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Differentiation between Vibrio cholerae and Vibrio cholerae biotype El Tor
by the Polymyxin B Disc Test: Comparative Results with TCBS,
Monsur's, Mueller-Hinton and Nutrient Agar Media*
by EUGENE J. GANGAROSA, JOHN V. BENNETr and JOHN R. BORING, III, Epidemiology Program,
National Communicable Disease Center, Public Health Service, US Department of Health,
Education, and Welfare, Atlanta, Ga., USA

The polymyxin B disc test to differentiate classical
from El Tor cholera strains has gained wide accept-
ance because of its simplicity, economy, and reli-
ability when performed as described by Han & Khie.a
This test is based on the observation that classical
strains of cholera have inhibitory zones around a
50-IU polymyxin B disc on nutrient agar, while
El Tor strains have none. Abeb confirmed the
utility of this test but concluded that colistin discs on
nutrient agar were superior to 50-IU polymyxin
B discs.

Errors in differentiation may arise when media
other than nutrient agar are employed. In Iran in
1965 and Iraq in 1966 outbreaks of El Tor cholera
were initially and erroneously thought to be caused
by classical strains because inhibitory zones were
observed around polymyxin B discs on TCBSC and
Monsur's dmedia, two widely used media that are
recommended for the isolation of cholera strains.
The objective of this paper is to compare the reli-
ability and clarity of test results when TCBS,
Monsur's and Mueller-Hinton media and nutrient
agar are used.

Materials and methods
The total collection of cholera organisms available

for study included 165 strains collected from 1945
to .1965. These were referred to this laboratory
without information as to their laboratory charac-
teristics. Strains were collected from Egypt, India,

* This study was carried out with the technical assistance
of Jane V. McLaughlin.

a Han, G. K. & Khie, T. S. (1963) Amer. J. Hyg., 77,
184-186.

bAbe, H. (1966) J. Antibiot. (Tokyo), 19, 13-18.
c Kobayashi, T., Enomoto, S. & Sakazaki, R. (1963)

Jap. J. Bact., 18, 387-392.
d Monsur, K. A. (1961) Trans. roy. Soc. trop. Med. Hyg.,

55, 440-442.

Iran, Japan, the Philippines, and Viet-Nam (4, 36,
23, 5, 15, and 82 strains respectively).

Serologically, all strains were agglutinated by
vibrio 0 group I antiserum. Biochemically, all
fermented sucrose and mannose but not arabinose
(Heiberg fermentation group I).

All strains resistant to Mukerjee's phage type IV,e
resistant to polymyxin B in the tube dilution test,
and with positive Voges-Proskauer (VP) reactionsf
were classified as El Tor; in addition, they aggluti-
nated chicken erythrocytes g and/or demonstrated
heavy growth or pellicle formation in 0.9% trypsin.a
Strains showing the opposite reactions to these tests
were classified as classical cholera (Table 1). The
test for haemolysis of sheep or goat cells by the
Greig test was not done since many El Tor strains are
known to be non-haemolytic (Barua-unpublished
data). Mueller-Hinton (Difco)," TCBS (Nihon Eiyo
Kagaku Co., Ltd.) h and nutrient agar (Difco) were
prepared according to the manufacturer's instruc-
tions from commercial dehydrated powders. Mon-
sur's medium was prepared according to published
directions.d Agar plates were made by pouring
25 ml of hot liquid media into 15 mm x 100 mm
plastic Petri dishes.

Stock cultures of cholera strains, maintained on
trypticase soy agar slants, were transferred to
alkaline peptone water, pH 8.0. Cultures were
incubated at 37°C and transferred to fresh alkaline

e Mukerjee, S. (1963) Bull. Wid Hlth Org., 28, 333-336.
f Coblentz, L. M. (1943) Amer. J. publ. Hlth, 33, 815-817.

The method was slightly modified in that MRVP broth was
incubated for 7 hours at 37°C rather than for 6 hours at
30°C as recommended by Coblentz.

g Finkelstein, R. A. & Mukerjee, S. (1963) Proc. Soc.
exp. Biol. (N.Y.), 112, 355-359.

h Names of commercial manufacturers and trade names
are provided for identification only, and their inclusion does
not imply endorsement by the Public Health Service or the
US Department of Health, Education, and Welfare.
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TABLE 1
CHARACTERISTICS OF CHOLERA STRAINS EVALUATED BY THE POLYMYXIN B DISC TEST

Chicken Heavy MIC to polymyxin BCoaeyhickten Lysis by Positive growth (MAg/MI)
Biotype Serotype strains erythrocyte Mukerjee's Voges- or pellicle | ( _/)strains aggtion phage IV Prauskauer formation in 4 iAg 16 tsgation 0.9 % trypsin or lessa or more

Inaba 27 1 27 0 4 .1 27 0ClassicalI
Ogawa 11 0 | 1 0 1 11 0

Inaba 25 25 0 25 25 0 25
El TorI

Ogawa 102 100 0 102 95 0 102

a 37 classical strains had MICs of 2 or less; only 1 classical strain had an MIC of 4 jg/mi.

peptone water every 24 hours for 2 days. Overnight
cultures were then pipetted (0.1 ml) into 5 ml of
fresh alkaline peptone water and incubated at 37°C
for about 4 hours until growth was visible.
Each culture was evenly inoculated over the

surface of one plate of each of the four media,
using sterile, cotton-tipped swabs.' The agar
surface was allowed to dry for about 10 minutes,
then 50-IU and 300-IU polymyxin B discs (Difco)
and 10-,lg colistin discs (Difco) were placed near the
centre of each plate. Light pressure was applied to
the top of each disc with a sterile forceps to ensure
firm contact between the disc and the plate surface.
After overnight incubation at 37°C, the plates were
inverted and the inhibitory zones were measured.

Results
Of the four media tested, Mueller-Hinton agar

gave the best results. No inhibitory zones around the
50-lU polymyxin B discs were detected with any of
the El Tor strains, while all classic strains had large,
clear zones ranging from 6 mm to 9 mm (total
zone diameter minus the 6 mm diameter of the disc).
Thus, differentiation was easy and reliable, and
there were no overlapping results. On the same
media, 300-IU polymyxin B and 10-pg colistin discs
also showed unequivocal differentiation of strains.
Excluding disc diameters, all strains of classical
cholera had inhibitory zones of 9 mm or more
(9 mm to 13 mm) with 300-IU polymyxin B discs,
and 7 mm or more (7 mm to 12 mm) with colistin
discs. In contrast, El Tor strains had inhibition
zones of 2 mm or less (0-2 mm) with 300-IU poly-
myxin B discs, and 1 mm or less (0-1 mm) with
colistin discs.

i Bauer, A. W., Kirby, W. M. M., Sherris, J. C. & Turck,
M. (1966) Amer. J. Path., 45, 493-496.

Differentiation was also possible with 50-IU
polymyxin B discs on nutrient agar. However, the
inhibitory zones of the majority of classical strains
were only 1 mm or less and it was often difficult to
determine whether a zone of inhibition was present.
One El Tor strain was erroneously identified as a
classical cholera strain. Classical strains had
inhibitory zones of 2 mm to 4 mm with the 300-IU
polymyxin B disc, and of 2 mm to 5 mm with
colistin discs; however, El Tor strains had inhibitory
zones of 1 mm to 3 mm and 1 mm to 5 mm respec-
tively, making accurate differentiation with either of
these discs impossible on this medium.
The inhibitory zones produced by each of the

three types of disc on TCBS and Monsur's media did
not permit accurate differentiation of El Tor from
classical strains. With all three discs inhibitory zones
were noted with El Tor strains, and the zone sizes
observed with classical and El Tor strains overlapped.
By applying the criteria of Han & Khie a to the
50-IU polymyxin B disc test results, 85 % of the
El Tor strains on Monsur's medium and 100 % of
these strains on TCBS medium were erroneously
classified as classical cholera (Table 2). Similarly,

TABLE 2

CHOLERA STRAINS INCORRECTLY IDENTIFIED
WITH 50-lU POLYMYXIN B DISCS ACCORDING

TO THE INTERPRETATIVE CRITERIA OF HAN & KHIE

Strains misidentified (%)

Boye Total Mu leBiotype strains Hinetonl Nutrient Monsur's TCBS

medium agar medium medium

El Tor 127 0 0.8 % 85 % 100 %

Classical 38 0 0 0 0
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El Tor strains were incorrectly identified as classical
strains with the 300-IU polymyxin B and 10-,ug
colistin discs on TCBS and Monsur's media. In
contrast, all classical strains would be identified cor-
rectly on all media, regardless of the disc used, since
inhibitory zones were observed in all instances.

Discussion

The assumptions have been made that there are
two populations of cholera strains, classical and
El Tor, and that the tests employed (Table 1) can
distinguish between them without resorting to the
polymyxin B disc test. Without these assumptions
the polymyxin B disc test results could not have been
evaluated.
The first assumption, that there are two major

groups of cholera vibrios, is consistent with the
recent classification proposed by Feeley.J In his
classification the major criterion for separation of
strains into two groups is Mukerjee's phage IV test.
Our data corroborate the usefulness of this test for
this classification. Thus, Feeley's group I, types 1
and 2, correspond to what are here referred to as
classical strains, and Feeley's group II, types 3, 4,
and 5, correspond to what are called El Tor strains.
Our data also show 100% correlation of results of
Mukerjee's phage IV test, the polymyxin B test on
Mueller-Hinton agar using a 50-IU disc, and the
Voges-Proskauer reaction using a slightly modified
Coblentz method.
The polymyxin B disc test results were invariably

correct in differentiating all 165 cholera strains when
Mueller-Hinton agar was used with 50-IU discs.
The large, clear, inhibitory zones observed with
classical strains provide a definitive contrast to the
complete absence of such zones with El Tor strains,
thus allowing confident and reliable differentiation.
Mueller-Hinton agar and the 50-IU polymyxin B
disc, therefore, seem to be the combination of choice
for differentiating El Tor from classical strains.

There were numerous instances of disagreement
among observers as to the presence of an inhibitory
zone when nutrient agar was used. This disagreement
frequently made test results highly subjective and
more liable to error. In all such instances the
arbitrary decision was made that a zone was present.
Under these circumstances the accuracy of the test
results on nutrient agar were systematically improved.
Accordingly, nutrient agar should be used only if
Mueller-Hinton agar is not available.

J Feeley, J. C. (1965) J. Bact., 89, 665-670.

Mueller-Hinton and nutrient agar media arecompa-
rable in cost when prepared from stock laboratory
reagents, and the commercial price of Mueller-Hinton
agar is only slightly higher than that of nutrient agar.
Another investigator (J. C. Feeley-personal com-
munication) claims excellent results on media that are
cheaper and simpler to prepare than Mueller-Hinton
agar, though comparative studies with these and
Mueller-Hinton medium have not been done.
Abe b cautioned that, when using the polymyxin B

disc test, " test media containing glucose or other
fermentable sugar, such as trypticase-soy agar, or
brain heart infusion agar, must be avoided because
V. cholerae biotype El Tor strains form visible zones
of inhibition occasionally on these media ". However,
Mueller-Hinton agar, which gave the best test results,
contains starch that is hydrolysed to fermentable
carbohydrates. Obviously, other explanations should
be sought of the spurious reactions of El Tor strains
on TCBS and Monsur's media.

All cholera strains in this laboratory collected
between 1945 and 1966 gave results by the polymyxin
B disc test on Mueller-Hinton agar that were
completely consistent with results based on differen-
tiation of these strains by means of other tests such as
phage typing, Voges-Proskauer reaction, growth
characteristics in 0.9% trypsin, chicken erythrocyte
agglutination, and polymyxin B susceptibility as
determined by tube dilution tests. Genetic factors
may explain this remarkable consistency, because
bacterial transfer of resistance to polymyxin B has
not been described, despite demonstration of this
phenomenon for sulfonamides, nitrofurans, strepto-
mycin, the tetracyclines, chloramphenicol, the
penicillins, neomycin, and kanamycin.k Transfer of
resistance to antimicrobial agents other than
polymyxin B is generally mediated by episomes; in
contrast, a more stable chromosomal location of
genes responsible for transfer of resistance to
polymyxin B was suggested by the inability to
transfer polymyxin B resistance among different
bacteria.' The stable susceptibility patterns of El Tor
and classical strains to polymyxin B since 1951,
coupled with evidence that indicates a chromosomal
location for genetic material responsible for poly-
myxin B resistance, perhaps justify the speculation
that the polymyxin B disc test may be of lasting
taxonomic value.

* *
*

k Kabins, S. A. & Cohen, S. (1966) New Engl. J. Med.,
275, 248-252.

1 Smith, D. H. & Aronson, S. E. (1966) Lancet, 2, 15-18.
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A Phage-enrichment Method for Detection of Celebes-type
El Tor Vibrio Carriers
by KENJI TAKEYA, SHOICHI SMMODORI and YUTAKE ZINNAKA, Department of Bacteriology,
School of Medicine, Kyushu University, Fukuoka, Japan

Celebes-type El Tor vibrios, which are epidemic in
South-East Asia, have been found to liberate a charac-
teristic temperate phage designated as" kappa-type"
phage by the present authors.a, b Recently, a method
was devised for the detection of kappa-type phage,c
for the rapid identification of Celebes-type El Tor
vibrio carriers; in the course of field studies of the
Joint Philippines-Japan-WHO Cholera Research
Committee (to be published), this method proved to
be useful and sensitive. The method consisted in
enrichment culture of vibrio cells and detection of
kappa-type phages liberated from them. The present
note describes a new method in which kappa-type
phages present in the specimens from carriers are
directly propagated on cells of the host strain and
assayed.

Various numbers of kappa-type phage particles
obtained from Celebes-type El Tor vibrio, strain
JE170, suspended in 0.5 ml of alkaline broth (pH 8.2)
were inoculated in 2.5 ml of alkaline broth containing
various numbers of cells of the propagating strain,
Vibrio cholerae H218. After incubation for 7 hours

a Takeya, K. & Shimodori, S. (1963) J. Bact., 85, 957.
b Takeya, K., Zinnaka, Y., Shimodori, S., Nakayama, Y.,

Amako, K. & lida, K. (1965) Lysogeny in El Tor vibrio. In:
Bushnell, 0. A., ed., Proceedings of the Cholera Research
Symposium, Honolulu, January 1965, Washington, D.C.,
US Government Printing Office, p. 24 (US Public Health
Service Publication No. 1328).

c Takeya, K., Shimodori, S., & Zinnaka, Y. (1965)
J. Bact.. 90- 824.

at 37°C, the culture was centrifuged and the super-
natant was subjected to plaque-counting by the agar-
layer method. As shown in Table 1, it was found that
the phage could be enriched but the rate of propaga-
tion depended on the initial concentration of cells
of the propagating strain. The optimum initial con-
centration of the propagating cells was between 104
and 106 viable cells per ml of broth. This is probably
because the kappa-type phage is a temperate phage.
A suspension of approximately 105 cells per ml could
be obtained by 1 :100 dilution of an overnight culture
of strain H218 with fresh broth. Alkaline broth gave
better results than alkaline peptone water for enrich-
ment of the kappa-type phage.

It might be thought necessary to avoid the multi-
plication of bacteria contaminating the specimens.
Therefore, in the next experiment a streptomycin-
resistant propagating strain, H218Smr, and alkaline
broth containing 300 ,tg/ml of streptomycin were
used, and the number of phage particles was counted
after incubation for 24 hours. The results, shown in
Table 2, were essentially the same as those obtained
without streptomycin and presented in Table 1.

Finally, stool specimens contaminated with kappa-
type phage were tested by the phage-enrichment
method. Broth (0.5 ml) containing 0.2 g of human
faeces and various numbers of phage particles were
inoculated in 2.5 ml of broth containing various
numbers of propagating cells. After incubation for
12 and 24 hours, the supernatant fluid of the culture
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