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Abstract
In this study we present the results obtained from an Interlaboratory Proficiency Test (ILPT) for the 
detection of the parasite Tetracapsuloides bryosalmonae, the causative agent of proliferative kidney 
disease (PKD). This parasitic disease is widespread in fish populations in Europe and North America, 
causing significant economic losses in farmed fish and affecting wild fish populations, therefore 
the implementation of harmonised reliable diagnostic methods is needed. This proficiency test 
was designed and conducted to optimise and harmonise existing diagnostic methods for detec-
tion of T. bryosalmonae across countries, strengthening the diagnostic capacity in Europe. A set of 
blind samples were distributed to the participating laboratories, representing both diagnostic and 
research university laboratories and laboratories belonging to the network of National Reference 
Laboratories for fish diseases involved in surveillance activities and official controls. Each partici-
pant had two tasks: (1) detection of the causative agent, T. bryosalmonae, in kidney tissue by im-
munohistochemistry (IHC) and (2) detection of T. bryosalmonae DNA by PCR. IHC results showed 
that the commercial antibody used is robust and works well in different protocols. The results also 
suggested that the optimised real-time PCR protocol is robust and showed good sensitivity. Based 
on these results, we provide recommendations to harmonise the diagnostic protocols currently in 
use for the detection of T. bryosalmonae.  

Introduction
Proliferative kidney disease (PKD) is a para-
sitic disease of salmonid fish, caused by the 
myxozoan parasite Tetracapsuloides bryosalmo-
nae (Canning et al., 1999, 2002) The parasite 
infects fish through skin and gills (Feist et al., 
2001; Longshaw et al., 2002) and after systemic 
circulation enters the main target organ, the 
kidney (Kent and Hedrick, 1985). While some 
tolerant salmonids species (e.g. brown trout 
Salmo trutta in Europe) can excrete the par-
asitic spores through the urine (Morris and 
Adams, 2006), the parasitic spores replicate 
in the kidney of susceptible salmonid species 

(e.g. rainbow trout Oncorhynchus mykiss). T. 
bryosalmonae spores replicating in the interstitial 
kidney tissue induce a chronic lymphoid and 
highly immunosuppressant disease (Bailey 
et al., 2020; McGurk et al., 2006; Palikova et al., 
2017). Infections with T. bryosalmonae are sea-
sonal and the development of clinical signs of 
PKD are temperature dependent, with low to 
no mortality rates seen in rainbow trout when 
water temperatures are below 15°C. However, 
when the water temperature increases above 
15°C, clinical signs of PKD and related mortal-
ity can increase (Bettge et al., 2009; Palikova et 
al., 2017). The mortality rate due to PKD can 
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vary significantly starting from 20% (McGurk 
et al., 2006) reaching 95% (Hedrick et al., 1993) 
in combination with secondary infection and 
changes in water quality (i.e. seasonal eutrophi-
cation). Standardised and accurate diagnostic 
methods for detection of PKD are pivotal for 
disease prevention and control of the disease, 
such methods have been published and used for 
years, although under different circumstances, 
host species and geographical areas (Bettge al., 
2009; Kent, 2002).

To harmonise diagnostic methods across coun-
tries and strengthen the diagnostic capacity 
in Europe, as well as to assess reproducibility 
and robustness of diagnostic methods an Inter-
laboratory Proficiency Test was organised. The 
concept of the ILPT was to compare the results 
obtained from five different laboratories, testing 
a panel of replicate reference samples, consisting 
of true positive and negative samples, which 
were blinded and distributed to participating 
laboratories. Participating laboratories com-
prised both research and diagnostic laboratories 
at universities and laboratories belonging to the 
network of National Reference Laboratories 
(NRL) for fish diseases in Europe. 

The ILPT for the detection of T. bryosalmonae 
consisted of two parts, (1) immunohistochem-
istry (IHC) and (2) realtime PCR. The IHC and 
real time PCR methods were tested by five labo-
ratories, and results were compared to assess 
the robustness of the protocols in use, providing 
recommendation for harmonised diagnostic 
testing of PKD across countries.

Materials and Methods
Participants
Five laboratories participated in the ILPT here 

described. The principal investigator(s) and 
respective laboratories involved are listed in 
acknowledgements. The identity of laboratory 
was kept confidential. Participating laborato-
ries voluntarily subscribed to the ILPT after 
announcement. 

Reference samples preparation
All negative samples included in the ILPT 
originated from specific pathogen free (SPF) 
fish reared at DTU aqua fish facilities. Briefly, 
rainbow trout were obtained from eyed eggs 
provided by a Danish commercial fish farm 
officially registered free of infectious pancreatic 
necrosis virus (IPNV), infectious hematopoi-
etic necrosis virus (IHNV), viral haemorrhagic 
septicaemia virus (VHSV) and Renibacterium 
salmoninarum. After disinfection procedures 
with iodine OVADINE®, the eggs were hatched, 
and fish were grown in recirculated tap water 
disinfected by UV light. Kidney samples were 
collected after euthanasia with an overdose 
of 4% benzocaine (20 mL/5 L water) (Sigma-
Aldrich, USA) and stored in RNAlater (Qiagen, 
Germany) until further use and 10% buffered 
formalin for 24 h before processing. Negative 
samples were analysed by real-time PCR (Bettge 
et al., 2009), histology and IHC using Mab P01 
produced by Aquatic Diagnostics Ltd (UK) 
and adapted protocol to confirm absence of 
T. bryosalmonae. Positive samples originated 
from kidney tissues of rainbow trout from a 
Danish farm known for problems with PKD. 
Samples were collected during acute mortal-
ity from fish with typical clinical signs of PKD 
and necropsy findings such as skin darken-
ing, abdominal swelling, exophthalmia, gill 
anaemia, granulomatous renal enlargement and 
splenomegaly. Material was collected from 44 
fish. Kidney tissue was tested using real-time 
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PCR, histology and immunohistochemistry 
indicated above to confirm the presence or 
absence of T. bryosalmonae and to select ap-
propriate material for generating samples to 
be used in the proficiency test. Samples were 
selected based on a combination of Ct values, 
degree and pattern of pathological changes and 
a semi-quantitative estimation of the number 
of positively stained T. bryosalmonae aiming at 
finding specimens showing variable degrees 
of infection – i.e. observed during sampling of 
specimens during the course of an epizootic. 
The selected specimens are shown in Table 1.

IHC protocol and slide preparation
For IHC testing kidney samples were fixed in 
10% buffered formalin for 24 h before being 
processed in a vacuum infiltration processor un-
dergoing a standard overnight program (12-14 
h) that includes dehydration with increasing 
grades of ethanol, clearing with xylene and satu-
ration with paraffin. The tissues were embed-
ded in paraffin. From the paraffin-embedded 
tissue blocks, slides measuring approximately 
4 μm were prepared. Slides were dewaxed 

and rehydrated in xylene for two times 5 min, 
100% ethanol for 5 min, 70% ethanol for 3 min 
and lastly rinsed with distilled water. Unless 
stated otherwise, all processes were performed 
at room temperature (RT) and washing steps 
were undertaken with Tris buffered saline 
(TBS) (J640-4L VWR) three times 5 min. The 
endogenous peroxidase activity was blocked 
by incubating slides with 3% H202 in methanol 
for 10 min. After washing, unspecific binding 
was blocked with 5% Bovine serum albumin 
(BSA) (A4503, Sigma-Aldrich) in TBS for 20 
min, blocking solution was removed and the 
primary antibody was added. The primary 
antibody Mab P01 (Aquatic Diagnostics Ltd, 
UK) was diluted 1:25 (8 µg/mL) in 2.5% BSA in 
TBS and incubated overnight at 4°C in a humid 
chamber. As a negative antibody control addi-
tional slides were stained with a negative IgG1 
Mab (Mab anti Porcine Circo Virus 2 (clone no: 
2C6-B12-C2/mAb B12 B6, produced in-house 
DTU)) diluted to the same concentration as Mab 
P01. After the overnight incubation, slides were 
left for 1 h at RT. Slides were washed with TBS 
(J640-4L VWR) and the secondary antibody, 

Sample # Source Histopathological findings IHC qPCR (Ct-value)

1 PKD inf. farm Focal interstitial hyperplasia Pos/+ 25.26

2 SPF No lesions Neg No Ct

3 PKD inf. farm Focal interstitial hyperplasia Pos/++ 24.89

4 PKD inf. farm Interstitial hyperplasia Pos/++ 23.28

5 SPF No lesions. Neg No Ct

6 PKD inf. farm Severe and diffuse interstitial hyperplasia Pos/+++ 22.58

7 PKD inf. farm Local moderate interstitial hyperplasia. 
Mixed, macrophage dominated inflammatory 
infiltration. Areas with haemorrhages.

Pos/++ 24.58

Histopathological findings, IHC scoring, T. bryosalmonae Real-time PCR Ct-value. IHC = 
Immunohistochemistry; PKD = Proliferative kidney disease; inf. = infected; SPF = Specific-pathogen-free
+ = few parasites observed, ++ = moderate number of parasites observed, +++ = numerous parasites 
observed

Table 1. Testing of selected specimens to generate reference panel.
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rabbit anti-mouse biotinylated (DAKO E354, 
Denmark) diluted 1:300 in TBS (J640-4L VWR) 
with 2.5% BSA (A4503, Sigma-Aldrich, USA)  
was added and incubated for 30 min. Slides 
were washed prior to adding the ABC mixture 
(Vectastain Elite ABC kit SK6100, Vector labs, 
USA) for 30 min and afterwards washed with 
TBS (J640-4L VWR) twice for 5 min. AEC sub-
strate (SK4200, Vector Labs, USA) was added 
for 15 min and afterwards TBS (J640-4L VWR) 
washed twice for 5 min. Counterstaining was 
done with Mayer’s haematoxylin for 10 sec 
and the slides were rinsed in running water 
for 1 min. After washing in distilled water for 4 
min, they were mounted with glycergel (C0563, 
DAKO, Denmark). 

Ten consecutive sections from the kidney of 
selected specimens were prepared to assess the 
homogeneity of the IHC signal. The first and the 
last of each series of slides were stained prior 
to shipment to check that the IHC signal was 
within a similar range for each specimen. The 
unstained slides of each series were included 
in the panel, blinded and delivered to the par-
ticipants. Each of the participating laboratories 
received a replicate set of the panel to test con-
sisting of blinded true positive and negative 
samples.

Distribution of the panel and assessment of 
stained slides
Each participating laboratory received a panel 
of 21 slides, obtained from 7 rainbow trout 
for histopathological examination. The panel 
consisted of 3 unstained slides from each fish, 
representing seven specimens of kidney tissue, 
from PKD affected and nonaffected rainbow 
trout. A commercially available monoclonal 
antibody, Anti-Tetracapsuloides bryosalmonae 

(PKX) monoclonal antibody, Mab P01 (Aquatic 
Diagnostics Ltd., UK) was suggested for use. 
Participants were also encouraged to test their 
own alternative reagents and protocols, if avail-
able. They were asked to provide their protocols 
and stained slides together with the results 
(negative/positive with a semi-quantitative esti-
mation of the presence of parasites). The stained 
sections from all laboratories were then shipped 
to the organising laboratory (DTU Aqua) where 
all slides could be examined by one pathologist 
to comparatively evaluate the different staining 
protocols. IHC results were scored as either 
negative (No parasites observed) or as positive 
with a semi-quantitative estimation of the pres-
ence of parasites in the slide, given as categorical 
data spanning from few (+), moderate number 
(++) to numerous parasites (+++).  Furthermore, 
participants were asked to provide information 
regarding the use of special staining and other 
immunohistochemical methods available (e.g. 
Lectin staining) for the detection of T. bryosal-
monae in histological sections.

In addition to the slides stained with Mab P01, 
Lab A also returned slides stained with a new 
Mab P14G18 (produced by Ayham Alnabulsi 
at Vertebrate Antibodies Limited, UK) now 
available commercially as cat no 153344, Ximbio. 
Further comparison of the two Mabs, Mab P01 
and Mab P14G18, antibody was done after all 
stained slides were gathered at the organising 
lab. The number of parasites that could be de-
tected in the positive slides with Mab P01 from 
Lab A and Lab B was counted and compared. 
Then these numbers were compared with the 
number of detected parasites in the positive 
slides with the Mab P14G8. For the counting 
procedure an eyepiece grid calibrated with 
a stage micrometre was used. Counting was 
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done at ×200 magnification in a systematic 
random fashion, beginning at the left lower 
corner of each tissue section, and moving the 
eyepiece in a predetermined pattern adjusted 
to the shape of the individual tissue section. 
This ensured that approximately the same 
areas were counted in each tissue section. A 
total of 40 square grids were counted on each 
slide, representing a total area of 10 mm2. Each 
slide consisted of 4 sections, except slide 7 that 
consisted of 3 sections. In general, 10 square 
grids were counted in each tissue section, and 
in slide 7 the number of square grids counted 
was 13, 15 and 12 in tissue section 1, 2 and 3, 
respectively. 

Real-Time PCR
For molecular detection, the reported real-time 
PCR assay (Bettge et al., 2009) was optimised 
and validated in the laboratory as follows: a total 
reaction volume of 25 µL consisted of 1×Bril-
liant II qPCR Master Mix (Agilent Technologies, 
USA), 300 nM forward primer, 300 nM reverse 
primer, 200 nM probe, and 5 µL extracted DNA 
template. PCR amplification was performed on 
Mx3000/Mx3005P qPCR Amplification System 
(Stratagene, USA). The thermal profile consisted 
of an initial denaturation step at 95°C for 10 
min, followed by 45 cycles of 95°C for 15 sec 
and 60°C for 1 min. Positive extraction con-
trols were added in the form of positive PKD 
material. Positive PCR controls consisted of a 
synthetic plasmid targeting the T. bryosalmonae 
18S gene (see description below). To account for 
homogeneity in the amount of T. bryosalmonae 
in the samples, the first and last sample from 
a longitudinal section was tested (Variation 
observed was never higher than 4.8 Ct values 
– data not shown).

Each participating laboratory was given a panel 
consisting of seven rainbow trout kidney tissue 
samples in RNAlater originated from either a 
diagnostic outbreak of PKD or negative samples 
(see specification in sample preparation para-
graph). Samples were shipped on ice to the 
laboratories in order to be tested for PKD by real-
time PCR. A protocol was provided to validate 
the robustness and reproducibility of the PCR 
assay. If available, the participants were also 
invited to include information and results gen-
erated with their preferred protocol to explore 
alternative methods. A synthetic plasmid PCR 
control, containing the same targeted 435bp 
nucleotide sequence of the 18S rDNA gene of 
T. bryosalmonae (GenBank no. AF190669) was 
constructed (Bettge et al., 2009). The nucleotide 
sequence was inserted into a pEXa2 plasmid, 
PEX-A2-PKD, and the plasmid was provided 
to each participating laboratory to generate a 
standard curve for the optimisation of the T. 
bryosalmonae 18S real-time PCR assay and to 
be used as a positive control. Real-time PCR 
results were scored as either negative (No Ct-
value), positive (Ct < 35 cycles) or doubtful (Ct 
> 35 cycles).

Results and Discussion
Five laboratories participated in the Inter Labora-
tory Proficiency Test for the IHC test, but results 
were only received from four laboratories (A-C 
and E) (Table 2). Three of the laboratories also 
submitted their protocols for Mab P01 (Table 
3). Laboratory C did not submit their protocol, 
but based on the appearance of the slides, it is 
assumed that they have used the protocol sup-
plied in the submission letter that stems from 
the manufacturer of Mab P01. From the com-
parison of the protocols in Table 3, Laboratories 
A, B and E have modified the protocol from the 
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manufacturer. Laboratory C had clearly more 
background staining than the other laborato-
ries, and looking at the information given by 
the laboratories (Table 3) the difference in the 
background staining seen between Laboratory 
C and the other laboratories could appear most 
likely due to differences in blocking procedures 

and washing procedures. These are important 
steps in an immunohistochemical protocol to 
reduce background staining. 

One laboratory returned the extra set of slides 
and protocol (Table S1) for staining with a 
new monoclonal antibody (Mab P14G18 pro-

Slide # A B C E Original slide

1 Pos/low Pos/+ Pos/++ Pos/+ Pos/+

2 Neg Neg Neg Neg Neg

3 Pos/high Pos/+++ Pos/+++ Pos/+++ Pos/++

4 Pos/high Pos/++(+) Pos/+++ Pos/+++ Pos/++

5 Neg Neg Neg Neg Neg

6 Pos/high Pos/+++ Pos/++ Pos/++ Pos/+++

7 Pos/Low Pos/++ Pos/+ Pos/(+) Pos/++

Table 2. Immunohistochemical results obtained from the participating laboratories (A-C and E) stained with 
the commercial monoclonal antibody, Mab P01. 

Step A B C* E

Antigen Retrieval None None None None

Endogen peroxidase block
3% H

2
O

2
 in methanol or TBS

2 x 10 min 
(3.3% H

2
O

2
)

30 min 10 min 15 min

Blocking of unspecific 
binding

1.5% horse serum 
30 min RT

5% BSA 
20 min RT

Normal goat 
serum 1:10
10 min RT

Normal goat 
serum 1:20 
20 min RT 

pkx mab po1 (200ug/mL)*** 
dilution

1:10 for 60 min RT 1:25 overnight 
at 4˚C

1:10 for 60 min 
RT

1:100 overnight 
at 4˚C

Detection system Avidin-biotin-
peroxidase kit 
Vector Lab 
(PK6201)

Avidin-biotin-
peroxidase kit 
Vector Lab 
(SK6100)

Goat anti Mouse 
HRP
1:50 

Avidin-biotin-
peroxidase kit 
DAKO (0675)

Chromogen DAB AEC DAB AEC

Counterstain Haematoxylin Haematoxylin Haematoxylin No counterstain

Mounting DPX Glycergel Pertex Aquatex

Washing TBS** TBS TBS PBS with 0.05 % 
Tween

*=Lab C did not submit their protocol and it is assumed that the lab used the protocol supplied by the 
manufacturer of Mab P01. **=Lab A did not mention the washing buffer, but based on the protocol it must 
have been TBS. ***=The concentration given in the table is based on the concentration of the batch that 
DTU Vet bought from Aquatic Diagnostics Ltd.

Table 3. Comparison of the protocols for Mab P01 used by the different labs. 
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duced by Vertebrate Antibodies Limited, UK). 
An example of the staining is shown in Figure 1. 
When compared with slides stained with Mab 
P01 (Figure 2) and counting parasites (Table 4), 
Mab P14G8 appeared to be at least as good as the 
current commercial Mab P01. Considering the 
results in Table 4, a difference was noted in slide 
6, where the parasite count in slides stained with 

Mab P14G8 was twice as high as the numbers with 
MP01. This difference was most likely due to a 
lack of four tissue sections on the slide with Mab 
P14G8 from Laboratory A. Half of the counting 
was therefore done on one of the three tissue sec-
tions, and as the distribution of parasites could 
be very different between tissue sections, this 
had a big influence on the total number of para-
sites counted on the slide. Variations in parasite 
numbers were also seen between Laboratories A 
and B with Mab P01, this was most likely caused 
by the fact that even though serial sections were 
cut, there could still be variation in numbers of 
parasites in the different slides. The inter-slide 
variation has to be taken into account when inter-
preting the higher numbers of parasites seen with 
Mab P14G18, and further comparative studies are 
necessary. However, the present IHC results of 
the comparison with Mab P01, indicate that Mab 
P14G8 perhaps overall detects more parasites, 
which could indicate that it might be able to detect 
more stages of the parasite.

Step Procedure

1 Deparaffinizing and rehydrating the slides (5’ + 5’ Xylene ; 5’ EtOH 100% ; 5’ EtOH 96% ; 5’ EtOH 
80% ; 5’ EtOH 70% ; 5’ dH2O)

2 Antigen retrieval through express pot: 20´in sodium Citrate Buffer (10mM Sodium Citrate, 0.05% 
Tween 20, pH 6.0). Cool down and equilibrate in TBS 1x10

3 Peroxidase blocking in 33% H2O2 diluted 1:10 in Methanol, 2x10 min at RT

4 Blocking 30 min in Horse serum 1.5% in TBS at RT

5 Primary Mab 1/10 in TBS containing 1% BSA at RT

6 (*) Secondary HORSE-ANTI MOUSE IgG biotinylated 1/200 in TBS with 1.5 % Horse serum for 1h 
at RT

7 (*) Avidin/Biotin/Peroxidase complex, 30 min at RT

8 DAB in H2O (Sigma fast tablets) 1-2´ at RT. Stop the reaction with 5’+ 5’ dH2O at RT

9 Counterstaining with 25 % Hematoxilin 4’ and remove excess dye with 5’ tap water + 5’ dH2O at 
RT

10 Dehydrating 5’ 70 % EtOH, 5’ 80 % EtOH, 5’ 96 % EtOH, 5’ EtOH 100 %, 5’ + 5’ Xylene at RT

11 Mounting with DPX.

Table s1. IHC staining of T. bryosalmonae in Rainbow trout kidney tissue with Mab P14G18, used by Laboratory 
A. (*): Part of Vecstatin Elite ABC Mouse IgG kit, Vector Laboratories Ref. PK6102; RT = Room temperature. 

Figure 1. Immunohistochemical staining of 
T. bryosalmonae in rainbow trout kidney tissue with 
Mab P14G8 from laboratory A (Bar = 28 µm).
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The use of alternative staining, such as lectin 
staining, for detection of T .bryosalmonae spores 
in histological slides varied significantly across 
participants. One of the four laboratories did 
not reply the question regarding whether or 

not the laboratories used, or have used lectin 
stain for detection of the parasite. Among the 
rest of the laboratories, one of them never used 
lectin staining and two of them have used, or 
were using, lectin staining occasionally. Both of 
these laboratories used biotinylated lectin from 
Griffonia simplicofolia syn. Bandeirae simplicofolia 
GS-I/BS-I with an avidin-biotin-peroxidase kit. 
The lectin GSI recognises methyl-a-D-galacto-
pyranosides in glycol-conjugates on the surface 
of T. bryosalmonae, but also on other surfaces, 
including anatomic structures and other para-
sites. The stain is no longer in use in one of the 
two laboratories and is only used in special cases 
of interest in the other laboratory.

Conclusions
The IHC results showed that the commercial 
monoclonal antibody, Mab P01, is a good and 

 1a 3 4 6 7

Lab A, Mab P01 12 165 56 386 11

Lab B, Mab P01 17 132 40 395 23

Lab A, Mab 
P14G8

31 222 66 613b 26

Figure 2. Immunohistochemical staining of T. bryosalmonae in Rainbow trout kidney tissue with MabP01. 
1: laboratory A (Bar = 14 µm). 2: laboratory B (Bar =28 µm). 3: laboratory C (Bar = 28 µm). 4: laboratory E (Bar 
= 28 µm). Background staining is minimal in all stained tissue sections except the staining from laboratory 
C. In all stained tissue sections the parasite is easy to see, however, in the staining from laboratory C the 
distinction between the parasite and melanin pigment is more difficult.

Table 4. Number of positive stained parasites/10 
mm2 with Mab P01 and Mab P14G8 from laboratory 
A and B on slide 1, 3, 4 , 6 and 7 a : tissue sections 
on slides number 1 were not uniformly orientated 
between the labs. b : Only three sections could be 
counted, because the fourth tissue section was too 
small. This resulted in 20 of the 40 square grids 
being counted in the same tissue section, which 
is the cause of the apparently high difference in 
numbers between the labs in this slide.
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robust antibody that works well with differently 
optimised protocols.  The use of avidin-biotin-
peroxidase kits e.g. from Vector lab or DAKO 
and the overnight incubation at 4°C can further  
allow for a higher dilution of the Mab, than rec-
ommended from the manufacturer (1:10 diluted 
in PBS after reconstituting the freeze dried mate-
rial with 1 mL of PBS). This antibody is recom-
mended for immunohistochemical detection of 
T. bryosalmonae. It is however recommended 
to use the manufacturer’s protocol as a start-
ing point which can be further optimised and 
adapted  to the particular laboratory’s normal 
procedures as demonstrated by the comparable 

results obtained by all participants, despite the 
variation in protocols adopted. Based on the 
results provided by participants and presented 
here , it is also recommended to pay special 
attention to blocking and washing procedures 
during implementation of the protocol in the 
individual laboratories in order to reduce un-
specific staining. Lectin stain could be used, 
but should be used with caution due to the risk 
of unspecific staining, the stain is not recom-
mended as first choice. The Taqman protocol 
from (Bettgeet et al., 2009) was selected after 
reviewing the available literature. Real-time 
PCR results were consistent among different 

Sample Laboratory

 A B C D E Mean (S.D)

1 + (26.93) + (29.62) + (27.84) + (26.4) + (28.7) 27.90 (1.30)

2 +/doubt (35.65)* - - 37.8** - -

3 + (21.4) + (23.68) + (20.72) + (21.6) + (20.1) 21.5 (1.35)

4 + (23.08) + (31.79) + (24.99) + (23.9) + (25.1) 25.77 (3.47)

5 +/doubt (34.21)* - - (37.88)** - - -

6 + (21.37) + (23.56) + (18.95) + (18.9) + (22.7) 21.09 (2.13)

7 + (26.22) + (25.21) + (23.45) + (26.2) + (24.2) 25.06 (1.22)

Laboratory DNA extraction kit qPCR mastermix qPCR machine

A Macherey- Nagel Nucleospin 
Tissue Kit

Agilent Brilliant II qPCR 
Master Mix

Roche Lightcycler Nano

B DNeasy Blood (Qiagen) Agilent Brilliant II qPCR 
Master Mix

Mx PRO

C DNeasy Blood and Tissue Kit 
(Qiagen)

Agilent Brilliant II qPCR 
Master Mix

Real Plex 2 Eppendorf 
Master Cycler

D Not specified - RNA was 
extracted and used as a template 
for cDNA

IMMOLASE + SybrGreen Not specified

E DNeasy Blood and Tissue Kit 
(Qiagen)

Applied Biosystems Gene 
Expression Kit Mastermix

AB 7300

Table 5. Quantitative real-time PCR results of T. bryosalmonae detection, obtained from the participating 
laboratories. * = Contamination reported by the lab; **= interpreted as negative by the laboratory; S.D = 
Standard Deviation. 

Table s2. PCR specifics of the different participants
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laboratories (Table 5), indicating that the pro-
vided TaqMan protocol is robust and can be 
easily implemented. Results and the methods 
are robust despite different methods for DNA 
extraction, real-time PCR kits and conditions, 
as well as the use of different real-time PCR 
machines (Table S2). One participant (labora-
tory D) extracted RNA instead of DNA and 
after synthesizing cDNA, used SYBR Green to 
detect T. bryosalmonae by real-time PCR (Table 
S2). This is a different approach than the sug-
gested protocol, but it was assumed that the 
same primers were used, and it gave the same 
results. Although this drastic change and the 
compliance of results seems to indicate that the 
protocol is sufficiently robust, this may affect 
the specificity of the assay, and this need to be 
taken into consideration.

All positive samples were detected as positive 
and all negative samples as negative, except 
for Laboratory A, which reported problems 
with contamination in their negative extraction 
controls (Table 5). Unspecific amplification was 
detected in two negative samples (sample 2 in 
laboratory D, and sample 5 in laboratory C). 
Ct-values for these two samples were, however, 
superior to the positive/negative cut-off value 
established in both testing laboratories. High Ct 
values are also shown in both negative samples 
analysed by laboratory A but, as mentioned, 
this may be caused by contamination. Although 
this did not affect the interpretation of results of 
diagnostic samples, special caution needs to be 
placed on result interpretation for samples with 
high Ct-value when the suggested real-time 
PCR is used for detection of T. bryosalmonae. 
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