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Over a period of five years the WHO Diarrhoeal
Diseases Advisory Team carried out surveys, mainly
on preschool children, in seven countries-namely,
Ceylon, East Pakistan, Iran, Mauritius, Sudan, the
United Arab Republic and Venezuela.a In each
country the cross-sectional survey took place during
the hottest part of the year. Comparison of the data
collected in the different countries posed a difficult
problem, for, even when geographical and climatic
conditions were similar, other factors made a valid
quantitative comparison impossible.
The work was not always carried out by the same

staff; nor were the programmes in the various coun-
tries exactly the same, since some factors were easily
studied in one country but not in another. Further-
more, the various studies did not cover the countries
as a whole but, at best, only a part of each country.
For these reasons comparison had to be restricted to
a number of factors, e.g., the availability of water,-
that affected the incidence of diarrhoea.

In general, work was concentrated on the pre-
school child, but in one instance health authorities
found it useful to include all children up to 10 years
of age.
During its existence the team gradually expanded

so that, in turn, more information was collected.
Thus, whereas in the first two countries visited
(Mauritius and Sudan), laboratory work was limited
to examining bacterial enteropathogens, in the other
countries a full parasitological examination was also
carried out. A paediatrician always shared in the
team's work and, except in Sudan and Venezuela,
was a full-time participant in the project; a sanitary

* A full list of those who participated in the studies is
given in an annex to this Note.

a The surveys were carried out in the following order-
Mauritius (March-May 1960), Sudan (March-June 1961),
United Arab Republic (July-Oct. 1961), Ceylon (Feb.-
Nov. 1962), Iran (Feb.-Nov. 1963), East Pakistan (Feb.-
June 1964) and Venezuela (Sept. 1964-July 1965). The reports
of the team are available in mimeographed form from
Bacterial Diseases, WHO, Geneva, Switzerland.

engineer also assisted in an important part of the
work, except in Mauritius.
The data obtained only enabled recognized and

major causes of diarrhoea and the main factors in-
fluencing the incidence of diarrhoea to be discussed.

Thus, Table 1 shows only the isolation rates for
shigellae and the incidence of diarrhoea in various
areas of the seven countries reported during a one-
month period. Although a search for enteropatho-
genic Escherichia coli and salmonellae was also made,
we limit ourselves to shigellae as a major cause of
diarrhoea. Detection rates for salmonellae were
generally too low to be of any use, while rates for
enteropathogenic E. coli were based on children
under 3 years of age. Rates based on such limited
numbers could prove unreliable. Some countries had
a high incidence of diarrhoea from all causes, whereas
others had extremely a low one; the rate of detection
of shigellae was rather low in them all.
The large difference, in most countries, between

the reported diarrhoea rates and the rate of detection
of enteropathogens has its origin in several causes.
Reported rates included all diarrhoea cases occurring
in the child population over a one-month period.
Many of these cases were certainly of parasitological
or possibly of viral origin, while the remainder were
of bacteriological or other origin.
Because of the survey technique applied, we did

not expect the rate of detection of enteropathogens
to be high. The cross-sectional survey was usually
completed in about one month, during which time
each child was examined only once. If the number
of working days per month is taken as 25, only 4%
per day of the child population was examined. Those
examined at a later date might have been sick but
cured and bacteriologically negative on the day of
their examination; the reverse may also be true, of
course.

Enteropathogens may be detected during the acute
phase of the illness and during convalescence. During
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TABLE 1
INCIDENCE OF DIARRHOEA AND RATES OF ISOLATION OF SHIGELLAE IN CHILDREN a

No. of children examined Incidence of diarrhoea Rate of isolation of shigellae
ge-group %M%(years) Area with Area without Area with Area without Area with Area without

water supply water supply water supply water supply water supply water supply

Mauritius b < 5 550 2 7.6

Sudan < 7 239 211 21.8 26.6 6.4 14

UAR < 6 174 317 10 38 3.4 9.4

Ceylon <10 460 508 2 2 2 4

Iran < 7 453 425 36 48.7 4.7 7.5

East Pakistan < 7 - 668 - 20 - <1

Venezuela <7 656 526 39 43 3.0 7.6

a Data collected over a one-month period.
b No separate data from two types of area.

the surveys a substantial number of positive reactions
were given by clinically healthy children. The samp-
ling technique allows us to estimate the detection rate
to be not higher than about 40%, a figure that was
further diminished by the need to use transport media.
Because of field conditions, plating could be done
only on a limited number of media of different types,
another factor tending to lower the detection rates.
Accordingly, we estimate the final detection rate for
enteropathogenic bacteria to range between 20%
and 30%.

It would be desirable to ascertain the causes of the
reported cases of diarrhoea and list them in order of
importance. Unfortunately, this is not possible from
the survey data because the number of children suffer-
ing from multiple infection, with either bacterial or
parasitic enteropathogens, or both, causing diarrhoea,
was extremely high. This condition precluded a valid
judgement about the cause of diarrhoea in many
instances. On the other hand, studies in hospital5 or
health centres give results that are more readily
interpreted.
On the island of Mauritius, where only bacterio-

logical agents were studied and no transport media
were used, direct plating on SS agar and MacConkey
agar was done. Shigellae were isolated from 7.6% of
the children examined, of whom only 2% represented
cases with clinical diarrhoea. Salmonellae and entero-
pathogenic E. coli were not detected.

Similarly, low figures were found in Ceylon for
both the total number of cases of diarrhoea reported

and the detection rate in the laboratory. In both the
rural area, where Stuart's transport medium was
used, and in the urban area, where direct plating was
done, isolation rates remained low. About twice as
many Shigella strains were isolated in the rural area
as in the urban area, although the rate of diarrhoea
was 2% in both areas. The prevalence of protozoa
was low-between 3% and 4% for Giardia lamblia
and for Entamoeba histolytica. Infestation with Tri-
churis trichiura reached 80% in the older children,
but only 7% of these were classified as heavily infected.
Although these low rates might give the impression

that shigellae do not represent a problem, hospital
data prove otherwise. At Mauritius, among 20
children hospitalized with diarrhoea, shigellae were
isolated in 25 %. This is a rather small group, and
the results of similar studies in Ceylon may more
clearly elucidate the problem. There 333 children
were examined, among whom 211 (64%) were de-
hydrated. In 24% an enteropathogen was isolated.
About half of these were shigellae, one-third salmo-
nellae and one-fifth enteropathogenic E. coli. About
4% were double infectious with shigellae and salmo-
nellae. There was no significant difference between
the dehydrated and non-dehydrated groups. It is
therefore clear that, in spite of low detection rates in
the field study, enteropathogens represent an im-
portant cause of diarrhoea in children.

In view of the local habits in both Ceylon and
Mauritius, we believe that the reported monthly rate
for diarrhoea was an underestimate. Since many of
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the children never used toilet facilities-but the field
instead-a number of cases may have escaped the
attention of the mothers.
Although in East Pakistan the reported incidence

of diarrhoea in children was 20 %, the isolation rate
for enteropathogens was low. In that country the
study was carried out only in a rural area. Stuart
transport medium was used and the laboratory pro-
cedure was the same as in the other countries. Un-
fortunately, results from hospitals are not available,
but we found that large numbers of children were
attending the health service for treatment of
diarrhoea. The rates of isolation of protozoa and
helminths were high, which explains some of the
reported cases of diarrhoea.
The reporting and detection rates in all three

countries are very low compared with those in the
other countries surveyed, where, it is interesting to
note, communities and climatic conditions are very
similar. Each has a typical tropical climate with a
dry season and a monsoon period.

Similarly, according to the results of the surveys,
Iran, Sudan, and the United Arab Republic (UAR)
can be grouped together. In each country the sur-
veys were carried out under similar climatic condi-
tions and in communities closely resembling each
other. Summer is extremely hot and dry and the
winter is temperate or (in Iran) even cold. Except
in the urban area of the UAR, which will be dis-
cussed later, the reported monthly rates for diarrhoea
in children in all three countries were high, and the
rates of detection of enteropathogens were similar,
although higher than in the countries already
discussed.
The rates of isolation of different enteropathogens

in these three countries were greater than in the
countries with a typical tropical climate. Thus, it is
likely that in such desert climates enteropathogenic
bacteria represent a bigger problem than elsewhere.
Although parasitological data are available only

from Iran, we may assume that the situation in the
study areas in the UAR and the Sudan is similar.

In Iran, because of geographical and climatic
conditions, the rate of infestation with helminths
was low. In the older children, infestation with
Ascaris ranged between 10% and 20%, whereas
the average rate of infestation with Trichuris trichiura
and Ancylostoma duodenale was 0.1 % (average for
all ages). The rate of infestation with Hymenolepis
nana varied between 20% and 30% in the older
age-groups. Other helminths were rare. On the other
hand, infestation with protozoa was extremely high.

At the age of 6 years, about 50% of the children
were still free of helminths of any type, but only
8% were free of protozoa. A substantial number of
all cases of diarrhoea were, therefore, probably due
to infestation with some types of protozoa.

In Venezuela, the rate of isolation of entero-
pathogens was closer to that in the other tropica
countries; however, the reported monthly rate for
diarrhoea was very high. The climatic conditions
in Venezuela do not differ greatly from those in the
other countries, although temperature, humidity
and rainfall are somewhat lower. On the other hand,
communities in Venezuela, predominantly Roman
Catholic, do differ greatly from the other com-
munities.
The survey data show that the rates of infestation

with helminths and protozoa were higher in Vene-
zuela than in any of the other countries. Balantidium
coli as a cause of diarrhoea was widespread because
of the presence of large numbers of pigs. The survey
data show that a considerable number of the cases
of diarrhoea must have been caused by parasites.

Sanitation
Communities in various countries differ in such

respects as religion, race, socio-economic standards,
sanitation, personal habits, and in many other
ways. For this reason alone it is impossible to com-
pare them with each other; we may, however, com-
pare certain communities with others in the same
country.

In each of the countries studied the communities
with a water supply and those without one were
similar in many ways, showing only minor differences
for most of the factors surveyed. In the level of
sanitation, however, they differed greatly, the water-
supplied areas generally having a higher standard.
In most of the countries, however, sanitation still
does not reach a satisfactory standard and apparent-
ly remains below the level at which diarrhoea inci-
dence can be controlled.

Areas without piped water supplies generally
lacked all kinds of facilities. Water-supplied areas in
the Sudan had only basic sanitation: practically all
houses had water piped onto the premises but not
into the houses; showers were available in only half
the houses; there were no kitchen facilities; pit
privies were used in each house; sewers and possi-
bilities for water disposal were lacking. In the other
areas there was no piped-water supply, and other
conditions were similar to those in water-supplied
areas but at a much lower level.
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In making a comparison between the two types of
communities, we are, in fact, studying the impact
of the availability of water, and not the availability
of good drinking-water, since none of the inhabit-
ants used water direct from the tap for drinking.
All drinking-water taken from the piped supply was
stored for cooling in earthen jars which were,
without exception, faecally contaminated. Thus, the
availability of water had little impact in reducing
the number of cases of diarrhoea from all causes
occurring in a one-month period; the rate of isola-
tion of shigellae, however, was reduced by half.
Data obtained in the UAR enabled us to make

the next step. Areas without piped water supplies
were again areas with only basic sanitation, where
water had to be collected from standpipes, making
it less readily available to the population. The
water-supplied area, on the other hand, enjoyed the
advantage of complete sanitation: brick-built houses
were connected to the central water-supply system
and had bathrooms with flush toilets, showers and
kitchen facilities, a water-carried sewage system and
garbage-disposal facilities were available, and the
community as a whole was well-planned and
organized. Comparison of the two areas indicated
a reduction to one-third in the rate of detection of
shigellae in the water-supplied area, together with
a substantial decrease in the number of cases of
diarrhoea reported.

In Ceylon, the water-supplied area had the better,
but still not complete, sanitation: water was piped
into houses which were brick-built and well-con-
structed; there was no sewage system nor any
possibilities for waste-water disposal; sanitary
equipment was lacking and water-sealed latrines
were used; kitchen facilities were available. In the
other area, water was available from dug wells; no
modem sanitary facilities existed. The diarrhoea
rate (all causes) and the rate of isolation of shigellae
were too low to allow firm conclusions to be drawn,
although the latter rate tended to be lower in the
area where piped water was available.

In Iran, the water-supplied area had basic sanita-
tion, but the other area lacked all facilities and the
inhabitants had to collect water from a dug well or
ghanat. As in other countries, drinking-water was
in all cases stored in cooling jars, which were all
faecally contaminated. Again, a comparison of the
two areas provides a check only on the effect of the
availability of water. The rate of detection of
shigellae in the water-supplied area was about half
that in the other area. The incidence of diarrhoea

(all causes) was reduced, but was still high in the
water-supplied area.

In Venezuela, one of the urban areas, the old
village of Pampanito, had a central water supply,
but only 70% of the houses had water inside and
only one-third were connected to the sewage system.
Waste-water and garbage disposal facilities were
lacking in many cases. Moreover, kitchen facilities
and sanitary equipment inside the houses were
grossly insufficient. In comparing the water-supplied
area with this old village, we found a moderate
decrease in the incidence of diarrhoea; the rate of
detection of shigellae was reduced to half.
The figures in Table 1 show that, in the water-

supplied areas, the reported rate for diarrhoea (all
causes) was always lower b than in the areas without
a piped water supply. Similar reductions in the rates
of detection of shigellae had been observed in all
countries. These figures are not absolute values,
because of the limitations of the sampling technique
explained earlier (p. 249), but they do enable com-
parisons to be made.
The large difference in the incidence of diarrhoea

in the UAR between areas with a water supply and
those without is understandable because in the
former area water was piped into the houses, which
also had excellent sanitation, whereas in the latter
area water could be obtained only from a few stand-
pipes, and there was only the most basic sanitation.
The difference in diarrhoea incidence in the two
areas is statistically significant (X2 = 41.5; P< 0.001),
as is the difference between the rates of detection
of shigellae (x2 = 5.13; P<0.05).

In Iran the water-supplied area had water piped
only to the premises, and otherwise had basic
sanitation. In the other area water was obtained
from wells or a ghanat and the area otherwise com-
pletely lacked sanitation facilities. Despite the
statistically significant reduction in diarrhoea inci-
dence (x2 = 14.6; P < 0.001), this remained ex-
tremely high. The difference in the rates of detection
of shigellae was not statistically significant.

In Venezuela there was a statistically significant
difference between detection rates for shigellae
(X2 = 11.6; P < 0.001) but the difference in the
incidence of diarrhoea was not significant. That no
more definite conclusions could be drawn is probably
due to the fact that, in the area supplied with water,
only about 70% of the houses had water piped into
them; the remainder had an outside water supply

1 The incidence rates in Ceylon are too small to permit
any comparison.
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only. Other sanitary measures, such as sewage
disposal and kitchen facilities, remained well below
the satisfactory level. There was definitely a large
difference in the level of sanitation between this area
and the water-supplied area in the UAR.

In the Sudan, the levels of sanitation in the two
areas differed even less than in the other countries.
Neither for the incidence of diarrhoea nor for the
shigellae-detection rates was there a statistically
significant difference. From the trend of the figures
it is likely that the availability of water had a positive
effect; the less readily it was available (on premises),
the smaller the effect. More ready availability (piped
into the house), together with complete sanitation,
tended to reduce considerably the incidence of diar-
rhoea.

Because of differences in sanitation levels and of
the limited numbers studied, a significant difference
could not be proved for each country separately. For
this reason we applied a combined X2 test to check
the significance of the product of a number of inde-
pendent possibilities. This procedure showed the
difference between reported diarrhoea rates for areas
with and without piped water supplies to be highly
significant (X2 = 60.34; P<0.001; n = 4). Similarly,
differences in the rates of detection of shigellae were
highly significant for the two areas (X2 = 23.04; P<
0.001; n= 5).
We may conclude that the availability of water

reduces the incidence of diarrhoea as well as the rate
of detection of shigellae, but without further sanitary
improvements it probably does not reduce the inci-
dence of diarrhoea sufficiently to solve the problem.

Since the studies in Venezuela concentrated on
water supplies, we shall consider further the influence
of water availability. A comparison of the two major
study areas as a whole-Pampanito, which has a
central water supply but incomplete sanitation, and
Monay, which has an old, decrepit water-supply
system serving a few houses only shows that, despite
similar sanitary conditions, there was a significantly
lower rate of isolation of shigellae in Pampanito. The
incidence of diarrhoea (all causes) was 390% in the
former area and 43 % in the latter, a negligible differ-
ence. It appears that the incomplete sanitation in the
water-supplied area prevented a substantial decrease
in the over-all incidence of diarrhoea.
The water-supplied area of Pampanito, with in-

complete sanitation, was also compared with a hous-
ing scheme in Pampanito which was supplied with
water and had full sanitation. Diarrhoea incidence
was 43% in the former and 33% in the latter, a

statistically significant difference. The importance of
water availability together with complete sanitation
is again emphasized.

Further comparisons were made in the other study
area, Monay. There an area without a water supply
and with low-level sanitation was compared with a
housing scheme similar to the one in Pampanito. The
rates of diarrhoea were 45% and 39 %, respectively,
a difference which is not statistically significant; it is
noteworthy that the entire area lacked a water supply.

In Venezuela, the impact of sanitation on the preva-
lence of diarrhoea was studied from different angles.
It is generally accepted that flies, for example, play a
role in the spread of diarrhoeal diseases, especially in
shigellosis, but high fly counts, in the first instance,
indicate a low level of sanitation, which is a factor
much more directly related to the spread of diarrhoea.

In one zone of Pampanito old village that had
incomplete sanitation, fly counts were as high as 9.25,
whereas the average for the other three zones was 4.87.
In the Pampanito housing-scheme area with complete
sanitation, the fly count was 1.70. Reporting rates
for diarrhoea are shown in Table 2. There is no
significant difference between the first two groups,
but there is between these and the housing scheme.
That the reduced rate for diarrhoea is due to

improved sanitary conditions rather than to the re-
duction of the fly population can be shown by further
analysis of the zone with high fly counts (Zone 2 in
Table 2). Within that zone, three groups of houses
were found: group A were well constructed and had
water available inside, washing facilities, toilets inside
and no surface disposal of wastes; group B were also
well constructed but had water outside on the pre-
mises, no washing facilities, toilets outside, no surface

TABLE 2

FLY INDEX AND DIARRHOEA IN CHILDREN
IN PAMPANITO

Area studied
Fly

index
No. of Diarrhoea

children incidence
examined Cases % a

Zone 2 9.25 126 56 44

Zones I + 3 + 4 4.87 266 110 41

Housing scheme 1.70 267 89 33

Total 659 255 { 39

a For the difference between the housing scheme and the
other areas, x2 = 4.54; P<0.05.
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TABLE 3
SANITATION LEVEL AND DIARRHOEA IN CHILDREN

IN ZONE 2, PAMPANITO OLD VILLAGE

Sanitation No. of children Diarrhoea incidence
level a examined

Cases %b

Group A 37 11 30

Group B 59 26 44

Group C 30 19 63

Total [ 126 56 44

a See the text for description of the three groups.
b For the difference between group C and the other two

groups, x2 = 6.75; P<0.01.

disposal of wastes; group C were badly constructed,
with no water on the premises, no washing facilities,
toilets outside and surface disposal of wastes.
The diarrhoea rates in the different groups are

given in Table 3. Statistically, the difference between
the first two groups and the third is highly significant.
It is clear that, within the zone where the fly counts
were highest, the incidence of diarrhoea was greatest
within the group living under the worst sanitary
conditions.

Division of the whole area into a group of houses
that had water inside and washing facilities and a
group that did not indicated diarrhoea rates of 35%
and 43 %, respectively, a statistically significant
difference (Table 4).
A similar analysis (Table 5) was made of the other

study area, also composed of an older part and a

TABLE 4
WATER SUPPLY AND DIARRHOEA IN CHILDREN

IN PAMPANITO-OLD VILLAGE AND HOUSING SCHEME

a For the difference between the two types, x2= 4.57;
P<0.05.

TABLE 5
FLY INDEX AND DIARRHOEA IN CHILDREN

IN MONAY

N o. of Diarrhoea
Area studied Fly children incidenceindex examined Css

Housing scheme 3.51 142 56 39

Old village 6.12 384 174 45

Total 526 230 44

modern housing scheme. An old water-supply system
serves some of the houses in the older part of the
community but only for a few hours daily. Since the
modern housing scheme is deprived of water, most
of the community is supplied by tank truck. Despite
the difference in fly counts in the two areas, the
diarrhoea rates are not significantly different.

In conformity with the procedure followed in the
first study area, houses in Monay were again grouped
according to sanitation facilities. All houses came
into group B or C. As can be seen from Table 6, the
diarrhoea rates were significantly different.

TABLE 6
SANITATION LEVEL AND DIARRHOEA IN CHILDREN

IN MONAY-OLD VILLAGE AND HOUSING SCHEME

Sanitation No. of children Diarrhoea incidence
level a examined Cases b

Group B 300 120 40

Group C 226 110 49

Total 526 230 44

a See the text for descriptions of the two groups.
b For the difference between the two groups, x2= 3.94;

P<0.05.

Division of houses into those with washing facili-
ties or having at least one tap and those not revealed
rates of diarrhoea of 34% and 48% respectively, again
a statistically significant difference (Table 7).

In the whole community of Pampanito a further
check was made on the prevalence of Balantidiumn coli
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TABLE 7
WATER-SUPPLY AND DIARRHOEA IN CHILDREN
IN MONAY-OLD VILLAGE AND HOUSING SCHEME

No. of Diarrhoea
Type of houses children incidence

examined Cases %a

Houses with water inside and
washing facilities 140 47 34

Other houses 160 73 48

Total 300 120 40

a For the difference between the two types, x2= 4.52;
P<0.05.

and the availability of water. Table 8 shows the inci-
dence rates for B. coli to be 4% and 9 %, in houses
with and without water, respectively, again a statisti-
cally significant difference.
As a rule, comparisons within each of the com-

munities regarding the impact of water-supply and
sanitation generally led to definite conclusions. A
comparison of different communities was always
more difficult because, although located in the same
geographical area and exposed to similar climatic
conditions, they were, nevertheless, different com-
munities in which the different causes of diarrhoea
were not necessarily always in the same proportion;
some causes may have been influenced by the availa-
bility of water and others not.

Studies such as the one in the UAR, or more
especially that in Venezuela, which concentrated
mainly on the effect of a water supply in the reduction
of diarrhoea incidence, emphasize the great im-

TABLE 8
WASHING FACILITIES AND INFESTATION WITH
BALANTIDIUM COLI IN PAMPANITO-OLD VILLAGE

AND HOUSING SCHEME

No. of Balantidium coli
Type of houses children incidence

exarnined Cases |%_a

Houses with water inside and
washing facilities 360 15 4

Other houses 266 25 9

Total 626 f 40 [ 6

a For the difference between the two types, x'= 6.15; P<0.05.

portance of sanitary measures in the fight against
diarrhoeal diseases. In Mauritius also, the impor-
tance of the availability of water can be shown. An
increase in the incidence of diarrhoea where water
is less readily available is clear from Table 9.
The method of disposal of excreta is also of

importance in the spread of diarrhoea, as can be
seen from the data collected in Mauritius (Table 10).
In Table 10, " outdoor toilets " comprises a pail
system, W.C., pit privy, etc. Statistically, the rate
of diarrhoea in people using no toilets (sugar-cane
fields) was significantly greater than in those using
outdoor toilets (X2 = 8.85; P<0.001).

Sanitation applied in the wrong way poses a
danger, as was demonstrated in an area in the
Sudan without a water supply. In that particular
area of low-level sanitation, 594 persons from
95 families without toilet facilities reported 19 cases
of diarrhoea during a one-month period. At the

TABLE 9

EFFECT OF LOCATION OF WATER SOURCE ON DIARRHOEA INCIDENCE
IN MAURITIUS

Location No. of people examined
Incidence of diarrhoea Rate of isolationLocation No fpepeexmndofshigellae

of water (children under
supply All ages Under 12 years All ages Under 12 years 12 years old)

old old

In the house 371 97 0.5 0 3.1

On premises 942 222 1.5 5.0 3.6

Off premises 820 170 2.9 8.8 6.5
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TABLE 10
EFFECT OF TYPE OF EXCRETA DISPOSAL ON DIARRHOEA

INCI DENCE

Type of excreta No. of persons of diarrhoea
disposal examined o irhe

Indoor toilets 194 0.5

Outdoor toilets 1 603 1.9

Water-carriage system 114 0.9

Sugar-cane fields 207 4.8

same time 185 persons from 28 families using an

unsanitary privy reported 30 cases of diarrhoea.
The difference between the incidence rates of 3.2%
for the former and 16% for the latter is highly
significant (X2 = 38.4; P< 0.001).

Parasitology
In four of the countries surveyed by the team,

parasitological investigation of all preschool chil-
dren was carried out.
Table 11 shows the rates of infestation with

helminths and protozoa in preschool children.
Owing to the fact that, in calculating these average

TABLE 11. AVERAGE RATES OF INFESTATION (%) WITH HELMINTHS AND PROTOZOA
IN PRESCHOOL CHILDREN

Average infestation rate (%)
Parasite

Ceylon Iran East Pakistan Venezuela

Helminths

Ascaris lumbricoides 47.8 11.4 68.5 53.3

Trichuris frichiura 68.7 0.1 52.7 65.0

Ancylostoma duodenale 19.3 0.1 5.0 9.1

Trichostrongylus few cases 0.4 1.4 -

Strongyloides stercoralis few cases 0.1 1.8 1.5

Hymenolepis nana 0 19.6 0 9.0

Hymenolepis diminuta 0.5 0 0 2.0

Taenia saginata 0.1 0 0.7

Fasciola hepatica 0 0 0.3 0

Clonorchis sinensis 0 0 0.3 0

Not infested with helminths 18.7 69.7 25.0 21.0

Protozoa

Entamoeba histolytica 3.9 15.3 6.1 10.9

Entamoeba hartmanni few cases 13.6 2.2 8.8

Entamoeba coli 9.2 51.6 22.2 24.0

lodamoeba buetschlii 0.5 2.1 1.9 2.0

Endolimax nana few cases 13.3 6.7 3.2

Dientamoeba fragilis 0 1.0 0 few cases

Chilomastix mesnili few cases 5.2 1.9 2.9

Trichomonas hominis few cases 4.2 2.6 1.0

Giardia lamblia 3.5 22.2 13.5 21.0

Isospora hominis few cases 0 0.5 few cases

Balantidium coil 0 0 0 4.6

Not infested with protozoa 85.7 32.4 63.0 49.4

No. of children examined 881 826 620 1 770
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rates, children under 1 year of age were included, the
averages were weighted somewhat because children
of this age-group are usually less heavily infested
with parasites. As is shown in Table 12, at the age

of 6 years the number of children free of all parasites
was very limited.

Ceylon, East Pakistan and Venezuela showed
some similarity in the rates of infestation with
helminths, although some types were found in one

country and not in another. Only about one-fifth
of the child population was free of helminths. Iran,
with its dry climate, showed a quite different picture.
Except for Hymenolepis nana, infestation rates
were low when compared with those of countries
with a hot and humid tropical climate. Since soil-
transmitted helminths do not spread easily in this
dry climate, about 70% of the children were free
of helminths. Some types of helminths might be the
cause of diarrhoea, but as a rule only where infesta-
tion is heavy. Since, for instance, heavy and severe
infestation with Trichuris trichiura was found in
30%-40% of infested cases, a certain amount of
diarrhoea must have been caused by these helminths.
As regards infestation with protozoa, the survey

showed that the study area in Ceylon was relatively
free of them. Iran had the highest infestation rate,
while the rates in East Pakistan and Venezuela
were rather similar. Balantidium coli was found
throughout communities in Venezuela where many
pigs were kept; for religious reasons this was not the
case in the other countries. The rates of infestation
with protozoa represented the positive findings for
both vegetative forms and cysts. Many diarrhoeas
must have been caused by such protozoa as Enta-

moeba histolytica, Giardia lamblia and Balantidum
coli. In Venezuela, Entamoeba histolytica cysts
were found in equal numbers among children with
and without diarrhoea; the vegetative form, on the
other hand, was found to be twice as frequent in
children with diarrhoea as in those without. For
Giardia lamblia and Balantidium coli the position
was more or less the same. Therefore, a substantial
number of cases of diarrhoea are likely to have
been caused by protozoa.

Because of numerous cases of multiple infection
it is difficult to estimate what percentage of all
reported diarrhoeas was due to certain types of
parasite. From the extremely high infestation rates,
which left some countries with only one-fifth of
the child population free of helminths (mainly those
under the age of 1 year), it follows that most bacterial
pathogens occurred in children carrying parasites of
some kind, a fact which makes a correct estimate
even more difficult. Venezuela may serve as an

example of the high degree of multiple infestation.
Among children infested with protozoa or hel-
minths, 19% had single, 34% double, 27% triple,
and 20% quadruple infestation. As a rule, infesta-
tion with helminths and with protozoa increases
rapidly with age; at the age of 6 years large numbers
of children are infested (Table 12).
A parasitological study carried out in a Vene-

zuelan health centre showed that, of 225 children
-reporting with diarrhoea, 12% had Giardia lamblia,
8% Entamoeba histolytica and 7% Balantidium coli
(all vegetative forms). In the same children Trichuris
trichiura was found in 64%, Ascaris in 44% and
Strongyloides stercoralis in 6 %.

TABLE 12
RATES OF INFESTATION (%) OF CHILDREN WITH HELMINTHS AND PROTOZOA ACCORDING TO AGE

Rate of infestatioln with helminths Rate of infestation with protozoa
Age (%) (%)

(years) East East
Ceylon Iran Pakistan Venezuela Ceylon Iran Pakistan Venezuela

0 6 10 17 19 16 8 15

1 65 12 40 68 48 19 46
average

2 87 29 82 86 15 % 77 29 56

3 93 31 88 89 73 46 55

4 95 44 98 93 77 49 58

5 97 40 90 96 85 42 56

6 95 52 97 93 92 55 56
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TABLE 13. PERCENTAGES OF ALL ISOLATED STRAINS BELONGING TO SHIGELLAE,
SALMONELLAE AND ENTEROPATHOGENIC E. COLI

Distribution (%) among strains isolated in
Type of bacteria

Sudan UAR Ceylon Iran Venezuela

Shigellae 69 75 54 75 85

Salmonellae 14 5 29 13 1

Enteropathogenic E. coli 17 20 17 12 14

The team's investigations leave no doubt about
the importance of parasitic infestations in causing
diarrhoea. The extremely high infestation rates and,
in many instances, the heavy load of parasites must
be considered as a permanent threat to children in
that they weaken their general state of health.
Routine examination for parasites, therefore,

should always be included in the examination of
diarrhoeal cases, especially since effective drugs
are available for treating them. This cannot be said
for diarrhoeas caused by many of the entero-
pathogens.

Bacteriology
During cross-sectional surveys, many strains of

enteropathogens were isolated in children not
suffering from diarrhoea at the time they were

examined. Sometimes even a majority of the strains
were isolated in this group. Nevertheless, the detection
rate was always higher in the group having acute
diarrhoea at the time of examination.

In the UAR we found a detection rate of 22% for
this group, whereas within the group not suffering

from diarrhoea but having had an attack during
the two weeks preceding the day of examination
the rate was 12%. Within the group that had been
free of diarrhoea for at least two weeks prior to the
day of examination, the detection rate was reduced
to 9%.
While considering the bacterial causes o

diarrhoea, we found that most of the strains isolated
belonged to the Shigella group, as can be seen from
Table 13. In patients hospitalized for diarrhoea in
the UAR, 80% of Shigella strains were isolated in
stools containing mucus or blood and 20% in those
without.

Sensitivity tests were done regularly and revealed
that a high percentage of strains was resistant to
sulfa drugs and antibiotics. Depending on how
much use is made of these drugs, differences in
sensitivity are found. For instance, shigellae from
Iran generally contained a larger percentage of
resistant strains than did those from Venezuela
(Table 14). The most likely explanation is that in
Iran the majority of strains tested were isolated
from patients in Teheran hospitals, whereas in

TABLE 14. PERCENTAGES OF DRUG-RESISTANT SHIGELLA
AND ENTEROPATHOGENIC E. COLI STRAINS

Iran a Venezuelab

Drug and dose Percentage of resistant strains Percentage of resistant strains

Shigella | Enteropath. Shigella Enteropath.Shigeila E. colil Sgea E. coi

Sulfa, 150 mg 100 63 73 43

Dihydrostreptomycin, 5 iAg 80 50 62 14

Chloramphenicol, 10 ig 46 38 41 24

Tetracycline, 10 Mg 44 25 43 33

Oxytetracycline, 10 iAg 44 31 - -

Neomycin, 10,ug 4 0 _

a in all, 133 Shigeia strains and 16 enteropathogenic E. coi strains were isolated in Iran.a

In all, 132 Shigella strains and 21 enteropathogenic E. colistrains were isolated in Venezuela.
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Venezuela they were from non-hospitalized patients
in the countryside.

It also appears that the action of the drugs was
limited, as was shown for hospitalized patients in
Ceylon. In 122 patients treated with sulfonamides
the rate of detection of enteropathogens was still
as high as 28 %; in a group of 141 patients treated
with antibiotics the rate was about 21 %.

Retrospective hospital and health-centre data
Table 1 shows that the diarrhoea rates were

always higher in areas with a low level of sanitation.
In the Sudan, the rates were 21.8% in the better
area and 26.60% in the area lacking sanitation.
Although the two areas differed in this respect, the
health services available to the inhabitants did not.
Over an 11-month period, the average reporting

rate for all diseases in children under 6 years of
age was 1.0 visit per child per month in Banat
Health Centre and 1.1 visits in Feitahab Health
Centre. For diarrhoea separately this was 0.24 and
0.40 respectively, attendance in Feitahab being
almost twice as high as in Banat. Nevertheless,
health-centre data for the year showed that, of
children attending for all diseases, the percentage
of those attending for diarrhoea was always higher
in the area having a better level of sanitation (Table
15). This means that, with the improvement of health
services, diseases other than diarrhoea are apparently
diminishing sooner than diarrhoeas, so that the
relative importance of diarrhoea increases. This
means also that diarrhoeas are more difficult to
combat than are other diseases in the preschool
child.
A similar result, but by other methods, was

obtained in the UAR, where retrospective data from

TABLE 15
PERCENTAGE OF CHILDREN IN SUDAN REPORTING
WITH DIARRHOEA OUT OF ALL ATTENDANCES

FOR ALL DISEASES

Percentage reporting with diarrhoea at
Period Banat Feitahab

Health Centre Health Centre

July-Sept. 1960

Oct.-Dec. 1960

Jan.-March 1961

April-May 1961

40

34

26

40

28

25

18

29

Average 34 25

the team's survey area were used. All children born
in 1957 were listed and followed up over a period of
five years. In Nashlet el Astar, an area where sanita-
tion was completely lacking, over a period of five
years 56% of the 109 children born in 1956 died. Un-
fortunately, specific data on diarrhoea were not
available. Shubramant was provided with basic
sanitation only and good health services. In this
village 400% of the 381 children died during the same
period, 270% from diarrhoeal diseases. In Embaba,
where good standards of sanitation and good health
services were available, 21 % of the 336 children
died during the same period, 170% from diarrhoeas
and only 40% from all other causes. Consequently,
the percentage of all deaths due to diarrhoea was
660% in the area with poor sanitation, as compared
with 81 % in that with good sanitation.
The poor condition in which many children with

diarrhoea were presented to the clinics was clear
from a group of 159 children under the age of 6 years
seen at the out-patients department of a hospital in
the Sudan. Of these children, 139 were discharged
in good condition, but only after hospitalization
averaging 10.4 days. Twenty (12.5%) of them (all
less than 2 years old) died after treatment for, on
average, only 3.8 days. Apparently, many children
attending the department were in such a serious
condition that help arrived too late. Moreover, in
those who recovered completely, the period of treat-
ment needed was rather lengthy. At the same
hospital, from March 1960 to March 1961, one-
third of the total admissions were for diarrhoeal
diseases resulting from different causes.
For Ceylon, where extensive retrospective statis-

tical studies were carried out by the team, the con-
clusion was drawn that, throughout the year, some
100% of the hospital beds were permanently occupied
by patients with diarrhoea. Similar results were
obtained in Iran.

Errors introduced during the survey

During the studies retrospective information had
to be obtained from mothers. Data collected in this
way were, of course, useful, but the possibility re-
mained that they might be biased. For this reason
the absolute values of the figures obtained should be
considered carefully. In this section possible errors
in reporting are discussed.

Table 16 indicates high incidence rates for diar-
rhoea in Venezuela and in Iran. Since these figures
are based on simple information as to whether or not
diarrhoea occurred, they may be taken as reasonably
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TABLE 16
AGE DISTRIBUTION OF INCIDENCE OF ACUTE DIARRHOEAS AND AVERAGE NUMBER

OF EPISODES PER CHILD IN VENEZUELA AND IRAN a

Ae Average number of episodes per child

Age (%(years) Venezuela
Venezuela Iran Venezuela Iran

0 40 46 0.68 1.03 0.71 0.68

1 61 58 1.19 1.23 1.43 1.19

2 42 52 0.82 1.12 1.07 0.82

3 33 28 0.65 0.64 0.78 0.65

4 28 35 0.57 0.61 0.39 b 0.57

5 25 18 0.47 0.29 0.60 0.47

6 23 13 0.44 0.19 0.52 0.44

Over-all 35 35 0.86 0.70 - -

a Data collected over a one-month period.
b Based on only a few cases of diarrhoea.

accurate. It was, of course, more difficult for mothers
to remember how many episodes each child had ex-

perienced, how long each had lasted and how many
stools were produced per day during these episodes.

Considering the number of spells experienced per
child per month, we concluded that, although this
was still rather simple information, some error might
have been introduced, since remembrance over a one-

month period is not easy. Since similar errors were

likely to have occurred in each study, we still con-

cluded that, in each country studied, the group of
children of age 1 suffered more frequently from diar-
rhoea than did those in the other age-groups, and
that the most vulnerable age was under 3 years.

Incidence rates were obtained either on the basis
of information supplied by the mothers over the
one-month period before the interview (column
Venezuela II) or simply on the basis of whether or

not diarrhoea was present on the day of interview
(column Venezuela I), thus excluding the factor of
remembrance. The latter statements can be taken
as more nearly correct and, in fact, they were slightly
the higher. Thus the results based on retrospective
information were sligh ly incorrect, although, sinze
the question was a relatively easy one to answer, the
discrepancy was not great.

In statements from mothers on more complicated
matters, the factor of remembrance played a much
more important role, e.g., when the mothers were

asked about the number of days each episode lasted,

as well as the number of stools per day (Table 17).
The greater the lapse of time between the interview
and the occurrence of the episode, the less accurate
was the answer.
From these considerations it became clear that in-

formation taken over a longish period concerning
simple matters could be used, although small errors
were certainly introduced. Information obtained
over a similar period, but concerning complicated
questions, included a considerable number of errors
and therefore could not be used.

Nutrition
The type of food given to children and its relation

to the incidence ofdiarrhoea was studied in Venezuela
(Table 18). Information was collected over a one-
month period.

TABLE 17
INCREASING ERRORS IN RETROSPECTIVE INFORMATION

WITH LAPSE OF TIME OVER A ONE-MONTH
PERIOD (VENEZUELA)

Average Average
Episode duration (days) no. of stools

of episode per day

Third (most recent) 4.8 4.9

Second 4.0 3.9

First 3.3 3.5
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TABLE 18
EFFECT OF TYPE OF FOOD ON INCIDENCE OF DIARRHOEA IN CHILDREN UNDER 2 YEARS

OF AGE IN VENEZUELA

T Total no. Total no. Incidence Significance
Type of feeding of children with of diarrhoea of differences a

examined diarrhoea (%)

Breast-feeding only 142 59 42 - -

Bottle-feeding only 50 32 64 6.60 < 0.02

Mainly breast-feeding + boftle
and/or other food 139 75 54 5.90 < 0.02

Mainly bottle-feeding + other
food 112 70 63 10.17 < 0.01

Other food only 38 27 71 9.31 < 0.01

a Difference between incidence for particular type of feeding and that for breast-feeding.

Although the incidence in the group receiving
breast-feeding was also rather high, it was signifi-
cantly lower than in groups receiving any other type
of food or a combination of foods. Although the
percentage for the group that was mainly breast-fed
and received some additional food is lower than for
the group that was entirely or mainly bottle-fed, the
difference is not statistically significant. Similar
figures were available from other countries, but there
the differences were not significant either.

It would seem logical to improve the situation by
giving more health education to the mothers, and
there is certainly need for that. We must realize,
however, that the above data were collected from an
area having only basic sanitation, under which con-
ditions it remained extremely difficult to prepare safe
food. Improvement of sanitary conditions will, there-
fore, be one of the most basic needs if the incidence of
diarrhoea in the youngest age-groups is to be reduced.

Summary and conclusions
The importance of the ready availability of water,

as well as other factors of sanitation, was demon-
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strated. An analysis of the data shows that, whereas
basic sanitation adds only a little to the reduction of
diarrhoea incidence, complete sanitation can reduce
it markedly.

Although the role of parasites in the occurrence of
diarrhoea is important, it seems largely to have been
neglected in most of the countries. Rates of infes-
tation with helminths and protozoa were extremely
high and hampered the well-being of the children,
especially in the many heavily infested cases. Of the
enteropathogenic bacteria isolated, shigellae consti-
tuted the largest group. The effectiveness of sulfa
drugs and antibiotics used for treating diarrhoeas
seems to be doubtful.
Some errors in the survey results were demon-

strated and the value of breast-feeding as a protective
factor was established.
The team's activities were more extensive than is

indicated in this paper. Studies on local statistics,
health education surveys and surveys in paediatrics
were also carried out. Details of these studies are
given in the reports for each country referred to in
the footnote on page 249.
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