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Prospects for Control of Cholera with Oral Vaccines

The control of cholera scems o remain outside
the reach of today's world. An anciecnt diseasc,
whose "home” has been the Ganges delta since carly
recorded history, it has cncompassed the globe on
several occasions in the past 200 years, as modes of
transportation have gradually made our world
smaller. In 1991, the 7th pandcmic, which began in
Indonesia in 1958, compleled its spread to South
Amcrica. This present  pandemic, with itcrally
millions of cases and hundreds of thousands of
deaths, has spread relentlessly in spite of the fact
that 1) cholera is perhaps the best understood of all
the infcctious discases in terms of pathogencsis and
pathophysiology, 2) treatment of cholera is available
that will esscntially prevent all deaths, if it is applied
appropriately, and 3) prevention of the discasc can

be obtained with rclatively minimal  hygicnic
precautions. -
Several reasons can be given to cxplain this

phenomcnon:

1. The cholera vibrio (Mibrio cholerae O1), although
not a particularly hardy organism by bacterial
measures, is unusually well adapted 16 survive in
aquatic cavironments, particularly those with low
salinity, such as brackish walcrs that occur in
cstuaries, and in association with shellfish.  Recently
algae and plankton havc also been postulated as
possible reservoirs for these organisms.  Therelore,
human hosts are not critical for the survival or
transmission of the organisms in nature; humans arc
nccessary, however, for the transmission of the
discasc widely as is sccn in cpidemics and in the
present pandemic.  Such transmission can only accur
in places where sanitation is poor, and drinking
watcr is heavily contaminalcd  with facces, thus
allowing the widesprcad disiribution of wibrios from
the facces of one person to the mouths of others.
Unfortunately, much of thc world's population lives
in circumstances where such inadequate  water and
sanitation prevail.

2. Although V. cholerae is only onc of many
microbial agents thal producc diarrhocal diseascs, the
discase it produces s uniquc among them,
Untreated, it has a wvery high mortality ralc of
greater than 50%, Lhe avcrage time [rom onsct of
?'mptoms to the occurrcnce of life threatening
chydration is approximatcly 12 hours, and somc
intravenous fluids are usually nccessary to treat the
disease; oral rehydration alonc will not adequatcly
prevent death. In arcas where cholera is occurning in
epidemic form, particularly for the first time, young

adults, especially males, arc the onecs who most
frcquently develop fatal discase. Cholera is the only
cntcropathogen o' cause major cpidemics and
pandemics; the only other diarrhocal pathogen that
may show a somewhat similar patlcrn is Shigella
dysenteriae type 1 (the Shiga bacillus).
3. The immunclogical protection afforded by the
natural discase, though substantial for the first
several years, is clearly not lifelong, and susceptible
Ecrsons always seem to be available, cven in areas of
igh endemicity, such as Bangladesh.  Parenteral
vaccines, available for the past 100 years and initially
thought to provide substantial protection, have been
shown to provide only limited protection for a short
period of time and have bcen abandoned as a
possible public health measure to control the disease.
What then arc the possibilitics for averting the |
tremendous morbidity and mortality due to this
global discase?
1. We can improve the water and sanitation in thosc
arcas of thc world where they are known to be less
than ideal. This is clcarly alrcady being done as
devclopment procceds in all the countries of the
world. But it is a long term solution, and one that
will takc many decades and much capital to achieve.
In  thc mecantime, cfforts at controlling the
transmission of the organisms in the cnvironment at
the ‘personal or micro level arc underway; these arc
being donc through cducational and social efforts to
improve the use of safe water and latrines and
handwashing,  Again, these changes will only come
slowly, as thc cducational and litcracy levels of the
world's population improve. . ‘
2. We can improve the therapy of the discase, which
i well understood pathophysiologically.  We know
now that anyonc with cholera can be cured, as long
as he/she has a heartbeat at the time treatment is
begun; dcath should be a ranty.  Obviously this
cannot be improved upon. What can be improved is
making the (rcatment more available to those with
the discase. This will require that adequate supplics
arc available (appropriate intravenous fluids such as
Ringer's lacate and/or normal saling; adequate
amounts of oral rehydration fluids, and adequate
amounts of antibiotics, such as tetracycling) and that
there arc adcquate traincd personnel to administer
the treatment appropriately. Most of the devcloping
countrics now have Diarrhocal Discases Control
Programmes (CDD’s), but thesc are often
understallfcd and poorly funded and generally not
adcgquale to manage large numbers of cholera
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paticnts.  Furthermore, they arc often not located in
thc arcas where cholera may be occurring, and arc
thercfore not easily accessed in emcrgency situations.
The purpose of CDD’s is _primaril to treat the
much larger numbers of diarrhocal diseases that
occur in young children, most of which are not
cholcra, and for this purpose these programmes work
very well. ORS is the mainstay of therapy, the
discases treated are usually much less acute, and
travel to nearby centers for adequatc treatment is
possible. The improvement of the national CDD
[)mgrammes is certainly to be encouraged, but their
imitations in terms of cholera management should
be rcalised.

3. We can develop an effeclive, low - cost vaccine
that can prevent large segments of the population
from developing the discasc and thus requiring
treatment. Such a vaccine, as we now know from
many animal and voluntecr experiments using a wide
variety of enteric pathogens, should bc an oral
vaccine which stimulates maximally the secretory Ig
A antibodies of the small intestine. Ideally, it should
produce no side effects, should be cffective following
a single dose, and should produce long lasting
protection, preferably for several years.
Unfortunately this "ideal” vaccine does not yct exist,
but considerable cfforts are being made to develop
suc}t a product that can be used as a public health
tool.

At prcsent there are two cholera vaccine
candidates that show promise for wide - spread use:
a non—living vaccine, which consists of killed vibrios
and the B subunit of the cholera enteroloxin
(WC/B), and a live vaccine, which consists of an
attcnuated strain of V. cholerac 1, which also
produces the B subunit of the cholera enterotoxin
(CVD 103 - HgR}).

wWC/B VA The WC/B vaccine, which
consists of 1 x 10°* mixtures of killed classical and
El tor biotypes of the two scrolypes of V. cholerae
01 (Inaba and Ogawa) and 1 mg of purified B
subunit, has been ficld tested in Bangladesh over a
5—ycar period in children, ages 2 ~ 15 years, and
women of child~bearing age (1,2). Given in 3
doses, 6 wecks apart, along with an antacid (to
protect the B subunit which is acid labile), it
roduced no side effects. Its protective  efficacy
asted for 3 years and the overall rate of protection
was 50%. Cumulative protection was much higher in
children above 5 years of age and adulls (63%) than
in children between the ages of 2 and 5 years, in
whom it was only 26%. Protection was considerably
higher (85%) in all age groups during the first 6
months following administration.  Although the trial
was not designed to test the efficacy of two vs three
doses of vaccine, analysis of the (ci’;la from persons
who did not reccive the entire vaccine series
indicated that two doses were as effective as three;
onc dose was not protective. During the frst year
of the trial, there was also a 48% reduction in

Sack

admissions (0 the treatment centers for severe
dchydrating  diarrhoea, and there was a 45%
reduction in mortality in adult women due to scvere
diarrhoca (3). It was determined that protection was
less against cholera due to El tor vibrios than that
due to classical vibrios, and was also less in persons
with group O blood type. There was no protection
against diarrhoeas due to' non-—cholera vibrios, but
therc was a substantial prolection. (67%) against
diarrhoca caused by Escherichia coli which produced
heat - labilc cnterotoxin (LT), in the first 3 months
following vaccination(4). This was presumably
because of the immunological similarity between the
B subunits of the cholera and E. coli enterotoxins.

Another non —living vaccine, which consisted of
thc wholc cells of V. cholerae, but without the B
subunit (WC), was tcsted at the same time as
WC/B. WC gave similar rcsulis to WC/B, but did
not provide the high degree of protection during the
first few months alter vaccination, and did not
protect against LT - producing £. coli. Becausec of
these delicicncics, further consideration of this
vaccine will not be given.

The major limitations of WC/B are: the degree
of protection, which is less than optimal, particharly
in small children, the nced for two doscs of vaccine,
rather than onc, and the nced to be given with
antacid. The major advantages are: the lack of side
cffects, the low cost (potcntial), and delivery of the
vaccine will probably not requirc a strict cold chain.

CVD 103 -HgR VACCINE. This vaccine consists of
109 - 11 colony ~ forming units of strain CVD 103 -
HgR, which is a derivative of V. cholerae 01 strain
Inaba 5G69B, which has been attenuated genctically so
that it makes only the B subunit of the entcrotoxin
and has an identification marker for mercury
resistance (5). It is also given with antacid to protect
the acid —sensitive vibrios in their journey through
thc stomach. A singlec dose has been shown to
induce  substantional ~ levels  of  antibodies  in
volunteers, and to provide protection against
challenge with virulent organisms without producing
side eflects. (Earlier versions of this vaccine had
been unacceptable because they produced diarrhocal
symptoms in a small, but significant, pcrccntage of
voluntcers (1).  This vaccine is being tested 'for
immunogenicity in adults and children living in
developing countries (Thailand and Indonesia) but
has not been tested for cfficacy in a field trial.

The major advantages of this vaccine arc: only a
single dose is required, and no side effects are
produced. The major disadvantages are: a cold
chain is necessary to cnsure viability, and the need
to be given with antacid.

The cost of production and distribution of CVD
103-Hg may gc higher than WC/B, although
accurate cost estimates have not yet been established.
Unfortunately, no data are available to compare the
protective cificacy of the CVD 103~ Hg with WC/B
under ficld conditions.
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Should the use of oral cholera vaccines be
inclnded as a public health measure to control
cholera, either in endemic or newly invaded arcas of
the world?

Clearly the answers are not known at the present
time, and data necessary to provide the answers are
still needed. In South America, an area which has
not had cholera for the last 100 years, the WC/B
vaccine is bcing readicd for field testing. In
Bangladcsh, wherc cholera is, and has been, endemic
for hundreds of ycars, there is a definite nced for an
ellcctive vaccine. In 1991, there werc an estimated
300,000 cascs of cholera in  Bangladesh, with
approximately 10,000 dcaths (6). Most of the fatal
victims of the discase had no access to treatment,
and were not scen by anyone qualificd to treat the
disease. Sincc  Bangladesh, hke all developing
countries, has limiled rcsources to invest in cholera
control, any public hcalth mecasures will nced to be
cost effective. Clearly the CDD programme nceds
to be strengthened, so that cholera victims could
recive adequale  treatment. But another control
measure, that of vaccination, should also be further
investigated, wsing the oral cholera vaccine that is
presently available (WC/B). In order to be used in
Bangladesh, the cost of the vaccine will need (o be
low (cstimated at approximately 5—10 U.S. ¢ents per
dosc)(6); the only way that the vaccing could be
produced incxpensively would be to have it made
locally in Bangladesh. The vaccine will aced 1o be
given in two doses, with antacid, and it can be timed
to be given on a mass scale immediately before the
epidemic cholera seasons in Bangladesh, which are
known to occur in April-May and again in
Scptember — November. In  Bangladesh 90% of
cholera cases occur in persons above the age of 2
years (50% occurs in  persons above the age of 5
years) (7); the target population (with the availablc
data) would thus be all persons over the age of 2
years. All persons vaccinated would thus expericace
a high degrec of protection against cholera for the
first 6 months [ollowing vaccination (including
protection  against LT ~producing E.  coli); the
children under the age of 5 yecars would of coursc
nced booster doses within 6~ 12 months.  Children
over the age of 5 ycars and adults would be
expected to reccive approximately 60% protection for
3 years and wouid require booster doscs al that
time.

In order to determine the fcasibility of such an
approach, data nced to be gathered on  the
possibilities of local vaccine production in Bangladesh
and its wide - spread distribution.

Admittedly, the WC/B wvaccine is thc first
gencration of oral cholera vaccines.  Although it has
limitations, it would seem that thc degrece of
protection that it can provide would be uscful in
situations where treatment of the discase is less than
optimal, particularly if the cost of delivering the
vaccine were low.

If the CVD 103-HgR vaccine (the second
generation vaccine) proves also lo provide similar or
perpaps cven higher degrees of protection, (either
greater cfficacy or longer duration) it should alse be
considered for usc in a similar way. In the
meantime, improvements are being made in the
non —living vaccine by the addition of ncwly—
recogniscd virulence (colonization) antigens (the toxin
co - regulated pilus antigen (TCP), and the cell-
bound hemagglutenin of El tor (MSHA) which are
not present in the present WC/B vaccine. Should
these prove (o stimulate additional protective
antibodics, they can be included in the formulation
of the non - living vaccine.

Since there are few areas in the world where
cholera is endemic, relatively predictable, accessible,
and of great public health importance, Bangladesh
would scem to be the ideal place to evaluale the
usefulness of an oral cholera vaccine as a public
health control mcasure, both in production and
implementation.
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