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The epidemiological value ofphage typing ofEl Tor vibrios in West Africa was assessed
by testing 211 representative strains from all outbreaks of the cholera epidemic in Togo
(1970-73) with the prophage typing method of Nicolle et al. and the lytic El Tor phages
of Basu & Mukerjee. Prophage typing proved to be of limited epidemiological value in
Togo since 203 of the 211 strains tested belonged to the same phage type-namely, type 2
of Nicolle et al., which corresponds to the Celebes type of Takeya. Six strains belonged
to type 1, 1 strain to type 4, and 1 strain was untypable.

Tested by the lytic El Tor phages, 175 strains were found to belong to type 4 ofBasu &
Mukerjee, 35 strains to type 1, and 1 strain was untypable. All but two strains of type 1
were isolated from 3 outbreaks in which this phage type was found almost exclusively.
The results are in good agreement with epidemiological data collected during the epidemic.
El Tor phage V reacted with a specificity of over 99 % when tested against 601 strains of
El Tor and NCV vibrios from Togo and may be recommended for the rapid identification
of El Tor vibrios.

Interest in the phage typing of El Tor vibrios was
stimulated by the present pandemic, which is the
first to be caused by the El Tor biotype of Vibrio
cholerae. Studies by Mukerjee and his colleages (5)
were initially handicapped by variability and insta-
bility of the phage types. Later, Basu & Mukerjee (2)
established a typing scheme of 6 phage types that
are determined by 5 lytic phages (see Table 3). This
scheme proved its value during epidemiological stud-
ies in Asia (7). In Africa, however, most strains are
reported to belong one phage type-namely,
type 4 (11).

El Tor vibrios are frequently lysogenic with tem-
perate phages (5, 8, 9, 12) that appear to be serologi-
cally related and of a narrow host range. Takeya
and his co-workers designated them " kappa-type "
phages and proposed a scheme of prophage typ-
ing (12, 13). Nicolle and his colleages (10) distin-
guished two different temperate phages, a and f,
and established a typing scheme of 5 types based
on the lysogeny and sensitivity of El Tor vibrios
(see Table 1). During the cholera epidemic in Africa
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this method provided a certain amount of infor-
mation on the origin of strains-namely, El Tor
strains from West Africa could be distinguished from
isolates from East Africa or the Near East (10).
According to the available literature no systematic

study has been conducted so far of the epidemiologi-
cal value of phage typing in a regionally confined
epidemic in West Africa. Since detailed epidemio-
logical data are available from the cholera epidemic
in Togo (4) it seems appropriate to compare the
results of phage typing with data collected during
the outbreaks.

MATERIALS AND METHODS

Strains
A total of 557 cultures of V. cholerae biotype

eltor from clinical and environmental sources in Togo
were available. Out of these, 211 strains represen-
tative of all the outbreaks were selected for this
study. The strains were preserved in agar stabs.
Their biochemical, serological, and physiological
properties had been examined previously (D. Mei-
nicke, unpublished observations).
The following reference strains were employed:

El Tor Cambodge 219 and reference strains of
types 2-5 of Nicolle's scheme of prophage typing
(obtained from Dr P. Nicolle, Paris); El Tor Mak 757
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(obtained from Dr S. C. Pal, Calcutta); kappa-type
phage producer El Tor C5, classical H218 and H218
kappares (obtained from Dr R. Sakazaki, Tokyo,
and Dr K. Takeya, Fukuoka).

Phages

The El Tor phages I-V were obtained from the
WHO Collaborating Centre for Vibrios, Calcutta,
and propagated on Mak 757. The classical cholera
phage IV was supplied by Dr J. Gallut, Paris, and
propagated on strain C154. Stock solutions were

prepared by the soft agar layer method (1). The
routine test dilution (RTD) was determined by exam-
ination of serial 1: 10 dilutions in nutrient broth.
The El Tor phages were used at a dilution of 1: 1000,
the classical phage IV at 1: 200. All phage solutions
were preserved with 1 % chloroform.

Typing ofEl Tor vibrios by temperate phages accord-
ing to the scheme of Nicolle et al. (10)
The lysogeny of vibrio strains was tested by

incubation of the cultures in nutrient broth for at
least 4 hours at 35°C. The cultures were then passed
through membrane filters (0.45 ,um), and one drop
of each filtrate was placed on the surface of nutrient
agar plates that had been inoculated previously by
spreading 0.1 ml of fresh broth cultures (3-4 hours
at 35°C) of the indicator strains. The following indi-
cator strains were used for each filtrate: Cambodge
219, Mak 757, Nicolle's reference strains of types 2
to 5, H218, and H218 kappares.
The plates were incubated overnight and then

checked for the presence of turbid plaques in the
lawn of bacterial growth. A stereoscopic microscope
with oblique illumination was used for the examin-
ations. If no plaques were detectable on either indi-
cator strain, or if doubtful results were obtained,
the tests were repeated and finally performed with
the soft agar layer method with 0.1 ml of the filtrate.
The sensitivity of the strains to temperate phages a

and ,B was tested by the same method. Solutions of
these phages were obtained by filtration of broth
cultures of Nicolle's strains " type 2 " and " type 3 ",

respectively, and were prepared fresh each day.

Comparative study of the prophage typing schemes of
Nicolle et al. (10) and Tokeya et al. (12, 13)

The study was performed with the reference strains
for prophage typing listed in Table 2. The plaque-
forming activity of a filtrate of each of these strains
on every other reference strain was tested by the
soft agar layer method.

Typing by lytic El Torphages according to the scheme
of Basu & Mukerjee (2)

The vibrio strains were inoculated into nutrient
broth and incubated for 2-4 hours at 35°C until a
turbidity corresponding to tube 1 of the McFarland
standard was visible. About 0.1 ml of the broth
culture was spread on nutrient agar plates and
allowed to dry at room temperature (22°C). Drops
of phage solutions at the RTD were placed on the
culture by means of a loop (diameter 2 mm), and the
plates then kept in inverted position. The reactions
were read after overnight incubation at 35°C and
recorded according to the method described by
Mukerjee (6).

Reaction of557 strains ofEl Tor vibrios and 45 strains
of NCV vibrios to classical phage IV and El Tor
phage V

All available El Tor strains from the cholera epi-
demic in Togo and additional 45 NCV strains from
clinical and environmental sources were tested with
the polyvalent classical phage IV and the polyvalent
El Tor phage V to reassess the specificity of these
phages for the differentiation of biotypes of V. chol-
erae. The El Tor phage V was tested in two con-
centrations-namely, RTD and 5 x RTD.

RESULTS

Typing by temperate phages according to the typing
scheme of Nicolle et al.

The results are summarized in Table 1. Out of
the 211 strains selected for study 203 cultures

Table 1. Prophage typing of 211 strains of V. cholerae
biotype eltor according to the typing scheme of
Nicolle et al.

Phage Liberation of Sensitivity to No. of
type temperate phages temperate phages strains

a a

1 - - + + 6

2 + - - + 203

3 - + - - 0

4 - - - + 1

5 - - - - 0

untypable + - - - 1

211
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Table 2. Comparative study of the prophage typing
schemes of Nicolle et al. and Takeya et al.

Sensitivity to Phage type
Strain temperate phage Nicolle Takeya

a $ kappa et al. et al.

El Tor Celebes
Cambodge 219 a + + + 1 cured

El Tor Celebes
Mak 757 a + + + 1 cured

El Tor type 2 - + - 2 Celebes
Nicolle

El Tor type 3
Nicolle - - - 3 ?

El Tor type 4
Nicolle a - + - 4 Ubon

El Tor type 5
Nicollea_ - - 5 Ubon

El Tor C5
Kappa producer - + - 2 Celebes

Classical
H 218a + + +

Classical
Classical biotype
H 218 Kappa,esa - +

a Filtrates of these strains did not produce plaques on lawns of
any of the reference strains. The strains El Tor type 2 (phage a), El
Tor type 3 (phage ,), and El Tor C5 (phage kappa) are prophage
producers by definition.

belonged to phage type 2, 6 strains to type 1, 1 strain
to type 4, and 1 strain was lysogenic but not typable.
The temperate phages liberated by the 204 lyso-

genic strains simultaneously lysed the indicator
strains Mak 757 and Cambodge 219. The classical
strain H218, indicator strain for Takeya's kappa-
type phage, was sensitive to phages liberated by
201 strains, whereas strain H218 kappares was resist-
ant to all temperate phages isolated from El Tor
vibrios from Togo.

Comparison of the prophage typing schemes ofNicolle
et al. and Takeya et al.

The results summarized in Table 2 show that tem-
perate phage a, liberated by El Tor strain " type 2 "
of Nicolle, and kappa-type phage, liberated by El
Tor strain C5, gave identical reaction patterns when
tested on cholera strains used for prophage typing.
Phage ,, liberated by El Tor strain " type 3 ", has
not been isolated from strains in Togo. Nicolle and
his co-workers (10) suppose that this phage might
be a virulent mutant of phage a. Filtrates of the
other reference strains did not produce plaques on
lawns of any of the strains.

Phage type 1 of Nicolle is comparable to Takeya's
"Celebes type cured ", and phage type 2 reacts
like a " Celebes type" strain. Nicolle's types 4 and 5
could be classified as "classical Ubon type " accord-
ing to Takeya: non-lysogenic and resistant to kappa-
type phage. There is no phage type in the typing
scheme of Takeya corresponding to Nicolle's type 3,
which is lysogenic with phage 8 and resistant to all
tested temperate phages.

Typing by lytic El Tor phages according to the scheme
ofBasu & Mukerjee
This method revealed two different phage types:

175 strains belonged to type 4, 35 strains to type 1,
and one strain was untypable (Table 3).

Since reference strains of the 6 phage types were
not available two representative strains each of
types 1 and 4, and one NCV strain of Heiberg
group II with the lysis pattern of type 4 were kindly
examined by Dr P. Nicolle, Paris, and Dr Charlotte
Parker, Austin, TX, USA. Dr Nicolle's results cor-
responded to those described in this paper, including
prophage typing, whereas Dr Parker found the
3 strains designated as type 4 by the present authors
to be sensitive also to phage III. In the course of
the present study also it was observed that phage III
reacted with several vibrio strains by the formation
of a very small number of isolated plaques. These
reactions, however, were listed as negative and only
confluent, or at least semiconfluent, lysis or a distinct
growth inhibition (opaque lysis, Mukerjee (6)) were
considered as positive.

Table 3. Phage typing of 211 strains of V. cholerae
biotype eltor by lytic El Tor phages according to the
scheme of Basu & Mukerjee.

Phage El Tor phages Classical No.af
type Ill IV V ~~~~cholera stantype II Ill IV V phage IV stan

1 + + + + + - 35

2 + + + - + - 0

3 + + + + - 0

4 + + + - 175

5 + + - 0

6 + + - 0

untypable. . . . . .- 1

211
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Reaction of557 strains ofEl Tor vibrios and 45 strains
of NCV vibrios to classical phage IV and El Tor
phage V

Only 4 El Tor strains (0.7 %), but no NCV vibrios,
exhibited a distinct growth inhibition when tested
by the classical phage IV at the RTD. On the other
hand, all but one strains of the El Tor biotype
(99.8%) were lysed by the El Tor phage V at the
RTD. The use of a higher concentration of this
phage (5 x RTD) gave more distinct reactions in
some instances but did not yield an additional
positive result.
Among the NCV vibrios was one strain of Heiberg

group II isolated from a case of infantile enteritis.
This strain (Ch 478) was nonlysogenic and was not
agglutinated by an anti-rough serum of V. cholerae
but was sensitive to El Tor phages I, II, and V
(phage type 4).

DISCUSSION

The typing of El Tor vibrios by temperate phages
appears to be of limited value as an epidemiological
marker of cholera outbreaks in Togo; 203 of the
211 tested strains belonged to the same phage
type-namely, type 2 of Nicolle et al. According to
those authors type 2 was predominant in all West
African countries. The present study corroborates
their findings.

Strains of type 2 might also be considered as
Celebes type strains according to the typing scheme
of Takeya et al. (Table 2). Thus, the vast majority
of El Tor vibrios from Togo showed the same
lysogenic property as most strains isolated in Asian
countries during the present pandemic.
For many years lytic phages have been used in

differentiating the cholerae and eltor biotypes of
V. cholerae. Use of the polyvalent El Tor phage '
H74/64 (=phage V of Basu & Mukerjee's typing
scheme for El Tor vibrios) has been suggested
recently (2, 3) in addition to that of classical phage IV.
In the present study both phages reacted with a
specificity of over 99% when tested against 601 El
Tor and NCV vibrios from Togo.
Two phage types could be distinguished by the

use of the lytic El Tor phages of Basu & Mukerjee.
Most of the strains (175 out of 211) belonged to
phage type 4 and only 35 cultures were determined
as phage type 1. Temperate phage a was demon-
strated in 30 cultures of this type although Basu &
Mukerjee (2, 7) described El Tor strains of type 1
as invariably nonlysogenic. As summarized in

Table 4. Occurrence of El Tor strains belonging to
phage type 1 of Basu & Mukerjee in Togo.

Outbreak or No. of strains
endemic area Period Type 1 Type 4

Nuatja April 1971 to April 1972 15 1

Piya
(Lama-Kara) July 1971 3 0

Ad6ta March to May 1972 15 1

Lom6 November 1970 to July 1972 2 43

Fig. 1. Cholera outbreaks and endemic areas for cholera
in Togo associated with El Tor phage types 1 and 4
according to Basu & Mukerjee.
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Table 4, 33 of the strains of type 1 were isolated
from 3 outbreaks in which this type was found
almost exclusively: Nuatja, Piya (Lama-Kara), and
Adeta.
There is evidence from epidemiological investi-

gations performed in Piya and Adeta that the dis-
ease was imported into both these villages from the
endemic region of Nuatja. The cases in Piya occurred
in a family who had come from that area a few
days before the onset of the disease. The first
patient in Adeta developed symptoms 3 days after
returning from a funeral ceremony near Nuatja.
Thus, the epidemiological data collected during the
epidemic are in good agreement with the results of
phage typing (Fig. 1).
As in other areas of Togo, cholera in the region

of Nuatja was characterized by the protracted course

of the epidemic with small numbers of, or even
isolated, cases. From April 1971 to April 1972
37 cases were bacteriologically confirmed in that
region. Since with one exception only strains of
type 1 were isolated it may be assumed that the
same causative agent persisted throughout the period,
and consequently the chain of infection in the popu-
lation was maintained chiefly by asymptomatic infec-
tions. It may be noted that the region of Nuatja is
crossed by the main road of the country and is
adjacent to another endemic area where phage
type 4 vibrios were the causative agents (Fig. 1).

In Togo phage typing of cholera vibrios proved
to be a useful aid in studying the epidemiology of
El Tor cholera. The method is worth applying in
other African countries when cholera outbreaks are
to be investigated.

ACKNOWLEDGEMENTS

The authors are grateful to Dr P. Nicolle, Paris, for confirming some of the results reported here and for his
valuable advice. Dr Charlotte Parker, Austin, TX, USA, kindly examined some of the strains. The study was supported
by a grant from the Deutsche Forschungsgemeinschaft.

RtSUMt

VALEUR EPIDEMIOLOGIQUE DE LA LYSOTYPIE DE VIBRIO CHOLERAE BIOTYPE ELTOR

EN AFRIQUE OCCIDENTALE

La valeur epidemiologique de la lysotypie des vibrions
choleriques El Tor a ete etudi&e au Togo sur 211 souches
representatives de tous les foyers de 1'epidemie de cholera
dans ce pays (1970-1973), par la methode de Nicolle
et al. (recherche de la Iysogenie et de la lysosensibilite),
et celle de Basu et Mukerjee (lysotypie par les phages
lytiques d'EI Tor).
La recherche de la lysogenie et de la lysosensibilite

s'est revelee de peu d'interet car elle donnait des resultats
d'une homogeneite marque: les 211 souches, 203 appar-
tenaient au phagotype 2 selon Nicolle. Parmi les souches
restantes 6 etaient du phagotype 1, une du type 4 et une
culture n'etait pas typable. Le phagotype 2 de Nicolle
correspond au #Celebes type)) de Takeya.

Selon la methode de Basu et Mukerjee 175 souches
appartenaient au phagotype 4, 35 au phagotype 1, et
une souche n'6tait pas typable. A 1'exception de deux
cultures, toutes les souches de type 1 etaient associ6es
A trois foyers ofi seul ce phagotype a e trouve. Ces
resultats sont en parfaite conformite avec les renseigne-
ments epidemiologiques recueillis sur place pendant
1'epidemie.
Le phage V de Basu et Mukerjee a manifeste une sp-

cificite de plus de 99% lors d'epreuves en presence de
601 souches de vibrions El Tor et de vibrions NCV
isolees au Togo, et il peut etre recommande pour l'iden-
tification rapide des vibrions choleriques El Tor en
Afrique.
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