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ABSTRACT26

Renibacterium salmoninarum is the etiologic agent of bacterial kidney disease (BKD)27

occurring worldwide in salmonid fish. This bacterium has previously been regarded as a 28

strict aerobic species. However, in this study it is shown that R. salmoninarum grows well 29

in microaerophilic atmosphere, the colony size being larger and the colonies being more 30

mucoid than in aerobic conditions. Microaerophilic cultivation might be one possibility to31

increase the sensitivity of the cultivation method for the detection of this slowly growing 32

pathogen.33

34

INTRODUCTION35

Renibacterium salmoninarum is the etiologic agent of bacterial kidney disease (BKD) in 36

salmonid fish, a chronic, systemic infection characterized by granulomatous lesions in the 37

kidney and other organs (Fryer and Sanders, 1981; Fryer and Lannan, 1993). This38

bacterium is widespread in nearly all countries where salmonid fish are cultured and it also 39

affects wild fish populations (Fryer and Sanders, 1981; Klontz, 1983). It was characterized 40

in terms of the G+C% content of the DNA, the cell wall sugar composition and the amino 41

acid composition of the peptidoglycan cell wall layer and was recognised as forming a 42

single species belonging to a new genus, Renibacterium (Sanders and Fryer, 1980). 43

44

R. salmoninarum is a Gram-positive short rod occurring frequently in pairs. It is aerobic,45

catalase positive, cytochrome oxidase negative, non-acid fast and non-motile, does not 46

produce acid from sugars and does not form endospores. All strains require cysteine for 47

growth. Optimal growth occurs at 15 to 18ºC, and growth is very slow at 5 or 22ºC and 48

non-existent at 37ºC. Growth on all media is slow, often requiring several weeks of 49

incubation (Sanders and Fryer, 1980; Benediktsdottir et al., 1991). R. salmoninarum50

strains isolated from different regions form a very homogeneous group in terms of both 51

Page 2 of 14 



Ac
ce

pt
ed

 M
an

us
cr

ip
t

3

their morphological, biochemical and physiological (Goodfellow et al., 1985; Bruno and52

Munro, 1986) and also their antigenic properties (Bullock et al.,1974; Getchell et al., 1985;53

Daly and Stevenson, 1990). The bacterium is a highly conserved genospieces, and 54

studies on isolates from different parts of the world indicate relatively low genetic diversity 55

(Starliper, 1996; Grayson et al., 1999; Rhodes et al., 2000). 56

57

R. salmoninarum has been described as an aerobic bacterial species (Sanders and Fryer,58

1980). In BKD there are often large granulomatous lesions in the internal organs of the 59

diseased fish, pointing to an ability to survive and proliferate in circumstances involving a 60

decrease in oxygen concentration. In this study we tested the growth of R. salmoninarum61

under aerobic, microaerophilic and anaerobic conditions.62

63

MATERIALS AND METHODS64

65

Trial 1:66

Three strains of R. salmoninarum were used: type strain of R. salmoninarum (ATCC 67

33209) and two strains, which had been isolated from rainbow trout in northern Finland in68

the years 1997 and 2002 through the fish health control programme, using the icelandic 69

cultivation method (Benediktsdottir et al., 1991). All the strains had been kept frozen at –70

80ºC prior to the experiment. The bacterial population obtained on KDM2 agar (Evelyn, 71

1977) after 14 d was suspended in 0.1% peptone-saline to OD 0.08 (615 nm). Ten-fold 72

serial dilutions were prepared using peptone-saline, and 0.1 ml of each test dilution was 73

streaked onto two parallel KDM2 agar plates. One of the parallel plates was incubated 74

aerobically and the other under microaerophilic conditions, both at 16+1ºC. The 75

microaerophilic atmosphere containing 5-8 % oxygen and 12-15 % carbon dioxide was 76

generated in sealed jars using the CampyGenTM equipment (Oxoid, Hants, U.K.), and was 77
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tested using Campylobacter fetus subsp. fetus (ATCC 27374) as a control strain. The 78

KDM2 plates were observed for growth after 5 and 12 wks. 79

80

One microaerophilic subculture per strain used in Trial 1 was identified as R. 81

salmoninarum (Table 1), based on the observation of small Gram-positive rods occurring 82

in pairs in Gram staining, a negative oxidase test (Spot test, Difco/BBL), a positive 83

catalase test, a positive result in fluorescent antibody (FA) staining, typical results with API 84

ZYM test strips  (bioMérieux, France) and little or no growth on TSA agar. A polymerase 85

chain reaction (PCR) was also used as a confirmatory test. In the FA staining a fixed 86

smear of bacterial culture was covered with polyclonal rabbit anti-Renibacterium 87

salmoninarum serum, incubated in a moist chamber at 37 + 1ºC for 30 min, rinsed with 88

PBS and covered with fluorescein isothiocyanate (FITC)-conjugated swine anti-rabbit IgG 89

(Nordic Immunological Laboratories, the Netherlands). It was then incubated as above, 90

rinsed and covered with phosphate-buffered glycerol and examined under an 91

epifluorescence microscope. The API ZYM test strips were incubated at 16 + 1ºC for 18-24 92

h and the results were compared with those described in the World Organisation for 93

Animal Health’s Diagnostic Manual for Aquatic Animal Diseases (OIE, 2006), combined 94

with those obtained with R. salmoninarum ATCC 33209 in our laboratory. PCR was 95

performed according to Miriam et al. (1997) with some minor modifications (Hirvelä-Koski 96

et al., 2006). Amplification was performed in a 50 µl volume containing 0.3 µM primers FL7 97

and RL5, 0.2 mM each of nucleotide triphosphate and 2.5 mM MgCl2.98

99

Trial 2:100

A total of 19 strains of R. salmoninarum were used, ten of which had been isolated from 101

different fish species in northern Finland during the years 1997-2002 through the fish 102

health control programme, using the icelandic cultivation method (Benediktsdottir et al., 103
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1991). Six strains were obtained from Sweden and three from Denmark. The bacterial 104

strains were cultivated on three parallel KDM2 agar plates. One of them was incubated 105

aerobically, one anaerobically and one in a microaerophilic atmosphere. The anaerobic 106

atmosphere (carbon dioxide content 8-14 %, oxygen content below 1 %) was generated 107

using AnaeroGenTM (Oxoid) and anaerobiosis in the incubation jars was checked using 108

Anaerotest strips (Merck,Darmstadt, Germany). The incubation temperature was 16+1ºC.109

The plates were observed for growth after 15 d.110

111

RESULTS AND DISCUSSION112

113

A dense growth was observed with all the Renibacterium salmoninarum strains after 114

incubation under microaerophilic conditions in both trials. All isolates were in pure culture 115

and confirmed as R. salmoninarum by PCR. The number of colonies was slightly smaller 116

than on the aerobically incubated plates in Trial 1 (Table 1), but the colony size was larger 117

than in the aerobically incubated cultures (Fig. 1). After 12 wks the diameter of the single 118

colonies was 1-2 mm in aerobic cultivation and 3-4 mm under microaerophilic conditions, 119

and their appearance was more mucoid and more yellowish in the latter case. The fact that 120

the bacterial suspensions were prepared using aerobically cultivated plates may 121

nevertheless have influenced the number of colonies detected, for if the bacterial strains 122

tested here had been incubated in a microaerophilic atmosphere several times before the 123

trial, the result might have been different. No growth could be observed in any of the 19 R. 124

salmoninarum strains after anaerobic incubation.125

126

Even though the incubation temperature used here was not optimal for Campylobacter 127

fetus subsp. fetus, growth of this bacterium was observed, indicating the presence of a 128

microaerophilic atmosphere in the incubation jars.129
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130

The results show that R. salmoninarum grows well in a microaerophilic atmosphere. This 131

is the first report on this phenomenon for R. salmoninarum, which has been regarded as a 132

strict aerobic species (Sanders and Fryer, 1980). The phylogenetic position of R. 133

salmoninarum was determined as being the actinomycetes subdivision (Stackebrandt et 134

al.,1988), and the bacterium was first grouped within the Arthrobacter/Micrococcus135

subline, as supported by the strict aerobic metabolism of these genera (Stackebrandt et 136

al., 1988). Later, based on an almost complete 16S rRNA sequence and the unique 137

phenotypic characteristics of this bacterium, it was stated that R. salmoninarum should be 138

considered a separate genus of the high G+C% Gram-positive eubacterial subdivision 139

(Gutenberger et al., 1991; Banner et al., 1991). The microaerophilic growth of R. 140

salmoninarum observed here also supports the suggestions of Gutenberger et al. (1991).141

142

It is well known that R. salmoninarum is very difficult to detect in subclinically infected fish 143

populations. Several authors have reported that, even though its presence in kidney tissue 144

is demonstrable by FA, ELISA or PCR, for example, efforts to isolate it by a culture method 145

can be unsuccessful (Mitchum et al., 1979; Paterson et al., 1979; Evelyn et al., 1981; 146

Pascho & Mulcahy, 1987; Griffiths et al., 1991; Sakai & Kobayashi, 1992; Gudmundsdottir 147

et al. ,1993; Jansson et al., 1996; Miriam et al., 1997; Cvitanich, 2004). Microaerophilic148

cultivation could be one possibility for increasing the sensitivity of the cultivation method 149

for detecting R. salmoninarum in fish tissues. 150

151
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Table 1243

The number of bacterial colonies on KDM2 agar plate of three strains of Renibacterium salmoninarum after incubation in an aerobic 244

or microaerophilic atmosphere for 12 weeks.245

246

Dilution R. salmoninarum: type 

strain

Isolate 1 Isolate 2

Aer a CO2
b Aer CO2 Aer CO2

10-4 >200 c >200 >200 >200 >200 >200

>200 >200 >200 >200 >200 >200

10-5 >200 >200 >200 66 >200 >200

>200 >200 >200 66 >200 >200

10-6 45 27 84 8 >200 44

45 27 84 15 >200 174

10-7 5 8 d 70 2 d 114 30 d

5 8 74 20 114 40

10-8 0 0 35 0 42 0

0 0 35 12 47 5

a Incubation in an aerobic atmosphere247
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b Incubation in a microaerophilic atmosphere248

c The number of colonies could not be counted exactly because of dense growth249

d Microaerophilic growth identified as R. salmoninarum250
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Figure 1. Colonies of Renibacterium salmoninarum on KDM2 agar plate. Left: the plates incubated 251
aerobically; right: the plates incubated in microaerophilic atmosphere.252
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