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present series) and 1 from inside. They form the
subject of a separate paper.c

In an attempt to find atypical strains co-existing
with normal ones, 5 colonies each from 10 patients
and 10 colonies each from 49 patients and 54 car-
riers were picked up at random from nutrient-agar
or TCBS plates streaked directly or after primary
enrichment, and cultured on Kligler's iron-agar
slants. Beside being serotyped, the isolated strains
were fully characterized by the usual procedures.
No difference was noted between the different colonies
isolated from the same person except that, for 3
patients, non-agglutinable and agglutinable vibrios
were present together: 3 out of 5 colonies of case
No. 13, 3 out of 10 colonies of case No. 22 and
2 out of 10 colonies of case No. 55 were non-
agglutinable.
Of the total of 250 water samples from Negros

Occidental examined, 59 were positive for agglutin-
able vibrios. All these strains were identified as El
Tor vibrios of Ogawa serotype. Biochemically, they
behaved as Heiberg group-I strains. They were
haemagglutinating for chicken red cells, VP-positive
and resistant to polymyxin-B and cholera group-IV
phage. All of them were non-haemolytic when grown
in nutrient broth and heart infusion broth (Difco) but
were strongly haemolytic when cultured in heart

c Pesigan, T. P., Gomez, C. Z., Gaetos, D. & Barua, D.
(1967) Bull. Wld Hlth Org., 37, 795 (this issue).

infusion broth with 1% glycerol.d All the 58 strains
were found to be lysogenic for kappa-type phage by
the technique of Takeya & Shimodori.e

Hagonoy field laboratory
The Hagonoy (Bulacan) field laboratory was

established on 3 November 1964 for a community
study. Barrio San Agustin, an endemic focus of
cholera in this area with a population of about 1500,
was surveyed, and epidemiological data were
collected.

In the first mass swabbing, beginning 3 Novem-
ber 1964, 1163 persons, about 77% of the popula-
tion, were swabbed. A second swabbing was made
in December 1964, when 827 rectal swabs (about
55 %) were examined. In the third mass swabbing
in February 1965, 665 rectal swabs (about 44%)
were examined. Agglutinable vibrios were not isol-
ated on any occasion, but 19 strains of non-agglutin-
able vibrios were isolated.
No agglutinable vibrio was isolated from 975

samples of animal droppings from dogs, cats, pigs,
hens, chickens, carabaos and turkeys that were
examined for vibrios. Non-agglutinable vibrios were
isolated from 3 such specimens.
No cholera case occurred in this area during the

period of observation.

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

e Takeya, K. & Shimodori, S. (1963) J. Bact., 85, 957.

Observations on Some Tests Commonly Employed for the.Characterization
of El Tor Vibrios

by D. BARUA, WHO Cholera Team,a and C. Z. GOMEZ, Department of Health, Republic of the Philippines

El Tor vibrios have assumed great importance in
the pandemic of cholera that started in 1961. They
are now being studied in much greater detail than
ever before, and many new characteristics continue
to be described, some of which are more suitable

than others for differentiating El Tor vibrios from
classical cholera vibrios.b-d Some interesting obser-
vations are recorded here which were made during
a systematic study of about 2000 strains of El Tor
vibrios isolated in the Philippines in 1964 and 1965.

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

b Mukerjee, S. & Guha Roy, U. K. (1961) Ann. Biochem.,
21, 129-132.

c Monsur, K. A., Rizvi, S. & Ahmed, S. Z. (1965) Limita-

tions of current methods of laboratory diagnosis of cholera. In:
Proceedings of the Cholera Research Symposium, Honolulu.
Washington, D.C., US Government Printing Office, pp. 38-40.

d Barua, D. & Mukheree, A. C. (1964) Bull. Calcutta
Sch. trop. Med., 12, 147.
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Haemolysis of sheep erythrocytes

Originally El Tor vibrios were differentiated from
classical Vibrio cholerae by their haemolytic activity
on sheep and goat erythrocytes, and were con-
sidered not to be connected with Asiatic cholera.
-However, the organism was found to cause a similar
disease with rather low morbidity but high fatality
rates in Sulawesi (Celebes, Indonesia). The haemo-
lytic activity was weak and irregular, even in these
strains.je-9
During this study, the haemolytic activity was

tested by growing the organism in nutrient broth,
pH 7.6 (NB), heart infusion broth (HIB, Difco) as
advocated by Feeley & Pittman h and also in heart
infusion broth (Difco) with 1% glycerol (HIBG) as
recommended by Barua & Mukherjee.d One ml of an
18-20-hour culture was added to an equal volume of
1% washed sheep erythrocyte suspension, incubated
at 37°C for 2 hours and then kept at 4°C over-
night. The results were recorded next morning.
Controls with uninoculated medium, and with
known haemolytic and non-haemolytic strains, were
included with each test.

All the strains isolated in the Philippines in 1961
were haemolytic to sheep erythrocytes when tested
soon after isolation, after growth in nutrient broth.
Some non-haemolytic strains were found in 1962,
and the number appeared to have increased in 1963.
Some of the strains found in 1961, 1962 and 1963
and preserved in sealed nutrient agar slants were
examined along with the recent isolates of 1964 and
1965 by the methods described here; the results are
shown in Table 1.
These observations indicate that the vibrio that

invaded the Philippines in 1961 had typical El Tor
properties, including that of being haemolytic, and
only became non-haemolytic or weakly haemolytic
in the course of the years. Tanamal g did not put
much reliance on this test in identifying the strains
isolated in Sulawesi. This weak haemolytic property
of the strains in the Philippines could be reliably
demonstrated by growing the Qrganisms in heart
infusion broth containing 1% glycerol as a stabi-

e De Moor, C. E. (1939) Meded. Dienst Volksgezondh.
Ned.-Indie, 28, 322-355.

f Otten, L. (1939) Meded. Dienst Volksgezondh.-Indie, 28,
13-2 1.

g Tanamal, S. T. N. (1959) Amer. J. trop. Med. Hyg., 8,
72-78.

h Feeley, J. C. & Pittman, M. (1963) Bull. Wld Hlth Org.,
28, 347-356.

TABLE 1
HAEMOLYTIC ACTIVITY OF EL TOR VIBRIOS

GROWN ON DIFFERENT MEDIA

Strains with haemolytic activity

Year of Heatifuso Heart infusionYear Of Nutrient broth HeargrOsI broth with
isolation Nurenrroh othlyeo

No. % No. % No. %

1961 59 83 25 96 26 100

1962 40 40 96 96 100 100

1963 7 7 27 28 98 100

1964 1 0.1 8 1.7 893 85

1965 10 1.4 8 1.1 611 83

lizer.t It may, however, be noted that even this
medium was not suitable for the detection of
haemolytic activity in all the strains isolated in 1964
and 1965. Glycerol added to nutrient broth did not
have the same effect as when added to heart-infusion
broth.

TABLE 2
HAEMOLYTIC ACTIVITY OF DIFFERENT COLONIES
FROM 5 PATIENTS, GROWN ON DIFFERENT MEDIA

No. of haemolytic colonies
(and intensity of positive reaction)

o. of I__Case lonies HeartHerNo. tetd Nutrient Hat infusion
broth infusion broth withbroth 1 1b (++th )

13 5 0 2 (++++) 5 (++++)

29 10 2 (++++) 2(++++) 10 (++++)

45 10 0 1 (++) 10 (++++)

71 10 1 (++) 0 10 (++++)

89 10 1 (+) 3 (+++) 10 (++++)

Again, different colonies from the same source
were found to vary in their haemolytic activity. When
5 to 10 colonies from each of 113 isolates from 59
cholera patients and 54 carriers-1080 colonies
altogether-were examined separately, only 9 colo-
nies from 5 isolates were haemolytic after culture in
NB or HIB, or both, but all the colonies were haemo-
lytic when grown in HIBG; this is shown in Table 2.

i Liu, P. V. (1959) J. infect. Dis., 104, 238-252.
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All the other 1071 colonies from other sources
were non-haemolytic when grown in NB and HIB,
but 97.7% of them were haemolytic when cultured
in HIBG. In 48 cases (42.5 %), the different colonies
from a given isolate varied in their haemolytic
activity; some colonies were non-haemolytic, some
were weakly haemolytic and the rest were strongly
haemolytic. It was also interesting to note that some
or all of the colonies of each of these 113 strains
isolated from as many cases were haemolytic to sheep
erythrocytes when grown in HIBG. An arbitrary
grading based on the size of the deposit of residual
cells indicated that about 87.3% of the isolates were
strongly haemolytic when the organisms were grown
in HIBG. This haemolytic activity was destroyed by
heating the culture at 60°C for 30 minutes.
During another investigation of haemolytic

activity, 5 strains of classical vibrios and 15 strains of
El Tor vibrios, which were non-haemolytic when
grown in NB, HIB and HIBG, were tested repeatedly
with blood from 3 sheep simultaneously after grow-
ing them in these 3 media. The strains were trans-
ferred from a slant to these 3 different media and to
another agar slant which was used as the stock for
the next test. The tests were repeated 6 times.
No change in the haemolytic character was

noticed when the organism was tested after growth
in NB and HIB in spite of repeated transfer, but all
the El Tor strains become haemolytic to sheep
erythrocytes when grown in HIBG; some became
haemolytic after 2 transfers, others after 3, but a few
were haemolytic in one test and non-haemolytic in
the next. The degree of haemolysis varied with
different strains and also with erythrocytes from
different sheep. The classical strains of V. cholerae
were uniformly non-haemolytic in all the tests.
These results indicate that the haemolytic property

of El Tor vibrios isolated at present is very weak and
unstable. A strain is probably a mixture of haemo-
lytic and non-haemolytic variants, and their relative
proportion greatly influences the outcome of the
rather crude test generally employed for this pro-
perty.

Determination of Heiberg group

The Heiberg group was determined by fermenta-
tion of mannose, sucrose and arabinose incorporated
in cotton-plugged tubes of peptone water medium
with Andrade's indicator. The reaction was noted
after overnight incubation; bromcresol purple was
used as an indicator for repetition of the tests in case
of irregular reaction. Besides the 4 atypical strains

reported in a separate paper,J irregular and weak
fermentation of arabinose was noted in some strains
of El Tor vibrios. Fermentation of arabinose by 10%
of 258 strains of V. cholerae under paraffin seal was
also observed by Hugh;k it was, however, weak,
transient and retarded in open tubes.

Slide agglutination test

This test was performed with 0-subgroup, pro-
perly absorbed type-specific sera with the usual
precautions. The Inaba strains were found to react
specifically with the homologous sera, but a large
number of Ogawa strains, particularly those isolated
during the epidemic, reacted weakly with the Inaba
serum while reacting strongly with the Ogawa serum.
Such strains did not react with rough cholera serum.
These weak cross-reactions were seen when the test
culture was collected from the nutrient agar media
but not when it was collected from TCBS plates,
probably because of the inhibition of weak agglutina-
tion by the constituents of the latter.

Agglutination of chicken erythrocytes
No irregularity occurred in this test on freshly

isolated strains, except for the 4 atypical strains
mentioned above. Chicken and sheep erythrocytes
were found equally suitable for the purpose. Some
vibrios isolated from an artificially mixed growth of
classical and El Tor vibrios caused haemagglutina-
tion of chicken and sheep eruthrocytes while retain-
ing all the other characteristics of classical V. cho-
lerae.

Polymyxin-B-sensitivity
Paper discs containing 50 units of polymyxin-B

(Difco), from batches to be used before April and
December 1966, were used during the latter part of
1964, all of 1965 and in January 1966 for the poly-
myxin-B test following the technique of Gan & Tjia.1
Sometimes an irregular unexpected reaction in the
form of small circular or crescentic zones of inhibi-
tion was seen around some discs; these zones did not
appear on repetition of the test. The factors respon-
sible for such reactions were investigated.
A comparatively thin bacterial lawn produced by

a smaller number of organisms in the broth culture
often revealed a narrow false zone of inhibition of

j Pesigan, T. P., Gomez, C. Z,, Gaetos, D. & Barua, D.
(1967) Bull. Wid Hlth Org., 37, 795 (this issue).

k Hugh, R. (1965) Int. Bull. bact. Nomencl., 15, 13-24.
1 Gan, K. H. & Tjia, S. K. (1963) Amer. J. Hyg., 77,

184-186.
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El Tor vibrios around the discs: 24-hour broth
cultures produced a better lawn for the test and
yielded better results than a 4- to 5-hour broth
culture. The pH of the nutrient agar on which the
tests are performed also influenced the outcome of
the test. At pH 7.8-8.0, a narrow false zone of
inhibition was produced around the discs for all
32 strains of El Tor vibrios tested; at pH 7.0-7.6,
there was no false inhibition unless the lawn was
very thin. However, other factors may be respon-
sible for some of the irregular reactions. In each
test, the routine inclusion of the known sensitive

and known resistant strains as a control is essential
for detecting the irregular behaviour of the strains
under the particular conditions of the test.

Cholera group-IVphage-sensitivity
This test was performed with the routine test

dilution of the phage, determined by tests with
standard classical V. cholerae strain No. 154, and
gave uniformly good results, except with the 4 atypical
strains; these were non-haemagglutinating and
sensitive to 50-unit polymyxin-B discs, but resistant
to the phage.

Bacteriological Studies on Some Strains of El Tor Vibrios
Isolated in the Philippines

by DAIZO USHIBA, KAZUE SATO, MASAMI NAGAO and Y. CHIKASATO, Department of Health, Japan

One hundred and sixty-two strains of El Tor
vibrios isolated in Davao, the Philippines, in 1964
and 1402 strains isolated in Bacolod, the Philippines,
in 1964 and 1965 were brought to Japan, and the
following biochemical and serological tests were
performed on them, using standard techniques:

Fermentations of different carbohydrates;
f-Galactosidase test;
VP reaction;
Chicken-red-cell agglutination;
Polymyxin-B- and colistin-sensitivity;
Haemolysin production (Greig);
Serological typing by factor sera;
Cytochrome-oxidase test;
Cholera red reaction;
Lysine and arginine decarboxylase test;
Oxidation of gluconate; and
Sensitivity patterns to chemotherapeutics.

The majority of the strains tested showed typical
characteristics of El Tor vibrios of Ogawa type;
9 strains were identified as Inaba-type and only 1 as
Hikojima-type. Some of the interesting findings are
described below.

Haemolysin production

Only 3 strains (20716, 23313, 20749) produced
soluble haemolysin in culture supernatants: these 3
strains showed a weakly positive Greig test.

However, the results of the Greig test should be
judged with reference to the kinds of culture media
used (with or without addition of glycerol, parti-
cularly) and to the time of incubation.

Polymyxin-B- and colistin-sensitivity

No strains formed a visible inhibitory zone around
50-unit polymyxin-B discs and 1000-unit colistin-
methanesulfonate discs on heart infusion agar plate,
but when 100-unit polymyxin-B discs were used,
3 strains (7321, 10758 and 3083) formed narrow
inhibitory zones.

VP reaction (Barritt modification)

Many of the strains tested produced pink colonies
on Aronson's agar and showed positive reactions
in the VP test, whereas most strains which pro-
duced red colonies on Aronson's agar were VP-
negative.

Sensitivity to various chemotherapeutics

The sensitivity patterns of the strains to various
drugs were examined by the agar plate dilution
method.
Many of the strains tested were highly sensitive to

tetracycline, chloramphenicol, erythromycin, novo-
biocin and dihydroxyacetylfuralazine, and moder-
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