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A phage-typing system is described for characterizing commonly isolated
salmonellae. Fifty-eight serovars representative of groups A, B, Cl, C,, D, El,
E2, E3, and E4 were delineated by using a single set of 50 phages isolated from
sewage. All of the 735 cultures used in this effort were typable and were
distinguished and differentiated on the basis of the 347 phage patterns observed.
All results were reproducible. Characteristic phage patterns were produced by a
variety ofSalmonella serovars isolated from a campus incident and a number of
hospital and family outbreaks to indicate an existing epidemiological relation-
ship.

Salmonellae were first described in the last
half of the 1.9th century and have since been
well recognized for their pathogenic properties
and ubiquitous distribution. From 2,000,000 to
4,000,000 people are affected annually in the
United States alone (11). Fortunately, salmo-
nellosis can be prevented if the presence of the
organism is established and control measures
are implemented accordingly. Characterization
of serovars is routinely used for identifying the
vehicle and source of an infection. Some sero-
vars, however, are quite common and cannot be
adequately characterized for epidemiological
application by serology alone. Under these cir-
cumstances, phage typing is an invaluable ad-
junct.
When phages were first discovered, they

were regarded initially as a potential well
spring of clinical miracles. Unfortunately suc-
cess in this area was minimal (12) and, for the
most part, disappointing. Phage therapy, at this
time, is not generally regarded as promising,
but the contributions of phage typing to epide-
miology have been well documented. Aside
from relating an isolate to an outbreak, phage
typing has also been used for surveillance, as-
sessing strain distribution, and ascertaining
the effectiveness of therapeutic measures.

Sonnenschein, in the 1920s, isolated specific
phages for Salmonella paratyphi B and S. ty-
phi, and recommended that they be used to
rapidly identify these pathogens (13, 14). In
1938 Craigie and Yen introduced a phage-typ-
ing system for differentiating strains of S. ty-
phi. Its success led to the development of a
number of schemes for other Salmonella sero-
vars. Some are now in routine use in a number
of public health laboratories throughout the
world (2).

In keeping with our own immediate inter-
ests, we have developed a number of phage sets
for some of the Salmonellae encountered in a
diagnostic laboratory (5-7, 9, 10).

In the course of our research it was observed
that our phages could be used to differentiate
similar and unrelated serovars (8). As a conse-
quence, the phages that we specifically isolated
for S. heidelberg (group B), S. thompson (group
C1), S. newport (group CO), S. enteritidis (group
D), S. anatum (group El), S. binza (group E2),
and S. senftenberg (group E4) were all incorpo-
rated into a single set and used to characterize
numerous Salmonella serovars indiscrimi-
nately.

MATERIALS AND METHODS

Media. Nutrient agar and nutrient broth were
used exclusively for testing phage filtrates and
phage typing. Before use, agar plates were dried in
an incubator for 2 h with lids partially opened.
Nutrient agar, nutrient broth, and nutrient broth
with 0.5% NaCl and 0.7% agar were used for phage
propagation.

Bacterial cultures. The host cultures used for
phage recovery were isolated from cases of human
gastroenteritis and diseased animals of avian and
bovine origin. They were obtained from the Na-
tional Animal Disease Laboratory, Ames, Iowa, the
Pasteur Institute, Paris, France, and the University
of Maine at Orono.
Phage isolation and propagation. Phages were

isolated by enriching individual, untreated sewage
samples (100 ml) with 6 ml of a 1.5-h-incubated
broth culture of one of the serovars under investiga-
tion. After an 18-h incubation, the broths were
passed through a 0.45-,um membrane filter (Milli-
pore Corp.), and the product was assayed for phage
by applying the filtrate to the culture used in the
enrichment process.
The culture, used to detect the presence of phage,
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was prepared by inoculating 6 ml of broth that was
subsequently incubated for 1.5 h or until growth was
barely evident. At this stage, the microbial popula-
tion was about 9 x 107 organisms per ml. Two milli-
liters of this broth was then applied evenly over the
surface of an agar plate, allowed to dry for 15 min,
and spotted with a drop (0.04 ml) of the above fil-
trate, using a Pasteur pipette. After the drop had
been thoroughly absorbed (approximately 15 to 20
min), the plate was inverted, incubated overnight,
and examined the following morning. If isolated
plaques appeared, they were purified three times by
serial, single-plaque passage. In cases where phage
activity was too extensive to permit single-plaque
isolations, the assaying procedure was repeated by
using a series of diluted filtrates. Phages were then
propagated on the basis of a method described by
Swanstrom and Adams (15). In essence, this proce-
dure involves the lysis of a culture by a homologous
phage suspended in a soft, thin agar matrix resting
on a thicker base of nutrient agar. Sixty milliliters
of melted agar was poured into a 15-cm petri plate
and allowed to harden on a leveled support. Nutri-
ent broth with 0.5% NaCl and 0.7% agar was pre-
pared in 15-ml quantities, cooled to 45°C, and inocu-
lated with a mixture consisting of the growth of an
overnight agar slope suspended in 1 ml of broth and
2 ml of phage to be propagated. The density of the
broth culture was adjusted to equal the concentra-
tion used for phage isolations. This combination was
gently agitated and poured over the surface of the
base layer, allowed to harden, and incubated over-
night. The next day, 10 ml of broth was added to the
plate and the soft-agar layer was removed with the
aid of a sterile tongue depressor, transferred to
tubes, shaken vigorously to break up the agar-phage
complex, and centrifuged at 60 x g for 20 min. The
supernatant was then decanted, filtered through a
0.45-,um membrane filter, and assayed for phage
content.

Testing of phage filtrates. The testing procedure
involved a preliminary titration to determine the
routine test dilution (RTD) and a lytic pattern to
ascertain the novelty and usefulness of a phage iso-
late.

Phages were tested for their ability to lyse and to
differentiate strains of Salmonella at an RTD of not
less than 10-3. A phage was discarded if it did not
meet this basic requirement. The RTD as defined by
Anderson is the highest dilution of phage that pro-
duces complete or confluent lysis on its propagating
strain (1). Its use minimizes the occurrence of con-
fusing cross-reactions. The RTDs of the typing
phages used in this study are listed in Table 1. They
were established by titrating phage serially in 10-
fold dilutions.
The lytic pattern was ascertained by testing a

phage against its own propagating strain and a set
of standard test cultures. In addition to the reasons
stated, the lytic pattern was also carried out to
detect mutations and other aberrant reactions. The
lytic patterns of the typing phages are noted in
Table 2.

If, on the basis of tests performed on a collection of
assorted cultures, a phage was found to be stable

TABLE 1. RTD of typing phages

Phage RTD
4, 5, 8, 9, 11, 17, 18, 21, 22, 26, 27, 30-32, 34, 10-3

36-38, 40, 46, 49, 50
1-3, 6, 10, 13, 15, 19, 20, 23-25, 28, 33, 35, 10-4

39, 47, 48
7, 12, 14, 16, 29 10-5

and potentially suitable for strain differentiation, it
was henceforth used routinely as part of an ongoing
evaluation process.
When RTD phage stocks were renewed, the lytic

spectra ofnew and preceding batches were compared
to insure that intrinsic properties were being main-
tained. The phage pattern of each new subculture
was also checked for similar reasons.

Storage. RTDs were stored at 40C and tested for
potency at least once a week. A test dilution was
considered satisfactory for typing as long as it pro-
duced confluent lysis on its propagating strain. In
general, the test dilution of the majority of phages
retained their effectiveness for 4 to 6 weeks and,
occasionally, longer. In any event, the stability of a
test dilution was not predictable, and frequent, pe-
riodic checks were required.

Typing technique. Isolates to be phage typed were
prepared in a manner analogous to that used in
processing cultures to detect phages. To standardize
results, however, phages were applied by using a 1-
ml syringe with a 26-gauge needle. After overnight
incubation, phage patterns were determined by
viewing the results through the bottom of the plate
with the aid of a x 10 aplanat hand lens. To facilitate
this operation, the plate bottom was marked with a
number of squares equal to the number of phage
preparations involved. Readings were made by us-
ing a Quebec colony counter (Fisher Scientific Co.).
Phage activity was recorded on the basis of the
reactions described in the legend of Table 2.

RESULTS AND DISCUSSION
The results of phage typing were manifested

by various patterns that reflected the degree of
susceptibility of a strain to the collection of
phages used. Reactions were reported in terms
of those phages that produced strong lysis, i.e.,
reactions of 120 or more plaques. The "phage
pattern" of a strain, sometimes referred to as
the "type," is reported in a form such as 17/22/
31/44, or 1/17/19/23/36/48, or 10. For conveni-
ence and clarity, a "type" is given in terms of a
pattern of strong lysis; however, the laboratory
can, on occasion, elucidate the epidemiological
relationship further by considering weak reac-
tions that may also occur.

Using a single set of 50 phages, we were able
to type a variety ofSalmonella serovars of both
human and animal origin. The 735 isolates
used in this study were randomly selected from
a collection of cultures obtained from a number
of state, national, and international sources,
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TABLE 3. Reactions of representative test strains at routine test dilutionsa
Salmonella type strain Culture no. Pattern

S. paratyphi A 1 1/5/6/8/12/17/18/19/22/23/24/25/28/30/31/33/34/35/37/40/41/45/47/50
2 5/10/17/18/19/23/25/27/28/30/31/33/34/35/40/45/47/50
3 10/17/19/25/28/35/45/47/49/50

S. paratyphi A var dur- 1 5/8/10/17/18/25/28/31/34/35/40/45/47/50
azzo 3 5/8/10/17/22/28/31/34/35/40/41/47

Group B
S. agona

S. bredeney
S. california

S. chester

S. derby

S. heidelberg

S. saint paul

S. schwarzengrund

S. typhimurium

1 7/37
2 7/19/20/21/36/38
3 7/18/19/20/21/25/30/32/33/35/36/38
4 5/7/10/18/19/20/21/24/25/26/28/30/32/33/34/35/36/37/38/39/40/41/45/46/

47
5 1/5/7/19/24/26/27/28/30/31/32/33/34/36/37/39/40/41/46/47/48
6 7/10/18/19/20/21/25/30/32/33/35/36/38/45
7-23b 5/7/10/18/20/21/23/26/28/30/31/32/33/34/35/36/37/38/39/40/41/43/46/47
1 5/19/21/23/28/31/36/38/47/48
1 5/7/8/10/18/23/24/25/30/31/33/34/35/40/41/45/47
2 23
3 7/18/23/30/33/34/35/40/41
1 21/30/33/41/47/48
2 18/20/21/23/28/30/33/41/47
3_5c 21/23/28/29/30/36/41/47/48
1 31/48
2 7/27/28/36
3 36
4 7/19/36
5 5/7/19/20/23/24/26/28/30/31/32/33/34/36/37/39/40/41/46/47/48
8 4/5/6/10/11/16/17/18/22/27/28/30/31/32/33/34/41/46/47
9 5/10/11/16/18/27/35/41/46/47

10 1/5/11/16/17/21/22/30/33/34/35/41/46/47
11 1/26
12 1/6/10/11/18/22/23/26/28/30/31/32/33/34/37/39/40/41/46/47
13 3/5/8/10/11/17/26/30/31/32/33/34/37/40/46/47
14 1/2/8/17/18/22/23/37/39/40/41/46/47
15 3/7/8/27/28/31/36/41/42/46/47
16 1/3/5/8/27/28/30/31/32/33/34/41/46/47
17 3/5/6/7/8/23/26/27/28/30/31/32/33/34/37/39/40/41/43/46/47
18 5/6/18/37/41
19 1/3/7/8/24/25/26/28/30/31/34/37/40/41/45/47
1 5/7/10/18/24/25/26/28/30/31/32/33/34/35/36/37/39/40/41/45/46/47/50
2 5/7/10/18/26/28/30/31/32/33/34/35/36/37/39/40/41/45/46/47/48/49
3 1/5/6/7/10/18/23/24/25/26/28/30/31/32/33/34/35/36/37/39/40/41/43/45/46/

47/48/50
4 5/7/10/18/24/25/26/28/30/31/32/33/34/35/36/39/40/41/45/46/47/48
5-8c 5/28/31/34/36/37/38/40/41/47
1 1/5/7/10/18/26/28/29/30/31/32/33/34/35/36/37/38/40/41/47/48
2 1/5/10/18/19/23/28/29/30/31/32/33/34/35/36/37/38/40/41/47
3 5/10/18/19/23/28/29/30/31/33/34/36/37/38/40/41/47/48
1 1/5/7/23/24/26/27/28/30/31/32/33/34/36/37/39/40/41/43/46/47
2 5/7/23/24/26/27/28/30/31/32/33/34/39/40/41/46/47
3 1/5/7/17/18/24/25/26/31/32/33/34/36/39/40/41/47
4 5/6/7/24/26/28/30/31/32/33/34/37/39/40/41/46/47
5 7/27/28/31/36/41/48
6 5/6/7/17/22/23/24/26/28/30/31/32/33/34/37/39/40/41/43/46/47
7 1/5/6/7/17/23/24/26/27/28/30/31/32/33/34/36/39/40/41/43/46/47/48
8 1/7/23/27/30/31/32
9 1/3/5/7/23/24/26/27/28/30/31/32/33/34/36/37/39/40/41/43/46/47/48

10 5/7/24/26/27/28/30/31/32/33/34/36/37/38/41/42/46/47/48
11 1/5/7/27/28/31/36/41/42/46/47
12 5/6/7/10/17/24/26/28/30/31/32/33/34/35/36/38/40/41/42/44/47/48
13 1/5/7/24/31/36/39/41/47
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TABLE 3-Continued
Salmonella type strain Culture no. Pattern
S. typhimurium 14 1/5/6/7/10/19/24/26/27/28/29/30/31/32/33/34/35/37/39/40/41/46/47

15 1/5/6/7/23/24/26/27/30/31/32/33/34/36/39/43/46/47
16 1/5/7/19/23/24/26/28/30/31/32/33/34/37/39/40/41/46/47
17 1/5/7/23/24/26/27/28/30/31/32/33/34/36/39/40/41/46/47
18 5/7/24/26/28/30/31/32/33/34/37/39/40/41/43/46/47
19 7/27/28/30/31/33/36/41/42/47/48
20 1/29/48
21 1/31
22-25c 1/29/48/50
26-29c 1/7/19/23/36/48
30 1/5/10/18/19/23/26/28/30/31/32/33/34/36/39/46/47
31 1/5/19/23/26/28/30/31/32/33/36/47
32 1/7/23/27/42/48
33 1/7/23/31/36/48
34-37c 1/48

S. typhimurium var. co- 1 1/7/19/23/29/36/48
penhagen

Group Cl
S. bareilly 1

2
3
4-8c

S. braenderup 1
2
3

S. cholerae-suis 1

S. cholerae-suis var. 1
kunzendorf

S. decatur 1
2

S. eimsbuettel 1

S. infantis

S. jerusalem

S. montevideo

S. oranienburg

S. paratyphi C
S. tennessee

S. thompson

2
3
4
5
6
7
1
2
3
4
1
2
1
2
3
4
5
1
2
3
4
5
1
1
2
3
9

10
11

1/10/18/25/35/36/45/50
1/10/25/35/36/45/48/49/50
1/9/10/18/25/35/36/45/50
1/9/10/16/17/18/25/35/36/38/45/50
10/36/38
2/17/22
1/9
1/2/4/5/6/8/10/12/13/14/15/17/18/22/24/25/26/28/30/31/32/33/34/35/38/

40/41/45/47/50
1/21/36/38

20/36/38/48/49/50
17/28/36/38
1/5/8/10/17/24/26/28/31/34/36/37/39/40/41/42/46/47
9/10/25/35/36/38/45/50
10/17/21/25/35/36/38/45/50
4/5/10/18/22/25/26/28/30/32/33/34/35/36/41/45/47/50
10/25/35/36/45/50
21/25
10/18/25/35/36/45/50
1/10/19/21/36/38
1/10/36/38
1/8/11/36/38
1/21/36/38/48
5/10/19/31/36/47
5/10/47
19/21/36
1/10/17/18/19/21/22/25/35/36/38/45/48/50
9/16/21/35/36
9/36
10/15/35/36
21
1/9/10/18/25/35/36/38/45/50
10/22/25/35/36/38/45/50
10/12/18/19/21/25/35/36/38/45/50
10/18/21/25/35/36/38/45/50
10/12/13/14
9/11/14/17/19/20/21/47
1/9/36
1/8/10/19/21/38
10/12/13/14/15/17/18/21/22/25/35/36/38/45/50
12/13/14/17/18/21/25/35/36/38/45/50
10/12/13/14/15/18/36/38/48/49
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TABLE 3 -Continued

Salmonella type strain Culture no. Pattern

S. thompson 12 9/10/12/13/14/15/18/25/35/36/38/45/50
13 12/14/15/16/36
14-26d 10/12/13/14/15/18/21/25/35/36/38/45/50
27 10/12/13/14/15/18/20/21/25/35/36/38/45/48/50
28 10/12/13/14
29 1/10/12/13/14/15/18/20/21/25/35/36/38/45/48/49/50
30e 24/25

1 1/5/11/17/19/22/28/31/34/36/37/40/41/47
2 5/11/17/18/19/20/22/28/31/34/35/36/37/40/41/47
3 5/6/8/10/11/17/18/19/22/25/26/28/31/32/34/35/36/37/40/41/45/47/50
4 1/11/19/36
1 1/5/8/11/17/19/20/22/28/31/34/36/37/40/41/47
2 1/5/8/16/17/22/28/31/34/36/37/40/41/47
3 5/8/11/17/21/22/28/31/34/36/40/47
4-12b 5/11/16/17/19/20/22/28/31/34/36/37/40/41/47

23 1/5/8/19/20/22/28/31/34/36/37/38/40/41/47/48
24 1/5/8/11/14/17/18/19/21/22/28/31/36/38/40/47
25 8/17/22/28/31/34/36/38/40/41/47
26 1/5/10/18/28/38/40
27 21/36/38
28 1/19/20
29 1/5/22/28/33/34/36/38/40
30 1/5/17/21/28/31/34/36/38/40
31e 38/40

Group D
S. berta
S. dar-es-salaam
S. dublin

S. eastbourne

S. enteritidis

S. gateshead

S. miami

S. panama

S. pullorum

S. typhi

Group El
S. amsterdam

1

1

1

1

2_4c
30
31
32
33
1

1

1

2

1
2
1

2

3
4

3/5/6/7/20/21/23/26/27/28/32/34/36/37/38/39/40/41/46/47/48/49
20/21/31/36/38/47/48
3/5/6/7/10/17/18/18/19f23/24/25/26/27/28/29/30/31/32/33/34/35/37/39/40/

41/45/46/47
1/10/18/20/21/23/24/25/28/30/31/32/33/34/35/36/45
1/10/18/19/20/23/24/25/26/28/29/30/31/32/33/34/35/36/40/41/45/46/47/50
1/5/7/10/18/19/20/24/25/26/28/30/31/32/33/34/36/37/38/39/40/41/43/46/47
5/7/19/21/24/26/28/30/31/32/33/34/36/37/38/39/40/41/46/47
5/7/24/26/27/28/31/34/39/40/41/46/47
5/7/20/24/26/28/29/30/31/34/36/37/39/40/41/45/46/47
5/8/10/18/20/21/24/25/26/28/30/31/32/33/34/35/36/37/38/39/40/41/42/44/

45/46/47/50
4/5/6/7/8/10/15/17/18/22/23/24/25/26/28/30/31/32/33/34/35/36/37/38/39/

40/41/45/46/47/50
5/6/7/19/20/21/23/25/26/28/30/31/32/33/34/35/36/37/38/39/40/41/46/47/48
5/6/8/10/18/19/20/21/24/25/26/28/30/31/32/33/34/35/36/37/38/39/40/41/

45/46/47/48/50
5/7/19/20/23/26/27/28/30/31/32/33/34/37/39/40/41/46/47
3/5/7/19/20/27/28/30/31/32/33/34/37/40/41/47
1/5/6/8/10/17/22/24/25/26/28/30/31/32/33/34/37/39/40/41/45/46/47/50
7/23/24/26/32/33/46
1/5/6/7/8/10/17/22/24/25/26/28/30/31/33/34/35/36/38/39/40/46/47/50
1/5/6/7/8/10/17/18/22/24/25/26/28/30/31/34/37/39/40/41/46/47

1 23/36/38/44/49
2 20/21/22/23/36/38/44
3 17/20/21/22/23/31/36/38/44
4 17/21/22/23/31/38*44
5 17/21/22/23/30/31/32/33/36/38/47/49
6 17/22/23/31/36/38/44/47
7 17/22/23/30/31/36/38/44/47
8 20/21/22/23/36/38/44/47
9 17/23/36/38/44/47

Group C,
S. blockley

S. kottbus

S. newport
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TABLE 3 -Continued
Salmonella type strain Culture no.

S. amsterdam 10
11
12
13
14
15

S. anatum 36
37
38
39
40
4le
42e
43

44
45
46
47
48
49

50
51

S. give 1
2
3
4
5
6
7
8
9

10
11

S. lexington 1
2

S. london 1
S. meleagridis 1
S. muenster 1

2
3
4
5
6
7
8

S. uganda 1
S. westhampton 1

2

Group E2
S. binza 42

43
44
45
46
47
48
49

Pattern

36/38/47
5/17/23/31/38/44/47
17/22/23/30/38/44
17/20/21/22/23/31/36/38/44/47
5/17/20/21/22/23/31/36/348/44/48/49
17/20/21/22/23/31/36/38/44/49
5/7/19/21/23/26/27/28/30/31/32/33/34/36/37/38/39/40/41/43/46/47/49
1/5/17/22/23/26/28/31/32/34/35/36/37/38/39/40/41/43/44/46/47/49
5/10/17/22/23/25/28/31/32/34/35/36/37/38/40/41/44/47/49
23/36/48/49
1/5/10/17/18/22/23/28/30/31/32/34/35/36/37/38/40/41/44/47/49
26
23/38/44
1/5/10/16/17/22/23/26/28/30/31/32/33/34/35/36/37/38/39/40/41/43/44/46/

47/49
5/16/22/23/28/31/32/34/35/36/37/40/41/44/47/48/49
5/10/17/22/28/30/31/32/33/34/36/37/38/40/41/42/44/49
1/5/17/22/23/26/28/30/31/32/33/34/36/37/38/39/40/41/43/44/46/47/49
5/8/10/17/18/22/23/28/31/32/34/35/37/38/40/41/44/47
5/10/17/18/22/23/24/25/28/31/32/33/34/35/36/37/38/40/41/44/45/47/49
5/6/8/10/17/18/22/23/24/26/28/30/31/32/33/34/35/36/37/38/39/40/41/43/

44/45/46/47/49
5/10/17/22/23/24/25/28/30/31/32/33/34/36/37/38/40/41/44/45/47/50
5/17/22/23/28/31/32/34/35/36/37/38/40/41/44/47/49
17/21/22/23/28/31/36/38/44
17/19/20/21/22/23/28/31/36/38/44
5/17/22/28/31/34/36/37/38/40/41/47
5/8/17/19/20/21/22/23/26/28/31/32/34/35/36/37/38/40/41/43/46/47/48/49
17/20/21/23/36/38/44
17/19/20/21/23/36/38/44/49
10
5/17/20/21/22/23/26/28/31/32/34/36/37/38/40/41/43/46/47/48/49
5/10/17/18/19/20/21/22/23/24/25/28/30/31/32/33/34'35/36/37/38/40/43/44/

45/47/48/49/50
17/20/21/36/38
1/17/23/28/32/36/38/44
36
2/6/17/22/23/31/34/36/38/41/48/49
5/17/20/21/22/26/28/31/32/34/35/36/38/40/41/42/46/47
5/17/22/23/28/31/34/37/38/40/41/44/47
1/5/17/22/23/28/31/32/34/35/36/37/38/40/41/47
1/5/17/22/23/28/30/31/32/34/35/36/37/38/40/41/44/47
5/17/20/21/22/23/28/31/32/33/34/36/37/38/40/41/44/47/49
1/5/17/22/23/28/30/32/34/35/37/40/41/44/47
6/17/22
5/17/22/23/28/30/31/32/34/35/37/38/40/41/44/47
5/17/22/23/28/30/32/33/34/35/37/38/40/41/44/47
5/6/10/17/18/22/23/24/25/26/28/30/31/32/33/34/35/36/37/38/39/40/41/43/

44/45/46/50
5/8/16/17/22/23/26/28/31/32/34/35/36/37/38/39/40/41/43/46/47/48/49
23
23/47/49

1/5/8/17/22/26/28/31/34/35/36/37/39/40/41/42/43/46/47
1/5/8/17/22/23/26/28/30/31/32/33/34/36/37/38/39/40/41/42/43/44/46/47
1/5/8/23/26/28/31/34/36/37/39/40/41/42/43/46/47
1/5/8/10/17/18/22/24/25/26/28/31/34/35/36/37/39/40/41/43/45/46/47/50
1/5/8/17/22/26/28/31/34/36/37/40/41/42/46/47
5/8/17/23/26/28/31/34/37/39/40/41/42/43/46/47
38
28/42
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TABLE 3-Continued

Salmonella type strain Cull

S. binza 51
5
55
5
5

51
5'

S. drypool

1

1

1

1

1

S. halmstad

S. manila
S. newington

Group E3
S. illinois

S. minneapolis

S. thomasuille

ture no.

i0

2
i3
4
j5e
j6e
7e

1
2
3
4
5
6
7
8
9
L0
1
L2
L3
L4
L5
1
2
1

Pattern

1/5/8/17/22/26/28/31/34/36/37/40/41/42/46/47
1/5/6/8/10/17/22/24/25/26/28/31/34/35/36/37/39/40/41/43/45/46/47/48
1/5/6/8/10/17/22/24/25/26/28/31/34/36/37/39/40/41/43/45/46/47/50
1/5/8/17/22/26/28/31/34/35/36/39/40/41/42/43/46/47
5/8/10/17/22/23/24/25/26/28/31/34/35/36/37/39/40/41/42/43/45/46/47
5/23/28
5/17/28/47
1/5
5/20/21/28/36/38
5/23/28/31/36/38/47
20/21/28/31/36/38/47/48
5/28/38
20/21/28/31/36/38
5/20/21/23/28/36/38/48
21/23/28/38/48
23/38/48
21/28/31/36/38/41/47
28/31/36/38
21/23/28/31/36/38
28/38
5/20/21/28/31/36/38/41/47
21/28/32/33/35/36/38
23/28/36/38/47
31
26/31/43/46
36

1 4/20/21/23/28/31/34/36/37/38/39/40/41/47
2 5/17/28/34/38
3 28/31/36/38/41/49
4 5/23/28/31/34/36/37/38/40/41/47/49
5 5/20/21/28/31/34/36/37/38/39/40/41/47/48
6 5/17/23/24/25/28/30/31/34/35/36/37/38/40/41/47/48/49/50
7 5/17/22/28/31/34/36/37/40/41/47/49
8 5/17/23/28/30/31/34/36/37/40/41/47/49
9 5/8/10/17/18/24/25/28/30/31/34/35/36/37/38/40/41/45/47/50
LO 20/21/23/28/31/36/38/48
Ll 5/19/28/31/34/36/37/40/41/47
L2 5/19/28/31/34/36/37/40/41/47/50

1 31/36
2 5/31/36
3 5/17/22/28/31/34/36/37/38/40/41/47
4 5/28/31/36/38/41/47
5 36
6 5/31/36/38/41/47
7 5/22/28/31/36/41/47
8 5/6/10/16/17/19/20/21/23/24/25/27/29/30/31/32/33/34/35/36/37/38/39/40/

45/46/47/50
1 5/17/23/26/28/30/31/34/36/37/38/39/40/41/43/46/47/49
2 1/17/36/38
3 6/10/17/18/22/24/25/26/28/30/31/32/33/34/35/36/37/38/40/41/45/46/47/48/

49/50
4 6/10/17/26/28/30/31/34/35/36/37/38/39/40/41/44/45/46/47/49/50
5 6/10/17/22/26/28/30/31/34/36/37/38/39/40/41/43/46/47/49
6 6/10/17/26/28/30/31/34/35/36/37/38/39/40/41/45/46/47/49/50
1 36/38/42/47/48
2 3/4/8/10/17/18/22/23/24/25/26/28/31/32/34/35/36/37/38/39/40/41/42/43/

44/45/46/47/49/50
3 31/34/36/42/47
4 1/4/5/18/19/23/26/27/28/30/31/32/33/34/35/36/37/39/40/41/43/46/47
5 4/5/18/19/24/25/26/31/34/35/36/37/39/40/41/42/45/46/47/50
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TABLE 3-Continued

Salmonella type strain Culture no. Pattern

S. thomasville 6 36
7 3/4/8/10/17/18/24/25/28/31/31/34/35/37/40/41/42/45/46/47/50
8 3/17/28/31/36/42/47
9 3/4/8/10/16/17/28/30/31/34/36/37/38/40/41/42/46/47/48/49

10 1/4/5/18/19/23/26/27/28/30/31/32/33/34/35/36/37/39/40/41/43/46/47
11 3/4/8/10/17/18/24/25/28/31/36/42/45/46/47/48/49/50
12 3/4/8/10/17/18/22/23/24/25/26/28/31/34/36/37/38/39/40/41/42/43/44/45/

46/47/49/50
13 1/5/16/17/23/26/27/28/30/31/32/33/34/35/36/37/39/40/41/43/46/47
14 1/3/5/6/8/10/17/18/22/23/24/25/26/28/31/32/34/35/36/37/38/39/40/41/42/

43/44/45/46/47/49/50

Group E4
S. chittagong 1 5/17/19/20/21/24/26/28/30/31/32/33/34/36/37/38/39/40/41/44/46/47/48/49

2 5/17/19/20/21/22/23/24/26/28/30/31/34/36/37/38/40/41/44/46/47/48/49
3 5/11/17/19/20/21/22/24/26/28/31/34/36/37/38/40/41/46/47/48/49
4 5/17/19/20/21/22/26/28/31/34/36/37/38/40/41/44/46/47/48/49

S. senftenberg 48 17/22/31/44
49 30/36
50 17/22/26/31/36/44/48
51 17/22/26/31/36/39/44/46/47/48
52 17/22/31

S. taksony 1 1/5/17/22/28/31/34/36/37/40/41
2 5/17/22/28/30/31/34/37/40/41/47
3 17/22/31/44

a Only strong reactions (+ + + or above) are recorded.
bCultures were isolated from hospital outbreaks.
c Cultures were isolated from family outbreaks.
d Cultures were isolated from a campus outbreak.
eCultures were previously untypable with serotype-specific phages.

J. CLIN. MICROBIOL.



PHAGE TYPING TO DIFFERENTIATE SALMONELLAE 313

TABLE 4. Number ofpatterns observed for serovars typed

Serovar Group Isolates typed

B 25
LEl 47

El 39
C1 10
D 2
E2 35
C2 9
C1 4
B 5
B 6
B 7
E4 6

cis C1 3
tis var. kunzendorf C, 2
am D 2

Cl 5
B 10
E2 39
D 5
D 4
CI 11
D 20
D 5
El 17
E2 6
B 27
E3 19
C, 10
C, 6
C2 13
El 5
El 4
E2 4

S El 5
D 4

is E3 15
Cl 11
El 17
E2 29
C2 27

1g C1 11
D 4

A A 6
A var. durazzo A 7
C C1 4

D 6
B 11

grund B 7
nE4 20

E4 9
C, 8

e E3 25
C1 32
D 9

1m B 44
im var. copenhagen B 3

El 3
on El 6

735

Different lysis pat-
terns

7
15
22
4
1

22
4
3
1
3
3
4
1
1
1
2
5

15
1
2
7

11
1

11
2
19
8
4
2
4
2
1
1
1
1
6
5
8

12
16
5
2
3
2
1
2
5
3
11
3
3
14
18
4
28
1
1
2

347

agona
amsterdam
anatum
bareilly
berta
binza
blockley
braenderup
bredeney
california
chester
chittagong
cholerae-su
cholerae-su
dar-es-salao
decatur
derby
drypool
dublin
eastbourne
eimsbuettel
enteritidis
gateshead
give
halmstad
heidelberg
illinois
infantis
jerusalem
kottbus
lexington
london
manila
meleagridix
miami
minneapoli
montevideo
muenster
newington
newport
oranienbur
panama
paratyphi ^
paratyphi ^
paratyphi
pullorum
saint paul
schwarzeng
senftenberg
taksony
tennessee
thomasvill4
thompson
typhi
typhimuriL
typhimuriL
uganda
westhampt

Totals
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and include contributions from our own diag-
nostic unit. A summary ofthese results appears
in Table 3.
We were able to characterize all cultures

used in this study, including isolates that we
were unable to type or delineate previously
with serovar-specific phages. In addition, we
were able to relate and confirm the derivation
of a number of blind specimens submitted for
our inspection. Patterns were reproducible and
epidemiologically significant. The isolates ob-
tained from a campus incident and from two
hospital and seven family outbreaks, as an ex-
ample, produced identical patterns of lysis even
though the Salmonellae originated from differ-
ent individuals. Representative serovars and
their phage patterns are listed in Table 4.
Approximately 95% of all the Salmonellae

isolated belong to groups A, B, C1, C2, D, E,, E2,
E3, and E4. Hundreds of serovars are repre-
sented by these serological groups, and any
single serovar can suddenly assume a position
of prominence. Under the circumstances, it is
inconceivable that serovar-specific phages will
always be available for laboratory use. Conse-
quently, the convenience of a single, general-
purpose phage-typing set has definite advan-
tages.
Given the widespread distribution of Salmo-

nella, the frequency of isolation, and the vari-
ety of serovars in existence, a wide-spectrum
phage-typing potential appears most desirable.
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