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Variants of Agglutinable Vibrios in the Philippines
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and D. BARUA, WHO Cholera Team a

A great deal of confusion exists in the taxonomy
of vibrios, particularly regarding the position of El
Tor vibrios in relation to the classical cholera vibrios,
both of which cause the same disease and are agglu-
tinable by the same antisera. Many new tests have
recently been developed to differentiate the classical
from the El Tor vibrio. Intermediate strains have
been encountered when a variety of these new tests
were used, enabling Feeley b to classify the agglu-
tinable vibrios into 5 biotypes.
During routine characterization of the vibrios

isolated in the Philippines, 4 strains were found with
significant atypical characteristics. Their description
constitutes the subject of this report.

MATERIALS AND METHODS

During the joint Philippines-Japan-WHO cholera
study, isolates from patients and contacts were
studied in terms of cultural and biochemical be-
haviour, haemolytic activity, agglutination ofchicken
erythrocytes, and resistance to polymyxin B and
cholera group-IV phage. Out of more than 1000
isolates studied, 4 strains showed unusual features:

Strain No. Date of isolation Source

34613 30 January 1965 Contact
39844 4 April 1965 Contact
42915 29 June 1965 Patient
43090 2 July 1965 Patient

The strains were maintained on nutrient agar
slants at room temperature. Transfers were made
from the stock slants (which had not undergone more
than 3 passages) to fresh agar plates for the various
tests.

All 4 strains were agglutinable by cholera 0 group
1 and Inaba-type specific sera but not by Ogawa-type
or rough sera.
The bacterial morphology was studied by examin-

ing the heat-fixed bacterial smears from an 18-hour

a Present address: Bacterial Diseases, World Health
Organization, Geneva, Switzerland.

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

growth on agar slants stained with cold diluted
carbol fuchsin and with Gram stain. Cover-slip
preparations were examined for motility. Growth
characters were examined on nutrient agar plates
(pH 7.6) and TCBS (Eiken) plates and in peptone
water (pH 8.0). The colonial morphology on nutrient
agar plates was examined under the stereoscopic
microscope using oblique light. The Heiberg group
was determined by growing the strains in peptone
water media containing 1% of saccharose, mannose
or arabinose, with Andrade's indicator or with
bromcresol purple as the indicator, and by reading
after overnight incubation.
The haemolysis test was made after growing the

organism in 3 different media: (1) nutrient broth,
(2) heart infusion broth, and (3) heart infusion broth
containing 1% glycerol.c A 1-ml quantity of a 1 %
washed sheep-cell suspension was added to an equal
volume of the 18-hour-old culture in the various
media. The tubes were incubated at 37°C for 2 hours,
then refrigerated overnight and read the next
morning. Haemolysis was also tested in 10% sheep-
blood agar plates incubated anaerobically.
The haemagglutination test using chicken red cells

was carried out on a slide using an 18-hour-old
culture on heart infusion agar according to the
method of Finkelstein & Mukerjee.d

Tests with polymyxin B and cholera phage were
made using sensitivity discs containing 50 units of
polymyxin B (Difco), or Mukerjee's cholera group-
IV phage at routine test dilution, on bacterial lawns
produced on nutrient agar plates.e
For the Voges-Proskauer reaction, the organisms

were grown in MR-VP Medium (Difco) for 48 hours
at 37°C and the production of acetyl-methyl-carbinol
was tested by Baritt's technique. Parallel tests with
appropriate strains giving positive and negative
reactions were run with each test series.

c Barua, D. & Mukherjee, A. C. (1964) Bull. Calcutta
Sch. trop. Med., 12, 147-150.

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

e Gan, K. H. & Tjia, S. K. (1963) Amer. J. Hyg., 77,
184-186.
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NOTES

TABLE I

CHARACTERISTICS OF THE ATYPICAL STRAINS AT THE TIME OF ISOLATION a

Haemag- Resistance Resistance Haemolysis with sheep cells
Strain Heiberg glutination to to cholera VP
No. group cihice polymnyxin phage Atvtchicken

l group IV NB HIB HIBG Activitylcellsl

34613 I - s R ++ ND ++++ +

39844 -II _ S R - ++++ ++++ ND

42915 -II _ S R - ++++ ++++ +

43090 -II _ S R _ ++++ ++++ +

a NB - nutrient broth; HIB = heart infusion broth; HIBG = heart infusion broth with I % gly-
cerol; S = sensitive; R = resistant; ND = test not done.

Results

Under the stereoscopic microscope the colonial
morphology appeared to be typical of vibrios. The
colonies were greyish, smooth and translucent with
slightly opaque centres. The strains grew well in
alkaline peptone water, on nutrient agar plates and
on TCBS plates, producing typical yellow sucrose-

fermenting colonies on the latter. The organisms
were Gram-negative straight or curved rods with
typical vibrio-like motility. The biochemical charac-
teristics of these strains at the time of isolation are

shown in Table 1.
All 4 strains were non-haemagglutinating and were

sensitive to 50 units of polymyxin B. They were,
however, resistant to group-IV cholera phage at
routine test dilution. These 3 characteristics were

consistently found in repeated tests. Twenty-three
colonies of strain 34613 and 33 colonies of strain
39844 were also uniformly of the same characteristics.

All 4 strains produced acid in fermentation tubes
containing saccharose, mannose or arabinose when
freshly isolated and were classified as Heiberg group
III strains. After more than 4 months in the labo-
ratory, strains 34613 and 39844 formed acid without
gas in fermentation tubes with saccharose and man-

nose, but not arabinose, behaving like strains of
Heiberg group I. Subsequently, however, in repeated
tests, these 2 strains were again found to form acid
in fermentation tubes with saccharose, mannose,
and arabinose, irrespective of the indicators used,
and had to be reclassified as members of Heiberg
group III. The other two strains, 42915 and 43090,
continuously showed the characteristics of Heiberg
group III. All the strains except 39844, which was

not tested, produced acetyl-methyl-carbinol at the
time of isolation but later all of them were VP-
negative.

These strains showed marked variation in their
haemolytic activity when kept in stock and tested
repeatedly after having been cultured in 3 different
media. The results of the haemolysis test, at the
time each strain was freshly isolated, appear in
Table 2 with the results of the tests made about 3 to
10 months later.

TABLE 2

HAEMOLYTIC ACTIVITY OF THE ATYPICAL STRAINS a

Haemolysis of sheep cells
Strain
No. On isolation 10 October 1965

NB HIB HIBG NB HIB HIBG

34613 ++ ND ++++ _ - +

39844 - ++++ ++++ + + ++

42915 - ++++ ++++ + + ++++

43090 - ++++ ++++ + + ++++

a See Table I for meaning of abbreviations.

Results of the haemolysis tests carried out in the
interval have been excluded to avoid a complicated
tabulation. While a general but irregular decline in
activity with age was noted, the strains which were
completely non-haemolytic at the time of isolation
when grown in nutrient broth showed traces of this
activity when tested later. All 4 strains were weakly
haemolytic when tested by the anaerobic blood agar
technique.
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Discussion

During the course of this study, it was customary
in the laboratory to identify El Tor vibrios by the
various tests described above, even though there are
differences of opinion regarding the usefulness of
such a classification.b f-h
About 1000 strains of agglutinable vibrios from

different parts of the Philippines were characterized,
and it was possible to classify all of them as El Tor
vibrios because they were haemagglutinating and
resistant to cholera group-IV phage and to 50 units
of polymyxin B. All the typical strains belonged
biochemically to Heiberg group 1. About 1% of
them were haemolytic for sheep cells when grown
in nutrient broth or heart infusion broth, but about
84% were haemolytic when cultured in heart infusion
broth with 1 % glycerol. They were non-haemolytic
when grown anaerobically on sheep-blood agar
plates. About 97% of the strains were VP-positive.
The 4 atypical isolates from 4 unconnected indi-

viduals were found to belong to Heiberg group III.
Hugh g recently reported weak and transient arab-
inose-fermenting agglutinable vibrios, particularly
when grown under paraffin seal, while Pollitzeri
has recorded earlier observations on the irregular
fermentation of sugars by the cholera vibrios.
When tested repeatedly, the haemolytic property

of these 4 strains was variable, but all strains ex-
hibited some degree of haemolysis (Table 2). The
VP reaction was also variable. Following the tech-
nique of Takeya & Shimodori,i kappa-type phage
could not be detected in any of the 4 atypical strains,
though it is generally found in the pathogenic El Tor
vibrios of the Philippines. The 4 atypical strains
were, moreover, consistently non-haemagglutinating

f Felsenfeld, 0. (1964) Bact. Rev., 28, 72-86.
g Hugh, R. (1965) Int. Bull. bact. Nomencl., 15, 61-68.
h De Moor, C. E. (1965) The New Guinea epidemic and the

El Tor problem. In: Proceedings of the Cholera Research
Symposium, Honolulu, Washington, D.C., US Government
Printing Office, pp. 17-18.

X Pollitzer, R. (1959) Cholera, Geneva (World Health
Organization: Monograph Series, No. 43).

i Takeya, K. & Shimodori, S. (1963) J. Bact., 85, 957-958.

for chicken cells and were sensitive to 50 units of
polymyxin B but resistant to cholera group-IV phage;
these 4 strains thus resembled El Tor vibrios in cer-
tain respects and classical Vibrio cholerae in others.
Hugh g warned against depending solely on bacterio-
phage sensitivity for the identification of a species.
Monsur et al.k also drew attention to the lytic effect
of cholera group-IV phage on El Tor vibrios when
used in sufficient strength.

Feeley b classified 220 agglutinable vibrios into 5
biotypes mainly according to their haemagglutin-
ating activity, resistance to cholera group-IV phage
and haemolytic activity as determined by tube and
plate techniques. The 4 strains described here,
however, cannot be classified by these criteria because
Feeley did not type any non-haemagglutinating,
polymyxin-B-sensitive, cholera-group-IV-phage-re-
sistant strains.

In addition, except for a few non-agglutinable
colonies, no atypical strains were detected when
5-10 colonies from each of 113 cholera patients and
carriers were fully characterized in the laboratory.
The appearance in recent times in the Philippines
of these intermediate strains with some resemblance
to classical cholera vibrios appears to be of great
taxonomic significance. The characteristics of these
4 atypical strains indicate that haemagglutination
and resistance to polymyxin B and cholera phage
group IV as found in El Tor vibrios are not linked
characters.

Epidemiologically, it is of interest to note that
strains 34613 and 39844 were serologically of the
Inaba type but were isolated from contacts of patients
excreting typical El Tor vibrios of the Ogawa sero-
type. These strains were, however, isolated about
7 days and 5 months, respectively, after contact with
the index cases. The possibility of reinfection from
other undetected sources cannot be eliminated. The
other 2 strains were isolated from cholera patients
whose contacts either were not investigated or had
negative rectal swabs.

k Monsur, K. A., Rizvi, S. S. H., Huq, M. I. & Benenson,
A. S. (1965) Bull. Wld Hlth Org., 32, 211-216.


