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SUMMARY

Salmonellas were detected in the environment of 10 of the 12 calf dealers'
premises studied. The cleaning and disinfection routines were often ineffective and
salmonellas were isolated from 7-6 % and 5-3 % of the wall and floor samples before
disinfection and 6-8% and 7-6% afterwards. Eight different salmonella serotypes
were detected, of which the commonest were Salmonella typhimurium, pre-
dominantly phage type DT204C, and S. dublin. Plasmid profiles were used to
fingerprint S. typhimurium DT204C and the results indicated that with the
exception of one of the premises, prolonged salmonella-persistence in the
environment was not occurring.

Three separate epidemics of salmonellosis in calves were studied by use of
plasmid profile analysis. The results illustrated the role of dealers, and their sub-
contractors, in the dissemination of salmonellas. The study concludes with
suggestions for methods to reduce the spread of salmonellas in the calf marketing
chain.

INTRODUCTION

To understand fully the epidemiology of salmonellosis in calves it is necessary
to investigate each link in the calf marketing chain. At its simplest the chain
consists of the production farm, which is usually a dairy farm supplying surplus
calves to the market, and a dealer who purchases and sells these calves to a rearing
farm. In reality the network is far more complicated (J. Lund, pers. comm.; [1])
and calves may appear in more than one market and pass through a number of
dealers. This mixing of young susceptible calves and their subsequent trans-
portation proves to be an efficient mechanism for the rapid dissemination of
salmonellas [2]. Although many studies have been undertaken on rearing farms
(see [3]), we are unaware of any published reports of investigations on dealers'
premises.

On rearing farms, the number of calves infected with salmonella on arrival is
usually 1 % or less [4,5] and it is therefore unlikely that the examination of the
calves alone on dealers' premises would provide much information about the
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spread of salmonella infection. It has been shown, however, that Salmonella
typhimurium can persist for long periods in calf houses, even after cleaning and
disinfection [5, 6] and monitoring salmonella infection in the environment could
therefore be an important part of investigating dealers' premises.

Another possible strategy to determine the factors common to different disease
outbreaks caused by particular strains of salmonella is by retrospective tracing of
the movement of salmonella-infected calves. At the time of writing, S.
typhimurium DT204C is the commonest strain isolated from calves during the last
few years (Wray, unpublished data). The study of its epidemiology requires a
suitable method for finger-printing the organism. Using a combination of
biotyping and plasmid profile analysis it has been possible to divide this phage
type into a number of different sub-types [7]. This paper describes the extent and
persistence of salmonella contamination in 12 dealers' premises and further results
from the use of the finger-printing scheme to study the spread of salmonella
infection through the dealer network.

MATERIALS AND METHODS

Dealers' premises

Twelve dealers' premises situated in different parts of the country were sampled
twice a week, once before cleansing and disinfection (usually Friday) and once
prior to restocking (usually Monday). The premises were sampled for 5 weeks
during the Autumn of 1986 and for 4 weeks during the Spring of 1987. Table 1
gives details of the different dealers; their activities and a brief description of their
premises.

Sampling procedures

Walls of the calf pens

Five sites on the pen(s) walls were sampled before and after cleaning. If
salmonellas were isolated, the sites were re-examined on subsequent visits until
negative results were obtained. Different sites were chosen when salmonellas were
not detected. The swabs consisted of fist-sized pieces of absorbent cotton-wool
which had been autoclaved in labelled jars containing 250 ml buffered peptone
water. Using disposable gloves the cotton-wool was squeezed out and then wiped
vigorously over a wall area of approximately 36 square feet, starting from floor
level and working upwards, to include corners and overhead ledges as appropriate.
The soiled swab was replaced in the jar and the gloves discarded.

Floors of the calf pens

Fist-sized pieces of absorbent cotton-wool, which had been previously wrapped
and sterilized were moistened in jars containing 250 ml selenite broth. After
drawing back the bedding the swab was rubbed vigorously over an area of
approximately 20 square feet and then placed in the jar containing selenite broth.
Five sites were chosen in the pen(s) and sampled before and after cleaning. On
subsequent visits the sampling routine was as for the walls; positive sites were re-
sampled and different sites examined if salmonellas had not been detected.

' Dirty' samples were cultured directly into selenite broth because it was

https://doi.org/10.1017/S0950268800047890 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800047890


T
ab

le
 1

. D
et

ai
ls

 o
f 

th
e,

 d
ea

le
rs

' p
re

m
is

es

W
ee

kl
y 

N
o.

 o
f 

So
ld

 t
o

W
ee

kl
y 

th
ro

ug
hp

ut
 

D
ay

s 
on

 
m

ar
ke

ts
 

ot
he

r
D

ea
le

r 
pu

rc
ha

se
 

of
 c

al
ve

s 
pr

em
is

es
 

T
ra

de
 

us
ed

 
de

al
er

s 
C

le
an

in
g 

m
et

ho
ds

 e
m

pl
oy

ed

1 
D

ir
ec

t*
 

>
 1

0

C
on

st
ru

ct
io

n 
of

 p
re

m
is

es

1 2 3 4 5 6 7 8 9 10 11 12

50
0

10
00 20
0 40 10
0

20
0

1-
30

0

10
00 10

0

15
00

-
40

00 20
0

10
0

50
0

90
0

20
0 40 10
0

20
0

1-
30

0

10
00 80

A
ll 20
0

10
0

ex
po

rt
F

ew
 

W
ee

kl
y 

pr
es

su
re

 h
os

in
g/

st
ea

m
 c

le
an

 a
nd

 
di

si
nf

ec
ta

nt

D
ir

ec
t 

>
 5

0 
10

-2
0 

%
 W

ee
kl

y 
pr

es
su

re
 h

os
in

g/
ex

po
rt

N
ot

kn
ow

n

1
3

1-
2

0-
5

1-
3

1-
3

<
 

1-
2

st
ea

m
 c

le
an

 a
nd

 
di

si
nf

ec
ta

nt
+

 l
im

e 
w

as
h

F
ew

 
W

ee
kl

y 
pr

es
su

re
 h

os
in

g
an

d 
di

si
nf

ec
ta

nt
D

ir
ec

t 
>

 1
0

ex
po

rt

D
ir

ec
t 

<
 

10
 

N
on

e 
W

ee
kl

y 
pr

es
su

re
 h

os
in

g

D
ir

ec
t 

5 
N

on
e 

W
ee

kl
y 

pr
es

su
re

 h
os

in
g

an
d 

di
si

nf
ec

ta
nt

D
ir

ec
t 

15
 

5
0

%
 

W
ee

kl
y 

pr
es

su
re

 h
os

in
g

ex
po

rt
 

an
d 

di
si

nf
ec

ta
nt

D
ir

ec
t 

3 
N

on
e 

W
ee

kl
y 

pr
es

su
re

 h
os

in
g

D
ir

ec
t 

>
 2

0 
N

on
e 

W
ee

kl
y 

st
ea

m
 c

le
an

in
g

ex
po

rt

D
ir

ec
t 

5 
5

0
%

 
W

ee
kl

y 
pr

es
su

re
 h

os
in

g

D
ir

ec
t 

A
ll 

N
on

e 
Sw

ee
p 

ou
t 

tw
ic

e 
w

ee
kl

y 
+

ex
po

rt
 

sm
al

l 
am

ou
nt

 o
f 

di
si

nf
ec

ta
nt

M
on

th
ly

 p
re

ss
ur

e 
ho

si
ng

 a
nd

lim
e 

w
as

h

N
on

e 
W

ee
kl

y 
pr

es
su

re
 h

os
e

<
 1

2 
hr

s 
D

ir
ec

t 
N

on
e

3 
D

ir
ec

t 
5 S
up

pl
ie

d 
di

re
ct

 t
o 

re
ar

er
.

D
ir

ec
t

ex
po

rt
N

on
e 

S
w

ep
t 

ou
t 

fo
rt

ni
gh

tl
y

an
d 

di
si

nf
ec

ta
nt

 
ap

pl
ie

d

W
al

ls

R
en

de
re

d
br

ic
k

L
im

ew
as

he
d

st
on

e

B
re

ez
e -

bl
oc

k

R
en

de
re

d
br

ic
k

R
en

de
re

d
br

ic
k

M
ar

in
e 

pl
y

B
re

ez
e-

bl
oc

k

C
em

en
t

fi
ni

sh

R
en

de
re

d
br

ic
k

R
en

de
re

d
br

ic
k

R
en

de
re

d
br

ic
k

H
ar

db
oa

rd

P
en

 d
iv

is
io

ns

T
ub

ul
ar

 s
te

el

W
oo

de
n

hu
rd

le
s

M
et

al

M
et

al

C
on

cr
et

e

M
ar

in
e 

pl
y

T
ub

ul
ar

 s
te

el

W
oo

d

C
on

cr
et

e

T
ub

ul
ar

 s
te

el

W
oo

d

N
o.

 o
f 

pe
ns

18 7

25
0 4 7 5 10 14 2 7 8 28

Sain S 1? I 1 calves Iv to

https://doi.org/10.1017/S0950268800047890 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800047890


298 C. W R A Y AND OTHERS

considered that contaminating organisms might have overgrown any salmonellas
had a pre-enrichment medium been used. After cleaning, it was considered that
the number of salmonellas would be less and possibly sub-lethally damaged and
that pre-enrichment in buffered peptone water would increase the sensitivity of
the technique.

Drains
The main drain was sampled weekly, the swab being placed in the drain on the

day of the clean visit and collected at the next visit, when the swab was placed
in a jar containing 100 ml selenite broth. The swabs usually remained in the drain
for 3-4 days.

Bacteriological procedures

Wall and clean-floor swabs

The buffered peptone water containing the swab was incubated for 18 h at 37 °C
and 1 ml was then transferred into 100 ml of Rappaports broth (Oxoid CM669).
After incubation at 43 °C for 48 h, subcultures were made onto brilliant green agar
(Oxoid CM329) which was incubated at 37 °C for 18 h and then examined for the
presence of salmonellas.

Dirty-floor and drain swabs

The selenite broths containing the swabs were incubated for 18 h at 37 °C and
subcultured onto brilliant green agar plates. After incubation at 37 °C for 18 h the
plates were examined for the presence of salmonellas.

Identification of salmonellas

All suspect salmonella cultures were submitted to the Central Veterinary
Laboratory for serological identification. Cultures of S. typhimurium were phage-
typed at the Division of Enteric Pathogens, Central Public Health Laboratory
and multiply resistant strains of S. typhimurium were examined for plasmid
content [7,8]. Lysis in alkaline sodium dodecyl sulphate was followed by
purification in phenol-chloroform and electrophoresis at 140 V for 3'5 h in 0'7 per
cent agarose. The gels were stained with ethidium bromide and photographed over
ultra-violet light. The molecular weights of the plasmids were determined
approximately by comparison with standards of known molecular weight.

Initially each new profile is given a Non-Recognized-Type (NRT) number and
checked for reproducibility and stability. If the new plasmid profile is recognized
in subsequent disease incidents, then the NRT is added to the typing scheme.
Thirty-three distinct plasmid profile types have been recognized and each has been
ascribed either a letter (A-Z) or a number (1-7).

RESULTS

Salmonella isolations from dealers' premises

Salmonellas were isolated from 10 of the 12 dealers7 premises (Table 2). Eight
different salmonella serotypes which included eight different S. typhimurium
phage types were isolated. Plasmid profile analysis detected eight different
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Table 2. Isolation and salmonellas from calf dealer's premises
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Dealer
1

2

3

4

5

6

7

8

9
10

11

12

Total

Pre-
cleaning

11/50*

0/25
1/25
0/50

1/36
0/25

0/42

0/25
5/20

0/25
0/15
5/27

1/20

1/18
6/30

1/20

0/25
0/20
2/45

10/36

44/579
(7-6)

Wall
A

Post-
cleaning
12/50

0/25
2/25
0/25

0/36
0/15

0/35

0/25
3/20

0/25
0/20
0/28

0/20

0/20
7/25

2/20

0/25
0/20
1/15
6/12

33/486
(6-8)

Floor

Pre-
cleaning

8/54

0/25
0/25
0/30

0/36

0/25

1/42

0/25
0/20

0/25
1/20
ND

0/20

0/1
5/30

3/20

0/25
0/20
2/45
8/36

28/524
(5-3%)

Post-
cleaning
13/49

0/25
0/25
5/30

1/36

0/15

0/35

0/25
0/20

0/25
0/15
ND

0/20

ND
7/25

3/20

0/25
0/20
0/15
4/12

33/437
(7-6%)

Drain
3/6

0/5
0/9

0/10

0/12

0/3

1/11

0/8
0/6

ND
ND
1/6

0/8

ND
2/5

1/4

0/5
0/4
ND
ND

8/102
(7-8%)

Serotype isolated
(phagetype and

plasmid
proflle type)

Stm, ++ 204C, (E, P)

Stm, 107
Stm, 204
S. binza
Stm, 204C (N)

Stm, RDNC
S. virchow

S. dublin
S. havana

S. binza
Stm, 110. 204C (0, E)
S. agama
Stm.

S. dublin
Stm 204C, (B, E, X)
S. dublin

Stm 193, 204C,
<S. dublin
S. heidelberg

Stm 49. 204C (E)
Stm 204, 204a, 193.
204C, (E, F, 2)
S. derby

* Numerator, no. of salmonella isolations; Denominator, no. of samples; Stm, S.
typhinmrium, phagetype (plasmid profile DT 204C) RDNC, does not conform to recognizable
pattern; ND, not done

patterns in S. typhinmrium DT204C. The percentage of salmonella isolations from
the different sampling sites was similar and it is of interest that after cleaning and
disinfection salmonellas could still be isolated on many premises. However, the
survival of salmonella did not appear to relate to the disfection programme. The
different serotypes and phage types, however, did not persist except on the
premises of dealer 1 (Table 1 & 2, Fig. 1). Preliminary studies had been undertaken
on the premises of this dealer and following the isolation of salmonellas,
disinfectant was sprayed on the walls and floors at the end of the third week of the
study using a pressure sprayer. This removed all the long standing dust and
cobwebs but further isolations of the same plasmid profile type were made from
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Fig. 1. Persistence of Salmonella typhimurium DT 204C in the premises of Dealer 1. The
arrow indicates extensive cleansing and disinfection. • . salmonellas isolated from
drains; H. salmonellas isolated from walls or floor; U, samples collected before
cleaning; • . samples collected after cleaning.

the cleaned premises on a number of occasions (Fig. 1) and the buildings were not
salmonella-free for 10 weeks.

Salmonellas were isolated from both the walls and floor of four premises, from
only the walls of four premises and from only the floors of two premises. On the
premises where drain swabs were used salmonellas were isolated from 7-8 % of the
swabs. On four premises, drain swabs were negative throughout the period of
the survey although salmonellas were isolated from the other sampling sites. The
design and construction of the various premises differed markedly and salmonella
contamination did not appear to relate to the different types of building material.
Likewise the degree of salmonella contamination did not appear to be related to
the throughput of calves; thus the number of isolations from a small dealer's
premises [12] were similar to those on the premises of the largest dealer [10].
Dealer 2 was also a large dealer and salmonellas were not isolated during the
survey in the Autumn but during the Spring the standard of hygiene declined for
a period and salmonellas were isolated. Premises 11 and 7 were farmers' co-
operatives and the only salmonella isolation, S. binza was from the floor of 7.
Dealer 12 used a converted poultry house which was inadequately cleaned on the
many occasions when some calves remained on the premises.

Use of plasmid profile analysis for tracing the spread of S. typhimurium DT 204C
Salmonella typhimurium DT204C

This is usually resistant to sulphonamides, streptomycin, chloramphenicol,
ampicillin, tetracyclines, neomycin and trimethoprim. Previous studies [7] showed
that isolates of this phage type could be divided on the basis of their ability to
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Table 3. The epidemiological survey of S. typhimurium DT 204 C ' £" type
plasmid profile (neomycin sensitive, failure to ferment m-inositol at 25 °C)

County in which
affected farm(s)

Rearer situated

1
2
3
4
5
6
7
8
9

10
11
12
13

Sussex
Lincolnshire
Cambridge
Cornwall
Norfolk 1
Norfolk 2
Somerset
Norfolk 3
Norfolk 4
Worcester
Northumberland
Lincoln
Cheshire

Date of arrival
on farm in 1985

9 Jan.
19 May
1 June
2 June
5 June
6 June
12 June
18 June
20 June
24 June
24 June
26 June
29 June

Suggested relationship
between early incidents from
tracing calf movements
through dealers and markets

Letters indicate dealers. Numbers indicate markets.

ferment m-inositol at 25 °C, and further sub-division could be achieved by plasmid
profile analysis. To date, 33 distinct stable plasmid profiles have been recognized
and while the frequency of the different sub-types has varied, the technique has
been of value in our epidemiological studies. Three examples of its use for
retrospective tracing of the spread of S. typhimurium DT204C in calves are as
follows.

S. typhimurium DT 204C, Type E

Strains of this type fail to ferment m-inositol at 25 °C, are neomycin sensitive
and possess three plasmids of approximately 120, 79 and 6-5 Md.

First isolated from calves supplied by a dealer to a farm in Sussex, further
isolations of this subtype are listed chronologically in Table 3. In May 1985 it was
isolated from calves in Lincolnshire, and 12 isolations were made from calves in
areas as part apart as Cornwall and Northumberland in June 1985. During the
period from the first week in July to the first week in October, when monitoring
ceased, a further 16 outbreaks of disease were associated with this type of
S. typhimurium DT 204C.

Table 3 shows the suggested relationship between 12 of the outbreaks caused by
this subtype. Two dealers (C and E) were associated by supplying the calves to the
rearing farms either directly, or indirectly through other dealers and markets.

S. typhimurium DT 204C, Type 0

Strains of this type ferment m-inositol at 25 °C, are resistant to both neomycin
and apramycin and possess six plasmids of 120, 90, 81, 42 and 4-3 & 3-9 Md. Five
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Incidents involving plasmid profile O
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Fig. 2. Incidents of Salmonella typhimurium DT 204C, 0 plasmid profile. Maps
prepared and drawn by Survey Section ADAS MAFF, Crown Copyright 1980.

disease incidents associated with this type were detected before 1986; of these
three occurred in the West Midlands and two in the South-West Region. Between
August 1986 and February 1987, 43 disease incidents were caused by this sub-type
(Fig. 2), of which 24 were in Devon, 5 in Cornwall, and 14 from other counties in
England. One dealer was associated with six of the earlier outbreaks in Devon and
Cornwall, and he also supplied calves to the dealer associated with the Norfolk
incident. Five of the later incidents in a localized area of the South-West, which
included salmonella infection on self-contained dairy farms, indicated the
likelihood of a common vector.
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Incidents involving plasmid profile U

Fig. 3. Incidents of Salmonella typhimurium DT 204C, U plasmid profile. Maps
prepared and drawn by Survey Section ADAS MAFF, Crown Copyright 1980.

S. typhimurium DT 204C, Type U
Strains of this profile are resistant to neomycin, sensitive to apramycin, ferment

m-inositol at 25 °C and possess five plasmids of 130, 100, 35, 30 & 4-5 Md. Five
incidents occurred with this strain during a 9-week period from December 1986 to
January 1987 (Fig. 3). One incident was associated with market purchased calves,
and three with a dealer; the remaining incident involved possible contact with one
of the earlier incidents.
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DISCUSSION

A wide variety of salmonella serotypes and phage types were isolated from the
dealers' premises sampled in this study and with the exception of those of Dealer
1, salmonella persistence was for short periods. The commonest S. typhimurium
phage type (DT204C) was isolated on a number of occasions on the same premises
but the isolation of different plasmid profile types suggested that prolonged
persistence was not occurring. In contrast, on calf rearing premises a smaller range
of salmonella serotypes and phage types was encountered, and the repeated
isolation of the same plasmid profile type indicated persistence in the environment
[5-7]. This difference between the results on dealers' and rearers' premises may
relate to the degree of contamination. On the former, it is likely that only small
numbers of infected animals are passing through, whereas on the latter infection
may spread rapidly to all animals in a group which then remain on the premises
for several weeks [5]. Epidemiologically the presence of salmonellas on dealer's
premises, even for short periods, is important, because the throughput of large
numbers of calves destined for many different rearing units may result in their
widespread dissemination of infection. The commonest salmonellas in calves are
S. dublin and S. typhimurium DT 204C and it is not surprising that they were
detected on 9 of the 12 premises. However, incubation of Rappaport's broth at
43 °C has been shown to inhibit the growth of some salmonella serotypes,
especially S. dublin [10] and it is possible that the prevalence of this serotype has
been underestimated. A number of other serotypes and phage types were also
detected but as they are seldom associated with disease in calves [9] it is likely that
they may be of reduced virulence for calves.

One important finding was the inadequacy of the cleaning and disinfection
routines on many premises. Indeed on one of the premises (Fig. 1) the salmonella
isolation rates increased after cleaning and disinfection and it has been suggested
that the use of pressure hoses may cause aerosols and spread salmonellas to other
parts of the building [11]. It is also possible that vigorous cleansing and
disinfection may have washed salmonellas out from previously untouched areas.

Overall the isolation rate of salmonellas was not high on most premises.
However, lapses of hygiene or the keeping of calves on the premises for more than
a day may result in salmonella contamination. It is clear however, that the
disinfection routines were often failing to achieve their objective and further
studies on cleansing and disinfection routines and their relationship to the design
of buildings are desirable.

Plasmid profile analysis enabled retrospective tracing of the spread of
salmonellas during three unrelated salmonella epidemics and clearly demonstrated
the role of the dealer in salmonella dissemination. Of interest was the further
spread through selling calves to other dealers. However, because of the high
incidence of sub-clinical infection in market purchased calves [5,10] it is inevitable
that gaps will occur in the identifiable chain of transmission. Since some of the
outbreaks occurred on self-contained farms, which did not purchase calves, it is
possible that a common vector was responsible for the spread of salmonella
between farms during some of the localized outbreaks. Whilst it is not possible to
identify any vector with certainty, the possibilities would include farm visitors
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and farm personnel whose work may take them onto different farms in the same
area. Another possibility is wild-life, and although salmonellas have been isolated
from many species of animals [12] such infection generally appears to indicate a
contaminated environment [13].

The investigation has shown that: 1, Dealers' premises may act as reservoirs of
infection but this is usually a short term phenomenon, 2, Cleaning and disinfection
routines were not always satisfactory and often failed to achieve their objective,
3, Purchase of calves by as direct route as possible should reduce salmonella
dissemination.
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