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ABSTRACT

Molecules with immune modulating activity are ubiquitously distributed in nature and their impact on
aquaculture has been exploited in order to increase fish resistance to pathogens. Here, we investigated the
effect of inactivated Parapoxvirus ovis (IPPVO) on blood cells and innate and acquired immune response
of silver catfish (Rhamdia quelen). iPPVO inoculation had no effect on respiratory burst activity; however,
following iPPVO inoculation, we observed a significant decrease on circulating monocytes concomitantly
with an increased number of heterophilic granulocytes and thrombocytes, which are the main cells involved
in innate immunity and provide connection with acquired immunity. Fish inoculated with a combination of
bovine serum albumin (BSA) + iPPVO had significantly higher levels of antibodies to BSA compared to
fish inoculated with BSA alone, but lower than fish inoculated with BSA + Freund’s incomplete adjuvant
(FIA). These findings points to the potential usefulness of iPPVO as immunomodulator in fish and instigate
further research to identify its component that interact with immune cells and that could be exploited as
adjuvants in fish.
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INTRODUCTION

Vaccination is becoming a major tool on fish
farming and has been the key reason for the dramatic
reduction of antibiotic usage in aquaculture
(Sommerset et al. 2005). Currently, commercial
vaccines are available for several bacterial diseases
and ongoing research focus on the development of

improved adjuvants and antigens aiming protection
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mainly against viral and parasitic diseases (Tafalla
et al. 2013). One of the major hurdles associated
with fish vaccination concerns to massive
production of low-cost and effective antigens
and adjuvants. In addition, the route of vaccine
administration in fish is also a matter of concern
in that protective immune response is usually
achieved only following intraperitoneal inoculation
of oil-based vaccines, and poses several limitations
and risks (Evensen 2009). In this scenario, research

on novel, pathogen-associated molecular pattern
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(PAMP) components with adjuvanticity properties
are much needed.

The Parapoxvirus ovis (PPVO), also known as
orf virus (ORFv), is a large enveloped DNA virus
(Haig and Mclnnes 2002) that contains several
genes coding for proteins known to counterattack
host immune responses (McGuire et al. 2012) and
genes homologues to host cytokines (Fleming et al.
1997). One of the most interesting immunological
features observed following infection of sheep
with PPVO is the lack of neutralizing antibodies
(Haig and McInnes 2002). The immunomodulatory
effects of inactivated PPVO (iPPVO) on terrestrial
vertebrates has long been reported and demonstrated
in vitro and in vivo (Castrucci et al. 2000, Fachinger
et al. 2000, Fleming et al. 1997, Kyriakis et
al. 1998, Paillot 2013, Schiitze et al. 2009), and
recently detailed in a murine model in which we
showed that iPPVO inoculation in mice resulted in
a coordinated overexpression of proinflammatory
and Thl cytokines up to 96 h post inoculation
(Anziliero et al. 2014a, b), and improved innate
immune response mediated by respiratory burst,
phagocytosis and serum bactericidal activity.

In fish, molecules that interact with immune
cells and mediate natural and acquired defense
mechanisms are in great demand and research on
this subject has increased significantly in the last
decade. Most molecules with immune stimulating
properties are derived from herbs, roots and
microorganisms, mainly bacteria and fungi (Bairwa
et al. 2012, Magsood et al. 2011, Van Hai 2015).
Studies concerning the immunological effect of
viral-derived proteins in fish are scarce. A single
study indicated that rainbow trout (Oncorhyncus
mykiss) treated with iPPVO had reduced clinical
signs following infection with Aeromonas
salmonicida, the etiological agent of furunculosis
(Ortega et al. 1996). Here, the major goals were to
investigate the effect of iPPVO on respiratory burst
activity, innate immune cells and serum antibody
response in silver catfish (Rhamdia quelen), a
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teleost fish ubiquitous in South American rivers
and lakes.

MATERIALS AND METHODS

FISH

Silver catfish (50 — 80 g) of both sexes were
acclimatized in self-cleaning tanks containing 1000
L of continuously running water (15 fish/tank)
and used in this study. Fish were fed twice daily
with commercial fish pellets (42% crude protein,
Supra, Brazil). Water parameters measured during
the experiment were as follows: dissolved oxygen
7.8+0.4mg/L; total ammonia was lower than 0.01
mg I"' and total hardness and alkalinity were 66 and
22 mg I CaCO,, respectively.

EXPERIMENTAL DESIGN

Inactivated PPVO was prepared as previously
described (Anziliero et al. 2014a) and stored at a titer
of 1x10° Plaque Forming Unit (PFU)/ml. A dose of
100 pul of iPPVO or sterile phosphate buffered saline
(PBS), inoculated by intramuscular route, was used
throughout the study. In the first experiment, groups
of fish were inoculated with iPPVO or equivalent
volume of sterile PBS, and blood samples were
collected at 24 h post inoculation to determine the
respiratory burst activity, or at 3, 5 and 7 days post
inoculation to determine hematological parameters.
Concomitantly, in a second experiment, 5 groups
of fish were inoculated with: I) sterile PBS; II)
iPPVO; III) Bovine Serum Albumin (BSA, 200pg/
fish for all inoculations; Sigma); IV) BSA+iPPVO;
V) BSA+ Freund’s Incomplete Adjuvant (FIA).
Blood samples were collected at 35 days post
inoculation to measure the production of specific
antibodies. Fish inoculation and sample collection
were performed in fish anesthetized with Eugenol
(50 mg/L). The experiments were approved by
the Ethical and Animal Welfare Committee of the
Universidade de Passo Fundo (Protocol number
003/2011)



NOVEL ADJUVANTE FOR FISH 1453

RESPIRATORY BURST ACTIVITY

The nitroblue tetrazolium (NBT) method was
used to estimate the production of intracellular
superoxide radicals on whole blood samples, as
reported previously (Behera et al. 2010). Briefly,
100 pl of heparinized blood was mixed with 100
pl of 0.2% NBT (Sigma) and incubated at 25°C for
30 min. Then, 50 pl of the blood NBT solution was
mixed to 1 ml of N, N diethylmethyl formamide
(Sigma), centrifuged (6000 x g, 5 min) and the
optical density of the supernatant was measured at
540 nm.

HEMATOLOGICAL PARAMETERS

Heparinized blood samples were collected from
the caudal vein and blood smear were prepared
immediately after sampling, air-dried and stained
with Wright-Giemsa, to differentiate leukocytes
and thrombocytes. Erythrocytes and leukocytes
were counted using an improved Neubauer
chamber following standard protocols. Hematocrit
and hemoglobin counts were determined on whole
blood within 2 h after sampling, as previously
described (Kreutz et al. 2011). Total plasma protein
was determined using a refractometer.

ENZYME-LINKED IMMUNOSORBENT ASSAY TO DETECT
ANTI-BSA ANTIBODIES

A triple antibody indirect ELISA was carried out
to detect silver catfish antibodies to BSA. Briefly,
100 pl of BSA (50 pg/ml) in carbonate-bicarbonate
buffer (15 mM, pH 9.5) were distributed in 96-
well plates and incubated for 24 h at 4°C. Then, the
BSA solution was removed and the wells blocked
with 3% skim milk (SK, Sigma) diluted in PBS
containing 0.05% Tween-20 (PBS-T) for 1 h at
23°C. The blocking solution was removed and silver
catfish serum, diluted 1:100 in PBS-T, 1% SK, was
added to the plates as first antibody. The plates were
incubated at 23°C for 1 h, washed four times with

PBS-T and allowed to react with rabbit anti-silver

catfish IgM-like immunoglobulin diluted 1:1000
as the second antibody, for 1 h at 23°C. After four
washes, goat anti-rabbit peroxidase conjugated
(third antibody, Sigma) diluted 1:20.000 was added
and incubated for 1 h at 23°C. Plates were then
washed four times and incubated with 100 pl of
substrate solution (5 mg of O-phenylene diamine
tetra dihydrochloride in 10 ml of acetate bufter, pH
5.0, containing 4 ul of 30% H,0,) for 15 min in the
dark. The reaction was stopped by adding 50 ul of
3 M hydrochloric acid and measured in an ELISA
reader at 450 nm (Biochrom Anthos).

STATISTICAL ANALYSIS

The data obtained was analyzed by the Shapiro-
Wilk’s test and were found to have normal
distribution. Differences amongst treatments were
analyzed by t-test or two-way ANOVA followed
by Bonferroni’s multiple comparisons test, as
indicated on the table and figure legends, and
plotted using Prism GraphPad Prism Software v.
5. P-values of 0.05 or smaller were considered
significant. Results are expressed as the mean +
standard error of the mean (S.E.M.).

RESULTS AND DISCUSSION

The immune modulating activity of iPPVO suggests
the existence of a complex group of proteins in the
viral structure that interact with host immune cells
and might be exploited as potential adjuvants for
the prophylaxis of animal diseases or as vaccine
adjuvants. In a previous study we demonstrated
that iPPVO induced a transient but significant
increase in respiratory burst of murine neutrophils,
and several proinflammatory and auto regulatory
cytokines in mice (Anziliero et al. 2014a). Here, we
investigated the effect of iPPVO on some immune
parameters of silver catfish. iPPVO had no effect
on respiratory burst activity when measured in
total blood cells at 24 h post inoculation (Figure 1).
Similarly, no effect on the respiratory burst of total
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Figure 1 - Respiratory burst activity measured on
blood cells collected from silver catfish 24 h after
inoculation with PBS or iPPVO. Data represent the
means = S.E.M. (n = 15) and were compared using
t-test. There were no significant differences (p < 0.05)
between groups.

blood cells was also reported in a porcine model
(Fachinger et al. 2000). In contrast, when iPPVO
was incubated with purified canine monocytes
(Schiitze et al. 2009) and human neutrophils (Friebe
et al. 2004) a significant increase in the respiratory
burst activity was observed. It should not be
assumed, however, that fish cells do not recognized
iPPVO; at contrary, the absence of a measurable
effect could be related to the fact that we used
total blood cells and it instigates investigation of
the possible effect and interaction of iPPVO with
purified blood cells and cells from head and middle
kidney cells. In most mammal species, iPPVO
is an inducer of proinflammatory (TNF-a, IL-1P
and IL-8) and Thl-derived cytokines (Anziliero et
al. 2014b), and the increase on respiratory burst
might be the result of direct interaction of iPPVO
with innate immune cells and also as the result
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of cytokine (TNF-a) stimulation of pre-activated
phagocytic cells (Forlenza et al. 2011, Mulero et al.
2005). On the other hand, because of the transient
and timely effect of iPPVO on cells, it is possible
that silver catfish blood cells were activated but at
the time we sampled the fish (24 h post inoculation)
the production of reactive oxygen species was
lowering, as observed in the murine model
(Anziliero et al. 2014a), or not yet high enough to
be detected in our assay. Nonetheless, because fish
pleiotropic cytokines TNF-a. and IL-1p are both
induced by leucocytes-exposed PAMPs, future
investigation with isolated cell population should
indicate the stimulating role of iPPVO and its
potential use as innate immune modulator in fish.
The number of circulating monocytes 3 days
post inoculation with iPPVO was significantly
reduced (p < 0.05) compared to mock inoculated
fish (Table I). Circulating monocytes are driven to
the site of antigen injection and comprise the first
and perhaps the most important cells of the innate
immune system of fish and central to lymphocyte
stimulation by means of cytokine production
(Forlenza et al. 2011). Heterophilic granulocytes
and thrombocytes, in contrast, were significantly
higher in iPPVO inoculated fish (p <0.05) at 5 and 7
days post inoculation, respectively. The remaining
hematological parameters were similar between
groups and within the range expected for this species
(Kreutz et al. 2011). There was no difference in the
values of total plasma protein (data not shown). In
fish, heterophils and thrombocytes have phagocytic
function and play a key role on innate defense
towards pathogen infection (Hill and Rowley 1998,
Tosik et al. 2001). It is tempting to speculate that
the higher number of heterophils and thrombocytes
observed in iPPVO inoculated fish could have
been the result of the cytokine cascade resulting
from the monocytes in contact with iPPVO at the
injection site. Because the nucleotide sequence of
immune related genes are not available to Rhamdia
quelen, a thoroughly analysis of gene expression
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TABLE 1
Hematological parameters of silver catfish inoculated with phosphate buffered saline (PBS) or inactivated
Parapoxvirus ovis (iPPVO). Blood samples were collected from all inoculated fish (n = 15) at the indicated time.
Data represent the mean +S.E.M. Differences between the PBS and iPPVO group at 3 days post inoculation are
indicated by small letters and differences (p < 0.05) within the iPPVO group at each time point are indicated by
capital letters.

Treatment group (days post inoculation)

Blood parameter PBS iPPVO
3 5 7

Erythrocytes (10°%/ul) 2.1 (£0.14) 2.0 (£0.17) 1.8 (£0.09) 1.8 (£0.19)
Hemoglobin (g/1) 109 (£8.9) 103 (24.5) 133 (£3.8) 121 (£5.4)
Hematocrit (%) 42 (£2.6) 36 (£1.5) 37 (£2.0) 40 (£1.5)
Leucocytes (ul) 30058 (£3359) 34946 (£7619) 34946 (£7619) 29470 (£5934)
Heterophils (p) 2245 (+£700) 3087 (+1339)* 19245 (+4011)® 5343 (£1992)*
Eosinophils (ul) 0 0 0 0
Monocytes (ul) 1097 (+328)" 362 (£133)° 214 (£105) 131 (£59)
Lymphocytes (u1l) 11719 (£1942) 16693 (+£7208) 7807 (£1762) 4218 (+1294)
Thrombocytes (ul) 31085 (£2454) 34339 (£5703)* 31199 (£7061)* 56799 (£3397)°

could not be performed at this time. However,
future investigation on the expression of selective
immune-related genes by iPPVO stimulated silver
catfish cells should provide a better understanding
on this subject.

Beside their pivotal role on first line of
defense, innate immune cells (e.g. monocytes),
and the recently recognized fish dendritic cells
(Bassity and Clark 2012), are fundamental to the
development of acquired immunity. Thus, we
sought to investigate if antibody production to a
specific antigen (BSA) was also affected in iPPVO
inoculated fish. Indeed, anti-BSA antibodies in
BSA+iPPVO vaccinated fish was significantly
higher (p < 0.05) compared to the fish inoculated
with BSA alone (Figure 2), but lower than from
fish inoculated with BSA+FIA. Because the main
goal of this work was to investigate a possible
adjuvanticity effect of iPPVO, the kinetics of anti-
BSA antibody production during the experiment
was not performed. Nonetheless, because the main
effects of iPPVO have been studied mostly on
innate immunity, the adjuvanticity effect of iPPVO
reported herein is a novel finding, at least in a
fish model. The mechanisms behind the increased
antibody production might also be related to the

pleiotropic cytokines induced by the innate
immune cells that interact with iPPVO. In a murine
model, proinflammatory (IFN-c, IL-1p, IL-8), Thl
(IFN-y, IL-12), and regulatory Th2 (IL-4 and IL-
10) cytokines were transiently up regulated in vivo
within 96 h post iPPVO inoculation (Anziliero
et al. 2014a, b). A similar pattern of cytokine up
regulation was also observed in porcine and human
peripheral blood mononuclear cells (Fachinger et
al. 2000, Friebe et al. 2004). This intricate network
of cytokine production mediated by iPPVO might
indeed affect the production of antibodies. IFN type
I (a/B), for instance, up regulated the expression of
MHC class II molecules (Schiitze et al. 2009) that
mediate epitope presentation to B-lymphocytes.
In addition, IL-1B mediates activation of T and
B lymphocytes, and IL-4 stimulates antibody
production by B cells, whereas IL-2 is well known
for its role on clonal expansion of lymphocytes
(Stetson and Medzhitov 2006, Swanson et al.
2010). Furthermore, in a porcine model, T helper
cells responded to iPPVO administration and were
found to be the main source of the increased levels
of IL-2, IFN-a and IFN-y (Fachinger et al. 2000).
Thus, iPPVO stimulates cytokine-producing innate
immune cells which in turn provide the stimuli and

An Acad Bras Cienc (2016) 88 (3)
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Figure 2 - Anti-BSA antibody production in silver catfish. Fish
were inoculated with phosphate buffered saline (PBS), iPPVO,
BSA, BSA + iPPVO or BSA + FIA. Serum samples were
collected 35 days p.i. and anti-BSA antibody titers measured
by ELISA. Data represent the means + S.E.M. (n = 15) and
were compared using two-way ANOVA and Bonferroni post-
test. Significant differences (p < 0.05) amongst groups are
indicated by asterisk.

support to the development of adaptive, antigen-
specific immune response.

In summary, we demonstrate for the first time in
fish that iPPVO alters circulating immune cells and
improves the secretion of antibodies to a specific
antigen. Future studies should investigate the
innate immune cells that interact with iPPVO and
the immune-related genes expressed both in vivo
and in vitro and their correlation with protection to

an infecting pathogen.
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