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Abstract 
Pisciricke�sia salmonis is the etiological agent of pisciricke�siosis, a fish disease described in 
different locations of the world but particularly severe in maricultured salmonids in Chile. A 
time-course study was performed in order to observe the infection process of P. salmonis on CHSE-
214 cells by confocal laser microscopy (CLM) and transmission electron microscopy with both a 
standard procedure (TEM) and immunogold (IG-TEM). For the CLM examination, monolayers 
seeded on round coverslips were studied at the following post-inoculation (pi) times: 5 min, 10 
min, 15 min, 30 min, 1 h, 3 h, 6 h, 12 h and 24 h. P. salmonis was visualized using an indirect 
fluorescence antibody test. In TEM and IG-TEM, monolayers grown in 25 mL culture flasks were 
infected and later fixed at the following pi times: 15 min, 1 h, 4 h, 6 h, 24 h, 45 h and 8 days. Results 
showed that P. salmonis was found a�ached to the plasma membrane as early as 5 min pi. The 
microorganisms remained on the cell surface from 5 to 30 min pi. At 1 and 3 h pi the bacteria were 
observed on the cell surface and/or embedded in the plasma membranes. Finally, from 4 h and 
longer pi times, P. salmonis was found inside the cell cytoplasm. According to the results it seems 
that the early infectivity events of P. salmonis in CHSE-214 cells involve a fast a�achment step 
(≤ 5 min pi) and a further cell penetration through the plasma membrane which occurs mainly 
between 3 and 6 h pi. 

Introduction 
Piscirickettsia salmonis is a gram-negative 
intracellular bacterial pathogen of fish (Fryer 
and Hedrick, 2003). This bacterium is the 
causative agent of pisciricke�siosis (Fryer et 
al., 1992) which is a major infectious disease 
of salmonid fish cultured in sea cages in 
Chile (Venegas et al., 2004) where the first 
worldwide isolation of this agent took place 
(Fryer et al., 1990; Cvitanich et al., 1991). 
Pisciricke�siosis has also been reported in 

salmonid fish in Norway (Olsen et al., 1997), 
Canada (Brocklebank et al., 1993), Ireland 
(Rodger and Drinan, 1993) and Scotland 
(Grant et al., 1996). Although the principal 
hosts for P. salmonis are salmonid fish, there 
are reports of its isolation from diseased fish 
of other species such as Dicentrarchus labrax 
(McCarthy et al., 2005) and Atractoscion nobilis 
(Arkush et al., 2006). P. salmonis can be grown 
in cell lines of an insect, a frog (Birkbeck et 
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al., 2004) and of a number of fish (Fryer and 
Hedrick, 2003), the Chinook salmon embryo 
(CHSE-214) cells (Lannan et al., 1984) being the 
most commonly used to culture this bacterium 
(Birkbeck et al., 2004). Besides cell cultures, it 
has recently been reported that P. salmonis 
may also be grown in cell-free media (Mauel 
et al., 2008; Mikalsen et al., 2008). In this work, 
a time-course study of the infectivity of the 
CHSE-214 by P. salmonis was performed using 
confocal, standard (TEM) and immunogold 
(IG-TEM) electron microscopy. 

Material and methods 
Cells
The CHSE-214 cell line, kindly provided by the 
late Prof. J.L. Fryer (Oregon State University, 
USA), was used. Cells were grown in Eagle´s 
Minimum Essential Medium with Earle’s salts 
(Automod, Sigma-Aldrich Inc., MO, USA), 
supplemented with 10% foetal calf serum 
(MEM-10) (Gibco BRL, NY, USA) without 
antibiotics and antimycotics. 

Bacterium
The SLGO-95 strain of P. salmonis (Smith et 
al., 1996) was used. Prior to being used as 
inoculum to infect the CHSE-214 cells, the 
bacterium was cultured in monolayers of the 
same cell line at 18 °C and harvested when 
cytopathic effect reached approximately 100%. 
The titre of this infectious supernatant, which 
was obtained by end-point dilution assay in 
96-well plates with 6 wells per dilution (Reed 
and Muench, 1938), was 106.5 TCID50 mL-1. This 
bacterial suspension was filtrated with 5 μm 
pore membrane (Millipore, Orange Scientific, 
Belgium) to remove debris aggregates and 
non-disrupted cells and then was used as 
inoculum.

Confocal microscopy
CHSE-214 cells were cultured as previously 
described to obtain monolayers on round 
coverslips of 15 mm in diameter placed in 
24-well microplates (Nunc, NY, USA). These 
monolayers, were infected with 100 μL of 
the P. salmonis suspension described above. 
Then, coverslips were washed three times 
with phosphate buffer solution 0.1 M pH 
7.2 (PBS) and fixed with pure methanol for 
3 min at the following post-inoculation (pi) 
times: 5 min, 10 min, 15 min, 30 min, 1 h, 3 
h, 6 h, 12 h and 24 h. P. salmonis was labelled 
by means of an indirect fluorescent antibody 
test (IFAT) according to the method of Lannan 
et al. (1991), but using monoclonal antibodies 
against P. salmonis (Bios Chile, Chile) and a 
rabbit anti-mouse Ig G (whole molecule)-
FITC as a secondary antibody (Sigma-Aldrich 
Inc., MO, USA). Working dilutions of the 
antibodies were 1:100 and 1:70, respectively. 
At each observation time, non-inoculated 
monolayers, which also underwent the IFAT 
procedure, were included as negative controls. 
Two coverslips were used for each pi time and 
observations were made under a confocal 
microscope (Zeiss Axiovert 135M, Germany), 
using 488 nm as excitation wavelength and 
the LSM 3.9 program for image analysis. 

Standard TEM
A pool of cells obtained by trypsinization of 
monolayers from two 150 cm2 flasks (Corning 
Glass Works, Corning, NY, USA) was seeded 
in eight 25 cm2 flasks (Corning Glass Works, 
Corning, NY, USA) which were incubated at 
18 °C for three days. Seven of them were then 
infected with 3 mL of the inoculum each and the 
remaining flask was le� without inoculation. 
The infected flasks were fixed at the following 
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pi times: 15 min, 1 h, 4 h, 6 h, 24 h, 45 h and 8 
days. The non-infected monolayer was used 
as negative control and it was fixed at 45 h pi. 
The monolayers of each flask were fixed with 
3mL of PBS containing paraformaldehyde 
(2%) and glutaraldehyde (0.2%) for 20 min. 
A�er discarding the supernatant the cells were 
scarified and suspended in 3 mL of the same 
fixative solution. Cell suspension was divided 
in two aliquots of 1.5 mL and centrifuged 
(1500 g for 10 min); one of the pellets was 
processed for standard TEM and the other 
for IG-TEM. The cell pellets used for standard 
TEM were held for 18 h at room temperature 
(rt) with a fixative of paraformaldehyde (4%) 
and glutaraldehyde (2%) in a 0.1 M sodium 
cacodylate buffer (pH 7.2). The fixative was 
then discarded and the pellets were kept for 
12 h at 4 °C with the 0.1 M sodium cacodylate 
buffer (pH 7.2) The pellets were post-fixed 
with 1% osmium tetroxide in 0.1 M sodium 
cacodylate buffer (pH 7.2) for 90 min at rt. 
They were washed three times with distilled 
water and stained with 1% uranyl acetate for 
60 min at rt. Preparations were dehydrated 
with acetone (50, 70, 95 and 100%) for 20 
min at each concentration with the last one 
(100% acetone) carried out three times. Then, 
they were infiltrated with epon: acetone (1:1) 
overnight and pre-included in pure epon 
resin (Pelco Medcast Resin, Ted Pella Inc, CA) 
for 24 h at rt. These samples were included 
in a flat mould (Ted Pella Inc, CA) with pure 
epon resin and polymerized at 60 °C for 48 h. 
The blocks were first cut to obtain 1 μm thick 
sections (Sorvall Porter Blum MT-IIB) which 
were stained with 1% toluidine blue and 1% 
sodium borate to be observed under a light 
microscope. A�er selecting the appropriate 
areas, 60 to 80 nm ultrathin sections were 

obtained with a diamond knife, and placed 
on 200 mesh Cu grids (Ted Pella Inc, CA). 
Preparations were contrasted with 4% uranyl 
acetate in pure methanol for 2 min and with 
lead citrate (Reynolds, 1963) for 5 min. Finally, 
the sections were observed and photographed 
in a transmission electron microscope (Philips, 
Tecnai 12 Bio-Twin, Holland) at 80 kV. 

IG-TEM
The cell pellets used for this procedure 
were first held in PBS containing 2% 
paraformaldehyde and 0.2% glutaraldehyde 
for 3 h at 4 °C. They were then washed with 
PBS for 12 h at 4 °C. Preparations were 
dehydrated for 20 min with acetone once at 
50 and 70% and thrice at 95% concentration. 
A�er dehydration, samples were infiltrated 
with LR White (London Resin Company, 
England) 1:1 (v/v) with ethanol and held under 
agitation at 4 °C overnight and next included 
in pure LR White for 24 h at rt changing the 
resin three times during the la�er procedure. 
Preparations were placed in size 2 gel capsules 
(Ted Pella Inc, CA) and resins polymerized at 
50 °C for 24 h. The blocks were treated with 
the same method as that described for the 
standard TEM but the ultrathin sections were 
placed in 200 mesh nickel grids (Polysciences, 
Inc. PA). Grids with the sections were placed 
upside-down on calibrated drops (30 μL) with 
1% of bovine serum albumin (BSA) diluted 
in Tris buffer 0.5 M pH 7.5 with 0.02% triton 
(TBS), for 30 min at rt. A�er a gentle touch 
with a filter paper, grids were placed on 30 μL 
drop containing rabbit polyclonal antibodies 
against P. salmonis (1:50) (Lannan et al., 1991) 
and incubated in a humid chamber 12 h at 4 
°C. They were then washed four times with 
TBS (30 μL) for five min each time. A�er the 
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washing step, the secondary antibody, which 
was a goat anti rabbit IgG conjugated with 10 
nm gold spheres (Sigma-Aldrich Inc., MO, 
USA) diluted 1:50 in 0.1% BSA/TBS, was 
applied for 1 h at rt. A�erwards, grids were 
washed four times for 5 min each at rt, the first 
two times with 40 μL of TBS and the last ones 
with 40 μL of double distilled water. A�er 
this washing step grids were dried with a 
filter paper. Samples were counterstained for 
5 min first with 2% uranyl acetate and then 
with 2% lead citrate (Reynolds, 1963) and 
observed in the same microscope described 
above for the standard TEM at 80 kV. Two 
kinds of negative control of the immunogold 
technique were used. One of them consisted 
in performing the immunogold technique 
as previously described from infected and 
non-infected monolayers with P. salmonis, but 
substituting TBS for the first antibody. The 
other negative control was performed using 
the whole immunogold procedure in samples 
derived from non-infected cell monolayers. 

Results 
Confocal microscopy
Results showed that P. salmonis was found 
a�ached to the plasma membrane as early as 5 
min pi. The microorganisms remained on the 
cell surface from 5 to 30 min pi. At 1 and 3 h pi 
the bacteria were observed on the cell surface 
and/or embedded in the plasma membranes. 
Finally, from 6 h and longer pi times (12 and 24 
h) P. salmonis was found inside the cytoplasm 
of the cells. Figures 1 and 2 illustrate some 
of the results obtained with the confocal 
microscopy, showing different orthogonal 
sections of the selected preparations. 

Standard TEM
At 15 min pi a number of rounded empty 
structures, made up of a single or double 
membrane and similar in size to P. salmonis, 
were found outside but close to the plasma 
membrane of the eukaryotic cells. At 1h and 
4 h pi P. salmonis was observed close to or 
a�ached to the plasma membrane. At 6 h, 24 
h, 45 h and 8 days pi, P. salmonis was found 
in membrane-bound vacuoles inside the 
cytoplasm of the CHSE-214 cells. 

IG-TEM
At 15 min pi neither the bacteria nor the empty 
structures observed in standard TEM were 
detected. At 1 h pi the bacteria were observed 
either close to or a�ached to the cell surface. 
At 4 h and 6 h pi P. salmonis was detected close 
to, a�ached to the cell surface, or in vacuoles 
inside the cytoplasm located near the plasma 
membrane. Finally, as in the standard TEM, 
from 24 h and longer pi times (45 h and 8 days) 
P. salmonis was found in vacuoles within the 
cytoplasm of the CHSE-214 cells. Figures 
3, 4, 5 and 6 show photomicrographs of the 
standard TEM and IG-TEM results. 

Discussion 
Results in the present work showed that 
the use of different methods to visualize the 
infection process by P. salmonis is valuable 
because they give complementary information 
helping to have a more accurate idea of the 
phenomenon under study. 

Although resolution with confocal microscopy 
was lower than with standard and IG-TEM, 
the bacteria were readily located in all 
observations, which did not happen with the 
other techniques. Thus, among the methods 
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Figure 1. Confocal microscopy. CHSE-214 cells 3 h 
post-inoculation with Pisciricke�sia salmonis. Over 
the main picture, two orthogonal sections (x and 
y axis) of one coordinate are shown. P. salmonis is 
embedded in the plasma membrane. 

Figure 2. Confocal microscopy. CHSE-214 cells 6 h 
post-inoculation with Pisciricke�sia salmonis. Over 
the main picture, two orthogonal sections (x and y 
axis) of one coordinate are shown. P. salmonis is in 
the cells cytoplasm. 

Figure 3. Immunogold. Ultrathin section of CHSE-214 cells 4 h post inoculation with P. salmonis. A bacterium 
is closely a�ached to the cell surface. 
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Figure 6. Standard transmission electron microscopy. Ultrathin section of CHSE-214 cells 8 days post 
inoculation with P. salmonis. A bacterium is within a membrane-bound vacuole inside the cell cytoplasm. 
Note the rippled cell wall and electron-lucent structures. 

Figure 4. Immunogold. Ultrathin section of CHSE-
214 cells 6 h post inoculation with P. salmonis. A 
bacterium is visible inside the cell cytoplasm. 

Figure 5. Immunogold. Ultrathin section of CHSE-
214 cells 8 days post inoculation with P. salmonis. 
A bacterium is within a vacuole inside the cell 
cytoplasm. 
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used, confocal microscopy appeared as 
the most appropriate one for a screening 
procedure for having a faster picture of the 
invasion process. 

In IG-TEM samples, some non-specific 
randomly distributed gold spheres appeared 
as a background, but their concentration was 
clearly higher when associated to the bacteria. 
It should be noted that the bacteria appeared 
gold-labelled in both their outer membranes 
and inner structures. IG-TEM allowed one to 
observe P. salmonis earlier in the cell cytoplasm 
than the standard TEM, showing a higher 
sensitivity in detecting the bacterium but, as 
expected, morphological details were more 
distinctly seen with the standard TEM. 

As to the a�achment of P. salmonis to the 
eukaryotic plasma membrane, it was detected 
as soon as 5 min pi. Hence this is a rather fast 
process. For the success of in vivo infection, 
a short a�achment time would be necessary 
to prevent the water flow from restraining 
the pathogen-host interaction. The fact that 
horizontal transmission of P. salmonis may 
occur in fresh water (Almendras et al., 1997) 
even though the bacterium is inactivated quite 
rapidly in this environment (Lannan and Fryer, 
1994; Chen et al., 2000) also suggests that the 
pathogen should have a fast a�achment step 
for surviving and infecting its target cells. 

The invasion sequence of P. salmonis in cell 
cultures appeared to be rather similar to that of 
other gram-negative fish pathogenic bacteria 
such as Edwardsiella tarda, and Photobacterium 
damselae subsp. piscicida but faster relative 
to Listonella anguillarum and Photobacterium 
damselae subsp. damselae. 

In studies of infectivity of E. tarda, Ling et 
al. (2000) reported that both virulent and 
avirulent strains were detected at 30 min pi 
already a�ached and inside the cytoplasm 
in epithelioma papillosum of carp (EPC) 
cells. Similar results were obtained by Rao 
et al. (2001) with blue gourami (Trichogaster 
trichopterus) phagocytes. Photobacterium 
damselae subsp. piscicida, in EPC showed 
adherence at 15 min pi and internalization at 1 
h pi reaching a plateau at 3 h pi (López-Doriga, 
2000). In turn, and also in EPC cell cultures, 
a number of Vibrio anguillarum (at present L. 
anguillarum) strains showed some bacterial 
adherence but minimum internalization at 
24 h pi. At the same pi time Vibrio damselae (at 
present P. damselae subsp. damselae) showed 
a lower level of adhesion and invasion was 
negligible (Wang et al., 1998). Although 
the adherence times were 15 and 30 min 
for P. damselae subsp. piscicida and E. tarda, 
respectively, it is not possible to state that P. 
salmonis is faster in a�aching to cells (5 min) 
because shorter times were not considered for 
those bacteria. 

The time-course of in vitro P. salmonis invasion 
might depend on the host cell types being 
faster in professional phagocytes. This is 
supported by comparing our results with 
those of McCarthy et al. (2008) which found P. 
salmonis inside the cytoplasm of rainbow trout 
(Oncorhynchus mykiss) macrophages from 1 h 
pi.”

It is interesting to notice that no surface 
projections and/or a�achment structures were 
seen in P. salmonis, not even when observed 
very close or when a�ached to the surface of 
the plasma membrane of the CHSE-214 cells 
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(Figure 3 and 6). This is different to the findings 
described by Larenas et al., (2003) where 
filament structures described as a�achment 
factors were reported. This difference could be 
explained by the fact that the study of Larenas 
et al. (2003) was performed using scanning 
electron microscopy and the bacteria in their 
study were a�ached to ova experimentally 
infected with this pathogen and not to in vitro 
cultured cells. 

The pathogenesis of piscirickettsiosis is 
very likely a complex interplay between the 
bacteria and different types of cell and other 
tissue components of the hosts. Although 
tissue culture models are useful in providing 
information about this disease pathogenesis, 
it is essential to examine the invasion pathway 
in a natural host to fully understand the 
infection process of P. salmonis. 
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