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ABSTRACT: We report the histopathological changes occurring in the renal and splenic haemopoietic 
tissues of coho salmon Oncorhynchus hsutch experimentally infected with Renibacterium salmoni- 
narum. In both tissues we were able by light microscopy to distinguish 3 different grades in the pro- 
gression of the infection. The grades of infection were characterized according to the location of the 
bacteria and the tissue injuries. Ultrastructural observation revealed sinusoidal cells, macrophages, 
reticular and barrier cells to be infected by the pathogen, and necrosis of the tissue to be general 
in advanced stages of the infection. Despite destruction of the haernopoietic tissue, plasmacytopoietic 
foci were frequently observed in both organs. Other major changes were the appearance of epithelioid 
cells and an increase In the number of barrier cells. These 2 cell types m ~ g h t  be involved in the local 
defence response to the pathogen, but they may also act as a reservoir and proliferation locus for 
R. salmoninarum. 
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INTRODUCTION 

Bacterial kidney disease (BKD) is a chronic systemic 
infection caused by the Gram-positive bacterium Reni- 
bacterium salrnoninarum (Sanders & Fryer 1980, Fryer 
& Sanders 1981, Evenden et al. 1993), characterized by 
a granulomatous inflammatory response (Wolke 1975) 
and marked affinity for kidney tissue (Belding & Merril 
1935, Earp et  al. 1953). 

The disease causes anaemia (Bruno 1986) and de- 
struction of the haemopoietic tissue (Wood & Yasutake 
1956). Histopathological changes in several tissues of 
fish naturally and experimentally infected with Reni- 
bacterium salmoninarum have been described (Wood 
& Yasutake 1956, Young & Chapman 1978, Bruno 
1986, Sami et al. 1992, Evenden et al. 1993). Few de- 
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scnptions exist, however, of the ultrastructural patho- 
logy associated with infection of lymphohaemopoietic 
tissue. In this paper, we describe the changes ob- 
served in the kidney and spleen of coho salmon 
Oncorhynchus kisutch experimentally infected with 
R. salmoninarurn, with special reference to the ultra- 
structure of the cell types forming the haemopoietic 
microenvironment. 

MATERIALS AND METHODS 

Specimens. Fingerling coho salmon Oncorhynchus 
kisutch (6 to 8 cm in length) were kept in 1 m3 circular 
tanks supplied with 12°C pathogen-free well water 
under natural photoperiod conditions at the Oregon 
State University Salmon Disease Laboratory (Corvallis, 
OR, USA). They were fed daily with Oregon Moist 
Pellets (Bioproducts, Warrington, OR). 
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Experimental infection. Infections were performed with glass knives. The semithin sections were stained 
in 130 1 tanks supplied from the above water source. with a 1 % aqueous solution of toluidine blue in borax. 
Thirty fish were intraperitoneally (i.p.) injected with a The ultrathin sections were transferred to copper grids, 
single dose of 0.1 m1 (10' cells) viable Renibacterium double-stained with uranyl acetate and lead citrate 
salmoninarum (D6 isolate, provided by C.  Banner, Ore- (Reynolds 1963) and observed in a Jeol-100C electron 
gon Department of Fish and Wildlife, Oregon, USA) in microscope at  80 kV. 
saline solution. Ten non-infected salmon, i.p. injected 
with 0.1 m1 of saline solution, were used as controls. 

Histological techniques. For the electron micro- RESULTS 

scopy study, samples were taken weekly from 1 to Kidney 
7 wk post-infection. Each time, 3 infected fish and 1 
control were euthanized by anaesthetic overdose By light microscopy, we were able to distinguish 3 
using a 200 mg 1-' solution of MS-222 (Sandoz). The grades in the progression of the infection in this organ, 
fish were then bled by severing the tail, and the kidney according to the location of the bacteria and tissue 
(pronephros and mesonephros) and spleen were asep- injury. At short periods post-infection (1 to 3 wk) focal 
tically r~mr?vc?d Sma!! pieces cf these crgans :r7c:c i ~ f s c +  r 2 u  A  as --- were  observed, and i h a e  wcls a correia- 
fixed for 4 h in 2 %  glutaraldehyde in cacodylate tion between the time post-infection and the grade of 
buffer, 0.2 M, pH 7.2, at  4OC. Tissues were then post- infection. However, after 4 wk post-infection, tissue 
fixed for 1 h in 1 % osmium tetroxide in the same buffer damage became extensive, and several grades of in- 
at  4"C, dehydrated in acetone and embedded in fection were observed simultaneously in different 
Araldite (Durcupan). Semithin (1 pm thick) and ultra- zones of the same organ. The grades of infection were 
thin sections were cut on a Reichert UM-3 ultratome characterized as follows: 

Fig. 1. Histopathology of the haemopoietlc tissue of the kidney In Renibacten~ini salmoninarurn-infected coho salmon Oncorhynchus 
kisutch. (A) Pronephros with the histopathological characteristics of grade 2 infection, at 7 wk post-infection. Note the presence of 
monocyte-like cells (arrow), an infected sinusoidal cell (S), infected macrophages (M) and a barrier cell (B). (B) Mesonephros, at 7 wk 
post-infection, showing the histopathological changes of grade 3 of infection. Note the presence of fibrin clumps (asterisk) and 
epithelioid cells (E), bacteria (arrowhead), barrier cells (B), and melanomacrophages (MI). Semithin sections. Scale bars = 10 pm 
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Grade 1: Circulating bacteria were observed in the 
lumina of blood sinusoids, and a low number of bac- 
teria located in the cytoplasm of sinusoidal-lining cells, 
some of which appeared hypertrophic, but no other 
tissue alterations were evident. 

Grade 2: This stage was characterized by entry of the 
pathogen into the lymphohaemopoietic parenchyma, 
and focal tissue damage. A great many bacteria 
invaded the parenchyma, locating especially in macro- 
phages (Fig. 1A) but also in the cytoplasm of the 
sinusoidal-lining cells (Fig. 1A). Monocyte-like cells, 
with a euchromatic nucleus and a slightly stained cyto- 
plasm, and pyknotic cells, some of them engulfed in 
macrophages and melanomacrophages, were present 
in large numbers in the parenchyma. There were 
heavily stained barrier cells with elongated and 
branched cytoplasm (Fig. lA) ,  which morphologically 
resembled the barrier cells of the mammalian lym- 
phoid and haemopoietic tissues (Weiss 1991, Weiss & 
Geduldig 1991). 

Grade 3: In this last stage, lysis of the infected cells 
with extracellular dispersion of the bacteria through- 
out the tissue was evident (Fig. 1B). Large areas of 
the renal tissue became necrotic, and melanin gran- 
ules were disseminated throughout it. Fibrin clumps 
(Fig. 1B) also appeared in these areas. An increase in 
the number of monocyte-like and barrier cells was 
apparent. The progression of the infection was asso- 
ciated with a concomitant decrease in the number of 
erythrocytes. 

Through the different grades of infection, ultrastruc- 
tural changes were observed in most of the cell types 
of the renal haemopoietic tissue. Infected sinusoidal-lin- 
ing cells showed hypertrophy and degenerative 
changes of the cytoplasm (Fig. 2A). The reticular cells 
showed little alteration through infection grades 1 and 2. 
In the infected necrotic areas, however, some of the few 
reticular cells observed contained bacteria in the cyto- 
plasm, and appeared degenerated (Fig. 2B). Melano- 
macrophages, whlch accumulated in the necrotic tissues, 
also appeared infected by bacteria (Fig. 2C). 

The epithelioid cells present in the infected tissue 
had monocyte-like features, being round with a 
euchromatic bilobulated or indented nucleus and a 
low electron-dense cytoplasm (Fig. 3B, C).  Major cyto- 
plasmic organelles were a prominent Golgi apparatus, 
numerous moderate electron-dense small vesicles and 
lysosome-like bodies. In some cases, these cells formed 
clusters and some of them contained bacteria in the 
cytoplasm (Fig. 3C). 

Barrier cells, present in large numbers in grade 2 and 
3 infections, were ultrastructurally characterized by a 
high nuclear and cytoplasmic electron density, and 
stellate morphology (Fig. 3A, B). They were located 
lining the basal pole of degenerating sinusoidal-lining 

cells (Figs. 1A & 3A) and bordering the necrotic tissue 
areas. Barrier cells often appeared fused together in 
syncytial networks (Fig. 3B). Some barrier cells showed 
a high phagocytic activity, appearing full of bacteria 
(Fig. 3C). 

Apart from the above-cited cell types, the renal 
lymphohaemopoietic tissue of infected coho salmon 
was severely depleted of other leukocytes and erythro- 
cytes (Fig. 1B). Although a low number of lymphoid 
cells were present, plasmacytopoietic foci were fre- 
quently observed (Fig. 3D). No granulocytes or lympho- 
cytes with intracellular bacteria were ever observed. 

Spleen 

Three grades of progression of the infection in the 
spleen, with histopathological features resembling 
those described for the renal lymphohaemopoietic 
tissue, were also noted. At 2 wk post-infection, the 
grade 1 infection was characterized by the presence of 
moderate to high numbers of bacteria located in the 
sinusoidal lumina and inside the sinusoidal-lining cells 
(Fig. 4A). Grade 2 of infection was characterized by the 
entry of bactena into the splenic parenchyma. Focally 
infected areas of tissue contained bacteria, epithelioid 
cells and a low number of erythrocytes (Fig. 4B). In 
grade 3 of infection, the infected tissue showed necro- 
sis with intra- and extracellular bacteria, pyknotic cells 
and fibrin clumps, and there was evident depletion of 
leukocytes and erythrocytes. During grade 1 and 2 
infections, melanomacrophages and barrier cells were 
less noticeable than in the renal lymphohaemopoietic 
tissue. 

The ultrastructural changes observed in the reticular, 
barrier and sinusoidal-lining cells and melanomacro- 
phages were similar to those described in the kidney. 
In the last stage of the infection, macrophages and 
barrier cells were full of bacteria (Fig. 5A, B). There 
was a remarkable depletion of granulocytes and 
lymphocytes, but some plasmacytopoietic foci were 
observed (Fig. 5D).  

Although bactena were present in arterioles (Fig. 4B) 
and in the sinusoids (Fig. 4A), there were none in the 
ellipsoids (Fig. 5C), even in heavily invaded tissue 
areas. 

DISCUSSION 

Events in the early stages of the experimental infec- 
tion of coho salmon with Renibacterium salmoninarum 
reported here, where the kidney is the first organ in- 
fected at 2 wk post-infection, are in accordance with 
early reports in which BKD was defined as a systemic 
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Fig. 2. Ultrastructure of the haemopoietic tissue of 
the mesonephros of a Renibacterium salmoninarum- 
infected coho salmon Oncorhynchus kisutch at 7 wk 
post-infection. (A) Blood sinusoid, with a degenerated 
sinusoidal cell (S) with bacteria (arrowhead). 
(B) Reticular cell showing cytoplasmic bacteria 
(arrowhead). (C) Bacteria (arrowhead) and melanin 
granules (large arrow) in the cytoplasm of a melano- 

macrophage. N: nucleus. Scale bars = 1 pm 

b 
Fig 3. Ultrastructural features of the haemopoietic 
tissue of the kidney in Renibactenum salmoninarum- 
infected coho salmon Oncorhynchus kisutch. (A) A 
typlcal barrier cell is shown. Its cell processes extend 
between a degenerated sinusoidal cell (S),  a lympho- 
cyte (L), and a plasma cell (P). Pronephros at 2 wk 
post-infection. (B) Network of barrier cells (B) among 
epithelioid cells (E). Mesonephros at 2 wk post-infec- 
tion (C) Epithelioid (E)  and barrier cells (B) contain- 
ing numerous cytoplasmic bacteria. Mesonephros at 
7 wk post-infection. (D) Plasrnacytopoietic foci In a de- 
generate area. Plasma cells (P), degenerate epithe- 
lioid cells (E), and melanin granules (large arrows). 
Pronephros at 7 wk post-infection. Scale bars = 1 pm 
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Fig. 4 .  Histopathology of the spleen in Ren~bacterium salmoninarum-infected coho salmon Oncorhynchus kisutch. (A) Infected 
area showing the histopathological changes of grade 1 of infection at 2 wk post-infect~on. Arrowhead: numerous bacteria located 
in the blood sinusoids. (B) h'ote the clear demarcation between an infected area (I) showing the histopathological features of 
grade 2 of infection at  6 wk post-infection with bacteria (arrowhead) and epithelioid cells (E), and a non-infected area (N) with 

an arteriole (A) containing circulating bacteria (arrowhead). Semithin sections. Scale bars = 10 pm 

infection with a pronounced affinity for the kidney most advanced stages of the infection, in contrast with 
(Sniezsko & Griffin 1955, Wood & Yasutake 1956). In a previous report by Bruno (1986) in which bacteria 
our results, free R. salmoninarum appeared initially in appeared in the phagocytic cells associated with the 
the lumina of different blood vessels and in the lining ellipsoids and within the reticulin sheaths of these 
cells of the blood sinusoids, with the bacteria later blood vessels. 
invading the cell cords of the renal lymphohaemopoi- During the infection, the histopathological changes in 
etic tissue and the spleen. These results show that R. the renal and splenic tissues were similar, and we clas- 
salmoninarum may progress, in the early stages, via sified them in 3 grades. In grade 1, bacteria were ob- 
systemic infection (Wood & Yasutake 1956, Young & served free in blood vessels and engulfed in the cyto- 
Chapman 1978). In our experimental model, infection plasm of sinusoidal-lining cells, with no other signs of 
of the lymphohaemopoietic organs was initially caused pathological changes in the tissues. The lesions in 
by circulating bacteria, and not via phagocytic cells. grade 2 were characterized by the invasion of the 
However, the ellipsoids, a specific component of the parenchyma by bacteria; the invasion was accompa- 
splenic circulation, were free of bacteria even in the nied by changes in the tissues, involving the appear- 

Flg. 5. Ultrastructural aspect of the splenic tlssue in Renibacterium salmoninarum-infected coho salmon Oncorhynchus kisutch. 
(A) Red pulp area at 7 wk post-infection showing barrier cells (B), an infected macrophage (M), a lymphocyte (L) and epithelioid 
cells (E). (B) White pulp area at 7 wk post-infection with a cluster of phagocytic barrier cells containing bacteria (arrowhead). 
( C )  Ellipsoid in an infected area, with bacteria (arrowhead) located in the lumen of the surrounding sinusoid, and a degenerated 
sinusoidal cell (S). Ed: Ellipsoidal endothelial cells; P: perieUipsoida1 cells. Spleen at 2 wk post-infection. (D) Plasmacytopoietic 

foci at 7 wk post-infection. Arrowheads. bacteria. Scale bars = 1 pm 
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ance of epithelioid cells and an increase in the number 
of barrier cells, melanomacrophages and pyknotic cells. 
In grade 3,  features common to the kidney and spleen 
were the extracellular dispersion of the bacteria, 
caused by the lysis of infected cells, and necrosis of the 
tissue. Our system of grading the tissue changes accu- 
rately reflected the chronology of the 'tissue events' 
during the early infective stages. However, from the 
3rd wk post-infection, there was no correlation be- 
tween the grade of tissue injury and the post-infection 
time. Thereafter, different grades of lesion occurred in 
the same organ, but in separate areas, reflecting the 
fact that Renibacterium salmoninarum causes focal 
necrosis (Wood & Yasutake 1956, Smith 1964). 

From the grade 2 infection stage onwards, the retic- 
u!sr 2nd sir.uscicl,a!-!ir?% ce!!s, ~vhich fcrrr, par! cf the 
haemopoietic microenvironments of the pronephric 
and splenic tissues (Zapata 1979, 1982, Razquin et al. 
1990), underwent considerable changes. The reticular 
cells, which were only rarely observed to contain bac- 
teria, decreased in numbers. The sinusoidal-lining 
cells proved actively phagocytic, in agreement with 
the reports of ~ l v a r e z  et al. (1988) and Dannevig et al. 
(1994) for other salmonids, and were the earliest cells 
to contain intracytoplasmic bacteria (probably owing 
to the fact that they form the first physical barrier to cir- 
culating bacteria in both organs). The ingestion of the 
pathogen by the sinusoidal-lining cells may represent 
a step favouring the pathogen because it is reported as 
capable of replicating intracellularly, for example, in 
macrophages (Bandin et al. 1993). After this, lysis of 
infected sinusoidal-lining cells resulted in the release 
of the accumulated cytoplasmic bacteria, thus con- 
tributing to bacterial colonization of the parenchyma 
and to the ultimate destruction of cells in much of the 
haemopoietic microenvironment. The destruction of 
cells of the haemopoietic microenvironment probably 
accounts for the hypoplastic anaemia common in BKD, 
and likely explains the erythropenia associated with 
the disease. 

In Renibacterium salmoninarum-infected fish, the 
renal and splenic haemopoietic tissues were colonized 
by epithelioid cells, some of which might fuse to form 
giant multinucleated cells in the most advanced stages 
of infection. The presence of giant cells was previously 
demonstrated by Sniezsko & Griffin (1955) and Wood & 
Yasutake (1956) in natural infections with R ,  salmoni- 
narum, although they have not been described in later 
histopathological studies (Smith 1964, Young & Chap- 
man 1978, Bruno 1986, Hayakawa et al. 1989). The 
development of these cells might be related to a sub- 
acute course of the infection, either due to the dose and 
route of inoculation, or to the characteristics of specific 
isolates of R. salmoninarum. Although the epithelioid 
cells showed no marked phagocytic activity, on the 

basis of their nuclear morphology, and cytoplasmic 
organelles, we think that they probably differentiate 
from monocytes/macrophages, as has been previously 
described in fish (Richards et al. 1918, Secombes 1985) 
and in mammals (Papadimitriou & Van Bruggen 1986, 
Kreipe et al. 1988). An increase in the number of circu- 
lating monocytic cells (Bruno & Munro 1986) and of 
phagocytic cells in the kidney has been observed in 
rainbow trout and Atlantic salmon experimentally 
infected with R. salmoninarum (Bruno 1986). 

Melanomacrophages were involved in the histo- 
pathological changes after the experimental infection 
with Renibacterium salmoninarum. In the early stages, 
these located around infected tissue areas, showing a 
high phagocytic activity, containing cell debris and 
seemir?g!y -r?a!terec! Sacteea. Scmc Sactcrie sppce: tc 
be able to divide in the cytoplasm of melanomacro- 
phages and, therefore, these cells may serve as a site for 
active proliferation of the bacteria, as described for 
macrophages (Young & Chapman 1978, Bandin et al. 
1993). The lysis of the infected melanomacrophages may 
be the origin of the dispersed melanin in the tissues, a 
histopathological characteristic of BKD (Bruno 1986). 

A remarkable finding in our results was the in- 
creased number of barrier cells in the renal and splenic 
haemopoietic tissues of infected fish. The structure and 
putative role of mammalian barrier cells have been 
reviewed by Weiss (1991). We have described the pres- 
ence of reticular-like cells morphologically resembling 
barrier cells in other salmonids (Castillo 1991, ~ l v a r e z  
1993, ~ l v a r e z  et al. 1993), and their structural features 
also coincide with those reported here. In the kidney 
and spleen, the barrier cells formed meshworks lining 
infected and necrotic areas, and some of them con- 
tained abundant cellular debris, residual bodies and 
bacteria in their cytoplasm. Therefore, barrier cells 
may play an important role in the defense against 
Renibacteriurn salmoninarum, and probably against 
other microbial infections in fish, as has been de- 
scribed in mammals (Weiss 1991, Weiss & Geduldig 
1991). On the other hand, barrier cells contained 
numerous apparently undamaged bacteria and, there- 
fore, they might constitute a reservoir and a prolifera- 
tion locus for R, salrnoninarurn. 

Apart from macrophages and melanomacrophages, 
leukocytes were hardly noticeable in the last stages of 
the disease. However there was a remarkable pres- 
ence of plasmacytopoietic foci in the renal and splenic 
lymphoid tissues. This would support the idea that the 
fish are able to mount a humoral immune response to 
the pathogen, in agreement with previous results that 
demonstrated the presence of Renibacterium salmoni- 
narum-specific antibodies, in the form of immune com- 
plexes, In the sera of infected coho salmon (Kaattari et 
al. 1989). 



Flano et al.: Histopathology of coho salmon ~nfected with Renibacteriuni salrnon~narunl 

In conclusion, our results show that the experimental 
infection with Renibacterjurn salmoninarum produces 
focal necrosis in the renal and splenic haemopoietic 
tissues. The tissue alterations involved the destruction 
of the haemopoietic microenvironments, the appear- 
ance of epithelioid cells, probably of monocytic origin, 
and a n  increase in the number of barrier cells. The 
barrier cells appeared to be involved in the defence 
response to the pathogen, but they may also act as a 
reservoir and proliferation locus for R. salmoninarum. 
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