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Cholera control is an ancient goal in
preventive medicine and public health. Large
amounts of resources have been mobilized to
combat the spread of the disease during the
current pandemic, and, consequently, there
have been tremendous advances in the state
of knowledge of many aspects of the disease.
During the three decades of the pandemic we
have seen the basic principles of fluid and
electrolyte therapy applied to treatment of
hospitalized cholera patients with unqualified
success. More recently these therapeutic
principles have been made universally avai-
lable in an inexpensive and almost equally
effective mode - oral glucose-electrolyte
therapy. Equally significant advances were
made during the pandemic in the micro-
biology of V. cholerae. During the past
three decades the entire enterotoxin patho-
genesis was worked out and purified cholera
toxin proved to be a boon to many allied
areas of medical science.

Remarkably, however, this fruitful period
has not brought forth any notable advances
in the field of prevention. Today, with the
technology available virtually anywhere in the
world to reduce cholera mortality to less
than one percent, we stand helpless to modify
the spread of the disease. The sad situation
can be described as: a pound of prevention
is worth an ounce of cure!

A promient feature of any analysis of our
failure to contain the spread of cholera has
been the inordinate attention paid to a
single type of intervention-immunoprophy-
laxis. Prevention has become almost synono-
mous with immunization. Since the early
days of vibrio microbiology when Ferran
allegedly demonstrated the efficacy of a
whole-cell vaccine in a guinea pig model (1),
we as scientists and public health officials
have been enamored with immunoprophylaxis
as a tool to combat the spread of cholera.
We are proof of the adage "Sicut ramus
inclinatus est, ita arbor" or, in translation,
"As the twig is bent, so grows the tree."
However, lacking alternative methods of
effective control, we have persisted in research
and development of whole cell vaccines, and
recently, adjuvants have been shown to
enhance the duration of measurable protec-
tion (2). But doubling the time of protection
still falls short of what most would consider
a break-even point in cost/effectiveness for
immunization programs.

To break out of the parenteral vaccine
mold recent experience with rechallenge
experiments in human volunteers (3) has
encouraged resarchers to advance attenuated
strains of V. cholerae as candidate oral
vaccines (4) despite epidemiologic observation
that subsequent reinfections occur with
almost the same rate as previous infections in
cholera endemic areas. Repeated infection



including cases of serious diarrhea is a central
feature of the most frequently invoked
epidemiologic model of cholera in endemic
areas. Thus while there are encouraging
leads which must be developed, we need to
be reminded there are other, non-immunolo-
gical methods to control the spread of
cholera.

The search for effective altemative inter-
ventions is also an ancient pursuit with a
dismally poor history. Some of the alterna-
tive method such as quarantine have been
shown to be ineffective, while others, such
as modern waste treatment and provision
of potable water supplies are dismissed as
beyond reason in the near future for most
cholera-threatened areas. But as in the case
of vaccine development we should continue
to search for effective non-immunological
control measures as well. This paper attempts
to set forth some basic principles which could
be followed in exploring alternative cholera
control measures.

The observations we are reporting today
were made during the 1974 field trial of a
cholera toxoid in Matlab Bazaar Thana in
rural Bangladesh. The specific lessons we
learned are not applicable necessarily to any
other situation. However, the basic epide-
miological principles we used in demonstrat-
ing risk factors are almost universally appli-
cable in any other situation in which cholera
is being transmitted. In fact, the central
feature in considering any control measure
is the value of solid epidemiological investiga-
tions which provide reliable data on which
to plan and evaluate the effectiveness of
intervention programs. This principle applies
to vaccine development as well as non-
immunological modes of cholera control.

As a feature of the 1974 toxoid field trial,
which has been described to this group
previously (5), the Cholera Research Labora-
tory staff conducted an intensive surveillance
of cholera cases in areas likely to produce

high infection rates. During the previous
cholera season we conducted with the assj.
tance of Drs. James Hughes and John Boyce
a background epidemiological study of
cholera-infected neighborhoods. These data
indicated 10 days of prospective surveillance
with rectal swabs would detect approximately
90% of all subsequent cholera cases. In
addition, their data confirmed the close cluster.
ing of cases of subsequent cases in a readily
identifiable "epidemiologic unit" - the ban'
or neighborhood. From these observations
we chose to conduct surveillance for 10 days
in the immediate neighborhood of a sentinal
case.

In 1974 the Matlab vaccine trial surveil.
lance (VTS) area consisted of a population
of approximately 164,000 of which 92,838
were included in the double blind trial.
A new census of the VTS population which
preceded the trial recorded many socio-
economic variables in addition to the standard
demographic data. Of particular note is the
validity of the age of young children. Fifty-
four cholera neighborhoods were selected
randomly from a daily roster of sentinar
cholera cases admitted to the Matlab hospital
- the only medical care facility for diarrheal
disease within the reach of the VTS popula-
tion.

Following the positive identification of a
sentinal case (usually within 24 hours of
admission), a team was dispatched to the
patients' residence. The team confirmed the
census data of the pupulation, and quickly
surveyed the neighborhood to identify the
families which comprised the "epidemiologic
unit." The neighborhood nearly always
consisted of families who lived around a
common courtyard. Often the neighborhood
was isolated from other dwellings by water
during the cholera season, which was
immediately post -monsoon in 1974.

On the first day of the study, a scale map
was drawn of the neighborhood, on which
were identified dwellings, sources of water
and waste disposal; a rectal swab was obtained
from each resident and cultured by enrich·
ment techniques for V cholerae (6); a finger·
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tick blood sample was obtained for measure-
s ent of Inaba and Ogawa vibriocidal (7) and
:titoxin titers by microtechniques (8).
Each resident who was present was queried
about the sources of water used for drinking,
bathing, cooking, washing, and toilet in the
previous 24 hours. The same information
was gathered from the sentinal case after
their return from the hospital were was
usually on day two or three of the study.

Every day for ten consecutive days the
team returned to get a rectal swab for culture,
enquire about diarrhea, and note the specific
water-use patterns of each resident in the
previous 24 hours. Patients who were suffer-
ing from clinically significant diarrhea were
taken to the Matlab hospital for treatment.

Subsequent cases were defined as anyone
who had V cholerae recovered on rectal swab.
Twenty-three neighborhoods were analyzed in
detail for specific factors associated with risk
of developing cholera infection in the ten
days of study. We have excluded from
analysis all who were cultured fewer than
three days and all sentinal cases.

The independent variables which were
analyzed included: age, as single year listed
on the census; sex; "distance", an index
of the proximity of a resident's dwelling to
that of the sentinal case*; the extent to which
a person shared drinking, bathing, cooking,
washing and toilet water sources with a sen·
tinal case* *; the log of the vibriocidal Inaba,
vibriocidal Ogawa and antitoxin titer; and the
per capita square footage of the person's
dwelling, which was used as a composite
index of socio-economic status. These were
analyzed by a statistical method described
by Walker and Duncan (9) which allows
multivariate analysis fo data in which indepen-
dent variables influence a binomial dependent
variable or outcome.

A detailed analysis of twenty-three baris
revealed 160 cases detected among 1,13 7
at risk, an attack rate of 14%. Seventy-six
percent of the residents of these neigh-
borhoods were cultured at least three days;
Figure 1 illustrates the frequency distribution
of the number of days cultured. As shown in
Figure 2, roughly one-third of subsequent
cases were detected on the first day the
neighborhood was studied, one·third were
detected on the second through the fourth
day, and one-third during the last six days
of the ten-day study period.

Univariate analysis of some of the factors
commonly thought to be associated with
risk of acquiring cholera infections revealed
the data arrayed in Table 1. This analysis
requires complete data on each individual
which consequently lowered the number of
observations for analysis to 490 of which 102
were cases. The variables distance, age, and
four water sources (drinking, bathing, washing
and cooking) were associated with cholera
cases. Sex, per capita square feet of dwelling,
toilet water source, vibriocidal antibody and
antitoxin were not associated with cholera
positive rectal swab.

Multivariate analysis revealed a disappoint-
ingly weak association of both antitoxin and
vibriocidal antibody with risk of acquiring
cholera infection with the homologous V
cholerae serotype. Antitoxin was extremely
weakly associated with risk, although the
positive correlation usually seen in data which
has not been adjusted for age was not seen.

Aggregating data from many unique loca-
lized outbreaks neutralizes the very strong
association of some environmental sources
of cholera often seen in individual neigh-
borhoods. Figure 3 is a scale map of one

* Code: 1
2
3
4

** Code: 1
2
3

sharing a dwelling with the sentinal case.
sharing meals but not a dwelling with a sentinal case.
not sharing meals with sentinal case, but occupying an adjacent dwelling

neither sharing meals nor occupying an adjacent dwelling

completely similar sources of water

some sharing of water source

no evidence of sharing water sources



study neighborhood showing dwellings and
sources of water. Table 2 is a simple tabula-
tion of cases and non-cases by exposure to
each water Source in this neighborhood.
In this particular example one and only
one water source could be implicated in the
transmission of cholera. The sentinal case,
a three-year-old male, used this source for

water for washing, bathing, cooking and
toilet, but not for drinking. This illustrates
how a simple epidemiologic investigation can
provide information which is an essential
ingredient of steps to control cholera. It is
a technology which could be used at the grass
roots level of health workers.

9 10
Days

Figure 1

Percent of Study Neighborhood Residents by Number of Days Cultured

Figure 2

Frequency Distribu.tion of Day of First Positive
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Standardized Logistic and Discriminant Function Coefficients and Their Standard Errors

Multivariate Logistic Fctn Univariate Logistic Fctn
Variable

Stnd Coeff Stnd SE T Stnd Coeff Stnd SE T Likelihood Ratio

Age -072603 0.18907 -3.84 -0.64874 0.17294 -3.75 19.85

Sex 0.20008 0.12186 1.64 0.08566 0.11214 0.76 0.59

Distance -045415 0.11170 - 4.07 -0.47674 0.09834 -4.85 22.76

Sqft/per 0.19620 0.11580 1.69 0.13389 0.09860 1.36 1.74

Sumwater -0.45680 0.15606 -2.93 -0.41676 0.12299 -3.39 12.54

Toilet 0.39992 0.13968 2.86 0.05182 0.11153 0.46 0.22

Antitox -0.00209 0.12255 -0.02 0.01143 0.11137 0.10 0.01

Antibody -0.01604 0.13209 -0.12 -0.20311 0.12016 -1.69 3.02

Multivariate Likel ihood = 60.4041

Table 2

Analysis of Association between Specific Water-use and
Cholera Infection

Water Did use source Did not use source

Use source + Total % + + Total % +
---

Tubewell 4 9 13 31% 1 23 24 4%

Drink Tank #1 1 13 14 7% 4 19 23 17%

Tank #2a 0 10 10 0 5 22 27 19%

Tank #1 0 10 10 0 5 22 27 19%

Bathe Tank #2a 1 16 17 6% 4 16 20 20% (Chi square)

Tank #2b 4 5 9 44% 27 28 4% (6.55)

Tank #1 0 10 10 0 5 22 27 23%

Cook Tank #2a 1 16 17 6% 4 16 20 20%

Tank #2b 4 5 9 44% 1 27 28 4% (655)

Tank #1 0 10 10 0 5 22 27 19%

Tank #2a 1 13 14 7% 4 19 23 17%

Tank #2b 3 3 6 50% 2 29 31 6% (486)

Toilet Tank #3 0 3 3 0 5 29 34 15%

T #2b + T #3 0 1 0 5 31 36 14%

Outside 0 1 1 0 5 31 36 14%

Outside + T #3 1 1 2 50% 4 31 35 11%

13
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Figure 3
Map of Neighborhood Number Twelve

There are many shortcomings of this
study. As is apparent, the insinuations are
based solely on epidemiological inference.
There is a noticible paucity of environmental
microbioligy data which would have pro-
vided supporting evidence of the associations.
However, this is not a fatal flaw, for epide-
miological inference is a valid method of
implicating sources of infection. Of course,
environmental culturing is invaluable in those
cases in which a lack of variety of responses
generated by an epidemiological investigation
fail to reveal the source of infection. This
is the case not infrequently. For example,
in evaluating a foodborne illness outbreak,
if everyone ate the identical food items, this
epidemiological approach would not incri-
minate the source of infection whereas cul-
tures of food might. There is no doubt that
expert environmental cultures would have
contributed significantly to this investigation,
but this technology was not available at the

Cholera Research Laboratory until Dr
William Spira and his colleagues began their
studies.

Another shortcoming is the lack of univer_
sal applicability of the findings. In a nOn-
endemic setting in which entirely different
associations between serum antibodies and
age pertain, or in societies in which families
inter-relate on a different plane and use water
for domestic purposes in a far different
manner, these findings border on the irrele.
van1. However, the overall approach - uSing
simple epidemiological principles to deSCribe
and quantify risk factors and to identify
logical, effective intervention measures-
should find wide applicability. The value of
knowing as much as necessary about the
epidemiology of a disease should be as univer-
sally accepted as the value of a scinece base
in microbiology and therapy of an infectious
disease.

In few situations would authorities have
the benefit of knowing as much about the
basic epidemiology of cholera as we did in
Bangladesh. The Cholera Research Labora-
tory could draw on fourteen years of very
productive experience in designing a reason·
able epidemiological study. In areas in
which cholera is just coming under investiga-
tion, the descriptive net must be cast much
wider so the most efficient social and geogra-
phical bounds could be drawn to define an
epidemiological working unit. In addition
to having evidence of the optimal period
and area of study, we had a reliable source
of sentinal cases and adequate logistical
support. In a new area the principles would
have to begin at a more basic level: sentinal
case detection would have to be instituted,
teams would have to be trained, follow-up to
interventions would have to be instituted,
larger studies would have to be a part of the
earliest investigation in the area to determine
the extent to which cases cluster around the
sentinal case and the social, biological and
environmental factors w_hich are likely to be
assoicated with transmission would have to
be identified. But these are only a logical
extension of the epidemiological principles
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we used at a slightly more refined level, and
alternative methods of control such as vaccine
programs also require tremendous inputs with
no greater chance of success. On the other
hand, some factors may be translatable to
other situations. For instance, the relative
contribution of serum antibody and vibrio
exposure to the total risk of acquiring cholera
would probably be seen in other locales.

In the Bangladesh situation, these studies
demonstrate the limited utility of modifying
the risk of acquiring cholera infection. This,
of course, is no surprise. Vaccines which
boost serum vibriodical and antitoxin titers
have been demonstrated to be poor modifiers
of risk of infection, and Sommer demon-
strated the lack of efficacy of immunizations
in controlling subsequent cholera cases in
cholera-infected neighborhoods (10). There
have been little data putting serologic and
other risk factors in perspective simultaneous-
ly, however. Our studies compare directly
the relative association with total risk of
serologic and non -serologic facotrs. The
results indicate that in addition to the expect-
ed poor association between risk and serum
antibodies, there are unexpectedly strong
associations seen in the same data set bet-
ween risk and water-use patterns as well as
the expected overwhelmingly powerful
associations between risk and age and risk
and geographic proximity to a sentinal case
dwelling. While there are technical reasons
we are not justified in speaking of propor-
tion of total variance attributable to one
factor in this situation in which the outcome
or dependent variable is not normally distri-
buted (the outcome possiblities in this case
are: each individual either become infected
or did not become infected, a binomially
distributed variable), the relative association
with outcome is remarkably clear: two
variables, age and "distance", are strongly
associated with with risk. There are also
other variables associated with increased risk,
the water-use patterns, and while these asso-
ciations are statistically significant, they are
much weaker than age and "distance". As
four Sources of domestic water are closely

acssociated - drinking, bathing, cooking
and washing - these four have also been
grouped as an unweighted mean of water use.
A fifth use of water, toilet, is, not surprising-
ly, less closely associated with other sources
of water. Thus, based on data derived from
a covariance matrix we have separated this
water source from the other four.

The poor association with serum antibodies
and risk is striking. While inverse associations
have been made with serum vibriocidal titer
and attack rate using large numbers of obser-
vations, this relatively small data set fails
to produce any statistically significant associa-
tion. Although the association which is seen
is inverse and may become statistically signi-
f1cant with larger numbers of observations,
these same data confirm the powerful associa-
tions between age and "distance" as well as
the less strong, but statistically significant,
associations of water-use patterns.

It is important that we attempt to
speculate which of the many specific factors
included in the variables age and "distance"
are associated with modifying risk. Age may
be considered an indirect measure of a per-
son's experience with V. cholerae. While age
and serum vibriocidal titer are associated,
vibriocidal antibody may not be causally
related to decreased risk. Although there
are age-dependent differentials in the res-
ponse of various tissues to the adenyl cyclase
stimulating effects of cholera enterotoxin
(11), there is very little evidence that age,
independent from the accumulation of ex-
perience which accompanies age, is a factor
in the age differential of cholera attack rates.
The relatively uniform age-specific attack
rates seen in areas recently experiencing
cholera for the first time in several generations
supports this contention (12). Therefore,
age is an indirect measure of experience with
the organism or a determinant in modifying
exposure to the organism. These data cannot
distinguish between these possibilities. How-
ever, evidence generated from human volun-
teer challenge experiments as well as the
accumulated experience in the field suggests
people living in a cholera endemic area have
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documented repeated infections. This indi-
cates biological interaction with the vibirio
is likely to be included in the equation. It
is tempting to anticipate that including a
measure of the immune status of the bowel
would reflect much more strongly the associa-
tion between previous infection, immune
status, and decreased risk.

"Distance", likewise, is a convenient
surrogate for othre specific factor(s) which
are associated for completely independent
reasons with closely shared exposure to the
organism. Living in the same house with
a sentinal case is a powerful determinant of
risk independent of age and, interestingly,
domestic water-use patterns. In the Matlab
VTS a family is defined as a hearth unit, and
it is very tempting to incriminate sharing
meals in transmission of the disease. Al-
though our data do not bear directly on this
important possibility, subsequent studies
of neighborhood cholera conducted among
the same population by Dr. William Spira
and his co-workers were tailored to investigate
the role of both food and water in the trans-
mission of cholera. Their elegant studies
produced overwhelmingly negative data with
respect to food, but often the water contain-
ers inside the house were positive for V.
cholerae. Their work, which was a refinement
of the studies reported here, go an important
step further in pin-pointing specifically how
water is both associated with the household
and transmission of cholera. An epidemio-
logic picture is emerging in which cholera is a
waterbome disease and the water source most
strongly associated with transmission is in
the household.

These aggregate data do not illustrate the
power with which simple epidemiological
investigations can identify the source of
cholera. In 75% of the neighborhoods in
which subsequent cases of cholera were
detected, the investigative techniques illust-
rated earilier were able to implicate a specific
source of continued transmission. The lessons
of these studies are clear. Authorities can
use simple observations to identify the extent
to which cases cluster, to identify the source

of cholera and to mount an effective inter·
vention. If investigations are successful i
implicating the source of cholera transmissionn
officials can place effective interventions mos;
appropriate for the situation. As an example
in 1966 cholera was seen among employee;
of a tea estate in Bangladesh. The population
was vaccinated, but cases continued to occur
until Dr. A. W. Karchmer conducted an epide.
miologic investigation which implicated One
river as the source of cholera. Based solely
on epidemiological evidence, the chief mediCa]
officer of the tea estate took prompt, effec.
tive measures to halt continued transmission
by posting police along the river bank with
instructions to arrest anyone who went into
the river. This effectively forced the residents
of the village to use safe wells as the sole
source of water for all domestic uses. The
epidemic stopped abruptly. A week later
a report from the Choelra Research Labo·
ratory confirmed one river water sample
positive for V. cholerae. In Bangladesh,
but not necessarily elsewhere, we would
predict disinfecting household water con·
tainers, or administering expensive but highly
effective interventions such as oral tetracy.
cline (13) directed at those shown to be at
sufficiently high risk, and enforcement of
a quarantine of implicated water sources
would be far more efficacious in modifying
the risk of acquiring cholera than manipulat·
ing the serum immune response. Tailoring
similar logical interventions to other cholea
infected areas might also yield promising
results.
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