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The Diarrhoeal Diseases in England and Wales
with Special Reference to Those Caused by

Salmonella, Escherichia and Shigella

JOAN TAYLOR1

The diarrhoeal diseases are now a minor cause ofdeath in England and Wales, although
they remain a major cause of acute illness in children and of absenteeism among adults.
Since the Second World War there has been a general rise in the annual number of Salmo-
nella infections, with, however, a drop in the years 1956 and 1957. Infection with Shigella
sonnei-the only member of the dysentery group which causes disease at all commonly
in England and Wales-has shown a steady increase. Escherichia coli infection has fallen
considerably but continues to be a common cause ofinfantile diarrhoea.

A number of environmental factors are discussed in connexion with these three main
agents of diarrhoeal disease; and in a consideration of sources of infection the author
suggests that while cases of clinical illness are the most important source of illness due to
Sh. sonnei and E. coli, humanfoods, animalfeeding stuffs andfertilizers are also responsible
for much infection with the salmonellae. The different serotypes or Salmonella and E. coli
are reviewed in relation to the epidemiology of the diseases they give rise to.

There are many causes of diarrhoea, but most is
known of infections with salmonellae, shigellae, and,
more recently, certain serotypes of Escherichia coli.
At the present time, it is believed that certain
viruses cause diarrhoea, but the information avail-
able would suggest that the clinical disease is mild,
of short duration, and unimportant as a cause of
death in either babies or adults. Salmonellae and
shigellae affect all age-groups, and though they cause
few deaths, yet these infections are widespread and
must be considered an important cause of absen-
teeism among adults and of acute illness in children.
E. coli is a common cause of infantile and neonatal
diarrhoea, affecting babies under the age of 1 year;
in the past, the case fatality rate was very high, but
in recent years there have been very few deaths
attributable to this infection in England and Wales.

EXTENT OF THE PROBLEM

Deaths from diarrhoeal diseases are reported under
a number of headings in the Statistical review of
England and Wales (Great Britain, Registrar-Gene-

'Director, Salmonella Reference Laboratory, Central
Public Health Laboratory, Colindale, London, England.

ral, 1957); Table 1 gives numbers and rates illustra-
tive of the ten-year period 1948-57. Paratyphoid
fever, other Salmonellae infections and bacillary
dysentery are accepted as diseases in which diarrhoea
is commonly a major symptom, but they have not
been an important cause of death; in two instances
only, one not shown in Table 1, was a rate of 2 per
1 000 000 recorded. The category " Gastro-enteritis
and colitis, except ulcerative, age 4 weeks and
over" almost certainly includes many deaths from
diarrhoea, some of which would be included in
the diagnosis " diarrhoeal diseases ", but many of
which would not. The death-rate in this category is
considerably higher than in the others listed, but
is certainly increased by conditions outside those
under consideration. Table 2 shows the number of
deaths and the rate per 1000 live-births in babies
under 1 year of age dying of gastritis and duodenitis
and of gastro-enteritis. Again, these two categories
were chosen so as to include the diarrhoeal diseases;
it is obvious that in this age-group gastro-enteritis is
an important cause of death. From Table 1, it is
clear that no great change has occurred during the
last ten years in the number of deaths due to infec-
tion with salmonellae and dysentery organisms,
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TABLE I
NUMBER OF DEATHS AT ALL AGES IN ENGLAND AND WALES FROM CAUSES

ASSOCIATED WITH DIARRHOEAL DISEASES

InterNational Causeofdeath| 1948 1951 1954 1957insterNatona Cause of death________
List No.

Number Rate" Number Ratea Number Rate Number Ratea

041 Paratyphoid fever M 2 1 1 -

F 8 8 3 2

042 Other Salmonella infections M 35 2 27 1 22 1 29 1

F 14 1 9 0 11 0 20 1

045 Bacillary dysentery M 18 1 27 1 12 1 7 0

F 16 1 30 1 13 1 8 0

571 Gastro-enteritis and colitis, except
ulcerative, age 4 weeks and over M 1 567 b 77 721 34 433 20 357 16

F 1 222 b 55 644 28 467 20 397 17

aRate per 1 000 000 living.
b 571 includes 785.6 (diarrhoea, age 2 years and over) for 1948.

but Table 2 shows that a fall in the number of show that in 1957 there were 15 deaths due to
deaths has occurred in the category " Gastro-enteritis bacillary dysentery, and that 31 913 cases were
[etc.] " (571) for all ages, and in categories " Gastritis notified; it is known that these results are typical of
and duodenitis "and" Gastro-enteritis of newborn" diarrhoeal disease in England and Wales, so the
(764). recorded deaths and death-rates are no guide to the
So far, the numbers of deaths and death-rates prevalence of the disease in the general population.

have been considered as an indication of the extent Another approach to this problem was made by
of the diarrhoeal disease problem. There is no Spence et al. (1954), who published the results of a
national scheme of notification of cases of diarrhoeal study, in the industrial town of Newcastle, of
disease in England and Wales, but dysentery is 1011 infants under the age of 1 year who were living
notifiable. Table 3 gives notification rates per at home. Of these, 154 had enteritis, 114 cases
100 000 taken from the Statistical review ofEngland being diagnosed as infective, and 3 babies died. The
and Wales (Great Britain, Registrar-General, 1957), 114 babies experienced 124 attacks of enteritis in
together with the number of cases. Tables 1 and 3 one year; the conclusion was that one of every

TABLE 2
DEATHS OF INFANTS UNDER 1 YEAR IN ENGLAND AND WALES FROM CAUSES

ASSOCIATED WITH DIARRHOEAL DISEASES

1948 1951 1954 1957International Cause of death
List No. No. Rate a No. Rate a No. Rate a No. Rate a

543 Gastritis and duodenitis 37 0.04 16 0.02 6 0.01 1 0.00

571, 764 Gastro-enteritis 2289 2.90 831 1.22 461 0.68 318 0.44

a Rate per 1000 live-births.
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TABLE 3
DYSENTERY CASES AND RATES PER 100 000 POPULATION

IN ENGLAND AND WALES BETWEEN 1948 AND 1957

Year | Number a Rate per
________I __ ~~~~~~100000

1948 5 071 12

1951 28 564 65

1954 31 833 72

1957 28 899 64

a Excluding cases in Port Health Districts.

6 babies experienced gastro-enteritis during the first
year of life. Studying illness in a group of families in
Cleveland, Ohio, USA, Hodges et al. (1956) en-

countered 1104 cases of acute infectious gastro-
intestinal illness; the average incidence was 1.6 cases

per person/year, with an incidence of 1.2 cases in
those below 1 year of age.
Although there are few figures on which to base

a dogmatic statement, yet it is well known that the
diarrhoeal diseases are common in all communities
and that many cases are so mild that, even with a

national medical service, patients do not report for
treatment. This picture is in strong contrast to that
in underdeveloped countries, where the diarrhoeal
diseases are an important cause of death, particu-
larly among the young, and have a high incidence
in all age-groups.

ENVIRONMENTAL FACTORS

Other factors which influence the prevalence of
the diarrhoeal diseases are the density of the popula-
tion and the hygienic state of the environment.
Much has been written on these aspects, particularly
in relation to infantile gastro-enteritis in the large
cities and its increased prevalence in the slum areas

of such cities; much of this work was reported in
the first part of this century. The general picture
is still much the same, although living conditions
have improved considerably during recent years.

Evidence of the relation of infantile gastro-enteritis
to density of population is given in Table 4. England
and Wales are divided into ten administrative
regions, which are roughly the same in area; the
more densely populated regions-IT, V, IX and X-
are those which are highly industrialized and include
a number of large towns. The figures in Table 4
are open to criticism, but they serve to illustrate

that population density is a factor in E. coli gastro-
enteritis. The E. coli figures were compiled from
reports made by pathologists in public health and
hospital laboratories to the Director of the Public
Health Laboratory Service. It is believed that the
relationship shown in the table is true of other
infective agents causing diarrhoea in the various
age-groups. Table 4 also shows that the increased
incidence recurs year after year in the densely
populated areas. Scott (1953) published the results
of a study of gastro-enteritis in children under 2 years
old which supports the view that herding increases
the incidence of diarrhoea; his conclusions were
that " the large families, associated with their lower
social level, presented larger numbers at risk and a
greater degree of herding" and a greater risk of
infection.
Much has been published about the importance

of breast-feeding in the prevention of infantile
diarrhoea.

Scott (1953) found that the incidence of enteritis
was very much lower in breast-fed infants than in
those fed with artificial milk, and believed that
breast-feeding was the most important preventive
factor. Stewart & Westropp (1953) in Oxford,
investigating babies of both sexes, and Atkins
(1958), working with baby girls, found that there
was no difference in incidence of gastro-enteritis
between breast-fed and formula-fed infants; these
reports are supported by the detailed studies of
Levin et al. (1959). It is probable that there may be
an explanation for these opposing results; Scott's
patients came mainly from the poorer sections of
the community, the principal wage-earner being in
social classes III, IV and V, as defined in Classifica-
tion of occupations (Great Britain, General Register
Office, 1951), whereas there is no information on
this point in the other studies. Formula-feeding
is safe where methods of hygiene are understood
and put into effect, but may be very dangerous where
conditions are poor, such as may be found in the
slums of a developed country, or where the people
are untaught and conditions are adverse, as happens
in many under-developed countries.

Other environmental factors may favour the
spread of diarrhoea. Such factors as inadequate
methods of sewage and garbage disposal, which
result in an increase in flies and other vermin,
inadequate and polluted water supply, and others,
all play a part. In England and Wales these factors
are not now of importance, only very rarely needing
consideration in remote country areas.
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TABLE 4
INFANTILE GASTRO-ENTERITIS DUE TO E. COLI IN THE STANDARD REGIONS IN ENGLAND AND WALES a

Cases b
Region Population

1955 1956 1957 1958

1. Northern 3 187 000 139 (4) 130 (4) 160 (5) 203 (6)

II. East and West Ridings 4123 000 207 (5) 226 (5) 292 (7) 170 (4)

Ill. North Midland 3508000 133 (4) 143 (4) 55 (2) 58 (2)

IV. Eastern 3446000 60 (2) 30 (1) 36 (1) 52 (2)

V. London and South-East 11 000 000 779 (7) 914 (8) 869 (8) 729 (7)

VI. Southern 2 876 000 97 (3) 36 (1) 60 (2) 108 (4)

VII. South-Western 3 101 000 61 (2) 69 (2) 68 (2) 207 (7)

Vill.Wales 2611000 187 (7) 61 (2) 80 (3) 105 (4)

IX. Midland 4578000 550 (12) 412 (9) 405 (9) 471 (10)

X. North-Western 6477000 904 (14) 819 (13) 752 (12) 992 (15)

All Regions 44907000 3117 (7) 2840 (6) [ 2777 (6) 3095 (7)

a Compiled from reports made by pathologists in public health and hospital laboratories to the Director of the Public Health
Laboratory Service.

b Rates per 100 000 population are shown in parentheses.

RELATION OF ENTEROBACTERIACEAE IN INFANTILE

GASTRO-ENTERITIS

Investigations into the bacterial causes of infantile
diarrhoea have always shown the absence of accepted
pathogenic organisms from a large number of pa-
tients. Table 5 (Taylor, 1958) gives results published
in a number of different countries. The figures for
England were the results of a study of children under
the age of 2 years admitted to a London hospital.
Rectal swabs were taken from all infants admitted,
totalling 1258; of these, 905 had symptoms of
diarrhoea, 321 had no diarrhoea, and from 33 no
history was obtained. The figures in Table 5 are
not exactly comparable, owing to differences in
reporting; nevertheless, it is obvious that the amount
of infection attributed to E. coli, salmonellae and
shigellae varies greatly in different countries.
Although figures are not available, it is well known
that an accepted pathogenic organism could not be
isolated from a high proportion of adult patients.

It is suggested not that other enterobacteria are
necessarily non-pathogenic, but that in a number of
cases the cause is unknown; obviously virus and
other agents may be concerned.

THE PROBLEM OF SALMONELLA, SHIGELLA AND

ESCHERICHIA INFECTIONS

Salmonella infection in man showed a steady
increase in incidence from 1946 to 1955, but in 1956
there was a reduction of 14% and in 1957 a further
reduction of 8 %, which was mainly accounted for by
a fall in the number of incidents due to Salm. typhi-
murium (Monthly Bull. Minist. Hlth Lab. Serv., 1950,
1951, 1954a, 1955a, 1955b, 1956, 1957, 1958). Again,
in 1958 a rise in incidence was recorded which was
due to an increase in the number of Salm. typhi-
murium and to other serotypes (Monthly Bull.
Minist. Hlth Lab. Serv., 1959c). The commonest
Salmonella is Salm. typhimurium. Table 6, compiled
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TABLE 5
RELATIONSHIP OF ENTEROBACTERIACEAE TO INFANTILE GASTRO-ENTEROCOLITIS

Percentage
Country Total No. References

E. coli Shigella Salmonella Unknown

England 905 20.4 7.5 1.6 a 70 Taylor (unpublished)
France Unknown 52.6 2.6 3.9 41 Buttiaux et al. (1956)

USA 180 4.0 0.5 13.0 83 Stock et al. (1956)

Poland 3 000 (approx.) 36.0 5.0 10.0 49 Brokman et al. (1956)

Chile 54 b 57.0 22.2 9.2 Rodriguez et al. (1956)

a This figure includes paracolons.
b 48; additional cases in Chile due to parasites.

from these reports, shows the total number of con-

firmed salmonellae and Salm. typhimurium incidents,
excluding Salm. paratyphi B and Salm. typhi, which
have been recorded during the past six years.

Shigella sonnei infection is of major importance,
the number of cases having risen steadily from 1950,
when 13 497 cases were recorded, to 1956 with
43 726 cases. Unpublished figures provided by
Dr W. C. Cockburn show that there were 25 618
cases in 1957 and 34 563 cases in 1958.

Escherichia infection has shown great changes
during the past ten years, the number of fatal cases

as well as the severity of the infection in infants
having decreased steadily from about 1950. It is
believed that this change is due mainly to treatment
by fluid replacement early in the disease, and to
the use of antibiotics. Antibiotics, by reducing the
number of E. coli excreted, decrease the chances of
spread of the organism. It is not possible to quote
figures, as the number of E. coli serotypes sought,
as well as the number of laboratories making these

TABLE 6
SALMONELLA INFECTION IN ENGLAND AND WALES,

1953-58 a

Salmonella 1953 1954 1955 1956 1957 1958
incidents

Total 3171 3 576 5 383 4 412 4 278 4 952

Salm. typhimurium 2 438 3 038 4 276 3 245 2 973 3 406

a The figures include a few symptomless excretors.

investigations, have increased during recent years.
Nevertheless, this problem still exists, as shown by
the number of cases recorded in Table 4.

AGE INCIDENCE

Diarrhoea due to salmonellae may occur at any
age, but the maximum incidence in England and
Wales is in babies under 1 year; a similar finding
was reported by Clyde (1957) in the United States
of America. In Uruguay, Hormaeche (1940)
showed that the case fatality rate in children under
1 year was very high-30.74 %.
Table 7 shows the age incidence of Salm. typhi-

murium infection. The strains, together with the
clinical information, were received during the years

TABLE 7
INCIDENCE OF SALMONELLA TYPHIMURIUM INFECTION

RELATED TO PATIENTS' AGE

Age (years) No. of cases Percentage

Under 1 153 12.0

1-4 328 25.9

5-9 133 10.5

10-19 120 9.5

20-59 a 104-107 8.2-8.4

60-69 58 4.6

70 and over 52 4.1

a Outside figure for 10-year period.
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1949-51, and were identified in my laboratory. Not
only is Salm. typhimurium infection more common
in the young, but, in addition, the clinical disease
is more severe. Taylor (1958) found that 37% of
babies under 1 year experienced an illness of 14 days
or longer; in only 9% was the period three days
or less. In the higher age-groups, the illness tended
to be still shorter.

Diarrhoea caused by E. coli is of major importance
in babies under the age of 1 year, and rarely occurs
in older children, except in patients debilitated by
other diseases. Table 8 (from McDonald & Charter,
1956) shows the relation of age to symptoms in
young children, and illustrates the fact that in out-
breaks of E. coli infection the carrier rate is high
among the healthy child contacts. Previously, it
had been found that the carrier rate was low in
adult contacts. Similar results were obtained in a
study of E. coli 0128 infection by Taylor & Charter
(1955).

TABLE 8

ASSOCIATION BETWEEN DATE OF FIRST ISOLATION
OF AN E. COLI SEROTYPE AND ONSET OF GASTRO-
INTESTINAL ILLNESS IN A RESIDENTIAL NURSERY a

TABLE 9
AGE DISTRIBUTION OF SHIGELLA SONNEI INFECTION

IN LEICESTER, ENGLANDa

Confirmed SymptomlesAge clinical bypols Totalb
dysentery b excretors

Under I month _ _

1-11 months 10 (2.7) 12 (3.9) 22 (3.2)

1-4 years 172 (46.0) 91 (29.4) 263 (38.5)

5-14 years 140 C (37.4) 82 (26.5) 222 (32.5)

Over 14 years 52 (13.9) 124 (40.1) 176 (25.8)

Total 374 (100) 309 (100) 683 (100)

a Based on data from Ross (1955).
b Percentages are given in parentheses.
c Includes 1 Sh. flexneri.

less excretors. The proportion of confirmed clinical
dysentery cases to symptomless excretors falls with
age. At 0-4 years the case : excretor ratio was
1.77 :1, at 5-14 years the ratio was 1.80 :1, and
over 14 years it was 0.42: 1.

Number developing
Illness within a week
before or after date of

first isolation

Under Over
1 year 1 year

0 0

9
(3 fatal)

0 0

3
(also excreting
type 0 55:B 5)

2 0

a Reproduced, by permission, from McDonald & Charter
(1956).

Shigella infection may occur at any age, but
figures suggest that the disease is more common in
children between the ages of 1 and 5 years. Table 9,
compiled from figures published by Ross (1955),
gives numbers and percentages ofcases and symptom-

CARRIER RATES

It is known that in the majority of diseases caused
by bacteria the number of healthy carriers is related
to the number of clinical cases. A recent study
(Monthly Bull. Minist. Hlth Lab. Serv., 1959b) of
children under the age of 5 years showed a general
carrier rate for salmonellae of 2.1 per 1000 and for
Sh. sonnei of 4.2 per 1000, although the rates found
in different parts of the country varied considerably.
An unpublished study by the Salmonella Subcom-
mittee (1940-50) of the Public Health Laboratory
Service of faeces from patients admitted to hospital,
but not suffering from gastro-intestinal disease, gave
the following results: 7 of 3303 children under
15 years excreted Salm. typhimurium; 11 of 2968
women attending antenatal clinics excreted salmo-
nellae (5 Salm. typhimurium, 2 Salm. meleagridis,
2 Salm. thompson, 1 Salm. oranienburg, 1 Salm.
richmond); 1 of 1091 adults excreted Salm. typhi-
murium. The general carrier rate was 0.25 %. To
some extent the Salmonella carrier rate may be
related to the work of the persons studied. Dr Cook,
in a personal communication, stated that he found a
higher Salmonella carrier rate in the members of the
family who prepared the food, usually the house-
wife.

0126:B16 11
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The carrier rate of enteropathogenic E. coli was
found to be 20 per 1000 among children under
5 years (Monthly Bull. Minist. Hlth Lab. Serv.,
1959b). This finding would support the view that
this age-group may be an important reservoir of
infection. Gamble & Rowson (1957) found a rate
of 2% in patients over 15 years of age in the Greater
London area.

SEROTYPES OF SALMONELLA AND ESCHERICHIA
CAUSING INFECTION

As already stated Salm. typhimurium has been,
and has remained, the commonest serotype since
1923, when records of serotypes were started. The
second most common types have been either Salm.
thompson, Salm. newport or Salm. enteritidis; here
again, very little change occurred until 1958, when
Salm. heidelberg became the second most frequent
type. Salm. typhimurium accounts for 75%-80%,
and the second group for about 12 %, of human
infections; the remaining cases, about 10%-15%,
have been due to a variety of Salmonella types
(Table 10). It is within this last group that the

TABLE 10
INCIDENCE OF SALMONELLAE, AT 5-YEAR INTERVALS,
ISOLATED FROM SPORADIC CASES, SYMPTOMLESS

EXCRETORS AND OUTBREAKS a

Salmonella type | 1940 1945 J 1950 1955 1958b

Salm. typhimurium 38 319 1 593 4 276 3 406

Salm. newport 13 17 77 66 118

Salm. thompson 19 19 67 164 132

Salm. enteritidis 17 35 91 126 113

Salm. oranienburg - 14 11 16 8

Salm. montevideo - 25 18 9 5

Salm. heidelberg - - - 77 308

Salm. senflenberg 2 2 3 12 -

a One strain from each incident.
b 1958 is included as the last year for which figures are at

present available.

number of cases due to any one serotype may change
very considerably from one year to another. For
example, Salm. senftenberg was isolated on eight
occasions or less in each of the vears 1940 to 1953;

then, in 1954, there were 29 reported incidents, in
1955 12 incidents, and by 1956 the original level of
less than eight was found once more. The increase
in 1956 was real, taking into account the fact that
an outbreak is regarded as a single incident although
any number of persons may be infected. Salm.
heidelberg was first isolated in England and Wales
in 1953, when it was responsible for 11 incidents;
since that time it has steadily increased in frequency.
A similar change in the prevalence of Salm. oranien-
burg and Salm. montevideo was noted, particularly
in 1942 and the following years. Evidence that
these types had been imported in American spray-
dried egg was published in a report by the Medical
Research Council (1947). This report was of
particular interest as it widened our outlook, show-
ing that, at the time, the salmonellae could be divided
into an endogenous and an exogenous group. The
exogenous group comprised a large number of
serotypes that had not been found before in England
and Wales. A large number of cases was caused
by the small endogenous group of salmonellae,
whereas the number caused by the exogenous group
was small and varied from year to year. Today the
division is far less clear, and, except with rare or new
types, it is difficult to distinguish the indigenous from
the foreign strains.
The incidence of the different serotypes of entero-

pathogenic E. coli shows variation from one year
to another, as shown by Smith (1955) in his study
of this infection in Aberdeen. These changes have
been recorded for England and Wales in Table 11.
The most noticeable changes are shown by sero-
types 0127 and 0128. Type 0128 was isolated
frequently in 1955, but the number of isolations
has fallen considerably up to the present time,
whereas type 0127 has increased in frequency.
Serotypes 026, 055 and 0111 are accepted as
important causes of infantile diarrhoea in all parts
of the world. These serotypes have maintained a
fairly constant level of frequency since records have
been available; in England and Wales the same holds
true of type 01 19. No reasons have been suggested
to account for the constant level of some types and
the variation in others, but it is not suggested that
the picture is in any way comparable with that of
Salmonella infection. The enteropathogenic E. coli
are believed to be relatively host-specific, those
types occurring in man being unimportant in animals
as a cause of food-poisoning. Neither animals nor
foods play any important part in their spread in
England and Wales.
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TABLE 11
ENTEROPATHOGENIC E. COLI SEROTYPES NOTIFIED IN ENGLAND AND WALES, 1955-58'

_,SQ 1955 1956 1957 1958 1955 1956 1957 1958 1955 1956 1 1957 1958

Cases 026 055 0111

Total 594 641 601 573 905 824 506 445 692 496 533 500

Fatal 8 5 4 3 6 4 1 - 2 2 3 b -

Sporadic 438 501 526 453 444 396 362 274 321 279 331 241

Outbreaks 82 57 75 77 252 215 144 104 143 98 152 121

Cases 0119 0127 0128

Total 585 608 712 512 21 70 323 567 411 148 104 68

Fatal 2 1 8 4 - I 1 5 5 1 2 2

Sporadic 248 340 391 334 - 28 182 347 211 114 97 57

Outbreaks 193 127 316 148 21 39 141 178 117 18 7 9

a Compiled from reports made by pathologists in public health and hospital laboratories to the Director of the Public Health
Laboratory Service.

b 3 fatal cases also had whooping cough.

SEASONAL INCIDENCE

The seasonal incidence of Salmonella and Sh.
sonnei infection is shown in Fig. 1, prepared by the
Epidemiological Research Laboratory, Public Health
Laboratory Service, Colindale, London. The year
1958 was chosen as a representative year. As is
well known, the incidence of Salmonella infection
remains relatively low in the winter months January,
February and March. There is a fairly steep rise
in incidence during the early summer, reaching a
peak between the 32nd and 40th weeks of the year-
August and September. This is followed by a fairly
steep drop in numbers. A peak during the summer
months has occurred in 1956, 1957 and 1958.
The highest incidence of Sh. sonnei infection

occurs about the end of February and early in March.
The Epidemiological Research Laboratory, which
provided Fig. 1, has charts for 1956 and 1957; in
both these years the peak incidence was at the same
period.
The seasonal incidence of E. coli infection has

been prepared from reports from public health and
hospital laboratories. E. coli types 055:B5, 0111:
B4, 0119:B14, 0127:B8 and 0128:B12 have been
used in Fig. 2; the numbers of cases due to each type

have been added together to provide the final totals
used in the chart. Reports on E. coli 026:B6 have
not been included, as this serotype is often wrongly

FIG. I

SEASONAL INCIDENCE OF SALMONELLA AND SH. SONNEI
INFECTION IN ENGLAND AND WALES, 1958
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FIG. 2
SEASONAL INCIDENCE OF 5 ENTEROPATHOGENIC

E. COLI SEROTYPESa IN ENGLAND AND WALES, 1958
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055: B5, 0111: B4, 0119: B14, 0127: B8, and

identified owing to the wide distribution of antigens
related to but different from 026 :B6 in other
organisms. Fig. 2 shows that the highest incidence
of E. coli infection occurs about February and
March; the incidence then drops, being lowest in
June, July and August, and then commences to
rise again. It has been suggested that this increased
incidence in the cold months may be related to the
increased chances of contact between babies and
toddlers, which is bound to occur in the cold winter
months.

In the early part of the present century, infantile
diarrhoea was known as " summer diarrhoea ", with
the peak incidence, as this name suggests, in August
and September. The cause of summer diarrhoea was
never satisfactorily determined. Undoubtedly a
number of different agents were involved in the
various outbreaks, including pathogenic groups such
as salmonellae and shigellae. Proteus morganii was
believed by many observers to play some part, and,
in the light of modern knowledge, E. coli may also
have been involved. A definite change in seasonal
incidence has been observed in most western

countries, a change which has resulted from a
number of different factors; it may be that the almost
universal replacement of raw by heat-treated milk
after the First World War was one of the major
factors concerned. At the present time, there is no
evidence that milk plays any part in the spread of
infection in England and Wales.

MODE OF SPREAD
Salmonellae

There are numerous reservoirs of Salmonella
infection, for these organisms have been isolated
many times from man, animals, birds and reptiles,
where they may cause disease or may exist in the
intestinal canal as harmless saprophytes. As these
organisms are excreted in faeces, flies and other
insects may become contamined by infected faeces
and transfer the infection to any materials, such as
food, on which they settle: this method of spread is
relatively unimportant in England and Wales owing
to the piped sewerage system, the arrangements for
the disposal of garbage, and the climate, all of which
result in a comparatively small fly population.

Salmonellae are spread from one country to
another by the import and export of foodstuffs,
particularly protein foods, for the use of man and
animals, and by the import and export of fertilizers
for plants. The results of the isolation of Salmonella
serotypes from foreign and home-produced egg
products in 1958 is shown in Table 12. It can be
seen that Salm. typhimurium was found in English,
Chinese, Australian, Danish and Dutch products;
that Salm. thompson was isolated from many
samples of Chinese material, from a few samples of
English and Dutch material; and also that a sero-
type may occur more frequently in material from
a particular country-Salm. thompson in Chinese
products and Salm. bareilly in Dutch products. It
is believed that a great deal of infection occurs as the
result of organisms present on the shell being
transferred to the egg pulp during breaking out, or
by infection of the egg pulp itself, or by both methods.
Infection by food-handlers excreting salmonellae is
also a possibility. Studies on egg-processing plants
by Murdock (1954) showed that 48.2% of liquid
duck's egg and 2.1 % of samples of liquid hen's egg
were infected with salmonellae. These results may
be compared with those reported by the Public
Health Laboratory Service (Monthly Bull. Minist.
Hlth Lab. Serv., 1954b), showing that only 0.15%
of shell duck's eggs and no shell hen's eggs (Bern-
stein, 1952) were infected. It is obvious that pro-

6
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TABLE 12

DISTRIBUTION OF SEROTYPES AMONG SAMPLES OF EGG PRODUCTS CONTAINING SALMONELLAE IN ENGLAND

AND WALES, 1958a

Serotype

Sa.m. thompson
Salm. potsdam
Salm. muenchen

Salm. -anatum
Salm. cholerae suis

Salm. bareilly
Salm. aberdeen

Salm. pullorum
Salm. typhimurium
Saim. bovis
morbificans

Salm. dublin

Salm. mikawasima

Salm. meleagridis
Salm. paratyphi B
Saim. newport
Salm. senegal

Salm. orion

Salm. oranienburg
Salm. worthington
Saim. hessarek

Saim. adelaide

Salm. newbrunswick
Salm. cambridge
Salm. menston

Salm. binza

Salm. infantis
Salm. tennessee

Salm. montevideo

Salm. newington
Salm. blockley
Salm. give
Salm. kentucky
Salm. senftenberg
Salm. cubana

Salm. litchfield
Salm. heidelberg
Salm. derby
Unidentified

Chinese Australian

Samples % Samples %

223 60.4
7 1.9 7 0.8
1 0.3

3 0.8 1 0.1

i

1

9

20

3

3

41

34

12

7

V.D

0.3
2.4
5.4

0.8

0.8
0.3
0.3

11.1

9.2
3.3

0.3

1.9

634

130

4

6

4

37

15
35

3

15

70.9

14.5

0.4

0.7

0.4

4.1

1.7
3.9

0.3

0.2

0.1

1.7

English

Samples| %

4

2

72

_

4.9

2.5

88.9

1.2

1.2

1.2

Danish American Dutch

Samples % Samples % Samples %

7

2

77.8

2

2
4

18

_- 5

2.2 -

_ 2

- 6

- 11
-- 2

- 27
_ 4
- 1

1

1

- 21

1.9

3.8

17.3

4.8

1.9
5.8

10.5

1.9

26.0
3.7

1.0

1.0

20.2

1 2.1

13 27.7

2 4.3

6 12.8

4 8.5

3 6.4

10 21.3

5 10.6

1 2.1

1 2.1

1 2.1

47 100

a Compiled from reports by bacteriologists to the Director of the Public Health Laboratory Service.

Totals
(38 serotypes;
1 504 samples) 369 100 - 894 N100 - 81 100 9 - 100 104 100
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cessing distributes the infection in the material, and is
therefore partly responsible for the increased
incidence of salmonellae in any processed egg
product.
Frozen meat, such as boneless beef, boneless veal

and boneless mutton, is imported from abroad, and
Salm. typhimurium, Salm. newport, Saim. bovis
morbificans and others have been isolated from these
products (Hobbs & Wilson, 1959). It is believed
that in factories for the boning and processing of
meat, a single infected carcass may cause widespread
contamination.

Animal feeding stuffs, particularly those con-
taining animal or fish proteins, may be contaminated
with salmonellae (Monthy Bull. Minist. Hlth Lab.
Serv., 1959a). The ways in which feeding stuffs
become contaminated are not fully known, but cer-
tain factors are important in considering this subject.
First, animal protein may be obtained from animals
dying of Salmonella infection. Secondly, carcasses or
fish may be subject to contamination by external
agents, such as vermin or flies, or by other means; for
example, Dr McCoy (personal communication)
traced the contamination of fish to sewage-contami-
nated water used to wash them when landed at the
dockside in Hull. Many feeding stuffs are subjected
to heat treatment at high temperatures; these may be
free of salmonellae after processing, but may become
reinfected by the dust or by placing the clean
material in infected containers (Monthly Bull.
Minist. Hlth Lab. Serv., 1959a). Obviously, such
foodstuffs are a source of infection of birds and
animals used for human food. An attempt has been
made to analyse the results of Salmonella isolations
from man, from human and animal foods, from
fertilizers and from animals; the strains from
animals were those investigated in the Salmonella
Reference Laboratory, so may not be generally
representative of those usually isolated from animals
in England and Wales as a whole. Table 13 gives a
list of the eight salmonellae most frequently isolated,
and five more rarely isolated, from human material in
1958, together with other sources of these organisms.
It will be seen that Salm. typhimurium, the most
common cause of salmonellosis in man, is widely
distributed in human food, in domestic animals used
for human food, as well as in the feeding stuffs of
domestic animals and poultry. As a generalization,
it may be said that the serotypes in the first part of
the table (left-hand page), those most frequently
found in man, are also those types which have the

widest distribution in human food, domestic animals
and animal feeding stuffs. The obvious exceptions
in this table are Salm. saintpaul and Salm. enteritidis.
Salm. saint paul has become an important cause of
human infection in England and Wales since 1956,
when eight incidents were recorded, increasing to
95 incidents in 1958. Although this type was isolated
from a pig, it is believed that a vehicle which has not
yet been identified must exist, as there were no
isolations from the human foods, as shown in Table
13. The single isolation from pig would suggest that
this " source " and pig products are worthy of special
investigation. Salm. enteritidis, which has always
been one of the most common human types, is not
widely distributed among domestic animals, and was
never isolated from human food. Table 13 shows
that 34 strains were classified into one of three
varieties, and that Salm. enteritidis var. jena, the
human type, was the most common. This result
would suggest either that this variety may be rela-
tively host-specific, in which case an animal reservoir
would not be found, or that the source is unknown.
Personally, I would suggest that this variety is
relatively host-specific, as it has remained a common
human type during the whole of the period for which
records are available, yet rarely have animals or
foods been traced as a source of infection. As
certain types become more rare in man, so does their
distribution in human foods, in animals and in
feeding stuffs, until one comes to Salm. taksony,
which was isolated once only from man and never
from animals, but was isolated occasionally from
animal feeding stuffs. Of course, during 1958 a
number of Salmonella serotypes were isolated from
animals which were not isolated from man, and a
certain number of types were isolated from animal
feeding stuffs and fertilizers which were not found
in either man or animals.
So far, the circle of Salmonella infection discussed

has been man, domestic animals and foodstuffs. It
is suggested that if a Salmonella is a major cause of
human infection, then it will occur commonly in
domestic animals used for human food and in
animal feeding stuffs. The exceptions in this view
are the host-specific species, such as Salm. typhi for
man and Salm. dublin for the calf.
The outlook on the mode of infection of the

vehicles has widened in recent years. It has been
found that in some instances the epidemiology of an
outbreak has pointed clearly to a particular food
which is known to be a most unlikely source of
infection; it has been shown that such foods may
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TABLE 13

COMPARISON OF SALMONELLA ISOLATIONS FROM HUMAN SOURCES WITH ISOLATIONS FROM ANIMALS
AND OTHER MATERIAL IN ENGLAND AND WALES, 1958a

Products c
Salmonella type Human b Animals b_

_ Human foods Eggs or egg products Animal foods or fertilizers

Salm. anatum 55 Pigs 35 English beef 4 Foreign egg products 8 Fish meal 2

Bone meal 15
Meat & bone meal I
Pig starter mash or meal I
Hoofs or hoof meal 1
Indian crushed bone 5
Fertilizer I

Salm. bredeny 50 Pigs 3 Fish meal 2
Bovine 2 Meat meal 1

Bone meal 4
Indian crushed bone 1

Salm. derby 58 Pigs 1 Sausages or meat 3 English egg products I Chick meal I
Chickens 1 Meat meal 1
Dogs I Hoof & horn fertilizer I

Hoofs or hoof meal 5
Indian crushed bone 1
Fertilizer I

Salm. enteritidis 79 Pigs I Meat meal 1

var. danysz 1 Pigs I

var. essen I Fish meal I

var. jena 32 Pigs 2 Indian crushed bone 2
Bovine I

Salm. heidelberg 308 Pigs 2 Sausages or meat 2 Foreign egg products I Indian crushed bone I
Dogs 4

Salm. newport 118 Pigs 2 Australian beef I Foreign egg products 12 Bone meal 10
Dogs I New Zealand mutton 1 Indian crushed bone 3

Fertilizer I
Crushed bone 1

Salm. thompson 132 Pigs 6 Foreign egg products 227 High-energy layer pellets 1
Chickens 4 English egg products 4
Dogs 1

Salm. typhimurium 3097 Pigs 16 Sausages or sausage Foreign egg products 143 Bone meal 9
Bovine 10 meat 3 English egg products 72 Meat & bone meal 1
Chickens 6 Pork or pork luncheon Miscellaneous egg Hoof & horn fertilizer I
Dogs 1I meat 2 products 19 Hoofs or hoof meal 3
Sheep I Pig's kidney I Indian crushed bone 4
Turkeys I Cockles I Fertilizer 1

Australian boneless
beef I

New Zealand boneless
mutton 3

New Zealand frozen
veal 5

a Data for human sources and for products compiled from reports by bacteriologists to the Director of the Public Health Labo-
ratory Service; data for animal sources extracted from the records of the Salmonella Reference Laboratory, Colindale, London.

b I strain per incident.
c 1 strain per sample.
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TABLE 13

COMPARISON OF SALMONELLA ISOLATIONS FROM HUMAN SOURCES WITH ISOLATIONS FROM ANIMALS
AND OTHER MATERIAL IN ENGLAND AND WALES, 1958a (concluded)

Products c
Salmonella type Human b Animals b

c

Human foods Eggs or egg products Animalfoodsorfertilizers

Salm. bovis 27 Pigs I New Zealand frozen Foreign egg products 7 Bone meal 5
morbificans veal 2

Saim. muenchen 31 Pigs 1 Sausages or sausage Foreign egg products 3 Fish meal I
Chickens 1 meat 1

Saim. reading 15 Dogs 2 Sausages or sausage Bone meal 1
meat I Indian crushed bone 6

Australian beef I

Salm. senftenberg 10 Pigs I Lebanese wheat Foreign egg products 1 Fish meal 1
Dogs 3 pollards I Pakistan cofton-seed

cakeI
Bone meal 16
Meat & bone meal 4
Hoof & horn fertilizer I
Indian crushed bone 4
Bone flour I
Crushed bone 1
Compound protein meal 3
Home bones and
degreased greaves I

Salm. taksony 1 Meat meal 1
Bone meal 2
Indian crushed bone 1
Bone flour I

a Data for human sources and for products compiled from reports by bacteriologists to the Director of the Public Health Labo -

ratory service; data for animal sources extracted from the records of the Salmonella Reference Laboratory, Colindale, London.
b I strain per incident.
c I strain per sample.

become infected as a result of their preparation in an
infected environment. For example, Wright et al.
(1957) described an outbreak due to Salm. thompson
in which cases occurred in widely separated areas of
the Edinburgh district, over a period of about two
weeks. The infection was attributed to Chinese
frozen egg albumen, but the interesting point is
that one of the vehicles of infection was synthetic
cream, which probably became contaminated either
by being mixed with an infected mixer or in an
infected receptacle, as the cream itself was free of
salmonellae.
Another interesting epidemic occurred in which

nine different Salmonella serotypes were implicated.
From one patient six different serotypes were
isolated, and in many patients multiple serotypes
were found. Swiss rolls, trifles and other articles
made in a large factory were responsible for this
widespread outbreak. Such foods as the Swiss roll

were adequately cooked and almost certainly sterile
when removed from the ovens; it is believed that the
foods were contaminated by dust which itself was
contaminated with American egg albumen powder
in use in the factory. Bacteriological plates were
placed in parts of the factory where the food was
prepared, and salmonellae were isolated. In addi-
tion, the same types of salmonellae were isolated
from samples of the American egg albumen (Dr
Payne, personal communication). This outbreak
shows clearly that it is necessary to consider carefully
not only the background and origin of the vehicle
of infection, but also the environment and conditions
in which it is prepared.
McDonagh & Smith (1958) made a careful study

of salmonellae in pigs in the Bradford abattoir.
They showed that the incidence of salmonellae was
greater when pigs were kept for longer periods in
the lairages of the abattoir while awaiting slaughter.
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It was also found that human Salmonella infections
in Bradford, over the same period, were closely
related to the abattoir findings, although there were
no general outbreaks at the time.
To summarize briefly the factors influencing the

mode of spread of salmonellae in England and
Wales, consideration must be given to foodstuffs
both of man and of domestic animals used for food;
to the environment in which food is prepared; and
to the ingredients in one method of cooking. Do-
mestic animals and poultry may harbour salmo-
nellae; adverse conditions, such as long periods and
crowding in lairages prior to slaughter, increase the
infection rate. Animal feeding stuffs are a source
of Salmonella infection in animals and poultry,
which, in turn, become a reservoir of infection for
man.

Enteropathogenic E. coli

Escherichia coli spreads from patient to patient.
There have been numerous examples of this finding
in hospital wards for sick babies (Giles & Sangster,
1948; Taylor et al., 1949), as well as in residential
nurseries for healthy children (Taylor & Charter,
1952). Investigations have shown that E. coli sero-
types responsible for human disease are rarely found
in animals; the reverse is also true, that serotypes
responsible for calf scours and enteritis in swine are
rarely isolated from babies with diarrhoea. Spread
occurs from patient to patient, probably by the
transfer of organisms on the hands of the attendants,
or by the infection of utensils by hands or by dust.
Rogers (1951) showed that the environment of a
case of infantile enteritis is heavily contaminated
within 18 hours of admission; he believes that com-
munal articles used throughout a ward, and infected
dust, are responsible for the spread of infection.
Rogers & Koegler (1951) also showed the part
played by hospitals in the spread of infection. The
most important source of human infection is the
clinical case; next in importance is the carrier-
child carriers have been discussed earlier in this
paper. Taylor et al. (1949) investigated adults who
were in contact with cases of infantile diarrhoea
and found that 4 of 84 examined excreted the sero-
type. The four included a daily cleaner, a laundress,
and two mothers, but no carriers were found among
the nurses examined. I believe that this result is
informative, as it indicates that those with special
training in methods of hygiene are less likely to
become carriers than are other members of the staff.
Singer & Ludford (1953) traced the source of

infection in homes for children of trainee nurses;
it is believed that these nurses were not undergoing
the hospital type of training, and therefore would
be less cognizant of methods of hygiene.
Gamble & Rowson (1957) found about 1 %-2%

of the adult population and 20% of hospital children
were excreting enteropathogenic E. coli. The faeces
were examined because of diarrhoea, but there did
not appear to be a close relationship between the
clinical symptoms and the presence of a serotype;
it is possible that strains differ in their virulence.
Some of the human pathogenic types have been

isolated from chicken faeces and from raw cow's
milk (Thomson, 1956). Nevertheless, the epide-
miology of infantile enteritis in this country shows
no relation to such sources. English pasteurized
milk was found by Papavassiliou (1957) to be free
of enteropathogenic E. coli. Enteropathogenic
E. coli have not been isolated from piped water,
but have been found in w_ll-water and in sea water.
In both instances, the inference was that their pre-
sence was due to faecal contamination by man,
animals or both. Again, there is no reason to believe
that infected water plays any part in the spread of
the disease in this country.

Shigellae
It is now believed that Sh. sonnei is spread by

contact either between patients or with infected
articles. Taylor (1957) brings evidence suggesting
that about the year 1937 Sonne dysentery in England
and Wales was emerging as a widespread epidemic
disease, possibly owing to a change in the mode of
spread. Originally this infection was spread by a
combination of food-borne infection and personal
contact, but now it has adopted the far more success-
ful method of personal contact. Hutchinson (1956)
isolated Sh. sonnei from lavatory seats and the hands
of children excreting the organism, and found that
the organisms survived for many days in contamin-
ated premises. Environmental infection was found
to be greater in cases with diarrhoea, which supports
the findings of Ross (1955) that the secondary
attack rate in families was greater when the first
case had diarrhoea than when the primary case
was a symptomless excreter.

DISCUSSION

I feel that any discussion of the diarrhoeal
diseases, their etiology, seasonal incidence, mode of
spread and other relevant subjects, would be in-
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complete without saying something about the host-
in this instance, man. The three main etiological
agents may be isolated from a relatively high per-
centage of persons who remain perfectly healthy.
It is found in comparing the numbers of cases with
the numbers of carriers, in outbreaks where a single
strain of an organism is responsible for all cases,
that the case-to-carrier rate is high in babies with
Salmonella or E. coli infection and in older children
with Sh. sonnei infection, but that in adults it is
lower, showing that the host becomes more resistant
as age increases.
The balance between host and parasite is of major

importance in E. coli infection. In the outbreak due
to E. coli 0126 (E61 1) described by Taylor & Charter
(1952) it was found that enteritis associated with
this type occurred only in babies excreting this sero-
type who, in addition, were suffering from a " cold ".
The babies who had a " cold " but no E. coli 0126,
or who had the coli type but no " cold ", failed to
develop enteritis. A similar association has been
seen in babies' wards, where patients with pneumo-
nia are more likely to develop diarrhoea than are
babies with non-debilitating diseases. Stevenson
(1950) investigated an outbreak of diarrhoea due
to E. coli 0111 among adult patients with diabetes;
here, too, the susceptibility of the host was in-
creased.

Salmonella outbreaks in hospitals are often
associated with maternity units. A usual finding is
that on inquiry a patient will remember passing
loose stools some time before admission; or a patient

may be admitted and delivered, and a few days later
either the patient or the baby passes a few loose
stools. Such outbreaks have been described by
Pugh & Vakil (1952) and Jones & Pantin (1956).
Often the symptoms are so mild that they are un-
noticed until a serious or fatal case occurs among the
young babies. Salmonella meningitis may occur in
the premature babies, although the other babies and
adults concerned in the outbreak suffer from the
typical diarrhoeal disease (Murray & Walker, 1958).
From such a focus the infection may spread to
other wards in the hospital. I believe that pregnant
women, like other pregnant animals, are unusually
susceptible to Salmonella infections. Figures have
already been given showing that babies under 1 year
old are particularly susceptible, and when infection
occurs in a maternity ward it is probable that a
number of mothers and babies will pick up the
organism. In these circumstances, the infection is
probably spread by contact, in the same manner as
Sh. sonnei and E. coli; certainly the epidemiology
is quite different from that of food-poisoning. The
assessment of the host in relation to infectious disease
is always difficult. Many of the views expressed are
impossible to prove, for in all naturally occurring
disease it is impossible to determine the dose of the
infecting agent absorbed (eaten, in diarrhoeal
disease) by the patient. Nevertheless, my experience
in England and Wales leads me to believe that age,
pregnancy and debilitating conditions are important
factors in the production of clinical disease due to
enteropathogenic organisms.
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R1ESUM12

En Angleterre/Pays de Galles, les infections diar- en 1958. Le nombre des cas dus a Shigella sonnei a aug-
rheiques, bien que peu meurtrieres, demeurent des causes mente de 1950-56. Le nombre et la gravite des infections
de maladies chez les jeunes enfants et d'absenteisme chez a Escherichia coli chez les enfants a constamment decru
les adultes. depuis 1950, ce qui est attribue au traitement par rehy-

Les infections a Salmonella ont augmente de 1946 a dratation institue au debut de la maladie, et aux antibio-
1955, diminueen 1956 et 1957, pour augmenter a nouveau tiques qui diminuent le nombre des agents pathogenes
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excretes, et par consequent la dissemination de l'in-
fection.

L'auteur etudie le probleme des maladies diarrheiques
en fonction de l'age, des serotypes responsables, et des
saisons.
Age: La frequence maximum des infections a Salmo-

nella (en particulier S. typhimurium) s'observe chez les
enfants de moins d'un an. I1 en est de meme des infec-
tions a E. coli qui ne se presentent qu'exceptionnellement
chez les enfants plus ages, et chez ceux-lA surtout qui sont
affaiblis par d'autres maladies. Les infections A Shigella
peuvent survenir A tout age. Le groupe d'age de 1-5 ans
est le plus vulnerable.

Serotypes: S. typhimurium est le plus important,
causant 75-80% des cas de salmonellose, depuis 1923,
annee ou debuta le serotypage. Quatre autres serotypes
ont tour a tour occupe la seconde place. Parmi les
10-15% restants, on trouve divers serotypes, dont les uns
ont predomine certaines annees, importes avec certaines
denrees. Les serotypes predominants de E. coli varient
suivant les annees. Cependant les types 0 26, 0 55 et
O 111, occasionnant les diarrhees des nourrissons se sont
maintenus a un niveau constant depuis qu'ils sont
connus. Mais leur etiologie n'est nullement comparable
a celle des salmonelloses. Les serotypes d'E. coli impor-
tants pour l'homme ne le sont pas pour les animaux. Ni
les animaux, ni les aliments ne sont la cause de leur fr&-
quence en Angleterre/Pays de Galles.

Saison: En 1956, 1957, 1958, la courbe de frequence
des salmonelloses a accuse un clocher en aout-septembre.
Celui de Sh. sonnei se place en f6vrier-debut mars. Il en
est de meme pour E. coli, dont la courbe est au minimum
en juin, juillet et aout, pour s'elever les mois suivants. Au
debut du siecle, la diarrhee du nourrisson etait dite
* diarrhee d'Wte *; sa pathogenie restait obscure. I1 est
probable que divers organismes y participaient
Salmonella, Shigella, Proteus, E. coli. Le changement
survenu dans l'epidemiologie saisonniere, et cela dans la
plupart des pays occidentaux, peut etre attribuee en
partie au remplacement du lait cru par le lait pasteurise,
apres la premiere guerre mondiale. I1 semble que le lait
ne joue plus un r6le important dans la dissemination des
germes diarrheiques.

L'auteur etudie ensuite le mode de contamination et
les sources de l'infection. Les Salmonella sont transmises

d'un pays i l'autre par les produits commerciaux, en
particulier les aliments proteiques et les engrais. S. typhi-
murium a et trouvee dans des preparations d'aeufs pro-
venant de divers pays de plusieurs continents. Les mani-
pulations que subissent les oeufs pour la preparation de
produits commerciaux augmentent les risques de disse-
mination. On peut en dire autant des preparations de
viande - il suffit d'une carcasse infectee, dans un
abattoir, pour repandre l'infection au loin. Mais souvent
ce n'est pas l'aliment principal lui-meme qui est infecte,
mais les appareils au travers desquels il passe, les condi-
ments qu'on lui ajoute, l'air qui l'entoure alors qu'il
est sorti sterile d'un four, par exemple. Les animaux
domestiques et la volaille peuvent contenir des Salmo-
nella; de longues periodes d'attente avant l'abattage
intensifient la pullulation des germes. Les aliments pour
animaux sont une source d'infection pour l'animal qui a
son tour peut contaminer l'homme. Les serotypes de
E. coli pathogenes pour l'homme se rencontrent rarement
ches les animaux et vice-versa. La contamination a lieu
directement d'un enfant a l'autre, par l'intermediaire des
personnes qui s'occupent d'eux, d'objets ou de poussieres.
On a montre qu'un cas de diarrhee infecte l'entourage
en 18 heures. Actuellement, les infections a Shigella
semblent se transmettre d'un sujet a l'autre. L'organisme
pathogene peut subsister plusieurs jours dans les locaux.
A ces facteurs etiologiques s'ajoute celui de la resistance

individuelle de l'h6te, en l'occurrence l'homme. Des
Salmonella, Shigella et E. coli se rencontrent chez des
personnes en parfaite sante. Des infections debilitantes
augmentent les risques d'infection. Le rhume, la pneu-
monie, le diabete, favorisent chez les enfants les manifes-
tations cliniques de E. coli. Une diarrhee a Salmonella
provenant d'une infection maternelle inaperque ou
neglig&e le jour de l'accouchement, peut etre fatale a un
nouveau-ne. Une meningite a Salmonella peut frapper un
enfant premature. Les femmes enceintes comme les ani-
maux gravides sont extremement sensibles aux Salmo-
nella. Dans ces cas, l'infection n'a rien i voir avec une
contamination alimentaire. I1 est difficile d'evaluer la part
de la resistance individuelle, mais il semble que des
facteurs favorisants, tels que la grossesse et les infections
debilitantes, jouent un grand r6le dans l'apparition des
manifestations cliniques dues aux germes enteropatho-
genes.
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