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Epidemiology of endemic goitre in western Colombia
E. GAITAN,1 H. MERINO,2 G. RODRIGUEZ,3 P. MEDINA,4 J. D. MEYER,5
T.AWA. DEROUEN,6 & R. MACLENNAN7

This paper reports on recent epidemiological observations in western Colombia, which
further demonstrate the presence of naturally-occurring goitrogens contaminating water
supplies in areas where goitre persists despite prolonged and continuous iodine supplementa-
tion. ' Prospective ' and' cross-sectional ' studies in 41 localities where the populations have
been on a uniform and adequate iodine supplementation for the last 10-20 years indicate
that, in the endemia of western Colombia, environmental factors other than nutritional
iodine deficiency are responsible for differences in goitre prevalence. Further epidemiological
studies to determine the causal factors for the persistence of the endemia established a
correlation between the sources of drinking water and goitre prevalence rates. Organic
compounds containing sulfur with marked thionamide-like antithyroid activity were
isolatedfrom water supplying endemic goitre districts, and results are presented supporting
the hypothesis that sedimentary rocks rich in organic matter are the main source of water-
borne goitrogens. Bacteriological investigations showed that the presence of Klebsiella
pneumoniae in drinking water and bacterial concentration were related significantly with
goitre prevalence only in the presence of other variables, particularly the presence of
sedimentary rocks. In the light of these epidemiological observations and experimental
studies it may be concluded that, at present, endemic goitre in western Colombia is not due
to nutritional iodine deficiency, but that water supplies are contaminated with sulfur-bearing
organic compounds with thionamide-like antithyroid activity most probably deriving from
sedimentary rocks rich in organic matter and that these compounds are the main factor
underlying the endemia.

It was considered until recently that iodine defi-
ciency by itself would invariably result in the devel-
opment of goitre and endemic cretinism. However,
in the last few years several groups of investigators
have reported situations in which no goitre or
endemic cretinism was evident despite severe dietary

iodine deficiency (less than 25 ,ug/day). Observations
of this kind have been made by Roche and collabo-
rators in Indian tribes from the regions of the
Ventuari, Ocamo, and Mavaca rivers in Venezuela
(1, 2); Choufoer and associates in the Tiom valley in
the central highlands of western New Guinea (3);
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Delange et al. in the southwestern part of the Idjwi
Island, where less than 5 % of the natives presented
goitre and no case of cretinism was found (4); and
Fierro-Benitez and associates in some communities
of the equatorial region of the Andes (5). Concomi-
tantly, the same investigators found prevalence rates
of goitre exceeding 50% in nearby localities with
equally low iodine. A low goitre prevalence in the
presence of dietary iodine deficiency has also been
observed in the tribe of the Arahuacos in the Sierra
Nevada de Santa Marta in Colombia (6), and in
some localities in Nigeria (7) and Greece (8).

Therefore, when a high incidence of endemic
goitre and cretinism is found in the presence of
nutritional iodine deficiency, as has been observed in
numerous and widespread areas of the world, it is
logical to postulate the existence of other factors
that, acting in conjunction with iodine deficiency,
determine the development of these two pathological
entities. In the presence of other environmental
goitrogenic factors, iodine deficiency results in the
highest incidence of endemic goitre. More than half
of the population can be affected by the disease, with
up to 10 % suffering from anomalies characteristic of
endemic cretinism (9). Endemias of this magnitude
have been described in New Guinea, Nigeria, Zaire,
some areas of Greece, the Piedmont in Italy, the
Himalayas, the Andean regions of Colombia, Ecua-
dor, and Peru, and in parts of Argentina, Brazil,
Paraguay, and Chile (3-5, 7, 8, 10-14).

Supplementing the diet with iodine consistently
results in a marked decrease in goitre prevalence and
the disappearance of endemic cretinism. Observa-
tions of this kind have been made in Switzerland,
New Guinea, the Himalayas, New Zealand, Guate-
mala, Colombia, and Ecuador (10-15). However, it
has been found that in the presence of environmental
goitrogenic factors, adequate iodine intake (75-300
,tg/day) is not completely effective in eradicating
goitre, since up to 40% prevalence persists in some
areas, as observed in Tasmania (16-18), eastern
Kentucky and northern Virginia (19, 20), the city of
New York (21), and the Cauca valley in Colombia
(22, 23).
The purpose of this paper is to report on more

recent and extensive epidemiological studies con-
ducted in western Colombia, that further demon-
strate the presence of naturally-occurring goitrogens
contaminating water supplies in areas where goitre
persists despite prolonged and continuous iodine
supplementation. The paper also reviews previous
findings in the light of these new observations.

MATERIALS AND METHODS

Epidemiological surveys have been confined to the
800 km long area of the Cauca, Patia, and Sibundoy
valleys in the Andean region of Colombia (Fig. 1),
where in 1948 the prevalence of goitre in schoolchild-
ren ranged from 16% to 95% (mean, 54%). The
magnitude of the problem prompted official action
and in 1954 a salt iodization programme for the
whole country was begun. By 1964, the programme
had covered most of the country (24).
The level of fortification in the salt iodization

programme conducted in Colombia has consistently
been 50-75 mg/kg. This resulted in a daily intake of
iodine of between 100 and 600 ,ug/day (11, 22, 23).
A total of 41 localities, ranging in elevation from

400 to 2830 m, were studied. All these communities
have received a uniform and adequate iodine supple-
mentation for the last 10-20 years. Epidemiological
surveys for goitre were conducted in each town by
the same team of examiners on 72-240 schoolchil-
dren, with equal numbers of each sex, 9-14 years of
age, and of similar socioeconomic background.
Since a relationship exists between age and goitre
prevalence (22), care was taken to examine an equal
proportion of children of each age in every locality.
Thyroid size was graded and measured simultane-
ously in every case according to WHO criteria (25)
and the thyroid surface outline method (26). In this
latter method a mean surface area of 4.6 ± 1.1 cm2
corresponds to grade 0 by WHO standards, 7.6 ±
2.3 cm2 to grade 1 and 12.6 ± 1.9 to grade 2. Only
thyroid surface areas larger than 7 cm2 were consid-
ered as goitres in the present study.
As an indication of dietary iodine intake, urine

samples were randomly collected from 20% of the
children examined to determine iodine excretion
using methods previously described (22). Physico-
chemical analyses of water from some localities were
performed for total hardness, calcium, magnesium,
sulfates, nitrates, fluorides, and iodine by standard
methods (22, 27). Geological observations were
made in 37 localities. The composition of the allu-
vium upstream from each community was recorded
as the presence or absence of each of three rock
types-sedimentary, metamorphic, and igneous (35).
Bacteriological studies of water were also performed
in 21 localities. Samples were collected at different
sites of the water supply (intake, channel, settler,
sand sluice, flocculator, filter, settling channel, stor-
age tank, households, and schools, and in some
instances from wells).
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Fig. 1. Map of western Colombia. Regional geology showing portions of the Andean ranges, Cordilleras Central
and Occidental, with the intermediate Cauca-Patia valley and the Sibundoy valley in the southeastern, Andean
region. Numbers refer to goitre prevalence (%).
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Each sample was collected in a sterile bottle,
refrigerated, and cultured immediately upon arrival
in the laboratory. One ml of water was plated on
each of the following media: nutrient agar, eosin-
methylene blue agar (E/M/B), lactose broth, and
brilliant green broth. Cultures were incubated at
both 22°C and 37°C during 48 h. The number of
bacteria per ml was determined using a Quebec's
camera and the bacteria were identified according to
conventional methods, mainly biochemical tests, as
recommended by Bergey (28).
Three statistical models were used in the explora-

tion of the data: a standard linear, an angular, and a
logistic model (29, 30). Since all produced identical
results, the linear model, the simplest of the three,
was selected for interpretati'on of the results. With
this model, the proportion of children with goitre is
the dependent variable and the possible causative
variables are independent variables.

RE.SULTS

Tables 1 and 2 summarize the results obtained in
41 localities surveyed in western Colombia.
Goitre prevalence and iodization

Fig. 2 shows the relationship between goitre prev-
alence and urinary iodine excretion among school-
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Fig. 2. Relationship between goitre prevalence (%)
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in western Colombia. (Reprinted from Gaitan, E.
Epidemiology of endemic goitre. In: James, V. H. D.,
ed. Endocrinology, vol. 2. Amsterdam, Excerpta
Medica, 1977, pp. 362-367.)
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SIBUNDOY VALLEY
IGNEOUS ROCKS METAMORPHIC ROCKS SEDIMENTAY ROCKS

Fig. 3. Goitre prevalence (black columns) and urinary
iodine excretion (numbers in parentheses) in the
Sibundoy valley of western Colombia. Igneous,
metamorphic, and sedimentary rocks refer to the areas
of the valley where these rock types are prevalent.
(Reprinted from Gaitan, E. Epidemiology of endemic
goitre. In: James, V. H. D., ed. Endocrinology, vol. 2.
Amsterdam, Excerpta Medica, 1977, pp. 362-367.)

children of 37 localities surveyed in 1972-74. By this
time, all localities had been on iodine supplementa-
tion for 10-20 years. Goitre prevalence ranged from
1.0% to 41.7% (mean, 15%), and the average daily
urinary iodine excretion ranged from 65 to 293 ,ug. It
is noteworthy that under the condition of adequate
iodine supplementation in which these studies were
made, a positive and significant correlation was
found between goitre prevalence and urinary iodine
excretion (r = 0.333; P<0.05), contrary to what has
been observed in iodine-deficient areas.
The findings in the Sibundoy valley illustrate this

point. Fig. 3 shows that within a small geographical
area, less than 20 km long, there are marked differ-
ences in goitre prevalence among schoolchildren
from different localities, even though they have
similar iodine intakes and socioeconomic and ethnic
backgrounds. For instance, goitre prevalence in San-
tiago was 9.6%, in contrast with 41.7% in San
Antonio. Intermediate rates were found in the towns
of Colon, Sibundoy, and San Franciso. Mean
urinary iodine excretion values were similar for the
five localities (163-205 jig/day) and in no case ex-
plain the marked differences in goitre prevalence.
However, these ' cross-sectional ' studies indicate

the existing conditions and the magnitude of the
problem at a given moment but, retrospectively,
cannot establish with certainty whether they have
always been the same. To obtain this kind of
information, it is necessary to conduct ' prospective '
studies, in which goitre prevalence is correlated at

frequent and regular intervals with urinary iodine
excretion values.
A study of this nature has been conducted since

1959 in the school population of Candelaria, a town
located in the Cauca valley. Fig. 4 illustrates that the
frequency of goitre decreased significantly after
iodization; however, in 15 years since 1959, the
prevalence remained constant-around 30 %-de-
spite uniform and more than adequate ingestion of
iodine. Mean urinary iodine excretion was consis-
tently above 200 j,g/day, a figure higher than that
observed in non-endemic areas.

Simultaneously, as a control, a similar study was
conducted in the town of Zarzal, also located in the
Cauca valley, 80 km distant from Candelaria. Both
towns are supplied by wells and have the same ethnic
and socioeconomic characteristics. Fig. 4 shows that
in Zarzal goitre prevalence was only 15.60% at the
time of severe iodine deficiency, and also that since
iodization goitre rates have always remained below
9%, in contrast with those of 30% observed in
Candelaria. This significant difference was present
despite similar and adequate ingestion of iodine in
both communities.

Observations like those in Candelaria have been
extended and confirmed by similar longitudinal stud-
ies carried out in 13 other towns representative of
the Cauca valley area (23). Thus, it may be con-
cluded from both ' prospective ' and ' cross-sec-
tional' studies that in the endemia of western
Colombia, environmental factors other than nutri-
tional iodine deficiency are responsible for the persis-
tence and development of new cases, and for the

100 v-_ CANDELARIA

* v-v ZARZAL

Goiter *- Z
Prevalence

20

Urinary 300
Iodine 200.
yglday 100,

0 - 0A- z Z, fo;948 iJ 959 1960 1961 1962 1963 i964 1965 1966 1967 191:e *9t9 -1970 -1971
YEARS

Fig. 4. Goitre prevalence and urinary iodine excretion
in the school populations of Candelaria and Zarzal,
towns located on the floor of the Cauca valley in
western Colombia. R = children from rural areas.
(Reprinted from Gaitan, E. Epidemiology of endemic
goitre. In: James, V. H. D., ed. Endocrinology, vol. 2.
Amsterdam, Excerpta Medica, 1977, pp. 362-367.)
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differences in goitre prevalence among localities
where iodine intakes are similar.

Further epidemiological studies were conducted to
determine the factors associated with persistence of
the endemia. From these studies it was possible to
establish a correlation between the sources of drink-
ing water and goitre prevalence rates (23, 31, 32).

Goitre prevalence and drinking water
In the city of Cali, children living in the area

supplied by the Cali river had a significantly higher
prevalence of goitre than those living in the area
supplied by the Cauca river (P<0.001). Yet, mean
and range values for urinary iodine excretion were
essentially similar among the study groups (mean
253 ± 24 ,ug/day).
The effect of water treatment on thyroid enlarge-

ment was tested in the school population of Ginebra
and Guacari. Both towns were supplied by a com-
mon water source, the Guabas river, and in pilot
surveys both demonstrated similar goitre prevalence.
A modern water treatment plant became operational
in Guacari, while Ginebra, whose water remained
untreated, served as a control. The prevalence of
goitre remained constant in Ginebra during three
surveys and in Guacari during the first two. How-
ever, a significant decrease (P<0.01) in goitre prev-
alence was observed in Guacari during the last
survey, which was conducted 8 months after water
treatment started. At the time of this study, urinary
iodine excretion was above 300 pg/day in both
towns. This observation is consistent with the postu-
late that treatment of water by the standard methods
of flocculation, sedimentation, filtration, and chlori-
nation reduces the rate of the endemia.
The epidemiological observations that have prov-

ided definitive evidence of the primordial role that
water plays in the etiology of endemic goitre seem to
be those made in the town of Candelaria. In 1964,
the prevalence was 11% in the southern part and
23%/ in the northern part of the urban area. The
difference could not be explained on the basis of
socioeconomic conditions, dietary composition, or
iodine intake. However, it was noted that the water
for the town was supplied by two wells using
independent pipeline systems, one located in the
north (well A) and the other in the south (well B).
Subsequently, the water from both wells was com-
bined in a single tank and the whole town was
supplied through a common system. Within the
following 12 months, goitre prevalence rose to 31%
in the southern part of town while that in the north

Goiter
Prevalence

CANDELARIA

300 -

Urinary 200 -

Iodine

pg/day 100

1970 71 72 73
YEARS

Fig. 5. Goitre prevalence and urinary iodine excretion
in the school population of Candelaria, before closure
of well A, during the time it was discontinued, and
after being reinstalled. D/C = well discontinued.
R = children from rural areas. (Reprinted from Gaitan,
E. Epidemiology of endemic goitre. In: James, V. H. D.,
ed. Endocrinology, vol. 2. Amsterdam, Excerpta
Medica, 1977, pp. 362-367.)

remained about the same, 26%. On the basis of these
observations, it was inferred that the water from
well A might contain a goitrogen.
More recent epidemiological studies have pro-

vided additional and unequivocal evidence that
well A, found to be goitrogenic in previous studies,
plays a determinant role as a causative factor in the
endemic goitre of Candelaria (Fig. 5). As mentioned
previously, the prevalence of goitre in Candelaria
had been constant (around 30%/) since 1959. In June
1974, six months after the closure of well A, the
prevalence decreased to 8%. In December of the
same year, another survey revealed that the preva-
lence was still low (9.6%) in children from the urban
area while in children living in rural areas the
prevalence remained high (28%). A new survey,
carried out 5 months after well A had been reinstal-
led, disclosed that the goitre prevalence in children
living in the urban area again reached 31.9%, a
significant rise from the previous two studies when
the well in question was not in use. As shown in

-
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Fig. 5, the levels of iodine intake do not explain the
significant changes in goitre prevalence. This obser-
vation demonstrated unequivocally the existence of
goitrogenic factors in the water.

Tests for goitrogenic activity in experimental
animals, using water from both wells in Candelaria,
support the hypothesis that goitrogens are associated
with drinking water (23, 31). In experiments with
rats on a low iodine diet, water from well A in
contrast with water from well B caused thyroid
enlargement, suppression of uptake of 1311 by the
thyroid, and decreased thyroid iodine content. It
also impaired the formation of diiodotyrosine (DIT)
and coupling of iodotyrosines (MIT and DIT) to
form the active thyroid hormones (Ts and T4). In
the in vitro tests, fractions distilling at 93-97°C,
and dichloromethane extracts of those fractions,
showed decreased 181I uptake, decreased incorpora-
tion of 1311 into organic compounds, and decreased
coupling of MIT and DIT to form T3 and T4 (23,
31). Administration for two months of ether-metha-
nol extracts of the activated charcoal of filters placed
in the outlet of the well supplying the high endemi-
city area (33), produced in rats on a high iodine diet
(12 ug/day) thyroid enlargement, impairment of 1311
thyroid uptake, and decreased thyroid iodine con-
centration similar to the effects obtained by the
administration of 50 jg of thiamazole per day (34).
In vivo, the acute suppression of "1"I thyroid uptake
in mice, by subcutaneous injection of extracts,
showed a significant correlation with the values
obtained by the in vitro assay (r = 0.91; P = <0.01).
Water from wells or streams in endemic goitre

districts contained significantly more antithyroid
activity than water from non-endemic regions, and a
dose-response curve was established for extracts of
activated carbon filters through which different
quantities of goitrogenic water had been passed.
Fractionation of the active extracts by preparative
gas chromatography revealed at least three sulfur-
containing compounds, with marked antithyroid
activity in the in vitro assay (23, 33). The concentra-
tions of minerals and iodine in the water or extracts
was not related to the goitrogenic and antithyroid
effects (23, 34). Because industrial pollution was not
a factor in the areas investigated, the goitrogens
must be naturally-occurring. Likely sources are soils
and rocks.

Goitre prevalence and rock types
The local presence of extensive outcrops of differ-

ent rock types-both rich and deficient in organic

35[
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Fig. 6. Relationships between goitre prevalence and
urinary iodine excretion for three different geological
situations. (Reprinted from Gaitan, E. Epidemiology
of endemic goitre. In: James, V. H. D., ed. Endo-
crinology, vol. 2. Amsterdam, Excerpta Medica, 1977,
pp. 362-367.)

matter-in the slopes of the Andes, on both sides of
the Cauca, Patia, and Sibundoy valleys, prompted us
to investigate a possible correlation between the
distribution of rock types (sedimentary, meta-
morphic, and igneous) and goitre prevalence (35).

Studies were conducted in 37 of the localities
mentioned under " Materials and Methods ". The
composition of alluvium upstream from each com-
munity was recorded as the presence or absence of
each of the three rock types. In the analysis of those
data, despite the fact that the linear model used for
interpreting the results used only the presence or
absence of rock types, it still accounted for 57°4 of
the variation in goitre prevalence. Fig. 6 illustrates
the the relationship between goitre prevalence and
urinary excretion of iodine for the three different
geological situations. The graph shows a series of
parallel regression lines with different intercepts,
demonstrating different levels of goitre prevalence.
This indicates that towns located downstream from
sedimentary rocks, rich in organic matter, have the
highest goitre prevalence. In contrast, those popula-
tions taking their drinking water from streams flow-
ing across igneous rocks, devoid of organic matter,
show a low goitre prevalence. Mixed rock types are
associated with intermediate levels of goitre. Since
the development of soils is elevation-dependent, and
because the statistical tests did not select elevation of
communities as an important variable, it appears

410
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that the goitrogens are not soil-derived but originate
in the rock below. These results support the hypo-
thesis that sedimentary rocks rich in organic matter
are the main source of water-borne goitrogens.

Goitre prevalence and bacterial contamination of
water supplies
As microorganisms contaminating water supplies

have also been implicated as causal factors in en-

demic goitre (8, 20, 36-39), and could be one factor
involved in the 43%/ of variation not accounted for
by rock types, bacteriological studies were carried
out in 21 of the 41 localities previously surveyed.
Multiple regression analysis was used to investigate
the relationship of goitre prevalence to the twelve
bacteriological variables in Table 2. Two approaches
were used. The first was to use stepwise regression to
select the variables in order of importance, and the
second was to fit a regression model with all twelve
variables included, testing for the significance of the
coefficient of each variable while adjusting for the
effects of the other variables. In both approaches,
only two variables demonstrated significant rela-
tionships with goitre prevalence (at a = 0.05):
presence of Klebsiella pneumoniae in the water
source, and the overall concentration of bacteria in
the pipeline system. The regression equation relating
goitre prevalence to these two variables is given by
p = 19.21 - (8.93)K + (7.4 x 10-5)C, where K = 1
if K. pneumoniae is present in the water source and
K = 0 if it is absent, and C is the bacterial
concentration in the water pipeline. Tests of signifi-
cance for these coefficients are t = 2.74 (P<0.01) for
K. pneumontae and 2.15 (P<0.05) for bacterial con-
centration. None of the other variables demonstrated
a significant relationship with goitre prevalence.

In order to compare the relationships of the
geological and bacteriological variables to goitre
prevalence, consideration had to be restricted to a

subset of 16 localities for which both types of data
had been collected. Conclusions based on such data
must be considered tentative, because there is some
indication that these 16 localities may be different
from the others. For one thing, when the linear
model containing the three geological variables and
urinary iodine was fitted to the data from this subset
of localities, only the presence of sedimentary rocks
was significant. When the model was fitted to data
from all 35 localities for which they were available,
urinary iodine and the presence of igneous rocks
were also significant, in addition to the presence of
sedimentary rocks (Table 3). HQwever, the signs of

Table 3. Results of stepwise regression analysis on
35 localities with geological, urinary iodine, and
elevation data

Step Variable selected F d.f. P

1 Sedimentary rocks 16.62 1.33 < 0.0005

2 Igneous rocks 9.98 1,32 < 0.005

3 Urinary iodine 4.44 1,31 < 0.05

the coefficients in the model fitted to the subset of 16
localities were the same as those obtained from the
model fitted to the complete set of 35. The differ-
ences in the values of corresponding coefficients in
the two models were not great and R2 for the model
fitted to the subset was 0.595 as compared to
R2=0.566 for all 35, so it seems unlikely that the
restriction to these 16 localities will result in com-
pletely erroneous conclusions.
To measure the relative strengths of the relation-

ships of goitre prevalence with urinary iodine and the
presence of the three rock types, as well as with the
presence of K. pneumoniae in the water source and
the concentration of bacteria in the water pipeline
system, a multiple regression model expressing goitre
prevalence as a function of these six variables was
fitted to the available data from 16 localities. The
coefficients of these variables were tested to deter-
mine whether they differed significantly from zero,
while adjusting for the effects of the other variables.
The results of this analysis are given in Table 4.
Thus, the presence of sedimentary rocks and

Table 4. Relationships of goitre prevalence with rock
types, urinary iodine, K. pneumoniae, and bacteria
concentration in a subset of 16 localities

Variable Coefficient t (9 d.f.) P

Constant 0.127

Presence of sedi-
mentary rocks 0.097 3.92 < 0.005

Presence of meta-
morphic rocks 0.018 0.71 not significant

Presence of igneous
rocks -0.012 0.24 not significant

Urinary iodine 0.00013 0.51 not significant

Presence of K. pneu-
moniae in water
source -0.083 2.77 < 0.025

Bacterial concentra-
tion in pipeline 6.45 x 10-7 2.12 0.05 < P < 0.10

R2 = 0.80
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K. pneumoniae are significant variables, and bacterial
concentration is of marginal significance. This model
with six variables accounts for 80% of the variability
in goitre prevalence. If a model is fitted with just
three variables (sedimentary rocks, K. pnewnoniae,
and bacterial concentration), all three variables are
significant, and that model still accounts for 78% of
the variability. Thus, at least in this subset of 16
localities, these three variables explain most of the
variability in goitre prevalence. Although urinary
iodine and the presence of igneous rocks are not
significant here, it should be kept in mind that they
are significant when all 35 localities are used. It
should also be noted that neither K. pneumoniae nor
bacterial concentration have significant relationships
with goitre prevalence in univariate analyses, when
the other variables are ignored. It is only in the
presence of the other variables, particularly the
presence of sedimentary rocks, that they demon-
strate a significant relationship with goitre preva-
lence.

DISCUSSION

In the light of the epidemiological observations
reported in this paper and experimental studies
discussed elsewhere (23, 31, 33, 34, 40), it may be
concluded that, at present, endemic goitre in western
Colombia is not due to nutritional iodine deficiency,
but that sulfur-bearing organic compounds con-
taminating water supplies, with thionamide-like anti-
thyroid activity, most probably deriving from sedi-
mentary rocks rich in organic matter, are the main
factor underlying the endemia.

There are several goitre endemias attributed to
environmental goitrogens. Two goitre endemias have
been ascribed to the presence of goitrogenic sub-
stances in milk: one in Tasmania (16-18, 41-43),
where a seasonal variation of goitre prevalence in
schoolchildren was observed despite adequate iodine
intake, and in which an isothiocyanate, 'cheilo-
rine', was suspected of being the goitrogenic prin-
ciple; and the other in Finland (44-47), in which
' goitrin ', a thioglycoside present in cow's milk from
the region of endemic goitre, was considered the
causal factor. Rats fed for 1-2 years on milk pro-
duced in endemic goitre districts developed thyroid
glands almost twice as large as those in control rats
given milk from non-goitre districts (45). The con-
centrations of 1,5-vinyl-2-thio-oxazolidone (' goi-
trin '), in the range 35-100 ,ug/l in milk specimens
from goitre districts, exceed the level necessary to
explain the goitrogenic effect of this milk when fed

to rats in long-term experiments. Thus, the authors
concluded that ' goitrin ' might well be responsible,
at least in part, for the goitre endemia in those areas
of Finland (45, 48). On the other hand, available
data from the Tasmania endemia on the goitrogenic
properties of milk is conflicting, and a debate
continues as to its role in the pathogenesis of goitre
in that region.

Goitrogenic substances in cassava have also been
implicated in the etiology of two other endemias. In
eastern Nigeria (7, 49, 50), goitrogenic and thiona-
mide-like antithyroid activity was demonstrated in
cassava from endemic areas; in the second case,
Idjwi Island, Zaire (4, 51-54), the high content of a
cyanogenic glucoside in the cassava grown in the
north is believed responsible, at least in part, for the
fact that endemic goitre is present only in that area.
The ingestion of cassava grown in the goitre area
resulted in decreased thyroid 1311 uptake in com-
parison with uptake after ingestion of cassava grown
in the non-goitre area. At the same time, it was
observed that people living in the goitre area ex-
creted larger amounts of thiocyanate in the urine
than those living in the non-goitre area. Further-
more, Ermans et al. (51) have shown experimentally
in rats that repeated feedings with cassava grown in
the northern district of the island induce changes in
iodine metabolism similar to those observed with the
prolonged administration of thiocyanate.
The nut of the Araucaria araucana (' Pinion ') has

been suspected to play a role in the pathogenesis of
endemic goitre in an Indian reservation in Chile (55).
A ' Piion ' diet showed goitrogenic activity in rats
that was not due to iodine deficiency (56).

Microorganisms contaminating water supplies
have also been implicated as causative factors of two
other endemias. Bacteriological studies from the
goitrous villages in Greece reveal that the drinking
water was significantly more often polluted with
Escherichia coli and coli-like organisms than the
water from non-goitrous localities (8). A similar
relationship had been previously demonstrated by
Vought et al. (20, 39) in Richmond County, VA,
USA, where goitre exists despite adequate iodine
supplementation. He also showed antithyroid activ-
ity in cultures of E. coli isolated from a polluted
stream in the area of high endemicity. Antithyroid
activity, measured as a reduced uptake of 131I by the
rat thyroid, was present in the 5 x 10' to 1 x 105 mol-
ecular weight fraction of the cell-free extract of the
E. coli (38, 39). More recent studies by Vought et al.
(personal communication), in endemic and non-
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endemic areas of Greece, showed that concentra-
tions of both E. coli antibodies and IgG were higher
in the goitrous than in the non-goitrous population
of the endemic area, and that IgG concentrations
were higher in the endemic area where drinking
water is subject to pollution than in the non-endemic
area that has a non-polluted water supply. They
interpret these results as providing further support to
the hypothesis that microorganisms (i.e., E. coli) are
involved in the pathogenesis of endemic goitre.
In our studies only two variables demonstrated

significant relationships with goitre prevalence:
presence of K. pneumoniae in the water source
(P<0.025) and the overall concentration of bacteria
in the pipeline system (P <0.05). Lower goitre preva-
lence was found whenever K. pneumoniae was pre-
sent in the water source. The significance of this
observation requires further investigation. The in-
crease in goitre prevalence in the presence of bacte-
rial contamination of water is in agreement with the
findings of Vought et al. (20) and Malamos et al. (8).
Malamos et al. (8), who studied the goitre distri-

bution in Greece where nutritional iodine deficiency
is still a factor in the development of goitre, also
made the observation that the distribution of differ-
ent rock types correlates with the prevalence of
goitre. Communities located on limestone terrain are
associated with low goitre prevalence, whereas those
located on shales and schists have a high prevalence.
On the basis of soil and rock analyses, the authors
imply that the low concentration of exchangeable
cations and the ability of soils to absorb iodine is
related to a high prevalence of goitre. We would like
to suggest that those particular shales and schists of
Greece are possibly rich in organic material, whereas
the limestone may be deficient in these substances.
Geological studies in Idjwi Island showed that the

type of terrain existing in the localized area of the
southwest, where there is no endemic goitre or creti-
nism, is made up solely of basalt, an igneous rock,
whereas that of the endemic area has a different
geological composition (52).
Endemic goitre is very prevalent in the Andean

regions of Ecuador and Peru, where dietary iodine
deficiency also remains an important factor in the
etiology of the endemia. In the highlands of Ecua-
dor, an unequal distribution of goitre is observed
even in the presence of uniform nutritional iodine
deficiency (5). It seems reasonable to assume that
even after iodine supplementation, a goitre endemia
similar to that seen in western Colombia may also be
present in those countries because of the southern
continuation of similar geological formations.

It may be concluded that iodine deficiency plays
an important role in the development of endemic
goitre and that iodine supplementation is an effective
public health measure in substantially reducing prev-
alence rates and diminishing the risk of goitre devel-
opment in a large segment of the population. How-
ever, it appears that iodine deficiency must act in
conjunction with other goitrogenic factors to pro-
duce a goitre endemia. Environmental goitrogens
may normally be ineffective when low in concentra-
tion, but may become significant when the supply of
iodine is restricted. In other situations, as in western
Colombia, they may be sufficiently potent in them-
selves to cause goitre despite an abundance of
iodine. Goitrogens that contaminate water are espe-
cially likely to be widely consumed, since water is
such an ubiquitous component of the diet. Goitro-
genic foods such as turnips, cabbage, or even milk
are more likely to be neglected as dietary ingredi-
ents on the basis of individual taste or economic
conditions.
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RItSUME
EPIDEMIOLOGIE DU GOITRE ENDtMIQUE DANS L'OUEST DE LA COLOMBIE

Cette etude rend compte d'observations epidemiolo-
giques r6centes qui apportent une preuve suppl6mentaire
de l'existence de goitrogenes naturels contaminant les

approvisionnements en eau dans certaines regions de
l'ouest de la Colombie oii le goitre persiste en d6pit
d'un apport complementaire d'iode prolonge et continu.
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Les observations faites pr6c6demment sont 6galement
pass6es en revue a la lumiere de ces nouvelles consta-
tations. Dans 41 localit6s dont les habitants ont ben6ficie
du m6me apport compl6mentaire d'iode - apport consi-
d6r6 comme adequat - pendant un nombre d'annees
allant de 10 a 20, les 6tudes longitudinales et transversales
effectu&es permettent de penser que la persistance des
atteintes, l'apparition de nouveaux cas et les variations
du taux de pr6valence dans des collectivit6s ayant recu
un apport d'iode identique ont pour origine des facteurs
environnementaux autres que la carence nutritionnelle
en iode. En poussant plus loin les enqu8tes epid6miolo-
giques pour tenter d'identifier ces facteurs, on a pu eta-
blir une corr6lation entre la provenance de l'eau de
boisson et le taux de prevalence du goitre. Les tests
in vivo et in vitro pratiques pour evaluer l'action anti-
thyrolidienne et goitrogenique de l'eau provenant des
puits ou rivieres de r6gions de forte ou de faible ende-
micit6 et utilis6e pour abreuver des animaux d'experience
appuient l'hypothese selon laquelle l'eau consomm6e
dans les zones d'endemicite contient des goitrogenes.
On a pu isoler dans l'eau approvisionnant ces zones des
composes organiques contenant du soufre et ayant une
action antithyrolidienne marquee analogue a celle de la
thionamide. Etant donne qu'il ne s'agit pas de zones
expos6es a la pollution industrielle, ces goitrogenes ont
tres probablement une origine naturelle - sols et roches
notamment. On a constate, en recherchant l'existence
d'une corr6lation entre la distribution des divers types
de roches (s6dimentaires, metamorphiques et pyrogenes)
et la pr6valence du goitre, que celle-ci 6tait plus forte
dans les villes situees en aval par rapport aux roches
s6dimentaires riches en matieres organiques. Par contre,
le goitre 6tait rare dans les populations dont l'eau de
boisson provenait de rivieres ayant creuse leur lit dans
des roches pyrogenes depourvues de matieres organiques.
Lorsque l'eau courante presentait une composition min&
ralogique plus complexe, on a releve des prevalences

moyennes. Le d6veloppement des sols etant fonction de
leur niveau et les 6tudes statistiques n'ayant pas retenu
l'altitude i laquelle vivaient les collectivites comme
variable a consid6rer, on peut penser que les goitrogenes
ont pour origine les roches sous-jacentes. L'hypothese
selon laquelle les roches sddimentaires riches en matieres
organiques constituent la source principale des goitro-
genes pr6sents dans 1'eau est renforc6e par ces r6sultats.
La contamination de 1'eau par des microorganismes ayant
6te 6galement mise en cause en tant que facteur d'end&
micite, des analyses bacteriologiques ont ete faites dans
21 des 41 localit6s initialement 6tudi6es. Elles ont mis
en relief deux variables dont la relation avec la prevalence
du goitre 6tait significative: la pr6sence de Klebsiella
pneumoniae dans la source d'eau et la concentration des
bacteries dans l'ensemble du systeme de distribution sous
canalisation. On a constat6 une plus forte pr6valence du
goitre lorsque K. pneumoniae 6tait pr6sent dans la source
d'eau. Cette observation doit cependant donner lieu a des
enquetes encore plus poussees avant qu'on puisse en tirer
des conclusions. En effet, si d'autres chercheurs ont aussi
6tabli que la contamination bacterienne des eaux entral-
nait une 6l6vation de la prevalence du goitre, il importe
de noter que la pr6sence de K. pnewnoniae et la concen-
tration bact6rienne n'ont de relation significative avec
cette prevalence qu'en combinaison avec d'autres varia-
bles, notamment la presence de roches sedimentaires.
Quoi qu'il en soit, ces observations 6pidemiologiques et
ces etudes exp6rimentales permettent deja de conclure
que le goitre endemique dans l'ouest de la Colombie
n'est pas dui a une carence nutritionnelle en iode et que
l'endemicit6 a principalement pour origine la contami-
nation des approvisionnements en eau par des compos6s
organiques contenant du soufre, dont l'action antithyroi-
dienne est analogue a celle de la thionamide et qui pro-
viennent tres probablement de roches sedimentaires riches
en matieres organiques.
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