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Abstract
Peroxidase activity was demonstrated in a number of tissues of Atlantic salmon smolts. Using a
horseradish peroxidase based heterogeneous, non-competitive, sandwich ELISA designed to
detect A. salmonicida, significant background signals were detected in tissues, particularly kid-
ney, taken from disease-free fish. A number of heat treatments were investigated for their ability
to reduce this background interference. Pre-treatment at 56ºC for 10 and 20 min and at 76ºC for
5 min all reduced the matrix background peroxidase activity. The treatments at 56ºC were, how-
ever, shown to adversely affect the percentage recovery of spiked A. salmonicida cells. A pre-
treatment of 76ºC for 5 min followed by rapid cooling was demonstrated to result in the greatest
reduction in matrix background and in the least reduction in percentage recovery.

Introduction
There are many aspects of the relationship
between Aeromonas salmonicida and its fish
hosts that have yet to be resolved (Bernoth
1997). In particular, the location of the bacte-
rium in covertly infected fish has proved dif-
ficult to establish. In part, this difficulty has
been associated with the limitations of cur-
rently available culture methods (Hiney et al.,
1997). In theory, immunological based tech-
niques represent suitable methods for the
rapid and reliable detection of A. salmonicida

in a number of environments, however, Hiney
and Smith (1998) have stressed that the sys-
tematic validation of the application of any
proxy method is an essential prerequisite be-
fore the data such a method generates can be
used. They identified the lower level of de-
tection (LDL) as one of the important param-
eters that must be established for each matrix

in which the assay is to be applied. Following
Wellac (1993) they suggest that the LDL
should be determined by measuring the mean
response of the assay when applied to an
unspiked sample of that matrix and the stand-
ard deviation about that mean.

A number of workers have developed, have
applied or have recommended the application
of enzyme linked immunosorbent assays
(ELISA) for the detection of A. salmonicida in
fish (Smith, 1981; Austin et al., 1986; Saki et
al., 1986; Bernoth and Böhm, 1988; Rose et al.,
1989; Adams and Thompson, 1990; Bernoth,
1990; Lallier et al., 1990; and Neelam et al.,
1995). Of these assays eight employed horse-
radish peroxidase to detect bound antibodies
but only Smith (1981) reported the use of any
heat pre treatment (20 min at 56ºC) to remove
background peroxidase in the tissues being
analysed.
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 This work reports the investigation of the
influence of tissue peroxidases on the LDL of
a heterogeneous, non-competitive, sandwich
ELISA that employed horseradish peroxidase.
The efficacy and consequences of a number
of pre-analysis heat treatments are evaluated.

Methods
Bacterial culture methods
The A. salmonicida 47A used in this work was
originally isolated from Atlantic salmon pre-
smolts and was cultured on tryptone soya
media (TSA, TSB, Oxoid, UK) at 22ºC.

ELISA method
The ELISA used in this work has been de-
scribed in detail by Gilroy (1999). It was a het-
erogeneous, non-competitive, sandwich
ELISA. The coating antibody was raised in
rabbits to whole, formalin killed, cells of a
passaged, virulent strain of A. salmonicida 47A.
The conjugated antibody was raised to puri-
fied A layer isolated from this strain (Phipps
et al., 1983). The IgG fraction of each antibody
was partially purified by Protein A affinity
chromatography (Tijssen, 1985). The conjuga-
tion of horseradish peroxidase (Sigma, Lon-
don) to the partially purified, anti A layer, IgG
was performed by the protocols of Wilson and
Nakane (1978). The assay was performed ac-
cording to the protocols of Goers (1993). Con-
centration of bound peroxidase were calcu-
lated from OD492 developed after the addition
to the wells of 100 µl hydrogen peroxide and
o-phenylenediamine at 2mg/l in 0.1 M citrate
buffer (pH 5.5) and incubation at room tem-
perature for 20 min.

Peroxidase assay
The standard curve of peroxidase (Type IV,
Sigma P-6782) and the peroxidase concentra-
tions in fish tissues were determined with the
method of Catty and Raykundalia (1989).

Health status of fish
The Atlantic salmon pre-smolts used in these
experiments were taken from a population
held in the laboratory holding facilities. The
application of the stress test (Hiney et al.,
1997) confirmed that the fish used in these
experiments came from a population free of
covert infection by A. salmonicida.

Preparation and spiking of fish tissue
samples
Each organ or tissue to be examined was ex-
cised, weighed and diluted 1:5 (liver, kidney,
gut and muscle) or 1:10 (heart and spleen) in
sterile phosphate buffered saline containing
0.05% Tween 20. These suspensions were
processed using a Potter Elvehym tissue
homogeniser that was washed in phosphate
buffered saline and sterilised in alcohol be-
tween samples. Serial ten-fold dilutions of an
overnight broth of A. salmonicida 47A made
in TSB and 0.5 ml of these were mixed with 1
ml aliquots of the matrix homogenates.
Spiked samples were stored on ice and were
analysed within 2h of the introduction of the
bacteria.

Heat treatments of spiked aliquots of matrix
homogenates were performed by placing the
vortexed mixture in a water bath at either at
56ºC or 76ºC. The time of the treatment was
determined as the time the container was in
the water bath. In some experiments the con-
tainers were rapidly cooled after the heat
treatment by placing them in an ice bath. In
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the majority of cases, however, heated mate-
rial was allowed to slowly cool to room tem-
perature before the analysis.

Determination of matrix background and
percentage recovery
Matrix background values for each tissue
were determined by applying the ELISA as-
say to three independent, unspiked samples
of the various tissue homogenates. The ma-
trix background was calculated as the mean
plus twice the standard deviation of these
OD492 values.

Individual percentage recovery was calcu-
lated from the OD492 of a spiked matrix sam-
ple expressed as a percentage of the OD492 of
a TSB sample containing the same concentra-
tion of A. salmonicida cells. The mean percent-
age recovery was calculated as the mean of
the individual percentage recoveries deter-
mined in six concentrations of the cells over
the range 103 - 107 cfu/ml.

Results
Over a range of 0 - 500 ng/ml the standard
curve of OD492 against peroxidase concentra-
tion was linear (r2 =0.99). The application of
the peroxidase assay to the various fish tis-

sues revealed a wide range of activity in the
different tissues (Table 1). Highest activities
were found in the spleen (125 ± 30 µg/g; n=5)
moderate levels were detected in the heart
and kidney and lower activities were detected
in livers, intestinal contents and muscle tis-
sue.

Table 1 also presents the mean (n=3) matrix
background OD492 values determined in tis-
sues taken from three fish. When the samples
were not heated the matrix background for
five of the six tissues lay within the range 0.09
- 0.26. The matrix background for kidney
material (0.57) was, however, very much
higher. There was no correlation between the
matrix background values for unheated tis-
sues and the concentrations of peroxidase de-
tected in those tissues. The reason for this sur-
prising lack of correlation is unknown and no
experiments were performed to investigate
this phenomenon.

Four heat treatments were applied in an at-
tempt to reduce the matrix background val-
ues of the unheated fish tissues. All these
treatments reduced the mean matrix back-
ground (n=3) of all tissues to acceptable lev-
els (Table 1).
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traeH 71 62.0 70.0 40.0 40.0 40.0

reviL 5.1 11.0 60.0 70.0 50.0 60.0

neelpS 521 90.0 70.0 50.0 70.0 60.0

yendiK 02 85.0 50.0 90.0 40.0 50.0

stuG 4.0 12.0 01.0 60.0 50.0 70.0

elcsuM 40.0 61.0 50.0 60.0 60.0 50.0

Peroxidase levels and matrix background (OD492) values for unspiked tissues after various heat treatments.
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Preliminary experiments comparing the OD492

generated from suspensions of A. salmonicida

that were untreated with those that had been
heated to 56ºC for 20 min showed no signifi-
cant differences between the two measure-
ments. Estimates of the effect of heat treat-
ments on the mean percentage recovery from
spiked samples of the six tissues are shown
in Table 2. The high standard deviation asso-
ciated with each estimate of percentage recov-
ery has the result that, with respect to any tis-
sue, the differences in the recoveries after dif-
ferent heat treatments cannot be shown to be
significant. However, application of the
Wilcoxon test to the mean recoveries obtained
from the set of matrices under different heat-
ing conditions demonstrates that those ob-
tained after heating to 56ºC are significantly
lower than those obtained after heating to
76ºC. The set of means obtained when the
spiked matrices were heated to 76ºC for 5 min
were not, however, significantly different to
those obtained when the matrices were heated
prior to spiking.

Discussion
It is most probable that the elevated matrix
background detected in ELISA assays of un-
heated and unspiked kidney tissue was con-
sequent on the relatively high levels of per-
oxidase activity in these tissues in healthy fish.
This explanation does not, however, provide
an explanation why the even higher levels of
peroxidase detected in spleen tissues did not
have an equivalent impact on the matrix back-
ground. The reason for this discrepancy is not
known. From the data in Table 1 it is appar-
ent that all four heat treatments reduced the
matrix background of all six tissues to levels
that would allow the setting of an applied
lower detection limit (Hiney and Smith, 1998)
on the basis of an OD492 of 0.1.

The data in Table 2, however, suggests that
the four heat treatments may have different
effects on the percentage recoveries that could
not be accounted for as a direct consequence
of the heating of the target cells. Treatments
at 56ºC in particular had an adverse effect on
the recovery from kidney and spleen tissues
whereas the treatment at 76ºC for 5 min fol-
lowed by rapid cooling had the least effect on
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nim01 nim02 nim5 *nim5

traeH 22±27 22±17 9±88 8±49 51±59

reviL 13±06 62±86 42±86 52±88 31±19

neelpS 03±56 23±55 03±85 61±27 22±79

yendiK 73±25 13±05 53±76 82±66 12±28

stuG 22±58 41±48 51±69 71±19 8±47

elcsuM 02±67 11±28 6±19 7±29 11±89

***naeM 07 86 87 48 88

Table 2. Mean percentage recovery of spiked A. salmonicida from fish tissues after various heat treatments
(±SD; n=6). *Samples cooled immediately after heat treatment. **Heating was at 56OC for 20 min. ***Mean of
the values determined for each of the matrices.
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this performance characteristic. A plausible
but uninvestigated explanation of these per-
centage recovery data would be that heating
of the matrices released an activity that inhib-
ited some component of the ELISA and that
this activity was dependent on elevated tem-
perature.

Conclusions
Levels of peroxidase activity in Atlantic
salmon pre-smolts have the potential to in-
terfere with ELISA systems based on horse-
radish peroxidase. With the ELISA assay stud-
ied in this work, treatment of tissue sample
at 76ºC for 5 min followed by rapid cooling
was demonstrated to be adequate to remove
this interference without adversely affecting
the percentage recovery.
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