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Prevalence of Serotypes of Salmonella

WILLIAM J. MARTIN anp WILLIAM H. EWING
National Communicable Disease Center, Atlanta, Georgia 30333

Received for publication 26 September 1968

The distribution of species and serotypes of Salmonella among 2,498 cultures
which were isolated in the United States and its territories is presented. These isolates
were received for examination during the 12-month period between October 1, 1966
and September 30, 1967. These and other data obtained from the Salmonella Surveil-
lance Summaries for the past five years indicate that a relatively small number of
species and serotypes of Salmonella are regularly isolated from diagnostic speci-
mens. Of approximately 1,300 presently known Salmonella species and serotypes, 33
account for almost 909, of the isolates reported from humans and approximately
809 of the isolates from nonhuman sources. The 50 most prevalent species and sero-
types account for 979, of the isolates from humans. An abbreviated antigenic schema
based on these 50 species and serotypes of Sa/monella, in conjunction with adequate
biochemical tests, permits complete bacteriological characterization of the common
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Salmonella.

The great diversity of somatic (O) and flagellar
(H) antigens among the various serotypes of
Salmonella accounts for approximately 1,300
serotypes. The continual addition of new types
to the antigenic schema has created a certain
amount of controversy among bacteriologists.
Some of them long have felt that complete sero-
logical identification of Salmonella was imprac-
tical except in specialized laboratories. However,
from all Salmonella cultures recovered from
diagnostic specimens, only a relatively small
number of serotypes are regularly isolated using
currently accepted techniques. This was shown by
the work of Edwards (2) and more recently by
Ewing (8).

This report summarizes the distribution of the
various species and serotypes of the genus Sal-
monella submitted to the National Salmonella
Center during the period October 1, 1966 through
September 30, 1967. During this period, 2,498
isolates of Salmonella were examined. Although
about 109, of the strains of Salmonella came from
many parts of the world, this report is based
primarily on cultures isolated in the United
States and its territories. The data concerning the
distribution of these particular serotypes among
the various O antigen groups have been reported
in a series of Quarterly Reports by Martin et al.
(15-18). These and other data obtained from the
Salmonella Surveillance Summaries for the past
5 years indicate that a relatively small number of
species and serotypes of Salmonella are regularly
isolated from diagnostic specimens.

MATERIALS AND METHODS

The biochemical and serological methods employed
were similar to those reported by Edwards and Ewing
(3), Ewing (5, 7), Ewing and Ball (10), and Martin et
al. (in press). The nomenclature and definitions used
in this report were adopted by Ewing (6, 9). This
nomenclature is based upon the three species concept
employed by Kauffmann and Edwards (13). This
system and the definitions were adopted by the Sub-
committee on Enterobacteriaceae of the American
Society for Microbiology (ASM News 30:22, 1964;
ASM News 34:30-31, 1968).

RESULTS

The 33 most prevalent salmonellae, recovered
from human and other sources among 2,498
cultures examined during the 12-month period,
are listed in Table 1. The human isolants are
from individuals of all age groups and states of
infection (case, convalescent carrier, contact car-
rier, and unknown). Sources other than human
include animals, food, water, unknown, and
miscellaneous. Of the 2,498 Salmonella cultures
examined during the 12-month period, 2,009
(80.49%,) belonged to 33 serotypes. Each serotype
has been ranked (in parentheses) according to its
prevalence (Table 1). Of the 2,009 strains, 1,459
(72.6%) were from humans and 550 (27.4%)
were from sources other than human. Of the
total number (2,498) received during the year,
58.49, were isolated from humans and belonged
to the above-mentioned 33 serotypes. As will be
discussed below, this comparatively low percent-
age does not reflect the true prevalence of com-
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monly occurring serotypes of Salmonella isolated
in diagnostic laboratories.

The most prevalent Salmonella in the United
States during the years 1963 through 1967 are
listed in Table 2. The data in Table 2 are from
Salmonella Surveillance Summaries (19-23). With
the exception of one or two serotypes, most sero-
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types of Salmonella listed in Table 2 also appear
in Table 1. Moreover, the ranks in the two tables
are generally similar. The subtotal percentage for
each of the 5 years indicates the percentage of the
total number of Salmonella that belong to the 25
serotypes. Over a 5-year period, these 25 sero-
types accounted for 88.89, of the strains isolated

TABLE 1. Distribution of species and serotypes of Salmonella by source among 2,498 cultures received
in the Enteric Bacteriology Unit, NCDC, from October 1, 1966 to September 30, 1967

Source
Species Serotype Group
Human Other Total
S. enteritidis anatum E, 19(13)= 37 56(8)a
bareilly (o} 4(23) 4
binza E, 3(24) 17 20(19)
blockley C. 27(11) 14 41(13)
bredeney B 4(23) 13 17(21)
chester B 9(19) 4 13(23)
cubana G 8(20) 14 22(17)
derby B 21(12) 27 48(11)
enteritidis D 62(5) 5 67(6)
give E; 6(22) 12 18(20)
heidelberg B 51(6) 50 101 (5)
infantis G 4109) 15 56(8)
javiana D 42(8) 7 49 (10)
litchfield C, 7(1) 7
manhattan C, 18(14) 9 27(15)
meleagridis E; 2(25) 2
montevideo C, 16(16) 23 39(14)
muenchen (@ 12(18) 8 20(19)
newport C, 97@4) 23 120(4)
oranienburg C 17(15) 28 45(12)
panama D 18(14) 7 25(16)
paratyphi B B 14(17) 14(22)
java® B 44(7) 10 54(9)
saint paul B 40(10) 14 54(9)
san diego B 12(18) 9 21(18)
schwarzengrund B 10 10(24)
sen ftenberg E, 2(25) 5 7(25)
tennessee G 8(20) 10 18(20)
thompson G 162(3) 49 211 (3)
S. typhi D 223(2)¢ 223(2)¢
S. enteritidis typhimurium B 416 (1) 112 528(1)
typhimurium
copenhagen B 51(6) 15 66(7)
worthington G 3(24) 3 6
Subtotal 1,459 550 2,009
Others 4894
Total 2,498

s Number in parenthesis indicates rank with regard to frequency of occurrence.

b Bioserotype.

< The figures for S. typhi are weighted because of repeat examinations of cultures from both cases and

carriers.

4 This total represents those cultures of Sa/monella submitted having one or more of the following
criteria: belonged to one of the higher O antigen groups, possessed unusual characteristics, an unde-
scribed serotype, received from sources other than the United States and its territories.
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TABLE 3. Antigenic formula and rank of Salmonella that occurred most frequently among 23,414
cultures received in the period from July 1, 1948 through June 30, 1958+

Antigenic formula
Human sources Total
Species Serotype Group H antigens no. (all
O Antigens sources)
Phase 1 | Phase 2 No. Rank

S. enteritidis paratyphi A A 11,2,12 a 33 37 35
paratyphi B B 1,4,5,12 b 1,2 267 8¢ 322

paratyphi B,
Odense 1,4,12 b 1,2 4 47 4
Jjava® 1,4,5,12 b [1,2] 211 11 279
stanley 4,5,12 d 1,2 20 41 68
schwarzengrund 1,4,12,27 | d 1,7 52 30 133
saint paul 1,4,5,12 e,h 1,2 108 22 225
reading 4,5,12 e,h 1,5 216 10 239
chester 4,5,12 e,h e,n,x 87 24 172
san diego 4,12 e,h e,N,2;5 182 15 408
derby 1,4,5,12 f,g 157 19 555
california 4,5,1 m,t 60 27 131
typhiumurium 1,4,5,12 i 1,2 1479 1 4013

typhimurium,
copenhagen 1,4,12 i 1,2 70 26 231
bredeney 1,4,12,27 | l,v 1,7 91 23 239
heidelberg 1,4,5,12 1,2 176 16 444
S. cholerae-suis C, 16,7 c 1,5 16 43 27
S. cholerae-suis kunzendor f* 6,7 [e] 1,5 236 9 599
S. enteritidis braenderup 6,7 eh e,n,z;s 26 38 39
montevideo 6,7 g,m,s 554 4 856
oranienburg 6,7 m,t 632 3 863
thompson 6,7 k 1,5 153 20 231
infantis 6,7 r 1,5 188 14 267
bareilly 6,7 y 1,5 191 13 290
tennessee 6,7 Zo 296 7 450
muenchen C, 16,8 d 1,2 347 5 559
manhattan 6,8 d 1,5 86 25 175
newport 6,8 e,h 1,2 739 2 1162
blockley 6,8 1,5 56 28 174
litchfield 6,8 Lv 1,2 24 40 42
tallahassee 6,8 Z4,232 12 44 35
kentucky 8),20 i Zs 46 31 137
miami® D |1,9,12 a 1,5 39 34 63
S. typhi 9,12, Vi d —d —d 3502
S. enteritidis enteritidis 1,9,12 g,m 174 17 540
berta 9,12 f,g,t 25 39 30
dublin 1,9,12 g,p 5 46 36
panama 1,9,12 1,v 1,5 169 18 229
Jjaviana 1,9,12 1,228 1,5 196 12 208
pullorum?® 9,1 38 35 1607

o Modified from Edwards (2).

b Bioserotype.

¢ Italics in the ‘“Rank’’ column indicate the 25 species and serotypes that occurred most frequently
among cultures from human sources. Since a number of cultures that were untypable (e.g., O forms) were
excluded, the figures in the “Total’’ column do not add to 23,414.

4 The figures from S. rvphi are weighted because of repeat examinations of cultures from both cases
and carriers.
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TABLE 3—Continued
Antigenic formula
) Human sources Total
Species Serotype Group H antigens no. (all
O Antigens |- sources)
Phase 1 | Phase 2 No. Rank
anatum E, [3,10 e,h 1,6 320 6 1066
meleagridis 3,10 e,h 1,w 45 32 212
give 3,10 1,v 1,7 119 21 263
newington E: 3,15 e,h 1,6 41 33 138
illinois Es |(3),(15),34]| 20 1,5 2 48 31
senftenberg E, |1,13,19 g,s,t 52 30 191
simsbury 1,13,19 Za 4 47 61
rubislaw F 11 r e,n,Xx 26 38 41
poona 13,22 z 1,6 33 37 52
worthington 1,13,23 z 1,w 53 29 174
cubana 1,13,23 Z39 52 30 90
florida H [1,6,14,25 | d 1,7 6 45 43
madelia 1,6,14,25 |y 1,7 16 43 41
cerro 18 (18 Z4,Z28 12 44 31
siegburg 6,14,18 Z4,Z23 36 36 38
minnesota 21 |21 b e,n,x 26 38 79
urbana 30 |30 b e,n,X 19 42 32

from human sources and 79.59, isolated from
sources other than human.

Table 3 shows the antigenic formulas for the 50
or 57 most frequently occurring serotypes (in-
cluding those in Tables 1 and 2). (The larger
number depends upon whether bioserotypes and
other variants are counted separately.) Also,
each serotype has been ranked (in parentheses)
according to its prevalence. Although the prev-
alence of a few serotypes fluctuates from year
to year, the prevalence of the most frequently
occurring serotype is relatively constant. The
majority of serotypes of Salmonella listed in
Table 3 belong in O antigen groups B through
E. and G. The compilations shown in Tables 1
to 3 for S. typhi are weighted because of repeat
examination of cultures from both cases and car-
riers.

In analyzing the data in the aforementioned
tables, it became apparent that relatively few
serotypes (and species) of Salmonella are being
isolated from diagnostic material. This observa-
tion provided the impetus for an abbreviated
antigenic schema based upon the most prevalent
serotypes of Salmonella. Employing primarily

the data presented in Table 3, Table 4 lists the
unabsorbed O and H antisera as well as the respec-
tive absorbed single-factor antisera (O and H)
needed for complete serological typing of the
above-mentioned salmonellae. Antisera for typing
S. enteritidis bioserotype paratyphi A also are
listed in Table 4. Even though this bioserotype is
relatively uncommon in the United States, bacteri-
ologists should be acquainted with it and aware
that it can be imported at any time.

DISCUSSION

From an examination of the distribution of
serotypes of Salmonella isolated from humans and
sources other than human, two observations
became apparent. First, relatively few species and
serotypes of Salmonella were consistently re-
covered from diagnostic materials, and, second,
the concept of an abbreviated antigenic schema
based on the most prevalent species and serotypes
of Salmonella that occur in the United States was
confirmed.

Of approximately 1,300 known serotypes of
Salmonella, only a small number are regularly
isolated. In 1962, Edwards showed that, of ap-
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TABLE 4. Antisera needed for typing the 50 commonly occurring Salmonella serotypess:®

H Antisera
O Antisera
Phase 1 Phase 2
Unabsorbed Absorbed Unabsorbed Absorbed Unabsorbed Absorbed
1,2,12 2 a e,n,X X
4,5,12 5 b €,Nn,z; Zs
4,12,27 27 c , 2
6,7 7 d 1,5 5
6,8 e,h h 1,6 6
8),20 20 f,g f 1,7 7
9,12 g,m m z¢ (crosses Zg
with 1,5)

3,10 10 g,m,s m and s
3,15 15 g,p P
3),(15),34 34 g,s,t sand t
1,3,19 19 i
11 k
13,22 22 1,v v
1,13,23 23 L,w w
6,14,25 14 and 25 1,215 Zis
18 1,25 Zos
21 m,t m and t
30 r

y
Vi z

Z4yZog Zys

Z4yZ32 Z32

Zyo

Zn

Zg9

e Modified from Edwards (2).

b Totals: unabsorbed O antisera, 18 plus Vi; absorbed O antisera, 13; unabsorbed, phase 1, H anti-
sera, 25; absorbed, phase 1, H antisera, 12; unabsorbed, phase2, H antisera, 7; absorbed, phase 2, H anti-

sera, 7.

proximately 800 serotypes of Salmonella known
at that time, only 201 (259) were identified
among 23,414 cultures submitted in a 10-year
period. Of this number, 55 occurred 30 or more
times and comprised 97.79% of the total. In his
studies, Ewing (8) compared data from the Sal-
monella Surveillance Summaries (19-23) with
those reported by Edwards (2) and noted that
the most common serotypes of Salmonella re-
corded in the surveillance reports were among
the above-mentioned 55 in frequency of occur-
rence. The results of a worldwide survey of more
than 500,000 cultures and their distribution were
recently reported by Kelterborn (14). He sub-
stantiated the findings of previous workers (2,
8, 10) by showing that the majority of serotypes
that frequently occur in man and animals belong
to the first few Salmonella O antigen groups.
Among more than 500,000 cultures, 95.6%, of the
strains were distributed as follows: group B,
47.19,; group C,, 13.3%,; group C,, 7.1%,; group

D), 23.7%; group E, 4.49%. However, this
percentage (95.6%,) represented only about 389,
of all the known serotypes. The remaining sero-
types of the schema constituted only 4.4, of the
total number of cultures analyzed. The data cited
by Kelterborn (14) agree with the results of this
study. Hence, the large number of known sero-
types of Salmonella should not be a cause for
alarm or dismay.

The percentages calculated from the data in
Table 2 relative to the prevalent serotypes are
somewhat higher than those derived from the
numbers of cultures received by the National
Salmonella Center. This apparent discrepancy is
caused by the comparatively large number of
strains of Salmonella sent to the National Sal-
monella Center which belonged to the higher O
antigen groups, possessed unusual character-
istics, or were undescribed serotypes.

The second observation concerns the concept
of an abbreviated antigenic schema based on the
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most prevalent species and serotypes of Sal-
monella that occur in the United States. ‘“‘Sim-
plified”” methods for the diagnosis of cultures of
Salmonella have been proposed by several in-
vestigators (1, 4, 11, 12, 24). However, compara-
tively little has been reported concerning the
epidemiological adequacy of these methods or
their effectiveness when applied to large numbers
of cultures. The antigenic formulas of the most
prevalent serotypes of Salmonella which occurred
in a 10-year period are presented in Table 3. The
50 species and serotypes (including variants)
shown have accounted for 96.7%, of all of the
salmonellae isolated from human sources. Thus,
these (and other) data suggest that the formu-
las given in Table 3 constitute an abbreviated
antigenic schema comprising the most common
Salmonella species and serotypes found in hu-
mans and to a lesser extent in other materials.
With this in mind, a list is given in Table 4 showing
the antisera needed by a laboratory interested in
complete typing of the most common serotypes
of Salmonella. A set containing 51 unabsorbed and
32 absorbed O and H antisera, respectively, will
permit complete serological typing of about 95%,
of cultures encountered in daily practice. Also
many additional serotypes, not listed in Table 3,
may be completely or partially characterized with
these antisera (Table 4). For example, a serotype
of Salmonella that is relatively uncommon, such
as S. enteritidis serotype new brunswick (3,15:
1,v:1,7) can be identified. Many other examples
could be cited. This is brought about by the
community of O and H antigens among sal-
monellae.

Although the above-mentioned abbreviated
antigenic schema (Table 3), based on the most
prevalent serotypes of Salmonella, is recom-
mended for many laboratories, determination of
the biochemical characteristics of these bacteria
should not be neglected. On the contrary, these
should always be determined. By employing
selected minimal biochemical tests (Martinet al.,
in press) and complete serological analysis based
on frequency of serotypes, exact identification of
a large number of Salmonella becomes a distinct
possibility. Since many of the antisera listed in
Table 4 are now becoming available commer-
cially, complete serotyping of the most commonly
occurring salmonellae should become a reality.
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