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Abstract
The culturable gill bacterial populations associated with amoebic gill disease (AGD) in Atlantic
salmon (Salmo salar) were identified using biochemical tests, cluster analysis and 16S rRNA gene-
based approaches.  The gills of fish with clinical signs of AGD were dominated by isolates that
had biochemical profiles similar to the representative strains identified as Winogradskyella spp.
and Staphylococcus spp.  Such strains could not be cultured from the AGD-negative samples.
This study discusses the possibility of association of culturable salmonid gill bacteria in AGD.

* Corresponding author’s E-mail: sembar@utas.edu.au

Introduction
Amoebic gill disease (AGD) is the major health
problem affecting marine farmed Atlantic
salmon Salmo salar, in Tasmania, Australia.
The causative agent of AGD is Neoparamoeba
spp. (reviewed by Munday et al., 2001;
Dykovà et al., 2005).  Amoebae infect the gills
of salmon and cause lesions characterised by
single or multifocal epithelial hyperplasia of
the gill lamellae, focal fusion of secondary
lamellae often containing round to ovate
interlamellar vesicles and amoebae (Adams &
Nowak, 2004).

Previous studies on the microflora of fish gills
of both marine and freshwater fishes have
shown that the gills support quite high
populations of a wide range of bacterial

genera (Trust, 1975; González et al., 1999;
Bowman & Nowak, 2004).  Involvement of
gill colonising bacteria in AGD has previously
been suggested (Roubal et al., 1989; Douglas-
Helders et al., 2003), however very few
studies have been conducted to verify any
role of bacteria in AGD.  Bowman and Nowak
(2004) conducted a culture-independent 16S
rRNA gene-based approach to examine the
entire bacterial community on AGD-affected
and unaffected salmon gills and proposed
that the bacteria from the genus
Psychroserpens may be linked to the disease.
However, this proposition was merely based
on the predominant occurrence of
Psychroserpens spp. on AGD-affected fish gills.
To prove the association of bacteria in AGD,
it is necessary to conduct in vivo trials; and to
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conduct infection trials it is essential to isolate
bacteria because it is not possible to use
unculturable bacteria for experiments.  As a
result, a culture-dependent study needs to be
conducted to isolate gill bacteria from AGD-
affected Atlantic salmon, in order to test the
role of bacteria in AGD. This study is the first
attempt to characterise gill-associated bacteria
cultivated from salmon with AGD.

Materials and methods
Fish
Three groups of Atlantic salmon, designated
as A, B and C were used in this experiment.
Group A fish (n=24) with clinical AGD were
from commercial sea cages located in
southern Tasmania.  Group B and C fish were
reared in same farm environment and
transported to the aquaculture facility at
University of Tasmania, Launceston,
Australia, when the smolts were ready to be
transferred to sea water.  At the time of
sampling, group B fish (n=5) were located in
the experimental AGD infection tank of 4000
L capacity filled with 2μm filtered seawater.
Group C (n=18) comprised fish naïve to AGD
housed in similar 4000 L tanks.  Seawater
temperature was 16-18oC and salinity was
35‰ at both locations.  The naïve fish were
selected from laboratory, because there are no
AGD negative farms with similar
environmental conditions to the AGD positive
farms.

Sample collection
All fish were lightly sedated with Aqui-S® and
gill mucus samples were taken by rotating a
swab three times clockwise either from the
infected areas showing gross AGD lesions
(group A and B) or for group C fish that did

not have any AGD lesions, the mucus samples
were collected from second gill arch on the
right, to be consistent in the sampling
procedures.  Immediately after collection, the
samples were inoculated onto marine agar
2216 (Difco) and blood agar base No. 2
enriched with 7% defibrinated sheep’s blood
(Oxoid) and incubated at 22oC for 24 to 96h.
Gill mucus smears were made for indirect
fluorescent antibody testing (IFAT) to confirm
AGD infection (Howard & Carson, 1993).

Bacterial characterisation
Bacterial growth was examined on all plates
and distinct colonies from each group (A, B
and C) were chosen according to differences
in morphological characteristics. Thus, 50
isolates were selected from Group A, 16
isolates from group B and 52 isolates from
group C.  Colonies selected from marine agar
were sub-cultured on fresh plates of Shieh’s
agar (Song et al., 1988) modified by the
addition of seawater and omission of the trace
element supplement.  The colonies selected
from blood agar were sub-cultured on Todd-
Hewitt agar plates (Oxoid).  API 50 CH kit
and API 50 CHB/E medium were used to
study the carbohydrate fermentation
reactions; enzymatic activity of the isolates
was studied using API Zym kit (bioMérieux
Australia Pty. Ltd.)  All tests were conducted
according to the protocol supplied with the
kits.

Cluster analysis
The Clustan Graphics software version 5.25
(Wishart, 1999) was used to cluster
phenotypically similar bacterial isolates from
each group (A, B and C).  Results of the 68
API tests for each analysed isolate were
recorded in a binary system.  Proximities
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between each isolate were calculated using
Squared Euclidean Distance.  A hierarchical
cluster analysis was obtained using Increase
in Sum of Squares (Ward’s Method).  Based
on proximity values of the individual cases,
upper tail significance tests created cluster
partitions that were significant at the 5% level.
From each cluster, the cluster-exemplar was
selected from every group and cryopreserved
in 1% proteose peptone containing 8%
glycerol (Ward & Watt, 1971) for subsequent
16S rRNA gene sequence analysis.  An
exemplar is the most typical member of the
cluster with highest mean similarity with all
the other members of that cluster (Wishart,
1999).

DNA extraction
The cryopreserved samples were revived on
their respective culture medium (Shieh’s agar
or Todd Hewitt agar).  Bacterial cells were
scraped from the agar and suspended in tubes
containing 400mL of saline EDTA, 50mL of
20% sodium dodecyl sulfate (SDS) and 0.1mm
zirconia/silica beads (Biospec).  The tubes
were subjected twice to bead beating for 10
seconds at 5000 rpm, and then centrifuged at
20,817 g for 5 min. The aqueous top layer was
transferred to a sterile tube and extracted with
an equal volume of chloroform-isoamyl
alcohol (24:1) and then centrifuged for 10 min
at 20,817 g.  The DNA thus obtained was
purified using the Ultra clean DNA
purification kit (Mo Bio Inc).

Polymerase chain reaction (PCR)
16S rRNA gene fragments of the DNA extracts
were obtained by PCR, using bacteria-specific
16S rRNA gene primers 10F (5’- GAG TTT
GAT CCT GGC TCAG - 3’) and 1492R (5’-TAC

GGY TAC CTT GTT ACG ACTT -3’) (Lane
1991). PCR was conducted using Hotstar PCR
amplification kit (Qiagen) on a Mastercycler®

thermocycler (Eppendorf AG).  The reaction
cycle consisted of 95oC for 15 min (initial
denaturation); 30 cycles of 1 min duration at
temperatures 94oC, 52oC, 72oC; a final
extension of 72oC for 10 min; and a hold at
4oC. PCR products were assessed by
electrophoresis in ethidium bromide-stained
1% agarose gels, visualised with ultraviolet
light transillumination with comparison
against base pair markers.  PCR products of
size, 1.5 kb were purified using the UltraClean
PCR Clean-up kit (Mio-Bio Inc.). PCR
products were sequenced using the Beckman
CEQ2000 automated DNA sequencing system
(Beckman-Coulter) using the manufacturer’s
protocols, except that primers 10F and 1492R
were added in 5 pmol quantities in the
sequencing reactions.

Analysis of Sequences
Sequences were manually checked using the
programs Chromas v.2.0 (Technelysium
Pty.Ltd., Helensvale, Qld, Australia) and
BioEdit v.7.0.4.1 (Hall 1999) to confirm
individual base positions. BLASTn searches
were used to compare sequences to the GenBank
nucleotide database (www.ncbi.nih.nlm.gov)
and the percentage of similarities noted. The
sequence dataset was analysed using Clustal
X v.1.83 to perform multiple alignment and
to construct a tree by the neighbour-joining
method.  The created trees were viewed in
TreeView v.1.6.6 (Page 1996).  Sequences
obtained in this study have been deposited
under GenBank accession numbers DQ356484
to DQ356511.
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Sequence identification
The criterion established by Bosshard et al.,
(2003), was followed to define a 16S rRNA
gene sequence to a particular genus and
species.  Briefly, if the unknown sequence had
a homology value of > 99% with the reference
sequence of a classified species then the
unknown isolate was assigned to this species.
Similarly when the homology value was <99%
to > 95%, the unknown isolate was assigned
to the corresponding genus.  When the value
was <95% the unknown isolated was assigned
to a family.

Results
Using IFAT, fluorescent bodies consistent in
shape and size to cells of Neoparamoeba spp.
were recorded in the gill mucus smears
obtained from fish in groups A and B, thus
confirming that these fish were AGD-positive.
No Neoparamoebae were detected on the gills
of group C fish, the negative controls (data
not shown).

From each group (A, B and C) the bacterial
isolates with most similar biochemical
characteristics were combined to form a
cluster that is significant at 5% level. As a
result, 10 clusters were formed in group A
(AC1 to AC10), 4 clusters in group B (BC1 to
BC4) and 14 clusters in group C (CC1 to
CC14). One representative strain of each
cluster was selected for 16S rRNA gene
sequencing (Table 1). These representative
strains were the cluster exemplars, i.e. these
strains were the most typical member of the
cluster with highest mean similarity with all
the other members of that cluster.  Therefore,
the biochemical profile of the representative

strain would be similar to the rest of the
members in the cluster.  For example,
according to 16S rRNA analysis the strain
selected from cluster AC1 had >95% and <99%
similarity with the phylotypes present in the
genus Winogradskyella.  Therefore, we propose
that the remaining 9 isolates in this cluster
(AC1) would also be closely related to the
genus Winogradskyella (Table 1).

Winogradskyella spp. (isolates from clusters
AC1, AC2 and BC1) and Staphylococcus spp.
(isolates from clusters AC6 to AC10 and BC2
to BC4) predominantly colonised the gills of
AGD-affected fish (groups A and B)
regardless of fish origin.  These bacteria were
not isolated from AGD-negative fish gills in
group C. The gills of group C fish mainly
contained Gammaproteobacteria [Idiomarina
spp. (CC2, CC3 and CC4); Shewanella baltica
(CC1); Pseudomonas jessenii (CC5); P. putida
(CC6); Cobetia marina (CC8) and Halomonas sp.
(CC7)]. The other bacteria isolated during this
study include those from the genera
Polaribacter (AC3 and AC4), Salegentibacter
(AC5), Cellulophaga (CC11, CC12, and CC13)
and Arthrobacter (CC9) (Table 1).

 Discussion
The present study identified Polaribacter spp.,
Salegentibacter sp., Winogradskyella spp. and
Staphylococcus spp. only on the gills of AGD-
positive fish; these bacteria were absent on
AGD-negative samples.  AGD-negative fish
had a varied distribution of Gamma-
proteobacteria and Cellulophaga spp. These
results show that fish with AGD may have a
diverse/dissimilar gill bacterial flora
compared to fish without AGD.
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The current study abundantly isolated
Winogradskyella spp. and Staphylococcus spp.
only on AGD-positive fish gills (groups A and
B).  This might suggest that the onset of AGD
on Atlantic salmon gills might favour the
growth of certain bacteria. These bacteria
might act as secondary pathogens or
alternatively, the occurrence of these bacteria
in large numbers on the gills might influence
Neoparamoeba spp. colonisation.

Winogradskyella is a recently established
marine genus within the family
Flavobacteriaceae , phylum Bacteroidetes
(commonly known as Cytophaga-
Flavobacterium-Bacteroides phylum or CFB
group). Currently the genus Winograd-
skyella contains four recognised members
[W .  thalassicola, W. epiphytica, W. eximia
isolated from algal frond surfaces in the
Sea of Japan (Nedashkovskaya et al., 2005)

Table 1.  16S rRNA gene phylotype identity of cluster representative of strains selected from AGD-affected
(groups A and B) and unaffected (group C) Atlantic salmon gills.

Cluster representative with 
GenBank accession number 

No. of isolates 
per cluster 

Nearest phylogenetic relative with 
GenBank accession number * 

% identical 
16S rRNA† 

Group A 
AC1 (DQ356488) 10 Winogradskyella eximia (AY521225) 96.6 
AC2 (DQ356489) 14 Winogradskyella eximia (AY521225) 96.9 
AC3 (DQ356492) 3 Polaribacter irgensii (AY771712) 94.6 
AC4 (DQ356493) 3 Polaribacter irgensii (AY771712) 95.3 
AC5 (DQ356491) 7 Salegentibacter salegens (M92279) 99.7 
AC6 (DQ356501) 2 Staphylococcus pasteuri (AB009944) 99.8 
AC7 (DQ356497) 2 Staphylococcus warneri (L37603) 99.7 
AC8 (DQ356495) 2 Staphylococcus kloosii (AB009940) 99.2 
AC9 (DQ356496) 4 Staphylococcus warneri (L37603) 99.4 
AC10 (DQ356498) 3 Staphylococcus warneri (L37603) 99.5 
Group B 
BC1  (DQ356490) 9 Winogradskyella eximia (AY521225) 96.8 
BC2 (DQ356499) 3 Staphylococcus pasteuri (AB009944) 99.7 
BC3 (DQ356500) 2 Staphylococcus pasteuri (AB009944) 99.9 
BC4 (DQ356502) 2 Staphylococcus xylosus (D83374) 99.5 
Group C 
CC1 (DQ356507) 3 Shewanella baltica (AJ000214) 97.8 
CC2 (DQ356508) 3 Idiomarina baltica (AJ440214) 95.2 
CC3 (DQ356510) 2 Idiomarina sp.(AB167017) 96.4 
CC4 (DQ356509) 4 Idiomarina loihiensis (AE017340) 99.6 
CC5 (DQ356504) 2 Pseudomonas jessenii (AY206685) 99.4 
CC6 (DQ356503) 3 Pseudomonas putida (AY958233) 98.9 
CC7 (DQ356506) 3 Halomonas sp. (U78786) 98.2 
CC8 (DQ356505) 8 Cobetia marina (AY628694) 99.9 
CC9 (DQ356511) 3 Arthrobacter rhombi (Y15885) 98.4 
CC10 (DQ356484) 7 Arenibacter troitsensis (AB080771) 99.0 
CC11 (DQ356486) 5 Cellulophaga baltica (AJ005972) 96.0 
CC12 (DQ356487) 3 Cellulophaga baltica (AJ005972) 97.9 
CC13 (DQ356485) 3 Cellulophaga baltica (AJ005972) 95.5 
CC14 (DQ356494) 3 Flavobacterium sp. (DQ239767) 95.0 

* and † obtained from  GenBank nucleotide database
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and W. poriferorum isolated from the surface
of a sponge in tropical water (Lau et al., 2005)].
There is no further information available
either on the association or the pathogenic
potential of Winogradskyella spp. with any
organism.  On the other hand, Staphylococcus
warneri strains Y-13-L and CECT 236 were
reported to be virulent to brown trout, Salmo
trutta (Gil et al., 2000). Furthermore, a
Staphylococcus species infection has previously
been described in other fish species including
silver carp, Hypophthalmichthys molitrix
(Shah & Tyagy, 1986); yellowtail, Seriola
quinqueradiata and sea bream, Chrysophrys
major (Kusuda & Sugiyama, 1981). The role
of Winogradskyella spp. and Staphylococcus spp.
in AGD was verified by further research
which showed that fish experimentally
infected with Winogradskyella sp. strain AC1
could develop increased numbers of AGD
lesions following Neoparamoeba spp. infection
than those exposed to Staphylococcus sp. strain
AC8 (Embar-Gopinath et al., 2005, 2006).

The culture-independent 16S rRNA gene-
based approach conducted to study salmonid
gill bacteria on AGD-affected and unaffected
fish frequently detected a phylotype (CFB1a)
closely related to the members of the genus
Psychroserpens only on the gills of AGD-
affected fish (Bowman & Nowak, 2004).
However, during the current study, bacteria
belonging to the genus Psychroserpens were
not isolated from the AGD-affected groups A
and B.  Also, some of the bacteria isolated
during this study such as Winogradskyella spp.;
Polaribacter spp.; Cellulophaga spp.; Arenibacter
troitsensis  and the Gammaproteobacteria

[Idiomarina spp.; Shewanella baltica;
Pseudomonas jessenii; P. putida; Cobetia marina
and Halomonas sp.] were not detected by
Bowman and Nowak (2004) during their
culture-independent study.  Spanggaard et al.
(2000) compared the results obtained from
both traditional and molecular identification
methods and reported that dominant
microflora in the fish intestine was generally
culturable and was effectively identified by
both the methods. One of the possible reasons
for not isolating Psychroserpens spp. in the
current study might be due to the fact that
Psychroserpens spp. has fastidious growth
requirements including a narrow salinity
range, requirement of vitamins and amino
acids for growth (Bowman et al., 1997). The
other reasons would be differences in fish
populations, age, AGD severity and
environmental factors such as temperature
and salinity.

In summary, this study identified
Winogradskyella spp. and Staphylococcus spp.
to be predominant on the gills of AGD-
affected fish.  These bacteria were absent on
AGD-negative samples.
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