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CHOLERA IMMUNOLOGY

Report of a WHO Scientific Group

The WHO Scientific Group on Cholera Immunology met in Teheran
from 14 to 19 September 1968.

Dr A. H. Taba, Director, WHO Regional Office for the Eastern
Mediterranean, opened the meeting and welcomed the members on
behalf of the Director-General.

Dr O. Felsenfeld was elected Chairman and Dr I. Jo6 Vice-Chairman.
Dr K. Bhaskaran and Dr J. C. Feeley were elected Rapporteurs.

This was the third WHO Scientific Group to discuss cholera research.
However, whereas the earlier groups?! discussed cholera research in
general, the present Group confined its discussions specifically to cholera
immunology, with special reference to the improvement of prophylactic
vaccination.

1. RECENT CONCEPTS OF IMMUNITY IN CHOLERA
AND ENTERIC INFECTIONS '

The Group reviewed the current status of knowledge of immunology
and its bearing on enteric infections and particularly on cholera.

The field trials of cholera vaccines that have been carried out in
three countries in the last few years and the extensive information that
has been accumulated regarding the epidemiology of endemic cholera
clearly demonstrate that both natural infection and parenteral immuni-
zation are associated with the development of antibodies to cholera
antigens and of relative resistance to the disease.

However, several findings during the past two decades have empha-
sized the importance of local intestinal factors in immunity to cholera.
Besides failure to detect significant tissue damage or penetration of the
tissues by the cholera vibrio, there is growing evidence of antibody
formation in the tissue of the intestinal tract, especially under circum-
stances that most readily bring antigen into contact with these tissues.
These findings can now be related to the knowledge of secretory “IgA ”

1 The reports of these two groups, which met in 1962 and 1964, have not been
published.
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6 CHOLERA IMMUNOLOGY

antibody, which has been identified as the major ant1body globulin found
in various epithelial secretions.

Success in the immunological control of cholera would therefore
appear to depend very largely on a clear understanding of the nature of
local intestinal immune mééhanisms and not merely on a knowledge of
the serologic immunology of the disease.

The immune response should be considered in relation to each of
the two relatively independent types of immune mechanism. In the
first type, immunity is mediated by circulating antibodies; in the second
type (specific cell-mediated immune response), it is mediated by sensitized
lymphocytes. Little is known of the role of specific (or other) cell-
mediated immune responses in cholera; studies have been concentrated
on the more familiar relationship between resistance and circulating
antibodies. ‘ ‘

During recent years if has become apparent that serum antibodies
_belong to a complex family of related proteins, known collectively as
the immunoglobulins. = At the same time, there has been renewed interest
in the antibodies of the gastrointestinal and other secretions in contact
with mucous  membranes, especially since the recent demonstration that
IgA is the predominant immunoglobulin in parotid saliva, colostrum,
tears, nasal and tracheobronchial secretions and small intestinal fluids.
The “ secretory ” IgA differs from serum IgA in many respects. Serum IgA
is a 7S monomer whereas at least 609, of colostral and salivary IgA. is
a dimer containing an additional peptide chain with a molecular weight
of 50 000. The additional peptide chain can be demonstrated in the
cytoplasm of epithelial cells and has been termed “ transport piece ” on
the. assumption that it is added to IgA synthesized by submucosal lym-
phoid cells as it passes through the cells into the external secretions. There
is, however, no direct evidence for this hypothesis. :

Antibody activity has been demonstrated in IgA “ secretory ” immu-
noglobulins, and resistance to some viral infections in human volunteers
has been correlated with the level of IgA antibody in nasopharyngeal
secretions. Production of specific anti-influenzal antibodies in respira-
tory secretions was shown to be better when influenza vaccine was adminis-
tered locally as an aerosol than when it was injected, and incidence of
illness during an epidemic was lower in the group who received the
aerosol than in the group who received parenterally administered vaccine.
Evidence also exists that antibody response in secretions of the vaginal
tract is better after local administration of antigen, than after parenteral
administration.

Immunological memory is cell-mediated. While theories abound
concerning its programming, it has been demonstrated that immuno-
logical memory for IgM formation is generally shorter than for IgG
formation. This is of importance for the development of lasting immunity.
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The antigen-antibody bond is weaker with IgM than with IgG
antibodies. Avidity seems to vary according to the subclass of the Ig
and increases with time and repetition of antigenic stimulus.

There is need for further knowledge of the mechanisms by which
parenterally administered vaccines result in an effective antibody res-
ponse against vibrios within the lumen of the intestine. The existence
of an immunological system apparently unique for certain external
secretions requires evaluation of its role in local intestinal immunity.

The pathogenesis of cholera appears to involve at least two funda-
mental processes : (1) the successful establishment of infection by Vibrio
cholerae within the intestinal lumen; (2) the production by the infecting
organism of a toxin that causes the diarrhoeal syndrome. Correspondingly,
there appear to be separate immune mechanisms for each of these two
processes, which may be referred to as antibacterial immunity and anti-
toxic immunity. These can be studied to some degree independently
in various animals.

Antibacterial immunity

Since the infection is limited to the intestinal lumen, in all probability,
the mechanism responsible for antibacterial immunity occurs within
‘the lumen, rather than within the intestinal tissues. Although there
are a number of theories concerning the nature of the immune mechanism,
such as interference with bacterial adherence, phagocytosis, and bacterio-
lysis, there is no definite evidence to support any of these. There is a
fundamental gap in understanding of the host-bacteria relationship in
the human intestinal lumen; for example, it is not known whether the
organism is able to multiply freely in the lumen or whether multiplication
depends on a special relationship to the tips or the crypts of the villus.
Studies on this point should be carried out during the incubation period
of the disease, or perhaps during the recovery period, and not during
the acute diarrhoeal syndrome when the relationship may be disrupted.

Antibacterial immunity can be successfully induced in man by
parenteral vaccines containing killed whole cells or lipopolysaccharide,
and the level of immunity has been well defined in several field trials.
Also, the level of immunity has been correlated with the serum vibrio-
cidal antibody titre. The vibriocidal titre is a measure of a complement-
dependent reaction due to IgM and IgG and it is unknown whether these
immunoglobulins play any role in intestinal immunity.

Antitoxic immunity

The site of action of the cholera toxin has not yet been established.
Studies in the rabbit and dog suggest that it acts at the epithelial surface
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of the intestine. In the dog, repeated intestinal challenges with toxin
do not seem to induce effective immunity to subsequent toxin challenge,
" but parenteral .administration of a toxin-containing vaccine results in
protection of the loop from toxin challenge. A toxin-containing vaccine
has not been tested in man. Humans develop serum-toxin neutralizing
antibodies following clinical cholera, and these have been shown to be
IgG. There are no studies relating this antibody to immunity in man.
Thus, the relative importance of antitoxic and antibacterial immunity
in man remains undefined.

Immunity following cholera infection

There is as yet no satisfactory way of measuring the level of immunity
following cholera infection. Well-documented reports on second attacks
of cholera are virtually non-existent, but the probability of such attacks
occurring is also remote. This problem has an important bearing on
the potential value of oral as opposed to parenteral immunization. The
studies in the dog reported above suggest that antitoxic immunity might
not be successfully induced by the oral route. Antibacterial immunity
may possibly be more successfully induced by the oral rather than the
parenteral route. However, two observations suggest that this may not
necessarily be true. First, parenteral vaccine has been shown to produce
a better and more sustained vibriocidal antibody response than that
following clinical cholera. Secondly,  recent epidemiological studies
suggest that, in the endemic area, children may be reinfected year
after year. If this is true, it follows that one oral immunization does
not provide sufficient protection against another challenge. More data
are necessary before the merits of oral versus parenteral immunization
can be evaluated. :

A critical factor in deciding on vaccines and routes of administration
is understanding the -mechanism. of immunity within the lumen. If
secretory IgA plays a major role, then oral immunization may be
important.

Thus, there is a need to obtain more exact information about the
mechanisms of immunity in the gut, the pathways by which antigen
gains access to antibody-forming tissue in that area, and the patterns
of the immune response following local as opposed to parenteral entry
of the antigens involved. Interpretation of such studies, however, will
be critically dependent on precise definition and characterization of these
antigens and the roles that they play in both the pathogenesis of cholera
and the development of immunity to the disease.

- In one study in an endemic area, it has been shown that infants
exhibit a classical type of primary and booster response to injection of
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cholera vaccine. With increasing age, the response to a single dose
becomes more- and more like a secondary response. Natural exposure
to infection is clearly taking place during this period, and is manifested
by a steady rise, at the rate of 5% a year, in the prevalence of vibriocidal
antibodies. It seems, however, that this type of natural stimulus to
cholera “immunity ” need not depend on exposure to cholera vibrios
alone, since adults in non-endemic areas (e.g., USA, Czechoslovakia,
Hungary) show a low but significant prevalence of vibriocidal antibodies,
and have been found to react with a secondary type response to injection
of a single dose of cholera vaccine. Although such antibodies as are
found in populations in cholera-free areas are often referred to as “natural”
antibodies, it appears likely that they are not spontaneous in origin but
arise from contact with antigenically related bacteria, such as Brucella
and Pseudomonas.

Numerous other gaps in the understanding of cholera immunity
exist; some persons develop cholera despite the presence of serum anti-
body levels generally associated with resistance to cholera. The most
likely mechanism by which the cholera vibrio causes disease appears
to be the production of toxins — either some or all of those already
identified or others that may not yet have been identified. Nevertheless,
vaccines that have proved relatively effective in field trials appear to lack
toxin antigen.

Reinfection with cholera vibrios is common in endemic areas, but
recurrent disease is rare. The early peak level and subsequent fall in
antitoxic antibodies in children living in an endemic area raises questions
regarding the nature of the antigenic stimuli and the host response result-
ing from repeated exposures to cholera infection.

Little information seems to be available regarding the factors, if
any, that predispose to enhanced or depressed resistance to clinical
cholera. Available data point to chronic malnutrition and to. pregnancy
as risk-enhancing factors, but the information on these and other com-
parable factors is meagre and precise studies on this question are still
needed. Similarly, the role, if any, of passively introduced antibody
in protecting against cholera is undetermined; the rarity of cholera in
young infants precludes assessment of the role of maternal antibodies
but current knowledge of such transfer suggests that it would probably
not be effective in any case. Finally, the possibility that cholera immunity
may be genetically determined needs to be carefully examined.

The concept of cellular immunity, mentioned above, appears unlikely
to play a role in cholera. However, the present relative ignorance of
the subject may make it seem less important than it is, and valid oppor-
tunities for its investigation should be encouraged.
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2. ANTIGENS AND THEIR FRACTIONS

Bacterial antigens

Somatic antigens specific to the cholera vibrio are heat-stable. Heat-
labile antigens are shared with many other vibrios. The specific antigens
include the group antigen and the two serotype antigens, and possibly
additional antigens could also be diffrentiated. It is this antigenic
complex (including endotoxm) that 1nduces the formation of mouse-
protective antibody.

Antigenic structure, antigenicity and specificity of vibrio antigens

The predominant heat-stable antigens are designated by letters,
A being the group-specific O antigen, B the Ogawa serotype, and C the
Inaba serotype antigen. The Hikojima serotype contains both serotype
antigens, as well as the group-specific antigen. Shift in serotype, from
Ogawa to Inaba, has been observed to occur in vivo and in vitro. Quite
recently other antigens of probable significance for the production of
effective immunity to the disease have been described. One is the heat-
labile cholerigenic. toxin, and the other is a protein containing a major
antigen that gives identity reactions with h1gh1y purified lipopoly-
saccharide.

Immunochemistry of cholera antigens

The antigenic specificity of the serotype antigens is apparently
determined by lipopolysaccharide moieties of high molecular weight —
about 1 x 108. Such lipopolysaccharide moieties have been isolated
from both serotypes in a high state of purity and have been shown to
induce the formation of ‘mouse-protective and vibriocidal antibody.
They are considered to represent endotoxin and are found in supernates
of liquid cultures of cholera vibrio only when autolysis has taken place.

The antigens represented by the cholerigenic toxin and the associated
nontoxic protein occur in the intracellular substance of the vibrio and
not in the cell wall. This complex diffuses freely into liquid culture
media, and the toxic moiety may be considered to be an exotoxin. These
two antigens are not separable by the molecular sieve Sephadexes, but
may be resolved by ion-exchange chromatography. Because it carries
a strong positive charge, the toxic antigen is the first to be eluted and has
been designated Fraction I.  Fraction II, eluted from DEAE ! Sephadex
in 0.5 M sodium chloride solution, is nontoxic. Both are lipoproteins,
Fraction I containing 25-309% of lipid in the form of glycerides, and

1 Diethylaminoethanol.



REPORT OF A WHO SCIENTIFIC GROUP 11

Fraction II 6-89] of serine-based lipid. Each contains about 3% of
carbohydrate, the remainder being protein of more or less conventional
amino acid composition. The toxic fraction can be further purified, —
for example, by alcohol-ether precipitation in the cold —and has a
molecular weight of about 10000. In purified form, it contains two
antigens demonstrable by gel diffusion. The nontoxic protein designated
Fraction II, which has a molecular weight of 30-35000, shows four
precipitin lines on gel diffusion. The major line gives an identity reaction
with highly purified lipopolysaccharide and induces the formation of
vibriocidal antibody. *

“ Whole-cell ” antigens

It seems probable that not all the antigens present in the bacterial
cell are associated with the induction of an effective prophylactic immunity.
Most vibrio strains are not highly toxigenic, and the vaccines at present
in use produce antibacterial immunity, demonstrable in vivo by the mouse
test and in vitro as vibriocidal antibody. Even in the case of vibrio
strains of relatively high toxigenicity, the amount of toxin antigen in
saline suspensions of agar-grown vibrios is small. It has been observed
repeatedly that immunizations of experimental animals with living vibrios
results in higher protective antibody titres against experimental enteric
cholera than does immunization with killed vaccine, at least in some
species.

Toxins

With the demonstration, in various assay systems, of the elaboration
by the cholera vibrio of a multiplicity of toxic substances, the term
“cholera toxin ” has become not only inexact but confusing. It has
been suggested that the cholera toxins may be grouped in 3 types. Type 1
includes the mouse lethal factor and is probably conventional endotoxin.
It is heat-stable, nondialysable, and occurs in liquid culture supernates
only as a consequence of autolysis. Type 2 toxin is heat-labile, non-
dialysable and diffuses into liquid culture medium. This group includes
the factors responsible for the toxin-induced net water and ion movement
from the tissues into the lumen of the small bowel. Also in this group
are the factor responsible for the toxic activity demonstrable by intra-
dermal inoculation and designated “ permeability factor ”, and that
demonstrable by cytopathic effects produced in cultured: cells. There
is some, but not definitive, evidence to suggest that the permeability -
factor and cholerigenic toxin are not identical. The nature of the
cytotoxic activity remains uncertain. ‘Finally, type 3 toxin includes the -
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heat-stable, freely dialysable factors demonstrable by inhibition of active
sodium transport in anuran epithelium, and by the inhibition of p-amino-
hippurate uptake by kidney tissue in vitro. There is some evidence,
however, that the former activity may be due to the presence of ammonia;
complete removal of ammonia also reduces the inhibition of PAH uptake
by about one-third. Of these toxins, type 1 toxin is of interest largely
because, in the form of highly purified lipopolysaccharide, it stimulates
the production of vibriocidal antibody, which might be considered as
responsible for antibacterial immunity. Another candidate for this role
may be Fraction II described above. Purified type 2 toxin appears to
be the most important of these antigens because its activity has been
demonstrated in the small bowel of various animals, but it is not present
in significant amounts in vaccines at present utilized.

Another pressing matter is the development of an in vitro serological
test for the titration of toxin-neutralizing antibody. Of the serological
methods, haemagglutination looks promising and quantitative complement
fixation may also be used. Bentonite and latex agglutination appear less
suitable. The development of a specific serological method is dependent,
however, upon the further physical and chemical fractionation of the
toxicity to give a product of antigenic homogeneity. The continuation
of such chemical studies has, therefore, a high priority. ‘

Toxoids

Some investigators have claimed that immunogenic potency is
largely destroyed by treatment with formaldehyde; others who have
used formalin-inactivated material have obtained inferior immune res-
ponses. In contrast, permeability factor toxin treated with formalin
was more antigenic than untreated toxin. Doubts have been expressed,
however, as to the necessity for “ detoxification ”, since the purified
preparations are innocuous when administered by parenteral routes.

3. ANTIBODIES AND THEIR MEASUREMENT

Methods for detection of agglutinating, vibriocidal, .and toxin-
neutralizing antibodies (both cholerigenic toxin and permeability factor)
appear to be reliable. The Group therefore concentrated mainly on a
discussion of the nature of the antibodies. It was reported that at least
two immunoglobulins (IgM and IgG) are involved in vibriocidal activity
and that IgM usually predominates. Toxic antigens seem to behave
like most other protein antigens. In view of the pathophysiology of
cholera, attention was drawn. to the .importance of coproantibodies.
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Little is known  about the nature of these antibodies, although IgA and
IeG (perhaps IgM) are found in the cholera stool and in the intestinal
secretions of infected monkeys. However, the roles of these antibodies
in intestinal immunity are not yet understood. Currently, all the toxin-
neutralization tests are performed in animals, which makes it very difficult
to examine many samples, particularly in serological surveys. The need
for an in vitro method of antitoxin titration was stressed. It was also
stated that the sera used by workers for the study of immunological
responses to various antigens were derived from hyperimmunized animals,
which makes it difficult to quantify the antigenicity of the various pre-
parations.

4. RELATIONSHIP OF ANTIBODIES TO IMMUNITY

The part played by antibodies in killing and dispbsing of live bac-
teria has not been easy to evaluate. The phenomenon of bacteriolysis
(Pfeiffer phenomenon) has been described in connexion with the activity
of a serum antibody operating within serum or the environment of the
peritoneal cavity, and it is doubtful how far this is relevant to an inter-
action within the gut lumen. Before reliable conclusions can be drawn
concerning the significance of the level of antibody as estimated by any
particular technique, the roles of the respective antigenic moieties in
pathogenesis must be defined.

In a localized infection of the surface of the body, such as diphtheria,
the production of discase is centered on the exotoxin; immunity can be
related to the determination of serum antitoxin levels (measured in
arbitrary units) in a neutralization test. Even in the relatively simple
case of diphtheria, the relationship between antibody titre and immunity
is not straightforward, since the process of accelerated production of
antitoxin by a secondary response mechanism allows a person with a
low initial serum level of antibody to manufacture additional supplies
in time.

- In an intestinal infection such as cholera, the crucial confrontation
of cholera vibrios with antibody occurs within the environment of the
gut lumen. The levels of any of the serum antibodies can bear only
an indirect relation to the vibriocidal system within the gut. It is not
possible at present to form a clear concept of the degree of involvement
of vibriocidal antibody in this process, since vibriocidal activity is deter-
mined by tests on serum, which contains specific antibody, all the com-
ponents of complement up to C’9, lysozyme and other factors, such as
those absorbable on bentonite. It is highly doubtful whether specific anti-
body (IgM and IgG) requiring these components can function within the
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intestinal lumen, although it is possible that a reaction involving some
increase in permeability of the gut vessels (for example, a reaction dependent
on antigen-antibody allergic interaction) might convey sufficient of all
these components from the plasma into the gut Iumen. Alternatively,
immunity may be dependent entirely on that fraction of the IgA capable
of exerting a vibriocidal effect in the presence of adequate lysozyme and
in the almost total absence of complement factors. The significant level
of this antibody fraction within the gut would not be expected to cor-
relate simply with the level of IgA specific antibody in the serum, since
variable but considerable amounts of IgA are manufactured locally by
plasma cellular elements within the intestinal wall.

Since vibriocidal activity may be the crucial factor in immunity to
cholera, it is doubtful whether much significance 'can be attached to
estimations of the serum antitoxin responsible for neutralizing choleri-
genic toxin in, for example, an isolated loop of rabbit intestine or a skin
test. Theoretically, the demonstration of high levels of cholerigenic
antitoxin could indicate immunity to clinically manifest cholera but not
to the multiplication of virulent vibrios within the lumen of the gut.
However, in the presence of adequate vibriocidal antibody, a low level
of antitoxin would still be consistent with a state of immunity to cholera.
Indeed, the possession of an adequate vibriocidal mechanism could reduce
the immunogenicity of an otherwise effective dose of cholera vibrios to
ineffective levels. ‘

The determination of vibriocidal and agglutinating antibodies and
of skin permeability factor (PF) by neutralization tests is now possible
using microtechniques, making these tests applicable to mass surveys.
The vibriocidal antibody titre among populations in cholera endemic
areas has been demonstrated to correlate closely with protection from
cholera. This serological test may therefore be useful (1) for preliminary
tests of vaccine potency; (2) in interpreting the results of vaccine field
trials; and (3) in evaluating the effectiveness of vaccine programmes and
the level of immunity to cholera in various populations.

The vibriocidal and PF ‘neutralization test are also useful in epide-
miological studies for detecting inapparent infection with V. cholerae.
However, PF neutralizing titres have not been correlated with immunity.

There is a definite need to develop a test for measuring antibodies
to “ diarrhoea toxin ” (cholerigen)' that will be suitable for large-scale
field surveys in order to determine what role these ant1bod1es play in
immunity to cholera.

Because of the vast amount of added 1nformat10n that is gained by
serological studies, it is essential that serological surveys be incorporated
as a basic feature of all future cholera vaccine field trials. In order to
understand the significance of these serological tests, the immune mecha-
nism operating in the intestinal tract must be defined, and ‘the relationship
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of the serum antibodies measured by these serological tests must be
correlated with the antibodies operating in the intestine.

5. VACCINES

The results of the several field trials conducted in East Pakistan
(1963, 1964 and 1966), the Philippines (1964 and 1966), and India (Calcutta)
(1964 and 1965) were reviewed by the Group. The general trend of
experience has been similar in all the trials, except those with oil-adjuvant
vaccine (Philippines, 1964)., In most instances, the maximum observed
protection was in the range 30-809 with significant immunity enduring
for only 3-6 months. The oil-adjuvant vaccine gave longer protection,
but its use was accompanied by an unacceptable incidence of severe local
reactions. Protection has been poorest in the young age groups (<10
years of age), especially in the highly endemic area in East Pakistan. It
was agreed that the accumulated evidence to date suggests that the fluid
vaccines at present available can be expected to produce neither a high
degree of immunity nor protection of long duration in populations at
risk.

Attempts to correlate the outcome of field trials with laboratory
assays of vaccine potency have not been entirely successful. Inter-
national collaborative assays of the vaccines employed in the 1964-65
Calcutta field trials were arranged by WHO. However, owing to a lack
of statistically significant differences in the field performance of these
vaccines, it was not possible to be certain that the laboratory assay results
(based on mouse-protection and other tests) reflected the efficacy of the
vaccines in the field: The fluid El Tor vaccine (Philippines, 1964) was
reported to be slightly, but not significantly, more potent for both man
and mouse than the fluid “ classical ” vaccine used in this trial. Com-
parison with the field behaviour of the vaccine used in East Pakistan
seems to indicate that the vaccine of higher mouse potency was more
protective in the field. It was noted also that the mouse-protection assay
appeared capable of ranking vaccines in approximately the same order
of antigenicity as experiments on vibriocidal antibody response in young
children in East Pakistan.

With reference to the production of whole-cell killed cholera vaccines,
the Group stressed the importance of using stable smooth antigenic strains
and considered that properly maintained stock strains of known charac-
teristics were preferable to fresh isolates for vaccine production. No
particular significance was attached to the differences between “ El Tor ”
and “classic” biotypes so far as vaccine production was concerned,
since antigenically they are almost identical. * Classic ” strains appear
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perfectly adequate and have been shown to protect against El Tor infection.
As regards the choice of media, growth conditions and the use of killing
agents or preservatives, the Group agreed that the field and laboratory
data at present available do not permit any one procedure to be specified
as superior to others.1

The Group also discussed the possible use of vaccines containing
living avirulent vibrios. There is considerable interest in this approach
to oral vaccination, and certain studies are in progress in India. The
theoretical advantages of an effective live attenuated oral vaccine are
obvious, but the problems are great. -Safety must be a prime consider-
ation. Candidate strains for oral vaccines must be able to multiply
in the human gut without causing disease, must have a high degree of
stability and no tendency to revert to virulence, and must possess several
suitable genetic markers to allow their precise identification. In addition
to the selection of a suitable strain, methods of administration and regimens
for use present major problems. While the investigation of live attenu-
ated oral vaccines is recognized as a promising approach, considerable
time will be needed to perfect such vaccines to the point of readiness for
_ extensive human trials. Hence, serious efforts must be initiated soon.
Meanwhile, progress may be made towards more readily attainable goals,
such as the production of combined bacterial and toxin-toxoid vaccines
or the development of vaccines containing adjuvants. Contempora-
neously with studies on live oral vaccine, similar studies should be made
on killed oral vaccine. ‘

. The possible use of live parenteral vaccine should also be considered,
since a number of animal studies indicate the antigenic superiority of
living vibrio cells. ,

The use of such highly purified antigens as the Ogawa lipopoly-
saccharide and the Inaba polysaccharide-proteolipid complex offers the
theoretical possibility of administering larger doses of effective antigen
containing less extraneous reactive material. In a field trial in East
Pakistan, the Ogawa lipopolysaccharide induced protection only in
adults; however, the antigen is highly specific for the Ogawa serotype,
whereas most infections in this ‘trial were due to the Inaba serotype.
The purified Inaba fraction will be tested in the field in the autumn
of 1968. Although these products have a high mouse-protective activity,
the antibody response to Ogawa antigen in animals and man appears
to be somewhat inferior to that of whole-cell vaccine. ‘

The Group also considered the possible significance of the choleri-
genic toxin antigen as an immunizing agent and noted that studies in
rabbits and dogs suggest that antitoxic immunity may be an important

1 On the basis of recent field and laboratory experience, however, the Requirements
for Cholera Vaccine (Requirements for Biological Substances No. 4), published by WHO,
have recently been revised (Wid Hith Org. techn. Rep. Ser., 1969, No. 413, Annex 1).
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component of the immune mechanism. Vaccines at present available
bave little or no ability to induce antitoxin formation. It was generally
agreed that the toxin antigen (or possibly the toxoid) would be most
useful in combination with antigens capable of stimulating antibacterial
immunity. Several problems surround the production of a purified
toxin. Purified ileal loop toxin is labile, rapidly losing both toxigenicity
and immunogenicity. Production of a satisfactory toxoid from the
ileal loop toxin has not been achieved, and reports on human responses
to the products so far obtained were considered unimpressive. In
contrast, an experimental crude toxoid of the permeability factor toxin
appeared to be more antigenic than its parent toxin in animals. While
a highly purified toxin immunizing agent would be-of academic interest
as a tool in investigating the mechanism or mechanisms of immunity, the
manufacture of such a product is unlikely to be economical. In general,
it was felt that the best and most immediate prospect for enhancing the
efficacy of cholera vaccine lay in adding the toxin (or toxoid) antigen
to the antigens already present in cholera vaccines that are known to
stimulate a significant degree of immunity.

Enthusiasm for the use of antitoxic immunizing agents must be
tempered somewhat by the evidence from studies in dogs and rabbits,
which indicates that it is essential to neutralize the toxin within the lumen
of the gut before it becomes attached to reactive sites. This clearly
implies the need for a highly functional immune response that provides
adequate and continuous amounts of antitoxic antibody in intestinal
secretions. The situation would seem to allow little time for the develop-
ment of an anamnestic response, such as occurs in some other antitoxic
immunity systems (e.g., in tetanus).

It is known that cholera vaccine can be combined successfully with
a variety of other antigens (e.g.. those of typhoid and tetanus). The
routine use of a cholera vaccine combined with tetanus (or perhaps diph-

- theria) toxoid would no doubt be of great public health value in develop-

ing countries, since both tetanus and diphtheria are highly prevalent in
cholera endemic areas.

In view of the relatively brief duration of the immunity induced by
present vaccines, the possible use of adjuvants to enhance the response
and extend this period is attractive. Aluminium compounds are recog-
gnized as the safest adjuvants and their use is based on vast experience
with other vaccines; accordingly, their use with cholera vaccine is an
immediate possibility. Evidence for their ability to enhance the immune
response to cholera vaccine is already available. Although oil adjuvants
are more effective than aluminium compounds, there are many unsolved
problems involved in their use, particularly with respect to safety, and
they have been associated with unexpectedly severe reactions when added
to tetanus toxoid, cholera vaccine and typhoid vaccine. On the other
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hénd, they have achieved an impfessive record of safety with influenza

vaccine. In view of the superior adjuvant effect of oil emulsions, their

continued study, including the use of metabolizable oils and emulsifiers
other than “ Arlacel A ”, is to be encouraged.

Untoward reactions to cholera vaccine have not usually been a
major problem when proper control over antigen content has been
exercised and care has been taken to ensure freedom from reactive sub-
stances derived from the culture media. The reasons for the reactions
to the oil-adjuvant vaccine observed in the Philippines are not well under-
stood. One possibile reason was the use of subcutaneous rather than
intramuscular injection in the field trial. Some evidence suggests that
enzymatic hydrolysis of Arlacel may have been partly responsible for
several such experiences with this adjuvant. Aluminium compound
adjuvants might be expected to be less toxic.

Hypersensitivity reactions to cholera vaccine have sometimes been
a problem. In view of the prevailing practice of repeated vaccination
and the possible development of more potent antigens and adjuvants,
the Group agreed that caution should be exercised and that the possible
appearance of untoward immunologic phenomena should always be
borne in mind. - ’

6. RECOMMENDATIONS FOR RESEARCH

The Group recommended that further research on cholera should
have the following objectives :

A. General immunology and pathogen&is

1. Extension of general knowledge about infection and immunity,
especially in the intestinal tract.

2. Characterization of the mechanism and the dynamics of local
immunity in the intestine. ‘ :

3. Definition of the site of cholera infection and elucidation of the
kinetics.

4. Clarification of the possible role of cellular immunity in
cholera.

5. Identification of accessory or non-specific factors — nutritional,
genetic, or other — that influence resistance or susceptibility to cholera.

6. Improved understanding of the kinet'ips of antigen-antibody

reactions in cholera.

7. Determination of the role of serum antibodies in the gut.
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8. ' Clarification of the relation between serum IgA and intestinal
IgA. :

9. Investigation of the possible usefulness of as yet untested adju-
vants, such as vegetable oils and vitamin A — including the possibility
of enhancing oral immunization by this means.

10.  Clarification of the relationship between “ permeability factor ”
and “ diarrhoea factor .

In view of the fact that dependable treatment of cholera is already
available, the use of human volunteers may be contemplated in solving
those problems that cannot be resolved by animal or field studies, provided
that all necessary precautions are observed. Objectives 2, 3, 4 and 7
above are examples of problems to which useful answers may be obtainable
only by direct studies in human volunteers.

B. Specific immunological mechanisms

1. Correlation of vibriocidal titres, antitoxin titres and such other
serological indices as may be developed with susceptibility or immunity
to cholera. :

2. Development of further tests for assessing cholera immunity,
especially tests suitable for application to serological epidemiology.

3. Improved understanding of immune responses in cholera; studies
should be made using all applicable modern techniques, both in man
and in animals.

4. The fractionation, purification and characterization - of the
cholerigenic toxin. This should be studied intensively with a view to :
(@) ascertaining the nature of the toxic moiety;

(b) developing a specific serological reaction allowing the titration
of neutralizing antibody in vitro; and

(¢) developing a stable, immunogenic antigen.

5. Identification of possible immunopathological mechanisms aris-
ing from cholera infection or immunization. Particular attention should
be paid to the possible role of the organism in inducing kidney disease
or “amyloid ” changes. Hyper-immunized subjects may be especially
suitable for such investigations.

C. Development and testing of vaccines

1. The development of live attenuated vaccines, and their charac-
terization by genetic markers, stability, and relevant immunological
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criteria. Preliminary studies on the use of such vaccines should be carried
out in small groups of human subjects to obtain basic information on
their reactivity, acceptability and immunogenic potency.

2. Assessment of the potentlal usefulness of live attenuated vaccines
in parenteral immunization.

3. Evaluation of the efficacy of oral vaccination with either live
or dead vaccines.

4. Assessment of the usefulness of combined oral and parenteral
vaccination schedules.

5. Assessment, by means of field trials, of the value of mineral-
carrier cholera vaccine.

6. The collection of basic information on the reactivity and immuno-
genic potency of ‘

(@) cholerigenic toxin; and
(b) Fraction II protein as an inducer of vibriocidal antibody formation.

For this purpose, preliminary studies with partially purified material
should be carried out in small series of human subjects.

7. The development of improved parenteral vaccines, especially
vaccines that will give more lasting protection.

8. The development of effective stablhzmg mechanisms for-cholera
toxin and toxoids.

9. Preparation of combined toxin antigen and bacterial vaccine,
with field trials if preliminary studies (as in 6 above) warrant this step.

10. Expansion of the use of serological tests, and detection of i 1nap-
parent infection as well as clinical cholera in field trials..

11. Establishment of optimal vaccine schedules, doses and routes,
with special attention to the possibility of extending the ‘interval between
boosters or reimmunization.

12. Construction of alternative mathematical models apphcable
to the design and interpretation of vaccine essays in man.

13. Assessment by field trials of other candidate vaccines that meet
the criteria of safety, potency and acceptability indicated elsewhere in
the report.

14. Investigation of the poss1b111ty of combining cholera vaccine
for basic immunization with tetanus t0x01d

15. Development of improved laboratory models for assaying
cholera vaccines, in conjunction with field trials to determine their cor-
relation with protection in man.



REPORT OF A WHO SCIENTIFIC GROUP 21

The Group also recommended that co-operative international studies
on the measurement of antibody titres, testing of antigens, etc. should
be organized and that the necessary reference sera, vibrio strains, etc.
should be made available. It was hoped that it would be possible for
WHO to facilitate and promote further research on the fundamental
immunology of cholera.
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