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SYNOPSIS

This article presents data on morbidity and mortality from
diarrhoeal disease in infancy and childhood for certain areas of the
Americas. The role of the principal etiological agents is discussed, and
the importance of various factors, such as availability of water-supply,
fly control, malnutrition, and the protective effect of breast-feeding,
is evaluated. Some practical measures for the prevention of deaths
from diarrhoea are put forward.

In the Americas, as in other areas of the world, diarrhoeal disease is a
major health problem to many of the countries. In those which are economi-
cally advanced, the progress already made towards solving this problem
may be seen in the present low death rates from diarrhoeal disease as
compared with the high death rates recorded at the beginning of the century.
In economically less-developed countries, however, death rates are still
invariably very high as may be demonstrated by the data available for some
parts of the African and Asian continents, as well as for a number of Latin
American countries. For example, in Egypt the severity of the problem is
shown by the fact that, in localities with health services, death rates from
diarrhoeal disease of over 700 per 100 000 population are reported. Both
the utilization of past experience and new investigations are necessary if
adequate control programmes are to be developed for the solution of this
world problem.

Data on illness due to diarrhoeal disease are of great value, but can be
obtained only through epidemiological studies on a community basis. Such
studies are few, and available for only limited areas. This discussion of the
problem in the Americas has therefore had to be based principally on
mortality data. The importance of the disease as a cause of death, the trend
of mortality, and the difficulties in presenting comparable statistical data for
a series of countries are first discussed. In addition, data from certain com-
munity studies have been summarized for consideration of the epidemiology

* This article has also been published, in Spanish, in the Boletin de la Oficina sanitaria panamericana,
1958, 44, No. 2, p. 95.
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of the disease. The available evidence on mechanisms of spread and means
of preventing such spread is presented for its implication in planning a
practical programme and in recommending certain specific approaches.

Importance of the Problem

The importance of diarrhoeal disease as a principal cause of death in the
Americas was evident from the study of reports made for the Fourteenth
Pan American Sanitary Conference (Pan American Sanitary Bureau, 1956).
At that time the leading cause of death in eight of the 17 countries providing
data was specified as gastro-enteritis, diarrhoea or the group of intestinal
diseases. In four other countries diarrhoeal disease appeared as second,
third, or fifth among the principal causes. Additional evidence regarding
the importance of diarrhoeal disease is apparent from the principal causes
of death in infancy (under 1 year) and in early childhood (1-4 years) in
selected countries, and from trends in mortality and distribution by age-
groups. The problems of presenting comparable data on diarrhoeal disease
in a series of countries over a period of time are taken into account in the
interpretation.

Diarrhoeal disease as considered here refers to the group gastritis,
enteritis, etc., title numbers 543, 571 and 572 of the International Statistical
Classification of Diseases, Injuries, and Causes of Death, Sixth Revision of
International Lists, 1948 (World Health Organization, 1948). This is the
grouping recommended in the abbreviated list of the Classification. Before
this revision, title numbers 119 and 120 of the Manual of the International
List of Causes of Death, Fifth Revision of International Lists, 1938 (US
Department of Commerce and Labor, 1940) referred to these conditions as
diarrhoea and enteritis.

Principal causes of death in childhood

The five principal causes of death in 10 selected countries of the Americas
are shown for two age-groups: under 1 year (Fig. 1), and 1-4 years (Fig. 2).
These countries are arranged geographically, from Canada in North
America to Argentina in South America. When the principal causes of
infant mortality are considered, it is seen that the group referred to as
diseases of early infancy takes first place in all countries except for Venezuela
and the state capitals of Brazil, where diarrhoeal disease was the leading
cause. In all these countries except Canada and the USA the death rates
from diarrhoeal disease were 700 or more per 100 000 live births, with
sizeable variations in the rates between the countries.

The classification of diseases and the terminology used in the Latin
American countries may account for some of the differences. The group
known as gastritis, enteritis, etc., excludes diarrhoea of the newborn, title
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number 764, which is included in diseases of early infancy. Also, in prac-
tically all Spanish-speaking countries toxicosis is used to signify a specific
clinical entity essentially the result of severe and rapid dehydration from
diarrhoeal disease. However, according to the Classification, when toxicosis
is stated as the cause of death for children under 1 year, the cause is assigned
to the group " ill-defined diseases peculiar to early infancy ". The inclusion
of deaths due to toxicosis in the title " diseases of early infancy" has con-
tributed to high death rates from diseases of early infancy in Chile, and
likewise to low death rates from diarrhoeal disease in infancy in the same
country (Fig. 1). In Venezuela, where toxicosis was coded to gastritis,
enteritis, etc., diarrhoeal disease was shown to be the leading cause of death,
which certainly gave a truer picture of the actual situation (Fig. 1). Thus
the variations in the death rates from diseases of early infancy and diarrhoeal
disease may be greatly influenced by the use of the term toxicosis and its
classification.

In early childhood (Fig. 2) diarrhoeal disease is the most important
cause of mortality in six of these countries-namely, Mexico, Guatemala,
Colombia, Venezuela, Brazil and Uruguay. Even in countries with relatively
low rates, such as Uruguay and Argentina, the mortality varies from
approximately 7 to 10 times that in the USA, for which, as for Canada,
the rates are so low that they can hardly be shown.

Difficulties are encountered in presenting comparable data for this
age-group also. In accordance with the Classification, toxicosis, stated as
the cause of death of children 1-4 years of age, is coded to ill-defined and
unknown causes (795), and diarrhoea of children aged 2 years and over is
considered only a symptom, and included in the broad group of ill-defined
and unknown causes (780-795). In most Latin American countries diarrhoea
of children aged 2 years and over signifies more than a symptom, for the
problem of mortality from diarrhoeal disease is not limited to children
under 2 years of age but extends further into childhood. Irrespective of the
difficulties encountered in presenting comparable data, the magnitude of
the problem of diarrhoeal disease as a leading cause of mortality in infancy
and early childhood is evident.

Trend of death rates

Study of the trend of mortality from diarrhoeal disease in six countries
from 1920 to 1954 (Fig. 3) reveals several important points. In the USA
and Canada, where rates for all ages were high, rapid and almost continuous
declines have occurred. In contrast, in Mexico, Venezuela, Colombia and
Chile I the trend of mortality from diarrhoeal disease for all ages has not
shown a great decline. In the USA and Canada infant death rates, even

1 The markedly lower rates for 1951-53 for Chile are probably due to the change in the classification and
coding of the term toxicosis to ill-defined groups. The Sub-Department of Biostatistics of the National Health
Service has studied this problem and has changed the procedures of classification.
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FIG. 3. DEATHS FROM DIARRHOEA AND ENTERITIS PER 100 000 POPULATION*
FOR ALL AGES, UNDER ONE YEAR, AND 1-4 YEARS, IN SIX SELECTED COUNTRIES

OF THE AMERICAS, 1920-54

8

i

* Under one year per 100 000 live births

in the early part of this period, were much higher than the rates for early
childhood. In Venezuela, Mexico and Chile these rates were high in infancy
and also in early childhood. Although in these latter countries some decline
is noted in recent years, the data indicate the great reduction that remains
to be obtained.

In countries with high death rates from diarrhoeal disease, death rates
from all causes in infancy and early childhood are likewise high (Fig. 4),
because of the large proportion of deaths from diarrhoeal disease. Therefore
total death rates for these age groups reflect to a great extent diarrhoeal-
disease mortality, and even if medical certification is not complete high
death rates frequently imply an important problem of diarrhoeal disease.
This cannot be inferred in the same way from the death rate for all ages,

which is influenced by a complex group of causes.

Death rates by age

Notwithstanding wide variations, in general, death rates from diarrhoeal
disease are highest in infancy and decline in early and late childhood.
Death rates from diarrhoeal disease are shown by age for 6 countries in

-
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FIG. 4. DEATHS PER 1000 POPULATION FOR ALL AGES, UNDER ONE YEAR, AND
1-4 YEARS, IN SIX SELECTED COUNTRIES OF THE AMERICAS, 1920-54

*Under one year per 1000 live births

TABLE I. PERCENTAGE DISTRIBUTION OF DEATHS UNDER
ONE YEAR BY MONTH OF LIFE FROM DIARRHOEA AND ENTERITIS

FOR USA AND VENEZUELA (SELECTED YEARS)

Venezuela
1950-52

1953

15.1

14.6

13.1

11.0

9.8

8.4

6.9

6.1

5.4

4.1

2.8

2.6

8.6

11.2

10.8

11.2

10.1

9.3

8.9

7.7

7.1

5.7

5.0

4.4

All.

50

3.2

10 1

1 2S 3

Canada

-Colombia
M.axica
USA

1920 25 30 35 40 45 50 1920 25 30 35 40 45 50 1920 25 30 35 40 45 5
50 64

Age
(months)

-1

2

3

4

5

6

7

8

9

10

11

USA

1926

10.7

10.9
11.6

10.8

10.3

8.7

8.1

6.8

6.6

5.6

5.1

4.8
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FIG. 5. DEATHS FROM DIARRHOEA AND ENTERITIS PER 100 000 POPULATION*
BY AGE UNDER 45 YEARS, IN SIX SELECTED COUNTRIES OF THE AMERICAS, FOR

RECENT YEAR

* Under one year per 100 000 live births

Fig. 5. Semi-logarithmic grid has been used, since relative differences and
changes with age are best illustrated in this manner. In Guatemala and
Mexico, the rates are very high in children 1-4 years of age, and relatively
high throughout childhood and early adult life. In Colombia and Venezuela
the decline with increasing age is greater. The general pattern of mortality
is similar in Canada and the USA, with relatively low rates in infancy and
very low rates from 5 years onwards. It is worth mentioning that even when the
diarrhoeal-disease death rate was very high in the USA, with a rate of
142.7 per 100 000 population in 1900 in the death registration states,
the rates after infancy there were much lower than they are at present in
Guatemala and Mexico. Obviously the variation is in part due to quality

5 00.0. _ 5000.0

I000.0 I. t1000.0
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in registration, certification and classification of causes of death, but it also
indicates differences in the problems which need further study. One of the
underlying factors is probably the amount and severity of malnutrition
present in some of these countries.

Data on death rates in infancy have also been studied by month of age
for the USA and Venezuela in an attempt to understand when the risk is
greatest (see Table I (page 29) and Fig. 6). For this analysis, deaths from
diarrhoea of the newborn have been added to deaths from gastritis, enteritis,
etc. In recent years deaths have been tabulated for the first 27 days of life
and not for the first complete month. Therefore, for the USA in 1953 and
for Venezuela for the three years 1950-52 the numbers of deaths under
1 month of age and at 1 month of age have been estimated. These corrected
percentage distributions, and also the distribution of deaths in the USA

FIG. 6. PERCENTAGE DISTRIBUTION OF DEATHS UNDER ONE YEAR, BY MONTH
OF LIFE, FROM DIARRHOEA AND ENTERITIS, IN USA AND VENEZUELA, SELECTED

YEARS
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in 1926, when the diarrhoea death rate was much higher, are shown. The
1926 USA percentages were approximately the same in the first 5 months of
life, followed by a decline; however, in 1953 deaths due to diarrhoea appear
to show a greater concentration in early life. In Venezuela for the recent
three-year period 1950-52 the number of deaths due to diarrhoea in the group
under 1 month of age was less than in each of the next 5 months. The
distribution in Venezuela is similar to that in the USA in 1926; thus it is
possible that the conditions prevailing in Venezuela at present resemble
those in the USA in 1926. Comments on factors that may be responsible
for these similarities and differences are made later in this article.

Etiology and Epidemiology

The frequency with which infectious agents responsible for diarrhoeal
disease can be found is dependent on the type of population groups studied,
on the age of the persons examined, on place, climate and season, and on
the methods used, including the time of investigation in relation to onset
of illness. There are, therefore, many factors responsible for the variation
in findings. Most of the investigations concern the study of sick children
admitted to hospitals. In this kind of material there is opportunity for
introduction of many of the variables mentioned which, in addition to the
quality of techniques utilized, may account for differences observed from
one group to another. In hospital investigations in the past, Shigella and
Salmonella have usually been found to be the principal etiological agents
responsible for diarrhoeal disease.

Even with ideal techniques, however, etiologic agents have not been
found for a large proportion of the cases, of which usually between 40%
and 60% give negative results when tested for the causative organisms.
Within the past 15 years several publications in Europe and the USA have
referred to the possible role ofEscherichia coli in cases of diarrhoeal disease;
recently publications from Latin America have also dealt with this subject
(Olarte et al.; Rodriguez et al.). Increasing evidence has accumulated of
a direct causative association between enteropathogenic E. coli and diar-
rhoeal disease. Some of this evidence comes from carefully-investigated
epidemics in children's institutions and hospitals (Cooper et al.; Olarte
et al., Rodriguez et al.; Rogers & Koegler; Stulberg & Zuelzer; Taylor
& Charter), and some from the study of experimental diarrhoeal disease
in human volunteers (Ferguson).

Lately the role of viruses in relation to gastro-enteritis has also received
attention (Higgins). Although this question is far from being clarified,
certain studies (Gordon and fellow-workers, 1953, 1957; Jordan et al.) have
dealt with the transmission to human volunteers of viruses from stool
filtrates of patients suffering from epidemic diarrhoea. It is possible that a
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proportion of the cases of diarrhoea with consistently negative findings in
previous studies could have been caused by.E. coli and viruses, for investi-
gations in the past did not include search for these agents.

FIG. 7. PERCENTAGE OF INFECTIOUS AGENTS FOUND IN FAECES SPECIMENS
FROM 1135 INDEX CASES OF ACUTE DIARRHOEA IN YOUNG CHILDREN

OF EDMONTON, ENGLAND, 1952-S4*

15
&
c

0-

_ 10

5

_0
4

WHO 81H8
Age in years

'After Thomas & Charter (1956)

Studies to determine the etiology of diarrhoeal disease do not per se
concern themselves with the frequency with which the various agents are
distributed in the human population. Data on the distribution of etiologic
agents are based on unselected population groups, and must include persons
of the age-groups involved if age distribution is to be investigated. Thomas
& Charter have made a study of the distribution of cases of diarrhoeal
disease in such a population group, and give particularly interesting find-
ings by age for the major agents in children less than 4 years old (see Fig. 7).
The survey was made during the three years 1952-54 in Edmonton, England,
to observe the frequency with which serotypes of E. coli strains and other
infectious agents occur in index cases of enteritis arising among children
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living in their own homes. Attention is called to the marked differences in
the findings by age for the major etiologic agents. E. coli were found fre-
quently in the infants (13.1 %), the percentages declining rapidly to only
1.6% in the 3-year-old children; the same was noted for Proteus. On the
contrary, the frequency of Shigella was relatively low for infants (6.2 %) and
increased rapidly to 21.3 % for children of 3 years, whereas Salmonella was
found in only 2.7 %-3.7 % of the children in these age-groups. The authors
also described fatty diarrhoea, possibly to be considered of viral origin,
which was found in 15.0% of the infants and in only 7.4% of the 3-year-old
children.

Since this study was made in an area with low incidence of diarrhoeal
disease, it would seem most important to repeat this type of investigation in
an area with high incidence, to elicit to what extent and how the various
agents differ in population groups, and what the differences are in the age
distributions. It should particularly be emphasized that the investigation of
age distribution might throw considerable light on the underlying mechan-
isms of spread. At present such a study is being carried out in Pernambuco,
Brazil, by the Special Service of Public Health in an area of particularly high
incidence of the disease. A recent study in Mexico (Olarte et al.) also gives
figures on the major etiological agents which are similar by age to those of
Thomas & Charter. However, this study is based on children seen in a
hospital and therefore is of a selected sample; it would be most important to
confirm these findings by a survey made on a community basis if they are
to be accepted as representative of Mexico.

There is no doubt that most accurate measurement of the distribution of
etiologic agents is made through investigation of their prevalence and
incidence in the community. Such studies have been carried out only in
limited areas; their results have great value for an understanding of the
mechanisms of spread.

TABLE II. SHIGELLA AND SALMONELLA ISOLATIONS FROM CULTURES
IN FOUR COMMUNITY SURVEYS

Shigella- Salmonella-
Place Authority Date Number positive positive

numberi % number| %

Fresno County, Watt et al. July-December 1950 7 065 324 4.6 29 0.4
Calif., USA (1953)

Guatemala Beck et al. October 1955-March 1956 2 342 175 7.4 13 0.5
(1957)

Texas, USA Watt & Lindsay 1946-47 10 719 438 4.1 73 0.7
(1948) 1

Egypt Floyd (1954) 1951 -52 3 618 291 8.0 Less than 1.0
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The prevalence of Shigella and Salmonella has been determined in four
community surveys of children (Beck et al.; Floyd, 1954; Watt and fellow-
workers, 1948, 1953), in California and Texas in the USA, and in Egypt and
Guatemala (see Table II). All these studies were made in areas with high
death rates from diarrhoeal disease, particularly in the two latter countries.

Shigella was found much more frequently than Salmonella in all areas,
the highest proportion positive being in Egypt and Guatemala (8.0% and
7.4 %). Less than 1 % were positive for Salmonella in these studies. Thus,
of the agents investigated, Shigella seemed to be the important causative
agent in these areas. Floyd (1954) reported that in Egypt the situation was
much more serious at the height of the season, when as many as 25 % of the
swab cultures taken were positive for Shigella.

The findings by age for Shigella are of considerable interest, and are
provided for three of these studies (see Table III). The lowest prevalence

TABLE III. NUMBER AND PERCENTAGE OF CULTURES POSITIVE FOR SHIGELLA
BY AGE-GROUP OF CHILDREN IN THREE COMMUNITY SURVEYS

Guatemala (1955-56) * California: camps Egypt (1953) t
Age-group

(years) positive positive positive
cultures cultures cultures

number| % number| % ____ numberi %

Under 1 182 5 2.7 532 19 3.6 1 064 59 5.5

1-2 202 24 11.8 455 40 8.8 1 423 125 8.8

2-4 734 63 8.6 1 408 86 6.1 3 021 tt 203 6.7

5-9 1 224 83 6.8 1 130 72 6.4 - - -

* After Beck et al. (1957)
*1 After Watt et al. (1953)
t After Floyd, Higgins & Kader (1956)
Itt25-62 months

is constantly found among infants, and the highest among children 1
year old. Further subdivisions of the data for infants showed a much lower
percentage for those under 6 months of age than for those 6-11 months of
age. In Guatemala (Beck et al.) not a single child under 6 months of age was
found to be Shigella-positive. In California (Beck et al.) the percentage (3.4)
was over twice as high for those infants aged 6-11 months as for those under
6 months (1.5 %), and in Egypt (Floyd et al., 1956) the percentage was over
three times as high in later infancy. Thus these data indicate that in early
infancy-an age period with a high death rate from diarrhoeal disease-
Shigella is not found as frequently as in later infancy and in childhood.

35



L. J. VERHOESTRAETE & R. R. PUFFER

Further data of the incidence of the disease are provided by intensive
follow-up studies in Egypt (Higgins et al., 1955) and in New Mexico and
Georgia, USA (Hardy & Watt, 1948); for these two states, Table IV shows
morbidity rates among children under 10 years of age. The highest rate was
in children 1 year of age, with approximately one case per child per year. It
should be stressed that the incidence of the disease, as well as the prevalence,
was less in children under 1 year of age than in older children. The infectious
agent (Shigella) was found in only 30% of the cases of diarrhoeal disease.

TABLE IV. ANNUAL MORBIDITY RATES PER 1000 PERSON-YEARS
UNDER 10 YEARS, OF ACUTE DIARRHOEAL DISEASE IN NEW MEXICO

AND GEORGIA* BASED ON CASES FOUND ON INTENSIVE
FOLLOW-UP STUDIES OF SELECTED POPULATION GROUPS

(Agers) Total Culture-positive Culture-negative

Total 391 119 272

Under 1 612 163 449

1 976 286 690

2 588 176 412

3 454 145 309

4 244 44 200

5-9 181 71 110

* After Hardy & Watt, 1948

The estimated incidence rate on a yearly basis was much higher in the
Egyptian study-namely, 2.8 cases per child; here again, however, only one-
third of the cases were associated with Shigella. The lower prevalence and
incidence of Shigella infection in the group aged under 1 year raises
questions regarding the underlying mechanisms determining spread of
disease.

New community studies of the prevalence and incidence of the infectious
agents responsible for diarrhoeal disease will obviously cover the distribution
of E. coli, in view of the knowledge that has accumulated of the importance
of this group.

Mechanisms of Spread and Methods of Prevention

Data available from mortality statistics and from morbidity studies
are valuable for understanding some of the factors responsible for the
spread of gastro-intestinal diseases and determining methods of prevention.
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Trend of mortality from diarrhoea, enteritis and typhoid fever

The history of the water-borne epidemics of typhoid fever in the 19th
century is well known. It was early in the 20th century that the control
and supervision of water supplies by health departments was gradually
extended in the USA. During the period 1900-1920, water supplies were
improved, and filtered and chlorinated water was introduced and made
available to the population of many cities. The decline in typhoid-fever
rates has been attributed principally to this purification of the water supplies.
Johnson, as quoted by Horwood (1932), analysed the average typhoid-fever
death rates in 20 large cities for the 5 years before and the 5 years after
the introduction of filtration, and found a 65 % decrease.

Diarrhoea was for many years also thought to be a water-borne disease.
Epidemics of diarrhoea caused by defective water supplies were known to
occur and do still occur; however, diarrhoeal disease is not a single entity,
since it is caused by several important infectious agents with different
mechanisms of spread. If these agents were mainly carried by water, the
improvement in water supplies should presumably have an effect similar
to that on the rates for typhoid fever. It seems therefore worthwhile to
analyse the death rates for both typhoid fever and diarrhoeal disease in
the period when filtration and sterilization were introduced in order to see
how this affected mortality from both diseases.

The Manual of the American Water Works Association, Water Works
Practice, provides data regarding the annual typhoid-fever death rates for
19 large cities, giving the dates when filtration or sterilization became
effective for the entire city. For 16 of these cities1 data regarding deaths
due to typhoid fever and to diarrhoea and enteritis were obtained from
the United States Bureau of the Census volumes on mortality statistics
for 1900-1920. In all 16 of these cities filtration or sterilization was intro-
duced during this period, the first occasion being in 1906; in 1913, 13 cities
had established complete filtration or sterilization, and by 1918 all 16 had
done so. The total population of these cities was approximately 12 million
in 1920.

The decline in the typhoid-fever death rate from 40.5 per 100 000 popu-
lation at the beginning of this period to 3.6 per 100 000 in 1920 (see Fig. 8)
represents a reduction of 91 %. As shown in Table V, in 1900 the death
rate from diarrhoea and enteritis was 134.4 per 100 000 population, and
although variations occurred it remained relatively high until 1910. However,
in the latter part of the period some decline was noted and in 1920 the rate
was 74.7 per 100 000 population, showing a 44% reduction during the period
when the typhoid-fever death rate was reduced by 91 %. Study of the death
rates from diarrhoeal disease in infancy and childhood revealed that,

1 Philadelphia, Chicago, Milwaukee, Detroit, Cleveland, Buffalo, Jersey City, Baltimore, Washington,
Pittsburg, Cincinnati, Louisville, New Orleans, Minneapolis, St Louis, Kansas City.
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FIG. 8. DEATHS PER 100000 POPULATION FROM TYPHOID FEVER AND DIARRHOEA
AND ENTERITIS FOR ALL AGES, UNDER ONE YEAR, AND 1-4 YEARS, IN 16 CITIES

OF THE USA, 1900-1920

although variations occurred, the rates in infancy remained relatively high
until 1919. Therefore, during this period improvement of the water supply
did not show the same influence on mortality from diarrhoeal disease as
on that from typhoid fever. We can infer that improvement of the quality
of water was really responsible for the decline in mortality from typhoid
fever, since immunization on a community basis had not been introduced and
no new methods of treatment were established that could have markedly
influenced mortality. However, qualitative improvement of water supplies
did not play a major role in the decline of diarrhoeal disease during that
period.

Effect of availability of water

Recent evidence from morbidity studies indicates the importance of
increased availability of water as a single factor in lowering Shigella pre-
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TABLE V. DEATH RATES PER 100000 POPULATION FROM TYPHOID FEVER AND
DIARRHOEA AND ENTERITIS FOR ALL AGES, UNDER 1 YEAR, AND 1-4 YEARS,

IN 16 CITIES OF THE USA, 1900-1920

1900

1901

1902

1903

1904

1905

1906

1907

1908

1909

1910

1911

1912

1913

1914

1915

1916

1917

1918

1919

1920

40.5

39.0

47.0

51.5

41.1

33.3

40.6

37.0

24.4

19.7

22.6

16.8

12.3

15.2

10.9

8.6

9.0

7.9

6.7

4.6

3.6

134.4

124.2

117.1

117.3

121.9

124.3

138.4

131.6

132.7

126.9

146.9

121.0

113.7

118.8

108.6

95.2

106.7

102.5

99.4

78.8

74.7

4 008.5

3 665.0

3 513.6

3 669.0

4 000.3

4 201.4

5 057.3

4 694.6

4 723.3

4 526.7

5 641.4

4 526.6

4 225.6

4 458.8

4 154.6

3 584.6

4 033.4

3 762.3

3 611.8

2 994.1

2 910.8

278.3

284.0

272.7

263.1

256.6

273.6

312.0

298.6

289.4

290.5

330.9

261.3

262.2

271.7

233.7

223.6

261.3

275.0

283.7

191.6

168.2

valence and incidence. In a study by Watt et al. (1953) in Fresno County,
California, the prevalence of Shigella was obtained in four groups according
to economic status and water supply. The prevalence of this organism
showed a progressive fall from those with poor housing without indoor
plumbing to those of low economic status with water in the house. Further-
more, among those obliged to seek water outside the house, there was a

difference in prevalence between those in groups of more than 15 per

faucet and those in groups of less than 15. This was interpreted as being
due to the single factor of water availability or its consequent increased
use. According to the authors "... data suggested that modification
of a single environmental factor, water use, may significantly lower Shigella
prevalence when the risk of acquiring this infection is great ".

Diarrhoea and enteritis
Year Typhoid fever

all ages under 1 year 1-4 years
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During the collection of approximately 28 000 rectal swab cultures from
children in the study in south-west Georgia (Stewart et al.) an uneven
geographic distribution of the positive cultures between blocks within the
towns was noticed. There was a progressive rise in the rates from the group
of blocks with very good sanitation to the group with poor sanitation.
In the second group no real difference was observed between the rates for
premises with well water and those with city water; however, rates were
significantly higher for poor premises with water sources "far from the
house" irrespective of whether it was well or city water. This study also
indicates that where water is least available for personal hygiene, infection
rates are highest.

FIG. 9. SHIGELLA-POSITIVITY RATES BY WATER AVAILABILITY IN FARM LABOUR
CAMPS, FRESNO COUNTY, CALIFORNIA, 1952.53*

Pwecentage positive
0 2 4 6 8

W - ------ T-- -T-
Camps - Wabter faucets inside cabins

M,Faucets in cabins// Mixed
Faecillty

////////// E /_ j ~~~~Camps

0 2 4 6 8
Percentage positive wH0 8150

*After Hollister et al. (1955)

A further investigation (Hollister et al.) was developed in an attempt
to provide more specific evidence in support of the findings of the previous
studies in California and Georgia. The results (see Table VI and Fig. 9)
imply strongly that control of Shigella infections may be significantly
improved through a single, practical modification of the environment-
provision of easily accessible water for personal hygiene. Recently, studies
in Kentucky (US Communicable Disease Center) both on prevalence and
incidence of Shigella and on incidence of diarrhoeal disease, including the
relationships to basic housing deficiencies, have further strengthened these
findings.
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TABLE VI. NUMBER OF PERSONS EXAMINED AND PERCENTAGE
POSITIVE FOR SHIGELLA BY LOCATION OF WATER FAUCETS IN

CAMPS, FRESNO COUNTY, CALIFORNIA, 1952-53

Persons examined
Location of

water faucets positive
in camp total

number %

Total 6111 296 4.8

Inside all cabins 428 3 0.7

Mixed:

inside 1 245 34 2.7

outside 3 821 214 5.6

Outside all cabins 617 45 7.3

Role of animals

It is recognized that Salmonella other than Salmonella typhosa have
their natural habitat in animals (Varela, 1955; A. V. Hardy, unpublished
document, International Cooperation Administration Conference, 1956),
particularly in lower animals and birds. Most of the outbreaks of diar-
rhoea due to Salmonella are traced back to heavily-contaminated foods.
However, the fact that Salmonella are carried by animals should be borne
in mind since in many rural areas of Latin America with primitive housing
conditions there is great promiscuity of humans and animals. In this
connexion, the contribution of pigs, dogs and domestic fowl as sources
of infection could usefully be elicited further.

Fly control

The effect on morbidity of fly control by use of insecticides has received
considerable attention in recent years. In Mauritius, for example, concomit-
antly with the decline in the malaria death rate achieved by the intensive
and specific attack on malaria, there was also to some extent a decline in
mortality from diarrhoea and enteritis (Verhoestraete, 1956). Gabaldon
(1955, 1956) has likewise described the decline in mortality from diarrhoea
which coincided with the campaign against malaria employing intra-
domiciliary treatment with DDT.
A study (Watt & Lindsay) in Hidalgo County, Texas, was particularly

designed to evaluate the effect of fly control on acute diarrhoeal disease,
using prevalence of infection, incidence of disease (through reported cases),
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and mortality from diarrhoea (see Table VII). The results of the pro-
gramme during 18 months in the towns treated originally and in the control
towns are given.

TABLE VIl. PREVALENCE OF SHIGELLA, REPORTED CASES OF
DIARRHOEA PER 1000 POPULATION, AND DEATHS FROM

DIARRHOEA AND ENTERITIS UNDER 2 YEARS, PER 1000 POPULATION
UNDER 2 YEARS, IN TOWNS WITH AND WITHOUT FLY CONTROL

(HIDALGO, TEXAS, MARCH 1946-AUGUST 1947)

Measure With Without
fly control fly control

Shigella infections per 100 1.6 4.1

Reported cases of diarrhoea per 1000 10.0 18.4

Deaths from diarrhoea and enteritis
under 2 years per 1000 population
under 2 years 16.1 31.4

A significant reduction in the prevalence of infection and in the case
and death rates was considered to be a result of the fly control established.
The effect was greater on Shigella than on Salmonella infections, and there is
no doubt that fly control has great potential value in areas where Shigella
infections predominate. Unfortunately, at present, fly control with insecti-
cides has only a limited application of short duration; it seems necessary
to study other measures that would cause sufficient reduction in the fly
population to effect a more lasting decline in the incidence of diarrhoeal
disease.

Malnutrition and diarrhoeal disease

The effect of malnutrition on mortality from diarrhoeal disease needs
consideration and further study. Sindrome pluricarencial infantil, a protein-
deficiency state, is known to occur frequently in children in the weaning
period in Mexico, Central America and many parts of South America.
In these areas the availability of protein, measured by consumption of
mnilk and of other animal and vegetable protein, is known to be limited
(Verhoestraete, 1956). The protein actually consumed is often derived from
corn, rice or manioc, basic staple foods which are highly lacking in adequate
protein. Since it is known that the infant and young child are particularly
dependent on protein of good quality for growth, the existing lack of suitable
animal or vegetable protein during the weaning and post-weaning periods
has considerable effect on the health of children in these age periods.

For many years information on protein malnutrition has been scanty,
which explains why the medical profession was unprepared to recognize
this condition and to certify it as the cause of death. Deaths so caused are
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coded to the group of other and multiple deficiency status. This sindrome
will appear for the first time in the International Classification of Diseases
in the Seventh Revision to be brought into use in 1958. Statistical data
regarding morbidity and mortality from protein deficiency, and especially
from sindrome pluricarencial infantil, are thus limited.
A possible relation between protein deficiency and diarrhoeal disease

is suggested by data obtained on seasonal distribution of both conditions
in Guatemala (V. J. Gandara, personal communication) and El Salvador
(General Bureau of Statistics and the Census (1956)) (see Fig. 10). In these
countries, using hospital admissions in Guatemala and deaths in El Salvador,
reported as being due to these conditions, definite seasonal patterns are
noted, the peak of hospital admissions or of death from nutritional defi-
ciency occurring two or three months after the peak noted for diarrhoeal
disease.

From the association seen in these data one is tempted to infer that the
seasonal increase in diarrhoeal disease precipitates the seriousness of the
existing malnutrition. This hypothesis is in accordance with the observation
that many cases in young children can be rapidly aggravated by intercurrent
disease. However, the peak in malnutrition may be due to increased de-
ficiency of protein during certain months which would result in aggravation
of the existing condition. Obviously the whole subject needs further study,
with particular reference to investigation of the relationship, which is
probably complex.

FIG. 10. SEASONAL DISTRIBUTION OF CASES AND DEATHS FROM DIARRHOEAL
DISEASE AND NUTRITIONAL DEFICIENCY STATES IN THE HOSPITAL

OF GUATEMALA CITY, AND IN EL SALVADOR

Hospital of Guatemala City, 1955 El Salvador, 1952.1955 oowago
120 120 8080

Gasiro.ntsritis
Diarrhooo A and colitis ,.

80 80 400 °

J t S O N D1

After V. J.G*ndara, personal communNutritiona

'~~~6O7d*lc 5 60020 20~

statesdeIcnv2

20 - 0 cll l lt l
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* After V. J. GAindara, personal communication
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Infant-feeding techniques and diarrhoeal disease

In discussing mechanisms of spread, infant-feeding techniques need to
be considered, particularly when there is high prevalence of the etiologic
agents in the environment. Infant feeding offers a constant opportunity
for introduction of the cause of diarrhoea-indeed, the quality of the food,
and the methods of preparation and administration, are all factors to be
considered in the introduction of the infection. One important problem
is presented by the relative value of breast-feeding and artificial feeding.
Classically, the belief was general that breast-feeding offered far greater
safety in the prevention of diarrhoeal disease. In those countries which
have considerably improved the general standards of living, health and
sanitation conditions, and the quality of their animal milk, evidence has
accumulated that there is little or no difference in infant mortality between
the breast-fed and the non-breast-fed groups. For instance, in a study
done at Harvard by Stevenson (1947) no difference in morbidity or mortality
from diarrhoeal disease was seen between the breast-fed and the artificially
fed groups. The results of studies of this type carried out in countries with
high standards of living have tended to disparage the value of breast-
feeding on the grounds of its apparent lack of distinct superiority in a
particular set of circumstances. Since two-thirds of the population of the
world live in completely different conditions from those obtaining in the
countries surveyed, it was desirable to collect and analyse data from popula-
tions living under less favourable circumstances. The results of such
analysis soon showed that the earlier impression of pediatricians in Western
Europe and the USA, 20 or 30 years ago, was correct, and that breast-
feeding under poor environmental circumstances has great protective
value, whatever the mechanism of this protection may be. For example,
certain publications from Asia (Orkney) show a great difference in infant
mortality and in mortality from diarrhoeal disease between breast-fed and
non-breast-fed groups.

Good evidence was also offered by Woodbury in 1925 from analysis of
data of 22 967 infants born between 1911 and 1916 in 8 cities of the USA.
At that time the infant death rate in these cities was 111.2 per 1000 live
births and breast-feeding was extensively carried on. During the first
month of life 87% of the infants were exclusively breast-fed, and by the end
of the first year of life 13.3 % were still exclusively breast-fed while 44.6%
were partly breast-fed. In the artificially-fed infants, nearly four times as
many deaths occurred as would be expected on the basis of the mortality
rates of the breast-fed infants. In fact, nearly half (47.3 %) of these deaths
in the artificially-fed infants were due to gastric and intestinal diseases.
The great excess of deaths from all causes in the artificially-fed, and also
the excess of deaths due to gastro-intestinal diseases (7.7 times as many
deaths in non-breast-fed as in breast-fed) are shown in Fig. 11. Thus this
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study, carried out when infant mortality was high, revealed the harmful
influence of artificial feeding of infants under the poor environmental
conditions prevailing at that time, in terms both of total infant mortality
and of infant mortality from diarrhoeal disease.

FIG. 11. RATIO OF ACTUAL TO EXPECTED INFANT DEATHS* FROM ALL CAUSES
AND GASTRO-INTESTINAL DISEASES BY TYPE OF FEEDING, AND PERCENTAGES

BREAST-FED, BY MONTHS, IN EIGHT CITIES OF THE USA, 1911-16"*

*Ratio of actual to expected deaths based on mortality of exclusively breast-fed
"After Woodbury (1925)

Obviously much of this relates to the safer practice which breast-feeding
represents. However, recent research points to the possibility that some
of the protection might be of an immunological nature. Thus it has been
found that antibody titres for serotypes of E. coli were much higher in
colostrum than in the serum of the mother (Lindberg & Hunter). On the other
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hand, specific antibody response of the mammary gland to direct immuniza-
tion with bacterial agents has been described in the cow, and some experi-
mental evidence has been produced indicating that, in intercurrent infec-
tions of the young, injection of the antigen through the teat orifice during
the act of nursing may lead to the return of specifically immune milk
(Campbell et al.). Although this immunity is of short duration, it is thought
that during the lactation period repeated infections will lead to such a
response, and possibly to the maintenance of a certain level of immunity
against prevalent infectious agents. While the authors infer that the same
mechanism would apply to the human, further evidence in support of this
is needed. In view of the implied importance of breast-feeding under poor
environmental circumstances, research in the field would be highly valuable.
There are many places in Latin America where comparative studies of
breast-fed and non-breast-fed infants and their mothers could be made
for the purposes of such research.

Beyond this period of exclusive breast-feeding the possibilities for infec-
tion of the infant multiply. The problem then centres on the weaning and
post-weaning diet, both in terms of its adequacy and of its administration
in a form that will reduce the risk of infection. To some extent the problems
of treatment of cases of diarrhoea are also connected with techniques of
infant- and child-feeding. Indeed, the value of early oral rehydration is
known to pediatricians, and the possibility of its ready use in ambulant
care is recognized. There is still an enormous task ahead, however, of
convincing the populations in many areas of the basic need for the preven-
tion of dehydration, and particularly of exploring how this can be done
in rural areas of Latin America.

Practical Considerations

The basic data presented here should be of value in the planning of a
practical programme for the prevention of morbidity and mortality from
diarrhoeal disease. Such a campaign should be an integral part of several
phases of the programme of health services, especially environmental
sanitation, education of the family, and maternal and child health. Moreover,
the prevention of deaths due to diarrhoea falls within the scheme of improve-
ment of services of medical care, aiming particularly at rapid and early
treatment of the majority of cases and providing for greater facilities for
serious cases. The complete development of this aim implies considerable
extension of services throughout the country and is related to general
economic development. It is felt that certain specific efforts in the field
of sanitation and maternal and child health can be successfully introduced
without waiting for an improvement in the level of living; some practical
considerations are therefore presented as a basis for an immediate extension
of the programme.
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Since infectious diarrhoeal disease affects young children, principally
infants and pre-school children, the medical and related professional
workers dealing primarily with children might be tempted to assume that
emphasis on diarrhoeal disease in the maternal and child health programme
is the logical approach, and can by itself considerably improve the situation.
This is only partly true, since many of the conditions which cause the
disease in infants and young children are the result of adverse circumstances
in the family, and must be corrected on a community basis. A campaign
against diarrhoeal disease in children has two major lines of emphasis:
one will aim at applying specific measures in the home and community
that will improve the situation of the family without waiting for great
betterment of the socio-economic level; the other refers to measures for
special protection of the child through specific child health practices.

Personal hygiene andfamily and community sanitation

Whatever etiological problems remain to be solved, so much proof has
been established of the importance of Shigella that a programme directed
to breaking the chain of hand-carried infection from one individual to
another must receive full consideration. Sufficient evidence has accumulated
to advocate a policy of increasing the amount of water available, and easily
accessible, to the family. A minimum programme would be provision of
water closer to the home through an increased number of wells and public
taps. An optimum programme would be one of which sufficient funds
could be obtained from public and private sources to extend water supplies
to every home in all communities. This major drive would be shown to
be worth while as soon as studies in economically underdeveloped countries
have demonstrated that increased availability of water, even in the highly
unsatisfactory living-conditions of rural areas in Latin America, has the
same effect on the prevalence of shigellosis as was achieved in selected
areas in the USA.

The prevalence of Salmonella has consistently been shown to be much
lower, and the mechanism of spread is different. Thus, measures for the
prevention of Salmonella infection may not receive major emphasis in the
initiation of the programme. However, in many rural areas where the
animal and human population live in close association, simple measures to
separate the animal and keep it outside the home could usefully be intro-
duced. This would represent only a small expenditure of effort and could
be part of the community programme.

The complete elimination of the fly population at present appears to be
impossible because of the development of insecticide-resistance. However,
since flies contribute particularly to the spread of Shigella, the transmission
of diarrhoeal disease might be checked by partial reduction of the fly
population, particularly during epidemic periods of the year. Studies to
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establish the value of such action are indicated. In terms of a practical
programme, a systematic search for one or more specific sources mainly
responsible for the great increase in fly-breeding should be carried out,
and fly-control campaign aiming at reduction of the fly population from
such sources might eventually prove to be highly successful.

It would appear, therefore, that in an environmental sanitation pro-
gramme in rural and suburban areas, these points of emphasis might have
great effect, even though the entire sanitation programme cannot be as fully
implemented as desired.

Specific maternal and child health measures

The second line of emphasis combines some specific measures aimed at
making the immediate environment of the child safer, particularly in terms
of food. In this approach, even the protection of food from flies through
use of a simple storage case with screening might prove very valuable. The
problem of feeding the infant and child at the weaning and post-weaning
period is a double one, since it is necessary to provide the young child with
food of high value in protective substances and in such a form that con-
tamination and the resulting diarrhoea are prevented. There is no doubt
that, in areas essentially deficient in animal and vegetable protein of good
value and in suitable form, breast-feeding is of the greatest importance. The
data presented show strikingly the protective value of -breast-feeding in
poor environmental circumstances. In these areas there is often a tendency
to introduce early weaning, an acceptable practice where good living-
conditions prevail and a satisfactory substitute is available-namely,
cows' milk of high quality. In economically less-developed areas these
circumstances do not exist, and therefore it is logical to maintain lengthier
breast-feeding. This involves full consideration of ways of improving the
nutritional status of the lactating mother; such a programme must be
started during pregnancy.

It is from the age of 5-6 months that, even in the breast-fed child, the
chances of infection rapidly increase. It would appear, however, that even
under primitive rural circumstances supplementary feeding can be made
relatively safer if the mother is taught to add protein or other foodstuffs to
the gruel which is generally cooked for the child on a rice, corn or cassava
basis. In public health practice it is critically necessary to evaluate
whether the auxiliary nursing personnel can teach mothers these simple
improvements, since they are highly instrumental in reducing morbidity
from diarrhoeal disease.

Prevention of death from diarrhoeal disease

A practical programme cannot be complete without consideration of
methods for the prevention of death in those children who for a number
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of years remain subject to diarrhoeal disease. For a programme of simple
measures that would seem to be economically feasible and technically
logical, the emphasis is on early rehydration. It is known that in cases of
diarrhoeal disease toxicosis, the result of rapid dehydration, can often be
prevented by simple oral rehydration. Obviously a minority of cases will
show early severe toxicosis requiring special parenteral treatment; for
the majority, however, simple oral rehydration should suffice. How this
can be achieved in areas lacking in doctors and trained nursing person-
nel is the basic problem. If it were proven that auxiliary nursing personnel
to whom the principles of oral rehydration had been taught were, in general,
able to convince uneducated mothers to apply it, such public health educa-
tion might be most effective in reducing mortality from diarrhoeal disease,
since it could be extended to a high proportion of the population.

It should also be borne in mind, however, that the problem of preventing
death in the age-groups most subject to diarrhoeal disease is further com-
plicated by the widespread malnutrition existing among children in these
areas, which would inevitably make their response to treatment less favour-
able. In the long run, reduction of deaths from this disease will have to be
achieved through the prevention of malnutrition and of contamination in
supplemental feeding, and by the application of specific measures for
early rehydration.
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RI2SUMIt

L'article fournit des donnees sur la morbidite et la mortalite par diarrhee chez les
nourrissons et les enfants. On peut ainsi se rendre compte de l'importance de ce probleme
dans de nombreuses regions du monde, et plus particulierement en Amerique latine.
L'article contient aussi une documentation choisie sur l'etiologie, l'epidemiologie et le
mecanisme de transmission de la maladie.

Les cinq principales causes de deces dans 10 pays des Ameriques sont indiquees pour
deux groupes d'age - enfants de moins d'un an et enfants de 1-4 ans - afin de mettre
en evidence l'acuite du probleme. Dans tous les pays, excepte le Canada et les Etats-Unis,
le taux de mortalite par diarrhee chez les nourrissons est egal ou superieur A 700 par
100 000 naissances vivantes. Dans la premiere enfance (1-4 ans), les diarrhees sont la
cause principale de deces dans six des pays consideres et, meme la oui les taux sont rela-
tivement bas (Uruguay et Argentine), ils sont environ sept A dix fois superieurs A ceux
des Etats-Unis. L'etude de la mortalite d'origine diarrheique par groupe d'age fait ressortir
que, si ces taux atteignent leur maximum chez les nourrissons, ils demeurent excessifs
chez les enfants du premier age, surtout dans certains pays. L'auteur explique comment
la terminologie, et notamment l'emploi du terme # toxicose #, rend difficile la presentation
de donnees comparables.
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Les Shigellae et les Salmonellae sont en g6neral les principaux agents etiologiques des
diarrhees. Toutefois des observations de plus en plus nombreuses ont mis en 6vidence
une relation de cause a effet entreEscherichia coli entero-pathogene et la diarrhee; en outre
le r6le des virus a recemment retenu l'attention. Les differences marquees que manifeste
suivant l'age la frequence de ces agents infectieux chez les nourrissons et les jeunes enfants
montrent qu'il est necessaire de proceder a des recherches dans des regions forterment
atteintes, oiu il importe 6galement d'analyser le mecanisme sous-jacent de transmission.

D'apres des conclusions tirees d'etudes recentes sur la morbidite, l'amelioration de
l'approvisionnement en eau est une des mesures les plus efficaces pour reduire la fr6quence
globale et la fr6quence des cas nouveaux d'infection a Shigella. Une relation possible
entre la carence proteique et les diarrhees semble ressortir de renseignements obtenus
sur la distribution saisonniere de ces deux affections. I1 conviendrait de pousser les
recherches sur cette question, qui est probablement complexe. Dans les pays oiu le niveau
de vie est tres bas et la salubrit6 mediocre, l'alimentation des enfants au sein assure une
protection desormais demontree. Les conclusions de l'6tude de Woodbury, qui a et6 menee
au moment oiu la mortalite chez les nourrissons etait elevee aux Etats-Unis, ont montre
que les d6ces dus a toutes causes et les deces par affections gastro-intestinales sont beaucoup
plus nombreux chez les enfants nourris artificiellement que chez ceux qui sont nourris
au sein.

Sur la base des etudes deja faites, certaines considerations pratiques sont avancees
par l'auteur en vue de contribuer a prevenir la morbidite et la mortalite par diarrhee.
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