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El Tor Vibrios Isolated in the Epidemic of Cholera in Iraq in 1966

by N. EL-SHAWI, Professor of Bacteriology, and A. J. THEwAiN, Assistant Professor,
Department of Microbiology, University ofBaghdad, Iraq

In studies conducted during the cholera epidemic
in Iraq in 1966, variations were encountered in the
characteristics of the organisms that were isolated.
Although the epidemic was caused by organisms
of the Ogawa serotype, an organism of the Inaba
type was isolated on one occasion. An atypical
strain, intermediate between the classical and El Tor
vibrios, was also isolated.

Materials and methods
Isolation of the organisms. Stool specimens were

inoculated into alkaline peptone water, and after
6-8 hours' incubation subcultures were made on
TCBS plates. If suspicious colonies developed on
the latter, they were transferred by both stab and
streak to Kligler iron agar. From iron agar cultures
that produced an acid butt and an alkaline slant
with no gas, subcultures were made as follows:
(1) to peptone water to test for indole production;
(2) to semisolid mannitol to test for acid production
and motility; and (3) to an agar slant for agglutina-
tion tests with WHO standard polyvalent antisera
and antisera to the Inaba or Ogawa types. If an
organism produced indole, fermented mannitol, and
gave a positive agglutination reaction, it was regarded
as Vibrio cholerae.

Characterization. From each positive culture,
a stab subculture was made in semisolid peptone
agar for maintenance.
The Heiberg group of each organism isolated

was found by testing its fermentation reactions with
sucrose, arabinose, and mannose. The following
tests were also performed: Voges-Proskauer reac-
tion, sensitivity to 50 units of polymyxin B, aggluti-
nation of a 1% suspension of chicken erythrocytes,
haemolysis of a 1 % suspension of sheep erythrocytes
(Greig test), oxidase test, citrate utilization, and
sensitivity to Mukerjee's four cholera phages.
To test for haemolysin production, equal volumes

of a 24-hour culture in either brain heart infusion
broth or nutrient broth and either a 3% or a 1%
suspension of sheep erythrocytes were mixed. The

mixture was then incubated at 37°C for 2-4 hours
and, after overnight refrigeration, examined for the
presence or absence of haemolysis.
To test for phage susceptibility, a nutrient agar

plate was uniformly seeded with a suspension of
the organisms. The plate was divided into 5 sectors,
to each of which 1 drop of phage suspension
(1: 100 dilution) was added. (Mukerjee's phages I,
I1, III, and IV and polyvalent phage suspension
were used.) After incubation at 37°C for 24 hours,
the plate was examined for zones of inhibition of
growth.

Results
The Heiberg groups of the organisms isolated are

shown in Table 1, from which it will be seen that
437 organisms were of group I. One strain of agglu-

TABLE I

HEIBERG GROUPS, SEROTYPES, AND PHAGE
SUSCEPTIBILITY OF ORGANISMS ISOLATED,

IRAQ, 1966

No. of strains Heiberg group Serotype Phagesusceptibility

436 Ogawa Resistant

IlIl Ogawa Susceptible

I I Inaba Resistant

tinable vibrio was of Heiberg group III. Of the
organisms isolated, 398 were typical El Tor vibrios-
i.e., they were Voges-Proskauer-positive, were resist-
ant to 50 units of polymyxin B, agglutinated chicken
erythrocytes, and haemolysed a 1 % suspension of
sheep erythrocytes.
As shown in Table 2, 39 organisms were non-

haemolytic to sheep erythrocytes on primary isola-
tion, and remained so after maintenance in the
laboratory. Only 1 organism was Voges-Proskauer-
negative, although it was a typical El Tor vibrio in
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TABLE 2
RESULTS OF TESTS CHARACTERISTIC OF EL TOR VIBRIOS

Voges- Polymyxin Agglutination Citrate
No. of strains Proskauer resistance of chicken Haemolysis utilization

1 -R + + +

35 + R + _ +

4 + R + +
8 + R + +-

390 + R + + +

other respects. Table 2 also shows the ability of
the organisms isolated to utilize sodium citrate as
their only source of carbon. The property of citrate
utilization was not related to haemolytic or other
properties of the organisms: 4 organisms were non-
haemolytic and citrate-negative and 8 were haemo-
lytic and citrate-negative.

It is interesting to note that of the 437 organisms
of Heiberg group I isolated in the epidemic, 436 were
of the Ogawa type and were resistant to Mukerjee's
type IV phage in working dilutions; in this respect
they were similar to the organisms isolated in Iran
and elsewhere. Only 1 organism of Heiberg group I
was of the Inaba type; it was also resistant to
Mukerjee's type IV phage (Table 1). The only
organism of Heiberg group III was of the Ogawa
type, but it was susceptible to Mukerjee's type IV
phage. This organism, which was atypical in that it
fermented arabinose, showed the behaviour of an
El Tor vibrio in the tests that characterize the latter
organism, but it was like the classical V. cholerae
in that it was susceptible to Mukerjee's phages.
No organism of the Hikojima type was isolated
during the epidemic. All the organisms were oxidase-
positive, lysine-positive, and arginine-negative.

Discussion
The study of the characteristics of organisms

isolated in a cholera epidemic is not only interesting
from the taxonomical point of view, but is of
epidemiological importance in that it sheds light on
the route of entry of the infection, the way in which
it spreads, and methods that should be used for its
control.

Contrary to the findings of Nobechi and co-
workers,a only one of the El Tor vibrios isolated

a Nobechi, R. & co-workers (1964), cited by Felsenfeld,
0. (1966) Bull. Wld Hlth Org., 34, 161.

by the authors during the epidemic in Iraq was
Voges-Proskauer-negative and haemolytic to a 1%
suspension of sheep erythrocytes; 39 organisms
were nonhaemolytic to a 1% suspension of sheep
erythrocytes, and the remainder were haemolytic to
a 1 % but not to a 3% suspension.

Mukerjee & Guba Roy b have pointed out the
variability in the haemolytic activity of El Tor
vibrios; strains isolated in Hong Kong, Macau, and
Burma were nonhaemolytic at the time of isolation
but became haemolytic after propagation in the
laboratory. On the other hand, strains isolated in
New Guinea that were nonhaemolytic at the time
of isolation did not become haemolytic after further
subculture.c Our strains differ from those isolated
in other countries in that 92% of them were readily
haemolytic when freshly isolated and 8% were non-
haemolytic even after propagation in the laboratory.

Following the recommendation of Mukerjee &
Guba Roy b that resistance to Mukerjee's phage
type IV be regarded as the most differential diag-
nostic feature of the El Tor biotype, the Iraqi strains
were subjected to this test; the results confirmed
those of other tests in showing the organisms to be
El Tor vibrios. This finding was also confirmed by
the agglutination of chicken erythrocytes and by
resistance to polymyxin B.
The isolation of an organism of the Inaba sero-

type from a cholera case in an Ogawa epidemic is
of particular interest. The transformation or muta-
tion of the organism probably took place in vivo,
since the epidemiological pattern of the outbreak
indicated that the disease was transmitted from
person to person rather than from contaminated
food or water. Transformation from one sero-

b Mukerjee, S. & Guba Roy, U. K. (1962) Brit. med. J.,
1, 685.

c de Moor, C. E. (1963) Trop. geogr. Med., 15, 97.
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logical type to another, particularly from Ogawa
to Inaba, has been observed during epidemics, in
endemic areas, and in the laboratory.4 Transforma-
tion from type Inaba to type Ogawa, although very
rare, has been reported recently in the USA, where
a technician was accidentally infected in a labora-
tory that maintained only the Inaba serotype.
During the first 2 days after infection, the Inaba
type was isolated from the patient; from the third

d Bhaskaran, K. & Gorrill, R. H. (1957) J. gen. Microbiol.,
16, 721.

day onwards, however, the organisms isolated were
consistently of the Ogawa type.e
One Heiberg group III strain of the Ogawa type

isolated from a cholera case during the epidemic in
Iraq also deserves special attention. In some tests
it gave the reactions typical of El Tor vibrios, but it
was unlike the other organisms isolated in being
susceptible to Mukerjee's type IV phage. The
appearance of such mutants or transformed organ-
isms may be possible in a bacterial population.

e Sheehy, T. W. et al. (1966) J. Amer. med. Ass., 197, 321.

Variole et groupes sanguins ABO au Congo
par C. LAMBOTTE,a Professeur de pediatrie et de genetique, et E. ISRAEL,b Assistant a la chaire de pediatrie,
Universite' officielle du Congo, Lubumbashi, Republique democratique du Congo

La theorie liant le polymorphisme du systeme
sanguin ABO dans le monde a des differences de
sensibilite a la variole, lors des epidemies du passe,
a souleve de nombreuses controverses. Des obser-
vations faites dans diverses contrees oiu la variole
provoque encore des epidemies ont donne lieu 'a

des conclusions contradictoires: certains auteurs ont
trouve une predominance des groupes A et AB parmi
les individus atteints par la maladie, tandis que
d'autres ne notaient aucune difference.

Afin de contribuer 'a resoudre ce probleme, nous
nous sommes proposes de determiner les groupes

REPARTITION DES GROUPES SANGUINS CHEZ DES VARIOLEUX
ET DES SUJETS TEMOINS

Groupe sanguin Total Total Total
Cat6gorie A [ B AB A+AB B+O g6n6ral

Varioleux

Nombre 26 22 6 54 32 76 108

% 24,1 20,4 5,5 50,0 29,6 70,4 -

Temoins

Nombre 112 116 20 216 132 332 464

/ 24,1 25,0 4,3 46,6 28,4 71,6 -

sanguins de 108 sujets congolais (parmi lesquels
84 enfants de moins de 6 ans non vaccines) hospi-
talises pour variole dans un hopital de Lubumbashi
(Republique democratique du Congo) et de les
comparer a ceux de 464 sujets sains pris comme
t6moins (voir tableau).

a Actuellement: Maitre de conferences a la Faculte de
M6decine, Universite de Liege, Belgique.

b Actuellement: Assistant au Service universitaire de
p6diatrie, Liege.

Les resultats obtenus (publies plus en detail
ailleurs) c montrent que la repartition des groupes
sanguins des varioleux suit fidelement celle de la
population temoin; les deces sont aussi frequents
dans les deux echantillons (6 deces sur 32 varioleux
de groupes A et AB; 17 deces sur 76 varioleux de
groupes 0 et B).

c Ann. Soc. belge Med. trop., 1967, 47 (sous presse).
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