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of the faecal mass to contaminate the mucous
membrane of the rectum.

In order to investigate whether this was so, stools
were collected from carriers, and vibrios were
counted in samples from the surface and from the
interior of the faecal mass. The samples were
weighed separately, homogenized and subjected to
serial 10-fold dilution with 0.1 % peptone saline;

0.1 ml of each dilution was then spread out with a
spreader on plating medium. In 4 specimens
examined the vibrios were found to be 2 to 4 times
more abundant on the surface than in the interior
of the mass. The difference is not statistically
significant, but it indicates that the contamination
of the rectal mucosa is likely to occur if there are
vibrios in the faeces of the person.

Kappa-type Phage Detection as a Method for
the Tracing of Cholera El Tor Carriers

by K. TAKEYA and S. SHIMODORI, Department of Bacteriology, Kyushu University, Fukuoka, Japan,
and C. Z. GomEz, Department of Health, Republic of the Philippines

Working on some strains of vibrios from different
countries, Takeya and his colleagues a-c developed
a method of prophage typing to differentiate two
types of El Tor vibrio. They found the epidemic
strains to be lysogenic and classified them as
"Celebes-type " strains. The phage liberated by the
organism was called " kappa-type " phage. El Tor
vibrios isolated from water sources in India and the
Middle East, and from patients with mild cholera in
Thailand, were found to be non-lysogenic and were
called " classical Ubon " type. A phage-detection
method for the diagnosis of Celebes-type El Tor
vibrio carriers has been devised by Takeya et al.c
To confirm these findings, it was considered neces-
sary to examine a larger number of strains, carriers
and vibrio-contaminated materials in an endemic
area for detection of kappa-type phage by this
technique.

This is a preliminary report on the investigation
carried out in the Republic of the Philippines from
October 1965 to January 1966.

Materials and methods
Specimens. Rectal swabs in alkaline peptone water

and water samples to which one-tenth of their

a Takeya, K. & Shimodori, S. (1963) J. Bact., 85, 957-958.
b Takeya, K., Shimodori, S. & Zinnaka, Y. (1965)

J. Bact., 90, 824-825.
c Takeya, K., Zinnaka, Y., Shimodori, S., Nakayama,

Y., Amako, K. & lida, K. (1965) Lysogeny in El Tor vibrio.
In: Proceedings ofthe Cholera Research Symposium, Honolulu,
Washington, D.C., US Government Printing Office,
pp. 24-29.

volume of 10% alkaline peptone water had been
added were collected from areas around Manila and
sent to the Bureau of Research and Laboratories,
Manila. Stools were collected from patients in the
cholera ward of San Lazaro Hospital, Manila.

Stock cultures of vibrio. The El Tor vibrios
isolated in the Philippines between 1961 and 1965
were preserved in the Bureau of Research and
Laboratories, Manila, as stock strains on nutrient
agar slants at room temperature.
One thousand isolates (200 isolates for each year)

were examined for kappa-type phage. Five stock
strains of classical vibrios imported from other
countries and 40 strains of locally isolated non-
agglutinable (NAG) vibrios were also similarly
tested. The results of these tests will be published
separately.

Detection of kappa-type phages from carriers.
After rectal swabs from suspected carriers were
enriched in alkaline peptone water for 5 hours (first
peptone enrichment), a loopful of culture of the
first enrichment was enriched for a further 5-6 hours
in alkaline peptone water (second peptone enrich-
ment). A drop of the first enrichment culture was
spotted on a plate previously seeded with the
indicator organism-cells of a streptomycin-resis-
tant indicator strain (H218 Smr) suspended in soft
agar medium containing 100 mg streptomycin,
overlaid with a meat-extract agar plate. The results
of the spot test were read after 8-20 hours of incuba-
tion. The detected phages were usually identified as
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kappa-type by their plaque morphology. When
necessary, however, the susceptibility of a kappa-
phage-resistant H218 strain and the neutralization of
anti-kappa-phage serum were used for identification.

Since it was possible to isolate El Tor vibrios from
the bile of Dolores M., the long-term cholera carrier
detected in the Philippines,4 quantitation of kappa-
type phage in her bile was also performed by the
method described above.

Culture of vibrios. Vibrios were isolated from the
first peptone culture on TCBS plates e and meat-
extract agar plates. If the result was negative, an
attempt was made to isolate vibrios from the second
peptone enrichment.

Detection of kappa-type phages from water
samples. Water samples suspected to be contami-
nated with El Tor vibrios were examined after
enrichment in peptone water both by the phage-
detection method and by culture.

Quantitation ofkappa-type phages and viable vibrio
cells in the stools of cholera patinets. Stools were
taken by inserting a sterilized rubber catheter into
the rectum of the patient. After homogenization by
pipetting, the liquid stool was serially diluted 10
times with 0.I% peptone saline as diluent. The
number of kappa-type phages was estimated by the
agar-layer technique using the indicator strain
H218 Smr in soft agar containing streptomycin.
Quantitation of viable vibrio cells was also done by
plating 0.1 ml of the same dilution on TCBS plates.
In some cases, the quantitation of both phage and
vibrio was carried out every 2 hours for the first 24
hours, and then daily.
When liquid stool could not be obtained after

antimicrobial treatment, a rectal swab was sus-
pended in 3 ml of peptone water, from which 10-fold
dilutions were made.

Results

Comparison of phage detection and vibrio culture
for examination ofpersons and water samples for El
Tor vibrios. Rectal swabs from 396 contacts of
cholera patients were examined by both methods.
As shown in Table 1, a high positive correlation
(98 %) was found between the two procedures.
Six vibrio-negative persons were found to excrete

d Azurin, J. C., Kobari, K., Barua, D., Alvero, M.,
Gomez, C. Z., Dizon, J. J., Nakano, E., Suplido, R. &
Ledesma, L. (1967) Bull. Wld Hith Org., 37, 745 (this issue).

e Kobayashi, S., Enomoto, S., Sakazaki, R. & Kuwabara,
R. (1963) Jap. J. Bact., 18, 387-392.

TABLE 1
DETECTION OF KAPPA-TYPE PHAGE IN THE STOOL

OF CARRIERS

Detection of

Agglutination vibrio Kappa-type No. of specimens
(by culture) phage

+ + 48

+ 6

+ -2 a

__ 340'

Total [ 396

a The kappa-phage test was carried out on 2-month-old
peptone-water cultures in these 2 cases.

kappa-type phage, while in 8 out of 50 vibrio-posi-
tive cases, vibrios could be isolated only after the
second peptone enrichment. In 64 out of 396 cases,
phage detection was performed from peptone
enrichment culture left standing for from 2 to 60
days at room temperature; the results compared
well with those obtained by culture, except in 2 cases
where the phage-test was made on 60-day-old
peptone-water media. All the isolated El Tor
vibrios proved to be lysogenic with kappa-type
phage. Sera from two of the phage-positive but
vibrio-negative contact carriers (Cases No. 4501 and
4505) were examined for agglutinating antibodies;
the titre in both cases was more than 1: 1280. El Tor
vibrio was isolated later from 1 carrier (No. 4501)
after the second attempt. Only NAG vibrios, which
did not liberate kappa-type phage, were isolated
from the other (No. 4505).

Kappa-type phage was detected in 1 out of the
11 water samples examined, although all samples
were negative for El Tor vibrios. Numerous NAG
vibrios, which did not liberate kappa-type phage,
were isolated from the phage-positive sample.

Detection of kappa-type phage in diarrhoea.
Eighty-one persons with diarrhoea, 53 of whom were
clinically diagnosed as having cholera and 28 as
having gastroenteritis, were examined bacteriolo-
gically by the spot technique, for enteropathogenic
organisms as well as for kappa-type phage. The
specimens were collected by rectal swabs, only
I rectal swab from each case being examined.
The results presented in Table 2 show a 99%



TABLE 2

DETECTION OF KAPPA-TYPE PHAGE IN THE STOOLS
OF PATIENTS WITH DIARRHOEA, AS CORRELATED

WITH BACTERIOLOGICAL FINDINGS

No. El Tor Kappa-
Clinical css b type No.

diagnosis of cases ibtrio phage in of cases
examined in stool sto

+ + 21

+ - 1
El Tor 53

0

Gastoentriti 28 _31

+ +
Gastroenteritis 28 a 2

a No known enteropathogen isolated.

correlation between the results of phage detection
and of the bacteriological examinations.

Quantitation ofkappa-type phage and vibrios in the
stools ofpatients. As shown in Table 3, the number
of vibrios in stools upon admission to the hospital
is usually from 106 to 108 per ml. The number of
phages per ml in these cases is of the order of 102 to
104 less. In cases 1, 2, 11, 13 and 14, the number of
vibrios abruptly decreased after antimicrobial treat-
ment (see the accompanying figure and Tables 4, 5
and 6). The difference between the numbers of
vibrios and phages then became smaller, and phage
was sometimes detected even when the stools were
negative for vibrio. An example of such a case is
shown in the figure. In cases 5, 8, 9 and 10, the
number of vibrios per ml was less than 106, and the
difference between the numbers of vibrios and
phages was from nil to 102. Cases 5 and 8 were
treated elsewhere before admission to the hospital,
and cases 9 and 10 may also have been treated
before, although no information was available on
this point. In case 4, while numerous vibrio cells
were isolated, no phage was detected in the stool.
The isolated vibrios did not liberate kappa-type
phage in peptone-water culture and were sensitive
to the lytic action of kappa-type phage.

Detection of kappa-type phage in the bile of a
long-term carrier. This carrier was examined twice.
In the first examination, 70 kappa-type phages and
870 El Tor vibrios were detected per ml of bile, while
the numbers found in the second examination were
800 and 1700 per ml, respectively. In the second
examination, 120 plaque-forming units of the phage

TABLE 3
QUANTITATION OF VIBRIOS AND KAPPA-TYPE
PHAGES IN THE STOOLS OF PATIENTS WITH

CHOLERA

Case No. No. of vibrios/mI No. of kappa-typephages/mI

3 2.7 x 107 1.1 x 105

4 1.3x 108 0

5 1.0 x 10' 2.0 x 103

6 1.0 x 106 7.0 x 104

7 5.0 x 107 1.7 x 104

8a 10-100 10

8b > 107 8.6 x 104

9 1 x 104 1.1 x 105

10 50 5

12 2.6x 106 1.2x 106

15 4.8 x 107 5.5 x 104

QUANTITATION OF VIBRIOS AND KAPPA-TYPE PHAGES
IN THE STOOLS OF A CHOLERA PATIENT

(CASE No. 11)

Time after first examination .0 Ti5

were found per ml of duodenal fluid from which
El Tor vibrio was isolated only after enrichment.d

Discussion

The kappa-type phage detection method has been
found to be a rapid and sensitive technique for the
detection of Celebes-type El Tor vibrio carriers.b
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TABLE 4
QUANTITATION OF KAPPA-TYPE PHAGES AND VIBRIOS IN THE STOOLS OF CHOLERA

PATIENTS TREATED WITH ANTIBIOTICS a

Case; Age Time of collection of specimen, from first examination (hours)
No. (years) j0 2 4 6 8 10| 24

Antibiotic Kanamycin (250 mg
every 6 hours) 0

1 38 No. of vibrios/mi 1.2x 108 60
6.Ox 102

No. of phages/ml 1.2x 104

Antibiotic Chloramphenicol
(500 mg every 6 hours)

2 20 No. of vibriosfml 5.6x106 4.7 x 105 2.0 x 103 1.Ox102 4.0x102

No. of phages/ml 4.3x 10' 3.2 x 10' 3.6 x 103 2.5x 10' 1.0x 10'

a Details of the antibiotics are given under the time of the first administration.

TABLE 5

QUANTITATION OF KAPPA-TYPE PHAGES AND VIBRIOS
IN THE STOOLS OF A CHOLERA PATIENTS TREATED

WITH CHLORTETRACYCLINE a

TABLE 6
QUANTITATION OF KAPPA-TYPE PHAGES AND VIBRIOS

IN THE STOOLS OF A CHOLERA PATIENTS TREATED
WITH CHLORTETRACYCLINE a

Time of collection
of specimen,
from first

examination
(hours)

0

2

4

6

8

10

24

48

No. of vibrios/ml

5.5 x 10'

9.4 x 107

6.0 x 105

1.3 x 103

1.2x 103

3.6x 102

0

0

No. of kappa-type
phages/ml

1.7 x 104

1.5 x 104

5.6 x 102

7.9 x 102

5.5 x 102

3.0 x 10'

0

0

a The patient concerned (case No. 13, 53 years old), was
given 500 mg of chlortetracycline orally every 6 hours for 3 days,
starting 2 hours after the first examination.

For evaluation purposes, it was considered necessary
to use both this method and the culture method in
examining a large amount of vibrio-contaminated
material, including stools of cholera carriers. The
results obtained from the present experiments
revealed that the phage-detection method may be a
reliable diagnostic method, as the results show high
correlation with the culture method.

Kappa-type phages were detected in all vibrio-
positive cases, except for 2, in which phage testing
was carried out on peptone enrichment cultures

Time of collection
of specimen,
from first

examination

(hours)
0

1.5

2.5

4.5

6

24

(days)
2

3

4

5

No. of vibrios/ml

1.7 x 10.

1.4 x 10'

1.3 x 107

5.0 x 105

6.0 x 105

8.0 x 10,

3.0 x 102

3.0 x 102

0

0

No. of kappa-type
phages/mI

2.4 x 104

9.8 x 104

3.1 x 103

5.0 x 102

2.0 x 102

0

3.0 x 10'

0

0

0

a The patient (case No. 14, 65 years old) was given 500 mg
of chlortetracycline orally every 5 hours for 3 days, starting
1.5 hours after the first examination.

left standing at room temperature for 60 days.
It can therefore be said that the vibrio-positive
cases are practically all phage-positive. It may also
be mentioned that in 8 vibrio- and phage-positive
cases, vibrios were isolated only after the second
peptone enrichment, while phage was detected after
the first; this indicates the high sensitivity of the
phage-detection method.
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Two vibrio-negative but phage-positive persons
were further examined for vibrios and serum
agglutination. Both of them showed high agglutinin
titres, which indicated a present or recent infection
with El Tor vibrio; 1 of the persons had been given
anticholera vaccine previously.

Moreover, repeated attempts succeeded in isolat-
ing El Tor vibrios from 1 of the suspected carriers
(No. 4501); in the other case (No. 4505), only NAG
vibrios were isolated.

In the examinations of water samples suspected
to be contaminated with El Tor vibrios, 1 sample
was found to be El-Tor-vibrio-negative but phage-
positive, and NAG-vibrio-positive. On the other
hand, results of examinations of diarrhoea cases
suggest that the phage-detection method is specific
enough for Celebes-type El Tor vibrios. In the light
of these findings, El-Tor-vibrio-negative but phage-
positive persons may be considered as vibrio carriers;
the number of El Tor vibrios present in the stools
of these patients was probably very small and could
not be isolated because of the presence of an over-
whelming growth of contaminating bacteria includ-
ing NAG vibrios.

Since kappa-type phage could be isolated directly
from stools of cholera patients, quantitation of the
phage in the stools was performed along with the
quantitation of viable El Tor vibrio cells. In un-
treated cases, the number of phages detected per ml
of liquid stool was 102-104. This can be explained by

the fact that the rate of spontaneous induction of
prophage is usually known to be 102_l05. An
interesting finding is that after antimicrobial treat-
ment, phage was sometimes detected even when the
specimen was negative for vibrios. This can be
explained by assuming that phage particles are not
susceptible to antimicrobials, and may be regarded
as an advantage of the phage-detection method.
In case 4, no phage was detected in the stool, while
a large number of vibrios were isolated. The strain
isolated was non-lysogenic and Iysed by kappa-type
phage. Since the lysogeny of Celebes-type El Tor
vibrio is supposed to be unstable (Takeya et al.,
unpublished data), this should be considered as a
case of infection with a spontaneously " cured "
non-lysogenic Celebes-type El Tor vibrio. Further
investigation has disclosed that all the available
strains from Thailand and Cambodia isolated in
1966 were also " cured " lysogenic Celebes-type
El Tor vibrios (Zinnaka et al., unpublished date).
Both kappa-type phages and El Tor vibrios were

isolated from the bile of a long-term carrier. The
difference in number between the vibrios and the
phages was much smaller in the bile than in the stool.
Moreover, while 120 phage particles perml were detec-
ted directly from one sample ofduodenal fluid, vibrios
were isolated only after enrichment. These facts,
although requiring confirmation by repeated trials,
may indicate that the condition of the vibrio in the
bile is somewhat different from that in the stool.

Evaluation of Various Antimicrobial Drugs for the Treatment of Cholera

by KAZUMINE KOBARI, WHO Cholera Team, C. UYLANGCO and J. VASCO, Department ofHealth,
Republic of the Philippines

Several antibiotics were tried for the treatment of
cholera soon after they became available, a, b but
their usefulness for this purpose was not definitely
established until recently. c, d A clinical trial was

a Chaudhuri, R. N., Ghosal, S. & Rai Chaudhuri,
M. N. (1950) India,i med. Gaz., 85, 398.

b Das, A., Ghosal, S. & Gupta, S. K. (1951) Indian med.
Gaz., 86, 437.

c Carpenter, C. C. J., Sack, R. B., Mondal, A. & Mitra,
P. P. (1964) Indian J. med. Res., 43, 309.

d Greenough, W. B., Gordon, R. S., Rosenberg, J. S.,
vies, B. J. & Benenson, A. S. (1964) Lancet, 1, 355.

conducted in the San Lazaro Hospital, Manila, to
provide further evaluation of various antimicrobial
drugs.

Methods

Chloramphenicol, tetracycline, erythromycin,
kanamycin, and furalazine were chosen for the
treatment of patients with cholera El Tor on the
basis of in vitro sensitivity tests.e

e Kuwahara, S., Goto, S., Kimura, M. & Abe, H. (1967)
Bull. Wid Hith Org., 37, 763 (this issue).
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