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Abstract
Renibacterium salmoninarum, 

-
termine the optimal R. salmoninarum (  
L.) populations in Iceland. Fish were 

R. salmoninarum

R. salmoninarum surveys. 

Introduction
Renibacterium salmoninarum is a Gram-positive 

bacterial kidney disease (BKD) in susceptible 

Salmonidae, i.e. Thymallinae and Coregoninae 
 The bacterium is 

In the wild, the bacterium is recognized as an 

are Atlantic salmon, Salmo salar (L.), Arctic charr, 
Salvelinus alpinus (L.) and brown trout, Salmo 

-
dromous and non-anadromous populations. 

-
R. salmoninarum 
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Kristmundsson et al., 2009). This applies to 

mandatory. Surveys in wild populations have 

R. salmoninarum is endemic in wild salmonid 
populations in Iceland as demonstrated in a 
wide-ranging survey (1993-1995) where Arctic 
charr and brown trout were sampled in 22 lakes 

R. salmoninarum an-

in their kidneys. The wide distribution and 
high prevalence suggest that the bacterium has 

results have been obtained elsewhere in wild 

et al., 1997; Meyers et al., 1999, 2003; Chambers 

BKD have never been reported in wild salmo-

held in captivity (Kristmundsson et al., 2009). 

Lake Ellidavatn, a shallow lake in SW-Iceland, 

-

in the 1993-1995 survey and overall prevalence 

R. salmoninarum-positive Atlantic salmon 

the water system including Lake Ellidavatn. 

kidney samples were later tested using a nested 

charr samples were positive (Árnason, 2010). 

detection methods motivated the current study. 

The main aim was to determine the most re-

population. In autumn 2009, brown trout were 

and mid-gut. All samples were tested using 
three PCR methods. Kidney samples were also 
tested by pELISA and culture. 

Materials and methods
apture an  sampling

In August 2009, brown trout were sampled 

nylon with mesh sizes 12 to 50 mm (knot-to-

placed on ice. They were immediately weighed, 
length measured, a macroscopic assessment 

determination. Necropsy was done to look 

sampled. 

and culture were placed in sterile stomacher 
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ulture
Samples were homogenised, washed and re-

the selective kidney disease medium (SKDM) 

olyclonal ELISA
The pELISA detects R. salmoninarum antigens 

times the average OD
control samples. 

DNA extraction

-

in all three PCR tests. 

Neste  R

-

each cycle there were three steps, denaturation 

Real time uantitati e R 
 R. 

salmoninarum msa
-

msa gene than the primers in 
the nPCR test described above. In the current 

template. Thermal cycling and analysis were 
done in an ABI 7900HT instrument (Applied 
Biosystems Inc.). 

Real time uantitati e R 
msa 

described above (Powell et al., 2005). 

Statistics
A general linear model was used to test the 
relationship between pELISA OD (dependent 

PCR assay was considered separately but the 

PCR test). P 

Results



The combined results revealed a complex 
picture. The bacterium was not cultivated 

showed positive pELISA OD readings distrib-
uted over a wide range (Figure 1). The lowest 

tested PCR-positive in at least one organ by 

-

tissues positive by any PCR test and pELISA 
OD values (P 
results were obtained when each PCR assay 
was compared separately to pELISA OD (P > 

-
sophagus samples positive by qPCR #2 (Table 
1). All samples positive by the qPCR methods 
displayed high cycle threshold (CT) values, i.e. 

-1 tissue. 
For qPCR #2, CT -

g-1 tissue (Table 1). 
Discussion

study had encountered R. salmoninarum but 

-

was to include Arctic charr, but the sampling 

charr population in Lake Ellidavatn has de-
clined substantially over the last 15-20 years, 
a situation that most probably is linked to a 
rise in temperature (Malmquist et al., 2009) 

suspected that the PKD epidemic has increased 
R. salmoninarum

both Arctic charr and brown trout populations 

Negative culture results may have several ex-
planations: the bacterium is not present, it is 
present in very low numbers, it is unevenly dis-
tributed in the sample or it is in a non-culturable 
state (Faisal and Eissa, 2009; Nance et al., 2010). 

noteworthy that R. salmoninarum DNA was 

and that qPCR results indicated low numbers 

R. sal-
moninarum
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Using culture as the sole survey method in the 
present study would have led to the conclusion 
that R. salmoninarum prevalence in the brown 
trout population was nil. 

Measuring R. salmoninarum antigens in kidney 
samples is the method most widely used in 

obtained 1993-1995 using the same method 

change in R. salmoninarum antigen prevalence 
and levels in the brown trout population in 
Lake Ellidavatn. In the 1993-1995 study the 

reading was 3.515. It is unknown whether this 

Figure 1. The columns on the chart represent OD

as 2.3 times the average OD



change was sudden or gradual as there are no 

ELISA were similar to the results obtained in 

was initiated (Faisal and Eissa, 2009, Nance et 

a study including eight nonanadromous trout 
species in Alaskan watersheds where the annual 

The combined PCR and pELISA results con-

both antigen and DNA suggesting either a 
recent exposure to R. salmoninarum or pres-

Table 1.

1.

Organ Method No. Positive Prevalence % Range of DNA copies g-1 
tissue2

Kidney SKDM-2 0 0.0

pELISA 100.0

qPCR#1 5 17.9

qPCR#2 0 0.0

nPCR 2 7.1

Spleen qPCR#1 7 25.0

qPCR#2 1

nPCR 9 32.1

Gills qPCR#1

qPCR#2 1

nPCR 2 7.1

Mid-gut qPCR#1 5 17.9

qPCR#2 2 7.1

nPCR 3 10.7

Oesophagus qPCR#1 10 35.7 2252 - 19109

qPCR#2 30529 - 51957

nPCR1 0 0.0

1 

2 
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While studies have demonstrated that antigen 

R. salmoninarum 

et al., 2002). 

An association between PCR results and ELISA 

-

-
tive PCR results in head-kidney increased with 
rising ELISA OD readings (Arnason et al., 2013). 

-

study indicated that most positive samples 
contained R. salmoninarum DNA concentrations 

-

R. salmoninarum antigens 

in non-sampled tissues can also contribute to 

R. salmoninarum is used to select 
negative or low positive parents in breeding 
and restocking programs. Brood stock screen-

bacterial DNA in samples such as kidney and 

trout in Iceland, the recommendation would 

Oesophagus and mid-gut were included in 
-

R. salmoninarum 

Although positive PCR results were obtained 

all R. salmoninarum

in oesophagus or mid-gut also presented with 

R. salmoninarum 
screening was based on their potential utility 

population studied results did not indicate the 

recent exposure to R. salmoninarum
R. salmoninarum 

salmon (Oncorhynchus tshawytscha
mucus scrapings as the best alternative candi-
date to lethal kidney sampling in comparison 

In summary, although our results indicated 
R. sal-

moninarum
harboured viable bacteria. These results also 

a substantial increase in prevalence and levels 
R. salmoninarum antigens in Lake Ellidavatn 



In our 
survey prevalence by culture was nil in contrast 

 by combined 

PCR test had been used, the observed preva-
lence would have been much lower. Whether 

in all trout populations is uncertain, but clearly 

wild populations. 
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