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Humoral Immune Responses Induced by Kudoa sp. (Myxosporea:
Multivalvulida) Antigens in BALB/c Mice

G Martinez de Velasco, M Rodero, L Zapatero, C Cuéllar*
Departamento de Parasitologia, Facultad de Farmacia, Universidad Complutense, 28040 Madrid, Espafia

The majority ofKudoaspecies infect the somatic muscle of fish establishing cysts. As there is no effective method
to detect infected fish without destroying them these parasited fish reach the conBuisierork was developed to
determine whether this parasite contains antigenic compounds capable of provoking an immune response in labo-
ratory animals, in order to consider the possible immunopathological effects in man by the ingestiodoaf
infected fish. BALB/c mice were injected by the subcutaneous route with the following extracts suspended in alu-
minium hydroxide: group 1 (bladkudoasp. pseudocyst extract), group 2 (whftedoasp. pseudocyst extract),
and group 3 (non-infected hake meat extract). Specific antibody levels were measured by ELISA against homolo-
gous and heterologous antigens. The highest responses were obtained from tKeithtedp. pseudocyst extract
(group 1).The low optic density levels detected in group 3 proved that the results obtained in groups 1 and 2 were
a consequence of the parasitic extract injection. The IgG1 was the predominant subclass. IgE detected in groups 1
and 2 showed the possible allergenic nature of some of the components of the parasitic extract. High IgA levels and
medium IgG2a and IgG3 levels were obtained in groups 1 and 2. Low 1gG2b responses were shown. No cross-
reactions betweeKudoasp. pseudocyst extracts and the non-infected hake meat extract were observed.
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The majority ofKudoa species infect the somatic However, the increment in the number of cases has been
muscle of marine and estuarine fish establishing cystpectacular: British Columbia (Whitaker & Kent 1991),
which contain many spores. As the parasite grows, it pr8pain (Barja & Toranzo 1993), France (Holliman 1994), Ire-
duces proteolytic enzymes (Patashnik et al. 1982, Tsuyu&nd (Palmer 1994) and Scotland. The smoking process, at
et al. 1982) that break down the filaments of the musck9°C for about 10 h, allows proteolytic enzymes produced
fibre (Stehr & Whitaker 1986). While the parasite is withirby the parasite to lysate some areas of the fillets, result-
a muscle fibre, it is undetected by the host’s immunologing a poor-quality flesh.
cal system. It is during this stage when the parasite con- There is no doubt in the extraordinary development of
tains many developing and mature spores, that the genusKudoa in the last years and its notable conse-
fected fibres have a white appearance. As the paradijieences. Considering that there is not any effective
grows, it breaks the sarcolemma and the host recognizasthod to detect parasited fish without destroying them,
the presence of the parasite (Moran et al. 1999). Théhdoes not result strange that infected fish reach the con-
there is a rapid development of a fibroblast layer arourstimer. Despite the black or white appearance of
the parasite (Morado & Sparks 1986, Stehr & Whitakgrseudocysts in fish meat, they are frequently unnoticed
1986) and the cyst, more properly, pseudocyst, quickind not always the myoliquefaction process is so intense.
acquires a black appearance. However, the process of re-In Spain, the consumption of imported Chilean hake
sorption is slower than that of the development dflerluccius gayi gay{Guichenot 1848) is higher than the
pseudocysts. Consequently, the net effect is an accunzensumption of hake proceeding from the Cantabric Sea,
lation of black pseudocysts as the infection progressedich has a better quality but also a higher prikaedoa
(Kabata & Whitaker 1986). In contrast, no cellular respongefected fish have been lately detected in this imported
is seen in “newer” hosts, where pseudocysts can cotmake, which is consumed not only fresh but also frozen.
pletely fill muscle fibres and rupture them, releasing spor€&opnsequently, we have developed this work to determine
and other parasitic materials. whether this parasite contains antigenic compounds ca-

In recent years, private fish farming of salmonids hgsable of provoking an immune response in laboratory
become an important industry in several countries. Un@inimals, in order to consider the possible immunopatho-
1990, salmonid infections by genkisdoawere unusual. logical effects in man by the ingestionkKididoainfected

fish.

MATERIALS AND METHODS

Kudoa sppseudocystsKudoasp. pseudocysts were
manually obtained from the skeletal musculature of Chil-
This work was supported by research grant PR238/00-94¢4n hakeMl. gayi gayidestined for human consumption.
E%ANONE’ Sd'A')' hor. Fax: +34-91-3941815. E _ll?seudocysts were carefully separated from any interfer-
Cueollra:fhsé’)?ar;”m%n?‘éts or. Fax: I - BE-Malling fish tissue. Afterwards, they were classified as black
Received 22 February 2002 pseudocysts and white pseudocysts by observing their
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-20°C until used. Pseudocysts with intermediate charagacoated as a control for non-specific reactions, except
teristics were discarded. when the plates were coated with Kweoasp. antigens
Extracts -BothKudoasp. pseudocyst forms and non-coupled to the carrier; then, these wells were coated with
infected hake meat were individually homogenized in @10 pg/ml solution per well of cBSA (SuperCarfiém-
hand-operated glass tissue grinder in PBS at 4°C. In oraeine Modulator, Pierce) diluted in the same carbonated
to release spore contenkajdoasp. homogenates were buffer to measure unspecific reactions to the cBSA. After
frozen at -80°C and lately sonicated by 20 pulses of 10 sgashing the plates three times with 0.05% PBS-Tween 20
with a Virsonic 5 (Virtis, NY, USA) set at 70% output power(PBS-Tween), blocking was carried out by adding 200 pl
in aice-water bath. All the homogenates were extractedper well of 0.1% BSA (Sigma, St Louis, MO, USA) in PBS,
PBS at 4°C overnight. The hake meat homogenate wasubating for 1 h at 37°C. After washing, 100 pl of serum
subsequently delipidized with n-hexane and centrifugeshmples were diluted 1/100 (1/10 when measuring IgE) in
as theKudoasp. homogenates at 8,497 g for 30 min at 4°€BS-Tween, 0.1% BSA, added in quadruplicate and incu-
(Biofuge 17RS: Heraeus Sephatech, GmbH, Osterode, Geated at 37°C for 2 h. As negative controls, sera from the
many). The supernatants were dialysed overnight at 48Gntrol group were used. Once the plates were washed,
in PBS. Protein content of the extracts was estimated b0 ul per well of a goat affinity-isolated, horseradish per-
the Bradford method (1976) and the extracts were frozeridase-conjugated antibody specific to mouse IgG+igM
at -20°C until used. (H+L), 1gG (), 1gG1 §1), IgG2ay2a), IgG2by2b), IgG3
Antigen coupling Black and whit&Kudoasp. extract (y3), IgA (a) (Caltag Laboratories, San Francisco, Califor-
fractions were used for coupling the antigens to a carrieia, USA), IgM () (Sigma, St Louis, MO, USA) and IgE
protein. Pierce’s ImjeEtPharmaLinkl Inmunogen Kitwas (g) (sheep, The Binding Site), at the appropriate dilution
employed, which use a cationized bovine serum albumin PBS-Tween, 0.1% BSA, were added and incubated for
(cBSA) as a carrier (SuperCarfidmmune Modulator), a 1 h at 37°C. After washing, 100 ul per well of substrate (O-
BSA in which the carboxylic groups are modified to prophenylene-diamine; Sigma, St Louis, MO, USA) were
duce a protein with a basic pl. The enhanced immunadded at 0.04% in a phosphate-citrate buffer (pH 5.0) with
genic properties of cBSA are imparted to the molecul@.04% hydrogen peroxide. The reaction was stopped with
covalently coupled to it. Cationization of an antigen pro3N sulphuric acid and the plates were read atr#80
vides the benefit of increased immunogenicity. CouplinResults were expressed as 3:D.D.. indexes by sub-
process was done via the Mannich reaction, accordingtracting the mean O.D. of the control from the mean O.D.
the manufacturer’s instructions. of the test sera (0.O.D.. when measuring IgE) once
Animals and immunization protocolhirty BALB/c  the non-specific reaction with the BSA used in the block-
mice were divided into five equal groups and injected bing (and with the cBSA when the antigen was coupled to
the subcutaneous route with the obtained extracts siise carrier) was subtracted.
pended in aluminium hydroxide (ImjecAlum, Pierce) as RESULTS
an adjuvant: group 1 (immunization with 100 pg/mouse of
native blackkudoasp. pseudocyst extract), group 2 (im- Dynamics of antibody responses in BALB/c mice im-
munization with 100 ug/mouse of native whikedoasp. munized with Kudoa sp. pseudocyst extradtse high-
pseudocyst extract), group 3 (immunization with 100 pgst 19G + IgM (Fig. 1) and 1gG (Fig. 2) responses were
mouse of non-infected hake meat extract), group 4 (imm@btained from the blacKudoa sp. pseudocyst extract
nization with 50 pg/mouse of bladkudoasp. pseudocyst (group 1).
extract coupled to cBSA) and group 5 (immunization with
50 mg/mouse of whit&Kudoa sp. pseudocyst extract
coupled to cBSA). Two weeks later, they were injected
again with an equal dose. Besides, a non-injected identi- o
cal group was used as a control group. The quantity of
carrier-coupled extracts injected per mouse was the mini-
mum recommended by the kit protocol, while the quantity
of the native extracts was in the advised range for its
administration as coupled extracts. The ratio (v/v) of ad-
juvant to extract was 1:3.
Sera- Animals were bled weekly, including the con- 5

0.
trol group, under ether anaesthesia, by the retroorbital 0.1
plexus, from the fourth to the 21st week since the first '
immunization. Blood samples from each group of mice were 0 S A L S A

pooled and centrifuged to obtain sera. 4 6 8 10 12 1416 18 20
Specific antibody levelsSpecific antibody levels were Weeks p.i.
measured by ELISA. The 96-well microtitre plates (Nunc-.

Fig. 1: dynamics of specific IgG + IgM production induced by the
Immuno Plate POlySOt_Fl), Brand Products, Denmark) Weredifferent extracts in each group. Group 1: immunization with 100

coated overnight at 4°C by the addition of 10 pg/ml pely/mouse of native blackudoa sp. pseudocyst extract; group 2:
well of Kudoa sp. extracts, whether coupled or not tommunization with 100 pg/mouse of native whikaidoa sp.
cBSA, and the meat hake extract, diluted in a carbonatggpudocyst extract; group 3: immunization with 100 ug/mouse of

buffer to 0.1M at pH 9.6 at 4°C. Several wells were keﬁpn—infected hake meat extract. Standard errors are included.

O.Dy O—Group 1
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Fig. 2: dynamics of specific IgG, IgM and IgA production induced by

the different extracts in each group. Group 1: immunization with ) -

100 pg/mouse of native bladkudoa sp. pseudocyst extract; group Fig. 3: dynamics of specific IgG1, 19G2a, 1gG2b and IgG3 produc-

2: immunization with 100 pg/mouse of native whkedoasp.  tion induced by the different extracts in each group. Group 1: im-

pseudocyst extract; group 3: immunization with 100 pg/mouse dhunization with 100 pg/mouse of native blagtudoasp. pseudocyst

non-infected hake meat extract. Standard errors are included. €xtract; group 2: immunization with 100 pg/mouse of native white
Kudoa sp. pseudocyst extract; group 3: immunization with 100 pg/
mouse of non-infected hake meat extract. Standard errors are in-
cluded.

Weeks p.i.

Low (IgG +IgM, IgG, 1gG2a) or null (IgG2b, IgG3, IgM,
IgA, IgE) responses were observed from the group immu-
nized with non-infected hake meat extract (group 3; Figs

—o— —0— ——
1-4). Higher IgG1 levels were obtained in this group (Fig. Grow 1 Grow 2 Grow 3

3). 4.5 oD
The low responses (data not shown) from the carrier- 4 D4/
coupled extracts (groups 4, 5; immunized with black or 3.5 0.D.
white Kudoasp. pseudocyst extract, respectively, coupled 3
to cBSA) showed their lower capacity to induce a hu-
moral response compared to the native antigens (groups 2.5
1,2). 2
The high O.D,-0.D.. indexes observed in sera from 1.5

black Kudoasp. pseudocyst extract (group 1) when the
production of specific IgG1, IgG2a, IgG2b and IgG3 was
studied (Fig. 3), also showed its higher antigenic proper-
ties towards the whit&udoa sp. pseudocyst extract

(group 2). The variability in the IgG3 levels was a common

: : : : : Fig. 4: dynamics of specific IgE production induced by the different
feature in the groups immunized with the natikedoa extracts in each group. Group 1: immunization with 100 pg/mouse

sp. pseudocyst extracts (groups 1, 2), mostly in the grogpnative blackkudoa sp. pseudocyst extract; group 2: immuniza-
injected with the extract obtained from white pseudocyst®n with 100 ug/mouse of native whitéudoa sp. pseudocyst ex-

(group 2). The IgM and IgA responses (Fig. 2) were vemyact; group 3: immunization with 100 pg/mouse of non-infected
similar with both native parasite extracts (groups 1, 2). Nake meat extract. Standard errors are included.
The IgE production (Fig. 4) was higher in the mice
injected with the blackkudoa sp. pseudocyst extract
(group 1) than that obtained from the white pseudocypseudocyst extracts (groups 1, 2) did not react with the
extract (group 2); moreover, while in the latter the Iglhake meat extract. In the same way, the sera from the mice
levels decreased after reaching a maximum, in the formiajected with the hake meat extract (group 3) did not react
they kept more or less constant until the end of the expewith the native pseudocyst extracts. The responses in-
ment. duced by sera from group 2 (immunized with native white
Study of possible cross-reactions between homolfudoa sp. pseudocyst extract) against the black
gous and heterologous antigeriBhe sera obtained from pseudocyst extract were higher than those obtained with
the BALB/c mice immunized with the nativ@doasp. the homologous extract (data not shown).

1/7\/7\/7\/’\/’\/’\/’\/7\/7\/7\/7\/’\/7\/7\/’\/’\/’\/’\

4 6 8 10 12 14 16 18 20
Weeks p.i.
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DISCUSSION The 1gG1 always appeared as the predominant sub-

It seems that, despite the low or null response th§2Ssin thﬁ d_iff_eren(tjgrc_)ups,fr%aching Q@D-D.levels
myxosporeans provoke in their natural hosts (Hallyda3 2-2 In the injected mice of the group 1 (immunization
1974, McArthur 1977, Siau 1980), perhaps as a con ith native blackudoasp. pseudocyst extract). Simulta-

i i eously, IgE detected in both groups 1 and 2 (immunized
quence of an antigenic mimicry (Pauley 1974, MeArthu? i;h native black or whit&udoasp. pseudocyst extract,

& Sengupta 1982), these parasites can induce an amtspectively) showed the possible allergenic nature of

body response in other animals. As a result of the eXtésﬁcf)me of the components of the parasitic extract. These
of Myxosporea in the sea world, the ingestion of thesg P P :

parasites with the fish we usually eat is howadays co omponents could be responsible for type | hypersensi-

mon, while their immune consequences are still unknow llity reactions after its ingestion. Besides, murine IgG1
We decided to use a carrier protein (cationized BS htibodies are capable of mediating the mastaegsanu-

thod for induci t and lfiedt o
as a method for inducing a prompt and more ampiine Analysing the different classes and subclasses of

ith th i tract t di ded. Besid gBecific immunoglobulins it can be deduced that although
with the native extracts was not discarded. Besldes, SeVz|aar expansion of Th2 lymphocytes exists, the medium
eral experiments were made to check out the ELISA, co

) . D . . jG2a levels in the group 2 and high in the group 1 sug-
ing the antigen in different concentrations and using st that there are also Th1 active clones. This fact has
sera at several dilutions (results not shown). The b

. . en observed in other parasitic models, like in the
outcomes were a.lo_ug/ml concentration for antigen-coga| B/c mice response to a secondary hydatidesis
ing and a 1/100 dilution for the sera. perimentally induced (Haralabidis et al. 1995), where in
In a first analysis of the results it appeared that, i§qgition to a Th2 response there is a parallel Th1 expan-
opposition to what was expected, the response obtainggn which provokes an inflammatory response being a
from the groups immunized with the extracts coupled igefensive mechanism of the host.
the carrier (groups 4, 5: immunized with black or white | order to study the specificity of the antigens used,
Kudoasp. pseudocyst extract, respectively, coupled i@ra with high response to their homologous antigens
the carrier) was lower than the one obtained from the Ngere selected (from group 1 — immunization with native
tive extracts (groups 1, 2: immunized with native black d§jackkudoasp. pseudocyst extract—, sera from the weeks
white Kudoasp. pseudocyst extract, respectively). Be1g and 11 p.i.; group 2 —immunization with native white
sides, the sera of the mice injected with the cBSA-couplécidoa sp. pseudocyst extract —, weeks 15 and 16 p.i.;
extracts did not react to the homologous native extragjgoup 3 —immunization with non-infected hake meat ex-
(data not shown). This fact points out an important altetract —, weeks 10 and 11 p.i.; weeks 20 and 21 p.i. of each
ation in the antigen nature. Possibly, the antigen bouggoup when measuring IgE) and confronted to their re-
to the carrier was not properly achieved. The chemichited heterologous antigens. The different studies of each
nature of the antigen is unknown. On the other hand, itilmmunoglobulin, indicated that the sera obtained from the
feasible that the cBSlas disfigured or changed the threeBALB/c mice immunized with the nativKudoa sp.
dimensional antigen arrangement and, therefore, its pneseudocyst extracts (groups 1, 2) did not react with the
cessing and presentation were not suitable. Alternativelyake meat extract. In the same way, the sera resulting from
we have checked the antigen immunogeniiitthe ab- the hake meat extract injection in these mice did not react
sence of the carrier. Therefore, we can presume that thigh the pseudocyst extracts. In addition, these results
coupling of the antigenic molecules to the carrier has proenfirmed that the black pseudocysts have more capabil-
duced an increased amount of antigen over the optimuiy to stimulate the antibody production. The antibodies
quantity. induced by the white pseudocyst extract gave a higher
The comparative study of most of the immunoglobuesponse with the black pseudocyst extract than with the
lins clearly showed the primacy of the black pseudocysomologous extract.
extract levels (group 1: immunized with native bl&aidoa Consequently, the experiments realized concerning the
sp. pseudocyst extract) towards the white ones (grouplRssible existence of cross-reactions betweeKtitea
immunized with native whit&udoasp. pseudocyst ex- Sp. antigens and the skeletal musculature of the Chilean
tract). At lower levels, this fact repeated itself in the hd1ake reveal that the parasite does not share antigens with
mologous extracts linked to the cBSA (data not showrly!- gayi gayi The coexistence of shared antigens assumed
It suggested that the extract obtained from bkaeoa Dy Pauley (1974) and McArthur and Sengupta (1982) for
sp. pseudocysts, which are featured with a higher defe genusMyxobolusas being responsible of the anti-
sity of degenerated mature spores (Stehr & Whitaker 1986gnic mimicry is not shown in the Chilean hake and the
has a stronger ability to induce antibody responses. TH&ectingKudoasp. Antigenic mimicry was considered
low optic density levels obtained in the group inoculateBY these authors as a reason for the “immune impunity

with the non-infected hake meat (group 3) proved that t{@ich many myxosporeans seem to have. As we explained
results obtained in th&udoa sp. groups, specially in before, the progressive darkness of the pseudocysts is a

those injected with the native antigen (groups 1, 2), wef@nsequence of the spore degeneration produced by the
a consequence of the parasitic extract injection and, §!lular fish response. These pseudocysts are common in

case of a possible contamination, it did not affect the find- 92y gayi There are no studies about the immune re-
results. sponse in this fish. However, considering thatkhidoa

species does not have, at least in the Chilean hake, the
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immune privileges of other myxosporeans in some hosts, Whitaker 1981)J Fish Dis 9 445-455.
a cellular response accompanied with the antibody priytoran JD, Margolis L, Webster JM, Kent ML 1999. Develop-

duction would not be strange. Besides, a possible anti- mentofudoa thyrsitegMyxozoa: Myxosporea) in netpen-
genic mimicry does not seem to exist. reared Atlantic salmon determined by light microscopy and
a polymerase chain reaction teBis Aquat Org 37185-
REFERENCES 93

. . . I
Barja JL, Toranzo AE 1993. Myoliquefaction post-morterr{Da ;
caused by the myxospore&udoa thyrsitesn reared At- perspectives. In DC Conleudoaworkshop proceed-
lantic salmon in SpaiBull Eur Assoc Fish Pathol 186- Ings. P.rovm.ce of British Columbia, Ministry of Agricul-

88 ture, Fisheries and Food, Aquaculture Industry Develop-
. : P~ . Report 94-01, Victoria, p. 18-21.
Bradford M 1976. A rapid and sensitive method for the quan- _Ment .
tification of microgram quantities of protein utilizing therbat‘sIShnIk M, Qronlnggr Jr HS, Barnett H, Kudo G, Koury B
principle of protein-dye-bindingAnn Biochem 7:2248. 1982. Pacific WhitingMerluccius productusAbnormal
Hallyday MM 1974. Studies oklyxosoma cerebraljs para- muscle texture caused by myxosporidian-induced proteoly-
site of salmonids. IV. A preliminary immuno-fluorescent_ _ SiS-Mar Fish Rev 441-12. = . .
investigation of the spores dyxosoma cerebralisNor Pauley G 1974. Fish sporozoa. extraction Of. antigens _from
Vet25: 173-179. Myxozoma cerebra[lwhlch mimic tissue antigens of rain-
Haralabidis S, Karagouni E, Frydos S, Dotsika E 1995. Immu- P20W trout Salmo gairdneriRafinesque) Fish Res Board
noglobulin and cytokine profiles in murine secondary hy- Can 31 1481-1484.

mér R 1994&udoa- The Irish experience. Salmon industry

datidosis Parasite Immunol7: 625-630. Siau Y 1980. Observations immunologique sur des poissons du
Holliman A 1994. Sea trouSalmo truttaa new host for the giigrueu'\g_‘lfﬁglophaggs'ltggzpigalgsl\igﬁ%szpir'gMyXOb()lUS
Kudoa thyrsitegGilchrist)?Vet Red .34 524- . ! - e .
g}zysxlosporea udoa thyrsitegGilchristy?vet Re Stehr C, Whitaker DJ 1986. Host-parasite interaction of the

Kabata Z, Whitaker DJ 1986. Distribution of two species of MyX0sporeaiKudoa paniformigKabata & Whitaker 1981)
Kudoa(Myxozoa: Multivalvulida) in the offshore popula- andKudoa thyrsitegGilchrist 1924) in the muscle of the

; e ; Pacific whiting, Merluccius productugAyres): an ultra-
t(lzc;nn(?]f tzhsoz?fglfohig?fg_ucuus productugAyres 1855). structural studyJd Fish Dis 9 505-517.

McArthur CP 1977Immunopathological Aspects of the Host-15UYUki H, Williscroft SN, Kabata Z, Whitaker DJ 1982. The
parasite Relationship in New Zealand Freshwater Eels relationship between acid and neutral protease activities
PhD Thesis, University of Otego, Dunedin, NZ and the incidence of soft cooked texture in the muscle tissue

McArthur CP, Sengupta S 1982. Antigenic mimicry of eel tis- ©f Pacific hakelerluccius productysnfected wittKudoa
sues by a’ myxosporidean parasitdarasitenkd6: 249- paniformisand/orK. thyrsitis held for varying times under
255 ' ' different pre-fresh chilled storage conditiofésh Aquat

' ; .+ Sci Can Tech Rep 11389.

Morado F, Sparks AK 1986. Observations on the host-parasjte : .
relations of the pacific whitingMerluccius productus Whiagaelzszjdfggfr;tflgs% ilr??alr}nm);?:g%?ﬁgg;thyrst?t
(Ayres), and its two myxosporidean parasitésidoa "bAg

thyrsites (Gilchrist 1924) andK. paniformis(Kabata & An Health 3291-294.



