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Multiple drug resistance in salmonellae
in England and Wales: a comparison between
1981 and 1988

L R Ward, E J Threlfall, B Rowe

Abstract
Each year from 1981 through to 1988 the
most common serotypes isolated from
man in England and Wales and
identified at the Division of Enteric
Pathogens were S typhimurium, S
enteritidis, and S virchow. In 1981 these
three serotypes accounted for 45%, 12%,
and 7% of isolations. The remaining 35%
comprised strains belonging to a further
188 different serotypes, none of which
accounted for more than 1% of the total.
In 1988 S typhimurium accounted for
24% of isolations, S enteritidis 57%, and
S virchow 4%. The remaining 15%
comprised strains of a further 184 sero-

types. The resistances to the common

antimicrobial drugs in non-typhoidal
salmonellas isolated in England and
Wales in 1981 and 1988 were reported
with particular reference to resistance
to four or more antimicrobial drugs
(multiple resistance). For S typhi-
murium the overall percentage of resis-
tant strains varied little, but multiple
resistance more than doubled from 5%
to 12%; in S enteritidis the incidence
remained the same. In S virchow the
percentages of strains resistant to all the
antimicrobial drugs and in particular, to
chloramphenicol, streptomycin, trime-
thoprim and furazolidone, rose from
0O2% to 10-4%.
Salmonella enteritis in man is usually

a self limiting disease and antimicrobial
treatment is seldom required; but should
spread beyond the intestine occur, effec-
tive antimicrobial treatment is essential.
Under these circumstances a knowledge
of the likelihood of resistances to
commonly available drugs could be of
considerable value to the clinician.
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Since 1981 the incidence of multiresistant
strains isolated from man in England and
Wales has doubled for S typhimurium and
increased 50-fold for S virchow, but remained
constant for S enteritidis. For the remaining
serotypes there has been a small overall
increase in multiresistant isolates. An upsurge
in infections caused by strains belonging to
the bovine associated phage types 193 and
204c has been the main factor responsible for
the increased incidence of multiresistant
S typhimurium. In contrast, the increase in
multiresistant S virchow has been linked
to an upsurge in isolations of phage type 19,

which is associated with poultry. Multi-
resistant strains have remained uncommon in
S enteritidis. The increase in multi-
resistant strains of other serotypes is difficult
to interpret because of the relatively low
numbers involved.

Methods
Eight thousand, eight hundred and twenty nine
non-typhoidal salmonellae isolated from man
in England and Wales in 1981 and 26943 strains
isolated in 1988 were serotyped and phage
typed by appropriate methods.l" Strains were
tested for resistance to antimicrobial drugs by
the methods of Anderson and Threlfall' and
Frost et al.6 These included strip-diffusion
tests for resistance to ampicillin (A), chloram-
phenicol (C), gentamicin (G), neomycin/
kanamycin (K), streptomycin (S) and tetra-
cyclines (T), and spot tests in agar for resis-
tance to sulphonamides (Su), trimethoprim
(Tm), furazolidone (Fu) and nalidixic acid
(Nx).
For strip-diffusion tests, 80 mm x 7 mm

strips of Ford 428 Mill extra superfine blotting
paper were soaked in appropriate antibiotic
solutions to give final concentrations per strip
of the following (mg/l): A, 200; C, 60; G, 60;
K, 1000; S, 500; T, 500. The approximate
concentrations at which strains were desig-
nated resistant in strip-diffusion tests were as
follows (mg/l): A, 20; C, 10; G, 10; K, 50; S, 10;
T, 10. These concentrations were determined
in relation to a panel of antibiotic resistant
and antibiotic sensitive salmonellae whose
minimum inhibitory concentrations had been
previously determined using an agar dilution
technique; this panel had been maintained in
the culture collection of the Division of Enteric
Pathogens. In agar testing the concentrations
of antimicrobial drugs incorporated into the
plates were as follows (mg/l): Su, 100; Tm, 2;
Fu, 20; Nx, 40.

Results
INCIDENCE OF RESISTANCE
The incidence of resistance in 1981 and 1988 is
summarised in table 1.
For S typhimurium, the overall percentages

of resistant strains varied little, but the
incidence of multiple resistance more than
doubled from 5% in 1981 to 12% in 1988.
For S enteritidis, 15% of strains isolated in

1981 were drug resistant. Because of a dramatic
upsurge in this serotype between the end of
1986 and 1988,7 only 450o of strains were tested
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for drug resistance. Of those tested, the
proportion with resistance was almost identical
with that observed in 1981. Compared with
S typhimurium and S virchow multiresistance
remained rare in S enteritidis (less than 1%)
and has not changed significantly since 1981.
For S virchow, the overall incidence of

resistance in 1988 was about four times greater

than that observed in 1981. Multiresistant
strains have shown an even sharper increase
from less than 1% in 1981 to over 100% in 1988.
For the remaining serotypes, the incidence of

resistance increased slightly from 11% in 1981
to 170o in 1988, and the proportion of multi-
resistant strains from 200 to 4%. Because ofthe
large number of serotypes involved, however,
and the relatively small numbers of strains
within each serotype, interpretation is difficult.

RESISTANCE TO INDIVIDUAL ANTIMICROBIAL
DRUGS
A comparison of the incidence of resistance to
individual antimicrobial drugs is shown in
table 2.

In S typhimurium there have been increases
in the incidence of resistance to ampicillin,
chloramphenicol, tetracyclines, trimethoprim
and nalidixic acid. In particular, the incidence
of ampicillin resistance has doubled. The
incidence of resistance to streptomycin,
sulphonamides, and tetracyclines has remained
high in this serotype (more than 14%) and this
has changed little over the eight year period. In
contrast, the incidence of resistance to

neomycin/kanamycin has dropped from about
6 0,, to 100 . Of particular note is the continuing
low incidence of resistance to gentamicin and
nalidixic acid (less than 1% of the total).

In S enteritidis, the incidence of resistance to

ampicillin, streptomycin, and tetracyclines
increased but, with the exception of
furazolidone, resistance to other antimicrobial
drugs has shown little change. Resistance to
furazolidone (20 mg/i) has decreased from 13%
in 1981 to2% in 1988.

In S virchow there have been substantial
increases in the percentages of strains resistant
to all the antimicrobial drugs and, in particular,
to chloramphenicol, streptomycin, trimetho-
prim and furazolidone.

In the remaining serotypes there have been
small increases in the incidence of strains
resistant to ampicillin, chloramphenicol,
neomycin/kanamycin, streptomycin, sul-
phonamides, tetracyclines, trimethoprim and
nalidixic acid.

PATTERNS OF MULTIPLE DRUG RESISTANCE

Multiple resistance was common in S
typhimurium and S virchow but rare in S
enteritidis. The predominant multiple resist-
ance patterns in the different serotypes are

shown in table 3.
In S typhimurium the predominant multiple

resistance patterns in 1981 were ACKS-
SuTTm and ACGKSSuTTm, and in 1988,
ASSuT and ACSSuTTm. Phage types in

which these patterns were identified included
the bovine-associated phage types 204c
(ACKSSuTTm in 1981,ACSSuTTm in 1988)
and 193 (ASSuT in 1988). Strains isolated in
1981 with the resistance pattern ACGKS-
SuTTm either did not react with the
S typhimurium typing phages (untypable) or

belonged to two interrelated phage types, 66
and 122. These two phage types had become
rare by 1988.

In S enteritidis the most common patterns in

Table 1 Incidence of drug resistance in salmonellae isolated in England and Wales in 1981 and 1988

Drug resistant Percentage of strains resistant to:

Serotype Year Number tested No (%) 1 2 3 more than 4 drugs

S typhimurium 1981 3992 1454 (36-4) 6-5 18 2 6-4 5-5
1988 6444 2069 (32-1) 6-8 10 1 4-5 12-3

S enteritidis 1981 1087 162 (14.9) 13-0 1-0 0 5 0-5
1988 6898** 902 (13-1) 7-9 1*6 3 0 0-6

S virchow 1981 663 106 (16.0) 12-9 2-3 0-6 0-2
1988 1120 650 (58-0) 36-8 5-4 5-4 10-4

Others 1981* 3087 360 (11-7) 5-0 2-8 2-1 1-6
1988t 3952 690 (17-5) 3-2 5-5 4-7 4-0

*188 serotypes
t184 serotypes
**1 5427 strains were identified, of which 6898 were tested for resistance to antimicrobial drugs

Table 2 Incidence of resistance to individual antimicrobial drugs in salmonellae isolated in 1981 and 1988

Percentage of strains resistant

S typhimurium S enteritidis S virchow Others

Antimicrobial drug 1981 1988 1981 1988 1981 1988 1981 1988

Ampicillin 5-4 11-8 1-3 9-6 <10 6-3 2-7 5-1
Chloramphenicol 4-9 6-1 <1-0 <1-0 <1-0 8-5 1-9 2-9
Gentamicin <1-0 1-1 0 <1-0 <1-0 <1-0 <1-0 <1-0
Neomycin/kanamycin 5-9 1-8 1-1 < 1-0 <1-0 3-7 2-0 3-6
Streptomycin 16-1 14-5 2-4 4-0 <1-0 12-9 5-3 10-8
Sulphonamides 29-7 25-6 1-8 2-1 5-7 13-5 6-5 10-7
Tetracyclines 220 23-0 1.1 3-8 1-0 11 1 5-4 10-1
Trimethoprim 8 2 11-0 <1-0 <1-0 0 9-2 1-0 4-2
Furazolidone 1 5 1-0 13-3 2-0 8-6 54-9 0-3 0-9
Nalidixic acid <1-0 <1-0 0 0 0 <1-0 <1-0 <1-0
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Table 3 Predominant patterns of multiple drug resistance in salmonellae isolated in England and Wales in 1981 and
1988

1981 1988

Serotype R-type* %t R-type %t

S typhimurium ACKSSuTTm 4-1 ASSuT 13-2
ACGKSSuTTm 1-6 ACSSuTTm 8-4
ASSuT 0-6

S enteritidis ACKSSuT 1-8 ASTFu 0 8
SSuTFu 0-6 SSuTFu 0 7

S virchow CKTFu 0 9 CSTTmFu 2-2
CSSuTTmFu 2-0

Others KSSuT 19 ACSSuTTm 2-5
ACKSSuT 1 1 CKST 2-0

*R-type = drug resistance pattern
tExpressed as a percentage of resistant strains

the few strains with multiple resistance were
ACKSSuT in 1981 and ASTFu in 1988. Only
five multiply resistant strains out of 1087
identified were recognised in 1981, however;
for 1988 the corresponding figure was 38 out of
6898 tested.

In S virchow the most common pattern in
1981 was CKTFu and in 1988 CSTTmFu and
CSSuTTmFu. Strains with the CSTTm and
CSSuTTmFu patterns belonged to phage type
19, a phage type associated with poultry.
The most common patterns in strains of

other serotypes were KSSuT and ACKSSuT
in 1981, and ACSSuTTm and CKST in 1988.
Serotypes in which these patterns were identi-
fied included S agona, S blockley, S heidelberg,
S krefeld, S oranienberg and S Saintpaul.

Discussion
These results show that 32°0 of S typhimurium
and 58%o of S virchow isolated from man in
1988 were resistant to at least one of the
commonly used antimicrobial drugs. In con-
trast, only 1300 of S enteritidis were drug
resistant. The results also show that the
incidence of multiresistant S typhimurium has
more than doubled since 1981 but has not
changed in S enteritidis. Multiresistant strains
have also noticeably increased in S virchow.
This is of particular concern because S virchow
has been reported to cause infections outside
the intestine.89 Although the incidence of
multiresistant strains has doubled in other
serotypes, the overall level of multiresistance in
1988 was less than half of that in S typhimurium
and in S virchow.

In 1981 the most common multiple resist-
ance patterns in S typhimurium were
ACKSSuTTm and ACGKSSuTTm. Almost
all strains with the ACKSSuTTm pattern
belonged to phage type 204c, which has been
the most common phage type causing bovine
salmonellosis in England and Wales since
1983.10 11 Strains with the pattern
ACGKSSuTTm either belonged to phage type
66 and 122 or were untypable. Most strains in
phage types 66/122 and with this drug resist-
ance combination had been isolated from
travellers infected abroad, particularly in the
Indian subcontinent. Similar strains are known
to have caused extensive outbreaks in that area
since 1978.12 In 1988 the most common pattern
of multiple resistance was ASSuT, and most

strains with this pattern belonged to phage type
193. Phage type 193 has been subdivided,'0 but
strains resistant to ASSuT seem to belong to a
clone which was first identified in bovines in
1986 (Rowe B and Threlfall EJ, unpublished
observations). The second most common
pattern in 1988 was ACSSuTTm. Strains
with this pattern belonged to a neomycin/
kanamycin-sensitive derivative of phage type
204c which has become widely distributed in
cattle since 1983.'3 The increased incidence of
multiresistant S typhimurium has been almost
entirely caused by an upsurge of infections
caused by these two phage types associated
with bovines.

In 1988 87% of S enteritidis strains were
drug sensitive. Over 80% of infections were
caused by phage type 4,7 and because the most
strains of this phage type were drug sensitive,
this is reflected in the low incidence of resist-
ance in S enteritidis. The only resistances that
increased significantly were to ampicillin,
streptomycin, and tetracyclines. For the most
part these increases were caused by the
appearance and spread of a strain of S
enteritidis phage type 24 resistant to these three
antibiotics.'4
Over 500o of S virchow isolated in 1988 were

resistant to furazolidone (MIC: >lOOmg/l).
One of the main food animal reservoirs of S
virchow is poultry and the high incidence of
furazolidone resistance may reflect the use of
this drug or a related antimicrobial drug in
chickens. Of strains isolated in 1988, 10% were
multiresistant and the most common patterns
were CSTTmFu and CSSuTTmFu. Almost
all strains with these patterns belonged to
PT19. This is phage type associated with
poultry that has become more prevalent in man
since 1986 (Rowe B, unpublished observa-
tions).

In 1981 multiresistant strains were recog-
nised in only 23 of 188 serotypes other than S
typhimurium, S enteritidis, and S virchow. In
contrast, 43 of 184 serotypes identified in 1988
had multiresistant isolates. There have also
been increases in the percentages of multi-
resistant strains in some of the more common
serotypes. This has been particularly notice-
able in S agona and S saintpaul, and also in
S blockley, a serotype which has shown a three
fold increase in incidence since 1981.

In England and Wales a comparison of blood
and faecal salmonella isolates suggests that

565



Ward, Threlfall, Rowe

bloodstream infections occur in less than 2% of
cases (Rowe B, unpublished observations).
Nevertheless, although systemic salmonellosis
is rare, the increasing incidence of salmonella
strains with resistance to multiple combina-
tions ofcommonly used therapeutic antibiotics
may present problems in treatment. When
choosing treatment before antimicrobial
sensitivity results are available, a knowledge of
the likelihood of multiple resistance may be
useful.
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