentation of sucrose, mannose
and arabinose, is given in Table 2. The majority of
the strains belonged to Heiberg groups I and II,
while a few belonged to groups III and V. No
strains belonging to group IV (sucrose- and ara-
binose-positive, mannose-negative) or group VI
(negative on all carbohydrates) were encountered.
Of the strains from cases described previously
(McIntyre et al., 1965), 18 belonged to group II,
while one belonged to group I.

a Numbers in parentheses refer to the properties of 19 strains
from cases reported in a previous paper (Mcintyre et al., 1965).

b All strains attacked dextrose " fermentatively" by method
of Hugh & Leifson (1953).
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TABLE 2
HEIBERG FERMENTATION GROUPING

OF VIBRIOS STUDIED

Heiberg Fermentation of: No.
group Sucrose Mannose Arabinose

of strains

I + + 0 15

II + 0 0 47

III + + + 4

V 0 + 0 3

Flagella stains1 and electronmicrographs 2 of
representative strains of vibrios of each Heiberg
group, and of a member of the Aeromonas group,
indicated polar monotrichous flagellation. Slight
somatic curvature of the vibrios was apparent from
the electronmicrographs, while the Aeromonas strain
appeared as a short straight rod.
DNA base composition studies 3 determined by a

caesium chloride density gradient ultracentrifugation
on one strain of each Heiberg group represented
indicated a percentage content of guanine plus
cytosine ranging from 47 to 49 moles, which is
similar to values reported for V. cholerae (Marmur,
Falkow & Mandel, 1963), V. metschnikovii (Sebald
& Wron, 1963; Colwell & Mandel, 1964), and cer-
tain other vibrios (Sebald & Wron, 1963).

Serological findings
None of the organisms studied was agglutinated by

cholera 0 group I serum or by antirough cholera
serum. The results of preliminary testing with anti-
sera against different NCV strains were suggestive of
antigenic diversity and were compatible with the
recent report by Gallut (1963) on antigenic grouping
of NCV.

DISCUSSION

The results of the present study indicate that
Gram-negative bacteria isolated from cases of
human diarrhoea could be tentatively identified as

1Kindly performed by Mr H. D. Hochstein, Clinical
Pathology Department, Clinical Center, National Institutes
of Health, Bethesda, Md., USA.

2 Kindly performed by Mr John Thiele, Laboratory of
Biochemistryand Biophysics, Division of Biologics Standards,
National Institutes of Health, Bethesda, Md., USA.

' Kindly performed by Dr Stanley Falkow, Walter Reed
Army Institute of Research, Washington, D.C., USA.

vibrios if they produced a cloudy zone on gelatin
agar, showed colonies resembling those of cholera
vibrios under oblique light, had microscopic vibrio
morphology, and gave a positive result in the
" string " test. A battery of additional tests sub-
stantiated the validity of the results of these four
screening tests, which are readily applicable to field
use. Tests with cholera 0 group I antiserum, as
well as certain biochemical reactions, served to
differentiate NCV from V. cholerae. It was observed,
however, that not all NCV showed typical colonial
morphology by the oblique light technique. Pro-
vided such cultures meet the other criteria, they
should be tentatively accepted as NCV.
Ewing et al. (1961) have warned that strains of

Aeromonas are likely to be confused with NCV, and
the fact that the 13 strains of Aeromonas encountered
here were originally thought to be vibrios is a
demonstration that this is indeed true. Further,
Davis & Park (1962), Sebald & Veron (1963), and
Colwell & Mandel (1964) have shown that several
strains in culture collections that have long been
regarded as vibrios are probably members of other
genera, particularly Pseudomonas. Various practical
tests are helpful in differentiating organisms that
resemble vibrios. For example, Ewing & Johnson
(1960) have shown that Vibrio spp. and Aeromonas
spp. are readily differentiated from members of the
family Enterobacteriaceae by the cytochrome oxidase
test. According to Ewing, Davis & Edwards (1960),
differentiation of Vibrio and Aeromonas is facilitated
by lysine, arginine, and ornithine tests. The 0/129
inhibition test of Shewan et al. (1954) is also of value.
Gas formation is significant, but some Aeromonas
strains are anaerogenic (Ewing et al., 1961). Davis
& Park (1962), in a discussion of distinguishing
characteristics, have shown that differentiation of
Aeromonas and Vibrio strains from Pseudomonas and
Commamonas is aided by the oxidative fermentation
test of Hugh & Leifson (1953).

While the vibrios in the present study were
isolated from cases of human diarrhoea, it is difficult
to evaluate their etiological role in most cases. We
have reported recently (McIntyre et al., 1965) on
19 cases of human diarrhoea in which NCV, isolated
in large numbers by direct plating, were the only likely
pathogens present. Further, six out of 16 of the
cases from which acute and convalescent phase sera
were obtained showed a significant rise in agglutinat-
ing-antibody titre against the NCV isolated. Vibrios
from these 19 intensively investigated cases were
included in the cultures studied; 18 belonged to
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Heiberg group II and one to Heiberg group I. The
association of NCV with diarrhoeal disease in man
was reported also by Yajnik & Prasad (1954), but
the organisms were not characterized fully. The
evidence that NCV cultures may resemble V. cholerae
in their capacity to produce diarrhoea resembling
cholera in the infant rabbit, as well as the widespread

distribution of these vibrios, suggests that the
organisms should be sought in diarrhoea ofunknown
etiology. Unfortunately, since the majority of NCV
are late lactose fermenters, they would probably be
discarded by enteric diagnostic procedures directed
mainly towards the isolation and identification of
Salmonella and Shigella.
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RtSUMI

Etudiant recemment au Pakistan-Oriental une affection
diarrheique de l'homme, les auteurs ont pu isoler des
organismes consideres comme vibrions non choleriques:
dans 19 cas, ces germes furent trouves en grand nombre
par culture directe, et certains serums de convalescents
montraient une e1lvation du titre en anticorps aggluti-
nants pour les germes isoles.

Sur 82 souches classees A l'origine comme vibrions non
choleriques, 13 furent finalement rattachees au genre
Aeromonas. Les 69 autres possedaient des caracteristiques
consider6es comme typiques des vibrions, et furent
soumises A des examens complementaires.
Une des souches ne reduisait pas les nitrates, et une

seconde ne produisait pas d'indole. Toutes les autres
etaient mobiles, reagissaient positivement aux tests de
la cytochrome-oxydase et de l'indole, reduisaient les
nitrates et fermentaient le dextrose sans production de
gaz. Les epreuves d'activite en ur6ase et en hydrolase
etaient negatives, celle de I'activite en decarboxylase

positive. Tous les germes etaient sensibles au facteur
vibriostatique 0/129.

Ces 67 souches subirent avec succes quatre epreuves
considerees comme criteres d'identification: formation
d'une zone d'opacification en milieu gelatine, aspect
morphologique de vibrion apres coloration, string test
positif et colonies de type vibrion a l'examen en lumiere
oblique (a l'exception de deux souches).

Les souches classees dans le groupe Aeromonas firent
preuve d'une activite en gelatinase, mais les autres tests
furent negatifs.

Les auteurs concluent que, sur la base de ces criteres,
il est possible d'identifier provisoirement comme vibrions
non choleriques les germes qui satisfont aux epreuves
d6crites et qui ne sont pas agglutines par les antiserums
du groupe OI. L'emploi de ces tests serait utile en cas de
diarrhees de cause inconnue; il permettrait d'eviter que
ces germes ne passent inapergus au cours d'investigations
axees sur la recherche des Salmonella et des Shigella.

REFERENCES

Colwell, R. & Mandel, M. (1964) J. Bact., 87, 1412-1422
Davis, G. & Park, R. (1962) J. gen. Microbiol., 27, 101-119
Dutta, N., Panse, M. & Jhala, H. (1963) Brit. med. J.,

1, 1200-1203
Ewing, W. (1962) Enterobacteriaceae, Atlanta, Ga.,
US Department of Health, Education, and Welfare,
Public Health Service, Communicable Disease Center

Ewing, W., Davis, B. & Edwards, P. (1960) Publ. Hlth
Lab., 18, 77-83

Ewing, W., Hugh, R. & Johnson, J. (1961) Studies on
the Aeromonas group, Atlanta, Ga., US Department
of Health, Education, and Welfare, Public Health
Service, Communicable Disease Center

Ewing, W. & Johnson, J. (1960) Int. Bull. bact. No-
menc., 10, 223-230

Feeley, J. (1962) J. Bact., 84, 866-867
Gallut, J. (1963) Ann. Inst. Pasteur, 105, 1080-1097
Heiberg, B. (1935) On the classification of Vibrio cholerae
and the cholera-like vibrios, Copenhagen, Nyt Nordisk
Forlag

Hoyt, R. & Pickett, M. (1957) Amer. J. clin. Path., 27,
343-352

Hugh, R. & Leifson, R. (1953) J. Bact., 66, 24-26
King, E. (1962) Ann. N. Y. Acad. Sci., 98, 700-711
Lankford, C. (1958) J. microbiol. Soc. Thailand, 2, 93-101

3



632 O. R. MCINTYRE & J. C. FEELEY

McIntyre, O., Feeley, J., Greenough, W., Benenson, A.,
Hassan, S. & Saad, A. (1965) Amer. J. trop. Med. Hyg.,
14, 412-418

Mandel, A. & Ellison, R. (1963) J. Anmer. med. Ass., 185,
536-538

Marmur, J., Falkow, S. & Mandel, M. (1963) Ann. Rev.
Microbiol., 17, 329-372

Monsur, K. (1961) Trans. roy. Soc. trop. Med. Hyg., 55,
440-442

Monsur, K. (1963) Bull. Wld Hlth Org., 28, 387-389
Moore, H. & Pickett, M. (1960) Canad. J. Microbiol.,

6, 35-42

Sakazaki, R., Iwanami, S. & Fukumi, H. (1963) Jap.
J. med. Sci. Biol., 16, 161-188

Sebald, M. & Wron, M. (1963) Ann. Inst. Pasteur, 105,
897-910

Shewan, J., Hodgkiss, W. & Liston, J. (1954) Nature
(Lond.), 173, 208-209

Smith, H. (1958) Bact. Proc., p. 69
Smith, H., Freter, R. & Sweeney, F. (1961) J. infect. Dis.,

109, 31-34
Yajnik, B. & Prasad, B. (1954) Indian med. Gaz., 89,

341-348


