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I. DEFINMION OF THE ARIZONA GROUP (17) confirmed all the above-mentioned observa-

The Arizona group of the family Elterobac- tions with the exception that 33.2 per cent of
teriaceae is composed of bacteria closely related 457 monophasic Arizona strains tested utilized
to the members of the genus SalmoneUa but dis mucate within 20 hr, whereas none of 164 di-
tinguishable from them by biochemical methods. phasic strains did so. Twelve reaction patterns
The biochemical properties of the two groups were obtained in testing 1136 salmonellae and
are delineated in table 1. The reactions listed are 621 Arizona strains in the four organic acid
those given by typical members of the two groups media. Six of these reaction patterns contained
and exception may be taken to them on the 93.7 per cent of the salmonellae whereas three
ground that the two reaction patterns are very other patterns contained 98.7 per cent of the
simiar and that not every culture of the groups Arizona cultures. The results are summarized
adheres to the patterns delineated. For instance, briefly in table 2.
a number of well known Salmonela types fail At the time Edwards et al. (16) published an
to ferment dulcitol and a few rare types liquefy extended study of Arizona serotypes, some diffi-
gelatin. Nevertheless, the tests listed above are culty was encountered in framing a definition of
those used in the laboratory for primay group the group. Subsequentiy the KCN test as modi-
differentiation of Enterobacteriaemae and when fied by Moeller (29) and the lysine decarboxylase
interpreted judiciously in combination with the tests of Moeller (30) and of Carlquist (6) have
results of serologic examination, an excellent come into general use so that no difficulty now is
indication can be obtained as to which of the two experienced in ditingug Arizona strains
groups a given culture belongs. Gelatin liquefac- from those of Citrobacter (Eschrichia freundii)
tion is a very constant property of the Arizona (Edwards and Fife (10); Edwards et al. (13)).
group and the test can be made much more useful Certain biochemical characteristics of Arizona
if the rapid method of Kohn as modified by Lau- strains are somewhat less uniform than those of
trop (27) is used. SalmoneUa serotypes. In studying the ability of

Certain additional tests are of value in differen- the two groups to grow in KCN medium, Ed-
tiating the two groups. Schaub (34) noted that wards and Fife (10) found that whereas only 1.1
Arizona strains utilized malonate whereas sal- per cent of the Salmonella strains tested were
monellae did not. This observation was confirmed positive, 7.7 per cent of the Arizona strains were
by Shaw (37). Kauffmann and Petersen (25) able to initiate growth. It should be stated, how-
noted that salmonellae utilized D-tartrate, mu- ever, that the majority of Arizona cultures which
cate, and citrate rapidly, whereas Arizona cul- were KCN positive belonged to 0 group 21 and
tures did not. In the examination of a large series that strains of the 0 group were almost constantly
of SalmoneUa and Arizona cultures, Ellis et al. positive. When cultures of 0 group 21 were ex-

Presidential Essay for 1959. cluded, only 3.3 per cent of the Arizona cultures
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TABLE 1 cultures among the total number of Arizona
Major biochemical properties of the genus strains studied was very low.

Salmonella and the Arizona group Through the use of the biochemical tests

ProperySaoea__Arzon outlined above, combined with knowledge of the
Pro.erySalmnell rizon biochemical properties of well known Salmonella

Indole production. types, and the serologic results obtained with a

Methyl red test. + + given culture, microorganisms may be assigned
Voges-Proskauer test - to the proper group with certainty. Admittedly,
Growth in Simmons' cit- cultures exist which present difficulty in place-
rate. + + ment, but these have amounted to no more than

H2S production. + + 25 cultures among more than 30,000 cultures of
Urease production._ - the two groups which have been classified.
Growth in KCN medium...
Motility... + + II. HISTORY OF THE ARIZONA GROUP
Gelatin liquefaction. (+)
Lysine decarboxylation + + The first description of an organism now classi-
Phenylalanine deamina- fied in the Arizona group was that of Caldwell
tion...... - and Ryerson (5) in which attention was called

Gas from glucose.... + + to a bacterium isolated from diseased chuckwallas
Fermentation of:Lertactose.+or: (Sauromalus ater), horned lizards (PhrynosomaLactose........._ or
Sucrose. __ solare), and Gila monsters (Heloderma suspec-
Mannitol... + + tum). This organism was designated Salmonella
Dulcitol. + - sp. (Dar-es-Salaam type, var. from Arizona)
Salicin. - because it liquefied gelatin as does the true
Adonitol. - Dar-es-Salaam type although it possessed little
Inositol.d - antigenic relationship to the latter. Although
I_________- lactose fermentation was not observed, an acid

+ = Prompt, positive, 1 to 2 days; (+) - de- coagulation of milk by the reptilian strains was
layed positive; X = late and irregularly positive; recorded. Kauffmann (24) later studied a culture
d = different biochemical types; and nega- of this type and although he recognized that it
tive.

fermented lactose and liquefied gelatin, placed

TABLE 2 it in the genus Salmonella because of the close
TeactinsofaBmonelEa2n Arizonac

relationship of its H antigens to those of known
Reactions of Salmonella and Arizona cultures Salmonella types. The organism was called Sal-

monella arizona and assigned the antigenic for-
Culture Mucate n-Tar- Citrate Maio mula 33: Z42 ZUs, Z26 by Kauffmann.trate nate Peluffo et al. (32) studied seven related cul-

tures, including the original Arizona strain, and
Salmonella............ + + d - noted that all fermented lactose and liquefied
Arizona. d - - + gelatin. The bacteria were biochemically similar

+ = Visible utilization within 20 hr at 37 C; and all were serologically related. It was con-
- = no visible utilization within 20 hr at 37 C; cluded that the cultures were Enterobacteriaceae,
and d = different biochemical types. the biochemical properties of which differed

from those of any of the genera then recognized.
tested were positive. In the study of 271 Arizona Edwards et al. (12) described 44 cultures isolated
cultures isolated from snakes, LeMinor et al. from reptiles, fowls, mammals, and man, and
(28) found that 20.8 per cent produced indole found that they were divisible into 15 epidemio-
and that 3.6 per cent fermented sucrose. How- logically significant serologic types. The cultures
ever, it should be emphasized that those bio- possessed similar biochemical properties and,
chemically aberrant cultures belonged to sero- directly or indirectly, were related serologically
types recognized with extreme rarity in man and to the original Arizona strain. Some of the cul-
domestic animals so that the percentage of such tures had H antigens which were unrelated to
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those of the Arizona strain. However, such strains numbers to the right, H antigens) from a number
had 0 antigens identical with cultures which did of outbreaks in poults and showed that all the
possess flagellar relationships to that organism. infections were traceable to eggs produced in a
Thus, it became apparent that there existed a restricted area in California. Feeding experiments
group made up of a discontinuous series of re- with poults and chicks lent support to the con-
lated types much broader in its antigenic con- elusion that serotype 7: 1, 7, 8 was responsible
stitution than had previously been recognized- for the disease. Hinshaw and McNeil (23) also
the Arizona group. The cultures were derived reported the isolation of serotype 7: 1, 7, 8 from
largely from pathological processes, and identical a number of rattlesnakes kept in a single pen and
serotypes were demonstrated to be epidemio- the autopsy findings indicated that this serotype
logically related. was responsible for the death of the snakes.
Edwards and West (11) described a bacterium In the studies of Edwards et al. (16) it was dem-

isolated from a snake which fermented lactose onstrated that epidemiological data could be cor-
promptly and which displayed the typical phase related with serologic properties and, that, in
variation of Andrewes (1). The organism pos turkeys, the infections were spread through the
sessed biochemical characteristics similar to medium of eggs. Transmission of given serologic
those of the Arizona group which previously types from hatchery to hatchery and from state
was made up entirely of monophasic cultures. to state could be traced with accuracy. The or-
West et al. (39) described eight additional di- ganisms were associated with severe infections of
phasic cultures which together with the above- young fowls in which the mortality was high.
mentioned strain, were assigned to the Arizona Experiments in which normal chicks were ex-
group. Thus, it became apparent that the Arizona posed to artificially infected birds demonstrated
group, like the closely related salmonellae, was that the bacteria were capable of initiating fatal
made up of both monophasic and diphasic types infections in fowls. The bacilli also were thought
which, almost without exception, possessed 0 to be pathogenic for reptiles, since they were re-
and H antigens related to those of known Sal- peatedly recovered from the internal organs of
monella types. snakes under conditions which indicated that
The first comprehensive study of the biochem- they were responsible for fatal infections. Only 4

ical and serologic properties of the Arizona group of the 382 cultures studied were isolated from
was published by Edwards et al. (16) who studied man, 3 from the stools of persons affected with
382 cultures derived largely from fowls, spray- gastroenteritis, and 1 from an hepatic abscess
dried egg powder, and reptiles. These were divis- at autopsy. The cultures of human origin were
ible into 25 0 groups and 61 serologic types. so few in number that it was impossible at that
Although a large number of serotypes subse- time to judge the role of the bacteria in enteric
quently were described in a long series of papers infections of man.
with various collaborators, no comprehensive Bruner and Peckham (2) isolated the same
review of the serologic properties and relation- serotype as that studied by Hinshaw and Mc-
ships of the Arizona group since has been pub- Neil (22) from an infection of poults at a Penn-
lished. Many new antigens were recognized and sylvania hatchery which obtained eggs from Cali-
many undescribed relationships detected in the fornia. Goetz et al. (20), in an illuminating study,
intervening years and therefore a summary of conducted agglutination tests on turkeys in
the serology of the group as it now is known is flocks known to harbor serotype 7: 1, 7, 8.
included. Reactors were found and eggs from these birds

Since the Arizona group was first established, were incubated. Both the eggs and embryos were
reports have appeared which emphasize its im- found to contain the Arizona serotype 7: 1, 7, 8.
portance in diseases of animals and man. Gopher Ryff and Browne (33) isolated a diphasic Ari-
snakes captured on farms where Arizona infec- zona type (26: 29-30) from the fetuses in an out-
tions occurred among turkeys were found to be break of abortion in ewes.
carriers of the serotype found in the poults (Hin- Reports on the presence of the Arizona group
shaw and McNeil (21)). Later the same authors in infections of man have also accumulated in
(22) isolated Arizona serotype 7: 1, 7, 8 (num- the literature. Seligmann et al. (36) recorded the
bers to the left of the colon denote 0 antigens; isolation of a culture identical with the original
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Arizona strain from the feces of a woman affected stools of three of the six persons affected with
with fever, vomiting, and diarrhea. Edwards (7) fever, vomiting, diarrhea, and prostration and
reported the isolation of an Arizona strain be- from the feces of the employee who had prepared
longing to serotype 10: 1, 2, 5 from the feces of the food.
an 11-month-old baby affected with acute colitis. Seligmann and Saphra (35) reported the isola-

Ferris et at. (18), in Australia, isolated a tion of serotype 5: 1, 2, 10 from the blood and
salmonella-like organism from 26 out of 29 cases the feces of an 8-month-old baby affected with a
of a disease characterized by vomiting, diarrhea, prolonged illness, characterized by fever, diar-
and fever. The infection occurred among the per- rhea, and malaise. Butt and Morris (3) isolated
sonnel of a single hospital. Although the bac- serotype 5:13, 14 from the pus in acase of otitis
teria were never identified as to serotype, the media. The patient ran a prolonged continuous
description of their biochemical and serologic fever and was hospitalized for more than a month.
properties leaves no doubt that they were Ari- The blood and stool cultures were negative, but
zona strains. So far as is known this is the first the serum of the patient contained 0 (1-320)
recorded occurrence of the organisms in a maw and H (1-5120) agglutinins for the Arizona strain.
infection in man. However, shortly afterwards Edwards et al. (14, 15) reported 1308 cultures
Verder, Bell, Collins, Schreiber and Brennan of the Arizona group, of which 87 were isolated
(unpublished data quoted by Murphy and Mor- from man. Attention was called to the occur-
ris (31)) studied an outbreak of 51 cases of gas- rence of these organisms in severe outbreaks
troenteritis which occurred among a group of of infection in animals and in severe diarrhea
158 student nurses in a hospital in Washington, and gastroenteritis in man as well as to their
D. C. An organism identified by Edwards and marked tendency to invade the blood and to
West (unpublished data) as Arizona serotype 1, 2: produce localized infections in man. Details
1, 2, 5 (i.e., an organism identical with the orig- concerning the clinical conditions from which
inal Arizona type) was recovered from 70 per the strains of human origin were isolated were
cent of the patients but from none of 16 unaf- included in these publications. Krag and Shean
fected persons of the group. Many of the cases (26) described two fatal infections which were
were severe and required hospitalization for attributed to type 7: 1, 2, 6. In one case a liver
some days. Rises in the agglutinin titer for the abscess was observed, whereas arthritis and osteo-
Arizona culture were observed. myelitis occurred in the second. The bacilli were

Buttiaux and Kesteloot (4), in France, iso- isolated from the lesions and in one case aggluti-
lated Arizona strains from the feces of six per- nins for the Arizona serotype were demonstrated.
sons; three were affected with an acute dysen-

I SEROLOGIC DIFFERENTIATION OF ARIZONA
tery-like syndrome, one with enteric fever, and
two with chronic colitis. One of the cultures was
identical with the original Arizona type, one The methods used in the differentiation of
contained 0 antigen 7, and three contained 0 serotypes were those detailed by Edwards and
antigen 12. The authors drew attention to the Bruner (8) and Edwards and Ewing (9) and will
likelihood that the infections were contracted not be described. The cultures upon which the
from contaminated eggs or egg powder. Murphy work was based were received over a period of 20
and Morris (31) described two well defined out- years and were isolated largely in the United
breaks of infection in man. The first occurred States. However, a significant proportion of the
among six children from three families who had cultures, particularly those isolated from rep-
eaten a common lunch. Ice cream was thought tiles, were isolated in other countries. The rep-
to be the vehicle of infection. The children were tihian cultures were isolated in many different
acutely ill with fever, vomiting, and diarrhea. countries and included strains from South Amer-
All of the children developed 0 agglutinins for ica, Europe, Africa, and Asia.
serotype 10: 1, 2, 5 which was isolated from the Thirty-two 0 groups were recognized, of which
stools of all. The second episode, which also three (07, 09, and 010) each was divided into
involved serotype 10: 1, 2, 5 occurred among two subgroups. Some degree of cross reaction
six patients in a hospital ward for whom a special among the 0 groups was noted and the reactions
beverage had been prepared by an employee who of the individual antigens with the various sera
was just recovering from diarrhea of 3 days' are included in table 3. Obviously, some of the
duration. The organism was recovered from the sera agglutinated heterologous antigens to such
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TABLE 3 TABLE 4
Reactions of unabsorbed Arizona 0 sera Absorption of sera for specific 0 factors

Arizona 0 Homol- Tl ~ Serum Strain 0 Antigens UTsed in
Antigen 0o0 Titers with Heterologous Sera Factor AbsorptionsTit: . |_No.Formula

1, 2 5120 1,8-320; 1,83-20; 9a,9b-320 2 DC 5 1, 2:1, 2, 5 1, 3 + 1, 33
1, 8 2560 1,2-5,120;1,4-40; 7a,7b-160; 9a, 3 699-52 1, 3: 1, 2, 5 1, 2

9b-160; 12-80; 17-160;27- 4 292-53 1, 4:1, 2, 5 1, 2 + 1, 3
20; 28-160; 1,88-20 5 1840-54 5: 17, 20 14 + 29

1, 4 2560 12-40; 17-40 6 SoSO 6:13, 14 Unabsorbed
1, 88 5120 1,2-40; 1,8-20; 7a,7b-20; 9a, 7b 2432-53 7a, 7b: 1, 2, 6 7a, 7c

9b-20; 12-20; 14-20; 16-20; By- 7c 143-57 7a, 7c: 27-31 7a, 7b + 32
40; 26-20 8 CDAI 8:1, 7, 8 Unabsorbed

5 5120 26-20; 29-640 426
6 5120 7a,7b-20; 7a,7c-80; 8-20 9b N 99 9a, 9b: 13, 15 9a, 9c
7a, 7b 2560 7a,7c-640; 8-40; 25-20; 27-40; 9c 3600-56 9a, 9c: 33-31 9a, 9b + 18

82-40 + 20
7a, 7c 2560 7a,7b-160; 8-80; 27-20; 82-40 10b 3970-53 10a, lOb: 1, 2, 5 10a, 10c
8 1280 10c 396-56 10a, 10c: 13, 15 10a, 10b + 32
9a, 9b 2560 Ga,9c-10,240; 18-20 11 Ore 181 11:16, 17, 18 Unabsorbed
9a, Gc 5120 Ga,9S-640; 18-20 12 124-57 12: 27-28 Unabsorbed
lOa, lob 1280 1,2-8; 1Oa,10c-320; 24-20 13 1715-50 13: 1, 2, 5 Unabsorbed
loa, lOc 640 6-0; lOa,lOb-40; 14-20 14 Pc 123 14: 1, 6, 7, 9 Unabsorbed
11 1280 9a,9c-40 15 5320-52 15: 1, 2, 6 Unabsorbed
12 2560 1,4-40; 28-40; 30-20 16 So 34 16: 13, 14 Unabsorbed
18 1280 9aGb-80; 17-320; 18-20; 27-320; 17 M 98 17: 29-25 1, 3 + 13

28-40; 3040 18 So 5 18: 13, 14 Unabsorbed
14 1280 1,2-40; 5420; 10a,lOc-20; 17- 19 Pc 145 19: 1, 2, 5 Unabsorbed

20; 30-20; 82-20 20 Pc 148 20: 1, 2, 6 Unabsorbed
15 2560 1,2-20; 9aGb-160; 9a,9c-20; 17- 21 1450-53 21: 1, 2, 6 Unabsorbed

40; 28-20 22 2959-55 22: 1, 2, 5, 6 Unabsorbed
16 1280 1,2-160; 22-20 23 5395-52 23: 33-25 Unabsorbed
17 5120 1,4-160; lOa,lOc-40; 12-80; 25- 24 Pc 196 24: 26-25 32

20; 28-80 25 P 19O 25:27-28 30
18 2560 GaGc-160; 21 40 26 4859-52 26: 23-30 Unabsorbed
19 1280 5-80; 18-20; 28-20 27 PM 11 27: 23-25 13 + 32
20 1280 Ga,Gc-160; 1Oa,lOc-20 28 3592-56 28: 23-25 1, 3
21 1280 8-20; lOa,lOc-20; 1840 29 557-52 29: 33-31 5 + 28
2 1250 lOa,lOc-160; 813 20 30 4602-54 30: 23-31 2628; 280 -160 31 3853-54 31: 23-25 Unabsorbed
25 2560 8-2;17420 -32 1675-55 32: 1, 2, 6 24
SE 2560 8-20; 17-20 33 255-58 1, 33: 23-21 1, 2 + 1, 3
26 2560 5-40; 9a,Gc-40; 27-40; 30-160 ,
27 2560 7a,7b-80; 7a,7c-80; 17-20; 24-40 duce such sera are listed in table 4. Sera so ab-28 640 5-160; 28-20; 29-320
29 640 5-160 sorbed contained strong specific fractions and
80 2560 5-20; 840; 15-20; 28-80; 25-160; were used in slide agglutination tests for 0 group

28-40; 3140 determinations without difficulty. The majority
31 640 of the 0 antigens listed in table 3 p sed strong
82 2560 1,4-20; 7a,7c-320; lOa,1Oc-320; reciprocal relationships to, or were identical with,

24-160; 31-20 one of the known SalmoneUa 0 antigens. These
.______-. relationships are listed in table 5. Undoubtedly,Antigenic symbols italicized,

additional minor relationships exist between the
an extent that absorption was necessary to pro- 0 antigens of the two groups but those included
duce sera which could be used in simple slide in the table represent the strong, reciprocal rela-
agglutination tests for group and subgroup de- tionships noted by the writers.
termination. The absorptions necessary to pro- The H antigens of Arizona strains possessed
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TABLE 5 TABLE 6
Relationships between the 0 antigens of Salmonella Reactions of unabsorbed Arizona H sera

8pp. and the Arizona group
Arizona H Homol-

Arizona 0 Antigen Related Salmonedla Antigen Antigens | olot|s Titers with Heterologous Arizona Sera

1, 51 1, 1, 5 12,800 1,1,6,6-12,800; 1,1,6-3,200; 1,1,
is 44 10-1,600; 1,1,86-12,800; 1,8,11-
5 48 1,600; 1,6,7-1,600; 1,6,7,9-
7a, 7b 18 1,600; 1,7,8-200
9a, 9c 50 1, 2, 5, 6 25,600 1,1,6-12,800; 1,1,6-3,200; 1,1,10-
lOa, lOb 40 1,600; 1,2,86-12,800; 1,8,11-
lOa, lOc 49 1,600; 1,6,7-800; 1,6,7,9-1,600;
11 45 1,7,8-400; 17,10-200
12 17
13 41 1,1, 6 12,800 1,1,5-3,200; 1,2,5,6-6,400; 1,2,10-
16 42 6,400; 1,1,36-25,600; 1,8,11-
16 38 1,600; 1,6,7-25,600; 1,6,7,9-
17 11 6,400; 1,7,8-400
18 1, 13, 23 1, 2, 10 25,600 1,,5-400; 1,1,5,6-200; 1,1,6-1,600;
20 85 1,1,86-12,800; 1,8,11-3,200; 1,6,-
21 43 7-6,400; 1,6,7,9-3,200; 1,7,8-800
22 21
18 471, 472 (S. bergen) 1, 21, 36 25,600 1,1,5,-25,600; 1,1,5,6-1,600; 1,1,6-
25 16 3,200; 1,1,10-12,800; 1,8,11-
27 6, 7 1,600; 1,6,7-1,600; 1,6,7,9-3,200;
28 471, 473 (S. kaolack) 1,7,8-20; 17,20-200
31 51
81 6, 14, 24 1, 8, 11 12,800 1,1,5-400; 1,1,6-800; 1,1,10-6,400;

Italics indicate. ntigenic identity. 1,1,36-6,400; 1,6,7-400; 1,6,7,9-
Italics indicate antigenic identity. 800; 1,7,840

i, 6, 7 25,600 1,1,5-200; 1,1,6-6,400; 1,1,10-6,400;
many strong intragroup relationships as well as 11,86-1,600; 1,8,11-1,600; 1,6,-
relationships to a number of SalmoneUa H anti- 7,9-6,400; 1,7,8-1,600
gens. The H antigens recognized, together with 1 6, 7, 9 6,400 1,,5-800; 1,1,5,6-200; 1,1,6-3,200;
their cross reactions with other antigens, are 1,1,10-3,200; 1,1,86-3,200; 1,8,11-
listed in table 6. Many of the relationships were 800; 1,6,7-25,600; 1,7,8-800
represented by the use of common symbols.
In other instances, relationships equally as strong 1, 7, 8 6,400 1,1,5-800; 1,1,6-6,400; 1,1,10-6,400;
were not so denoted. This situation was the 1,1,86-3,200; 1,8,11-3,200; 1,6,7-
result of undetected unilateral relationships, to 12,800; 1,6,7,9-6,400
lack of a cross-reacting agglutinin in the first1 14 25,600 1,1-25,600
lot of antiserum prepared for a newly delineated 18, 14 25,600 18,14-3,200
antigen, or to incomplete suppression of one 16, 17, 25,600 17,20-3,200
phase when a diphasic culture was used for im- 18
munization. The absorptions necessary to pro- 17, 10 25,600 1,1,86400; 16,17,1840; 35-200
duce specific H sera for use in diagnosis are listed
in table 7. 21 6,400 36-1,600

In tables 4 and 7, many of the sera were ab- 22 25,600 29-6,400; 80-800; 37-200
sorbed to produce single factors. In some in- 23 25,600 21-200; 29-1,600; 81-200;34-3,200
stances the need for absorption was not reflected 14 25,600 15 400; 88-800
in the reactions listed in tables 3 and 6. All 5 6,4800 81-200; 35-800
lots of serum produced from a given culture did 16 12,800 28-1,600
not exhibit the same degrees of cross reactivity 18 25,600 81-200
and many of the absorptions listed in the table

28

_ 25_600_31_200
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TABLE 6.-Continued cultures from the same animal or the same per-
son were excluded from the table. In interpreting

AntigensH 5HA Titers with Heterologous Arizona Sera the antigenic formulas it should be kept in mindAn___tigensers that the numbers appearing to the left of the
colon in the formulas denote 0 (heat stable,

20 25,600 21-400; 28-12,800;81 9800 somatic) antigens. Thus, an organism desig-
802,600 54-1,600 - nated as 1, 2: 1, 2, 5 belongs to 0 group 1, 2,

81 25,600 22-400; 2-6,400 whereas an organism possessing the formula 5:
32 25,600 27-100; 28-200; 31-100 1, 2, 5 is a member of 0 group 5. 0 groups 1, 2:
83 25,600 40400 1, 3; and 1, 4 are related serologically and there-
84 12,800 88-100 fore a common symbol is used in the formulas.
35 25,600 25-100; 27-200 The symbols to the right of the colon represent
87 3,200 17,20-100; 31-0; 85-100; the H (flagellar) antigens of the bacteria. There

88-200; 4040 are many complex relationships among the H
88 25,600 40-800 antigens, and the symbols used by no means indi-
89 25,60 cate all of them. Only those antigens which are

4025,60087-200; 88-1,600 important in distiguishing serotypes are ex-
Antigenic symbols italicized. pressed. Here again relationship is expressed by
No reactions at dilutions less than 1:100 in- the use of common symbols. For instance, types

eluded. 5: 1, 2, 5; 5: 1, 2, 10; and 5: 1, 3, 11 possess iden-

were based on experience with sera of lots other tical 0 antigens and related but distinct H anti-
tho illustrated. In actual ractice it often gens. Types 5: 13, 14 and 5: 13, 15 possess the

tasnotoecese ar

n
to use such an army of ab- same 0 antigens as the foregoing types but dis-was not necessary to use such an array of ab-plyHatgnwhcarretdtoahohr

sorbed sera and the suggested factor sera were but are related to egotyes
poisedon th ieo aey

but are not related to those of the foregoing types.
pInseoneinsidnces oflsafety. sera wereused Further, as in the genus Salmonella, both mono-

Ina somrce instanctoses rSalmonellas ereused phasic and diphasic forms occur. The H antigensas a source of factor sera or Salmonella cultures oftemnpaitysarexesdbyuc
were used to absorb Arizona sera to produce oftemnpaitysarexesdbyuc
wergle usetors. aisor Aris aseflerain to peearly 'symbols as 1, 2, 5 or 1, 6, 7, 9, whereas the di-singlewfatorth i is a r t of teeary phasic types are indicated by such symbols as
workontegoup hen t ws neessay~ 23-21 or 24-28. In the latter H formulas 23 and

compare carefully closely related Salmonella 24 rresent p he1anten hereas 21 and
and Arizona types. The absence of certain H 24 represent phase 1 2, whereas 21 and 28

factors, e.g., 4 and 12, is due to their assignment becedt the orgasm listedtin shema
to specific factors present in Salmonella cultures

arespec- as 5, 29: 33-21-40. This was a complex type deter-thatcontine anign z,,aan Z4 mined by Edwards, Fife, and LeMinor (unpub-
tively. It was felt necessary to include these to m b

make more certain the differentiation of cultures ltshed data) which had an unusual combination of
0 antigens as well as three distinct and readilyof the two groups. Since this system of antigen rvril lgla hss h curneo

determination was most satisfactory, its use was threesnaturallyeoccurringsreversiblerHephases.' . ~three naturally occurring, reversible H phasescontinued. The relationships of Arizona H anti-
gens to known Salmonella H antigens are listed in a single serotype is a hitherto unrecognized
in table 8. Although the relationships lsted M phenomenon.In addition to the total number of cultures of
tndiable sti8werekstrong onsteswhich mpwereappnti- each type recognized, the number of outbreaks ormidiagnostic work, notane foci of infection is listed in table 9. In most
genic identity were noted.
Through the various combinations of 0 and instances the number of cultures is greater than

H antigens observed, an antigenic schema was the number of outbreaks, since cultures often
established. Amnong 2634 cultures, 180 antigenic were obtained from several persons or animals
combinations or serotypes were recognized. in a single outbreak of disease. Further, cultures
These, together with the number of cultures of were derived from asymptomatic persons or
each type found and the sources from which animals, in which case the cultures were recorded
they were isolated are given in table 9. Duplicate but no outbreak was set forth. In some instances
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TABLE 7
Absorption of sera for specific Arizona H factors

Serum Strain
H Factor H Antigens Used in Absorptions

No. Formula

2... DC 5 1, 2: 1, 2, 5 S. duesseldorf (6, 8: z4, zu)
3... S. duesseldorf 6, 8: Z4, Z 1, 2, 5
6 DC 5 1,2:1,2,5 S. cerro (18: z4, 82a) + 1, 2, 6
6 So 9 9:1,2,6 S. cerro (18: Z4,5Z) + 1, 7, 8
7... CDAI 184 7:1, 7, 8 S. cerro (18: s4, Z28)
8 CDAI 184 7:1, 7,8 1, 6, 7
9 Pc143 1,3:1,6,7,9 1,2,6+ 1,6,7
10 N 178 1, 3:1, 2,10 S. cerro (18: Z4, zU,) + 1, 3, 11
11 5 39 5: 1, 3, 11 S. duesseldorf (6, 8: xj, z2,)
13... NJ 4 13:13, 14 unabsorbed
14 NJ 4 13:13,14 13, 15
15 N 99 9:13,15 13,14
16... S. tennessee Sa. 6, 7: zu Unabsorbed
17 Pc 107 5:17, 20 S. tennessee (6, 7: z,)
18 Ore. 181 11: 16, 17, 18 S. tennessee + 17, 20
20 Pc 107 5:17, 20 16, 17, 18
21 Pc 195 12: 23-21 35
22 1141 27: 22-31 29 + 31
23 3209-54 28: 23-28 26 + 30
24 Pc 217 24: 24-28 Unabsorbed
25 Pc 155 23: 24-25 24
26 3829-53 9: 26-21 Unabsorbed
27 Pc 110 25: 27-28 Unabsorbed
28 Pc 110 25: 27-28 27
29 16019 26: 29 22 + 30
30 456-53 10: 33-30 22 + 23
31 1106-55 16: 27-31 23 + 29
32 1971-51 28: 32-28 28 + 31
33 466-52 1, 4: 33-31 24
34 599-64 16: 23-34 23 + 30
35 142456 11: 35-28 21 + 25 + 27
36 1189456 17:1, 2,36 1,2,5+ 1, 2,10+ 1,13, 11
37 2224-SO 16: 22-37 40
38 1995-57 7: 27-38 27+ 40
39 1158-58 16: 39-25 Unabsorbed
40 2907-58 29: 33-40 33 + 37 + 38

it was difficult to decide whether an outbreak IV. OCCURRENCE ANED DISTRIBUTION OF
should be recorded because it was not always THE ARIZONA GROUP

clear whether the Arizona culture isolated from a The cultures isolated from fowls and reptiles
given source was responsible for the clinical or composed almost 75 per cent of the cultures
pathological condition observed. In practically studied. The preponderance of cultures from these
all instances the opinion of the person who iso- sources was accounted for by several facts. The
lated the culture or that of the physician or veter- cultures from reptiles included many isolated

during the course of extensive surveys. Arizonainarian concerned was accepted. When insuffi- tyeloghvbenkwnobepvanti
cieteideceas vaiabe uon hic tobas a

types long have been known to be prevalent in
clent evidence was available upon which to base a turkeys in this country. Twenty years ago when
logical opinion, no outbreak or focus of infection the organisms first were recognized in infections
was recorded. of turkeys, poults from each hatchery harbored
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TABLE 8 this indicates that the organisms are present in
Relationships between the H antigens of Salmonella chickens. Many serotypes have been found in

spp. and the Arizona group egg powder which have not been recognized in
fowls, indicating that chickens have not been

Arizona H Antigen Related SakmoseUl H Antigen examined to a sufficient extent to determine the
1 ^ ~ true incidence of the organisms.
2 Z The original strains of the Arizona group were

3 Z24 isolated from reptiles and org belonging
5 Z26 to the group continued to appear among cultures
10 Z32 from reptilian sources. The cultures listed were
13 g... isolated largely from snakes but a small propor-
16 zs tion were found in various species of lizards and
20 Zs$ tortoises. Outbreaks of infection in reptiles were
21 Zs& recorded simply because the persons who iso-
22 k lated the cultures attributed etiologic impor-
23 It Z13 tance to the isolated cultures. Recently, LeMinor

27 r
et al. (28) reported the presence of Arizona types

28 e,
Z

in 44.8 per cent of 310 apparently normal snakes
29 k examined. The reptiles were captured in France
30 1, 5 for collection of venom and were not associated
31 z in captivity. Salmonellae were found only in
32 C 1.8 per cent of these reptiles. If these figures
33 1 represent the incidence of Arizona types in
35 a reptiles in other areas, the asignment to the

organisms of any etiologic role in reptilian infec-

a single serotype and through examination of tions would seem unwarranted. Therefore, the*gle . p and through of
. ... instances in which infections in reptiles werecultures isolated from infected poults it could be attributed to the or must be discounted.

determined with accuracy from which hatchery soureso the cultusis scated
they originated. This situation probably was due The sources of the cultures isolated from ani-
to the sporadic occurrence of the organisms in mals other than turkeys, chickens, reptiles, and
individual turkey flocks and the rapid cuirman are lhted in table 10. The organisms oc-
tion of the organisms when the eggs from in- cured both innormal and diseaed aoimals.
fected flocks first were collected with those from In some iances the organisms seemed to be
other flocks in large hatcheries. The individual- responsible for severe infections. Type 13: 13, 14
ity of types associated with given hatcheries no was the only etiologic agent recognized in two
longer exists to its previous extent since there highiy mortal outbreaks of disease in canaries.
has been an extensive interchange of eggs and Type 26: 23-30 appeared repeatedly in monkeys
supply flocks among the eta hments. affected with diarrhea in which no shigellae or
The number of cultures derived from chickens lmonellae were found. This type appeared in

was relatively small and this is surprising when monkeys in the United States, Canada, and
the relative numbers of chickens and turkeys Europe. It would appear, therefore, that the
in the animal population are considered. How- nma were infected i collecting pens before
ever, it must be remembered that the individual shipment from the country of origin. This prob-
turkey is more valuable than a single chicken ably explains the widespread and frequent
and hence more likely to be presented for post- occurrence of this type in monkeys. The close
mortem examination. Among cultures of all association of type 26: 29-30 with sheep was
categories received for diagnosis, those isolated notable. Aside from one culture isolated from a
from turkeys greatly outnumbered the cultures turkey, the organism appeared only in sheep and
from chickens. The seeming disparity of inci- was found in New York, Minnesota, Nebraska,
dence of the organisms in the two species prob- North Dakota, Wyoming, California, France,
ably is more apparent than real. Solowey (38) and Germany. Whether this close association of a
found many Arizona strains in egg powder and serotype to an animal species represents a host
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TABLE 9
Distribution of Arizona serotypes according to source

Turkeys Chickens Reptiles Man Other Other Sources Total

Serotypetw

0 a a 0
U 0 U 0 U 0 U 0 U

1,2:1, 2,5 1 1 2 2 4 10 1 6 7 20
1,3,11 2 3 2 2 5
26-31 1 1
33-21 1 1

1,3:12, 5 17 18 1 1 1 1 1 19 21
1,2,6 1 3 1 1 4
1,2,210 2 2 2 2
1, 3,11 2 3 1 2 3 5
1, 6,7,9 3 3 1 1 4 4
1,7,8 1 1

14:1,2, 5 47 90 1 1 3 10 4 4 2 2 2 1 57 110
122, 6 1 1 1 2 2
1,3,1 1 1 1 1
13 14 1 1
26-25 1 1
28-38 2 2
29-28 2 2
33-31 1 1

1, 33: 23-21 1 1
24-25 1 1
26-31 1 1

5: 1,2, 5 1 1 1 3 3 4 2 11
1,2,10 1 1 1 1
1,3,11 1 1 1 1 3 2 5
1,7, 8 1 1 1 1
13,14 18 43 6 8 6 7 3 4 10 33 72
16,17,18 1 1
17,20 34 53 1 1 1 2 1 3 1 1 37 61
24-28 2 2
26-31 1 1
29-30 2 2

6: 1,2,5 1 1 1 1
13, 14 4 4

7: 1,2, 5 2 2
1,2,26 289 364 6 6 2 4 86 98 1 383 473
1, 7, 8 387 773 811 1 7 4 19 8 14 2 408 826
27-28 1 1
27-31 2 9 2 9
27-38 1 1
29-25 1 1



TABLE 9.-Continued

Turkeys Chickens Reptiles Man OtherJJ Other Sources Total

SerotypebI
~~c ~~~:~co c

~~0 9 0

8:1, 7, 8 1 4 1 1 2 2 7
13,14 2 2
17, 20 1 1

9: 1,2, 5 3 3 5 1 9 3 18
1,2, 6 1 11 1 2
1,2,10 1 11 1
1,7, 8 1 1
1, 3, 11 1 1
13, 14 7 7
13,15 2 3 2 3
16, 17, 18 1 1
17, 20 1 2 1 1 2 3
22-31 2 2
23-21 1 12
24-31 1 2 1 1 2 3
26-21 1 2 1 2
29-30 1 1
29-31 2 2
33-21 1 1
33-31 24 24

10: 1,2, 5 2 2 52 891 2 17 30 117 5 47 73 192
1,2, 5,6 2 2
1, 2, 6 1 1 3 3 1 1 5 5
1, 2, 10 1 1 2 2 3 3
1,3, 11 1 1 7 1 10
13, 14 1 2 19 1 1 22
17, 20 1 1 7 1 8
33-30 2 2

11:1,f2, 5 11
13, 14 2 2
16, 17, 18 1 11 1 3 2 5

12: 1,2, 5 1 1
1, 2,6 111 1
1,6, 7 2 2 1 2 3
1, 6, 7,9 1 1
1, 7, 8 1 1
17, 20 1 1 1 1 2
23-21 1 1
27-28 43 43

13: 1,2, 5 1 2 3 7 1 1 1 2 5 6 17
1, 3, 11 1 7 1 7
1,7,8 1 1
13,14 2 4 2 4
13, 15 1 1 1 1
16,17, 18 1 2 1 1 3
17,20 2 2



TABLE 9.-Continued

Other
Turkeys Chickens Reptiles Man Animals~ Other Sources Total

Serotype 9e

14:1,2,5 1 1 11 2
1,2,6 1 11 1
1, 6,7,9 1 2 1 2

15:1,2,6 1 1 1 1
1, 3,11 12 31 12 31
13,14 1 4 5
24-25 1 11 1
27-28 1 1
27-31 1 1

16:1, 2, 7 1 1 1 1
13,14 3 3
22-21 1 1 1 8 1 3 2 13
22-31 10 10
22-37 1 1 1 1
23-21 2 2
23-25 1 9 3 3 4 12
23-34 1 3 1 3
24-31 9 9
27-31 1 1 2
29-31 1 1
33-25 25 25
39-25 2 2

17: 1,2, 5 1 2 2 1 4
1, 2, 36 4 4
13, 15 2 2
29-25 1 3 1 1 2 4

18: 1,3, 11 1 1
13,14 1 1 1 2 2 2 3 6

19: 1,2,5 5 5
1,2, 6 1 1 1 2 2 2 4 5
22-21 1 3 1 3
22-31 18 18
26- 1 1

20: 1,2, 6 5 5 2 5 7
23-30 1 1
24-21 2 2
29-25 1 1
33- 1 1

21: 1,2,5 1 1
1,2,5, 6 30 30
1,2, 6 1 1 2 2 2 2 2 3 1 11 8 19
1,2,10 2 2 2 1 3 3 7
1, 3, 11 1 2 1 1 1 2 4
17, 20 1 1
23-25 3 3
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TABLE 9.-Continued

Turkeys Cikn Reptiles Man Ohr Other Sources Total

Serotype 1"*

0

22:1,2,5,611
13,141 11 1
16,17,1811
33-2811

23: 24-25 2 3 2 3
25-30 1 1 1 1
33-25 2 2 2 2

24: 24-28 3 2 6 2 9
24-31 1 1 2
26-25 1 1
27-31 2 2
29-28 3 3
29-31 2 2
NM 1 1

25:23-21 5 5
23-30 10 10
23-31 1 1
27-28 1 1 2 1 3
29-31 1 1

26: 23-21 1 1
23-25 1 1
23-30 1 3 6 77 116 3 3 14 132
26 1 1
29 1 1 1 1
29-30 1 1 13 13 1 14 15
32-21 6 6
32-31 2 2
33-21 1 1
33-25 21 1 1 1 22

27: 22-31 1 1 2

28:16,17,18 1 2 1 2
23-25 11 11
23-28 1 1
23-30 1 1
26-28 2 2
32-28 1 2 1 2
33-31 1 1

29: 32-31 1 1
33 1 1
33-21 2 2
33-31 9 9
33-40 6 6
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TABLE 9.-Concluded

Turkeys Chickens Reptiles Man Other Other Sources Total
Animals

Serotype m '¼
.3 a 8~~~~~~t to co a to la 0 a tog3

I u v
-0 ,

L

5, 29: 33-21-40 6 6

30: 23-25 2 2
23-30 2 2
23-31 2 2
27-28 1 1

31: 23-25 1 1 1 1 2

32:1,2,6 1 1 1 1

Totals . ~~829 1404 89 135 53 452 159 229 50 207 136 71 1180 2634

adaptation or partial host adaptation similar affected with acute diarrhea were febrile for
to those exhibited by certain salmonellae re- long periods. In other instances sufficient informa-
mains to be determined. tion upon which to base an opinion was not avail-
The cultures from eggs and egg products were able. In one instance a person with diarrhea

derived largely from spray-dried egg powder yielded SalmoneUa typhi-murium as well as Ari-
although cultures from shell eggs, eggwhite, zona type 7: 1, 2, 6. Two symptomatic patients
eggnog, and custard were included. Cultures from from whose stools types 10: 1, 2, 5 and 15: 24-25,
the two last mentioned sources were found in respectively, were isolated also harbored Shigella
connection with infections in man. The cultures flezneri. These are the only instances in which
from water, sewage, and miscellaneous sources recognized intestinal pathogens were known
were not notable. With the exception of a large to be associated with Arizona types in man.
number of cultures of type 10: 1, 2, 5 which were The cultures from localized infections were
isolated from carcasses, utensils, and the environ- isolated from the following sources. One culture
ment in poultry processing plants, the cultures of type 5: 13, 14 was isolated from pus in otitis
were from outfalls of abattoirs, raw river waters, media and 1 from joint fluid of an individual
irrigation waters, sewage, and fish meal. affected with arthritis and osteomyelitis. Of the
The number of cultures isolated from man 7: 1, 2, 6 cultures, 11 were isolated from pleural

increased rapidly in recent years. Whereas fluid, 9 from urine, 2 from spinal fluid, 1 from
Edwards et al. (15) reported only 87 cultures conjunctivitis, and 1 each from abscesses in the
from man, 229 are included in table 9. The brain, liver, lung, retroperitoneum, scalp, thigh,
sources of the cultures from man are listed in and perineum. The culture of type 7: 1, 7, 8
table 11. No attempt was made to separate the was found in a splenic abscess and that of 9:
cultures isolated from persons affected with 13, 15 in a hepatic abscess. The culture of type
acute diarrhea and gastroenteritis from those 21: 1, 2, 6 was isolated from pleural fluid. Type
derived from patients with an enteric fever-like 22: 13, 14 was isolated from cerebrospinal fluid.
syndrome. Both types of illness were present in Blood culture also was said to be positive. Sev-
symptomatic patients from whose stools the eral of the persons with positive urine cultures
organisms were isolated, whereas the enteric were known to be affected with prostatitis or
fever-like syndrome predominated among those pyelitis. Detailed histories of most of the patients
persons who yielded positive blood cultures. In were unobtainable and usually the final outcome
some instances the separation of the two entities of the infections was not learned.
would have been difficult since some patients An effort was made to eliminate all duplicate



TABLE 10 TABLE 11
Sources of cultures from animals other than turkeys, Sources of Arizona cultures isolated from man

chickens, reptiles, and man
stools

Serotype Source of Cultures and Total Local-
Disease or Symptoms Diarrhea, Blood ized In- Total

Asymp,- teits fections
1, 2: 1, 2, 5 Hog, lymph node, normal 1 tomatec nteric
1, 3: 1, 2, 5 Hog, spleen 1 fever
1, 3: 1, 3, 11 Hogs, spleen 2 11 2 1 2 5 1 8 1 10
1, 3: 1,7, 8 Fly pool 1 1,23:1,2,5 1 8110221, 4: 1, 2, 5 Dog, intestine, diarrhea 2 1, 4: 1, 2, 51 2 2 4

(1); hog, intestine, 1,4: 1,2,56 2 2
colitis (1) 1,4: 1, 3, 11 1 1

1, 4: 31-33 Duck, cloacal swab, nor- 1 1, 41 3, 1 1 1
mal5:1,2 3 3

5:13,14 Dogs, feces, normal (2); 4 5: 1, 2, 10 1 1
dog, blood (1); parrot 5: 1, 3, 11 1 1
(1) 5: 13,14 4 1 2 7

5:17, 20 Macaw, liver 1 5:17, 20 2 1 3
7: 1, 7, 8 Capybara, feces, colitis 14 7: 1 2, 6 3 41 24 30 98

(1); mink, intestine, 7: 1,7, 8 1 15 2 1 19
colitis (9); pheasant, 9: 1, 2, 6 1 1
intestine, enteritis (1);9:,1 2, 10 1 1
duck, intestine, enteri- 9: 13, 15 1 1 1 3
tis (2); dog, feces, di- 9: 24-31 1 1
arrhea (1) 10: 1, 2, 5 30 30

9:1, 2, 5 Dog, feces, normal 1 10: 1, 2, 10 1 1 2
9: 1, 3, 11 Dog, feces, normal 1 10:1, 3, 11 1 1
9: 17, 20 Guineapig, injected with 1 13: 1, 2, 5 1 1

tissues of a kangaroo 13: 13, 15 1 1
rat (1) 14:1,2,6 1 1

10: 1, 2, 5 Monkeys, stools, diar- 17 15: 24-25 1 1
rhea (2); dogs, feces, 17:1 2 36 4 4
normal (14); cat, feces, * , ,

normal (1) 17: 13, 15 2 2
10: 1, 2, 6 Hog, intestine, enteritis 1 17: 29-25 1 1
11: 16, 17, 18 Parrot, liver 1 18: 1, 3, 11 1 2 1
13: 1, 2, 5 Guinea pigs, livers (inoc- 2 18: 13,1 2 2

ulated with organs of a 219: 1, 2, 6 1 1 2
rattlesnake) 21: 1, 2, 6 1 1 1 3

13: 13, 14 Canaries, livers 4 21: 12, 10 2 2
14: 1, 2, 5 Canary, liver 1 22: 13,14

2
1 1

16: 22-21 Hog, anal swab, normal 1 24: 24-31 1 4 6
17: 1, 2, 5 Guinea pigs, livers 2 24: 23-30 1 1
19: 1, 2, 6 Guinea pig (1); wild 2 26: 3-3 1 6 7

rodent (1) 26: 33-25 1 1
21: 1, 2, 6 Rats, intestine, normal 11 T

(10); pheasant, liver (1)
Totals...... 24 135 34 36 229

21: 1, 2, 10 Opossum, spleen (1); 3
dogs, feces, normal (2)

21: 1, 3, 11 Opossum, lung and 1 cultures from the tables, and many cultures
lymph node typed were not included. From such cases as

26: 23-30 Monkeys, feces (115); 116 those described by Fisher (19) and Krag and
hog, liver (1) Shean (26) multiple cultures from the same in-

26: 29-30 Ewe, aborted fetus (1); 13 dividual were received over long periods. From
duodenum (1); lambs 1 unreported case, 7 isolations of type 7: 1, 2, 6
(10); swine (1) from urine, blood, joints, and bone lesions were

28: 16, 17, 18 Wild rodents 2 received. Since accurate histories of the cases
Total 207 usually were unobtainable it cannot be said with

certainty how many infections were fatal. It
169
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is known that fatalities were involved in 13 cases, the incidence of Arizona types in man is greater
1 of which was a case of Hodgkin's disease in a than has been recognized and the high per-
patient with diarrhea from whose stool type 7: centage of cases in which the organisms are
1, 7, 8 was isolated. Of the 12 remaining cases, found in blood and localized infections is due to
none of which were known to be affected with the fact that their presence in uncomplicated
other diseases, 5 were infected with type 7: cases of diarrhea generally is not detected.
1, 2, 6; 2 with type 7: 1, 7, 8; and 1 each with
types 1, 2: 1, 2, 5; 1, 3: 1, 2, 10; 9: 13, 15; 10: A Outeaks of Infection Involving Multiple Cases
1, 2, 10; and 22: 13, 14. Included in the cultures listed in table 9 are a
One is impressed by the fact that 30 per cent number which were isolated from outbreaks of

of the Arizona cultures from man were derived infection in man in which multiple cases occurred.
from blood or from localized infections. This is Six of the cultures of the 1, 2: 1, 2, 5 type iso-
a much higher percentage of such isolations lated from stools were derived from the outbreak
than one would expect in a series of infections of diarrhea among student nurses investigated by
due to nonhost-adapted salmonellae. This situa- Verder et al. (quoted by Murphy and Morris (31)).
tion is applicable particularly to type 7: 1, 2, 6 Two siblings aged 10 months and 4 years, re-
of which more than half the cultures came from spectively, had been infected simultaneously
extraintestinal sources. There would seem to be with type 1, 4: 1, 2, 5. The organism was recovered
two possible explanations for this situation. One from the blood of both children but the source of
is that Arizona types are more invasive in man infection was not determined. Three 5: 1, 2, 5
than is the average nonhost-adapted Sa&monella cultures were isolated from patients among a
type. The second is that the cultures from man group of 32 affected persons. These cultures were
constitute a highly selected material. It un- isolated in the investigation of an outbreak of
doubtedly is true that lactose-fermenting enteric food infection. Thirty-two of 33 people who
bacteria from stools are much more likely to be attended a meal ate cream pie and became ill.
overlooked or discarded than similar organisms The 33rd person ate cherry pie and was not
from blood cultures or from localized infections. affected. The 3 cultures were isolated from 3 of a
During the earlier work on the Arizona group small number of the patients who were available
it was thought that the bacteria characteris- for examination. Cultures of the same type were
tically fermented lactose slowly. This miscon- isolated from the pie served at the meal and from
ception undoubtedly was due to the failure of the the coconut cream mix used in its preparation.
majority of persons who submitted cultures for One of the 7: 1, 2, 6 cultures isolated from stools
typing to recognize lactose fermentation and was derived from a person who was 1 of 99 cases
thus the organisms were submitted as suspected of an outbreak of diarrhea which occurred in a
salmonellae. It was not until Solowey (38) sys- state hospital. All of these persons had con-
tematically examined the biochemical characteris- sumed 1 lot of eggnog from which Arizona 7: 1,
tics of all cultures isolated from egg powder and 2, 6 was isolated. It is unfortunate that no fur-
submitted for typing all cultures which re- ther stool examinations were done in connection
sembled Arizona strains that it became apparent with the outbreak but it seems probable that the
that many cultures of the group fermented lac- Arizona serotype was responsible for the infec-
tose rapidly. This observation was confirmed by tion. In a second hospital, 4 cases of diarrhea
Buttiaux and Kesteloot (4) who noted that the from which serotype 7: 1, 2, 6 was isolated oc-
colonies on isolation plates sometimes appeared curred within a brief period. The patients re-
to ferment lactose. Lately these observations sided in separate wards or cottages which were
were emphasized by the results of LeMinor et al. said to have no common food supply and the
(28) who noted that many of the organisms pro- source of the infections was not determined. In a
duced red colonies on deoxycholate-citrate agar. third hospital, 2 patients who received food from
It seems highly probable that many Arizona the same kitchen were affected with diarrhea and
strains in stools either are being overlooked type 7: 1, 2, 6 was isolated from the stools of
because the colonies appear to be those of lactose both. The source of the infection was not de-
fermenters or because when isolated they fer- termined.
ment lactose rapidly. If this conclusion is valid Thirteen of the 7: 1, 7, 8 cultures were isolated
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from as many persons who were members of a cultures were isolated and identified from foods
group of 23 individuals in 5 families that de- thought to be responsible for extensive outbreaks
veloped diarrhea after eating chocolate eclairs of diarrheal disease in which no cultures were
from a single bakery. The 6clairs were held taken from persons affected. One culture of Ari-
without refrigeration for 5 hr before delivery. zona 7: 1, 2, 6 was recovered from uncooked
Although the incubation period in the individuals turkey of a lot of birds thought to have given rise
affected varied from 2 to 46 hr, the average time to an outbreak of diarrhea that affected some 200
elapsing between consumption of the food and individuals following a common meal. In other
appearance of symptoms was approximately instances types 1, 4: 1, 2, 5 and 10: 1, 3, 11,
24 hr. The symptoms reported were abdominal respectively, were isolated from 2 samples of ice
cramps, nausea, vomiting, and diarrhea and in cream suspected of causing diarrhea in a number
addition some persons were affected with head- of consumers.
ache, chills, and weakness. The symptoms per-
sisted for 2 to 5 days. None of the suspected B. Observati Concerning Certain Serotee
Eclairs was available for examination. Edwards et al. (16) described briefly the his-
Of the 30 cultures of the 10: 1, 2, 5 type iso- tories of the cultures of all the Arizona serotypes

lated from diarrhea, 10 were isolated from the 2 then recognized. Edwards et al. (15) summarized
outbreaks of infection described by Murphy the information available concerning the cultures
and Morris (31). A third outbreak of diarrhea from man described in their publication. Since
due to serotype 10: 1, 2, 5 involved at least 5 the numbers of cultures from both animals and
families and an unknown number of persons. man have increased so markedIy, it obviously is
These families had eaten uncooked banana ice impossible to record such details. Nevertheless,
cream and peach ice cream from both of which some remarks concerning serotypes which have
type 10: 1, 2, 5 was isolated. Cultures received figured prominently in the development of knowl-
from 6 of the affected persons were identified as edge of the group seem justified.
the same type. Nothing was learned of their Types 1, 3: 1, 2, 5 and 1, 4: 1,,2, 5 previously
clinical condition other than that they were were among the more frequently occurring types
affected with diarrhea. It is of interest that this in the group, the latter being the type most
outbreak occurred in North Carolina where often recognized. These types were being dis-
type 10: 1, 2, 5 long has been known to be preva- seminated by 2 turkey hatcheries in California
lent in chickens. Many cultures of this type that later replaced their supply flocks from non-
isolated from chickens and from the environment infected stock. The increase in numbers of these
of poultry processing plants were received from types has not kept pace with the group as a whole.
North Carolina. Only 1 culture of type 1, 3: 1, 2, 5 has been recog-
Type 10: 1, 2, 5 was isolated simultaneously nized since 1947 and the number of cultures of

from the stools of 2 siblings affected with diar- type 1, 4: 1, 2, 5 has increased by less than 50
rhea. The ages of the children were not stated per cent, whereas the group as a whole has in-
and the source of the infection was not estab- creased almost 600 per cent. Type 5: 13, 14 has
lished. increased only moderately in numbers but has
Type 24: 24-28 was isolated from 4 patients been found in a greater variety of animals and

in the same ward of a hospital within a period of in man. Type 5: 17, 20, although still not one of
4 days. An infant with diarrhea whose sibling the most frequently occurring types, is repre-
had been similarly affected but had not required sented by 61 cultures, whereas previously only 1
hospitalization, was admitted to the ward. The culture was found. The majority of these cul-
following day 2 additional infants developed tures came from turkey poults hatched in Cali-
severe diarrhea. Cultures from all 3 infants fornia or from poults hatched in Minnesota from
yielded type 24: 24-28. Three days later the or- eggs from a single source in California.
ganism was isolated from the stool of a 15-year- Type 7: 1, 2, 6 is notable since the number of
old boy who did not develop diarrhea. cultures recognized increased from 4 in 1947 to

In addition to the above outbreaks in which 473 at present. This type is exceptional also
Arizona types were isolated from the patients because of the frequency of its occurrence and
involved and in some instances from food as well, because it is invasive in man. In 1947 type 7:
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1, 2, 6 had been recognized in but one flock of blood and abscesses of the internal organs. Again,
turkeys. No further eultures were recognized with one exception the cultures isolated from man
until 1949 when a culture from man was received. originated in California. One culture was isolated
The next isolations were from man and turkeys in Minnesota, where the type occurs with un-
in 1952. All these infections occurred in Cali- usual frequency in turkeys. It still is not clear
fornia and since 1952 the organism has been iso- why type 7: 1, 2, 6 occurs so much more fre-
lated more frequently from turkeys in California quently than type 7: 1, 7, 8 in human infections.
than any other Arizona type. The type was iso- Type 10: 1, 2, 5 is also worthy of note. Up to
lated from poults in Minnesota and New Jersey 1947 only 4 cultures of this type had been found,
in 1953 and in both instances the birds were of which 1 was isolated from a child with acute
hatched from California eggs. This serotype now colitis. It is now represented by 192 cultures
is widely distributed in turkeys throughout the from 73 outbreaks of disease, and has continued
United States. In spite of the nationwide dis- to appear in man. Of the original 4 cultures, 1
tribution of type 7: 1, 2, 6 in fowls, with 6 ex- fermented lactose and the other 3 did not. Of
ceptions, the 98 cultures from man were isolated the 188 cultures recognized since that time only 1
in California. Three strains were isolated in Ore- fermented lactose, even after prolonged serial
gon and 1 each in New York, North Carolina, transfer. Otherwise, they were typical Arizona
and Ontario. These circumstances indicate that cultures. The characteristic failure of this type to
the bacterium probably was not recognized in ferment lactose probably was due, in part at
most areas. least, to the fact that the majority of the cultures
Type 7: 1, 7, 8 was found frequently prior to were of one enzootic type which originated from

1947 and was the serotype which appeared most the source mentioned below.
frequently in the present series, comprising al- Although this type occurred very rarely in
most one fourth of the cultures studied. However, turkeys, 50 per cent of the cultures were isolated
the relative rates of isolation of types 7: 1, 2, 6 from chickens. The epizootiology of serotype 10:
and 7: 1, 7, 8 changed markedly in recent years. 1, 2, 5 in chickens is fairly clear. A very large
Within the past 4 years, type 7: 1, 2, 6 was recog- breeding flock in North Carolina harbored this
nized in 334 outbreaks of infection from which type. Eggs from this flock were sold to hatcheries
341 cultures were identified, whereas type 7: in Indiana which used them to establish supply
1, 7, 8 was found in 173 outbreaks represented by flocks. Chicks hatched from eggs from these
299 cultures. This reversal of relative numbers supply flocks were sold throughout the South-
well illustrates the gradual change in incidence of eastern States. Many of these chicks were in-
serotypes which so often has been observed among fected with serotype 10: 1, 2, 5. Eggs from the
the salmonellae. The histories of the cultures of North Carolina flock sent directly to Georgia
type 7: 1, 7, 8 isolated from turkeys were most also resulted in chicks infected with this type,
instructive. In 1947, 24 outbreaks of infection in which is now widely distributed in the Southeast-
poults had been observed. In most of these out- ern States and has appeared in man, dogs, and
breaks the poults were hatched from eggs pro- cats as well as in chickens. It will be recalled
duced by a single cooperative turkey breeders that it was this type which was found by Murphy
association in California. In the present series, and Morris (31) in 2 outbreaks of infection of man
cultures from 408 outbreaks of infection were in Georgia. More recently an outbreak involving
included and these, almost without exception, multiple cases occurred in North Carolina. Un-
were traceable directly or indirectly to the same like types 7: 1, 2, 6 and 7: 1, 7, 8, of which most
source. This type now is found in turkeys through- cultures from man originated in California, almost
out the United States. all 10: 1, 2, 5 infections in both animals and man

In contrast to type 7: 1, 2, 6, for many years either have occurred in the Southeastern States
type 7: 1, 7, 8 was not found among cultures or have resulted from the secondary focus of in-
from man and it seemed that the organism had fection established in Indiana.
little or no tendency to produce disease in man. The large number of cultures of type 26: 23-30
Recently, however, it was found in the well de- was due almost entirely to its repeated appearance
fined outbreak of diarrhea in which chocolate in monkeys where it often was found in animals
eclairs were involved and has been isolated from that yielded shigellae or salmonellae in addition.



1959] ARIZONA GROUP OF ENTEROBACTERIACEAE 173

Type 26: 29-30 was notable only because of its on a par with the genus SalmoneUa and the
close association with sheep and its occurrence Citrobacter (Escherichia freundii) group and
in those animals in several parts of the United should be included in any formal classification of
States and Europe. the Enterobateriaceae.

V. COMMENT VI. ACKNOWLEDGMENTS

From the foregoing it is hoped that it has been The writers wish to express their appreciation
made evident that the cultures described form a to co-workers who took part in the work at vari-
rather compact biochemical group which is corm- ous times and who aided greatly in its completion.
posed of a series of interrelated serologic types In particular, we are indebted to Dr. D. W. Bru-
and that the Arizona group constitutes a dis- ner, Dr. W. B. Cherry, Miss Alma McWhorter,
tinct and valid entity within the family Entero- Miss Alice Moran, and Mrs. Mary West Wright.
baceriaceae. It is unfortunate that the Organilsms Thanks also are due to collaborators who for-
often have been referred to as paracolon bacteria, warded cultures for typing. Dr. A. S. Browne,
a designation which, when used in the unmodified Mr. A. A. Hajna, Dr. W. R. Hinshaw, Miss
sense, is so vague as to be practically without Janie Morris, and Dr. B. S. Pomeroy were par-
meaning. Even if it is granted that the term ticularly helpful in this respect.
"paracolon" has a justifiable place in modern
bacteriological usage, it cannot be applied prop- VII. REFERENCES
erly to the Arizona group which, like other groups 1. ANDREWES, F. W. 1922 Studies in group
of enteric bacteria that characteristically ferment agglutination. I. The Salmonella group and
lactose, is made up of otherwise typical units its antigenic structure. J. Pathol. Bac-
which may attack lactose rapidly, slowly, or not teriol., 25, 505-521.
at all. 2. BRUNER, D. W. AND PECEHAM, M. C. 1952
The long-held view that enteric pathogens An outbreak of paracolon infection in

could be distinguished by cultivation on media turkey poults. Cornell Vet., 42, 22-24.
V. V.r 3. BuJTT, E. AND MoRmS, J. F. 1952 Arizonacontainig lacetose undoubtedly has been respon- 3. BUT .ADMunJ .15 rznparacolon recovered from middle ear dis-

sible for failure to isolate many Arizona strains charge. J. Infectious Diseases, 91, 283-284.
which rapidly fermented lactose. As a result, it is 4. BUT7IAUX, R. AND KESTELOOT, A. 1948 Les
not known whether the cultures that ferment "B. para-coli" du group Arizona, leur
lactose slowly, which constitute the majority pouvoir pathogbne chez l'homme. Ann.
of the cultures described here, really compose the inst. Pasteur, 75, 379-381.
major portion of the Arizona group or whether 5. CALDWELL, M. E. AND RYERSON, D. L. 1939
we are dealing largely only with the slow lactose- Salmonellosis in certain reptiles. J. In-
fermenting members of a group which charac- fectious Diseases, 65, 242-245.
teristically ferments the sugar rapidly. From the 6. CARLQUIST, P. R. 1956 A biochemical test
studies of Solowey (38) on egg powder and of for separating paracolon groups. J. Bac-
Ldinroft al.wy(28) onsnakes, itpowevidentthand teriol., 71, 339-341.LeMinor et ar.(28) on snakes, it is eident that 7. EDWARDS, P. R. 1945 A paracolonlike bacil-
when cultures are selected without regard to lus isolated from colitis in an infant. J.
lactose fermentation, the majority of Arizona Bacteriol., 49, 513.
strains recognized among the isolates ferment 8. EDWARDS, P. R. AND BRUNER, D. W. 1942
lactose promptly. Thus, at present it is impossible The serological identification of Salmonella
to make any accurate statement regarding the cultures. Kentucky Agr. Expt. Sta. Circ.
incidence of members of the Arizona group in No. 54.
normal and diseased individuals. It can be said 9- EDWARDS, P. R. AND EWING, W. H. 1955
only that they have been isolated from man and Identification of Enterobacteriaceae. Burgess
warm-blooded animals under circumstances which Publishing Co., Minneapolis.

10. EDWARDS, P. R. AND FiFE, M. A. 1955
strongly ndlcate their etiologic importance n a Cyanide media in the differentiation of
variety of clinical conditions. entenic bacteria. Appl. Microbiol., 4, 46-
The writers have avoided erecting a genus which 48.

would take its place in formal classifications but 11. EDWARDS, P. R. AND WEST, M. G. 1945
there is no doubt that the Arizona group stands Phase variation of Andrewes in a coliform



174 EDWARDS, FIFE, AND RAMSEY [VOL. 23

bacterium. J. Infectious Diseases, 77, of Enterobacteriaceae by organic acids.
185-186. Acta Pathol. Microbiol. Scand., 38, 481-491.

12. EDWARDS, P. R., CHERRY, W. B., AND BRUNER, 26. KRAG, D. AND SHEAN, D. B. 1959 Serious
D. W. 1943 Further studies on coliform human infections due to bacilli of the
bacteria serologically related to the genus Arizona group. Calif. Med., 90, 230-233.
Salmonella. J. Infectious Diseases, 73, 229- 27. LAuTROP, H. 1956 A modified Kohn's test
238. for the demonstration of bacterial gela-

13. EDWARDS, P. R., FIFE, M. A., AND EWING, W. tin liquefaction. Acta Pathol. Microbiol.
H. 1956 Newer biochemical methods in Scand., 39, 357-369.
the recognition of shigellae and salmonellae. 28. LEMINOR, L., FIFE, M. A., AND EDWARDS,
Am. J. Med. Technol., 22, 28-35. P. R. 1958 Sur le Salmonella et Arizona

14. EDWARDS, P. R., MCWHORTER, A. C., AND h6bergees par les vipbres de France. Ann.
FIFE, M. A. 1956 The Arizona group of inst. Pasteur, 95, 326-333.
Enterobacteriaceae in animals and man. 29. MOELLER, V. 1954 Diagnostic use of the
Bull. World Health Organization, 14, 511- Braun KCN test within the Enterobac-
528. teriaceae. Acta Pathol. Microbiol. Scand.,

15. EDWARDS, P. R., MCWHORTER, A. C., AND 34, 115-126.
FIFE, M. A. 1956 The occurrence of 30. MOELLER, V. 1955 Simplified tests for some
bacteria of the Arizona group in man. amino acid decarboxylases and for the
Can. J. Microbiol., 2, 281-287. arginine dihydrolase system. Acta Pathol.

16. EDWARDS, P. R., WEST, M. G., AND BRUNER, Microbiol. Scand., 36, 158-172.
D. W. 1947 The Arizona group of para- 31. MURPHY, W. J. AND MORRIS, J. F. 1950
colon bacteria. Kentucky Agr. Expt. Sta. Two outbreaks of gastroenteritis apparently
Bull. No. 499. caused by a paracolon of the Arizona group.

17. ELLIS, R. J., EDWARDS, P. R., AND FIFE, M. J. Infectious Diseases, 86, 255-259.
A. 1957 The differentiation of the Sal- 32. PELUFFO, C. A., EDWARDS, P. R., AND
monella and Arizona groups by utilization BRUNER, D. W. 1942 A group of coliform
of organic acids. Public Health Labora- bacilli serologically related to the genus
tory, 15, 89-93. Salmonella. J. Infectious Diseases, 70,

18. FERRIS, A. A., HERTZBERG, R., AND ATEIN- 185-192.
SON, N. 1945 An epidemic of diarrhea 33 RYFF J. F. AND BROWNE J. 1952 Para-
caused by a new strain of the Salmonella colon aotn. iN eWNEs J.Am. Ve.Md
group.Med.Ausralia2, 36-376.colon abortion in ewes. J. Am. Vet. Med.group. Med. J. Australia, 2, 368-376. A a 6

19. FISHER, R. H. 1953 Multiple lesions of Assoc., 121, 266.
bon in Letter.er-Siwe dise. J. on 34. SCHAuB, I. G. 1948 The cultural differentia-
and Joint Surg.,3eA, 445-464. tion of paracolon bacilli. Bull. Johns

20. GOETZ, M. E., QUORTRP, E. R.,Hopkins Hosp., 83, 367-382.DUNSINGG , J. W. 1954 Investigations Of 35. SELIGMANN, E. AND SAPHRA, I. 1951 An
Arizona paracolon infections in poults. unusual enteric pathogen. Public Health
J. Am. Vet. Med. Assoc.,124,i12ns121. Rpts. (U. S.), 66, 1369-1370.

21. HINSHAW, W. R. AND MCNEIL, E. 1944 36. SELIGMANN, E., SAPHRA, I., AND WASSER-
Gopher snakes as carriers of salmonellosis MANN, M. 1944 Occurrence of some un-
and paracolon infections. Cornell Vet., 34 usual Salmonella types in man, including a
248-254. new type, Salmonella georgia. Am. J.

22. HINSHAW, W. R. AND MCNEIL, E. 1946 The Hyg., 40, 227-231.
occurrence of paracolon type 10 in turkeys. 37. SHAW, C. 1956 Distinction between Sal-
J. Bacteriol., 51, 281-286. monella and Arizona by Leifson's sodium

23. HINSHAW, W. R. AND MCNEIL, E. 1946 malonate medium. Intern. Bull. Bacteriol.
Paracolon type 10 from captive rattlesnakes. Nomenclature and Taxonomy, 6, 1-4.
J. Bacteriol., 51, 397-398. 38. SOLOWEY, M. 1947 Paracolon organisms in

24. KAUFFMANN, F. 1941 Ueber mehrere neue spray-dried whole egg powder. J. Bac-
Salmonella-Typen. Acta Pathol. Micro- teriol., 53, 667.
biol. Scand., 18, 351-366. 39. WEST, M. G., EDWARDS, P. R., AND BRUNER,

25. KAUFFMANN, F. AND PETERSEN, A. 1956 D. W. 1947 A group of diphasic paracolon
Biochemical group and type differentiation bacteria. J. Infectious Diseases, 81, 24-27.


