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Avarruén neipapaukoy poviédou
peAéng Tou napacitou
Anophryoides haemophila
(Scuticociliatida: Orchitophryidae)
oe aotakoUg Homarus americanus

®. ABavaconovdou', Speare D.?, Cawthorn R.J.",
MacMillan R."*, Despres B.

ITEPIAHWH. O1 Baoixkég alloiaroeig mou agopoyiv to Phepaps-
Sogébpo napdoro Anophryoides haemophila, o neipapauxd po-
Jvopévoug aotakoig napatmnpoyvral ota Bpdyyia kat to ouvdeu-
&6 1016, and mv 9n efSopdda perd tn péluvon. O1 addoidoelg av-
téq ¢ oyetiCovia pe tov epPfoliaopd wv napacitwy kai fitav ota-
Oepéq oe bheg ug pedéteg éyyuong napacitwy (2000, 10000 kat
500000 napdorta avd actaks). Mdhota fitav napoioeg, Woo o€
AoTakoyg oy né¢0avav, 600 ka1 o€ aotakoyg nou QavardOnkav.
Yynlérepor tivkor epPoliacpoy efyav wg anotédeopa upnidtepoug
ap1fpolg napacitwy pévo oe neproyés v Ppayyiwv kat oto ouv-
Seukd 1010 TV nEp10cOTEpWY 0pYavwy, Ywpic wotdoo va S1e106y-
oouv oo mapéyyupa kavevog opydvou. Emméov peyadidtepog a-
p10pd¢ napacitwy otov epPoiacps (500.000 avd aotakd) eixe wg
anotéAeopa avdru§n aoBévelag Bpayitepng mopeiag ka1 £to1 o1 a-
otaxof mé@arvav peta& 4™ ka1 6™ efbopddag perd m péluvon. Au-
16 Sev napamprilnke ot epPforiacpovg wwv 2.000 kar 10.000 na-
pacitwv avd aotaxd, 6nou n Bvnopdnta epgaviotnke 11-14 &
Péopddeg perd tn péruvon.

Aé€e1g evpempiaong: Anophryoides haemophila, Apepixavikég a-
ovaxég, Homarus americanus, Scuticociliatida, neipapaukég ouv-
Orikeg.

Epeuvvnuxkn
Original article

Development of an experimental
model for Anophryoides haemo-
phila (Scuticociliatida: Orchito-
phryidae), a parasite of american
lobster Homerus americanus.

Athanassopoulou E', Speare D.?, Cawthorn R.J.",
MacMillan R."?, Despres B.’

ABSTRACT. The principal lesions due to the ciliate Anophryoides
haemophila in experimentally infected lobsters are observed in gills
and connective tissue from the 9th week post-infection. These
lesions were not related to the inoculum of parasites and were
consistent in all inoculum studies (2,000, 10,000 and 500,000
ciliates per lobster) and were present in both euthanized and dead
lobsters. The higher inocula resulted only in higher numbers of
parasites observed in sections of gills and in the connective tissue of
more organs, with no penetration to the parenchyma of any organ.
Furthermore, the highest inoculum of ciliates (500,000 per lobster)
resulted in a shorter course of disease development and consequently,
experimental lobsters died between 4* and 6™ week post-infection.
This was not observed at inocula of 2,000 and 10,000 ciliates per
lobster, where mortality occurred 11-14 weeks post-infection.

Key words: Anophryoides haemophila, American lobster, Homarus
americanus, Scuticociliatida, experimental conditions.
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EIXATQI'H

To Bhegpapdopdpa mapdotta BemEoUvial g ArToho-
YLROT TTOQAYOVTES ONUAVTIRGY AOHEVELDV O ROQRIVOELY|
sov Polorovran oe avypuarwoio (Morado & Small 1995) o
UITOQOUV VO, TIQORUAECOVY OTIOAELES OTOV AUEQURAVIXG Ol
otord (Homarus americanus), uéxor 15% emolmg
(Cawthorn 1997, Lavalee et al., 2001). H ao6éveia mov
TEOXAAELTOL ATTS TO TTORAOLTO Anophryoides haemophila,
€xeL modoata meprypapel and tovg Cawthorn et al.,
(1996) w¢ «bumper car disease». [Toonyodueveg uehéteg
og 000€veLa TTOV TEOXA BN 1E TELOAUATIXG O QLOTOROVS
etvaw omdvieg (Sherbourn & Bean, 1991).

Yrdoyet eTOUEVMS avayxn avAamtuENG TELQAUATLREY
ROVTEADY UELETNE TNG VYETOS ROL TMV UOMOUATLRMV -
obeveldv otovg aotaxrolc. Auté Ba dievréiuve ™ ov-
YHOLOM RO AVAAUON TV OTTOTEAEOUATWY PETAED dLaipo-
QETUAV EQEVVAV ROL TNV EXTIUNON TV OTTOTELECUATOV
TOV Hohouatrav acteveldv o€ TAnBuoroUc 00TOOROEL-
dav dyouwv rot og auyuohootia. IIpdopara, €va mEo-
voauua poxpde dwaprelag doywoe oto Iavemotuo
"Prince Edward Island" yia v ®a0i€pmon epyaotnoLa-
OV OESOUEVMV KL CLUATOLOYIRDV TOQUUETOMV VYLHDV KA
000EVAV OOTORGV RAL YLOL TV EXTIUNOT) TAQOYOVTMV ETTL-
LVOUVOTNTAG OTIE EYRATAOTAOELS AL OO,

H napovoa pehét €xel mg otéyo v »abLépmaon evog
XONoWov Hovtéhov yio ™ uerém g aobévetog "bumper
car" 0Tovg aoTaROUS, 08 TEQLEOOVE CUVEYOVS AvATTUENS
alhoLoEmV, TEOXAAOVUEVIV 0Tt TO PAEQAOLOOPGQO TTat-
pdotto Anophryoides haemophila, oe eheyySueveg melpa-
potrég ouviiires. To poviého auts, Oo uToEoUoE Vo Xo1-
owomowmBel e pgvvec Tov oyeTiCovral pue ™V TESANYN
™g ao0€velag xan ™) Oepastelo .

YAIKA KAI MEOGOAOI

ITgoéhevon xan dLaT1iENon AOTORGY

Aoctaxot (uwjrovg 65,1 mm, fdoovg 190-400g) twv o-
olmv 1 TEow0gLa €yLve vOTd THV GVOLEN ROl UETOPEQON-
%nav oto Aquatic Animal Facility of Atlantic Veterinary
College. Ou aotaxol datnendnray og €va ovotua 6 dg-
Eauevav, ue ahatdvepo ov avavemvatav. Ot deEauevég
Nrav yoonuxdmrag 4770L. Xonowwomowbnxe texynto Oa-
Aaoowé veed (Instant Ocean). KdaOe deEauevn eixe 20 a-
otarovg (ue tg dayrdveg Tovg deuévec) oe atopund duoe-
plopara, og xataxoéguea doyela. H moidmrta tou vepoo &-
Leyyotav xdbe €POOUAIN WS TEOS U LOVIOUEVT] AUUWVIK,
(<0,01mg/L), enimeda vitouav wvtav (<20,0 mg/L), vi-
Towdn (<0,1 mg/L), pH (7,9-8,4), ahatdmra (29-30 ppt)
2O OUVEYMGS YLat T Bgpuongaoia (2=1°C). Ovaotoxol dev
TOEOTNHAY ROTA TO TELQAUOLTO KOl TO OVOTHUA EAEYXOTAY
roOnueQVOS Yo aoBeveis 1) verpovg aotorovg. O aotaxol
datnonBnrav odugpwva pe tg odnyieg tov Kavadwmot
Zvppoviiov yuo ™ Peoviida Twv Zowv, 08 GuTomeiodo
12 thpeg pis-12 wpeg onotddi. OL 0oTarol TOV XENOLUO-
TomBnraY, xEaTHON®OY 0TI IOLES TTELQOUATIRES CUVONKES.
O auporéugpot 10 aotardv wov meooiovray yio to mei-

INTRODUCTION

Ciliate parasites are generally considered as etiologic
agents of important diseases of crustaceans (Morado &
Small, 1995) and can cause post harvest losses of American
lobster (Homarus americanus) up to 15% annually
(Cawthorn, 1997). "Bumper car" disease is caused by an
Anophryoides haemophila, a scuticociliate, recently
described by Cawthorn et al. (1996). Previously studies of
experimentally induced disease in lobsters are rare
(Sherbourne & Bean, 1991).

Overall, there is a significant requirement for
development of experimental models of studying health and
infectious diseases in lobsters as this would facilitate the
comparison and analysis of results among different
researchers and to assess the impact of infectious diseases
on both wild and captive crustacean populations. Recently,
along term project has started at the University of Prince
Edward Island to establish laboratory health data and
haematological parameters of healthy and diseased lobsters
and to assess risk factors for lobsters in holding facilities.

The present study is part of this project to establish an
experimentally useful model for the study of "bumper car
disease" in lobsters, in terms of sequential development of
lesions arising from the ciliate infection in these
standardized experimental conditions. Ultimately, this
model could provide useful information related to disease
prevention and effective treatment.

MATERIALS AND METHODS

Source and maintenance of lobsters

"Canner’ lobsters (carapace length 65.1-80.9 mm, weight
190-400 g) were purchased during the spring lobster season
period and transported to the Aquatic Animal Facility,
Atlantic Veterinary College. Lobsters were held in a system
of six tanks, 4770 L capacity, saltwater recirculation system
that was equipped with both particle and biological
filtration. Artificial seawater was prepared from Instant
Ocean. Each tank housed 20 lobsters (all claws banded) in
individual compartments in stacked trays. Water quality was
monitored weekly for unionized ammonia (<0.01 mg/1),
nitrate ion levels (<20.0 mg/l), nitrite ion (<0.1 mg/l), pH
(range: 7.9-8.4) and salinity (range: 29-30 ppt), and
continuously for temperature (2+1°C). Lobsters were not
fed during the experiments and the system was monitored
daily for ill or dead lobsters. Lobsters were maintained in
accordance with the Guidelines of the Canadian Council on
Animal Care, on a 12h light: 12h dark photoperiod.
Lobsters used in both experiments were kept in similar
experimental conditions. The haemolymph of ten lobsters
of the stock intended for experimentation was examined for
ciliate infection and gaffkaemia seven days prior to the
initiation of the experiments.

Pilot study to assess inoculum level and sampling times
Twelve healthy lobsters were used for this experiment.
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QoL EEETAOTNHAY VL0 LOAMUVOT atd PAEQLOOQPEQQ TTaL-
pdotto now Kagroupio, ertd nuépeg oLy amd v évaeen
TOV TELQAUATOV.

ITewpapatirr TAOTIAI] LELETT) VIO TNV EXTIUN O TOV €-
TUITEDOV EYYVONG ROL TOV YOOVOU devypnaTodnypiog)

e owTo To TElpaua yonopomoOnxrayv 12 aotarot.
Z10V¢ 00TOXOVS avTovg £yve €yyvon 1.000, 2.000, 10.000,
500.000 tapooitwv ava aotaxd, Ue EVECT OTNY ALUOAEU-
o (3 aotaxol avd €yyxvon). H auporéugpog agaigotvray
ot efdopadiaia diomjuarta xan eEgtaldtav yuo my ma-
QOVOTa TTAQACTTWY OTO WAXEOOXOTLO. ¢ (00 aeLBud aota-
ROV EYLVE EYYUOTN ATOOTELRMUEVOU Bohaoovo vepov. Ot
aotaxol autol yonowwomomnray g wdoveec. Evag a-
otarde Bavatwvitay avd gpdoudda amd tov omoto eh-
pnoav delypota yio eEeTdoelg LOTOAOYLRES, AVOOOIOTO-
¥NRES na avooophopLopnoy. Aetyparta ertiong eAnnray
a7t £TOWOBAVATOUS AOTOXOUS Yol EEETAOELS LOTOMOYIKES,
AVOOOLOTOYNIMXES ®oL avooopBoolopot. H awwoléugog
happavétay og efdopadiaia diaomuarta og Coviovoig a-
0Tax0Ug ot eEETALSTAV O PRQOOKRGILO KOl UE AVOCO-
©O0ELOUG YO TUYGV TAEOVOTH TAQATTTMV.

ITgoéhevon xar S1oT1j01 01 TOV TAEACTTOV

Ta tapdovta Anophryoides haemophila tgoAOav amd
TELQOUOTIRG  poAvopévoug aotaxrolc, oto Atlantic
Veterinary College. Ta mopdovta rvollieyiOnray oe
25cm’ doyela nahMépyerag, tov teplelyay 10ml tpormo-
momuévov ATCC 1651 MA Bpemuxot vMxot (Messick &
Small, 1996). Ta mapdorto avaxrolieQynonray oe véa do-
yela e 14 nuéoeg yonowwomordvrag 0,5 ml nahMéoyet-
ag o 9,5 ml véov vrrootpdpatos. Ov varMépyeLec drotn-
fBrav otoug 5°C. Z1oug 00Tar0US TOU YENOLUOTOW On-
ROV RO OTOL QU0 TELQAUATA, EYLVE EYVOT TOQACTTOV OTtd
™mv Ot vaAMEQyera.

Métenon Tov XeQUsIT®V TQLY 46 T1) LOAVVOT)

‘Qoipec »aAMEQYELES TV TORAOTTOV, TOTTOBETY ONROY
0g OWAMVES QuyorEvionong Twv 15 ml now guyorevionon-
zav og 600G yia 5 min, og YuySuevn Quydrevteo. To (Tn-
1oL TTOL TROEXRVYE apat€Onre, ral tomoben|Onxre oe 8 ml
TEXVNTOU 0AAOOLYOU VEQOU %O AVODEVTN.E TTROOEXTLHA.
H péronon tov tapacitov mov eyxiOnxrav, €ywve ue
XONON EVOS QULUORVTOUETOOV, OOV TEMTA LOVLUOTTOL 0N~
%AV ToL TUEAOLTO 08 0udETEQO dtdhvna poouolivig 10%.
T va emitevyBoty oL dG0ELS, TTOV ATTOLTOVVTOY YLOL TOL TEL-
oduoTo EyLvay oL #OTIANAES QQOUDOELS.

TUAAOYY] %O LETONOELS GIROXVTTAQWY ROl TUQUOLTWV

H awporéupog Migbnue pe Tomon Tov ®otharod auo-
PSEOV ®GATTOU no OVALEYONRE O oVELyya Sml, yeuoué-
v ue 4,5ml duehbpartog (Cornick & Stewart,1968) xou
0,5ml cuproréucpov, ov Ajgponxe omd ®dbe aotond. O pe-
TONOELS EYLVAV UE CLLUORVTOUETQO.

IotromaBoloyio

O 1oT01 710V AUPALEE MRV 0TS HOAOUEVOUS KAL UN O
otarovs, teguhdppavay Pedyyia, NTaToTdyRQEas, Wic,

Lobsters were inoculated with 1,000, 10,000 and 500,000
ciliates per animal by intrahaemocoelic injection (three
lobsters per inoculum). Haemolymph was removed at
weekly intervals and examined for the presence of parasites
by light microscopy. An equal number of lobsters was
inoculated with sterile seawater and the lobsters were used
as controls. Lobsters were not euthanized, but left to die and
were sampled at that point for routine histology, immuno-
histochemistry and immunofluorescence.

Haemolymph was drawn at weekly intervals and
examined under light microscopy and immunofluorescence
for the presence of parasites.

Source and maintenance of ciliates

Anophryoides haemophila originated from experi-
mentally infected lobsters at Atlantic Veterinary College.
Ciliates were subpassaged in 25cm’ culture flasks containing
10ml of modified ATCC 1651 MA medium (Messick &
Small, 1996). Ciliates were subpassaged to new flasks every
14 days by using 0.5 ml of established culture in 9.5 ml of
fresh medium. Cultures were maintained at 5°C. Lobsters
used in both experiments were inoculated with ciliates from
the same culture.

Ciliate counts prior to infection

Established cultures of ciliates were placed in 15 ml
centrifuge tubes and spun at 600 G for 5 min in refrigerated
centrifuge. The resulting sediment was then removed,
resuspended in 8 ml of artificial seawater and gently
agitated. Counts of the ciliates were made by using an
haemocytometer, after fixing the ciliates in neutral buffered
formalin 10%. Appropriate dilutions were then performed
in order to obtain the doses required for the experiments.

Haemocytes and ciliate collection and counts

Haemolymph was obtained by puncture of the ventral
hemal sinus and ciliates were collected, using a 5 ml syringe
filled with 4.5 ml of buffer (Cornick & Stewart, 1968) and
0.5 ml of haemolymph which was removed from each
lobster. Counts were made by a haemocytometer.

Histology

Tissues removed from infected and uninfected lobsters
included gills, hepatopancreas, muscles, heart, intestine,
antennal gland, stomach and reproductive tissue,
haemopoietic tissue, nerve ganglion and epidermis. Tissues
were fixed in 1 part glutaraldehyde and 4 parts formalin
fixative and processed, according to the method of
McDowell & Trump (1976). Lobsters were euthanized via
immersion in benzocaine (10% in ethanol) at a dose of 18ml
per litre of seawater.

Immunohistochemistry staining

Immunoperoxidase staining of ciliates, using a
monoclonal antibody (clone 16H2), was used (Cawthorn,
unpublished data) to determine the presence of parasites in
the organs of lobsters at early stages of the experimental
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Mivaxag 1. Buwowdmra, ouvolrog apLBids ToQaoitmy Ty @ Tov BavdTou ®ouw amoTeAEopaTa avooopBoQLopot xo
AVOOOTEQOEELOAONG O TELQAUATIXA (LOAVOUEVOUG ALOTAXROUG e dLapOeTRES dG0ELS EpPolaouoy we Anophryoides haemophila.

AiBudg mogaoitov Epoonddeg ABudg rogaoitwv Oetno OeTind otV
mov evogBaipioTnrav uéyot to Oavaro avd ml arporépngov o€ doxpaoia avtidgaon
avd aoTox0 (x10°) IFAT AvooomegoEerddong
C M
1000 8-10 0 1,4 4 eBdopddeg AE
(10 eBdop)
10000 10-14 0 2 4 ePdouddeg 4 ¢Bdonddeg
0 (10 eBdop)
0,9
(14 €Bdop)
500000 4-6 0 1,1 (4 eBdop) 1 efdopada 1 efdopdda
0 1,3 (6 epdop)

C = udpwpag, M = pohouévov zatd v nuépa davdrov, AE= dev €yve

Table 1. Survival, total number of ciliates at time of death and immunofluorescence and immunoperoxidase results
of experimentally infected lobsters with different inocula of Anophryoides haemophila.

Number of ciliates Number of weeks Number of ciliates IFAT Immunoperoxidase
inoculated per till death per ml of haemolymph +ve +ve
lobster (weeks) (x10°)
C M
1,000 8-10 0 1.4 4 weeks ND
(10w.)
10,000 10-14 0 2 4 weeks 4 weeks
0 (10 w.)
0.9
(14w.)
500,000 4-6 0 1,1 (4w.) 1week 1week
0 1.3 (6w.)

ND = not done, C = control, M = mortality, W = week

%0EOLd, EvTEQO, TEG00L0 adéva, oTdUaYO %Al LOTOVE ad
TO YEVVITLRO, CULUOTIOW TGS LOTO, VEVQUAA YAy YL ROW ETTL-
depplda. Ou oTol povipomomnray oe 1 uépog yhovta-
paldetdng, 4 uéon popuaiivng, ovugmvo ue T uéBodo
McDowell & Trump (1976). Ov aotaxol Bavatdnray pe
eupdmiion oe fevioraivn (10% oe abavoiy), oe o 06-
on 18 ml avd Altpo Balaooivos vepod.
Xon o1 ovoooioToynueiag

TN va zabopuo0el n topovaoio Tapacitmy ot dyava
TV AOTARDY OF TTEMLUA OTAILA, TWV TTELQUUATIRMY POAIV-
CEMV YONOWOTOWONX®E YOWOTIY AvoooTeQOEEDAONG YLt
Brepaordopdpa Tapdotta, 1) 0ol XONOLUOTOLEL EVOL HO-
vorAwvo aviiooua (clone 16H2) (Cawthorn, unpublished
data). Twijuarta avoooiotoynueiog emtroliOnray oe Oe-
Twrd goptopéva slides, yonowwomordvrag ™ péBodo Tmv
Speare xaL Twv ouveyoTav Tov (1998), Yo otépoug Tou
Loma salmonae.

infections. Sections for immunochemistry were mounted on
positively charged slides, using the method of Speare et al
(1998) for Loma salmonae spores.

Immunofluorescence

10 wl of ciliate suspension was air dried on slides with 12
wells and acetone was fixed for 10 min. Slides were then
stored at -20°C. Supernatants, from wells containing the
clone, were tested by fluorescence antibody (FA). Slides
were washed for 1 min in phosphate buffered saline (PBS) to
remove salts from the seawater and 20 pl of supernatant was
inoculated on each well for 20 min at room temperature
(25°C). Slides were then washed with PBS and a second
antibody goat antimouse IgG+M+A, labeled with
fluorescein (1/100 dilution), was incubated for 20 min at
room temperature in the dark, with Evans Blue as a
counterstain. Slides were washed again with PBS and
mounted with FA mounting fluid.
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AvogogBogiopndg

10 pl amé evardonua PAepaoLdopéomv ToEasiTmVY
otéyvaooay og dlonia ue 12 nyddia xow povipomouinray
ue axetovn Yoo 10 min. Ta duonia drotnonnxrov otoug
20°C. Emumhéov, ta myadia mov mepLelyav tov vhavo
16H2, eEetdomray pe pBopiCov aviionua (FA). Ovavti-
AELWEVOPOQES TAON®ay Yo 1 min og dtohvpa pomopogt-
%00 dhatog (PBS), yia va agarpefotv ta dhata amd to
Bahaoowvs vepd ran mpootéBnray emuhéov 20 ul PBS og
%d0e myadi vow agénrav yio 20 min og Bepuoxrpaoio
dopatiov (25°C). O avareluevopees netd Atnroy pe
PBS zaw emmdomray ue devteQo avtiomua ®atoirag é-
vavil [gG+IgM+1gA aviicoudtov Toviroy, cuievyus-
vou pe provopeoreivn (dudhvua 1/100), emwdomroy yuo
20 min og Bepuorpaoio dwuatiov oto oxotdd pue Evans
blue yowotuyj. Ou avuxeevopopes Eemhibnray Eavd pe
PBS, nouw emunorhibnxov ue vypd FA.

ATIOTEAEEMATA

LUUTTORATO HOL VEXQOTOMXES AALOLDTELS

Agv oo Bnrav ®aBGAov ®Avird CUUTIOUATR 08
rnavéva aotard. O aotaxol Bewennray verpol, dtav dev
mapovotalay rapio avridpaon oe eEwtepurd epeBioparta.

Iewpapatinn TAoTiz1) LeEAETN YId TV EXTINNOT) TOV €-
TUITEDOV %O TOV YQOVOL dELypaTOAYiag

O aBuSe TV PAEPAELIOPSEMV TAEACTTMY TTOV POE-
ONray 0TV AUOAEUPO VERQMDY OLOTAXMDY, ROTA TN LAORELL
™S USAVVONS e dLapoeTrols apLBuois €yyuong maa-
ottov, tagovoldletar otoug Iivareg 1 xan 2. O eEetdoeig
avooo@BoQLOUOY %ol AVOooTTEQOEELIAONS TV TUNUATMV
TOV LOTAV, ATORAAYOV TV TAOVOT0. PAEPAOLOOPEOMV
TAQUOTTOV TTEdTA 0TaL PedyyLe (efdondda 4) oe Gheg Tig
d60¢eLE UPOMATUEV, EVE OL AOTAROT, OTOVS OTTOIOVS EYL-
ve €yyuon ue to pueyoliteo apliusd Taeaoitmv, avtéda-
oav BeTind ota PedyyLa 0Tt TV tedT €Pdoudda.

O aptBuol tov tapaocitov tapovodlovion otov ITi-
vara 2. To magdotto avoyvoeIoTnroy (e oTTind Wneo-
ondmo, v 51 efdoudda. e eE€taon avooopboopoy
0€ TWYRATA LOTMV, TA TTOQAOLTO TOWTOE UPAVIOTNRAY TV
4n efdondda petd ™ pélvvon. Melétec avooomeQoEet-
ddong amordivpav v oovota 1-3 mapaoitwv oty 4
efdoudda petd m uéhuvon, povo ota odyyia (Ilivarag
2). Qoté00, adhodoelg dev mapaTEnray uéyoL v 5n
efdoudda uetd ™ usluvon.

O ®vpL3TEEES AAAOLIOELS TTaLpoTnON BNray ota Pody-
XL0L %O OTO CUVOETLXG LOTS amtd v I efdoudda puetd ™
uéhuvon, yia ) wredteen £yyxvon xot oty epdondda 4
yoe Ty €yyvon 500.000 opaoittov. H 6rapEn oautdy tov
aloldoemv de oyetiCeton pe Tov QLU TV TaEAoTTmV
OV EYYVONRE, naL NTav TOEOVOES 08 OAeS TIG NeLETEC.
YymAdtepeg d60€LS iy w¢ ATOTEAETUA TOV VENUEVO
0 LOUS TOEAOTTMV, 08 TUUATA TV Foary) v ROl OTO OUV-
JETUG LOTS TWV TEQLOTOTEQWYV 0QYAVM™YV, XWQEIS SUmg va
dieLodioovy 0to Taéyuud tove. EmumAgov, nuymhdte-

RESULTS

Clinical signs and necropsy

No clinical signs were observed during the experimental
studies and lobsters were considered dead when completely
non- responsive to external stimuli.

Pilot study to assess inoculum level and sumpling times

The number of ciliates found in haemolymph at death,
during infections with different inocula numbers, is shown
in Table 1 & 2. Both immunofluorescence and immuno-
peroxidase testing of tissue sections revealed the presence
of ciliates first in the gills (week 4) with most inocula,
whereas for the highest inoculum the ciliates reacted
positively in gills from the first week.

The ciliate counts in haemolymph are presented in
Table 2. The ciliates were recognizable by light microscopy
examination at week 5. In immunofluorescence testing in
tissue sections, the parasite was first present in the gills at
week 4 post-infection, only in the gills (Table 2). No lesions
were observed until week 5 post-infection. However, the
principal lesions were observed in gills and connective tissue
from 9th week post-infection for the lower inocula and at
week 4 for the 500,000 ciliate inoculum. These lesions were
not related to the inoculum of parasites and were present in
all inoculum studies. Higher doses resulted only in higher
numbers of parasites observed in sections of gills and in the
connective tissue of more organs, with no penetration to the
parenchyma of any organ.

Furthermore, the highest inoculum of ciliates (ie.
500,000 per lobster) resulted in a shorter course of disease
development: this was not observed at inoculums of 1,000,
2000 and 10,000 per lobster.

The most characteristic lesions, causing severe
pathology in experimentally infected animals, typically
occurred at later stages of infection, in the gills and the
connective tissue, and are described in detail in another
paper (Athanassopoulou et al., unpublished data).

DISCUSSION

Reports of ciliate infections in wild populations of
crustaceans are normally associated with molting periods,
localized physical parameters areas (Messick & Small, 1996)
and puncture wounds (Sherbourne & Bean, 1991; Morado
& Small, 1995). Therefore, it is necessary to make a
prediction of an accurate parasite inoculum that initiates
infections in nature and to establish a comparative
experimental model. Infections in crabs are not useful
models for experimental stages in lobsters, because the
development of ciliate-induced disease has very different
time scale in these hosts (Bang et al., 1972; Armstrong et al.,
1981). All naturally reported infections in American
lobsters have a comparatively short course of disease, with
mortalities occurring at week 6 or 8 post-infection (Aitken &
Waddy, 1986).

There are no previous reports of experimental induction
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Mivaxag 2. Buwowpdmra, ouvolrdg apLbpds tapaottwv Anophryoides haemophila tv ho tov Bavdrov zow aroteAéopara
avooo@HoQLoNoY xat avoooreQOEELOAONS Ot TelpapaTind polvouévoug aotaxots pe 2000 Tapdoita avd aotaxd.

AiBudg mogaoitov Epoonddeg M¢éoog a@duog (x) Oetno OeTind otV
mov evogBaipioTnrav uéyot to Oavaro magacitwv avd ml o€ doxpaoia avtidgaon €
avd aoToxo awpoAréngov (x10°) IFAT AvooomegoEerddong
(SE)
E C M
(N=3) (N=3) (N=3)
2000 4-12 epdouddeg - - - 4 ¢pdonddeg 4 ePfdouddeg
(Bodyyia) (Bodyxa)
6 epfdopddeg 0 0 0,09
(+4,1)
7 eBdouddeg 0 0 0,07
(+3,5)
9 eBdouadeg 0,2 0 0,2
(+0,3) (+4,3)
11 epdouddeg 2 0
(+0,2)
12 efdouddeg 0 0 3
(+1,1)

E = evBavaoio, M = nolvougvov zatd tmy nuépa Bavdrtov, C = ndotugeg

Table 2. Survival, total number of Anophryoides haemophila at time of death and immunofluorescence and immunoperoxidase
results of experimentally infected lobsters with 2,000 ciliates per lobster.

Number of ciliates Number of weeks Number of ciliates IFAT Immunoperoxidase
inoculated per till death per ml of haemolymph +ve +ve
lobster (weeks) (x10°)
(SE)
E C M
n=3) (m=3) @=3)
2000 4-12 weeks - - - 4 weeks 4 weeks
(gills) (gills)
6 weeks 0 0 0,09
(x4,1)
7 weeks 0 0 0,07
(£3.5)
9 weeks 0,2 0 0,2
(£0.3) (£4.3)
11 weeks 2 0 0
(x£0.2)
12 weeks 0 0 3
(x1.1)

E = euthanised, M= mortality, C = control

on 86om mapaoitmv (500.000/a0taxd), eiye ®g amoTéhe-
opa taUtepn eEEMEN g véoov. Auté dgv apotneOm-
%e og d6oeic twv 1.000, 2.000 »ow 10.000 tapaoitwy avd o-
0torG. OL TTL0 X AARTNOLOTIXES AAMOLDOELS TTOV TTEOXAY-
Onrav og melpapaTird HoAVouEva Tha, ENPOVIoTNROY HU-
olwg o€ petémerta oTddia g UGAUVOTS, OTOL BEAyyLaL KoL
070 OUVOETIG LOTS ®au TEQLYQAQpOVTOL 08 dMAY eQyaoia.
(Athanassopoulou et al., vité dnuootevon).

YYZHTHXH
O avagoég g poAvvong amd PAEQaoLdopdoa. ta-

of "bumper car" disease in lobsters via laboratory cultured
A. haemophila. The only experimental infections in lobsters
concerned parasitic ciliates and resulted in even more rapid
course of the disease, ie. at 33-58 days post-infection
(Sherbourne & Bean, 1991). The number of ciliates,
injected in the lobsters, which were used in Sherbourne &
Bean’s (1991) experiments, however, was not calculated.
Perhaps these animals received a very high ciliate inoculum,
resulting in a short course of the infection. This was
documented in our experiments, when an inoculum of
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pdotta 0g dyELOUS T BUVOUOTS RAQXIVOELIGV, (UOLOAOYL-
%A oxeTiCovTon e eELddoVg amGpEmg Tov eEmoreleto
%atd TG eXOUOELS, UE TOTUREC QPUOLKEC TTAQAUETOOVG
(Messick & Small, 1996) o pue thinyéc/Mioeig ouveyelog
(Sherbourne & Bean, 1991, Morado & Small, 1995). TV av-
16 eLdleTon TESPAeYM Tov axEBOTC aEBUOT TORAoTTMmY,
TTOV RATA TNV EYYVOT] TOUS UTOQOVY VO TQOXAALECOVVY UO-
hovom (om gion), xow ) vaBLEpmon eveg TELRAUATLROU HO-
viéhov. Ou pohivoelg og rafovola, dev elvan yorowua po-
vréha Yo tetpapatind otddia og aotaxots (Bang et al.,
1972, Armstrong et al.., 1981). ‘Okec oL avapeQSueves gpu-
OLES LOADVOELS 08 AUEQLRAVIROUS AOTAROTGS, EYOVV OV-
yrotuxrd Boayelo Togelo g vooou, e eupdvion Bavdtwy
oug efdouddeg 6-8 uetd m uéhvvon (Aitken & Waddy,
1986). Aev vTTAEYOVV TEONYOVUEVES OVOPOQES, TTELQOLLLOL-
T TEorAoNE TS aoBévelag o aoTarovs, ue A.
haemophila, epyoomoonig ®olégyelag. O pdveg met-
QUUATLRES LOAMIVOELS OTOVS 0IOTAROUS, 0lpoOVoaY PAepa-
LO0PAa TAEAOLTA ROL ElYOV ATOTELECUO TNV ARG TTLO
Boayeilo mopeio g véoov, dnhadr| 33-58 nuépeg netd ™
udhuvon (Sherbourne & Bean, 1991). Qotéoo, 0 aplbude
TOV TOQACTTMYV TTOV EYXVON®AY OTOVS 0oTAROUS, TOV YON-
olpomowjnrav ota welpduota twv Sherbourne & Bean
(1991), dev peterifnre. Towe ota dTope ovTd vo. €yLve €y-
KV0o1 TOM VYNAOT aotB ol PAepaoLdopdomv Ttapaoitav,
ue amotéAeopa T poayeia oeelio g vooou. Autd rata-
YOAQN®E OTA TELQAUATA PG, OTAV EQPAOUCOTNRE EYYVOT
500.000 Breapdopéomv TaQaoitmy avd AoToxd.

Amotehéopata eopeVoL TELRAUATOS pog EdetEav Gt
VIO TTELQOUATIRES OUVOTIHES 1) A0OEVELD AVaTTUOOETAL OE
dvo @doeic (Athanassopoulou et al., unpubl. data) . Mwa
T pdon (1-4 efdopddec petd m uéhuvon), Gmov xa-
VEVOL TAEAOLTO deV aviyVeEVETOL 0T AEPpo, now wLe devTe-
on gdon (5 efdoudda row TEQM), 0TTATE RO TOL TAQAOLTC,
eupavioTray ot Augo %ot avEdvovtay otaded o€ mo-
A vymAotc aptBuoic. Autd to mTEdTuTo £xEL VYN Ov-
oxEnon pe v Eagvirt] pelmot Tov aeLOPoU TmV AUoRUT-
TAOWV 0TV AULUOAE PO, TTOV TToQaTNENON®E TV 51 € d0-
udda yetd ™ pSAvvon, og pehéteg polvopomrdTTag He -
dieg eyyvoeLs, mov €yvay tapdhinla pe autd o TELRd-
noto (Cawthorn, unpublished data). Avty n duwhii pdon
avdTuEng T WOGAVONG, ROTAYQAPNRE OITO TIC LOTOTA -
Bohoyurég ahhary€g now TLg TURATNENOELS e avooophoL-
oS oL avoooTeQoEeLddo.

Zuvenwg, eneldn 1 wapovoa perétn €deiEe Gt oL ah-
houboelg de oyetiCoviay pe g dG0ELS, TTEOTEIVOUUE GTL oL
gyyvon 2000 BrepaLdopdpmv avd ATONO, ETLTRETEL PLoL
Babuaia zow travomomTiry neAET g aoBEVELOC OTOVS
aoTarovC.
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Centre nau gv uépeL amté 1o Idpvua Mux Bell Foundation,
Canada.d

500,000 ciliates/lobster was used.

The results of a further experiment (Athanassopoulou
et al., unpublished data) showed that the "bumper car"
disease under experimental conditions appears to develop
in two phases. A first period (weeks 1- 4 post-infection),
where no parasites can be detected in the lymph and a
second period (weeks 5 onwards), when parasites appear in
the lymph and increase steadily to very high numbers. This
pattern is highly correlated with the sudden decrease in
haemocyte numbers in the haemolymph, observed at week 5
post-infection in infectivity studies with similar inocula, run
in parallel to these experiments (Cawthorn et al,
unpublished data). This two-phase development of the
infection is documented by the histopathological changes
and the immunofluorescence and immunoperoxidase
observations.

Consequently, because the present study showed that
the lesions were not dose related, we suggest that an
inoculum as low as 2,000 ciliates per animal allows a gradual
and satisfactory study of this disease in lobsters.
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