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Diarrhoeal Diseases of Infants and Children
Mortality and Epidemiology

ALBERT V. HARDY, M.D.'

The diarrhoeal diseases in all countries have been, and in many still are, the prin-
cipal cause of death among infants and children. This article traces the changes in the
pattern of mortality from these diseases throughout the world. It then discusses
their epidemiology, in terms of the clinical picture seen in the economically more
advanced countries on the one hand, in the less advanced countries on the other.
Much of the epidemiology is still obscure, and some of the directions which further
investigations might take are indicated.

Deaths from diarrhoeal diseases in present mor-
tality statistics are classified in part as diseases of
the digestive system, in part as specific infectious
diseases, and in part as diseases of the newborn.
Most are recorded as due to diarrhoea and ente-
ritis, or, as they are now called in official records,
gastritis, enteritis and colitis. Deaths reported as
due to dysentery - usually type undetermined-
and salmonellosis are found with the infectious
diseases. There is a further separation of diar-
rhoea of the newborn. In general, the diarrhoeal
diseases do not often receive an etiological diag-
nosis. Terminology varies with the area, so the
same clinical entity may be reported as diarrhoea,
enteritis, or colitis in one area, and dysentery,
type undetermined, in another. Unless otherwise
specified, the designation " diarrhoeal diseases"
in this paper will include deaths due to diarrhoea
and enteritis (or gastroenteritis and colitis), and
to dysentery of any type.
The accuracy of mortality data in all countries

is determined by the reliability of the original
diagnoses. It must be acknowledged that diagnoses
of the diarrhoeal diseases are chiefly symptomatic,
and that mortality statistics can provide evidence
only on a group of disorders in which the out-
standing clinical manifestation is diarrhoea. In
some countries from which vital statistics are
available, it is evident that a significant proportion
of the births and deaths of infants goes un-
recorded. The commonest defect of the statistical
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data in places where public health is not well
developed, however, is the reporting of deaths
with either an ill-defined diagnosis or none at all.
This was a problem of earlier decades in the
United States when, in some predominantly rural
states, many of the reported infant deaths had no
usable diagnosis. In a rapidly developing pro-
gressive South American country, during the years
from 1930 to the present, from 40 to 60% of
death certificates have had no medical diagnoses.
This represents predominantly deaths of infants
and children who died without medical attention
during the terminal illness. In such areas, the
mortality rates for specific diseases, as computed,
will be only a fraction of the presumed total rate.
Discrepancies will be marked for conditions pri-
marily involving infants. Thus, available mortality
data tend to understate the magnitude of the
problem of diarrhoeal diseases for those countries
with inadequate medical services and poor com-
munications.

Mortality in the United States

Granted the inadequacies and inaccuracies of
records of mortality, these are still the best index
available of the past and present incidence of
diarrhoeal diseases. Data for the City of New
York are available from 1868 on mortality from
diarrhoeal diseases and are presented in Fig. 1.
The earliest records reveal over 400 and reach as
much as 572 deaths per 100.000 population per
annum. In the 25 years following 1875, the mor-
tality declined from 400 to the 200 level. In the
first decade of the present century, there was a
further fall from 200 to 100. A rapid and pro-
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FIG. I

DEATHS PER 100000 POPULATION FROM ACUTE
DIARRHOEAL DISEASES, NEW YORK CITY, 1868-1953.

gressive reduction brought the mortality from 100
to 10 in the next 20 years. Since 1930 there has
been a slow downward drop toward the present
level of two deaths per 100.000 population from
all diarrhoeal diseases.

Mortality rates are available for few cities in
the United States for years earlier than 1900.
Available data indicate that other localities had a

problem similar to that in New York City. In
most, during the period from 1900 to 1930, there
was a rapid decline from excessively high to
moderately low mortality from these diseases. In
general, rates for states as a whole were appre-

ciably lower than in cities, since at that time
the mortality from diarrhoeal diseases was gener-

ally less in rural than in urban populations.
At the turn of the century, mortality from

diarrhoeal diseases was high everywhere in the
United States. In some states, there was an early
and rapid decline, while in others there was a

delay both in time and rate of fall. Thus, in later
years the variation in mortality was great, ranging
from high in a few states or territories to very

low in many. This wide distribution is illustrated
by data for 1936. In Puerto Rico, recorded
mortality from diarrhoeal diseases was 480 per

100 000 population. In Arizona and New Mexico,
the rates were approximately 100; in the remain-
ing states, they varied from just under 50 to a

minimum of 4.
Furthermore, in individual states there has been

wide variation in different areas and in different
population groups. Within the same geographical

area, some segments of the population have little
or no enteric disease, while in others the mortality
from these causes may equal that which prevailed
generally 50 years ago. In Hidalgo County, Texas,
for example, from 1942 to 1945, the mortality
rate for diarrhoeal diseases in permanent residents
living under comfortable economic circumstances
was 12 per 100 000 population, while it was
approximately 400 in the families of recent
labourer immigrants. Similar wide variations have
been evident more recently in California between
the general population and families of migratory
labourers. In the United States, a major remain-
ing problem is to provide effective control mea-
sures for diarrhoeal diseases in such scattered
foci of high incidence.

Mortality in other countries of the Americas
The magnitude of the current problem in other

countries of the Americas is indicated by the data
in Table 1. Mortality rates for diarrhoeal diseases

TABLE I
DEATHS IN 1952 PER 100000 POPULATION

FROM DIARRHOEAL DISEASES IN COUNTRIES
OF THE AMERICAS

Country Deaths per 100 000 population

United States of America 6.2

Canada 9.6

Paraguay 21.0

Argentina 34.2

Uruguay 40.6

Chile 52.5

Peru 56.1

Panama 67.5

Bolivia 78.4

Venezuela 103.7

Dominican Republic 134.2

Colombia 135.5

Honduras 147.0*

Nicaragua 150.8

Costa Rica 176.8

Mexico 272.8

El Salvador 342.0

Guatemala 357.0

* Includes " Intestinal Infection"

_- I...
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are comparatively low only in the United States
and Canada. In three countries, recorded rates
are between 20 and 50 deaths per 100 000 popula-
tion. In four others, rates are between 50 and
100; in six they are between 100 and 200; in one
between 200 and 300; and in two over 300. The
six countries with the highest rates are those south
of the Rio Grande and north of Panama. Those
with the lower rates are the countries with more
temperate climates in the far south of South
America.
Only limited mortality data are available from

Brazil, the second most populous country in the
Americas. In Sao Paulo, Brazil, the rapidly grow-
ing modern industrial city of the south, there were
124 deaths per 100 000 population from diarrhoea
and enteritis in 1952. In the same year, in other
urban centres from which limited data were
available, the total reported deaths from diseases
of the digestive system were 306 per 100000 po-
pulation, which suggests a rate of about 250
deaths from diarrhoeal diseases. Obviously, in this
vast country of about 60 million population, there
is currently a high mortality from acute diarrhoeal
diseases.
The 5 main causes of death in 1952 have been

reported for each of 16 of the countries of the
Americas other than the United States and Ca-
nada. In 9, the diarrhoeal diseases were the major
cause of death, and in 3 others they were second
in order of importance. In only 4 countries did
these diseases not appear as one of the 5 major
causes of death. On the basis of this evidence,
the prevention of diarrhoeal disease must be
acknowledged as the principal public health pro-
blem in most of the countries of the Americas.
Though the current problem is of great magni-

tude, there is evidence of a gratifying downward
trend in mortality, at least in Mexico. The data in
Fig. 2 are taken from the studies of Olarte,
Aldama, and Varela (1952). In Mexico City 25
years ago, the mortality from diarrhoea and ente-
ritis varied from 500 to more than 700 deaths
per 100 000 population, rates even higher than
those for New York City prior to 1875. The rate
of decline in the Republic of Mexico from 1931 to
1950, however, closely paralleled the rapid decline
in New York City from 1868 to 1887. At the end
of these two decades, in New York in 1887 and
in Mexico in 1950, the mortality was approxi-
mately the same, about 300 deaths per 100000
population. The difference is one of time.

FIG. 2
DEATHS PER 100000 POPULATION FROM ACUTE

DIARRHOEAL DISEASES, NEW YORK CITY 1868-1887,
MEXICO CITY 1931-1950.

Mortality in Europe, Asia, Africa and Australia

If the other populous areas of the world are
considered, there are very limited data from
Africa or Asia. The problem of diarrhoeal di-
seases has been studied in Cairo, Egypt, by the
United States Navy Medical Research Unit No. 3,
and the high prevalence of enteric infections has
been clearly demonstrated (Floyd, 1954). For the
country as a whole, mortality data are available
only from localities with a " Health Bureau ". In
1952, in these regions, the reported mortality from
diarrhoea and enteritis was 766 deaths per 100 000
population.
For Asia, data are available from Japan, which

has rather well-developed medical and health ser-
vices. The mortality rate from diarrhoeal diseases
in that country in 1952 was 67 per 100000 popu-
lation. Ceylon reported a total of 54 deaths from
diarrhoeal diseases per 100 000 population. The
reliability of these data is unknown, though de
Silva (1954) calls attention to an increasingmort-
ality in children under two years for the period
from 1946 to 1952, which suggests an improvement
in the reporting of causes of death, previously
incomplete.
The extent of the problem may be examined

further by determining which countries have a
relatively low mortality from diarrhoeal diseases.
These observations are probably quite dependable,
because of the usual association of adequate
medical and health services with complete report-
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ing of causes of death and low mortality from
infectious diseases. The mortality from diarrhoeal
diseases in 1952 was less than 10 per 100 000
population in only a few countries. These included
the United States, Canada, Australia, New Zea-
land, and the north-western countries of Europe.
Portugal, to the south, which was not among
them, reports a mortality of 130 for diarrhoeal
diseases. The rate for Spain is lower, but still
high. The countries ot low mortality together
have a population of approximately one eighth
of the total world population. Thus most of the
world's children must still run a substantial risk
of acquiring a fatal diarrhoeal disease.

Further data are provided in a recent WHO
Epidemiological and Vital Statistics Report on
gastro-intestinal diseases of infancy and early
childhood (1958). Total deaths from gastro-
intestinal diseases in children under 5 years of
age for the years 1950 to 1956 are given. A
continuing downward trend is apparent for most
countries. The decline is notable in Japan, France,
Italy, the United Kingdom, and others recovering
from years of the stress of war. The exceptional
countries are those without a decline in reported
deaths due to these causes. Both in Egypt and
in Ceylon the numbers increased appreciably. Such
an increase could reflect a progressive improve-
ment in the reporting of infant deaths or a better
reporting of causes of death. In countries with
gross under-reporting and with a high proportion
of deaths with cause ill-defined or unknown, an
early indication of improvement will be an in-
crease in known mortality rates, particularly of
conditions affecting infants.

Death rates from diarrhoeal diseases by age
Illustrative age-specific death rates are given in

Table 2. These provide full justification for em-
phasis on the control of diarrhoeal disease in
infants. At the time when there were 200 deaths
per 100000 total population in New York City,
there were 4496 infant deaths per 100000 popu-
lation under one year of age. By contrast, the
death rate in older children and young adults
was low, but in individuals of more than 75 years
there was again a substantial rise to a maximum
of about one tenth the rate for infants. An exa-
mination of age-specific rates further shows that,
in the decline of mortality, there was an earlier
and more rapid fall in mortality in older children
and adults as compared with a slow and delayed

TABLE 2
AGE-SPECIFIC DEATH RATES (PER 100 000 POPULATION)
FOR DIARRHOEAL DISEASES BY AREA AND YEAR

New YorkT
Age 1901 Costa Rica Colombia Venezuela

1901 1910 1920 15 98 15

Total 200 136 52 155 144 85

under 1 4496 3806 1796 2642 2302 1517

1-4 470 295 120 326 363 193

5-9 23 8 5 24 28 14

10-14 12 4 1 2 10 3

15-24 6 1 1 4 12 2

25-34 14 5 2 3 15 3

35-44 16 5 3 4 26 4

45-54 30 16 5 14 23 11

55-64 100 44 11 47 55 17

65-74 249 125 29 165 141 37

75 and
over 529 329 124 313 379 71

fall in infants. The current age distribution of
deaths in three countries in Central and South
Americas is closely similar to that for earlier years
in New York. The need for control in infants is
more urgent, and prevention is more difficult.

It may be concluded from these figures that
the acute diarrhoeal diseases either have been, or
are now, the major disease problem of infants
and children in all countries. The present varia-
tions in mortality from these causes in different
areas are related chiefly to differences in the
rapidity with which these preventable diseases
have been controlled. In some cities and countries,
mortality from these causes is at present less than
1% of that of earlier years. In others, for varying
reasons, the downward trend has scarcely begun.
It may be assumed that in populous and eco-
nomically undeveloped countries with inadequate
medical and health services the mortality rates
from diarrhoeal diseases, though unavailable, are
still at a peak level. These diseases, therefore,
which constitute one of the world's oldest health
problems, remain today the chief killer of infants
and children in many lands.

Epidemiological aspects
Etiological diagnoses are required for definitive

epidemiological study and description. Diagnostic

312



DIARRHOEAL DISEASES OF INFANTS AND CHILDREN

grouping on the basis of clinical findings is a
first step towards etiological diagnoses. Thus,
epidemiological exploration will involve considera-
tion of the clinical characteristics of the diseases
studied and of the findings in etiological studies
of the particular disorder under examination.

In general, two major types of diarrhoeal dis-
ease are observed in children. First, there is the
acute episode occurring in the previously normal,
well-nourished infant or child. There is complete
recovery in the milder attacks after an illness of
at most a few days ; the outcome of severe
attacks is either recovery, again complete, or
death, at times in a very few days, at times after
a wasting illness of two to four weeks. Typically
the onset is sudden with fever, the latter often
subsiding after one, two, or three days. The faeces
commonly contain a gross or microscopic cellular
exudate. These diseases are rare in the cool months
of winter, spring, and late autumn; a high pro-
portion of cases occur in the summer. These are
the common diarrhoeal diseases, which are due to
primary enteric infections.

In many areas of Central and South America
there is a second major group of diarrhoeal dis-
eases. Presumably these are common in all eco-
nomically under-developed areas. In the infants
and children involved, there is obvious evidence of
malnutrition and retarded development. The dia-
rrhoea is not a single acute episode, though an
acute attack may initiate a progressive downward
course. Commonly this enteric disorder is less
severe than the one found in more developed
countries, but it persists or recurs. The lack of
spontaneous complete recovery is an outstanding
differential characteristic of these cases. Fever is
rarely mentioned, and a bloody mucopurulent
exudate is not frequently observed. These are the
diarrhoeal diseases associated with, modified by,
or caused by malnutrition.
Diarrhoea of the newborn is a third clinically

distinctive type of diarrhoeal disease. It was re-
cognized and studied as an epidemic disease in
nurseries. The same infection may occur sporadic-
ally or endemically, though the etiology is rarely
established. Critical as are these epidemics of
diarrhoea of the new-born, still they were and
are a very minor part of the total world problem
of diarrhoeal disease.
Acute diarrhoea may also occur in association

with localized or general infections. These second-
ary manifestations are appropriately considered as

a part of the primary disease. The ingestion of
toxic materials, as in staphylococcal food poison-
ing, is a possible cause of diarrhoeal disease in
children, but is rarely identified. These cases also
are at most a minor part of the total problem.

Attention here will be confined to the two major
types of disorders, primary infectious diarrhoeal
disease and diarrhoeal disease associated witl
malnutrition.
The literature concerning dysentery and dia-

rrhoea reveals wide differences in findings, opinions
and teaching. This means predominantly that the
methods of observation have varied or that the
findings have been inadequate. This is related
in part to the fact that when or where diarrhoeal
diseases are prevalent, facilities for their study
ordinarily are not accessible. As economic, social,
and medical conditions improve, the needed fa-
cilities become available. However, with these
favourable changes, the incidence of these diseases
declines and the pressure for study is removed.
This inverse relationship of need and opportunity
for investigation largely accounts for the fact that
studies of diarrhoeal diseases in areas of high
prevalence are limited and wholly inadequate.
These diseases obviously have not received the
attention of medical scientists which their relative
importance warrants.

THE PRIMARY INFECTIOUS DIARRHOEAL DISEASES

Clinical observations alone are not adequate
to identify dependably individual cases of primary
infectious diarrhoeal diseases. Hence observations
will need to be on groups of cases which have the
dominant characteristics of this group of dis-
orders.
For illustrative purposes attention is directed

to one early and one more recent study. Flexner
& Holt made a detailed report of clinical and
laboratory studies on hospitalized cases occurring
in metropolitan centres of the north-eastern United
States in 1903. Clinically the cases described had
the characteristics of primary infectious diarrhoeal
diseases. In a bacteriological study of 421 of these
cases, 273 (66%) were positive for what was
then known as the Shiga or Flexner bacillus or
both. It may be assumed that the selective media
now available would have increased the propor-
tion of positive findings. These data provide
strong historical evidence that the widely pre-
valent " summer diarrhoea " of that era was due
predominantly to Shigella infections.
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Field studies were conducted in New Mexico
and Georgia by Hardy & Watt, beginning in
1938. The investigations, published in a series
of 21 papers, mostly in Public Health Reports,
Washington, between 1939 and 1948, were com-
pleted before the sulfonamides were in general
use, and before antibiotics were available. Only
a small proportion of the cases were cared for in
hospital; most were observed in the homes and
only a few of these were under medical care. As
compared with the severe cases described by
Flexner & Holt, these were relatively mild illnesses.
But these cases also predominantly had the cha-
racteristics of primary infectious diarrhoeal di-
seases. In this series of 517 cases, 76% of the
severe and 58% of the milder cases were cultur-
ally positive for Shigella (see Table 3). There was
an increase in the proportion of positive findings
as the number of examinations during illness
increased from 62% in severe cases with one
examination only to 90% in those with more than
three cultures. Shigella were isolated less fre-
quently from infants with mild disorders; presum-
ably a higher proportion of such cases were due
to other causes.
Thus in these studies performed in different

periods and areas of groups of cases which had
the clinical characteristics of acute infectious

TABLE 3
THE CULTURAL FINDING FOR SHIGELLA PARA-

DYSENTERIAE IN ENDEMIC DIARRHOEAL DISORDERS
BY AGE, SEVERITY OF DISEASE AND AREA

New Mexico and Georgia cases

Severe Cases Milder Cases

Positive Positive
Exam- __Exam

ined inedNo. ;% No

Under 6 months

6-11 months

1 year

2-4

5-14

15-44

45 and over

Unknown

41

45

55

30

9

49

18

2

249

26

31

43

28

9

37

12

2

188

63

69

78

93

100

76

66

100

76

27

44

56

61

22

43

11

4

268

9

23

37

42

15

25

2

2
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diarrhoeal disease, the most common cause was
Shigella. That this is not the only important cause
of such primary infections deserves equal em-
phasis.

Shigellosis

The epidemiological characteristics of shigellosis
have been described elsewhere. Here the findings
are summarized briefly. Shigella are isolated
commonly from primates in captivity, particularly
from groups of animals in which diarrhoeal
diseases are a troublesome disorder. Occasionally
these organisms have been isolated from other
animals. However, the source of the infection
in infants and children is virtually exclusively
man himself. Furthermore, in an affected popu-
lation group, those with manifest disease are
only a small proportion of those in whom the
infection can be demonstrated by bacteriological
examinations. In groups or areas in which the
infection is endemic, shigellosis tends to be a mild
disorder in older children or adults; if there are
any symptoms at all, the diarrhoea is usually of
short duration. (In some groups, such as prisoners
of war, and possibly also in some geographical
areas, shigellosis may be a severe infection in
adults.) Numerically the commonest human
source for the spread of shigellosis is the totally
asymptomatic and clinically insignificant infec-
tion. Bacteriological surveys of community groups
in New Mexico provided the author with the
following observations: " Of the 380 culturally
positive persons encountered in these surveys, only
two were under the care of a physician. One,
acutely ill when found on the survey, was ad-
mitted to the hospital the following day and died
two days later. In the absence of a special study,
these two might have been tested culturally, and
thus there would have been two demonstrated and
378 undetected infections with Shigellae. Thus,
for every known infection (manifest source) there
are numerous unrecognized infections (hidden
source). In the light of these findings it is not
surprising that endemic diarrhoeal diseases com-
monly appear to be scattered sporadic cases.
These seemingly unrelated infections may arise
from a single source or be joined by a series of
undetected infections. This knowledge is essential
for the interpretation of the epidemiology of the
acute diarrhoeal diseases."
Though exact quantitative measures are not

available, it is apparent that the numbers of
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Shigella discharged in the faeces vary widely. In
acute cases with many stools and in some sub-
clinical infections all bacteriological tests may
reveal numerous colonies of Shigella. By contrast,
not uncommonly in sub-clinical infections and,
much less frequently, in clinical cases there may
be only scattered or single colonies which prove
to be Shigella, and these may be detected only
once in several tests. The varying factors which
account for the obvious differences in numbers
of Shigella in faeces are not understood. How-
ever, as sources for the spread of shigellosis some
infected humans are dangerous, while others are
of little significance.

It is evident also that the bacteriological tech-
niques ordinarily employed are effective and
produce results in the examination of some groups
of cases, while in others the same techniques are
less effective and much less productive of results.
Difficulties were not encountered in the study of
shigellosis when it occurred in institutional popu-
lations in the United States; by contrast, in the
study of classical bacillary dysentery among pri-
soners of war in Korea, the conclusion was
inevitable that the same procedures were much
less adequate and much more difficult to apply.
It may be assumed that present cultural pro-
cedures may vary in their effectiveness also in
children of different ages, of varying states of
nutrition, fed on different foods and living in
different areas. Presumably this is related chiefly
to wide differences in the predominating enteric
flora. This variation in the effectiveness of bac-
teriological procedures is of significance, since
our understanding of the epidemiology of infec-
tious diseases inevitably varies with the simplicity
and sensitivity of techniques for the demonstration
of etiological agents.
There have been few long-term studies to de-

termine the incidence of Shigella infection in
affected groups. Floyd (1954), studying repre-
sentative children in an Egyptian village, found
that virtually every child acquired Shigella infec-
tion, with or without symptoms, one or more
times during the year. We have had similar
findings in institutional populations (1954). These
data, and the studies of prevalence in community
and family contacts, lead to the impression that
the total incidence of Shigella infection in groups
in which it is endemic is very high.
The nature of the response to Shigella infec-

tion varies with age. In the first six months of

life both Shigella infection and clinical shigellosis
are less frequent than later in infancy. The peak
incidence of the disease is commonly in children
of 6 to 18 months of age, extending in some
groups through the second and third year of life.
Thereafter the incidence declines, even though
the prevalence of infection remains high. Thus
when infants acquire Shigella infection, many or
most become ill, often with severe disorders or
even fatal illnesses. In most regions, at and after
three years of age severe illnesses are uncommon,
mild disorders are more frequent, and many infec-
tions are sub-clinical. In adults the prevalence is
about half that of earlier years, and a high propor-
tion of these Shigella infections are sub-clinical.
There is no reliable evidence concerning the

nature and significance of immunological re-
sponses to Shigella. Infections when they recur
tend to be milder, many are sub-clinical, and
probably they are of shorter duration. Since the
infection spontaneously disappears from popula-
tion groups, an effective immunity presumably
develops.

In the general population, characteristically shi-
gellosis is a " summer diarrhoea ".

Shigella discharged in human faeces may be
disseminated in different ways. The main question
is the relative importance of the various modes of
spread. Milk, as a means of introducing Shigella
into homes, is relatively free of suspicion. Cur-
rently the cheaper and the sanitary canned and
dehydrated milk is widely used by the poor, among
whom diarrhoeal diseases are most common. Food-
borne epidemics may occur but are unusual.
Water-borne outbreaks have been reported but
they also are rare. The two important modes of
spread appear to be through flies and fingers.
Shigella infections were reduced by about one-
half in Hidalgo County, Texas by an effective
programme of fly control (Watt and Lindsay,
1948). However, a relatively direct person to
person spread of faecal contamination is probably
the most important mode of dissemination of this
infection. Thus personal cleanliness -and the
availability of hand-washing facilities-, plus fly
control, are of high importance in the prevention
of shigellosis.

Salmonellosis

That Salmonella may cause serious diarrhoeal
disease in children is known, but the relative fre-
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quency of such infections is unknown. Limited
data suggest wide geographical variations.
Here we are dealing with infections which have

their natural habitat in animals and birds. Ex-
plosive outbreaks of food-borne salmonellosis
have been recognized repeatedly. Eggs and meat
have been incriminated frequently. Healthy do-
mestic pets have been shown to be potential
sources for the spread of these infections.

Clinically the symptoms and signs of Shigella
and Salmonella infection in a child or in an adult
cannot be differentiated, though the characteristics
of an outbreak may point to one or other of these
infections. But the sources and modes of spread
differ markedly. In view of the clinical similar-
ities and the epidemiological differences between
these two infections, laboratory facilities to estab-
lish the diagnosis, at least on a sample of cases,
are of high importance for the planning and
guidance of control.

Enteropathogenic Escherichia coli Infections

There has been a slow and reluctant acceptance
of the concept that coliform organisms may cause
serious enteric infections in humans. There is a
continuing divergence of opinion as to how many
types of these organisms may have pathogenic
properties. An etiological relationship has been
accepted primarily on the basis of association
with epidemic disease. In nursery groups with
diarrhoea of the new-born it has been found
repeatedly that a high proportion of the coliform
organisms in the faeces of affected infants were
a specific type of E. coli. There were no com-
parable findings in nurseries free of disease, or in
healthy infants in affected nurseries. This asso-
ciation of disease and a suspect agent present in
large numbers, together with positive findings on
experimental feedings of humans, has gained wide
acceptance for the opinion that some strains of
E. coli are pathogenic for new-born infants.
The significance of these findings in explaining

the continuing high prevalence of diarrhoeal
diseases in many countries is unknown. It might
be assumed that susceptible infants fail to obtain
an effective transplacental immunity, and that
this would be so only in areas with modern
sanitary installations. To date epidemic diarrhoea
of the new-born has been a recognized problem
only in communities with modern sanitary faci-
lities. Whether these suspect strains of E. coli

have pathogenic significance in the less developed
regions has yet to be determined. Certainly it
must be acknowledged that the isolation of par-
ticular strains of coliform organisms from an
infant or child with diarrhoeal disease does not
warrant the assumption that these are the respon-
sible etiological agents. Comparable studies on
infants and children from the same environment
but without disease is required. A critical and
conservative attitude in the interpretation of
findings is indicated.
A serological response as indicated by a po-

sitive standard agglutination test has been detected
so irregularly and in such low titres that this
has not aided in establishing the etiological re-
lationship of the enteropathogenic coliforms. A
bacterial haemagglutination test has been described
(Morse, 1956). The value of this more sensitive
but rather difficult test is not fully established.
Laboratory procedures for the detection and

identification of possibly pathogenic coliform
organisms are not simple. The essential antisera
are not readily available in quantity. The exa-
mination for enteropathogenic E. coli must be
regarded as an important research procedure
rather than a routine diagnostic test.

Viral enteric infections

It is accepted that enteric viruses may be the
cause of diarrhoeal diseases in animals (Morse,
1956). The etiological role of viruses in trans-
missible gastroenteritis of new-born swine is con-
sidered as established. The significance of a virus
in hog cholera is also accepted. Viral participa-
tion in the etiology of an epidemic diarrhoeal
disease of new-born calves appears probable. The
distemper virus is suspected as a cause of dia-
rrhoeal disease of puppies. The common occur-
rence of viral agents in the faeces of primates,
with and without diarrhoeal diseases, has been
demonstrated. Even in animals where experi-
mental feeding of suspect agents is readily prac-
ticable there is to date only a limited amount
of reliable information concerning the true role
of viruses in enteric diseases. That they have a
role in some diarrhoeal disorders of the young
is accepted, however.
The present evidence concerning their signific-

ance in diarrhoeal diseases of humans is even
more fragmentary. A recent report by Eichenwald
and associates (1958) indicates that ECHO virus
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type 18 was the cause of two epidemics of rela-
tively mild diarrhoeal disorders in newborn and in
older infants in a New York hospital. The common
occurrence of viral agents in the faeces of infants
and children with diarrhoeal diseases has been de-
monstrated by Sabin & M. Ramos-Alvarez (Morse,
1956). However, while it may be accepted at
present that a wide variety of viral agents invade
the enteric tract, their significance in the pro-
duction of diarrhoeal diseases is undetermined.
Still, any comprehensive study of diarrhoeal di-
seases today must be regarded as less than ade-
quate without appropriate virological studies.

DIARRHOEAL DISEASES

AND NUTRITIONAL DISORDERS

An episode of well-defined diarrhoeal disease
in a healthy child is in marked contrast to the
complex clinical findings in the grossly mal-
nourished infant or child, as commonly observed
in economically under-developed countries. The
medical and health problems in the individual
and the community vary so markedly with socio-
economic and nutritional factors that diarrhoeal
diseases occurring where malnutrition is common
should be considered separately. Comments will
be based on observations during consultative
visits in Guatemala and El Salvador, and on the
limited findings reported in the literature.

It is evident from the bacteriological exa-
mination of unselected children in Guatemala
that Shigella infection is common (Beck, Munoz
and Scrimshaw, 1957). The proportion of un-
selected infants and children under 11 years of
age found positive in broad culture surveys varied
by season and locality from approximately 3
to 16%. (See Tables 4 and 5). Except for the
situation found in our early studies in New
Mexico, which were conducted during the summer
months, the prevalence of infection exceeded that
of communities in the United States in which a
high percentage of severe cases of diarrhoeal di-
sease were culturally positive for Shigella. How-
ever, bacteriological findings in Guatemala and El
Salvador failed to establish Shigella infection in
more than a small minority of those infants and
children considered by parents to be ill with
diarrhoeal disease. The proportion of cases found
positive was not markedly different from that
observed in general population surveys. More-

TABLE 4
TOTAL SURVEY CULTURES BY GEOGRAPHIC AREAS

WITH PREVALENCE RATES FOR SHIGELLA:
GUATEMALA, 1955-56

Total Cultures

Location Shigella
Number

Number Psicent.

Almolonga 69 3 4.3

Amatitlan 190 10 5.2

Coatepeque 217 15 6.9

Guatemala City 758 28 3.7

La Esperanza 109 8 6.4

La Fragua 138 15 10.8

Massagua 151 17 11.2

Overo 148 24 16.2

San Mateo 126 13 10.3

Santa Maria Cauqu4 200 28 14.0

Sumpango 88 5 5.6
Villa Nueva 148 10 6.7

Total 2342 176 7.5

over, in cases of multiple protein deficiency
(kwashiorkor) the manifestations included dia-
rrhoea with blood in 35%, and without blood in
an additional 62.5%. Whether these clinical ob-
servations were the result of physiological dis-
orders or intercurrent infections is not established.
Laboratory studies in Guatemala have included

examinations for Shigella, Salmonella, and for
enteropathogenic strains of E. coli. Even so there
were more cases of diarrhoeal disease with cause
undetermined than of disease in which some pre-
sumed pathogenic agent could be demonstrated.
The best promise of future progress is clearly to
recognize the narrow limits of knowledge of the
etiology of diarrhoeal diseases in the economic-
ally less favoured countries, where malnutrition in
infants and children is of such common occur-
rence. However, there is the clear evidence of
history that the diarrhoeal diseases of children
may be prevented by general rather than specific
measures. Thus there may be progress in control
while the search for more effective specific mea-
sures goes forward.

317



ALBERT V. HARDY

PREVALENCE RATES FOR
TABLE 5

SHIGELLA BY AGE AND YEAR, GUATEMALA, CALIFORNIA, NEW MEXICO,
SOUTH GEORGIA AND TEXAS

Guatemala
Guate- exclusive
mala * of Guate-

mala City

1955-56 1955-56

California

California
camps *

1950 1952-53 19

New Mexico

37-38 1948

Texas
South
Georgia No fly Fly

control control

1939 1949 1946-47 1946-47

Total cultures

182

202

734

1 224

99

134

366

985

532

455

1 408

1 130

1 120

812

2 603

1 723

264

56

279

408

1 866

1 936

3 994

3 631

127

111

322

606

1 059

1 235

3 159

2 402

2 577

2 332

5 932

4 161

2 567

2 411

6 274

4 331

Shigella positive

5

24

63

84

3

20

51

74

119

40

86

72

26

46

148

76

17

10

36

59

26

78

157

72

4

8

13

23

10

25

71

44

43

131

310

144

28

60

158

91

% positive

2.7

11.8

8.6

6.9

3.0

14.9

13.9

7.5

3.6

8.8

6.1

6.4

2.3

5.6

5.6

4.4

6.4

17.9

12.9

14.5

1.4

4.0

3.9

2.0

3.2

7.2

4.0

3.8

0.9

2.0

2.2

1.8

1.7

5.6

5.2

3.5

* Includes children 10 years of age.

PLANNED INVESTIGATIONS

The extent of our research effort needs to be
measured against the magnitude of the problem.
The main cause of illness and death in a major
proportion of the world's infants and children
is still the acute diarrhoeal diseases. Much more

effort needs to be directed to acquiring a better
understanding of these diseases. But where the
problem is greatest the medical resources are least
adequate. Hence planning of studies has par-
ticular importance.

Progress in the study of these diseases will not
be attained through a wide dissemination of effort.
Concentrated activities in selected localities offer
most promise. The organization of studies of
nutrition in Central America and Panama is
illustrative of a productive regional effort. Like-
wise, well-designed studies of diarrhoeal diseases

in one selected area would provide findings of
significance to all countries of that region.

In planning intensive studies, a limited number
of representative areas could be selected. In each
the investigating team will need to include labo-
ratory workers, an epidemiologist, a nutritionist,
and a clinician. Co-ordinated planning to assure
comparability of findings on a world-wide basis
would enrich the studies in each area. An intimate
interchange of findings and experience in the
interests of the welfare of the world's children
should be practicable. A limited number of such
comprehensive studies could be expected to be-
come increasingly productive. But with the most
favourable planning it will still need time to
obtain accurate information on the complex pro-
blems involved.

Limited studies of specific problems in strategic
areas will be indicated also. For example, how

Age in
years

_.I

Under 1

2-4

5-9

Under 1

2-4

5-9

Under I

2-4

5-9

1.1

2.5

2.5

2.1
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rapidly and to what extent will the availability of
water modify the occurrence of diarrhoeal dis-
eases ? In under-developed areas is it practicable
to reduce mortality through measures designed
specifically to control the fluid and electrolyte
balance ? Answers to these and similar specific
questions may aid materially in the prompt de-
velopment of more effective control measures.

Lastly, there could, and. should, be a research
component in every administrative and control
activity. The prevention of diarrhoeal diseases
should go hand in hand with a continuing effort
to evaluate and to improve control procedures.
The practical public health control of diarrhoeal

diseases has not been solved satisfactorily. This
problem stands challengingly before us.

RI-SUMt

Les diarrhees aigues sont encore les principales causes
de deces de nourrissons et de jeunes enfants dans un
grand nombre de pays. C'est lA un des plus anciens
problemes de sant6 publique du monde. Alors que, dans
certaines regions 6conomiquement developpees, la
mortalite est tombee A I % environ de ce qu'elle etait il y a
quelques dizaines d'annees, elle reste e1evee dans de
nombreuses parties du monde, ou l'on estime que la
grande majorit6 des enfants sont exposes au risque de
mourir de diarrhees. Or, malgre l'extreme frequence de
ces affections, leur epidemiologie et leur etiologie sont mal
connues. L'auteur passe en revue la situation pr6sente et
celle du recent passe, aux Etats-Unis d'Amerique, dans
d'autres pays des Ameriques, et dans les autres continents.
I1 constate que meme dans les pays developpes, l'etablisse-
ment de statistiques precises de mortafite par diarrhees est
compliqu6e du fait que ces affections figurent sous
plusieurs rubriques de la classification des maladies, que
la terminologie du diagnostic varie selon les pays, et que
l'etiologie n'est pas simple, etant souvent la resultante de
l'action d'un agent infectieux et d'un etat de sous-alimen-
tation.

Les shigelloses paraissent etre la forme d'infection la

plus commune dans les diverses zones 6tudi6es. Les
porteurs asymptomatiques et les cas benins sont proba-
blement a l'origine des formes contagieuses transmises
par les mouches et par Jes doigts souilles. La frequence
relative des salmonelloses varie. 11 est important d'iden-
tifier ces infections, dont les sources et le mode de propa-
gation different nettement de ceux des shigelloses. Le
r6le des E. coli pathogenes dans la diarrhee epid6mique
du nouveau-ne est mal connu, et son importance dans les
regions peu developpees n'est pas encore etablie. 11 en est
de meme des infections A enterovirus.
Quant A l'influence de la malnutrition comme cause

pr6disposante, elle reste a 6lucider, particulierement dans
les r6gions oiu les diarrhees sont les plus frequentes. Or, ce
sont celles ou le manque de soins m6dicaux et de labora-
toires assurant le diagnostic se fait le plus lourdement
sentir.
Pour resoudre certaines des questions fondamentales,

il faut eviter de disperser les efforts. Des recherches
concentrees dans des zones choisies et sur des sujets
limit6s seront plus efficaces. L'auteur mentionne quelques-
uns des sujets dont l'etude est urgente, et dont la solution
aurait une application de vaste portee.
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