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1 | INTRODUCTION

Aeromonas salmonicida subspecies salmonicida (hereafter A. salmoni-
cida) is a Gram-negative bacterial pathogen of fish and the aetiolog-
ical agent of furunculosis. Although its natural route of infection is
through skin lesions and mucosal epithelia (e.g. gut and gills), intra-
peritoneal experimental doses of 30 bacterial cells can result in a
lethal infection (Valderrama, Saravia, & Santander, 2017).

The virulence of A. salmonicida is associated with its ability to rep-
licate in phagocytic cells, such as macrophages (Daly, Kew, Moore,
& Olivier, 1996; Gardufio & Kay, 1992; Vanya Ewart et al., 2008).
In addition, A. salmonicida can invade and replicate in non-phago-
cytic epithelial cells (Gardufio et al., 2000; Valderrama et al., 2017).
However, the network of host-microbe interactions that contribute
to A. salmonicida pathogenesis is complex and not fully understood.
For instance, it is known that A. salmonicida uses the A-layer to re-
sist the complement (Munn, Ishiguro, Kay, & Trust, 1982) during a
short phase in the blood (Effendi & Austin, 1995; Svendsen, Dalmo,
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& Bogwald, 1999), but invasion and replication in fish erythrocytes
is unknown.

In contrast to mammalian erythrocytes, fish erythrocytes are nu-
cleated cells (Clauss, Dove, & Arnold, 2008; Farrel, 2011; Witeska,
2013) and there are no reports of intracellular bacterial infection
in these teleost cells. Francisella tularensis (Horzempa et al., 2011),
Mycoplasma suis (Groebel, Hoelzle, Wittenbrink, Ziegler, & Hoelzle,
2009), Mycoplasma gallisepticum (Vogl et al., 2008) and Bartonella spp.
(Dehio, 2008) invade mammalian erythrocytes. Haemobartonella sp.
and Eperythrozoon perekropovi colonize or attach to the fish eryth-
rocytes externally (Davies & Johnston, 2000; Morera & MacKenzie,
2011), but they do not intracellularly invade fish erythrocytes.
Intracellular infection of erythrocytes could help the bacteria to by-
pass host defence mechanisms and to get easy access to necessary
nutrients, such as iron. Additionally, the ability to remain inside the
erythrocytes would allow the bacterium to disperse within the host.
In this study, we provide evidence of a novel intraerythrocytic phase
of A. salmonicida infection.
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2 | MATERIAL AND METHODS

2.1 | Bacterial strains, media and reagents

Virulent A. salmonicida 1223 (NZ_LSGV00000000) (Valderrama et
al., 2017) was utilized in this study. Bacteriological media and com-
ponents were from Difco. Tryptic Soy Broth (TSB) was used rou-
tinely. The media were supplemented with 1.5% agar when required.
A. salmonicida was routinely incubated at 15°C aerobically (180 rpm).
Bacterial growth was monitored spectrophotometrically and/or by
plating (Valderrama et al., 2017). A single colony of A. salmonicida
J223 was grown routinely in 3 ml of Trypticase Soy Broth (TSB,
Difco) at 15°C in a 16-mm diameter glass tube and placed in a roller
for 24 hr. After growth, 300 ul of the overnight culture was added in
30 ml of TSB media using a 250-ml flask and incubated for 24 hr at
15°C with aeration (180 rpm). The bacterial growth was monitored
spectrophotometrically until optical density (O.D.) at 600 nm ~ 0.7
(1 x 10® CFU/ml) using the Genesys 10 UV spectrophotometer
(Thermo Spectronic, Thermo Fisher Scientific Inc.). Then, the bac-
terial culture was centrifuged at 4,302 g at room temperature for
10 min. The pellet was washed twice with phosphate-buffered saline
(PBS; 137 mM NacCl, 2.7 mM KCl, 10 mM Na,HPO,, 2 mM KH,PO ;
pH 7.4 (Sambrook & Russell, 2001)) and centrifuged at 6,000 rpm at
room temperature for 5 min, and finally resuspended in 300 ul of
PBS (~5 x 1,010 CFU/ml). The concentrated bacterial inoculum was
serial diluted and quantified by plating onto TSA supplemented with
Congo red (50 pg/ml).

2.2 | Salmo salar holding

All the fish procedures were performed at the Dr. Joe Brown Aquatic
Research Building (JBARB) at the Department of Ocean Sciences,
Memorial University of Newfoundland, Canada. The animal pro-
tocols were approved by the Animal Care Committee at Memorial
University protocols #17-01-JS; #17-02-JS), based on the guide-
lines of the Canadian Council of Animal Care. Atlantic salmon
(0.8 + 0.1 kg) was reared under optimal conditions in 3,800-L tanks
with 95%-100% oxygen saturation, ambient photoperiod, flow-
through seawater system using seawater filtered, UV-treated, and
heated or chilled to maintain water optimal temperature (10-12°C).
The biomass density was maintained in a range of 5-30 kg per cubic
metre. The fish were fed 3 days per week at a level of 1% body
weight per feeding time, using a commercial dry pellet (Skretting,
BC, Canada; 50% protein, 18% fat, 1.5% carbohydrate, 3% calcium,
1.4% phosphorus).

2.3 | Primary S. salar erythrocyte isolation

Primary Salmo salar erythrocytes or red blood cells (RBC) were iso-
lated from head kidney as previously described (Valderrama et al.,
2017). Briefly, fish were killed with an overdose of MS222 (400 mg/L;
Syndel Laboratories). The head kidney tissue from individual fish was

aseptically removed and individually minced through 100 um nylon

sterile cell strainers (Fisher Scientific, Thermo Fisher Scientific) iniso-
lation media ((Leibovitz-15 (Gibco®) supplemented with 2 mM L-glu-
tamine, 4.2 mM NaHCO,, 25 mM HEPES, 1.8 mM glucose, 20 U/ml
heparin, 100 U/ml penicillin, 100 pg/ml streptomycin and 0.1% foe-
tal bovine serum (FBS; Gibco)). After this period, 3 ml of cell suspen-
sion was centrifuged (400 x g at 4°C) for 40 min in a 34/51% Percoll
gradient (GE Healthcare). Following centrifugation, the sedimented
RBC were washed twice in isolation media at 400 x g for 5 min at
4°C. The cells were resuspended in isolation media, and viable cells
were determined using the Countess™ cell counter (Invitrogen), and
trypan blue stain (Invitrogen). The numbers of alive and dead cells
were determined at 12 hr and 48 hr post-infection using trypan blue.
The cells were stained with trypan blue (0,4%,; Invitrogen) in a ratio
of 1:1 (10 pl:10 ul) and quantified using Countess™ Cell Counting
Chamber Slides (Invitrogen) and Countess® Automated Cell Counter
(Invitrogen) according to the manufacturer's instructions. After de-
termining the numbers of cells from each sample, the primary RBC
were seeded in 1.5-ml centrifuge tubes at a concentration of 1 x 107
cells/ml and incubated at 15°C overnight (16 hr). Following incuba-
tion, the RBC were washed with PBS twice and incubated in culture
media (Leibovitz-15 (Gibco®), supplemented with 2 mM L-glutamine,
4.2 mM NaHCO,, 25 mM HEPES, 1.8 mM glucose, and 5% FBS) until
the infection assays.

2.4 | Viability of primary S. salar erythrocytes
infected with A. salmonicida

Viability of primary S. salar RBC infected with A. salmonicida at differ-
ent multiplicity of infection (MOI) was determined at 15°C. Isolated
primary RBC (1 x 107 cell/ml) were seeded in 1.5-ml centrifuge tubes
and incubated at 15°C overnight (16 hr) in culture media without an-
tibiotics. The S. salar RBC were infected with 10 ul of A. salmonicida
at MOI 10:1, 1:1, 1:10; 1:100 and 1:1,000 (erythrocyte:bacteria). The
numbers of alive and dead cells were determined at 12 hr and 48 hr
post-infection using trypan blue. The cells were stained with trypan
blue (0,4%; Invitrogen) in a ratio of 1:1 (10 ul:10 ul) and quantified
using Countess™ Cell Counting Chamber Slides (Invitrogen) and
Countess® Automated Cell Counter (Invitrogen) according to the
manufacturer's instructions. The assays were done by triplicate with

cells isolated from independent fishes.

2.5 | Gentamicin exclusion assay

To determine the number of viable A. salmonicida that attach and
invade the S. salar primary RBC, the gentamicin exclusion assay was
utilized. The S. salar RBC were infected with 10 ul of A. salmonicida at
different multiplicity of infection (MOI) raging from 10:1 to 1:1,000
(erythrocyte: bacteria). For attachment assays, the RBC were in-
fected with a MOI of 1. The infected RBC were incubated for 1 hr
post-infection, then washed 3 times with PBS, and lysed with 400 pl
of Triton X-100 (0.01%; Sigma) for 10 min (Sung, Khan, Nawaz, &
Khan, 2003), and then, 600 ul of PBS was added to a final volume
of 1 ml of lysed RBC suspension. Then, the lysed cells were serially
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diluted (1:10) and plated on TSA plates to determine the number of
viable bacteria. The TSA plates were incubated at 15°C for 5 days to
determine the CFU of A. salmonicida per well.

For invasion assay and exclude the extracellular bacteria, the RBC
were infected for 1 hr, washed 3 times with PBS, and 1 ml of fresh
culture media supplemented with gentamicin (10 ug/ml, a higher con-
centration than the minimal inhibitory concentration) was added. This
treatment is utilized to kill extracellular bacteria. Samples were taken
at 2 and 3 hr post-infection for intracellular bacterial counting. Each
time, the infected RBC were washed 3 times with PBS, and lysed with
400 pl of Triton X-100 (0.01%; Sigma) for 10 min (Sung et al., 2003)
and then 600 pl of PBS was added to complete 1 ml of lysed RBC
suspension. Then, the lysed cells were serially diluted (1:10) and plated
on TSA plates to determine the number of viable bacteria (Leboffe
& Pierce, 2015). The plates were incubated at 15°C for 5 days.
Additionally, S. salar RBC viability was determined for each time point
as described previously.

2.6 | A.salmonicida fluorescent labelling

Aeromonas salmonicida was grown in TSB until O.D. 600 nm ~ 0.7
(~1 x 108 CFU/ml), centrifuged (6,000 rpm, 10 min) and washed with
PBS 3 times. The bacterial pellet was resuspended in 950 ul of bi-
carbonate buffer (0.1 M, pH 9) according to the dye manufacturer's
protocol and mixed with 50 ul of 5-([4,6-dichlorotriazinyl] amino)
fluorescein hydrochloride (DTAF) solution (100 ug in dimethyl sul-
foxide (DMSO); Sigma). The bacteria were stained for 2 hr at 15°Cin
darkness. After this period, the cells were washed three times with
bicarbonate buffer, resuspended in PBS, and counted for viability.

2.7 | Flow cytometry

To verify the results obtained in the gentamicin exclusion assays,
flow cytometry was utilized. S. salar RBC were washed with PBS and
resuspended in fresh culture media without antibiotics. S. salar RBC
were infected with 10 pl of A. salmonicida suspension (~1 x 107 cells;
MOI 1:1) or with 10 pl of DTAF-labelled A. salmonicida suspension
(~1 x 107 cells; MOI 1:1) for 1 hr at 15°C, washed 3 times with PBS,
and resuspended in 1 ml of fresh culture media supplemented with
gentamicin (10 pg/ml). One-hour post-gentamicin, the cells were
washed with PBS and resuspended in 500 pl of FACS buffer (1%
FBS in PBS). Control consisted in RBC inoculated with formalin-killed
A. salmonicida, DTAF-labelled formalin-killed A. salmonicida, and
1 pm of diameter FITC-labelled latex beads (Polysciences, PA, USA).
Negative control consisted in formalin-killed A. salmonicida labelled
and not labelled, and FITC-labelled latex beads.

Fluorescence was detected from 20,000 cells using a BD FACS
Aria Il flow cytometer and analysed using BD FACS Diva v7.0 soft-
ware (BD Biosciences, San Jose, CA, USA). FITC-positive cells, based
on gating using the negative-unstained cells, stained A. salmonicida,
and labelled beads, were identified and the mean fluorescence in-

tensity and percentage of cells of FITC-positive cells determined for
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each condition. The assays were done by triplicate from 3 indepen-

dent fish samples.

2.8 | Confocal microscopy imaging of
erythrocytes and A. salmonicida

Aeromonas salmonicida DTAF labelled and erythrocytes infected
were visualized with a Nikon AR1 laser scanning confocal microscope.
The infected erythrocytes were stained with 4',6-diamidino-2-phe-
nylindole (DAPI; Thermo Fisher) according to the manufacturer's
instructions.

2.9 | S.salar infection by A. salmonicida

Thirty-six naive Atlantic salmon smolts of 200 g were intraperito-
neally injected with 10 CFU per 100 g™ of fish in 100 pl of PBS.
The infection procedures were done at the AQ3 biocontainment
Cold-Ocean Deep-Sea Research Facility (CDRF) under Institutional
Animal Care Committee approved protocols (protocol #18-01-JS;
#18-02-JS). Mortality was monitored daily for 30 days. Samples of
blood were taken at 5 and 10 days post-infection from alive animals.
The fish were anaesthetized using MS-222 (50 mg/L) before sam-
pling. The bacterial load in the blood samples was quantified by se-
rial dilution and plating onto TSA. Sample of blood was air dry fixed,
stained with Giemsa, and visualized under 1000x oil immersion ob-

jective using light microscopy (Olympus CX21).

2.10 | Statistical analysis

All data are shown as the mean + standard error (SE). Assumptions of
normality and homogeneity were tested for the detected variances.
A Kruskal-Wallis nonparametric test was performed for gentamicin
exclusion assay results. Differences were considered significant
at p < .05. All statistical analyses were performed using GraphPad
Prism (GraphPad Software; www.graphpad.com). The assays were
done by triplicate with cells isolated from independent fish.

3 | RESULTS

3.1 | Viability of primary S. salar erythrocytes
infected with A. salmonicida

To determinate the viability of erythrocytes during A. salmonicida infec-
tion, S. salar RBC were infected with different MOls. The viability was
determined at 12 and 48 hr post-infection. S. salar RBC showed a high re-
sistance to A. salmonicida infection, with a cell viability over 80% at 48 hr
in MOls up to 1:100 (erythrocyte: bacteria) (Figure 1a). No significant
differences were detected between MOI 10:1 and 1:100. In contrast,
significant differences were detected in MOI 1:1,000. The RBC viabil-
ity drops under 20% 48 hr post-infection in this treatment (Figure 1a).
These results indicate that A. salmonicida do not kill RBC in physiological
relevant MOls (1:1).
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3.2 | Gentamicin exclusion assay with A. salmonicida
in S. salar erythrocytes

A. salmonicida has the ability to infect non-phagocytic cells (Valderrama
et al., 2017) and phagocytic cells (Soto-Davila, Hossain, Chakraborty,
Rise, & Santander, 2019). Using the gentamicin exclusion assay, we
evaluated whether A. salmonicida has the ability to infect and sur-
vive in primary S. salar RBC. First, we evaluate the ability of A. sal-

monicida to attach to RBC in 12-well plates. The mean percentage

of A. salmonicida attached to RBC was 42.27 + 11% (7.8 x 10° CFU)
compared to the initial bacteria inoculate (1.66 x 10’ CFU) (Figure 1b).
After 1 hr post-infection, the cells were treated with gentamicin to
exclude extracellular A. salmonicida. In contrast to the attached bacte-
ria to RBC, the intracellular A. salmonicida was 0.047 + 0.018% (5.90
x 10° CFU) 2 hr post-infection and 0.032 + 0.031% (2.10 x 10° CFU)
2 hr post-infection compared to the initial bacteria inoculate, respec-
tively (Figure 1b). There were no significant differences between 2 hr
and 3 hr post-infection.
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3.3 | Flow cytometry

We verified the results obtained by the gentamicin exclusion assay at
2 hr post-infection and 2 hr post-gentamicin treatment using flow cy-
tometry. The flow cytometry data of three independent experiments
of infected erythrocytes with DTAF-labelled A. salmonicida showed
a mean percentage of infection of 0.192 + 0,074 (Figure 2) after 2 hr
post-infection (1 hr post-gentamicin treatment). Additionally, we de-
termined that formalin-inactivated DTAF-labelled A. salmonicida and
FITC-labelled latex beads are phagocyted by S. salar primary RBC,
with a mean percentage of 0.140 + 0.064 and 0.043 + 0.025, respec-
tively (Figure 3).

3.4 | Confocal microscopy of infected erythrocytes

To determine the presence of intracellular bacteria in primary S. salar
RBC, A. salmonicida labelled with DTAF (Figure 4a) was utilized to
infect RBC. The confocal microscopy showed that A. salmonicida
(Figure 4a) invade primary S. salar erythrocytes. A. salmonicida was
located in the cytoplasm of the erythrocytes (Figure 4b-d). No lysis
of the RBC was observed. 3D imaging confirms that A. salmonicida

was located intracellularly in primary S. salar RBC (Figure 4d).

3.5 | S.salar infection and erythrocytes colonization
by A. salmonicida

To determine whether the in vitro results have a biological sig-

nificance, naive S. salar smolts were infected, and the presence of

intraerythrocytic bacteria was evaluated in peripherical RBC. S. salar
smolts i.p. injected with A. salmonicida J223 showed signs of furun-
culosis 5-8 days post-infection (dpi). The first mortality occurred at
8 dpi and mortality continued through 13 dpi. The per cent survival
at 30 dpi was 8.6% (Figure 5a). Bacteraemia was observed at 5 and
10 dpi (Figure 5b). Intraerythrocytic A. salmonicida was observed at
5 and 10 dpi (Figure 6).

4 | DISCUSSION

In contrast to the mammalian erythrocytes, piscine erythrocytes
are nucleated (Figure 3) and contain the transcriptional and transla-
tional machinery necessary to mount an immune response against
pathogens (Nombela & Ortega-Villaizan, 2018). Indeed, it was
shown that Atlantic salmon erythrocyte infected with infectious
salmon anaemia virus (ISAv) resulted in an up-regulation of the
IFN-a gene (Workenhe et al., 2008). Rainbow trout (Oncorhynchus
mykiss) erythrocytes have a specific transcriptional responses upon
stimulation with poly (I:C), secreting thermo-labile molecules that
can modulate the anti-viral response in macrophages, indicating
that erythrocytes can trigger a PAMP-mediated response in leuco-
cytes (Moreraetal., 2011). Erythrocytes of Nile tilapia (Oreochromis
niloticus) challenged with poly (I:C) up-regulated several genes re-
lated with anti-viral immunity (Shen, Wang, Zhao, & Chen, 2018).
Similar results were obtained with erythrocytes infected with pis-
cine orthoreovirus (PRV), showing that infected erythrocytes have
the capability of response to viral infection (Dahle et al., 2015;



6 Journal of = VALDERRAMA ET AL.
WILEY— ‘

Fish Diseases #" ¥ |

FIGURE 4 Aeromonas salmonicida
subsp. salmonicida infection of Salmo

salar primary erythrocytes evaluated by
confocal microscopy. (a) DTAF-labelled

A. salmonicida (1000x); (b) Erythrocytes
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labelled A. salmonicida 2 hr post-infections
and 1 hr post-gentamicin treatment
(600x); (c) Erythrocytes stained with

DAPI and infected with DTAF-labelled

A. salmonicida after 2 hr post-infection
and 1 hr post-gentamicin treatment (600x;
dark-field); (d) 3D imaging of erythrocytes
stain with DAPI and infected with
DTAF-labelled A. salmonicida after 2 hr
post-infections and 1 hr post-gentamicin
treatment (600x). The assays were done
at 15°C
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Wessel, Krasnov, Timmerhaus, Rimstad, & Dahle, 2018). Also, rain- immunological synapse with T and NK cells (Puente-Marin et al.,
bow trout erythrocytes have the ability to phagocyte Candida albi- 2018). This suggests that fish erythrocytes have an active partici-
cans and form rosettes to facilitate the clearance of pathogens by pation of the fish immune defence and could be a potential target
the fish macrophages (Passantino et al., 2002). In addition, an in for pathogens like A. salmonicida.

silico analysis revealed that rainbow trout RBC may act as profes- According to Davies & Johnston (Davies & Johnston, 2000)

sional APCs (antigen-presenting cells) and may participate in the and Morera & Mackenzie (Morera & MacKenzie, 2011), only two
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bacterial species have been described to infect fish erythrocytes.
Haemobarthonella sp and Eperythrozoon perekropovi, «-proteo-
bacteria members of the family Anaplasmataceae, infect lamprey
(Petromyzon marinus) and pike (Esox lucius) erythrocytes, respectively.
Bacteria of this family form cytoplasmatic inclusion in red blood
cells, but apparently do not affect the health of the host (Morera &
MacKenzie, 2011). Here, using in vivo and in vitro approaches, we
present evidence that A. salmonicida invades S. salar erythrocytes,
which is a novel feature for furunculosis that could benefit the bac-
terial dispersion throughout the host tissues. Additionally, we ob-
served that S. salar erythrocytes have a minor phagocytic activity
compared to primary macrophages of Atlantic salmon and Atlantic
cod (Soto-Davila et al., 2019). These results are coincident with pre-
vious studies that showed that O. mykiss RBC have phagocytic activ-
ity (Passantino et al., 2002).

Aeromonas salmonicida have the capability to infect non-phago-
cytic cells (Gardufio et al., 2000; Valderrama et al., 2017) and phago-
cytic cells (Soto-Davila et al., 2019). In vitro tests indicate that the
initial infection percentages in RBC are around 42% (Figure 1b;
attachment), and similar values were founded in non-phagocytic
cells, (Valderrama et al., 2017). However, the attachment in phago-
cytic cells, like macrophages of Atlantic salmon and Atlantic cod, is
around 10% (Soto-Davila et al., 2019). The number of intraeryth-
rocytic A. salmonicida at 2 hr (0.047%; 5.90 x 10° CFU) and 3 hr
(0.032%:; 2.10 x 10° CFU) post-infection was significantly lower than
the intracellular A. salmonicida founded in different type of cells at
the same infection times. For instance, the number of intracellular
A. salmonicida founded at 2 hr and 4 hr post-infection in CHSE-214
cells was 0.47% and 0.29%, respectively (Valderrama et al., 2017).
The number of intracellular A. salmonicida founded at 2 hr and 3 hr
post-infection in primary Atlantic salmon cells was 0.42% and 0.26%,
respectively, and in Atlantic cod primary macrophages, the number
of intracellular A. salmonicida founded at 2 hr and 3 hr post-infec-
tion was 0.42% and 0.37%, respectively (Soto-Davila et al., 2019).
The results observed in RBC infected with A. salmonicida were veri-
fied by the FACS results (Figure 2). Using FACS, we determined that
2 hr post-infection (1 hr after-gentamicin treatment) the intracellualr
bacteria was ~0,192 + 0,074. Although the percentage of intracellu-
lar bacteria founded in the FACS assays was higher compared to the
gentamicin exclusion assay (Figure 1b), these differences are due to
that the FACS assay detects the total number of cells, including death
and alive. Contrary, the gentamicin exclusion assay detects only vi-
able cultivable bacteria. Phagocytosis of FITC-labelled latex beads
was lower than phagocytosis of inactivated bacterin, 0.140 + 0.064
and 0.043 + 0.025, respectively (Figure 4). This could be due to the
biological nature of the bacterin (e.g. presence of proteins, lipopoly-
saccharide, etc) that enhance the uptake by the RBC in contrast to a
latex particle.

In vivo assays showed that A. salmonicida have an infection phase
in smolt Atlantic salmon peripherical RBC (Figure 4). The range of
bacteria per RBC was variable during the first 5 days post-infection,
perhaps product of the fish innate immune response. At 10 days post-
infection, total viable bacterial counts were more stable. Mortality
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was initiated at 6 days post-infection coinciding with the presence of

bacteria in the blood. Only intraerythrocytic bacteria was observed
at 5 d and 10 d post-infection. Extracellular A. salmonicida was not
observed in the blood smears samples analysed (Figure 6). However,
in vivo certain RBC showed more than one intracellular bacteria per
cell (Figure 6b). Also, it was possible to observe an A. salmonicida-
containing vesicle (Figure 6c). This last result was not observed in
vitro, suggesting that infection of RBC by A. salmonicida is part of
the infection process in vivo and could be more pronounced in pe-
ripherical RBC.

In summary, we found that Salmo salar erythrocytes have
phagocytic capabilities (Figures 1-3), but lower than primary mac-
rophages (Soto-Davila et al., 2019). Although the S. salar erythro-
cytes have the ability to phagocyte bacteria and particles (Figures
2-4), A. salmonicida remains in a viable cultivable state in eryth-
rocytes and blood of infected animals (Figure 1b). Coincident, all
the infected fish that presented bacteraemia die during the next
3 days (Figure 5a). The presence of intracellular A. salmonicida in
the erythrocytes was observed in all fish sampled (Figure 6b,c),
concurring with an infection process. These results describe a

novel infection phase of A. salmonicida.

5 | CONCLUSION

Our data showed that A. salmonicida J223 does not kill S. salar
primary erythrocytes (Figure 1a) but invades them intracellularly
(Figures 1-6). These results suggest that A. salmonicida might use
the erythrocytes to bypass host defence mechanisms, such as
complement lysis, circulating phagocytes, antibodies, or antibac-
terial peptides, and to gain access to nutrients sequestered by the
host, such as iron. Also, the intraerythrocytic phase of A. salmo-
nicida could benefit the bacterial dispersion throughout the host

tissues.
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