DISEASES OF AQUATIC ORGANISMS
Dis Aquat Org

l

Published July 14

Grouping by plasmid profiles of atypical
Aeromonas salmonicida isolated from fish,
with special reference to salmonid fish
Henning Ssrum', Gudmund ~ o l s t a d ~ Tor
. * , under^, Tore ~ A s t e i n ~
'Norwegian School of Veterinary Science, Post Box 8146 Dep., 0033 Oslo, Norway
' ~ a t i o n a lVeterinary Institute, Post Box 8156 Dep., 0033 Oslo, Norway

ABSTRACT: Plasmid profile analyses were performed for 113 strains of atypical Aeromonas salmonicida and the reference strain A. salmonicida subsp. salmonicida ATCC 14174. The atypical A. salmonicida strains comprised 98 strains obtained from fish originating from 54 farms and 2 lakes in
Norway, 10 strains from Canada ( 2 ) , Denmark (2), Finland ( l ) ,Iceland (1)and Sweden (4), the reference strains NCMB 1109 and ATCC 15711 (Haemophilus piscium) of A. salmonicida subsp. achromogenes, and the type cultures A. salmonicida subsp. achrornogenes NCMB 1110, A. salmonicida
subsp. rnasoucida ATCC 27013 and A. salmonicida subsp, smithia CCM 4103. A total of 95 strains of
atypical A. salmonicida were separated into 7 groups (I to VII) based on the plasmid profiles. Eighteen strains of atypical A, salmonicida had no common plasmid profile. The type strain NCMB 1110
and the reference strain NCMB 1109 were included in group IV, and the type strain ATCC 27013 in
group V, but the other reference and type strains had plasmid profiles different from all the other
strains. An epidemiological link was documented between strains collected from different
farms/localities in each of groups I, 111, V and VII. Physiological and biochemical characterizations
were performed for 93 of the strains to investigate phenotypic differences between the plasmid
groups. Group V11 strains and 3 strains with no common plasmid profile differed from the other
groups in being catalase-negative. Differences in phenotypic characteristics were shown between
the plasmid groups. However, significant variations in reactions for several phenotypic characteristics also occurred within each of the groups I to VII. The present study indicates that plasmid profiling may give useful epidemiological information during outbreaks of atypical A. salmonicida infections in fish. Additional comprehensive phenotypic characterisation is of limited value since the
phenotypic characteristics in each plasmid group are not uniform.
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INTRODUCTION

Aerornonas salmonicida comprises facultative anaerobic, Gram-negative, non-encapsulated, non-motile
coccobacilli which produce catalase and oxidase, and
grow optimally at 22 to 25°C (Popoff 1984). Four subspecies, salmonicida, achromogenes, masoucida, and
smithia, have been described. Among these, A. salrnonicida subsp. sahonicida is the most important fish
pathogen. A high level of homology between isolates
of this subspecies has been shown based on phenotypic characterisation (McCarthy 1975, Austin et al.
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1989), plasmid profiling (Bast et al. 1988, Belland &
Trust 1989, Ssrum et al. 1993) and DNA-DNA hybridisation (Belland & Trust 1988).
Strains included in the subspecies achromogenes,
masoucida, and smithia, as well as strains not included
in any of the described subspecies of Aeromonas salmonicida, are referred to as atypical strains (Wicklund
& Dalsgaard 1998). Several studies have reported isolation of atypical A. salmonicida from salrnonid and
non-salmonid fish (Wiklund & Dalsgaard 1998). The
isolates show variable pigment production (Pedersen
et al. 1994), slow growth (Pedersen et al. 1994), nutritional fastidiousness (Austin & Adams 1996) and
growth at elevated temperature (Austin 1993). In Norway, atypical A. salmonicida has been isolated from
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arctic char Salvelinus alpinus (Wiklund & Dalsgaard
1998),halibut Hippoglossus hippoglossus (Gudmundsdottir 1996),minnow Phoxinusphoxinus (Hastein et al.
1978), turbot Scophthalmus maximus (Gravningen &
Dydland 1991) wolffish Anarhicas lupus (Hellberg et
al. 1996), wrasse Labrus berggylta (Gravningen et al.
1996), and frequently from farmed Atlantic salmon
Salmo salar kept in seawater net cages (Olsen at al.
1989).The pathological findings include ulcers, boils in
the flesh and visceral haemorrhage, and infection with
atypical A. sahonicida is of economic importance to
aquaculture world-wide (Austin & Austin 1993).
Molecular and phenotypic methods have been used
to characterise atypical Aeromonas sahonicida. Austin et al. (1998) found that isolates recovered from a
-.vide range nf h ~ ! s 2nd geographical locations were
heterogeneous. In a study by Pedersen et al. (1996)
atypical A. salmonicida was characterised by ribotyping and plasmid profiling. Ribotypes were found to be
more stable properties than plasmid profiles. Hanninen & Hirvela-Koski (1997, 1999) found ribopattern
analysis and pulsed-field gel electrophoresis to be a
valid method to study the epidemiology of infections
caused by atypical A. salmonicida in fish farms. They
also found that plasmid profile analysis was a more
sensitive method than ribotyping for the differentiation
of pigment-producing strains. Based on this observation they suggested that unique plasmids could probably be used as epidemiological markers to follow the
transmission of infection from one fish farm to another.
The aim of the present study was to obtain further
epidemiological information about atypical Aeromonas salmonicida using (1) strains from fish in Norway,
(2) strains from other countries, and (3) reference and
type strains of different A. salmonicida subspecies. The
strains were primarily grouped by plasmid profiling,
and secondarily physiological and biochemical examinations were performed to investigate any phenotypic
differences between the plasmid groups.

MATERIALS AND METHODS

Bacterial strains. A total of 113 strains of atypical
Aeromonas salmonicida and the reference strain A.
salmonicida subsp. salmonicida ATCC 14174 were
included (see Table 1).The strains were considered to
belong to the species A. salmonicida based on preliminary physiological and biochemical characteristics.
They were non-motile, Gram-negative coccoid rods,
which fermented glucose, grew optimally at 22 to
25"C, produced cytochrome oxidase, and were resistant to 2,4-diamino-6,7-diisopropylpteridin (0/129).
The atypical strains were considered to be atypical A.
sahonicida if saccharose-positive. Ninety-eight strains

of atypical A. sahonicida from the strain collection at
the Norwegian National Veterinary Institute were
included in the study. Following identification, pure
cultures of these strains had been grown on 5 % bovine
blood agar incubated aerobically at 22°C for 2 to 7 d.
Subsequently, they had been grown on Brain Heart
Infusion Agar slants and stored at 4°C. Then, all the
strains had been stored in Luria broth (LB) (Miller
1972) with 15 % glycerol at -80°C until tested. Most of
the Norwegian strains had been obtained from diseased salmonid fish originating from 54 fish farms (F1
to F54) and 2 lakes (Fig. 1).All the strains isolated from
a farm during a period of 1 yr were considered to
belong to the same disease outbreak in the farm. Only
one or a few strains were, however, examined from
each farm during a disease outbreak (Table 1) even
though the mortality in the farms was high. The filing
procedure as regards material sent to the National Veterinary Institute was as follows: The samples were
computer-recorded by name and address of farm, fish
species, number and type of samples, date of reception
of the sample and type of examination. Paper copies of
the filing information with specific forms regarding
details of examinations carried out were also made.
When examinations had been finalised, the diagnosis
response letter and the date of response were filed in
the examination documents.
Of the Norwegian strains, 84 originated from Atlantic salmon, 2 from ballan wrasse, 3 from char, 3 from
wolffish, and 1 each from bleak Alburnus alburnus,
crucian carp Carassius carassius, minnow, roach
Rutilus rutilus, sea trout Salmo trutta, and turbot. The
Norwegian strains had been isolated from fish in sea
water, brackish water, or fresh water. All the chars
were from saline water, and all the Atlantic salmon
except those originating from farm F47 (Langstein
river) were from saline water. Data indicating epidemiological links between strains, i.e. deliveries of fish
from one farm to another, were available in some cases
for the Norwegian strains. Ten strains of atypical A.
salmonicida were kindly provided by other laboratories in Sweden (4), Denmark (2), Canada ( 2 ) , Iceland
(1) and Finland (1). Additionally, the reference strains
NCMB 1109 and ATCC 15711 (Haemophilus piscium)
of Aeromonas salmonicida subsp, achromogenes, and
the 3 type cultures, i.e. A. salmonicida subsp. achromogenes NCMB 1110, A. salmonicida subsp. masoucida
ATCC 27013, and A. salmonicida subsp. smithia CCM
4 103, were examined.
The bacterial strains were separated into groups
based on plasmid profiles (Table 1). Strains with the
same plasmid profiles and strains containing large and
small plasmids of identical size, were included in the
same group. To test the stability of plasmid profiles
repeated examinations were carried out 2 to 11 times
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Group l
Groupl/lll
Groupll
Group I l l
@ Group lV
Group IV/single strain group
GroupV
Group Vl
Group Vll
0 Group VII/III

ations of 54 Norwegian
and 2 Norwegian lakes
with different plasmid groups of
atypical Aeromonas salmonicida

Group Vll/single strain group
0 Single strain group

over a period of several months for 84 strains, while for
the remaining 30 strains plasmid profiles were examined only once (Table 1). Additionally, physiological
and biochemical examinations were carried out with
93 strains to investigate any phenotypic differences
between the plasmid groups (see Table 2).
Plasmid isolation. The bacterial strains were incubated in LB at 20 to 22'C or at 15OC for 2 d in a roller
drum. Plasmid isolation was carried out according to
the method of Kado & Liu (1981). Briefly, agarose gel

electrophoresis was performed in 1 % (w/v) agarose
(SeaKem GTG, FMC Bioproducts, Rockland, ME,
USA) gels with Tris-borate-EDTA buffer (89 mM Tris,
89 mM boric acid, 2.5 mM EDTA [pH 8.01) at 120 V
(42 rnA) for 3 h at room temperature in a vertical gel
apparatus. The agarose gels were stained in ethidium
bromide and destained in distilled water. Photographs
of the gels were taken under UV-light exposure. The
bacterial strains were screened for plasmids over a
period of several months. Escherichia coli strain V517
with plasmids of 8 different sizes (35.8, 4.8, 3.7,3.4, 2.6,
2.0, 1.8 and 1.4 MDa) (Macrina et al. 1978) and E, coli
strain K12 containing the plasmids pDK9 (140 MDa)
(anonymous), R 1 (62 MDa) (Bukhari et al. 1977), RP4
(34 MDa) (Bukhari et al. 1977) and Sa (23 MDa)
(Bukhari et al. 1977) were used as standards.
Physiological and biochemical characterisation.
Physiological and biochemical characteristics examined are presented in Table 2. Cell material for the
assays was taken from fresh cultures grown on blood
agar plates. Incubations were performed aerobically at
22°C and tests were read after 2, 5, 7 and 14 d.
Diffusible pigments were observed on Trypticase
Yeast extract Agar (TYA),pH 7.0, containing tryptone
(Difco) 10 g, yeast extract (Difco) 5 g, and Sobigel-agar
(Sobigel, Hendaye Cedex, France) 20 g in 1 1 aqua
dest. Autoagglutination was determined using saline
cell suspensions on a glass slide. Nitrate reduction
was observed on nitrate medium containing tryptone
(Difco) 1 g, and nitrite-free KN03 0.2 g in 1 1aqua dest.
The test was read after adding 5 drops of each of
reagents A, 0.5% alpha-naphthylamine in 5 N acetic
acid, and B, 0.8 % sulphanilic acid in 5 N acetic acid. To
determine the production of catalase, a loopful of bacterial growth was taken from the top of the colonies,
avoiding the blood agar medium. The bacterial cells
were placed on a clean microscopic glass slide and a
drop of 3 % hydrogen peroxide was added. Indol production was observed in indol medium, pH 7.4, containing tryptone (Difco)5 g, and Na2HP04.2 H 2 0 2 g in
1 1aqua dest. The test was read after adding 0.5 m1 Kovacs reagent (p-dimethyl-aminobenzaldehyde [Sigma]
10 g, amyl alcohol [Merck] 150 ml, HC1 [37 % ] 50 ml).
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Table 1. Grouping according to plasmid profiles for 113 strains of atypical Aerornonas salmonicida and the type strain ATCC
14174 of A. salmonicida subsp. salmonicida. f: farmed fish; W: wild fish. N: no. of repeated plasmid profiles

Source/farrn/county/country of origin
Plasmid group
Collection/strain
Group I
87/2013
87/2303
89/2400
89/2547
89/2725
89/2645
90/115 F1
90/2132
87/2764
90/115 F2
Group I1
90/1711
90/2029
Group 111
89/2268 F605
89/2268 F607
89/2403 684-1
89/2403 684-2
89/2724
89/3386
89/3895
89/2402
89/3038
89/3037
89/3 135
89/3 196
89/3384
89/3447
89/4057
89/3449
89/3703
89/4310
89/4652
89/3195
89/2723
89/3253
89/3254
89/2797
89/778
90/3 106
89/3513
89/3655
Group IV
NCMB l l 10C
87/2778

Atlantic salmon/F1/Hordaland/Norway
Atlantic salmon/Fl/Hordaland/Norway
Atlantic salmon/Fl/Hordaland/Norway
Atlantic salmon/F2/Hordaland/Norway
Atlantic salmon/F2/Hordaland/Norway
Atlantic salmon/F3/Hordaland/Norway

Wrasse/F4/Hordaland/Norway
Atlantic salmon/FS/Sogn and Fjordane/Norway
Atlantic salmon/F6/Troms/Norway

Wrasse/F4/Hordaland/Norway

f/wb

Plasmid profiles
(MD4

N

f
f
f
f
f
f

83, 5.1, 3.6, 3.2
83, 5.1, 3.6, 3.2
83, 5.1, 3.6. 3.2
83, 5.1, 3.6, 3.2
83, 5.1, 3.6, 3.2
83, 5.1, 3.6, 3.2
83, 5.1. 3.6, 3.2
83, 5.1, 3.6, 3.2
83, 5.1. 3.6, 3.2
5.1, 3.6, 3.2

7
4
5
1
3
4
3
5
4
3
3
2

W

f
f
W

Atlantic salmon/F7/Nordland/Norway
Atlantic salmon/F?/Nordland/Norway

f
f

83, 3.9, 3.2
83, 3.9, 3.2

Atlantic salmon/F8/Sogn and FjordaneINorway
Atlantic salmon/F8/Sogn and Fjordane/Norway
Atlantic salmon/F9/Sogn and Fjordane/Norway
Atlantic salmon/F9/Sogn and FjordaneINorway
Atlantic salmon/F9/Sogn and Fjordane/Norway
Atlantic salmon/FlO/Sogn and Fjordane/Nonvay
Atlantic salmon/F5/Sogn and Fjordane/Norway
Atlantic salmon/Fl l/Hordaland/Norway
Atlantic salmon/Fl l/Hordaland/Norway
Atlantic salmon/F12/Hordaland/Norway
Atlantic salmon/Fl3/Hordaland/Norway
Atlantic salmon/F14/Hordaland/Norway
Atlantic salmon/F15/Hordaland/Norway
Atlantic salmon/Fl6/Hordaland/Norway
Atlantic salmon/F16/Hordaland/Norway
Atlantic salmon/F17/Hordaland/Norway
Atlantic salmon/F18/Hordaland/Norway
Atlantic salmon/F19/Hordaland/Norway
Atlantic salmon/F2O/Hordaland/Norway
Atlantic salmon/F13/Hordaland/Norway
Atlantic salmon/F14/Hordaland/Norway
Char/F2 l/Hordaland/Norway
Atlantic salmon/F20/Hordaland/Norway
Atlantic salmon/F22/Sogn and Fjordane/Norway
Atlantic salmon/F23/Troms/Norway
Atlantic salmon/F23/Trom~/Norway
Char/F24/Troms/Norway
Atlantic salmon/F25/Nord-Trandelag/Norway

f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f

73,25,22, 16,4.4
73, 25, 22, 16,4.4
73, 25, 22, 16,4.4
73. 25.22, 16,4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25. 22, 16, 4.4
73. 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22, 16, 4.4
73, 25, 22,
4.4
73. 25,
16, 4.4
73,
22, 16, 4.4
73,
22, 16, 4.4
73,
22, 16, 4.4
73,
22,
4.4
73,
22,
4.4
73,
22,
4.4
73,
22,
4.4
73,
22,
4.4

W

f
f
f
f
W

f

Brown trout
Atlantic salmon/F26/Nordland/Norway

f

Iceland
Atlantic salmon/F27/Nord-Tr@ndelag/Norway
Atlantic salmon/F28/Hordaland/Norway
NCMB llOgd
69/235

Atlantic salmon/F29/Hordaland/Norway

f

61, 30, 21, 11,
61, 30, 21,
8,
61, 30, 21, 11,
61, 30, 21,
8,
61, 30,
8,
61, 30,
61,30,21,
8,
61,
21,
8,
61, 30, 21,
8,
61, 30, 21,
61, 30, 21,
61. 30,
61, 30,
8,
61,
61, 30,
8,

5
2
7
2
3
4
2
11
1
2
1
2
6
3
2
3
3
2
l
2
2
2
3
3
5
1
2
2
3.7, 3.2. 3
3.7, 3.2, 3
3.2, 3
3.2. 3
3.2. 3
3.2, 3
3.2, 3
3.2, 3
3.2, 3
3.2, 3
3.2
3
3.2, 3
3.2, 3
3.2. 3

2
3
1
2
7
2
1
1
3
1
1
1
1
4
1
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Table l (continued)
Plasmid group
Source/farm/county/country of origin
Collection/strain no."
90/2 131
90/2249
90/1960
76/362
88/3674
87/2779

81/797

f/wb

Atlantic salmon/F29/Hordaland/Norway
Atlantic salmon/F29/Hordaland/Norway
Atlantic salmon/F3O/Sogn a n d Fjordane/Norway
Minnow/Lake Tveitevatn/TelemarWNorway
Atlantic salmon/F26/Nordland~Norway
Atlantic salmon/F31/Nordland/Norway

Atlantic salmon/F32/Hordaland/Norway

f
f

f
f
f
f
f
f
f

61, 30,
61, 30,
61, 30,
61,30,
61, 30,
61,30,
61, 30,
61, 30,
61, 30,
61,30,
61,30,
61, 30,
61,30,
61,
61,
61,
P

N

8.
8.
8,
8,
8.
8.

4.3,

3.2, 3
3.2, 3
3.2, 3
3.2, 3
3.2, 3
3.2, 3
3.2, 3
3
3.2
3.2
3.2, 3
3.2, 3
3.2, 3
3.2, 3
3.2
3.2, 3
3.2

5
1
1

5
2

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

P

60, 55,
15, 7
7
60, 55,
60,
7
60, 55,
7
60, 55,
7
55,
7
60,
45, 35
c1
55 45, 35,
55 45, 35, 25
55,
7
55,
7

3
3
3

f
f

60, 45, 20, 4.1
45, 20, 4.1

2
3

Atlantic salmon/FlO/Sogn and Fjordane/Norway
Atlantic salmon/FlO/Sogn and Fjordane/Norway

f
f

Atlantic salmon/F40/Sogn a n d Fjordane/Norway
Atlantic salmon/F40/Sogn a n d Fjordane/Norway
Atlantic salmon/F41/Sogn a n d Fjordane/Norway
Atlantic salmon/F41/Sogn a n d Fjordane/Norway
Atlantic salmon/F41/Sogn a n d Fjordane/Norway
Atlantic salmon/F42/Sogn and Fjordane/Norway
Atlantic salmon/F43/Sogn and Fjordane/Norway
Atlantic salrnon/F9/Sogn and Fjordane/Norway
Atlantic salmon/F44/Sogn and Fjordane/Norway
Atlantic salmon/F45/Sogn a n d Fjordane/Norway
Atlantic salmon/F46/Sogn a n d Fjordane/Norway
Atlantic salmon/F47/Nord-Trandelag/Norway
Atlantic salmon/F47/Nord-Trandelag/Norway
Atlantic salmon/F48/Nord-Trandelag/Norway
Atlantic salmon/F9/Sogn a n d Fjordane/Norway
Atlantic salmon/F9/Sogn and Fjordane/Norway
Atlantic salmon/F9/Sogn and Fjordane/Norway
Atlantic salmon/F49/Sogn and Fjordane/Norway
Atlantic salmon/F49/Sogn and Fjordane/Norway
Atlantic salrnon/F41/Sogn a n d Fjordane/Norway
Atlantic salmon/F41/Sogn a n d Fjordane/Norway
Atlantic salmon/F42/Sogn a n d Fjordane/Norway
Atlantic salmon/F40/Sogn a n d Fjordane/Norway
Atlantic salmon/F5O/Msre a n d RomsdaYNorway

f
f
f
f
f
f
f
f
f
f
f

53, 27, 9, 4.4
53, 27, 9, 4.4
53,
9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
5 3 , 2 7 , 9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
53, 27, 9, 4.4
53, 2 7 , 9 , 4 . 4
53, 27, 9, 4.4
53,
9,4.4
53,
9, 4.4
53,
9, 4.4
53,
9, 4.4
53,
9, 4.4
53,
9, 4.4
53,
9, 4.4
53,
9, 4.4
53,
9, 4.4
53,
9, 4.4

1
1
4
1
2

79/1391
88/2221

RoachILake Mjesa/HedmarWNorway
Char/F37/0stfold/Norway

76/865

Brown trout/F38/0ppland/Norway

88/2065
89/4252
88/2488
88/2585 F-674
88/2585 F-675
88/2487
88/2584
89/3598
89/3896
89/5193
90/3191
88/3377
88/3836
89/4250
88/1729
88/2627
89/2403 649-1
88/2626
90/2329
89/3450
89/4038
89/3134
89/4566
89/4295

W

t

89/4462
Atlantic salmon/F33/Nord-Trondelag/Norway
90/3256
Atlantic salmon/F30/Sogn a n d Fjordane/Norway
81/909
Atlantic salmon/F34/Hordaland/ Norway
88/3173
Char/F26/Nordland/Norway
87/3358
Atlantic salmon/F35/Hordaland/Norway
90/502 F.nr 1297 Wolffish/F36/Troms/Norway
80/937
Atlantic salmon/F34/Hordaland/Norway
. -- Group V
79/1454
Crucian carp/Lake Mjesa/HedmarWNorway

79/1455
ATCC 27013@
Group V1
89/4050
89/4251
Group V11
87/3286
88/1977

f
f
f

Plasmid profiles

W

BleaWLake Mjesa/Hedmark/Norway
Masou salmon
-

W

p
P

1
1
1
2

1

1
2
2

-

-

Atlantic salmonlF39/Ssr-Trendelag/Norway
Atlantic salmon/F39/Ssr-Trendelag/Norway
-

W
W

f
f
f
f
f
f
f
f
f
f
f

1
1
1
1

1
1
2
1
2
2
4
1
1
6
1
2

2
1
2
l
1
2
(Table continued on next page)
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Table l (continued)

Source/farm/county/country of origin
group
I Plasrnid
~ o ~ e c t i o n / s t r ano!
in

f/wb

Single strain groups
88/3835
Atlantic salmon/F48/Nord-Trsndelag/Norway
-

Plasrnid profiles
(MD4

P

100,

f

20,
20,
20,
87/360
86/369

Sweden
Sweden

87/111

Sweden

Can 87048 6K

Atlantic salmon, Canada

86/2 120

Sea trouVF51/Soqn and Fjordane/Norway

W

15,
7, 6,
3.6
12, 9,
4.4
4.4,
3.3
12
12,
4.4

85, 7, 3.2
- 83,
19, 14, 10, 4.5
83,
19, 14, 10
65, 30,
14. 10, 4.5, 3.3

3

74, 24, 22, 21, 6.3

2

73,

20, 4.4
20, 4.4
55, 20, 4.4

6
2
2
1
4
1

61,
4425.26

Finland

72, 60, 30, 19, 6
72,
19, 6, 3
72,
19, 6

86/199

Sandeel, Denmark

71,

CCM 4 103'

f

Roach

85/2755

Rainbow trout, Denmark

Turbot/F52/Vest-Agder/Norway

87/448

Sweden

89/3036

Atlantic salmon/F53/Sogn and Fjordane/Norway

9 0 6 0 3 F.nr. 1298 Atlantic salmon/F54/NordlandlNorway

4.4
3
4.6,
3.1
1
23,19,7.5,
4.4,
3.0 1

71, 7, 2

2

58,42

1

--

P

90/2717

2
1
1

23, 19, 7.5,
36, 32, 25,

90/502 F.nr. 1295 Wolffish/F36/Troms/Norway

1
1
1
1
5

55, 3.5
f

f

>.

1
-

53, 44, 5, 3.2

2

53, 32, 18, 14, 8

3

53, 19, 17, 4.4
53, 19,
4.4

2
1

53, 14, 6.5, 1.7

2

ATCC 14174s

Brook trout

52, 4.2, 3.6, 3.5, 3.4

1

Can 87089 24K

Atlantic salmon, Canada

36, 18

1

ATCC 15711h

Brook trout

34, 29, 8
20

1
1

f

dThe figure in front of the slash mark shows the year of isolation
bInformation available only for the Norwegian strains
' A . salmonicida subsp. achromogenes type strain, d ~ salmonicida
.
subsp. achromogenes reference strain, eA. salmonicida
subsp. masouicida type strain, ' A . salmonicida subsp. srnithia type strain, gA. sahonicida subsp, salmonicida reference strain,
hA. sahonicida subsp achromogenes (HaemophUuspisciurn)reference strain.

The methyl red and Voges-Proskauer reactions were
performed on Clark and Lubs medium containing peptone (Bacto) 5 g, KpHP045 g, and D-glucose5 g in 1 1
aqua dest. The methyl red test was read after adding a
few drops of methyl red reagent (methyl red 0.2 g,
ethyl alcohol [96% ] 300 ml, aqua dest 200 ml) to 5 ml of

Clark and Lubs medium, while the Voges-Proskauer
reaction was read after adding 3 m1 5 % alpha naphthol
in absolute ethyl alcohol and 1 m1 40 % KOH to 5 m1 of
Clark and Lubs medium. For the production of L-arginine decarboxylase, L-lysine decarboxylase and Lornithine decarboxylase, a decarboxylase base solu-
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Table 2. Physiological and biochemical characteristics for strains of atypical Aeromonas salmonicida and the reference strain
ATCC 14174 of A. salmonicida subsp. salmonicida. Physiological and biochemical characteristics were not carried out for strains
90/115 F1, 90/115 F2, 89/2402, 89/4652, 90/3256, 90/3106, P85/3280, FT 1337, 88/3674, 90/3256, 88/3173, 87/3358, 90/502 F.nr.
1297, 90/3191, 901502 Enr. 1296, 86/199, 90/502 F.nr. 1295, 85/2755, 90/2717, and ATCC 15711. Previous examinahons had
shown that all the strains were non-motile, Gram-negative coccoid rods which fermented D-glucose,grew optimally at 22 to 25°C.
produced cytochrome oxidase and were resistant to 0/129 (2,4-diamino-6.7-diisopropylpteridin).
All the strains except the type
strain ATCC 14174 of A. salrnonicida subsp. salrnonicida fermented saccharose. In the present study all the strains examined of
atypical A. salmonicida produced DNase, did not hydrolyse urea, and did not ferment 0.7 % L-arabinose,0.7 % erythritol. 0.7%
lactose, 0.7 % melibiose, 0.7 % raffinose, 0.7 % L-rhamnose,and 0.7 % salicin. +: 90% or more are positive; -: 90% or more a r e
negative; d: 11-89% are positive. An open space indicates that the examination was not done
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tion was first made using Decarboxylase Base Moller
(Difco) 4.2 g in 400 m1 aqua dest. To each of 100 rnl
slants of this solution L-arginine HCI 1 g, L-lysine HC1
1 g, or L-ornithine HC1 1 g was added. The pH of the
final media was adjusted to 6.0. Phenylalanine dearninase was determined on a medium containing yeast
extract (Difco) 3 g, K,HPO, 1 g, NaCl 5 g, DL-phenylalanine 2 g, and Agar 12 g in 1 1 aqua dest. The test
was read after adding 4 or 5 drops of 10% (w/v) FeC13
direct to the slant. Production of DNase was determined on Toluidine blue DNA-Agar containing deoxyribonucleic acid 0.3 g, Special Agar Noble 10 g, NaCl
10 g, 0.01 M CaC12 1 ml, and toluidine blue (6.12 g in
200 m1 aqua dest) 3 m1 in 1 1 0.05 M Tris-HC1 pH 9.0.

Production of urease was determined on a urea
medium, pH 6.8, containing Bacto Agar (Difco) 7.5 g
and Urea Agar Base solution (Bacto Urea Agar Base
[Difco]290 g in 1 1aqua dest) 50 m1 in 450 m1 aqua dest.
Fermentation of carbohydrates was determined on a
medium containing Hearth Infusion Broth (Difco) 2.5 g,
bromthymol blue (2%) 12 ml, and 0.7 g of the actual
carbohydrate component in 100 ml aqua dest. Gas production from D-glucose was observed using an
inverted Durham tube in the medium. Aesculin hydrolysis was determined on aesculin broth containing peptone (Bacto) 5 g, and aesculin 1 g in 1 1 aqua dest. The
test was read by adding a few drops of 1 % FeC13 to the
medium.
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RESULTS

Plasmid isolation
Plasmid profiles of the 114 strains are presented m
Table 1 A total of 95 strains of atypical Aeromonas
salmonicida were separated into 7 groups (I to VII)
based on the plasm~dprofiles. However, 18 stralns of
atyplcal A. salmonicida and the reference strain A.
salrnonicida subsp. salmonicida ATCC 14174 had no
common profile with other strains and constituted 19
different single isolate groups. The geographical distribution of the Norwegian fish farms and the 2 lakes containing different plasmid groups is presented in Fig. 1.

All the strains In groups I, 11, 111 and V1 that were
examlned twice or more showed identical plasmid profiles during repeated examinations (Table 1). In group
IV, 7 out of 16 strains examined more than once
showed different plasmid profiles during repeated
exammatlons. The corresponding figures in the other
groups were: group V, 3 out of 6; group VII, 1 out of 11;
single strain groups, 8 out of 14.
Out of 10 strains in group I, 9 had identical plasmid
profiles, and 8 of these strains originated from farmed
Atlantic salmon (Table 1). Two strains were detected
from 2 different wrasse during a disease outbreak in
Atlantic salmon in farm F4, and one of these strains
(90/115 F2) lacked a plasmid of 83 MDa.

Fig. 3. Locations of all the
farms in plasmid group I11
from Hordaland county, Norway. Arrows indicate possible
contacts between farms

Ssrum et al. Grouping Aeromonas salmonicida by plasmid profiles

The 2 strains in group I1 originated from 2 different
farmed Atlantic salmon in a single farm (F?) (Table 1).
These strains contained 2 plasmids, 83 and 3.2 MDa,
with the same size as 2 plasmids found in group I.
There was also a close link between all the strains in
group I and between the strains in groups I and I1 as
farm F1 had delivered smolts to the farms in these 2
groups.
Group I11 comprised 28 strains, 26 from farmed Atlantic salmon and 2 from char, isolated during a period
of 1 yr (Table 1). The occurrence of 3 of the plasmids,
25, 22 and 16 MDa, varied between some of the strains.
It is noteworthy that in farm F5 one isolate (89/3895)
was found to belong to group 111, while another (90/
2132) had a plasmid profile in accordance with group I.
Epidemiological information indicated that fish from
farm F9 in Sogn and Fjordane county had been placed
in a net cage close to a net cage containing fish originating from farm F1 1 in Hordaland county (Figs. 2 & 3).
Further farms, F9 and FlO, in Sogn and Fjordane
county are situated near to each other and thus a
spread of infection through sea water might have been
possible. From both these farms there were also several strains included in group V11 (Table 1). For the
other group I11 farms in Sogn and Fjordane county no
information as regards possible links between strains
from different farms was available. There was, however, a direct or indirect link between all the strains
from farms in Hordaland county in group 111. As can be
seen from Fig. 3, 7 of the farms (F11, F12, F14 to F16,
F20 and F21) are located around the Osteray, which is
an inland island with low exchange of sea water, while
3 further farms (F13, F17 and F18) are located in the
fjords surrounding the island. It could be traced back
that infected smolt had been delivered from farm F11
to farm F13 and from farm F12 to farm F19. The proximity of the farms in this region also indicates that a
spread of bacterial clones through the sea water might
have been possible. There was no information available about any link between the 2 strains from F23 in
Troms county and other fish farms in group 111. These
strains had, however, identical plasmid profiles to
strain 89/3513 found in farm F24 in Troms county. The
latter strain had been isolated from char, which originated from wild caught char stocked from Lake Takvatn. This finding indicates that a separate clone of this
type of atypical Aeromonas salmonicida exists in this
area as there was no indication of restocking of fish
from Hordaland or Sogn and Fjordane counties into
the lake.
Group IV included altogether 21 strains, 18 from
Norway, 1 from Iceland, and the type strain NCMB
1110 and the reference strain NCMB 1109 of Aeromonas salmonicida subsp. achromoyenes (Table 1).
Out of the Norwegian strains, 17 had been isolated
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from farmed fish and 1 (76/362) from wild fish over a
period of 22 yr. Altogether 10 different plasmids, of 61,
30, 21, 11, 8, 7, 4.3, 3.7, 3.2 and 3 MDa, were demonstrated in this group. Variation in the occurrence of
plasmids was shown both between strains and for repeated examinations of the same strains. The medium
sized plasmids were especially unstable. There was no
information available about any links between the
strains in group IV from the different Norwegian
farms. Nor was there data available that indicated any
connection between the Norwegian strains and the
isolate from Iceland. Our findings show that group IV
strains are widely spread in Norway (Fig. 1) and probably internationally.
Group V included the type strain ATCC 27013
of Aeromonas salmonicida subsp. masoucida and 5
Norwegian strains isolated during a period of 13 yr
(Table 1). Eight different plasmids, of 60, 55, 45, 35, 25,
15, 7 and < l MDa, were demonstrated in this group,
and significant variation in the occurrence of plasmids
was shown on repeated examinations for 3 strains.
Both strain 79/1455 and strain ATCC 27013 lacked the
plasmid of 60 MDa. Three Norwegian strains were isolated from 3 different species of wild fishes in Lake
Mjssa (Fig. 4), while 2 Norwegian strains (76/865 and
88/2221) were isolated from farmed brown trout and
char, respectively. The brown trout was isolated from a
hatchery (F38) situated on the river Hunnselva (Fig. 4 ) .
This river drains into Lake Mjssa. Similarly, the char
was from a farm (F37) situated near the estuary of the
river Glomma (Fig. 4). The river Vorma, a tributary of
the Glomma, drains from Lake Mjasa. Thus, there
might be an epidemiological link between all the Norwegian strains in group V.
Group V1 included only 2 strains from a single farm
(F39) (Table 1).Plasmids with the sizes 45 and 60 MDa
were also found in strains in group V.
Group V11 contained 26 strains isolated over a period
of 4 yr (Table 1). Most of the strains were, however, isolated during 1988 and 1989. Four plasmids, of 53, 27, 9
and 4.4 MDa, were isolated in group VII. The 27 MDa
plasmid was present in 16 strains, while the other plasmids were present in all the strains. Twenty-four
strains were detected from farmed Atlantic salmon
originating from 12 farms in 3 different counties while
2 strains were isolated from wild Atlantic saln~onin the
Langstein river in Nord Trandelag county. There was a
link between some of the strains in group V11 isolated
from fish from farms in Sogn and Fjordane county
because it could be traced back that infected smolt had
been delivered from F10 to F41 and F44 (Fig. 2). For
the other farms in group V11 no such epidemiological
information was available, but some of these farms
(F40, F42, F43, and F46) were also located in the same
area and spread of bacterial clones through the sea
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water might have been possible. One strain (89/4250)
from Nord Trsndelag county was isolated from Atlantic
salmon from a farm (F48) located in the same area as
the Langstein river. Since one of the strains in Langstein river (88/3377) was isolated from an escaped
farm-fish it is uncertain whether the farm or the Langstein river was the primary source of infection.
The single isolate groups had no common plasmid
profile (Table 1).Seven strains originated from Norwegian farms, and 2 of the strains were isolated at the
same time from 2 different wolffish in 1 farm (F36).The
other 5 Norwegian strains were isolated from 5 farms
in different regions of the country. One of these strains
(88/3835) came from a farm (F48) where a group V11
strain (89/4250) was also isolated. Strain 89/3036 coniairieci 2 pidsl~~ids,
53 d ~ 4.4
~ dMD& w i i i ~ l iwere aiso
found in all group V11 strains, and strain 89/3036
should therefore in fact have been included in group
VII. The strain, however, differed from group V11 in
many of the phenotypic characteristics, as well as the
catalase reaction (Table 2). The single isolate groups
also contained the 4 Swedish strains, the 2 Danish
strains, the 2 Canadian strains, and the strain from Finland. The type strain Aeromonas salmonicida subsp.
smithia CCM 4103, and the reference strains A. salmonicida subsp. achromogenes ATCC 15711, and A. salmonicida subsp. salmonicida ATCC 14174 were also
included in the groups of single strains.

Fig. 4. Locations of farms in plasmid group V and the possible
relation between farm F38 strain, Lake Mjasa strains, and (via
the rivers Vorma and Glomma) farm F37 strain

Physiological and biochemical characterisation

DISCUSSION

Results of physiological and biochemical characterisation are presented in Table 2 . Variations in reactions
for phenotypic characteristics were observed among
plasmid groups I to V11 and also within each of these
groups. Only for the catalase reaction was there either
a positive or negative reaction for each of the plasmid
groups; the other characteristics showed variations in 1
or more of these groups. All the strains in group V11
and 3 single isolate groups -2 Norwegian (90/503 Fnr.
1298 and 88/3835) and 1 Swedish (8?/448)-were
catalase-negative.
The type strain NCMB 1110 and the reference strain
NCMB 1109 of Aeromonas salmonicida subsp. achromogenes differed from the group IV strains in some
phenotypic characteristics, but these characteristics
also varied among the other strains in group IV. The
type strain ATCC 27013 of A. salmonicida subsp.
masoucida reduced nitrate, produced phenylalanine
deaminase and gas from D-glucose,fermented glycerol
and trehalose, hydrolysed aesculin, and showed a positive Voges-Proskauer reaction. All the other isolates in
group V showed a uniform negative reaction for all
these characteristics.

Aeromonas salmonicida subsp. sahonicida is genetically homogenic throughout the world, and plasmid
profiling is of little value in identifying the source of
infection during outbreaks of furunculosis in salrnonids
(Ssrum et al. 1993).The present study shows, however,
that the plasmid profiles vary between isolates of
atypical A. salmonicjda, an observation also shown by
Bast et al. (1988), Pedersen et al. (1996), Hanninen
& Hirvela-Koski (1997), and Austin et al. (1998). The
majority of atypical A. salmonicida strains (95) could be
divided into 7 different groups (I to VII) based on similarity in plasmid profiles. Physiological and biochemical characteristics varied between the plasmid groups
but significant phenotypic variation was also shown
for some characteristics within each of these groups.
Therefore, phenotypic characterisation is of limited
value in differentiating between the plasmid groups.
Other authors have also found that atypical A. salmonicida is phenotypically heterogeneous (Austin et al.
1998). A peculiar finding in our study was that none of
the strains in group V11 produced catalase.
Plasmids belong to the mobile part of the bacterial
DNA and often variation is the nature of plasmid DNA
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(Fernandez-Astorga et al. 1992). This variation is also
the key to the use of plasmid profiling in epidemiological mapping of infectious diseases. Variation in plasmid content often occurs in strains, but within a clonal
group this will occur in such a way that one still may
recognise a group connection even if a plasmid is lost
or gained. In groups I, 111, IV, V, V1 and V11 some variations in plasmid profiles between different strains were
found. These variations were most prominent for
medium sized plasmids, indicating that these plasmids
are more unstable than the large and small ones. Plasmids containing antimicrobial resistance genes are often mobile, being transferred between bacteria (Kruse
& Ssrum 1994).Recombinations where 2 separate plasmids join at homologue sites to make only 1 plasmid
have also been demonstrated (Berg et al. 1998). Further investigations have shown that the medium sized
plasmids in groups I11 (25 MDa), IV (8 MDa) and V11
(27 MDa) are R-plasmids (data not shown).
Several strains in some of the groups had been isolated over a period of many years, while other strains
were isolated at the same time (Table 1).No difference
in variation in plasmid profiles between strains isolated
several years apart and strains isolated at the same
time could be detected. Many strains had also been
stored for several years before the plasmid isolations
were performed. Ssrum et al. (1993) found that the age
of the culture did not appear to account for variability
in large plasmids in Aeromonas salmonicida subsp.
salmonicida. The variation within the plasmid groups
may, however, result from the fact that one single plasmid may exist in different conformational variants
simultaneously (Ssrum et al. 1993).
In this study repeated examinations of the same strains
indicated plasmid stability for strains in groups I, 11, I11
and VII, while several strains in groups IV and V and
the strains in single strain groups showed different
plasmid profiles during repeated examinations. Variation in the plasmid profile was especially prominent in
the single strain groups. These findings indicate that
repeated examinations of the same strains should be
performed if plasmid profiles are used as fingerprints
to obtain epidemiological information about outbreaks
of atypical Aeromonas salmonicida infection in fish.
Some of the strains examined in the present study
have also been examined for plasmids by other authors.
Austin et al. (1998) examined strains 87/2303, 88/2221,
88/33??, 89/2403, CCM 4103, 90/2717 and ATCC
14174 and found 4, 2, 2, 4, 3, 2 and 3 plasmids in each
strain respectively, while the corresponding figures in
the present study were 4, 3 (2),4, 3, 2, 4 and 5. Four of
these strains were examined twice or more, while 3
strains were examined only once in our study. Austin
et al. (1998)used the kb unit to give the size of the plasmids, and a direct comparison of the size of the plas-
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mids in the 2 different investigations is therefore difficult. However, converting from kb to MDa by dividing
by a factor of 1.5, one can see that strain 87/2303 is
reported with approximately the same sizes of plasmids. Similarly, strain 88/2221 is reported by Austin et
al. (1998) as having 2 plasmids of approximately the
same size as 2 of the 3 plasmids in our study. The 2
plasmids in strain 88/3377 reported by Austin et al.
(1998) correspond to the largest and the smallest plasmid of the same strain in our study. The 27 MDa plasmid in our investigation may have been lost during
storage and handling. In the study by Austin et al.
(1998) strain 89/2403 had a completely different plasmid profile, while strain CCM 4103 had 1 plasmid similar to our investigation. Austin et al. (1998) found that
strain 90/2?17 had 2 plasmids, which probably correspond to the smallest plasmids observed in our study.
Pedersen et al. (1996) analysed strain NCMB 1110 and
detected 3 plasmids, the corresponding figure in our
study being 8 plasmids. Bast et al. (1988) examined
NCMB 1110 and found 4 plasmlds, of 65, 31,3.7 and 3
MDa. These figures correspond well with the sizes for
4 (61, 30, 3.7 and 3 MDa) out of the 8 plasmids found in
t h s strain in our study (Table 1).Bast et al. (1988) also
examined strain ATCC 14174 and found 5 plasmids, of
50 to 56, 4.2, 3.6, 3.5 and 3.3 MDa. These figures also
correspond well with the findings of our study
(Table 1).The discrepancies in the number of plasmids
for the same strains found in different studies is not
unexpected in view of the variations found during
repeated examinations in our own study. However,
these discrepancies may also be due to methodological
differences between different laboratories. Thus,
results from plasmid isolations carried out in different
studies should be compared with caution.
An epidemiological link could be demonstrated
between strains in several groups, supporting the
hypothesis that each group might represent the same
clone of the atypical Aeromonas salmonicida. Our
study indicates that a bacterial clone can be spread by
transfer of fish between different farms, and probably
also through sea and fresh water. Another explanation
can, however, be that the same bacterial clones of
atypical A. salmonicida inhabit different locations in
sea or fresh water, and might under certain management conditions cause disease outbreaks.
All the strains from outside Norway, except the isolate from Iceland (group IV), were single isolate
groups, suggesting that most of these strains represent
clones different from the Norwegian ones. Group IV
strains were found in different regions of Norway, and
there was no information available that indicated any
epidemiological link between strains in this group.
Group IV strains had, however, the same plasmid profiles as the Aeromonas salrnonicida subsp. achromo-
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genes type strain. This observation implies that the
group IV strains could be included in the subspecies
achromogenes. This subspecies may, like A. salmonicida subsp. salmonicida, be widespread throughout
the world. A. salmonicida subsp. masoucida ATCC
27013 was included in group V. However, since this
type strain differed from the group V strains in 7 phenotypic characteristics, the group V strains should not
be included in the subspecies masoucjda.
There was no relation between fish species and plasmid groups since different plasrnid groups were
detected in the same fish species in our study. Wild fish
with contacts with farmed fish may be infected with
the same clones of atypical Aeromonas salmonicida
and vice versa.
Since siiaiiis iii groups 1 and !I hcd similar p!asmi:!
profiles and an epidemiological connection could be
demonstrated between farms in these groups, a fusion
between the 2 groups might be reasonable. The phenotypic examinations, however, showed that the group
I strains produced pigment, while the group I1 strains
did not. Plasmids with the same size were also isolated
in groups V and VI. More epidemiological information
about the strains should, however, be collected before
these groups are fused.
The present study suggests that each plasmid group
represents a single clone. Austin et al. (1998) examined
52 isolates of atypical Aeromonas salmonicida from a
wide range of hosts and geographical locations. They
found that most of the isolates had different plasmid
profiles and thus probably represented different
clones. In the present study we found that strains with
different plasmid profiles could be isolated during the
same disease outbreak in a farm (F9). In an investigation by Pedersen et al. (1996) it was also concluded that
plasmid profiles varied between isolates from the same
outbreak. Therefore several isolates from different fish
should be examined during disease outbreaks with
atypical A. salmonicida in a farm.
The atypical strains show great variation in plasmid
profiles, in contrast to typical Aeromonas salmonicida
strains, which show almost identical profiles all around
the world. Several different atypical strains tend to
cause various outbreaks. Our study indicates that comprehensive analysis of plasmid profiles can give useful
epidemiological information in evaluation of outbreaks
of disease caused by atypical A. salmonicida.
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