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The protective effect was enhanced when the
serum was administered both intracerebrally and
intramuscularly at the same time. Contrary to the
outcome in the first experiment, in this case a pro-
tective effect was also observed when the serum was
administered 48 hours after challenge (Table 2).

It was not possible, however, to influence the
mortality of an intracerebral infection by an intra-
muscular injection of antirabies serum.

Conclusions
From the results of these experiments it can be

concluded that peripherally administered antirabies
serum is effective only if it can neutralize the virus
before it has gained access to the central nervous
system. On the other hand, serum given by the
ntracerebral route influence3 the first steps of the

interaction between the virus and the cells of the
central nervous system. Therefore, the protective
effect of intracerebrally administered serum is better
than that of an equal dosage of intramuscularly
administered serum. The best results were achieved
with the simultaneous intracerebral and intramus-
cular administration of antirabies serum.

In summary, experiments with antirabies serum
have indicated that intracerebral administration of
serum has a strong effect against an intracerebral as
well as an intramuscular challenge, whereas peri-
pheral injection influences only the peripheral
infection, and to a lower degree.

* *

The author wishes to express appreciation to
Mr R. Stieger for his excellent technical assistance.

Choice of Strains for the Preparation of Cholera Vaccine

by D. L. SHRIVASTAVA, D.Sc., Deputy Director, Central Drug Research Institute, Lucknow, India

The Cholera Advisory Committee of the Indian
Research Fund Association (now the Indian Council
of Medical Research) recommended the following
characters for strains suitable for the preparation
of cholera vaccine: a

" a) Typical smooth translucent colony appearance.
" b) Stable in salt solution.
" c) Serological characters of 0 group I (Gardner and

Venkatraman), sub-type Inaba, and should agglutinate
to titre with a serum prepared against the dried 0 Inaba
antigen issued from the Standards Laboratory, Oxford.
"d) Producing acid from mannose and saccharose

but not from arabinose.
" e) Non-hemolytic.
" The strains used should be the ones isolated from

cases of cholera during an epidemic."

In the opinion of the Committee, there was no
evidence to show whether the use of both the sub-
types, Ogawa and Inaba, for the manufacture of
vaccine was necessary or not. In areas where the
strains prevalent during epidemics are Ogawa
"it is for consideration whether strains of the Ogawa

a Taylor, J. (1941) Cholera research in India, 1934-1940,
under the Indian Research Fund Association, Cawnpore,
Job Press.

sub-type should be incorporated in the vaccine ".
In this connexion, it may be pointed out that strains
may change from Ogawa to Inaba or vice versa from
time to time in epidemics in any particular region.
A study group convened by WHO for the recom-

mendation of international requirements for cholera
vaccine b has, however, suggested the use of both
subtypes for the preparation of cholera vaccine.
The morphological, cultural, biochemical, haemo-
lytic, serological, saline stability and pathogenic
properties required for these strains have also been
defined. The general practice at present appears
to be to prepare polyvalent cholera vaccines.
The question of the use of Ogawa or Inaba strains

or both in the preparation of vaccine created a good
deal of interest as regards the possibility of cross-
protection between the two subtypes. Ranta &
Dolman c and Burrows et al.d showed that cross-
protection existed between the two subtypes. Ahuja

b World Health Organization Study Group on Require-
ments for Yellow Fever Vaccine and Requirements for
Cholera Vaccine (1959) Wid Hlth Org. techn. Rep. Ser.,
179, 31.

c Ranta, L. E. & Dolman, C. E. (1944) Canad. pubi.
Hlth J., 35, 473.

d Burrows, W., Mather, A. N., Elliott, M. E. & Havens, I.
(1947) J. infect. Dis., 81, 157.
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& Singh e advocated the use of both subtypes in the
preparation of vaccine although the results obtained
by them with the mixed vaccine were not significantly
different from those obtained with the two mono-
valent vaccines. Panditf pointed out that pending
further information about the virulence of vibrios,
it was considered most suitable to use both subtypes
in the manufacture of cholera vaccine. He further
pointed out that with the development of the tech-
nique for the measurement of antigenicity of vibrio
strains, it should be possible to select strains with
a high degree of antigenic potency for vaccine
production.
Thus the question of the choice of strains for the

production of cholera vaccine is still not finally
settled. It is, therefore, of interest to re-examine
this in the light of the recent work on the antigenic
structure of Ogawa and Inaba vibrios.

Shrivastava & White g cultivated strains of Ogawa
subtype in broth containing type-homologous,
monospecific antiserum and in each case isolated
races serologically indistinguishable from strains
of the Inaba type. When cultivated under similar
conditions, Inaba vibrios gave rise to rough strains.
These observations led them to suggest that the
Ogawa serological complex represents the known
acme of elaboration of the specific somatic antigen
of V. cholerae. Thus it is very probable that Ogawa
and Inaba strains represent merely the range of
variation of a single organism and further that the
earlier assumption that the Inaba subtype was
original and the Ogawa subtype a variant was
erroneous.

In an attempt to localize the antigens in vibrio
cells, Misra & Shrivastava h disintegrated them
either by grinding with glass powder or by subjecting
the cell suspensions to ultrasonic waves (25 Kc for
10 minutes) and characterized the antigens present
in the centrifugate by the gel diffusion technique.
In this way they could show the presence of at least
seven antigens (a, fi, y, 8, c, - and 0) in the vibrio cells.
Of these the a antigen is heat-stable and lipo-poly-
saccharide in nature. It is present in the cell walls

e Ahuja, M. L. & Singh, G. (1948) Indian J. med. Res.,
36, 3.

f Pandit, C. G. (1948) Composition and efficacy of cholera
vaccines. In: Proceedings of the Fourth International Con-
gresses on Tropical Medicine and Malaria, 1948, Washington,
D.C., vol. 1, p. 301.

g Shrivastava, D. L. & White, P. B. (1947) Indian J. med.
Res., 35, 117.

h Misra, S. B. & Shrivastava, D. L. (1959) J. sci. industr.
Res., 18C, 209.

and is probably the dominant antigen in the sero-
logical activity of the intact vibrio cells. The other
antigens (B to 6), on the other hand, are heat-labile
and are present in the cytoplasm and cytoplasmic
membrane. The chemical characteristics of these
are not yet established but preliminary studies have
indicated some of them to be protein in nature.
On comparing the antigens present in the Ogawa

and Inaba strains, it is found that the main difference
is in the a antigens of the two.' The a antigen of the
Ogawa subtype reacts with Ogawa as well as with
Inaba precipitin antisera and the precipitin zones
in both cases coalesce. On the other hand, the
antigen of the Inaba subtype reacts only with Inaba
antiserum, and the precipitin zone is different
from that obtained with the Ogawa a antigen
reacting with the Inaba antiserum, there being a
spur formation indicating that the a antigen of the
Ogawa strains is different in some respects from that
of the Inaba subtype. In other words, the a antigen
of the Inaba subtype is a modified form of that of
the Ogawa strains. This is confirmed by the results
of quantitative precipitin reactions with the Ogawa
and Inaba cell wall preparations against the two
antisera.1 At the equivalence zone, each unit of
nitrogen in the Ogawa cell wall precipitates from the
Ogawa and Inaba antisera 3.4 and 3.3 units of
antibody nitrogen respectively. The corresponding
figures for Inaba cell wall preparations are 1.0 and
3.6 respectively.
The above observations clearly indicate that the

Ogawa cell wall antigens are able to combine to the
same extent with the corresponding antibodies
present in the homologous as well as the Inaba
serum. The Inaba cell wall antigens, on the other
hand, are able to combine with the antibodies pre-
sent in the Inaba antiserum but not with those in
the Ogawa antiserum. This would imply that the
antibodies elaborated by the Inaba vibrios are able
to combine with the cell wall antigens of both sub-
types, whereas this is not the case with the Ogawa
antibodies. Since the surface antigens of micro-
organisms play an important role in immunization,k
one has to consider the suitability of strains for the
manufacture of cholera vaccine in the light of the
above findings on the antigenic structure of the two
subtypes.

i Misra, S. B. & Shrivastava, D. L. (1961) Indian J. med.
Res., 49, 183.

i Misra, S. B. & Shrivastava, D. L.-unpublished data.
k Boyd, W. C. (1956) Fundamentals of immunology, 3rd

ed., New York, Interscience, p. 549.



130 NOTES

The mechanism of active immunization in cholera
is not yet fully understood and in this connexion
Burrows et al.,4 on the basis of their results with
mouse-protection tests, have offered the following
comments:

" It may well be that protection is a manifestation of
more than one kind of antibody, possibly 0 agglutinin,
bacteriolysin, immune opsonin and the like, as well as
antibody to the vibrio endotoxin; at least present evidence
does not justify the assumption that protective antibody
is homogeneous."

It will be thus seen that the production of im-
munity against cholera needs a good deal of further
investigation. However, considering the knowledge
at present available, one is tempted to conclude that

the recommendation of the Cholera Advisory Com-
mittee, made about twenty years ago, to use Inaba
strains for the manufacture of the vaccine, is the
correct one.

In conclusion, it may be well to point out that the
existing system of bacterial classification may have
to be reconsidered in the light of recent work on
bacterial genetics. The competence for genetic
transfers among strains with different virulence
characteristics may be responsible for a combination
of immunogenic factors within a single strain. Thus,
in the near future, the genetic factors may also have
to be taken into consideration in deciding upon
characteristics of strains suitable for the production
of cholera vaccine.

Cholera in Nepal, 1958-60 *

by A. H. ABOU-GAREEB, M.B.,B.Ch., D.P.H., Department ofEpidemiology, High Institute of Public Health
Alexandria, UAR

Outbreaks of cholera have occurred annually in
Katmandu, but the first epidemic to be bacterio-
logically confirmed and to be the subject of an inter-
national report occurred in 1958.G Two years later,
in 1960, the present author had an opportunity
to study the cholera situation in Katmandu and
a number of other areas of Nepal, and this note
briefly reports some of the salient findings.
There are no arrangements in Nepal for the

keeping of vital and health statistics, and such
statistical information as could be obtained was
therefore sought from various sources, including
national, international and voluntary bodies. Epi-
demiological investigations, supplemented by bac-
teriological work, were carried out in Katmandu,
Bhatgaon, Dhankuta and elsewhere. Description
of the work is arranged in the order in which the
areas were visited.

Katmandu and Patan
Katmandu is the only place in Nepal where there

are facilities for isolation and treatment of cholera

* This study was undertaken during the author's tenure
of a WHO Fellowship.

a Pollitzer, R. et al. (1958) Unpublished report to the
WHO Regional Office for South-East Asia on cholera and
cholera prevention in Katmandu.

CHOLERA CASES AND DEATHS REPORTED
IN KATMANDU, 1958-60

1958 a 1959 1960 bMonth Cases Deaths Cases Deaths Cases Deaths

January ... ... 0 0 0 0

February ... ... 0 0 2 0

March ... ... 2 0 4 2

April 13 1 36 2 20 3

May 28 0 55 7 57 1

June 30 5 40 8 100 8

July 271 68 109 13 104 8

August 872 136 48 5 70 0

September 492 48 35 3 10 0

October 648 76 27 3 ... ...

November 84 8 0 0 ... ...

December 14 0 0 0 ... ...

Total 2 452 342 352 41 367 22

= No data available.
a From 14 April 1958.
b Until 11 September 1960.
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