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Vaccination against furunculosis and vibriosis is
well-established in fish culture. Intraperitoneal (i.p.)
vaccination with oil-adjuvanted vaccines has been
reported to result in either enhanced (Buchmann et al.
1997) or reduced fish growth (Lillehaug 1991, Lille-
haug et al. 1992, Midtlyng 1997, Midtlyng & Lillehaug
1998). Knowledge about the effects of oil-based vacci-
nation on growth of Arctic charr Salvelinus alpinus is
limited. The temperature in which fish are cultured
after vaccination may influence the effects of the vac-
cine. The optimum temperature for growth of Lake
Inari Arctic charr has been reported to range from 10 to
14°C (Lyytikäinen et al. 1997). We chose to study how

i.p. vaccination with an oil-based vaccine influences
growth of Arctic charr at 3 temperatures: 10.3, 14.1 and
18.1°C. 

Materials and methods. On April 26, 1996 (Day 0), a
group of Arctic charr (average weight = 25.2 g, SD =
7.6 g) was i.p. vaccinated at 2.9°C (0.2 ml fish–1) with
an oil-based, bivalent vaccine containing killed Aero-
monas salmonicida subsp. salmonicida and atypical A.
salmonicida bacteria (Alpharma Inc., Norway) (Fig. 1).
A group of non-vaccinated fish served as controls,
marked by clipping the adipose fin. Charr were kept in
4 m2 tanks at ambient water temperature and fed at a
low ratio (<0.5% of body weight d–1). 

Fish were individually marked i.p. 25 d after the vac-
cination with passive integrated transponder (PIT) tags
under tricaine sulphonate, MS-222 (0.15 g l–1), anaes-
thetisation, to allow individual growth measurement.
Water temperature was 6°C at the time of tagging. Fish
were then held in 4 m2 tanks for 7 d, until the start of
experiment, and fed as before (Fig. 1).

The fish were distributed amongst 9 fiberglass tanks
32 d after the vaccination (72 vaccinated/31 control fish
per 250 l tank) and kept for 20 d at 10.0°C. Fish were
fed in excess by belt feeders (8 h d–1, from 04:00 to
12:00 h) with commercial salmon feed (Tess Nutra G,
3.0 mm: 47.6% protein, 21.1% lipid, 8.8% water;
energy content 21.1 kJ g–1) and kept under a photope-
riod of 16 h light:8 h dark during the experiment. Then
temperature was changed within 8 h, to either 14.1 or
18.1°C, or kept at 10.3°C (3 tanks per temperature).
These temperatures were maintained for 7 wk. Fish
were weighed on Days 32, 49, 75 and 103. Growth
rates (G) of the individuals within the tanks were cal-
culated over 3 periods (first: Days 32–49; second: Days
50–75; third: Days 76–103) as: G = [(lnW1 – lnW0)]/(t1 –
t0), where W1 = weight at the end of a period (g), W0 =
weight at the start of a period (g) and t1 – t0 = length of
the period in days.
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ABSTRACT: There is limited knowledge about the effects of
oil-based vaccines on the growth of Arctic charr Salvelinus
alpinus, in particular at different rearing temperatures. One-
year-old Arctic charr were immunized intraperitoneally at
2.9°C with a metabolizable oil-adjuvanted, bivalent vaccine
containing killed typical and atypical Aeromonas salmonicida
bacteria. After vaccination the non-vaccinated (controls) and
vaccinated individually marked fish were held for 20 d at
10.0°C and then for 7 wk at 10.3, 14.1 or 18.1°C. During the
first 20 d at 10.0°C the growth rate (G) was higher for non-vac-
cinated than vaccinated fish. Thereafter vaccinated charr had
higher G than control fish at 10.3 and 14.1°C. In contrast, at
18.1°C there was no difference in G and therefore no com-
pensation of earlier growth suppression in vaccinated fish
was observed at that temperature. The study indicates that
vaccination has no ultimate negative effects on the growth of
Arctic charr at temperatures ranging from 10.3 to 14.1°C.
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The influence of vaccination on G was tested accord-
ing to a nested-factorial design (Montgomery 1997). In
the model the effect of temperature was nested with
tanks and vaccination was a factorial factor (Mont-
gomery 1997). Within a temperature treatment group
the influence of vaccination was tested by simple con-
trasts (SYSTAT 1997).

Results and discussion. There were no weight differ-
ences between the parallel groups (pooled average =
25.5 g, SD = 7.6 g) at the time of distribution of fish into
the tanks (Day 32). In the first period (Days 32–49, at
10.0°C), the control charr had higher G than the vacci-
nated fish. The difference in growth between vacci-
nated and control fish was similar in all the tanks at
that time (Fig. 2).

After the 3 temperature treatments were established
(Day 52) the vaccinated fish grew faster than the con-
trols at 10.3 and 14.1°C (second and third periods)
(Fig. 2). However, at the same time there was no sig-
nificant differences in G between the vaccinated and
the control fish kept at 18.1°C (Fig. 2). As a result there
was no significant difference in weight between the
vaccinated and the control fish at 10.3 or 14.1°C at the
end of the experiment, but the vaccinated fish held at
18.1°C had a lower body weight than the controls
(Table 1). Thus the vaccinated charr were able to com-
pensate for reduced growth at temperatures close to
the optimum growth temperature range (10.3 to
14.1°C) but not at a temperature above it.

In charr kept at 10.0 and 10.3°C from Day 32 to Day
103 after vaccination, we could analyze how G
changed over time. Growth suppression was observed
in vaccinated Arctic charr in the first period (Days 32 to
49). Our result for Arctic charr is not consistent with the

results of Midtlyng et al. (1996), who reported that
reduced appetite or growth could no longer be
observed 3 wk after i.p. vaccination in Atlantic salmon
Salmo salar. Impaired growth and the duration of
growth suppression after vaccination may be related to
activation of the immune system in vaccinated fish
(Poppe & Breck 1997) or result from lesions at the
injection site (Midtlyng et al. 1996) and may vary
among different species.

The results indicate that the side effects of vaccina-
tion on Arctic charr are influenced by water tempera-
ture. The temperature at which studies are performed
plays an important role in data analysis, because tem-
perature may allow compensatory growth or prevent
it. This is reflected in the relationship between the
duration and the results of the study. For instance, our
results for the final weight of Arctic charr (Table 1) are
consistent with the results of Midtlyng & Lillehaug
(1998), who observed a negligible or negative effect of
vaccination on growth of Baltic salmon. This consis-
tency requires that we do not take into account the
variation of G over time: the growth of vaccinated Arc-
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Temperature Mean weight ± SE (g)
(°C) Non-vaccinated charr Vaccinated charr

10.3 70.1 ± 2.2 ***71.8 ± 1.8
14.1 75.3 ± 3.3 ***76.7 ± 2.1
18.1 64.1 ± 4.3 49.6*** ± 1.6

Table 1. Weight (g) of intraperitoneally vaccinated Arctic
charr Salvelinus alpinus at 3 experimental temperatures 103 d
after vaccination. The number of fish is given in the legend of 

Fig. 2. ***p < 0.001

Fig. 1. Experimental de-
sign. One-year-old Arctic
charr Salvelinus alpinus
(average = 25.2 g, SD =
7.6 g) were intraperiton-
eally vaccinated on April
26, 1996 (##). The fish were
individually tagged (X).
Vaccinated and non-vacci-
nated charr were placed
into 3 temperature treat-
ment groups (72 vacci-
nated/31 control fish per
250 l tank; 3 replicates in
each temperature; total of
9 tanks) (0). Weighing of
individuals ( ) was per-

formed 4 times
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tic charr was significantly higher at the end of experi-
ment at 10.3–14.1°C. If we would have performed a
longer experiment with Arctic charr at 10.3 and
14.1°C, we may have gained results in agreement with
the results of Buchmann et al. (1997) on Atlantic
salmon. They observed higher weight gain for vacci-
nated Atlantic salmon. In contrast, in a shorter experi-
ment we would have observed only the growth sup-
pression caused by vaccination. It can be concluded
that the effect of vaccination on Arctic charr growth
may last over 3 mo, and therefore, the studies of the
side effects of vaccination on Arctic charr should last
preferably longer. However, our observations on Arctic

charr do not offer an explanation for the contradictory
results about side effects of vaccination, since vaccina-
tion procedures, rearing conditions and fish species
vary between studies.

Compensation of growth suppression was not seen
in vaccinated fish during the time of the experiment at
18.1°C. However, growth suppression was compen-
sated at 10.3 and 14.1°C. This indicates that vaccina-
tion with modern oil-adjuvanted vaccines has no ulti-
mate negative effect on growth of Arctic charr at
temperatures below their optimum growth tempera-
ture (14°C) or in conditions where compensatory
growth can be performed by Arctic charr. 
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Fig. 2. Influence of vaccination on growth rates (G) of Arctic charr held under 3 temperature regimes. Values are given as means
± SE. Non-vaccinated groups (n = 56, 50 and 46 at 10.3, 14.1 and 18.1°C, respectively) are indicated by open columns and vacci-
nated groups (n = 137, 127 and 108 at 10.3, 14.1 and 18.1°C, respectively) by filled columns. ***p < 0.001, **p < 0.01, NS = p > 

0.05. Temperature treatments are indicated and dotted vertical line indicates the time of temperature change
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