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The Investigation and Control of Salmonellosis*
KENNETH W. NEWELL'

The information available about salmonellosis, a controllable disease with a
wide distribution, is unsatisfactory for many reasons. Both because of the wide
variations in the clinical picture of what is bacteriologically a homogeneous group,
and because the methods of control vary considerably with the biochemical and
serological type of organism, no country in the world can be said to possess now
either a reasonable picture of the occurrence of this disease within its borders or
an organization which has brought it under control.

In this paper an attempt is made to assess the various methods so far used
to measure the significance of this disease and to discuss the reasons for their
failure; to mention some of the epidemiological findings which may explain the
failure of control, where it has been attempted; and to suggest some reasonable
steps which could, with existing resources, make not only the investigation, but
also the control, of this disease both simpler and more eflective.

Salmonellosis is a common disease associated
with a multitude of related factors which affect
its dissemination and ability to cause illness. Be-
cause of this it is difficult to consider it as a
whole and not to over-emphasize one particular
aspect. This account is designed to approach
salmonellosis as a disease cycle involving animals
and man because, although this approach has been
accepted for many years, it has been neglected as
the key to its control. This approach is also used
by the Joint WHO/FAO Expert Committee on
Zoonoses, and their report is frequently referred
to in this text.

A METHOD OF CLASSIFICATION
FOR SALMONELLAE DISEASES

The divisions of Salmonella disease
At present Salmonella disease is divided into

two groups: " enteric " and " non-enteric ". This
was at one time considered to be a purely clinical
division but later came to be frequently accepted
as a division based on the type of Salmonella

* Revised version of a paper submitted to the WHO
Study Group on Diarrhoeal Diseases, November 1958; also
to be published in Spanish, in the Boletin de la Oficina
Sanitaria Panamericana.

1 WHO Epidemiologist, Djakarta, Indonesia; lately of
the Department of Social and Preventive Medicine, Queen's
University, Belfast, Northern Ireland

associated with the illness--enteric disease being
restricted mainly to S. typhi and S. paratyphi B.
This division does not now appear to be a useful
one. In the first place, it is now recognized that
some typhoid illnesses result in a clinical syn-
drome unrecognizable as enteric fever, and this
is even more frequent with infections of S. para-
typhi B (Gray & Harvey, 1955 ; Gray & Norton,
1955; McDonald et al., 1955). It is also known
that many of the food-poisoning salmonellae can
cause an illness indistinguishable from classical
enteric fever (Saphra & Winter, 1957; Poole &
Ardley, 1958). But there is an important differ-
ence in clinical pattern between different types
of salmonellae, even if only one of degree. This
difference appears to be constant and may be a
useful method of distinguishing different types and
strains. It may also be a means of determining
the relative importance of a particular Salmonella
as a type requiring urgent control action. Although
the use of the distinction between enteric and
non-enteric salmonellosis is outmoded, it would
be valuable to agree to a set of terms which would
distinguish the different clinical patterns of the
different types of salmonellae and make a scale
of pathogenesis possible.

Bornstein (quoted by Hinshaw & McNeil, 1951)
proposed the following clinical classification for
salmonellosis in man: (1) fever; (2) septicaemia;
(3) gastro-enteritis. A more reasonable classifica-
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tion recognizing the three different stages of
pathogenicity would be:

(1) the excretion of the organism for a
variable period of time with no gastro-intestinal or
other symptoms, i.e., the symptomless excreter;

(2) an illness of a gastro-intestinal type with
possibly some transient general disturbance, such
as headache or mild pyrexia, lasting for less than
48 hours;

(3) a systemic illness of the enteric fever
type, alone, or following an illness of type (1)
or (2).

Although the proportion of individuals who
(after ingesting an organism of one Salmonella
type) will enter clinical stages (1), (2) or (3) may
depend partly upon individual susceptibility and
partly upon the number of organisms ingested,
the " type" of an organism is remarkably constant
in its effects (McCullough & Eisele, 1951). When
these proportions are expressed as percentages
(i.e., stage 1, 70%; stage 2, 27%; stage 3, 3%;
or 70: 27: 3) we have a reasonable measure of the
pathogenicity of this type to man and a much
more useful measure than the arbitrary one used
in the past. It may appear clumsy to use an index
of three figures, and in Northern Ireland an index
is constructed by adding one half of the stage 2
figure to that of stage 3, i.e.: 70: 27: 3 is ex-
pressed as 1/2 (27) + 3 = 16.5. There are a number
of objections to the use of this abbreviation but
it has been found useful in the field. From indices
such as this, it is possible to class salmonellae
according to their clinical as well as their bac-
teriological characteristics. Some phage types of
S. typhi have an index of 20: 20: 60, or
10: 20: 70, and compared to other salmonellae are
" far to the right ". S. pullorum's index may be
95: 5 : 0, and show a " shift to the left ". For the
remainder of this paper salmonellae showing these
characteristics will be described as " right" and
"left" salmonellae, and this classification will
enable me to emphasize epidemiological differ-
ences.

If this measure of clinical differentiation were
only an arbitrary clinical rule it would need no
further emphasis. But it appears that this patho-
genicity scale is also associated with factors
including the manner of spread of these organ-
isms, and for this reason it is of considerable
importance. " Right" saimonellae appear to be

the types most restricted to man and " left " sal-
monellae to animals. Thus the index not only
emphasizes the clinical importance of a Salmonella
type, but also provides a method of judging
whether human or animal control measures are
necessary to eradicate an epidemic or endemic
type.

It is probable that this index is related also to
the " excretion time" after infection and to the
' carrier rate". If it were known for the major
Salmonella types, it might be used for prediction
or for the framing of a reasonable policy regarding
the period of isolation of known cases (Savage,
1956; Poole & Ardley, 1958). It would be possible
to construct such indices for many of the more
common Salmonella types from published out-
breaks. The index may also be related to the
number of organisms which are necessary to cause
an infection. When an equal number of illnesses
due to " left" and " right" salmonellae are found
in a community, it may be presumed that the
" left" salmonellae either have some regular access
to food or are present in much greater numbers
in the environment.
The aim in the control of salmonellosis is to do

away with the symptoms of infection. This could
theoretically be done without the removal of
salmonellae from the environment. For example,
the immunity of the individuals in a population
could be raised by the widespread use of a Sal-
monella vaccine with a wide antigenic range.
However, even if this were practicable, there
would be a number of objections to this method
of control. At present there is no reason to believe
that persons with few or no symptoms (whether
due to artificial or to natural immunization) ex-
crete fewer organisms when infected than do
susceptible persons. In an area where some restric-
tion or isolation of the infected person with
symptoms is already being carried out, active
immunization on a wide scale could raise the
number of salmonellae in the environment to a
higher level, and possibly even beyond the new
critical point of the less susceptible population.

It would be impracticable to prevent per-
manently the symptoms of salmonellosis in large
populations by these methods, and an attempt
would be unjustifiable when there are more effec-
tive and more permanent methods of control.
The remainder of this paper deals with those

Salmonella types in the middle or to the left of the
clinical scale. These types appear to be common
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in both developed and under-developed countries.
Their epidemiological peculiarities need to be
recognized in order to establish a co-ordinated
policy for their control. In the United Kingdom
they include both the food-poisoning salmonellae
and some types of S. paratyphi B.

METHODS OF ASSESSING INCIDENCE
OF SALMONELLAE DISEASES

Incidence
Notification information. In 1946 in Northern

Ireland, typhoid or enteric fever (as prescribed
by section 6 of the Infectious Diseases (Notifica-
tion) Act, 1889) was a notifiable disease, and it
was recommended by the Health Advisory Coun-
cil that food-poisoning should also be notifiable.
This was included in this list of diseases in
January 1949.

In England and Wales, notification of food-
poisoning was made compulsory under section 17
of the Food and Drugs Act, 1938, and in 1949
medical officers of health were required to include
cases of food-poisoning in their weekly and
quarterly returns of notifiable infectious diseases
to the General Register Office. It was felt then
that, because of the impossibility of exact defini-
tion, statistics could never be satisfactory but
that more information was desirable about the
number and distribution of notifications in the
country as a whole. It was stated that the pri-
mary object of the notification provision was to
ensure that the medical officer of health should
receive early information about outbreaks of
illness occurring in his district and believed to be
caused by food, so that he could investigate the
circumstances and take action to prevent further
cases (England and Wales, Ministry of Health,
1950).
Laboratory help is always necessary for the

investigation of a food-poisoning outbreak and
the notification information has been made more
useful when it has been combined with laboratory
information. After 1940, directors of laboratories
in the Emergency Public Health Laboratory Ser-
vice (later the Public Health Laboratory Service)
submitted weekly notes to the Medical Research
Council on incidents in their areas and after
1949 this information was collated with Ministry
returns and published as a yearly report (Great
Britain, Public Health Laboratory Service, 1950a,
1950b, 1951, 1954, 1955a, 1955c).

To my knowledge, the United Kingdom, New
York State (Saphra & Winter, 1957) and Massa-
chusetts (MacCready et al., 1957) are the only
large areas which have used this method for the
ascertainment of cases of food-poisoning. Thus it
is useful to examine the success, or failure, of
this measure in the United Kingdom, to estimate
incidence and to consider whether it would be
useful if it were to have a wider application.
The returns in the first few years of notifica-

tion in the United Kingdom may have been
misleading because the doctors would be likely
to take some time to become accustomed to the
procedure. Later the development of the Public
Health Laboratory Service may have made the
investigation of food-poisoning incidents both
easier and more productive, and have obscured
any real change in incidence.

The terms used in the reports are:

Outbreak: two or more related cases in persons
in different families.

Family outbreak: two or more related cases in
members of the same family.

Sporadic case: a case which was not, as far as
was ascertained, related to other cases.
Each outbreak, family outbreak, and sporadic

case is treated as one unit and referred to as an
incident.

This method of classification avoids some of
the errors which might occur when each affected
individual is considered alone. When the latter
procedure is followed there is an over-emphasis
upon those food-poisoning types which occur in
mass feeding establishments and cause major
outbreaks. However, even the present United
Kingdom methods involve some errors of this
sort, as individuals infected with organisms using
known vehicles are often related together into
one incident, while individuals infected with
organisms spread by unknown vehicles are more
likely to be included separately as unrelated
incidents. Again the probability of a grouping of
sporadic cases into outbreaks or family outbreaks
depends partly upon the proximity and use made
of the laboratory and partly upon the zeal of the
medical officer. Therefore it can be expected that
there are considerable regional variations inde-
pendent of differences in incidence.
The number of known Salmonella incidents

which occurred in England and Wales from
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TABLE 1
SALMONELLA INCIDENTS IN ENGLAND AND WALES, 1923-55a

Causative 1923/ 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 | 1952 1953 1954 1955
organism 1939 14 9414 9614 9814

All salmonellae 428 122 120 104 262 454 506 748 689 908 1393 2089 1711 2142 3171 3576 5383

S. typhlmurium 234 38 65 35 108 185 319 573 473 663 1 053 1 593 1 236 1 604 2 438 3 038 4 276
(% of total) (55) (31) (54) (34) (41) (41) (63) (77) (69) (73) (76) (76) (72) (75) (77) (85) (79)

Other salmonellae 194 84 55 69 154 269 187 175 216 245 340 496 475 538 733 538 1 107
(% of total) (45) (69) (46) (66) (59) (59) (37) (23) (31) (27) (24) (24) (28) (25) (23) (15) (21)

S. heidelberg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 16 77

a Deriv3d from Great Britain, Public Health Service (1950a, 1950b, 1951, 1954, 1955a, 1955c, 1956).

1923 to 1955 is shown in Table 1. It can be seen
that there was an apparent increase which occurred
steadily after 1942. It is difficult to decide what
proportion of the change is due to different
methods of reporting, although some experts state
that " it appears to be increasing " (Joint WHO/
FAO Expert Committee on Zoonoses, 1959). A
change in reporting or investigation of cases may
be indicated by the proportion of all food-poison-
ing incidents known to be due to salmonellae.
From 1941 to 1948 Salmonella infections ac-
counted for 91% of the total but in 1949 the
figure was 56%; in 1950 it was 51%; for 1951-52
it was 54%; and for 1955 it was 59%. The pro-
portions of family outbreaks, outbreaks and spo-
radic cases due to salmonellae varied markedly
(Great Britain, Public Health Laboratory Service,
1950a, 1950b, 1951, 1956).
In 1950, although the total number of incidents

reported was 3979, the General Register Office
was informed of 7503 cases and the analysis for
the report was made from information about
17 047 persons (Great Britain, Public Health
Laboratory Service, 1951). Even at this time the
notification figures included less than a half of
the persons known to the Laboratory Service, and
in my experience in England in 1955, it was pos-
sible to learn of at least an equal number of cases
from each person known to the laboratory by
inquiries made to general practitioners or from
the patients themselves. In some areas and some
outbreaks it was possible to discover five or ten
times the number of reported persons (Savage,
1956). Therefore any estimate of the incidence
of Salmonella food-poisoning in the United King-
dom must be several times the notified figures,

and some guesses put the rate as high as two or
three infections per person per year (Publ. Hlth
(Lond.), 1957).

Both the minor severity and the nature of the
symptoms make it unlikely that this infection will
be brought to the doctor on many occasions, and
even when this is done the self-limiting nature
of the disease and the brief period of physical
inconvenience (with or without treatment) make
it probable that the general practitioner will ignore
it more frequently than notify it. Therefore this,
or any similar method of notification, is unlikely
to result in a satisfactory method of estimating
incidence but is useful in the investigation of the
disease from a general aspect.

It is probable that some particular groups of
people are more often notified than others. In
1952-53 between 35% and 40% of the known
people excreting salmonellae in England and Wales
were under the age of five years, and more than
45% were under the age of 10 years (in New
York 46%) (Saphra & Winter, 1957). In a series
of Salmonella incidents personally investigated in
Middlesex in 1954-55, 80% of the indicator cases
(mainly infected with S. typhimurium) leading to
a household were in children under 10 years of
age. None of the cases was in an individual living
outside a family and the majority came from
young families containing two or more children.
When the symptoms of different age-groups were
studied, it was found that in one-quarter of the
children under 10 years blood per rectum was a
presenting symptom, although this was not men-
tioned in persons over this age. The mothers of
children with this symptom gave this as their
reason for consulting the doctor urgently on this
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occasion, when diarrhoea alone was mainly dealt
with by home remedies and received no medical
attention. It must be considered that either the
symptoms may vary in different age-groups or
that they may be considered with differing degrees
of seriousness at different ages. Factors such as
this probably explain some of the variation in the
age-specific rates of notification in the United
Kingdom, and no conclusions can be drawn as to
the real age pattern. As many of the outbreaks
investigated in the past fifteen years have been
found within the selected notified group, it is
unwise to presume that salmonellosis in a com-
plete population has the same characteristics.

If, on the other hand, a comparison is made
between roughly comparable areas with similar
problems, it can be seen that notification can be
useful in showing differences other than in in-
cidence. In England and Wales and Northern
Ireland (Table 2) where many similar economic
factors, sources of food supply and seasonal and
social conditions apply, there have been different
rates and the trends in these rates have been in
opposite directions in the past five years. How-
ever, the difference may be insufficient to indi-
cate any difference in incidence and could possibly
be ignored or explained as indicating varying
reporting methods or investigations, if other major
differences of Salmonella "type" were not also
present. (These are discussed below under the
heading "Laboratory information ".) Notification
by itself does not indicate clearly this difference
(even between regions in one economic group) and

TABLE 2
SALMONELLA INCIDENTS IN ENGLAND AND WALES

AND NORTHERN IRELAND IN 1952 AND 1955 a

England and Wales Northern Ireland

Year Salmonella Percentage Salmonelia Percentage
incidents ofincidents incidents of incidents
per million due to prmlin due to
people S. typhi- peromllio S. typh-

murium pepe murium

1952 46 75 80 84

1955 j 80 - 79 - 32 38

a Information for England derived from: Great Britain,
Public Health Laboratory Service (1954, 1956) Information for
Northern Ireland obtained from the Northern Ireland Hospitals
Authority, Central Laboratory, Belfast; the reports of the
Minister of Health and Local Government, Northern Ireland,
for 1952 and 1955; and the annual reports of the Medical Officers
of Health, County Councils and County Borough Councils.

is unlikely to do so in countries of widely dif-
ferent climatic and social or economic conditions.

Laboratory information. Many articles published
in the past ten years state the number of Sal-
monella isolations and the type, in different years
and in different countries. Some of these reports
are from Salmonella reference laboratories and
some are the collected results from all the labo-
ratories in one area.'

These, and other similar accounts, contain a
large amount of useful information for the period
after 1940 and are the only studies available for
international comparison. However, if notification
figures contain a number of obvious defects which
make them useless as a means of estimating in-
cidence, laboratory material alone is even more
deficient. There is likely to be a bias in the
selection of individuals mentioned in these labo-
ratory accounts. Only those who are investigated
bacteriologically, at the right time, and from
whose faeces the Salmonella is sent to a Sal-
monella reference laboratory will be mentioned.

International comparison is difficult because of
the lack of a standard method of presentation,
and because of varying definitions. Some results
are published giving the number of isolations of
each Salmonella type per year in that laboratory
(and making no distinction between first and re-
peat specimens) ; others do not distinguish
between human, animal or food isolations ; there
is no agreement in the distinction between cases
with symptoms and symptomless excreters; and
related cases (family cases, secondary cases or
epidemiologically related cases) are not indicated.
This last variation results in certain types being
over-represented. Salmonella typing procedures
and names have been standardized, and it appears
an urgent necessity for a standard method of
expression to be agreed upon, so that these results
can be used for epidemiological purposes.
On the other hand, this laboratory material can

be useful. If a type of Salmonella causes a similar
illness in two different regions (where the method
of ascertainment and the laboratory facilities vary)
the proportion of this Salmonella type to the
total number of salmonellae isolated should be

1 See, for instance, the publications of Galton & Hardy,
1948; Harhoff, 1948; Atkinson et al., 1952; Josland, 1952;
Varela & O'Parte, 1952; Bynoe et al., 1953; Felsenfeld et al.,
1953; Van Oye, 1953; Bessler & Projar, 1956; Cooper &
Wilson, 1957; MacCready et al., 1957; Marcuse et al., 1957;
Saphra & Winter, 1957.



K. W. NEWELL

approximately the same if the chances of infection
with this Salmonella were the same. For example,
if salmonellae were divided into those of the
S. typhimurium group and into "other" salmo-
nellae, the proportion of S. typhimurium human
isolations should be of the same order if the
risk of meeting these organisms were the same
in the two regions. Published accounts show
that there is a very marked variation in the
proportion of S. typhimurium by country, and in
some countries it can also vary quickly by time
(Tables 1 and 3). From these proportions it is
possible to group geographical areas with, for
example, England and Wales, Australia and New
Zealand in one high group, and New York,
Massachusetts, Northern Ireland and the Ca-
ribbean in another lower group. This difference
could be due either to an excess of S. typhimurium
or a deficiency in " other " salmonellae in the high
group, or to similar variations in the low group.
It is possible to conclude which is the more pro-
bable alternative (from the number and distribu-
tion of the "other" salmonellae), and in this
example an excess of S. typhimurium is the more
likely explanation. From this conclusion it is
possible to design a specific project to attempt to
compare in greater detail the experience of the
two unrelated areas, separated geographically, but
similar in this respect.
For example, England and Wales and New

Zealand are countries with similar high propor-
tions of Salmonella incidents due to S. typhi-

TABLE 3
NUMBER OF SALMONELLA ISOLATIONS FROM HUMAN

SOURCES IN NORTHERN IRELAND, 1951-56 a

Causative organism| 1951 1952 1953 1954 1955 1956

All salmonellae 94 80 60 56 123 b 39

S. typhimurium 79 64 47 43 53 15
(% of total) (84) (80) (78) (77) (43) (38)

Other salmonellae 15 16 13 13 70 b 24
(% of total) (16) (20) (22) (23) (57) (62)

S. heidelberg - - - - 35 11
(% of total) (0) (0) (0) (0) (29) (28)

a Information supplied by Dr C. R. Murdock, Northern
Ireland Hospitals Authority, Central Laboratory, Belfast

b 22 Isolations were from an outbreak Qf S. newport. If these
are considered to be one Incident, the figures become: All
salmonellae 102, S. typhimurium 53 (52%), Other salmonellae
49 (48%), S. heidelberg 35 (34%).

murium. It would be possible by phage-typing a
sample of isolations from people, animals and
the environment, to compare the proportions of
the different phage types in the two areas. If the
most common phage types in the two high areas
were the same, the results could be compared
with the phage types present in an area where
the proportion of S. typhimurium was low
(e.g., Northern Ireland). If the high areas showed
a similarity, and were different from the low
areas, it would be justifiable to undertake an
investigation to discover the possible connexions
which might explain this relationship. There are
possible vehicles which connect New Zealand with
England and Wales and exclude Northern Ireland,
but their number is comparatively small. One
example is carcass meat, which is never imported
into Northern Ireland.

If more countries provided detailed epidemio-
logical information, this sort of comparison would
become much easier. The closer the countries are
together socially and economically, the fewer the
vehicles that can be related to type differences,
and it is probable that this sort of approach would
be of immediate use within Europe if the methods
of presentation of results were standardized and
available.
Another example of the use of international

laboratory information in helping to distinguish
place and time is with S. heidelberg. The first
published incidents due to this Salmonella type
were reported in the eastern USA in 1954 (Mac-
Cready et al., 1957), in Germany in 1953 (Marcuse
et al., 1957), in England and Wales in 1953
(Table 1), and in Northern Ireland in 1955
(Table 3), since when the type has become more
frequent and was the second most common type
isolated in 1955 and 1956. This type was not
among those found in New Zealand (Pereira &
Blaxland, 1955), Australia (Cooper & Wilson,
1957), or the Caribbean (Felsenfeld et al., 1953),
although the Australian study included results for
1955. Here is a different geographical grouping
of countries with time as an additional lead. (A
personal communication from Dr R. Ma'moen
of the Department of Epidemiology and Quarant-
ine, Djakarta, describes a different experience in
Indonesia. He lists S. heidelberg as the second
most frequent Salmonella type isolated in the
Eykman Institute at Djakarta in 1950, although
subsequently it was isolated on only a few occa-
sions.) Similar information from other national
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laboratories would possibly help further by giving
information about time and place. The spread of
this type in the United Kingdom shows a time
lag of two years between England and Wales and
Northern Ireland. This may well make the iden-
tification of a vehicle easier. Even this frag-
mentary information, obtained in an unstandar-
dized manner from an unrepresentative group of
countries, is a basis on which to continue a
logical study of possible vehicles. A study of the
imports of the United Kingdom, the United States
of America, Germany and Australasia at these
times could result in a short list of products which
would be worth detailed study.

Laboratory results can thus be of use in two
ways. Although they are of no importance in
assessing incidence, they can demonstrate type
differences by country and changes in time. This
information would be of use now if the results
were available for a wider area and presented
in a standard manner, and if greater use were
made of phage-typing procedures for S. typhi-
murium.

General practitioner and hospital studies. It is
clear that neither notification nor routine labor-
atory returns are satisfactory methods of estimat-
ing the incidence of salmonellosis. To overcome
some of the disadvantages of these methods it
could be suggested that specific Salmonella surveys
in an area, or a hospital survey, would be ne-
cessary.
A pilot study to discover some of the practical

difficulties of a survey of this kind was carried
out in Northern Ireland in 1957.' Fifteen general
practitioners (with the help of the College of
General Practitioners) with practices of known
composition in different rural and urban areas
of Northern Ireland, agreed to send at least one
faecal specimen from all patients consulting them
with symptoms of salmonellosis. One hundred
and ninety-one patients were thought to be clinical
cases of salmonellosis and their faeces were
examined. The number of patients seen per doctor
ranged from nil to 51. Thirty-two specimens were
found to contain organisms of the Shigella group
but no salmonellae were isolated.

This study indicated some of the difficulties
a survey of incidence could meet, although the
numbers were small. Even in a developed area,
where both medical treatment and consultation

1 Unpublished study by K. W. Newell and C. R. Murdock

require no direct contribution by the patient, and
where the doctors involved understand the clinical
signs and symptoms of the disease, the clinical
signs are not sufficiently distinct for a definite
division between salmonellosis and other causes
of diarrhoea and gastro-enteritis. The areas in-
volved in the study were not free from this
infection at this time and salmonellae were isolated
from individuals ascertained by other means.
(The same laboratories and the same bacterio-
logical techniques were used for this study and
for the positive isolation of specimens obtained
from other sources.) One could put forward three
possible explanations for this:

(1) salmonellosis was an infrequent cause of
gastro-enteritis in the areas studied at this time;

(2) either the bacteriological methods of isola-
tion were unsatisfactory or the faecal specimens
were taken at the wrong period of the illness;

(3) the symptoms of salmonellosis were non-
specific and on many occasions not severe enough
to take the patient to a general practitioner.

From other evidence it is probable that ex-
planations (1) and (2) are insufficient to explain
the lack of success of this study and that the third
possibility is the most likely. I am convinced
that, if it is necessary to assess incidence in a
region in Northern Ireland, it would be necessary
to take regular specimens at set intervals from a
predetermined group of people who were willing
to co-operate. If the group were to be large
enough to be of any significance, this would
require a greater provision of bacteriological
resources than is at present available and prac-
ticable.
Many children's hospitals and institutions exa-

mine routinely rectal swabs from all new ad-
missions or from all children with a history of
gastro-intestinal illness. In Northern Ireland
this has led to the ascertainment of a number
of cases of salmonellosis which have been useful
for epidemiological study. This is a selected
group taken from an unknown population and is
therefore of no use as a method of judging the
incidence of this condition.

Pooling procedures. In preceding sections it has
been emphasized that the present methods of
investigating and recording Salmonella infections
are unsatisfactory in estimating the incidence of
these infections, but that the information obtained
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is useful and necessary for the direction of studies
aimed at their control. It may be possible to
obtain additional information by developing pool-
ing procedures, which could be used either in the
place of routine bacteriological investigation from
clinical cases (where bacteriological facilities are

insufficient) or supplementary to it in other areas.

For a number of years techniques for the
collection of salmonellae from water and sewage

have been developed for S. typhi and S. para-

typhi B (Moore, 1938; Wilson, 1938; Murdock,
1955) and have lately been used for the tracing
of other salmonellae (Phillips, 1956; Pyatt, 1956).
These methods have been mainly used as an aid
in the identification of the source, or carrier,
responsible for a case or an outbreak. They could
be used also as a means of estimating the pro-
portion of Salmonella types present in a com-

munity and the changes in types over a period
of time.

Certain objections could be made to these
methods:

(1) The survival time of different Salmonella
types in water or sewage can vary and the hardier
types may be over-represented.

(2) Not all the salmonellae in an effluent would
be from human sources-some would be from
food-processing plants, some from industrial
undertakings, and others from animals. Some
types may be " left" salmonellae of little or no

significance to humans, and others, although
pathogenic, may be from sources which are rigidly
controlled, and unlikely to pass to humans.

Although both of these objections are real they
are not sufficiently important to make impossible
a standard method of sampling from a relatively
small population or from a part of a large city.
The errors present are likely to be of a smaller
order than those which at present are associated
with our clinical methods of assessing salmo-
nellosis.

(There are practical bacteriological difficulties
requiring further study in using pooling methods
for these purposes, i.e., different selective media
are needed for different types and one type may

dominate another.)
In a similar manner specific international studies

could be made by sampling specific industrial
plants or groups of the population, e.g., abattoirs,
bakeries, mills processing animal feeding stuffs,
farms of different types.

These types of study would give an immediate
return of information, at present unavailable, and
would require only a small amount of technical
resources.

Mortality
With no acceptable estimate of the incidence

of salmonellosis it is not possible to state the
mortality rate. The number of reported fatalities
thought to have been the result of a Salmonella
infection in England and Wales is shown in
Table 4. The number has not increased in parallel
with the increase in the number of reported Sal-
monella incidents. This steady number of fatalities
may be an indication of a decreasing mortality
rate due to the use of antibiotics or it may indi-
cate that there has been but little change in the
number of Salmonella infections which have oc-
curred in the community. It is not possible to
estimate the completeness of the reporting of
Salmonella fatalities, although it is likely to be
defective partly because " the deaths occurred
mainly in the very old, the very young, and in
persons suffering from other diseases such as
chronic bronchitis or heart failure" (Great Britain,
Public Health Laboratory Service, 1950b). This
has been emphasized again by the Joint WHO/
FAO Expert Committee on Zoonoses (1959).
The Salmonella responsible for the majority

of the reported deaths was S. typhimurium.
In another series of Salmonella infections Saphra

& Winter (1957) describe a mortality rate of as
high as 4.1%, and varying from 0.8% for S. san
diego and S. st paul to 20.3 % for S. choleraesuis.
However, this material was collected by a sal-
monella reference laboratory, and the only cases
included were those whose clinical history was
adequately covered. This is likely to result in an
over-representation of severe and fatal cases.
Therefore these figures for mortality do no more
than define a possible upper limit for some types

TABLE 4
DEATHS REPORTED AS DUE TO SALMONELLOSIS

IN ENGLAND AND WALES, 1949-55 a

1949 11950 1951 1952119531195411955
Fatal cases 58 55 34 32 46 29 34

Reported Salmonella
incidents 1369 2021 1 668 2098 3114 3508 5269

a Derived from: Great Britain, Public Health Laboratory
Service (1950b, 1951, 1954,1955a, 1955c, 1956).
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and it is likely that the mortality rate is very low
for most salmonellae.

Conclusions
Salmonellosis is a disease of world-wide distri-

bution, high incidence and low mortality.
As the symptoms are often of a nature which

is considered common and in the natural order
of things, and because they are clinically non-
specific and frequently confused with other forms
of gastro-enteritis, even an efficient notification
system or a laboratory-reporting service is un-
likely to result in an accurate estimate of its
incidence. The United Kingdom notification me-
thods would be unsatisfactory for international
comparisons of incidence if they were to be
widely adopted.

In England and Wales the lowest estimate of
the number of yearly incidents which occur per
million total population, in 1955, is 80, and in
Northern Ireland 32 (Table 2). In Massachusetts
(MacCready et al., 1957) the number of yearly
cases per million population (1940-55) varied from
216 under the age of one year to 14 at ages 50-59
years. It is possible that these rates are com-
parable and may indicate a similar incidence.

Clinical methods of assessment of salmonellosis
are too non-specific and were of no use in a
pilot survey in Northern Ireland. It is unexplained
how more than 50% of notified cases of food-
poisoning were shown to be excreting salmonellae
and yet in 191 clinical cases no salmonellae were
isolated. One explanation could be that a patient
is rarely reported as suffering from food-poisoning
until a positive bacteriological result is obtained.
Laboratory information about the number of

isolations and the types found is useful, not for
estimating incidence, but for demonstrating the
proportions of each type present within a geo-
graphical region and for showing changes over a
period of time. The methods of recording these
isolations should be standardized and there should
be a much wider use of phage-typing for S. typhi-
murium. Pooling procedures should be more
frequently carried out and an acceptable method
agreed upon which could be used in different
communities. This would increase the amount
of information available without necessitating an
increase in bacteriological resources. These mea-
sures alone could result in information which
would be of immediate epidemiological use in
attempting to control the spread of the organisms.

There appear to be great differences in the
number and types of salmonellae in different
countries and it is probable that there are also
great differences in the amount of illness caused
by them. It is necessary to make a clear distinc-
tion between the presence of salmonellae, the
illness caused by them, and the mortality due to
salmonellosis. The first of these three factors is
the easiest to discover and is the logical point
of initial effort.

PRINCIPAL FACTORS INFLUENCING INCIDENCE
OF SALMONELLAE DISEASES

Source of salmonellae

As the only common host of S. typhi is man, it
is often easy to demonstrate the manner of trans-
fer of organisms from excreter to victim. Yet the
chain of infection, or the intervals in time or
place, can be complex and long. In some of the
classical water-borne outbreaks of the nineteenth
and twentieth centuries and the food-borne out-
breaks of the past twenty years (Gauthiet &
Foley, 1943; Wilson & Mackenzie, 1955; Couper
et al., 1956), the distance between excreter and
victim has been thousands of miles, and they
have occurred after a period of months. But
S. typhi does not cause a protracted contamination
of the environment and the major risk with each
new incident is the starting of a new human-
human chain. It is both possible and necessary
to follow the chain back to the originator in all
outbreaks, using phage-typing procedures.

S. paratyphi B is in an intermediate position.
Ten years ago it would have been accepted that
this organism could be considered to belong to
the same epidemiological group as S. typhi. Now
it is clear that either because of a greater hardiness
and ability to survive outside the human body
(possibly using animal hosts) or because of the
contamination of products which are stored for
some time and transported over long distances, the
trail from new case to human source may be too
complex for detailed tracing (Newell, 1955 ; Newell
et al., 1955; Hobbs & Smith, 1955; Smith
& Hobbs, 1955; Great Britain, Public Health
Laboratory Service, 1958). However, it is some-
times possible (for example, with egg products) to
demonstrate the vehicle of transfer and suggest
a logical method of control without controlling
the original source of the infection.
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That S. paratyphi B is in an intermediate posi-
tion is emphasized by the experience in England
and Wales when Chinese egg product imports
were stopped from 1942 to 1946. Although there
is presumptive evidence that from 1920 onwards
S. paratyphi B and S. thlozonpson were imported
into the country in Chinese egg products (and that
this vehicle was both a potential and an actual
cause of outbreaks of paratyphoid fever and the
only known major source of S. thompson), when
the import was interrupted, paratyphoid fever
isolations did not decrease as did the isolations of
S. thompson (Great Britain, Public Health Labor-
atory Service, 1958). Paratyphoid fever was not
considered separately from enteric fever as a
notifiable disease until 1941, so that the position
is not clear, but what evidence is available does
not suggest a fall at this time. S. thompson fell
from the third most frequently isolated Sal-
monella in 1942 and did not regain this position
until 1946. This difference between these two
Salmonella types does not show that this imported
product was significant in the spread of one and
insignificant with the other, but rather it suggests
that the fate, or cycle, of S. paratyphi B after it
has been introduced differs from that of S. thomp-
son. S. paratyphi B can cause a carrier state in
man; it can pass from human to human in small
numbers and result in infection; and it can (but
to a lesser extent than S. typhi) survive and cause
sporadic incidents in a community with an ade-
quate sewage disposal system and safe water
supplies. It is probable that if the introduction
of the organism were prevented, and with the
present methods of tracing and isolation of known
cases, it would eventually, but slowly, become
rare.
With " left " salmonellae of the food-poisoning

types there is no good evidence to show that the
presence of the persistent human excreter is in any
way related to the continued presence of these
types in the community. Although an infected
individual frequently excretes the organism for
as long as six weeks, it is very rare to discover a
person excreting the organism for months or
years and causing a number of outbreaks or
secondary cases (Kwantes, 1952; Miller et al.,
1955; Savage, 1956).

If the rarity of a "left" Salmonella human
carrier can be substantiated, the presence or per-
sistence of a Salmonella type in a community
(where there is no direct or indirect passage of

organisms from the sewage to food) must be
due to:

(1) the survival of the organism in the environ-
ment for a very long period after leaving the
body;

(2) the continued presence of a large number
of short-term excreters in the community, with
a rapid passage of organisms from person to
person;

(3) the continual reintroduction of the same
type of organism to an area; or

(4) a cycle independent of human infection-
the human cases being unrelated to the propaga-
tion of the disease.

If (1) and (2) are reasonable explanations for
the continued presence of salmonellae, it is useful
to consider what has happened after a Salmonella
type has been introduced for a limited period of
time. Two examples in the United Kingdom are
S. thomtpson and S. heidelberg.

S. thompson. As has been mentioned above,
the imports of Chinese egg products (a major
vehicle for this organism) were interrupted from
1942 to 1946. Other minor vehicles (such as
North American dried egg) were also imported
at this time, but there was an immediate drop
in the importance of this organism as a type
isolated from human cases. It was the second
most common form in 1941, the fifth in 1942,
fourth in 1943, fifth in 1944, fourth in 1945, and
it rose to second again in 1946. If the continued
presence of this type was due to a cycle present
in the United Kingdom it was insufficient to keep
the infection at the same level. (Recently this
organism has been found in smaller numbers in
other egg imports from countries which were
suppliers to the United Kingdom at this time. It
is reasonable to assume that some of the infre-
quent human cases from 1942 to 1946 were caused
by organisms from these sources and were not
from reservoirs from within the country.) It is
unlikely that this organism was common in
poultry in England and Wales, even after the
considerable imports over a large number of years,
as it was not isolated in 1953 from 1649 samples
of untreated or chilled liquid hen and duck egg
mixture (Great Britain, Public Health Laboratory
Service, 1955b), and was only once isolated from
an unspecified number of samples of local frozen
whole egg in 1955 (Great Britain, Public Health
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Laboratory Service, 1958). In 1951, 1952 and
1953 it was isolated in Northern Ireland from
only six samples out of the 1010 samples of
local bulk hen egg examined (Murdock, 1954).

S. heidelberg. This type had never been isolated
and identified in Northern Ireland prior to Sep-
tember 1955, when eight isolations were made
from human faeces. The number of isolations
since that date is shown in Table 5. There is
circumstantial evidence 1 to show that this type
entered the country in an animal feeding stuff
for pigs in February-March 1955, and that this
product was not distributed or imported after
October 1955. If this evidence is confirmed, it is
possible to obtain some indication of the time
taken by an organism to pass from a feeding stuff
to animals to human infections; and in this
example with pigs this interval could be at least
six months. The first human incidents occurred in
the autumn and during the winter (when the
number of other Salmonella isolations was small).
After the imports of this product were stopped,
incidents still occurred but the number became
less, and they followed the more common summer
seasonal distribution. It is possible that this ex-
perience is typical of a Salmonella type introduced
to a susceptible animal population, and that the
continued presence of a type is dependent partly
upon animal-animal contacts and partly upon the
fortuitous spread of infection by man in feeding
stuffs and by other means. If the Salmonella type
is no longer seeded into the animal population and
measures are taken to cut down animal-animal
transfer, it appears reasonable to assume that
the type will disappear.

It is likely that there are some types which do
not behave in this way but have a distinct and
(so far) unknown cycle of their own (e.g., S. dublin
in cattle and some of the exotic types so far
isolated only from reptiles). The factors which
decide which type will enter a self-propagating
cycle and which will die out (once the seeding of
salmonellae has ceased) are: the type of the
organism, the animals present and the local con-
ditions. This selection can be demonstrated by
observing the effects of the introduction of a
number of salmonellae of different types to a
mixed farm. In one example (Newell et al., 1959),
a farm was observed to be using a feeding stuff
known to be contaminated with S. infantis, S.

1 Unpublished data of K. W. Newell and C. R. Murdock

TABLE 5
ISOLATIONS OF SALMONELLA HEIDELBERG IN NORTHERN

IRELAND, JANUARY 1955 TO JUNE 1958a

Number of isolations

1955 1956 1957 1958

January - 4 - -

February - 4 1 ob 1

March - 1 -

April -

May - - - 4

June - - 4

July - - 4

August - - 5

September 8 1 1

October 10 1 1

November 9 I

December 8 - 2

TOTAL 35 11 33 5c

a Information supplied by Dr C. R. Murdock, Northern
Ireland Hospitals Authority, Central Laboratory, Belfast.

b Hospital outbreak (12 cases)
c First six months only

orion, S. schwarzengrund and other salmonellac.
This resulted in no illness among any of the stock
on the farm but rectal swabs from 45% of the
pigs were found to be positive to one or other
of these salmonellae. At the slaughter-house a
caecal swab from the one pig examined was
found to contain S. schwarzengrund. The hens
became infected with S. infantis and produced
eggs containing this organism. Other farms ob-
served in a similar manner showed that S. orion
was selected by pigs (and can be considered a
pig-meat type) while S. infantis was selectively
taken up by poultry and was found inside their
eggs (and can be considered to be a poultry-meat
and egg type). From evidence such as this it is
possible to assume that S. orion is unlikely to
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enter a natural cycle, even if it were repeatedly
introduced into a poultry population where there
were many opportunities for cross-infection be-
tween birds, but that there is a real risk in continu-
ing to allow its inclusion in feeding stuffs to pigs
(the position is reversed with S. infantis). Once the
correct type of Salmonella has been introduced to
suitable animal hosts and cross-infection has
occurred, the human case is outside the cycle
and is irrelevant to the continued presence of
this type in the area. (In Northern Ireland the
first isolations of S. orion, S. infantis and S.
schwarzengrund were made from human cases
in 1958 after it had been confirmed that these
types were being imported and were causing
animal infections.)
These findings illustrate that the first two

explanations mentioned on page 288 for the
continued presence of "left" Salmonella in a
community are less likely to be of importance
than the latter two. The presence of " left " Sal-
monella in a human population has no important
relationship to the future of these organisms in
that population, provided that there is no pos-
sibility of the disposal of parts of contaminated
products to suitable animal hosts and no spread
to these hosts from human excreta.
However, animal infections with these types

result in a constant threat of human infection-
possibly widely separated in place and time.
This can only be permanently dealt with by mea-
sures aimed at the animal cycle. Some animals are
directly infected from humans; for example,
ducks, with their scavenging habits and their
common association with infected pools of water,
and rats and dogs, which are so often given
access to animal wastes and offals, are indicators
of the infections of the humans near to them,
and to the supplies of contaminated food which
cross the borderline between the fit and the unfit
for human consumption.
Every Salmonella has a cycle somewhere, with

some host, and many types have an almost rigid
specificity to one species of animal (as S. typhoid
has to man). It should be possible to identify
this characteristic for the types troublesome to
man and from this point to prevent the introduc-
tion of this type to the local hosts: by a rigid
control of feeding stuffs, by the breaking of the
local cycle, and by the control of the inter-
national traffic in contaminated, partly processed
foodstuffs (Galton, Harless & Hardy, 1955). The

sources of salmonellae are in animals and the pre-
vention, in the long term, of human salmonellosis
should be aimed at breaking the animal-animal
link and not the animal-human irrelevance which
is incidental to the continuance of this infection.

Methods of spread
It is useful to make a division and consider

separately the two main reasons why a human
Salmonella infection is so often associated with
food.

Firstly, it has been shown that a very large
number of organisms are necessary to cause an
infection with most Salmonella types in a normal
adult (McCullough & Eisele, 1951). It is unlikely
that this number would be frequently passed di-
rectly from source to victim and the physical
characteristics and the methods of preparation and
storage of some foods act together to provide
the culture medium (kept at a time and tem-
perature suitable for bacterial division) in which
this critical number can be reached.
The second reason why food is important

is that to many people it is the only, even
indirect, contact with animals. In urban com-
munities in developed countries, there are either
rare or no direct animal-human contacts and the
indirect contacts through water are adequately
protected. However, even the most sophisticated
kitchen has a daily intake of animal products
produced either locally or from a far-off source,
and these products may act as a means of contact
with an animal Salmonella cycle. The urban
household may actually be in greater danger than
a farming family whose members have direct
contact with pigs.
These two independent functions of food in

human salmonellosis are often confused and make
many painstaking investigations useless and un-
productive. One food may act as the means of
introducing salmonellae to the place of food pre-
paration and another may act (after contamination
from the other) as the medium for growth and as
the product which will be finally ingested (Newell,
1955; Newell et al., 1955; Great Britain, Public
Health Laboratory Service, 1958). This latter
type of product is often eaten uncooked or lightly
cooked, and it is impracticable to suggest that there
should be an attempt to discourage the use, not
of one type of food, but of the many classes of
food with these characteristics. In some developed
countries the widespread use of refrigeration has
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decreased the risk by cutting down the rate of
bacterial division, but it is unpractical to believe
either that this technique can be economically
used in the less developed parts of the world, or
that this is the correct approach when the failure
or the misuse of a machine can result in a major
outbreak.
The most important function of food related

to the spread or control of salmonellosis is its
ability to act as a vehicle which will carry or-
ganisms from animal to kitchen or factory. When
taking this role, the carriage of a small number of
salmonellae is almost as dangerous as the trans-
ference of a large number. In order to stop the
spread of these organisms it is necessary to devise
methods of completely preventing their access to
food, and measures which only decrease their
number are insufficient. The information required
about a Salmonella incident is not only what food
was common to the cases, but also where that
food was prepared and what else had access to
that kitchen at the relevant time.

In some countries the function of food as the
link between animal and man may not be present.
No animal products may be used in the home
and the basic diet may be of cereals. Here the
European use of the term "food-poisoning" to
describe a " left" Salmonella infection may
obscure the possible form of control. In such
areas food is only fulfilling the function of a
culture medium and salmonellosis could be better
described as " animal poisoning ". Here the major
attempts at control should be directed at other
types of animal-human contact, such as con-
taminated water or direct animal contact with the
relevant food. Where even this control is asso-
ciated with immense practical difficulties, it might
be possible to aim directly at breaking the animal-
animal cycle present, i.e., to attempt to break the
chain at the first link.
The passage of salmonellae from an animal to

an animal food product follows a path which so
far has been inadequately explored. Evidence avail-
able now emphasizes that holding before slaughter
in an abattoir increases the proportion of pigs
affected which excrete salmonellae (Galton, Smith
et al., 1954; Galton, Lowery & Hardy, 1954);
that the mass preparation of food increases the
risk of large-scale contamination (Miller et al.,
1955); and that once an egg-packing station, a
milk-treatment plant or a bakehouse is con-
taminated it can continue to produce infected

articles for a long time. These findings are likely
to be confirmed in the future and the application
of controls in these places is important in the
prevention of major outbreaks. However, the
findings in Northern Ireland and elsewhere suggest
that the easiest method of control is probably
to control the infection of the animals on the
farm.
Some Salmonella types more in the middle than

to the "right" or "left" (such as some strains
of S. heidelberg), appear to be able to cause an
infection in relatively small numbers. In the
United Kingdom and other countries, in the past
five years there have been a number of large
S. heidelberg outbreaks, mainly in institutions
such as hospitals, nursing homes and old people's
homes (Joint WHO/FAO Expert Committee on
Zoonoses, 1959). This may indicate that the
vehicle carrying the organism may be more likely
to be delivered to places such as these, or that
the methods of food preparation to large
groups of people may involve a greater chance
of cross-contamination and multiplication, or
that these groups of people are more susceptible
to infection. Another explanation could be that
some strains of this organism can cause an illness
when ingested or inhaled in relatively small num-
bers. The admission of one excreter to a closed
community may infect another excreter by direct
contact and rapidly an epidemic situation could
arise with sufficient organisms being present in the
environment and dust to cause other infections
without the need of a medium or a stage of
proliferation. I know of no evidence which de-
monstrates this convincingly, but there are indica-
tions that dust-borne infections or direct contact
cannot be excluded as a method of spread for
many Salmonella types and strains (Joint WHO/
FAO Expert Committee on Zoonoses, 1959).

Personal susceptibility
There is only a small amount of published

work on this aspect of salmonellosis. In the first
part of this paper it has been mentioned that the
analysis of notification and isolation figures in
the United Kingdom and North America shows
apparently higher incidence in young children
(particularly under the age of one year). This,
of course, may not be a true difference in age
incidence but may be due to a difference in
symptomatology or the reactions of parents to an
illness in a minor.
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If there is a real difference, there could be
several possible explanations for it: a greater
susceptibility of young children to salmonellae;
a lack of acquired resistance; a large number of
organisms being ingested by these persons per
unit of body size; the preference of children for
certain contaminated food products; or methods
of food preparation which encourage multiplica-
tion such as those used in, for example, cream
buns, custards and lightly cooked or raw eggs.
No investigation into the relative importance of
these different explanations has so far been
carried out.
Other groups thought to have a greater in-

cidence in the United Kingdom are old people
and people suffering from a chronic infected
lesion (e.g., chronic bronchitis, osteomyelitis).
-Many of the known deaths occur in these groups,
but the significance is possibly obscured by the
greater frequency of bacteriological examinations
carried out on these seriously ill people.
There is a suggestion that some disorders of

blood, such as sickle-cell anaemia, may be related
to a greater liability to local manifestations of
salmonellosis. This finding needs to be confirmed
and elaborated.

In Northern Ireland the incidence of salmonel-
losis appears to show a marked social class
gradient. Only a small number of the reported
Salmonella isolations are from people in profes-
sional classes I and II, as defined by the Registrar
General for England and Wales in the decennial
supplements on occupational mortality. The ma-
jority occur in families of unskilled workers, that
is, in social classes IV and V. It is unlikely that
this difference is due to the smaller number of
examinations carried out in social classes I and II,
as it is to be expected that they would be in-
vestigated more often for a comparable illness.
It is also unrelated to the likelihood of notifica-
tion, as isolation figures from the laboratories used
by the whole community show a similar gradient.
This gradient could be explained by factors

other than a difference in susceptibility. Although
there are marked variations in the nutrition of
children in different social classes in Belfast, there
is also an important variation in the quality, as
well as the quantity, of food eaten by children
in the lower social classes. Families in social
classes IV and V consume more offals and made-
up meats (which are suspected of being more
frequently contaminated with salmonellae) and a

larger proportion of their diet is eaten with little
or no further cooking after purchase. In Northern
Ireland and England and Wales the prices of food
vary according to its freshness, and the staler
food (including meat and confectionery) is sold
at cut prices to the poorer classes. These products,
if contaminated, would be expected to have a
large number of salmonellae within them. In
Belfast it is a common practice for wage-earners
to take " their piece "-generally a made-up meat
product and bread-to work with them in the
morning and to eat it later in the day. This
appears to be a potentially dangerous practice if
salmonellae are present in meat products.
The occupation of the wage-earner appears to

bear some relationship to the probability of a
family becoming infected. A large retail firm
in Belfast, employing 3000 workers in food and
other branches, submitted the records of all em-
ployees absent from work for three days or more
in a five-year period, and these were analysed by
type of work, nature of the illness, age and sex.
When the employees handling food were compared
with workers in other departments there were no
significant differences in the number of gastro-
intestinal illnesses or respiratory illnesses. It could
be argued that many Salmonella illnesses last for
less than three days and would not enter into
these records, or that a gastro-intestinal illness,
if reported, would result in the worker being laid
off (and might thus be kept hidden).
But in the Middlesex study referred to earlier

(see page 282), the majority of indicated S. typhi-
murium cases were in children under the age of
10 years. In 43% of the incidents, the father's
stated occupation was that of food-handler, and
in another 8% the fathers were not handling food
but the mothers had a part-time occupation in a
shop selling food. None of these adults was found
to be excreting salmonellae at the time of the visit.

In Belfast, 100 men (between the ages of 17
and 46 years) handling fish meal known to contain
a variety of salmonellae were asked if they had
had either diarrhoea or gastro-enteritis in the
preceding month. The one affirmative reply was
accompanied by a statement that the attack of
diarrhoea lasted for one day and may have been
related to a drinking bout the previous night.
Fourteen of the men described diarrhoea with
abdominal pains (indistinguishable from salmo-
nellosis) in either their wives or children in the
same period of time.
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These three studies carried out for different
reasons and on small numbers give no clear pic-
ture of occupational risks. However, it is possible
that an adult handler of food or material con-
taining salmonellae may meet only small numbers
of organisms or have an acquired resistance, so
that he has no more illness than a worker not so
exposed. His family may have a higher attack
rate because the wage-earner may be a symptom-
less excreter or because he carries to his house
(purposely or inadvertently) products which hap-
pen to be contaminated.
The studies at present available make it diffi-

cult to distinguish between increased or decreased
susceptibility and difference in exposure to risk.
There is a possibility that age, genetic susceptibility
and possibly acquired resistance may all be
involved.

Customs and habits
In a disease such as salmonellosis the attack

rate appears to depend upon the contact of people
with each other, with things and animals, and
with the method of selection and preparation of
food, and all these factors are influenced by the
customs and habits of the population. The pos-
sibilities are so complex and varied that it does
not appear useful to attempt to consider them
separately. In a particular area or in a defined
group within a community, one of these factors
may appear to be of such overwhelming im-
portance that it dominates the others.
An example from Northern Ireland may de-

monstrate this and emphasize how important these
habits are.

It was noted that Salmonella isolations from
people in the old linen-weaving towns or areas
were extremely uncommon, and that many of the
notified cases were in the new housing estates.
This difference could have been due to a differ-
ence in the age distribution of the populations,
the standard of medical services, occupation or
the income level. It was not possible to make
these comparisons although it was thought that
the differences in these Characteristics would have
been insufficient to explain this difference in
experience between the two sorts of area.
A series of visits to households in the two

areas suggested the conclusion that the relevant
difference was not in the quality of the food
bought but was rather in the food-buying habits
and the food-storage facilities.

In the old weavers' terrace houses there are no
facilities for the storage of food-no food cup-
boards, safes or larders. For this reason, or
because of local custom, a person is thought to
be ostentatious if he buys more than the minimum
quantity of food at one time. Every street, and
often each side of the street has its small food
shop (often the front room of a house in the row)
and even a new half loaf of bread is not bought
until the final slice is eaten of the previous loaf.
If this occurs in the middle of a meal, a member
of the household will get up and pass down the
two or three doors to the retail shop to make the
purchase and then return to the table. The street
shops are inspected and licensed by the local
health authority and their methods and equipment
for storage are generally adequate. This method
of making purchases results in a very short period
of time elapsing between purchase and consump-
tion, and few opportunities for multiplication can
occur if contamination is present.

In the new housing estates there are proper
kitchens and separate, ventilated food-storage
cupboards, but often the retail shops are not on
the estate and are accessible only by bus. For
this reason it is a frequent practice for food pur-
chases to be made only once or twice per week
and larger quantities of food are bought and
stored until they are required. Household refri-
gerators are still uncommon and the food is stored
at room temperature, allowing multiplication of
salmonellae to occur when they are present.
Without a bacteriologically controlled study

this explanation of the difference in incidence (if
such a difference exists) is but speculation, but
such observations suggest that the influence of
habit or custom is important.

CONTROL OF SALMONELLOSIS

The preceding sections suggest that salmonellosis
is a common disease with a world-wide distribu-
tion, but that the distribution by type varies
greatly by region and in time. These differences
need to be studied in greater detail as they may
well indicate some of the relationships that a type
bears to its environment, and suggest possible
alternative methods of control. None of the
factors at present discovered about the source of
salmonellae and their means of spread give any
reason for despair, and the disease appears to be
controllable by simple methods.
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Although the aim in all countries is to decrease
or abolish the illness caused by these organisms,
a decision as to the short-term policy in each
region could include a combination of the three
alternatives:

(1) An attempt to decrease the number of
organisms ingested by an alteration in the methods
of food preparation, storage and buying.

(2) An attempt to decrease the susceptibility of
the whole or part of the population.

(3) An attempt to rid the environment of
certain types of salmonellae, by stopping or treat-
ing imported vehicles known to contain these
types; the recognition and breaking of a local
animal-animal cycle; and the control of animal-
human spread.

The second method appears to be unlikely to
achieve success with our present lack of informa-
tion about susceptibility (except with " right"
salmonellae such as S. typhi) and the first and
third alternatives are the ones which are most
likely to be practically applicable.

International methods

One of the major advantages an international
agency has for the control of disease is the
collection of data from widely scattered regions,
after the acceptance of workable standards. This
can be combined with the encouragement of
studies in areas where this information is at pre-
sent not available, and the support of special
projects in regions which have been found to be
of particular importance to the disease, when
thought of as a world problem.
With salmonellosis there are many facets which

could be covered or encouraged in this way. None
of the published studies of salmonellosis have
demonstrated a satisfactory method of estimating
incidence, even in small populations. If it
were thought useful to compare the incidence of
salmonellosis in different regions, the most satis-
factory method would appear to be a combined
clinical and bacteriological study carried out over
a period of at least a year to a sample of the
population stratified by age, social class and
occupation. This is at present too large a project
for the bacteriological resources of most countries
and is of doubtful importance for the local control
of the disease.
For those countries which do have a reporting

system and for the convenience of workers pro-

posing to carry out field surveys, it would be
useful to reach agreement as to the terms to be
used in describing a Salmonella infection in an
individual or an outbreak. Recommendations
should be put forward which could include the
manner of reporting Salmonella isolations by na-
tional or other laboratories, and the distinctions
to be made between different types of cases and
between human and animal infections. The pu-
blications of details of the types isolated (includ-
ing phage-typing of S. typhimurium) could be
carried out from time to time by an international
agency, taking into account both region and time.

In those areas where (by reason of the lack
of bacteriological resources) insufficient informa-
tion is available, a standard method of Salmonella
investigation should be used, employing pooling
methods. A pilot study of these methods could
be made and a standard procedure evolved.
A discussion as to the methods of reporting and

investigating suspected Salmonella vehicles should
take place between national agencies. At present,
if a vehicle is suspected and confirmed as being
related to a particular type of Salmonella, the
publication of the result is taken as a form of
attack upon the exporting country, because it may
have such large financial repercussions on the
country and on individual firms. Further in-
vestigations of the reason for the contamination
may become impossible, and useful information
may be suppressed. If an international body
would accept responsibility for the assessment of
the evidence implicating a vehicle and recommend
both the nature and the extent of further studies
at its country of origin, some of these difficulties
could be avoided. Three possible vehicles which
could be suggested as needing immediate study
in this way are:

(1) animal feeding stuffs, such as fish meal,
bone meal, meat and bone meal;

(2) some types of meat products;
(3) egg products.

Measures in economically developed countries

The first objective in these countries is to
attempt to eradicate present misconceptions about
salmonellosis and to re-align the preventive ser-
vices upon sounder epidemiological lines.

In the United Kingdom the main effort is
directed at breaking the presumed human-human
chain. Human-to-human spread certainly can
occur (Pereira & Blaxland, 1955), but if followed
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back far enough it will often lead to an animal
cycle and not to a human carrier. The knowledge
that " left" salmonellae are bacteriologically related
to S. typhi (where this human tracing policy is the
effective and useful one) has done a lot of harm.
The expenditure of time, money and effort upon
health education and the provision of food-
handling equipment is justifiable on general
grounds and for the prevention of staphylococcal
food-poisoning, but it can have had only an
insignificant effect on salmonellosis (for which it
was largely designed). It is probable that the
improvement in living standards and the quality
of food, with the wider use of refrigeration, has
cut down the number of salmonellae present in
food, but it is dangerous to rely on this as the
main method of control.

In these countries the immediate aim must be
to prevent the entry of any pathogenic salmonellae
into kitchens, canteens, restaurants and food-
processing plants. Their presence, even in small
numbers, is an unjustifiable risk.

Efforts must also be directed at the complete
severance of the animal cycle, or if this is not
possible, of the animal-vehicle-human chain, cou-
pled with measures to control the less frequent
direct animal-human link.
The products which act as vehicles must be

identified by epidemiological investigation, and the
animal cycle at their source must be discovered
and broken. Interim methods of rendering some
products free from salmonellae may have to be
developed.
The direct animal-human link in urban areas

cannot be combated by advocating the destruction
of domesticated animals and pets, but a move
towards ensuring that Salmonella infection in a
pet is an uncommon event can be made by
taking precautions to see that pet foods are free
of salmonellae.
Types of salmonellae known to have been pre-

sent in the environment of a region for some
time should be investigated in order to discover
whether their presence is due to the regular import
of a contaminated vehicle from one source, or
whether a local animal cycle is present.
The selection of the Salmonella which should

be attacked first in any area will depend partly
on its prevalence and "pathogen rating " and
partly on the ease by which the vehicle it is
associated with or the animal cycle can be con-
trolled.

The identification of vehicles can be carried out
by a combination of:

(1) The epidemiological investigation of human
cases of salmonellosis, taking into account such
relevant factors as occupation, age and district,
as well as the place of infection, the food eaten
and other products present which could have
contaminated this food.

(2) The acquisition of knowledge about the
Salmonella content of a wide variety of animal
products, their characteristics as vehicles, and their
uses and distribution by world trade.

(3) An investigation of the background sal-
monellae in the environment of a region and the
relationships of the types found to humans, ani-
mals and animal products.

Measures in under-developed countries
The differences in approach in these areas de-

pend upon:
(1) The greater possibilities for human-human

and direct animal-human transmission as well as
the possibility of a human-animal-human cycle.

(2) The fact that, for the most part, these
are tropical and sub-tropical countries with ineffi-
cient food-storage facilities, leading to greater
possibilities for the multiplication of organisms
and a higher illness rate after contamination of
food with salmonellae.

(3) Varying custom and habits in the distribu-
tion and preparation of food.
Some of these factors are closely linked with

the lack of safe water supplies and methods of
excreta disposal. These environmental hazards
cannot be controlled without an enormous ex-
penditure of resources on public health engineer-
ing, which are unlikely to be available for a
considerable time.
However, it is unwise to assume that the most

effective first step for control is the one taken by
the more developed countries; i.e., the control or
limitation of the human-human spread. It may
well be simpler, cheaper, and more effective to
start with measures designed to stop human-
animal spread or to interrupt an animal-animal
cycle. I know of no pilot study of this type which
has been carried out in a country where the pro-
blems of sanitary engineering appear at present
to be insurmountable. A study on these lines in
such a region would be well worth while; and
the findings could demonstrate the economics of
this approach to control.
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RtSUMt

L'une des idees qui inspirent cet article sur 1'epidemio-
logie et la suppression des salmonelloses est celle de
l'importance pr6dominante de I'animal dans la chaine
d'infection qui aboutit a l'homme. Les animaux sont a
l'origine de la plupart des salmonelloses (autres que celles
qui sont dues a S. typhi), et les mesures de lutte les plus
radicales devraient tendre a rompre la chaine qui va de
l'animal a l'homme. Dans les pays economiquement
developpes, la lutte contre les salmonelloses consiste
actuellement a pr&venir l'infection d'homme a homme.
Or, 1'effort devrait porter sur un contr6le strict de la
preparation et de la distribution des denrees alimentaires
animales. Dans les pays peu developpes oui le climat se
prete mal 'a la conservation d'aliments, ofu ces derniers
ne sont pas prepares en grand, et oui de telles precautions
impliquent des mesures d'assainissement d'une telle
ampleur qu'elles ne sont guere realisables dans un proche
avenir, il importerait plut6t de rompre le cycle de la
transmission animale et d'eviter la contamination
animal-homme.

Chaque Salmonella parcourt un cycle, avec des h6tes
qui peuvent etre strictement specifiques. II s'agit de
decouvrir quel est ce cycle pour les types pathogenes pour
l'homme, et empecher l'acces du micro-organisme auquel
les h6tes locaux sont particulierement sensibles: par un
contr6le strict des aliments animaux, ainsi que celui de la
circulation d'aliments contamines, dans le trafic inter-
national.

D'autres points, en relation avec la lutte contre les
salmonelloses, sont abordes par l'auteur. I1 estime en
particulier que l'ancienne subdivision des salmonelloses
en enteriques et non enteriques P'a plus de raison
d'exister, mais que d'autres divisions cliniques pourraient
se justifier; qu'aucun pays ne peut se prevaloir de reunir,
sur la frequence des salmonelloses, des chiffres conformes
a la realite, ni d'avoir jugule ces maladies; que des
methodes de declaration et de depistage, mises au point
sur le plan international, pourraient faciliter la lutte.
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