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RAINBOW TROUT COMPLEMENT FIXATION USED FOR TITRATION
OF ANTIBODIES AGAINST SEVERAL PATHOGENS
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lnstitut National de la Recherche Agronomique, Laboratoire d’Ichtyopathologie,
78850 Thiverval-Grignon (France)

Résumé

UTILISATION DE LA FIXATION DU COMPLÉMENT DE TRUITE ARC-EN-CIEL POUR LE
TITRAGE D’ANTICORPS DIRIGÉS CONTRE DIVERS AGENTS PATHOGÈNES. - Devant
l’impossibilité de fixer le complément (C) de cobaye avec des anticorps de Truite Arc-en-Ciel
(Salmo gairdnefl) alors que cette possibilité existe avec les anticorps de Truite Fario (Salmo
trutta), un test de fixation du C a été réalisé qui utilise l’hémolysine et le C de Truite Arc-en-Ciel.
L’injection de Globules Rouges de Mouton (GRM) lysés aux Truites a permis d’obtenir des anti-
corps hémolytiques (qui sont des IgM), et le sérum de Truite normal (STN) est utilisable comme
source de C à des dilutions où a disparu l’activité hémolytique « naturelle » que présente le STN
pour des globules rouges de nombreuses espèces d’homéothermes. 1 /2 h de chauffage à 37 °C
entraîne la disparition des trois quarts de l’activité complémentaire, et celle-ci disparaît complète-
ment à 40 °C. La fixation de 3 à 4 unités hémolytiques 50 % (CH50) a été réalisée dans un test
court (2 incubations de 1 h à 20 °C) dans les systèmes antigène-anticorps suivants : 2 antigènes
bactériens (Aeromonas salmonicida et Vibrio anguillarumj, 2 virus (Virus de la Nécrose Pancréati-
que Infectieuse (NPI) et virus d’Egtvedl. La fixation du C permet le titrage des anticorps avec une
sensibilité comparable à celle de l’agglutination dans le cas de l’Aeromonas, avec une sensibilité
très inférieure à celle de la séroneutralisation pour le virus de la NPI (ordre de grandeur de 50). La
différence n’est pas si marquée pour le virus d’Egtved.

Antibody production in fish, and more parti-
cularly in salmonids, against pathogens as well
as various antigens, is well documented. This

subject has been extensively reviewed by Cor-
bel (1975). Agglutination, in the case of bacte-
ria, and neutralization, in the case of viruses,
have been almost exclusively used for the titra-
tion of antibodies against those pathogens. In
contrast, there is very little information con-

cerning complement fixation. However, the

existence of complement in the serum of the

eel (Anguilla anguilla) and the tench, ( Tinca
tinca) was reported by Nardi as early as 1938.
Complement was subsequently found by
Legler et al. (1967) in several freshwater

teleosts, and by Day et al. (1970) in carp
(Cyprinus carpio) and paddlefish Polyodon
spathula). In salmonids, Chiller et al. (1969)
pointed out the necessity of salmonid serum
as a source of complement to achieve lysis of
sheep red blood cells (SRBC) by rainbow trout
( Salmo gairdneriJ antibodies.



Complement fixation by rainbow trout anti-
bodies was first mentioned by Saito et al.

(1964) who obtained fixation of guinea pig
complement. Complement fixing titres were

low, and the technique used poorly described.
More recently, guinea pig complement fixation
by brown trout ( Salmo trutta) antibodies was
clearly achieved by Ingram and Alexander
(19761. In contrast negative results were obtai-
ned when using rainbow trout antibodies

(Ingram, personal communication). Our first

complement fixation tests (CFT) were in

agreement with this last finding. Therefore,
we had to design a CFT using trout comple-
ment as well as trout haemolysin in order to
titrate antibodies from the same species. Zicht
(1976) had previously undertaken a similar

work, and pointed out the strong natural hae-
molytic activity of rainbow trout serum for
SRBC. Immunization of trout with SRBC

strongly enhanced haemolysin activity, but

Zicht was unable to obtain any complement
fixation. He pointed out that guinea pig com-
plement could not replace trout C in the Trout
anti-SRBC haemolysin system and inversely
that trout C could not substitute for guinea pig
C in the rabbit anti SRBC system.

Material and Methods

1. Antigens
The preparation of Aeromonas salmonicida,

the causative agent of furonculosis of salmo-

nids, for agglutinin titration in microplaques
has been described (Maisse and Dorson,
1976). A freshly prepared suspension of

approximately 109 bacteria per ml was washed
in saline, freeze dried and subsequently used
as antigen for complement fixation. For titra-
tion of anti Vibrio anguillarum antibodies, a

bacterin (Hivax vaccine, from Tavolek inc.

Seattle) was kindly supplied by Dr Amend.
Production and titration of Infectious Pan-

creatic Necrosis Virus (IPNV) have been des-
cribed (Dorson and De Kinkelin, 1974), as well
as production and titration of Egtved Virus,
causative agent of Viral Haemorrhagic Septi-
caemia of Trout (De Kinkelin and Scherrer,
19701. Egtved Virus used in this study was pro-
duced on carp cultured cells (EPC, Fijan,
unpublished).

IPN virus was concentrated by overnight
incubation at 4 °C with 10 % polyethylengly-

col (PEG, Carbowax 6,0001. Egtved Virus was
concentrated according to the same proce-
dure using 7 % PEG and 3 % NaCI. Both viru-
ses were resuspended in PBS to a final titre of
5 x 108 pfu.

Anti-complementary activity was someti-
mes found in Aeromonas and rarely in Egtved
virus preparations. These were then discar-
ded.

2. Animals, bleeding and immunization

150 to 400 g trout were purchased from a



trout farm regularly controlled by the labora-
tory, and free of any viral disease. They were
maintained in recirculated units (temperature
10 to 15 °C1. Blood used as a source of anti-
body was drawn by the cardiac route, and sera
harvested after clotting (overnight at 4 °C) and
stored at - 20 °C.
When blood was used as a source of com-

plement, it was chilled in an icebath as soon as
drawn. The serum was harvested 1 h later, and
used soon after or freeze dried.

Immunization doses (0.5 ml intraperito-
neally) were as following :
- Aeromonas salmonicida : 5 x 108 bacteria
killed by 0.6 per cent formalin. (commercial
formalin containing 30 % formaldehyde). One
injection.
- Vibrio anguillarum : Hivax vaccine. Two

injections (4 months interval).
- lPN Virus : 4 x 108 plaque forming units
(pfu) inactivated by formalin 1/200 24 h, then
dialysed against PBS to eliminate excess for-
malin. Three injections (6 months interval).
- Egtved Virus : 108 pfu inactivated by (3 pro-
piolactone 1 /6000. Three injections at time 0, 9
and 16 months.
- Sheep Red Blood Cells (SRBC) were injec-
ted in the form of membranes after lysis by
distilled water and subsequent washings. Each
injection (time 0, 6 and 8 months) correspon-
ded to 2.5 ml of packed whole SRBC (approxi-
matively 5 x 101°1, with 0.1 ml of Complete
Freund’s adjuvant.

3. Antibody titration

The agglutination of Aeromonas salmoni-
cida cells in microplaques has been previously
described (Maisse and Dorson, 19761.
The sero-neutralisation of IPN and Egtved

viruses by the plaque number reduction tech-
nique on RTG2 cells monolayers has also been
described (Dorson and De Kinkelin, 1974).
The complement fixation test was adapted

from the classic procedure (Williams and

Chase, 19771, and carried out in 5 ml test tubes
according to the following schedule :
1. 0.1 ml antigen ;
2. 0.1 ml immune serum (previously heated 30
min at 45 °C) ;
3. 0.1 ml complement (C).

Incubation 1 h at 20 °C.
4. 0.1 ml trout anti-SRBC serum (previously
heated 30 min at 45 °C).
5. 0.2 ml of a 0.8 % SRBC suspension.

Incubation 1 h at 20 °C.
6. 1.5 ml of chilled citrate buffer (Na3C6Hs07
0.075 M, NaCl 0.12 M, adjusted to pH 7.3 by
citric acid).

Centrifugation (5000 g, 10 min).
Reading of optical density at 413 nm.

All classic controls (particularly for anti
complementary activity of antigens and sera)
were systematically included in the tests. Anti-
sera were not pre-incubated with SRBC since
it was noticed that all natural activity against
SRBC was destroyed after heating and was
not restored by C. Dilutions were calculated in
volumes 1 to 3 for C.F. activity, in volumes 1
to 5 for haemolytic activity. The reagents were
diluted in Mayer’s buffer (lnstitut Pasteur Pro-
duction) with 0.1 per cent bovine serum albu-
min (Calbiochem). SRBC, guinea pig comple-
ment and rabbit anti SRBC haemolysin were
supplied by Institut Pasteur.

4. Gel filtration

Purification of trout immunoglobulins by gel
filtration through Sepharose 4B has been pre-
viously described (Dorson, 1972).

Results

1. Titration of trout anti SRBC haemolysin
and trout complement.

At the beginning of this study, no precision
could be obtained about the C concentration
in normal trout serum (NTS), which exhibited
a noticeable spontaneous haemolytic activity
against red blood cells from all the various
homeotherms tested : sheep, horse, rabbit,
man, chicken. This natural activity was des-
troyed by heating (30 min at 40 °1. So, when
checking sera from trout immunized against
SRBC, these were heated (30 min at 45 0) and
NTS was used as C at the first 1/2 dilution
which had no natural haemolytic activity. The
first tests were performed 3 months after the
first injection of SRBC into 10 table size trout,
and low but significant induced haemolytic
activities were recorded. One individual rea-

ched a haemolytic titre of 1/300 (dilution at
which 50 % haemolysis was recorded). From 1
to 4 months after the last booster high titres
(up to 1 /3000) were obtained. It must be stres-
sed that only 4 animals in 10 responded well to
injection. In others, titres remained low

throughout the course of immunization. A
typical titration curve of induced haemolytic



activity is shown in figure 1. Haemolysis assay
on fractions obtained after gel filtration of
immune trout serum on Sepharose 4B
demonstrated that haemolytic activity was
associated with IgM peak. For subsequent
experiments, trout haemolysin was used in
excess (at least 10 times the concentration
providing 50 % haemolysis). Thereafter, com-
plement could be precisely titrated, and

figure 2 demonstrates such a titration. It was
verified that C activity of NTS was completely
abolished by Ethylendiamine Tetraacetic acid
(EDTA) 0.03 M, as well as guinea pig C tested
with rabbit anti SRBC. The sensitivity to hea-
ting of trout C was measured (fig. 3) : it was

completely destroyed after 30 min at 40 °C,
and 45 °C was choosen for inactivation of
sera. A 50 per cent decay of C titer was noti-
ced after overnight storage at 4 °C, which led
to the use of the short complement fixation
test described in material and methods. This
test worked from 10 to 25 °C, and 20 °C was
choosen as the optimum temperature.

2. Complement fixation tests with trout anti-
bodies.

All the tests were performed with 3 to 4 CHso
units (amount of C providing a 50 % hae-

molysis), for the two bacterial and the two
viral antigens.



Complement fixation curves were establis-
hed for several trout immunized against A. sa/-
monicida and bled two months later (fig. 4).
The maximum titre (50 % inhibition of hae-

molysis) was 1/2000, and there was a good
correlation between complement fixation and
agglutination titres.

In the case of V. anguillarum, complement
fixation titres reached 1/300 1.5 month after
the first injection, and 1/1000 1.5 month after
the second one, in the six immunized fishes.
There was no CF activity in non-immunized
controls.

In the case of IPN, antibodies came from 3
hyperimmunized trout (fig. 5). Titres were
1/3000 - 1/4000 in CFT, and 1/200000 -
1/250000 in seroneutralization.

Finally, the test was carried out with Egtved
Virus. The first CFT was performed one week
after second injection and gave negative
results. Four weeks later significant titres were
obtained (from 1/30 to 1 /801. This was parallel
to a weak neutralizing activity of Egtved virus
(30 to 50 % neutralization at 1/20 dilution).
Titres then decreased and all fish were nega-
tive three months after second injection. One
month after third injection, titres increased

again (up to 360 in CFT and from 20 to 100 %
neutralization at 1/40 dilution). Again, as for
anti SRBC immunization, several of the 14
immunized trout developed very poor titres.
Non immunized controls remained negative
throughout the experiment.

Discussion

After immunization of rainbow trout against
SRBC and obtainment of trout haemolysin,
trout complement could be titrated and some
of its properties have been demonstrated.
EDTA sensitivity of trout C indicates the same
requirement for divalent cations as for other
known complements. Trout C is extremely

heat sensitive, and very labile. CFT has been
achieved with the four antigens used. The
sensitivity of CFT is comparable to that of

agglutination in the case of A. salmonicida.
As expected, in the case of IPN, neutraliza-

tion was far more sensitive than CFT. But in
the case of Egtved Virus, to which it is always
difficult to elicit neutralizing antibody response
(Vestergard-Jorgensen, 19711, the difference
was not so marked. It must be stressed that,
until now, CFT has not enabled us to detect
anti Egtved Virus antibodies in the absence of
any neutralizing activity. On the other hand,
we are now able to add known amounts of C
in sero-neutralization tests, and to check for
the role of C in virus neutralization. This

aspect is now under investigation. Of course
all the reagents can be used in a microtechni-
que, but the technique described in this paper
is more precise and appeared more suitable for
this preliminary work, which only aimed to

demonstrate that CFT could be used with rain-
bow trout for antibody titration.
A puzzling situation is represented by the

fact that in some salmonids (Brown Trout),
guinea pig complement can work in a CFT,
while in others (Rainbow Trout) it cannot. This
fosters further investigation, especially on the
purification of Salmonid C components, and
the examination of the factors which deter-
mine their interaction with different antigen-
antibody complexes.
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Summary

Since it is impossible to fix guinea pig complement (C) with Rainbow Trout ( Salmo gairdnen1
antibodies, whereas it is possible with Brown Trout ( Salmo trutta) antibodies, a C fixation test
has been designed which uses haemolysin and C from Rainbow Trout. Immunization of trout
against lysed sheep red bloods cells (SRBC) elicited production of haemolytic IgM. Normal trout
serum (NTS) can be used as a source of C at a dilution at which its « natural » haemolytic activity
(against various homeotherms RBC) has disappeared. Heating of trout C 30 min at 37 °C leads to
a 75 % loss of its activity, and this one is completely abolished at 40 °C. Fixation of 3 to 4 CH50



units has been achieved in a short test (2 h at 20 °C) for the following antigen-antibody systems :
2 bacterial antigens (Aeromonas salmonicida and Vibrio anguillarum) ; 2 viruses (lnfectious Pan-
creatic Necrosis (IPN) virus and Egtved Virus). C fixation has a sensitivity comparable with agglu-
tination in the case of A. salmonicida. For IPN Virus, sero-neutralization is 50 times more sensi-
tive than C fixation. In the case of Egtved virus, the difference is not so great.
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