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SYNOPSIS

A summary of the occurrence and distribution of serotypes of
the Arizona group of Enterobacteriaceae among animals and man
is presented. In all, 1308 cultures have now been isolated and 96
serotypes identified. In the 75 cultures obtained from man, 21 sero-
types have been found. Organisms of the Arizona group have been
discovered in epizootic infections of animals in which the mortality
was high. In man they have appeared both in sporadic cases and
in well-defined outbreaks of disease. The bacteria have been found
in blood cultures and localized infections as well as in the stools of
persons affected with gastro-enteritis. The opinion that bacteria of
the Arizona group are primary excitants of disease is stressed and
evidence to support this view is presented.

Introduction

Almost without exception the Arizona group of Enterobacteriaceae has
previously been referred to as a group of " paracolon " bacteria. It is not
the intention of the writers so to designate the bacteria for several reasons.
The term " paracolon " has been applied so indiscriminately to a wide
variety of enteric bacteria, including some Salmonella types, that it has
largely lost any definitive meaning it may once have possessed. The Arizona
group is much more closely related to the genus Salmonella than to
Escherichia coli, and it would be more logical to refer to the bacteria as
" parasalmonellae " than as " paracolons ". Finally, these bacteria compose
a well-defined group that deserves recognition as a distinct entity. Probably
this group deserves generic rank and in fact it has been designated a genus
by Kauffmann & Edwards'9 and by Kauffmann.18 However, to avoid
nomenclative and taxonomic controversies, in the present work the bacteria
are designated merely as a group within the family Enterobacteriaceae.
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The purpose of the present communication is not to report on the
details of serotyping of the bacteria nor to dwell at length upon their
biological properties. These phases of the development of the group have
been described adequately by Peluffo, Edwards & Bruner,23 Edwards,
Cherry & Bruner,6 Edwards, West & Bruner,'0 Edwards & West,9 Edwards,
Kauffmann & van Oye,8 Edwards, Kauffmann & Fain,7 and Kauffmann,
Edwards & van Oye.20 However, the history of the group is traced and
attention directed to the growing number of references to the presence of
the bacteria in diseases of man and animals. In addition, a comprehensive
summary of the Arizona cultures subjected to serotyping since thegroup
was established is presented. Such a presentation seems desirable since the
last published summary 10 included only 382 cultures and 61 serotypes,
while now 1308 cultures have been typed and 96 serotypes recognized.

It seems appropriate also briefly to define the group of bacteria. Arizona
strains are motile, Gram-negative bacteria which conform to the definition
of the family Enterobacteriaceae. They produce hydrogen sulfide, fail to
form indole, and are methyl-red positive and Voges-Proskauer negative.
The organisms utilize citrate and liquefy gelatin. They produce acid and
gas promptly from glucose, but fail to ferment sucrose, salicin, dulcitol,
inositol, or adonitol. Lactose is fermented with varying rapidity. With
few exceptions the above-mentioned characteristics apply to all the Arizona
strains which have been examined. One culture fermented sucrose rapidly
and an occasional culture fermented salicin slowly. Cultures of one serotype
characteristically failed to ferment lactose. Arizona types may be distin-
guished from slow lactose-fermenting strains of Escherichia freundii
(Bethesda-Ballerup group) by the fact that the former liquefy gelatin and
fail to grow in KCN broth (Moeller ;21 Kauffmann 18).

History

The first-described culture, now recognized as a member of the Arizona
group, was the bacterium isolated from a disease of Gila monsters (Helo-
derma suspectum) and of chuckwalla (Sauromalus ater) by Caldwell &
Ryerson 4 and designated by them Salmonella sp. (Dar-es-Salaam type var.
from Arizona). This name was chosen since the organism seemed to possess
the characteristics of the genus Salmonella and, like Salmonella dar-es-
salaam, it liquefied gelatin. The culture was studied later by Kauffmann,17
who recognized that it fermented lactose, but, because of the distinct
relationship of its H antigens to those of Salmonella cerro and Salmonella
duesseldorf, classified it as Salmonella arizona and assigned to it the antigenic
formula XXXIII: Z4, Z23, Z26- In the meantime, Peluffo, Edwards & Bruner 23
studied seven related cultures, including the original Arizona strain, and
noted that all fermented lactose and liquefied gelatin. The bacteria were
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biochemically similar and all were serologically related. It was concluded
that the cultures were Enterobacteriaceae, the biochemical properties of
which differed from those of any of the genera then recognized.

Edwards, Cherry & Bruner 6 described 44 cultures isolated from reptiles,
fowls, mammals, and man, and found that they were divisible into 15 epi-
demiologically significant serological types. The cultures possessed similar
biochemical properties and, directly or indirectly, were related serologically
to the original Arizona strain. Some of the cultures had H antigens which
were unrelated either to those of the Arizona strain, or to those of S. cerro
or of S. duesseldorf. However, such strains had 0 antigens identical with
cultures which did possess flagellar relationships to those organisms. Thus,
it became apparent that there existed a group made up of a discontinuous
series of related types much broader in its antigenic constitution than had
previously been recognized-the Arizona group. The cultures were derived
largely from pathological processes, and identical serotypes were demon-
strated to be epidemiologically related.

Edwards, West & Bruner 10 presented studies of 382 cultures, isolated
from a variety of animals and from commercial egg powder, which were
divisible into 25 0 groups and 61 serological types. Among the cultures
from animals, strains from turkeys and snakes were predominant. It was
demonstrated that epidemiological data could be correlated with serological
properties and. that, in turkeys, the infections were spread through the
medium of eggs. Transmission of given serological types from hatchery
to hatchery and from State to State could be traced with accuracy. The
organisms were associated with severe infections of young fowls in which
the mortality was high. Experiments in which normal chicks were exposed
to artificially infected birds demonstrated that the bacteria were capable of
initiating fatal infections in fowls. The bacilli also were apparently patho-
genic for reptiles, since they were repeatedly recovered from the internal
organs of snakes under conditions which indicated that they were respon-
sible for fatal infections. Only four of the 382 cultures studied by Edwards,
West & Bruner 10 were isolated from man-three from the stools of persons
affected with gastro-enteritis, and one from a hepatic abscess at autopsy.
The cultures of human origin were so few in number that it was impossible
at that time to judge the role of the bacteria in enteric infections of man.

Since the Arizona group was first established, reports have appeared
which emphasize its importance in diseases of animals and man. Gopher
snakes captured on farms where Arizona infections occurred among
turkeys were found to be carriers of the serotype found in the poults
(Hinshaw & McNeil 14). Later the same authors 15 isolated Arizona serotype
7: 1,7,8 from a number of outbreaks in poults and showed that all the
infections were traceable to eggs produced in a restricted area in California.
Feeding experiments with poults and chicks lent support to the conclusion
that serotype 7: 1,7,8 was responsible for the disease. Hinshaw & McNeil 16
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also reported the isolation of serotype 7: 1,7,8 from a number of rattle-
snakes kept in a single pen, and the autopsy findings indicated that this
serotype was responsible for the death of the snakes. Bruner & Peckham'
isolated the same serotype from an infection of poults at a Pennsylvania
hatchery which obtained eggs from California. Goetz, Quortrup &
Dunsing,13 in an illuminating study, conducted agglutination tests on
turkeys in flocks known to harbour serotype 7: 1,7,8. Reactors were
found and eggs from these birds were incubated. Both the eggs and the
embryos were found to contain the Arizona serotype 7: 1,7,8. Ryff &
Browne 24 isolated a diphasic Arizona type (26: 29-30) from the foetuses
in an outbreak of abortion in ewes.

Reports on the presence of the Arizona group in infections of man
have also accumulated in the literature. Seligmann, Saphra & Wassermann 26
recorded the isolation of a culture identical with the original Arizona
strain from the faeces of a woman affected with fever, vomiting, and
diarrhoea. Edwards 5 reported the isolation of an Arizona strain belonging
to serotype 10: 1,2,5 from the faeces of an 11-month-old baby affected
with acute colitis.

Ferris, Hertzberg & Atkinson," in Australia, isolated a salmonella-like
organism from 26 out of 29 cases of a disease characterized by vomiting,
diarrhoea, and fever. The infection occurred among the personnel of a
single hospital. Though the bacteria were never identified as to serotype,
the description of their biochemical and serological properties leaves no
doubt that they were Arizona strains. So far as is known this is the first
recorded occurrence of the organisms in a mass infection in man. However,
shortly afterwards Verder and her co-workers (unpublished data quoted by
Murphy & Morris 22) studied an outbreak of 51 cases of gastro-enteritis
which occurred among a group of 158 student nurses in a hospital in
Washington, D.C. An organism identified by Edwards & West (unpublished
data) as Arizona serotype 1,2: 1,2,5 (i.e., an organism identical with the
original Arizona type) was recovered from 70% of the patients but from
none of 16 unaffected persons of the group. Many of the cases were severe
and required hospitalization for some days. Rises in the agglutinin titre
for the Arizona culture were observed.

Buttiaux & Kesteloot,3 in France, isolated Arizona strains from the
faeces of six persons: three affected with an acute dysentery-like syndrome,
one with enteric fever, and two with chronic colitis. One of the cultures
was identical with the original Arizona type, one contained 0 antigen 7,
and three contained 0 antigen 12. The authors drew attention to the likeli-
hood that the infections were contracted from contaminated eggs or egg
powder. Murphy & Morris22 described two well-defined outbreaks of
infection in man. The first occurred among six children from three families
who had eaten a common lunch. Ice-cream was thought to be the vehicle
of infection. The children were acutely ill with fever, vomiting, and
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diarrhoea. All of the children developed 0 agglutinins for serotype 10: 1,2,5
which was isolated from the stools of all. The second episode, which also
involved serotype 10: 1,2,5, occurred among six patients in a hospital ward
for whom a special beverage had been prepared by an employee who was
just recovering from diarrhoea of three days' duration. The organism was
recovered from the stools of three of the six persons affected with fever,
vomiting, diarrhoea, and prostration and from the faeces of the employee
who had prepared the food.

Seligmann & Saphra 25 reported the isolation of serotype 5: 1,2,10
from the blood and the faeces of an 8-month-old baby affected with a
prolonged illness, characterized by fever, diarrhoea, and malaise. Butt &
Morris 2 isolated serotype 5: 13,14 from the pus in a case of otitis media.
The patient ran a prolonged continuous fever and was hospitalized for
more than a month. The blood and stool cultures were negative, but the
serum of the patient contained 0 (1-320) and H (1-5120) agglutinins for
the Arizona strain.

From this brief review it is evident that the literature dealing with the
Arizona group is expanding and that there is an increasing tendency to
accept the bacteria as primary incitants of disease in man and animals in
different parts of the world.

Observations

A summary of the Arizona cultures studied by the writers since the
group was established is presented in Table I, which gives the antigenic
formulas by which the serotypes are designated. The numbers appearing
to the left of the colon in the formulas denote 0 (heat stable, somatic)
antigens. Thus an organism designated as 1,2: 1,2,5 belongs to 0 group
1,2, whereas an organism possessing the formula 5: 1,2,5 is a member of
O group 5. 0 groups 1,2; 1,3; and 1,4 are related serologically and there-
fore a common symbol is used in the formulas. The symbols to the right of
the colon represent the H (flagellar) antigens of the bacteria. There are
many complex relationships among the H antigens, and the symbols used
by no means indicate all of them. Only those antigens which are important
in distinguishing serotypes are expressed. Here again relationship is ex-
pressed by the use of common symbols. For instance, types 5: 1,2,5;
5: 1,2,10; and 5: 1,3,1 1 possess identical 0 antigens and related but distinct
H antigens. Types 5: 13,14 and 5: 13,15 possess the same 0 antigens as the
foregoing types but display H antigens which are related to each other but
are not related to those of the foregoing types. Further, as in the genus
Salmonella, both monophasic and diphasic forms occur. The H antigens
of the monophasic types are expressed by such symbols as 1,2,5 or 1,6,7,9
while the diphasic types are indicated by such symbols as 21-23 or 24-28.
In the latter H formulas 21 and 24 represent phase I antigens while 23 and 28

515



P. R. EDWARDS, A. C. MCWHORTER & M. A. FIFE

represent phase 2 antigens. The combinations found among the diphasic
types are numerous and sometimes confusing. Two antigens which have
been considered as phase 1 of different serotypes may occur in combination
in the same organism, in which case one of the antigens must be called
phase 2. This accounts for the apparent contradiction of the same antigen
appearing as phase 1 in one diphasic type and as phase 2 in a second
type.

Table I also gives for each serotype the total number of cultures from
each source, and lists the number of outbreaks or foci of infection. In
most instances the number of cultures is greater than the number of out-
breaks, since cultures were often obtained from several persons or animals
in a single outbreak of disease. Further, a number of cultures were derived
from asymptomatic persons or animals, in which case the cultures were
recorded but no outbreak was set forth. In some instances it was difficult
to decide whether an outbreak should be recorded because it was not always
clear whether the Arizona culture isolated from a given source was respon-
sible for the clinical or pathological conditions observed. In practically
all instances the opinion of the person who isolated the culture or that of
the physician or veterinarian concerned was accepted. When insufficient
evidence was available upon which to base a logical opinion, no outbreak or
focus of infection was recorded.

It is not intended to describe the histories of the cultures of each serotype,
as was done in the earlier report by Edwards, West & Bruner.10 However,
some remarks concerning the distribution of the more prominent types and
a comparison of their present incidence with that in the last report seem
justified. Types 1,3: 1,2,5 and 1,4: 1,2,5 were previously among the more
frequently occurring types in the group, the latter being the type most
often recognized. These types were being disseminated by two hatcheries
in California that later replaced their supply-flocks from non-infected
stock. The increase in numbers of these types has not kept pace with the
group as a whole. Only one culture of type 1,3: 1,2,5 has been recognized
since 1947 and the number of cultures of type 1,4: 1,2,5 has increased by
less than 50% while the group as a whole has increased more than 200%.
It is of interest that one culture of this type was isolated from ice-cream
suspected of being responsible for food poisoning, but unfortunately no
cultures from the patients in this outbreak were forwarded for typing.

Type 5: 13,14 has increased only moderately in numbers but has been
found in a greater variety of animals and in man. Type 5: 17,20, while
still not one of the most frequently occurring types, is represented by
31 cultures whereas previously only one culture was found. The majority
of these cultures came from turkey poults hatched in California or from
poults hatched in Minnesota from eggs from a single source in California.

Type 7: 1,2,6 is notable since the number of cultures recognized in-
creased from 2 in 1947 to 113 at present. This type is exceptional also
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TABLE 1. DISTRIBUTION OF ARIZONA SEROTYPES
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TABLE I. DISTRIBUTION OF ARIZONA SEROTYPES (continued)

Serotype

9: 21-26
9: 24-31
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TABLE I. DISTRIBUTION OF ARIZONA SEROTYPES (concluded)
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Serotype
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because of the frequency of its occurrence and its invasiveness in man.
Its occurrence in infections of man will be discussed later.

Type 7: 1,7,8 was found frequently prior to 1947, and now is the most
commonly isolated serotype, comprising more than one-third of all the
cultures studied. The histories of the cultures of this type isolated from
turkeys are most instructive. In 1947, 24 outbreaks of infection due to
this type in poults had been observed. In most of these outbreaks the poults
were hatched from the eggs produced by a single co-operative turkey-
breeders' association in California. Up to the time of writing there have
been 223 recognized outbreaks of this infection, almost without exception
traceable, directly or indirectly, to the source mentioned above. The
infection now seems to be established among turkeys in all sections of the
country and has caused considerable economic loss. It has been found
infrequently in other animals, and the fact that it was not found among
cultures from egg powder indicates that this serotype is not widely dis-
tributed among chickens. The cultures found in reptiles comprise those
described by Hinshaw & McNeil 16 in an infection occurring in a pen of
rattlesnakes. A capybara in the same zoo suffered an attack of colitis which
was apparently caused by this serotype. It is most surprising that this
serotype, which is so widely distributed in turkeys and often produces severe
infections in them, has not been found in man. This is in direct contrast
to experience with type 7: 1,2,6.

Type 10: 1,2,5 is also worthy of note. Up to 1947 only four cultures
of this type had been found, of which one was isolated from a child with
acute colitis. It is now represented by 126 cultures from 60 outbreaks
of disease, and has continued to appear in man. Of the original four
cultures, one fermented lactose and the other three did not. Of the 122
cultures recognized since that time none has fermented lactose, even after
prolonged serial transfer. Otherwise they are typical Arizona cultures.
It will be noted that while this type occurred very rarely in turkeys, 50%
of the cultures were isolated from chickens. The epizootiology of serotype
10: 1,2,5 in chickens is fairly clear. A very large breeding-flock in North
Carolina harboured this type. Eggs from this flock were sold to hatcheries
in Indiana which used them to establish supply-flocks. Chicks hatched
from eggs from these supply-flocks were sold throughout the south-eastern
States. Many of these chicks were infected with serotype 10: 1,2,5. Eggs
from the North Carolina flock sent directly to Georgia also resulted in
chicks infected with this type, which is now widely distributed in the south-
eastern States and has appeared in man, dogs, and cats as well as in
chickens.

It has been difficult to assess the role of Arizona types in diseases of
reptiles. In some instances they appeared to produce disease in snakes,
as in the outbreak described by Hinshaw & McNeil."' They have been
isolated repeatedly from organs and tissues which exhibited gross patho-
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logical changes and in which usually no other recognized pathogenic
forms were found. Occasionally they have been found in animals infected
with acid-fast bacilli or fungi, or both. The Arizona types have also been
isolated frequently from the intestines or faeces of normal reptiles. They
have been recognized in a variety of snakes, in several species of the lizard
family, and in tortoises. The organisms have been found in reptiles in the
wild state as well as in those kept in captivity. A greater variety of sero-

types has been discovered in cultures from reptiles than in cultures from
any other source. This fact, coupled with the fact that the organisms
are frequently found in reptiles in many parts of the world and are often

TABLE II. SEROTYPES FROM ANIMALS OTHER THAN TURKEYS, CHICKENS,
REPTILES, AND MAN

Serotype Animal, source of serotype, and disease or symptoms Totals

T
Total 64

1,2: 1,2,5 hog, lymph-node, normal . 1

1,3: 1,2,5 hog, spleen . . . 1

1,3: 1,3,11 hogs, spleen . . 2

1,4:1,2,5 dog, intestine, diarrhoea (1); hog, intestine, colitis (1) 2

1,4: 31-33 duck, cloacal swab, normal . . 1

5: 13,14 dogs, faeces, normal (2); dog, blood (1) . .... . 3

5 :17,20 macaw, liver ..... . . . . . . . . . . . . . . . . . . . 1

7: 1,7,8 capybara, faeces, colitis (1); mink, intestine, colitis (1); pheasant,
intestine, enteritis (1); ducks, intestine, enteritis (2); dog,
faeces, diarrhoea (1). 6

9:1,2,5 dog, faeces, normal. ................ .. 1

9: 1,3,11 dog, faeces, normal . . 1

10:1,2,5 monkeys, stools, diarrhoea (2); dogs, faeces, normal (14); cat,
faeces, normal (1) . . 17

10:1,2,6 hog, intestine, enteritis ................. 1

11 :16,17,18 parrot, liver .

13 :1,2,5 guinea-pigs, livers (inoculated with organs of a rattlesnake) 2

13: 13,14 canaries, livers

14:1,2,5 canary, liver .

16: 21-22 hog, anal swab, normal. 1

17:1,2,5 guinea-pigs, livers. 2

21 :1,2,6 rats, intestine, normal (10); pheasant, liver (1) .11

21 :1,2,10 opossum, spleen (1); dogs, faeces, normal (2). 3

21 :1,3,11 opossum, lung and lymph-node. 1

26: 29-30 ewe, aborted foetus . .... ... ... 1
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present in the absence of any recognized disease, tempts one to speculate
that reptiles may be the normal hosts of the Arizona group.

The zoological distribution of cultures from animals other than turkeys,
chickens, reptiles, and man is given in Table II. The organisms were
found both in apparently normal animals and in diseased animals. They
were frequently discovered in the faeces of animals affected with intestinal
disorders as well as in the internal organs at autopsy. In these cases no
other recognized pathogenic forms were reported. In most instances the
infections seemed to be sporadic, but some were from well-defined out-
breaks of infection. The 13: 13,14 and 14: 1,2,5 types from canaries
were from two large flocks of birds in both of which there was a high
mortality. In neither instance was any other causative agent of disease
recognized. The 17: 1,2,5 cultures from guinea-pigs were representative
of numerous cultures isolated from a group of animals in which many
losses occurred. Also the 26: 29-30 type isolated from an ovine foetus
was derived from a flock of ewes in which multiple abortions occurred.
The organism in question was found in each of the three foetuses presented
for examination.

In those animals with generalized infections the changes commonly
associated with bacteraemias were usually found. In many instances
necrotic foci were found in the liver and an acute enteritis was present.
These changes were observed repeatedly in chickens and turkeys, as well
as in other birds, in reptiles, and in mammals.

In man the Arizona types apparently produce infections as severe as,
if not more severe than, the average Salmonella infection. From the data
reported in Table III it is apparent that the bacteria were found with
relative infrequence in normal persons.

The 1,2: 1,2,5 type from an asymptomatic person was isolated from
a patient who had previously yielded S. typhi. Since no unusual develop-
ments in the course of the disease were noted, the culture was recorded
as an adventitious organism. The 10: 1,3,11 culture was isolated from the
stool of a 43-year-old midwife, concerning whom no exact information
was obtainable. The 17: 13,15 cultures were from two nurses on the staff
of the same hospital. Again, adequate information was not obtainable.
The 21: 1,2,6 type from an asymptomatic person was isolated from the
stool of a mother whose child was said to be affected with salmonellosis.
The organism from the child was not subjected to serological examination.
This culture probably represents a carrier state resulting from contact with
a clinical case of Arizona infection. The remaining cultures from asympto-
matic individuals were isolated during surveys of food handlers.

No attempt was made to separate the organisms isolated from cases of
diarrhoea and gastro-enteritis from those isolated from cases with syndromes
resembling enteric fever. In some instances the classification would have
been difficult since persons affected with acute diarrhoea were febrile
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TABLE III. ARIZONA SEROTYPES FROM MAN

Serotype

1,2:1,2,5

1,3: 1,2,10

1,4: 1,2,5

1,4: 1,2,6

1,4: 1,3,11

5: 1,2,10

5:13,14

7: 1,2,6

9: 13,15

10: 1,2,5

10: 1,2,10

10: 1,3,11

13:1,2,5

13: 13,15

17: 13,15

17 29-25

18: 13,14

19: 1,2,6

21 :1,2,6

21 :1,2,10

24: 24-28

Stools

from cases of
from diarrhoea,

asymptomatic gastro-
cases enteritis,cases and enteric

fever

2

2

7

8

21

1

1

21

Blood

5

Localized
infections

4 a

6 b

1 c

Totals

8

6

19

1

21

2

2

2

21

Totals 8 48 8 11 75

a One culture each from the wrist, and the fluid and tissue of the humeroscapular articulation,
2-year-old male (3); ear drainage, 7-year-old child (1)

b Brain abscess (1); scalp abscess (1); abscess, right thigh (1); spinal fluid (1); liver abscess,
autopsy (1); eye (1)

c Liver abscess, autopsy

for prolonged periods. In other instances insufficient information was
available upon which to base an opinion. Six of the seven cultures of type
1,2 :1,2,5 were those isolated by Verder and her colleagues (unpublished
data quoted by Murphy & Morris 22) from an outbreak of 51 cases. As
mentioned previously, these were rather severe cases, some of which required
prolonged hospitalization. In this outbreak rises in the agglutinin titre for
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the Arizona strain were noted. The seventh culture of type 1,2: 1,2,5 was
isolated from the stool of a 58-year-old woman affected with gastro-
enteritis. Although the patient died, no autopsy was performed. The
1,3: 1,2,10 culture was isolated from the stool of a 5-month-old child
affected with fatal gastro-enteritis. No information concerning the 1,4: 1,2,5
culture was available except that it was isolated from a person affected with
diarrhoea. The 1,4: 1,2,6 culture was isolated from the stool of a 25-year-
old male affected with diarrhoea but who was afebrile. The 1,4: 1,3,11
culture was isolated from the stool of a 3-month-old child affected with
gastro-enteritis. The 5: 1,2,10 culture was isolated from the blood of an
8-month-old child affected with diarrhoea and fever. This is the culture
described by Seligmann & Saphra.25 Of the six 5: 13,14 cultures, one was
isolated from stools, one from blood, and four from localized infections.
The culture from stools was derived from a 44-year-old male affected with
diarrhoea who voided 10 to 15 stools per day for 14 days. The culture
from blood and three of the cultures from localized infections were obtained
from a 2-year-old infant. In this child the organisms were known to be
present for some time since they were isolated at intervals during several
months. The organisms localized in the wrist and in the humeroscapular
and costochondral articulations; marked destruction of bone was observed.
A review of this case was published by Fisher.'2 The fourth culture of
5: 13,14 from localized infections was isolated from pus obtained from a
case of otitis media. This is the culture reported by Butt & Morris.2

The 7: 1,2,6 type accounted for approximately 25% of the infections
in man and made up more than 50% of the cultures from blood and localized
infections, but very little information could be obtained concerning the
persons infected with this serotype. Of the eight cultures from diarrhoeal
stools, six were said to be from adults. One culture was isolated from a
33-year-old male who voided 30 to 40 stools per day. The patient was
febrile, and pus and blood were present in the stools. No information was
available concerning the remaining two cultures. Of the 7: 1,2,6 cultures
from blood, two were derived from the blood of an adult female at intervals
of four months. The duration of the infection was estimated at eight
months. The patient ran an intermittent temperature and the organism was
isolated from the blood upon several occasions. Lupus erythematosus was
observed in this patient. The remaining cultures of this type from blood
were from infections in adults, but no other information was available.

Of the 7: 1,2,6 cultures from localized infections, one was isolated from
a brain abscess in an adult who had been ill for four years with intermittent
diarrhoea, headache, and low-grade fever, and who had also been affected
intermittently with thrombophlebitis. The final outcome of this case is not
known. The second culture of 7: 1,2,6 was isolated from a liver abscess at
autopsy. No other information concerning the case was obtained. Of the
remaining four cultures of type 7: 1,2,6 from localized infections, only the
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information contained in the footnotes to Table III could be obtained.
From the meagre information available it would appear that serotype
7: 1,2,6 is distinctly invasive in man.

No information was forthcoming concerning the 9: 13,15 culture
except that it was isolated from a hepatic abscess in an adult at autopsy.

Ten of the 10: 1,2,5 cultures isolated from intestinal infections were
derived from the two outbreaks of infection described by Murphy &
Morris.22 Of the remaining 11 cultures, six were from infants acutely ill
with diarrhoea and enteritis. Two of the infants were siblings who were
ill at the same time. Five of the cultures were from four adults, all ofwhom
were -affected with diarrhoea, fever, and vomiting. Two of the cultures
were isolated at an interval of three days from a 36-year-old farmer who
was hospitalized. One of the adults who yielded type 10: 1,2,5 had eaten
ice-cream from which the organism was isolated.

The 10: 1,2,10 type from blood was isolated from the heart blood of
a 5-month-old infant at autopsy. No details concerning the course of
the illness were obtained.

The 13: 1,2,5 and 13: 13,15 types were isolated from children with
diarrhoea-the former type, in the Philippine Islands, the latter in Brazil.
Nothing is known of the history of the 17: 29-25 type except that it was
isolated from the stool of a patient with diarrhoea. The 18: 13,14 cultures
were isolated from two widely separated sporadic cases of diarrhoea in
adults. Both patients were affected with vomiting and fever as well as with
diarrhoea. The 19: 1,2,6 culture was isolated from the stool of an infant
hospitalized for two weeks. The child was said to have been dehydrated
and to have had a temperature of 103OF (39.40C). The 21:1,2,6 culture
from a case of diarrhoea was isolated in Israel by Dr W. Hirsch and
forwarded to the writers by Dr F. Kauffmann. No further history was
obtained.

The cultures from water, sewage, and miscellaneous sources were derived
largely from river waters and irrigation waters known to be heavily polluted.
S. typhi and other Salmonella types were found in large numbers in the
same waters. Some of the cultures were isolated from the environment in
poultry-processing plants and abattoirs in which surveys for the presence
of salmonellae were being made. Two of the cultures were from foods
suspected of having caused food poisoning and, as mentioned above, in one
instance the same Arizona type was found in the patient and in the food.

Discussion

From the above data it is evident that bacteria of the Arizona group
comprise a large number of serotypes, which are distributed widely in man
and animals. That they are actually primary incitants of enteric infections

12
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in man and animals there can be little doubt. The epidemiology of the
infections in fowls has been particularly clear-cut and there have been
repeated instances in which it was possible to trace the transmission of the
infections through eggs. Further, they have been found repeatedly in
generalized infections in hundreds of flocks of birds in many of which the
mortality was very high.

In man the organisms occurred with relative frequency in bacteraemias
and in localized infections, at least some of which were probably haemato-
genous in origin. One gains the impression from this small series of cultures
that the organisms are as invasive-if not more invasive-in man as are
those Salmonella types not host-adapted to man. One would also gain the
impression from this series of cultures that the organisms occur much more
frequently in fowls than in man. While this is probably true, the difference
in the occurrence of the bacteria in fowls and in man may be more apparent
than real. In young fowls the Arizona types, like salmonellae, have a
marked tendency to invade the blood and produce fatal infections. In man,
and particularly in adults, they usually produce intestinal infections and
are found only in the intestinal tract. Cultures from heart blood, liver,
spleen, and other internal organs at autopsy are likely to be scrutinized
much more carefully than are the lactose-fermenting bacteria isolated from
the intestinal tract. Therefore, it is possible that many Arizona cultures
from faeces are discarded. It was once thought that Arizona cultures
attacked lactose slowly, and it was not until Solowey & McFarlane 27
systematically examined cultures from egg powder that it was recognized
that many cultures fermented lactose rapidly. Probably the almost complete
absence of rapid lactose-fermenters in the present series, except for a number
of cultures from egg powder, is due to the fact that such cultures were
ignored or discarded before they were identified. The small number of
diphasic types which have been studied have fermented lactose with greater
rapidity than the monophasic types, and their prompt fermentation of
lactose may account for the small number of strains forwarded for exam-
ination. Since, with the exception of Shigella sonnei, all shigellae and
salmonellae fail to attack lactose, absence of lactose fermentation has become
a fetish in the search for incitants of enteric disease. That such a view is
outmoded is demonstrated not only by study of the Arizona group but by
the ever-increasing acceptance of certain E. coli serotypes as causative
agents in infantile diarrhoea. If the strains of the Arizona group had not
fermented lactose they would have been classified as Salmonella serotypes
and no questions regarding their role in the production of disease would
have arisen. The time has come when the long-held view that primary
incitants of disease among the Enterobacteriaceae fail to ferment lactose
must be abandoned.
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RItSUME

Cette etude est consacree 'a certaines enterobacteriacees constituant autrefois le
groupe < paracolon) - ai tort selon les auteurs, car elles sont plus proches des Salmo-
nellae que des Escherichiae. Elles sont reunies actuellement sous le nom de groupe Arizona,
qui comporte 96 types serologiques. Ces bacteries sont mobiles, Gram negatives, liquefient
la gelatine et, a quelques exceptions pres, font fermenter le lactose. Elles sont a l'origine
d'infections intestinales de l'homme et des animaux et leur presence est signalee de plus
en plus frequemment. L'etiologie de la maladie qu'elles provoquent chez les oiseaux
de basse-cour a pu &re retracee avec precision, en particulier la transmission de l'infec-
tion par les ceufs. Chez les jeunes oiseaux, ces bacteries ont tendance, comme les Salmo-
nellae, 'a provoquer des bacteri6mies mortelles. Chez l'homme adulte, elles causent des
infections enteriques et n'ont et isolees que de l'intestin.

Jusqu'I maintenant, la recherche des bacteries enteriques avait ete limitee La celles
qui ne font pas fermenter le lactose et il est probable que, de ce fait, un grand nombre
de souches pathogenes du groupe Arizona ont echappe aux investigations. Cette exclu-
sivite ne se justifie plus aujourd'hui. En effet, la decouverte du r6le joue par les micro-
organismes du groupe Arizona dans les infections enteriques, et par certains types
serologiques d'E. coli dans la diarrhee des nourrissons tend a invalider la conception
selon laquelle les bacteries enteriques pathogEnes ne font pas fermenter le lactose.

Les auteurs decrivent en outre les principales souches correspondant aux principaux
types serologiques, ainsi que les ph6nomEnes pathologiques qu'elles ont determines
chez l'animal et l'homme; ils resument dans des tableaux leur provenance et leur
repartition.
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