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ABSTRACT

This research investigated Perkinsus olseni infection patterns in clams from two geographically distinct regions:
Korean Manila clams (Ruditapes philippinarum) and Portuguese carpet shell clams (R. decussatus). Specimens
were collected from Gochang, Korea and Olhado, Portugal for comprehensive molecular and histopathological
analysis. PCR diagnostics demonstrated a striking disparity in infection prevalence, with Korean clams exhibiting a
95.0% infection rate compared to only 33.3% in Portuguese specimens. Genetic characterization through ITS
sequence analysis revealed significant phylogenetic differentiation, with Korean isolates clustering within Asian
lineages while Portuguese isolates aligned with Atlantic lineages. Histopathological examinations further
substantiated these regional differences, as Korean samples displayed widespread infection across multiple tissue
types with pronounced inflammatory responses, whereas Portuguese samples showed only localized, mild
infection restricted to gill tissue in a single specimen. These marked regional variations in infection patterns likely
stem from a complex interplay of environmental factors, host-specific susceptibility differences, and pathogen
virulence characteristics. This study provides critical insights into the regional epidemiology of P. olseni infections
and emphasizes the importance of developing region-specific approaches for understanding and managing
host-pathogen dynamics in marine bivalve populations.

Key words: Perkinsus olseni, Ruditapes philippinarum, Ruditapes decussatus, Korea, Portugal

M B Perkinsus 49 71%2 A AAIH o2 thFet s A

SE0lA AEHI don w3 digh o] 23 A7 A

Received: June 19, 2025; Revised: June 22, 2025; Accepted: o= =& HARES S5l wio) AL AHAA £2A]
June 30, 2025 o] =tk (Villalba et al, 2004; Choi and Park, 2010). &

Corresponding author: Kyung-IlI Park

Tel: +82 (63) 469-1882, e-mail: kipark@kunsan.ac.kr 3| Perkinsus & S Perkinsus marinus®t P. olseni= |
1225-3480/24895 ASERZ7] (World Organization for Animal Health,
This is an Open Access Article distributed under the terms A AWoz H= o]o olE.©o 77} Hplo
of the Creative Commons Attribution Non-Commercial WOAH) A8 A8o% —"'_T'—E](ﬂ ”‘—Ei’ Is2 27 =ule]
License with permits unrestricted non-commercial use, M2 (Crassostrea virginica) ¥ f3-oAloF Z]2o] u}
distribution, and reproducibility in any medium, provided A2+% (Ruditapes decussatus, R. philippinarum) & o

the original work is properly cited.

_7‘I_



P. olseni in Ruditapes spp. from Korea and Portugal

T2 HAE fdolhs Zeg d3A ok (Andrews, 1988;
WOAH, 2023).

P olseni= 19804 ] 2 SFAF BZ]91 AE (Haliotis
rubra) oA 2z=2 E22E 7|44 LYYEIH (Lester
and Davis, 1981), oJufjujFojlA 2] 7+ 19859 /4 &
Z91 Z2EZMA carpet shell clam (R. decussatus) |4
%22 =t} (Ruano, 1985). SHollA HA Z7)o=
P. marinus2 Q524 (Ruano and Cachola, 1986),
Aznd 2AZ Fofl 718 Sake] JEiEty xjol7t ¥ A
WA, P atlanticustte MZ2E 2oz wugd
(Azevedo, 1989). 1=} 2JE& RNA 344 (rRNA gene
cluster)e] Internal Transcribed Spacer (ITS) X
Non-Transcribed Spacer (NTS) Yol thst H7|4d &
A A1, o] Fo] TR AEoX ZeE P olsen®t {44
o2 FUsith= AMdol i w2t A P olsenic®
£ Qlth (Goggin, 1994; Murrell et al., 2002).

P olsenf= %39 op7in|, A3, oFa YAl
ot AA| 220 HEsto] 22 AF, B+ A A
4t 22 WexAsry vhgs st AdE Ae F
< izs dd A2 BREH, oprin]

mm 3719 | AH (nodule) °]

Mo
e
i
)
ogl ofrt

%

Al (trophozoite) DAI2] 7]A|7} Wisted ExsiH, 3

ZoA= 439 8+ (haemocyte) 7 =

A9l ¢% Hhgo] FHEHCE (Park and Choi, 2001).

799 F5El "t 329 o 7, 43 2 A J)E

A5tZ olojd 4 9t} (Choi et al, 2010; Lee et al,
2001; Park et al, 2006).

1980t 3 FRoIM P olseni 7ol 3t 44 1H
29 carpet shell clam (R. decussatus) 9 W% HA7}
BIE7] AT AH|Q19] Delta de I'Ebre A|YollAl& =
AHgo] Hdi 100%0l g3en, T2EZ9] Ria Formosaol
A 100 5 A7F 50-85%°] o|2+ E2 HAREo] K1
HAc} (Santmarti er al, 1995; Ruano et al, 2015). ©|
Qo= =FA ojggol T of2] {7 Il 2 A7t
A&Hoz ZIF 9lor (Goggin, 1992; Arzul et al,
2012; Carella er al, 2023), 152! carpet shell clam
ool {UZY ¥ (R. philippinarum) °|X9] 2
A =gt BuE 3 QIt} (Sagrista et al, 1996; Arzul et
al., 2012; Pretto et al., 2014).

HiA|& (R. philippinarum) & FoHAopt YAtEo R
1930dt) LR2ojA o= o]AH FZ (C. gigas) Fol
Aof oo |4, o]F 1970 vl= 22 & 51
BEF ofichld Az ZQiEo] fiol Al

J[m

=z
.
-
Z

of

(Quayle, 1964; Chew, 1989; Flassch and Leborgne,
1992). ol2{gt A wiioll {HO| P olsenioll it oFAJo}
7194o] ofz] AzEe] sf A|7E Aot E3] {H
thgst ol BelE P olseni #5529 G317 thgAdol
23, vpAE £ o]F7k A& o] YA HuEA] kgt
+ HolA olyd 42 IS 43 Yot (Vilela, 1951;
Goggin, 1992; Cigarria et al, 1997; Vilas et al., 2011).

otAlot sigoll M Perkinsus sp. Zgo] g BiH AR
€ 1997925, FA| = Fafiehe] FRat oA A E
vi21= (R, philippinarum) oA ZFgo] &=}t (Choi
and Park, 1997). o|¥ FalietE AdH tiF22] AtolA
=2 ZY9Ed =7t HuEddh (Park and Choi,
2001). Park et al. (2005) & vjx|2tol|A B3t Perkinsus
sp.2] DNA Q7IMES &A% Zat, g LA P
olseniy& 151t o]$ol|x vix|Zo| M9 P olseni I
ZhEt ol @ HAR AlEIZF A&Aez HuED ot
(Lee et al, 2010; Nam et al, 2018; Yang et al, 2019;
Kang et al, 2024).

3Ho] Abgjee w2 1990W) WA mhe &2 P
olseni®] ZYAEe} o] 2 Qg 3ol e wAL BiE|ld
Z2EZo] A9 2T AFE0 wEW R. decussatusi P
olseni®l ZAE =7t PAJs] WFopy Zlo] &UE )
o o] Aol oJgt HAto] FetH % gtk (Cruz et al,
2020; Estevao et al., 2023).

ujetA olet F= 7+ P olseni Y P &g z)o]
£ Hlustyl, Z2EZo|AN P olseni® ZAIAEI ZAETL
ZAAag AAS FHtttA =9 P olseni #Y 74t vt
A HALE F017] g 7& Aol Fo% BAE AT
4 g ASE 7Hr}. & dA3s olE Y3t 7| A9
Usto 2 3y} L2 EZo|A B1E P olsen] EAA E
A Wz EA4S AmETA £E Qi

- =2

2 dFe = ZERZAAN AHI AR (R
philippinarum, R. decussatus) 9 P. olseni 24 %32
AP ESH gl 22 Eeta] oz FASIQlH g Al
& AR 137 FavolA AHsiglon], Z2EZ A
29| 79 Ria Formosa A52] Olhdo #|%ollA #75dct
a3 1). AEE ABL opypn] xHORHE DNA 2% 9
PCR 242 &3l P. olseni 74d& sk, ¥/ Alzel of
A= ITS 99 HA7IMES BASHIT =3 24 d 7HA

o] AR zAof gt 2AH|se BEZ YA

—
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Fig. 1. Geographic locations of clam sampling sites used to
assess P, olseniinfection. Manila clams (R. philippinarum)
were collected from Gomso Bay, Jeollabuk-do, South
Korea, and R. decussatus from the Olhao region of the Ria
Formosa in southern Portugal (Algarve). The central map
illustrates the relative geographic locations of the two
countries, and the enlarged insets display the precise
sampling sites, indicated by red asterisks. The scale bars
represent distances of 20 km on the local maps.

2.DNA &

A& &4 %3] 9F 25 mgollA Qiagen DNeasy Blood
& Tissue kit (QTAGEN, Germany) & ©]-&3}o] z|ZAL &
2EZ| w2} genomic DNAS 33191t :&H DNAY
=29t £t B3P A (Agilent BioTek Epoch 2, USA)
£ AH&sto] ERlskgich

[}

3.PCR3Z 27 Y uhg7 4

2 AFolMe P olsenis AESH) Y3l ITS FAU
Perkinsus 4 E0°|&Ql primer®t P olseni & 50|34
primers ZtZ} ¥Wx2 Algsle] PCRES  $3slith
(Audemard et al, 2004; Moss et al., 2006). Z} PCR ¥
2 genomic DNA 2F 100 ng, Z+ primer 10 pmol,
GoldHotStart Taq DNA Polymerase 1 U, dNTPs 250 u
M % 1 X reaction buffer (Bioneer, South Korea) 2

M % 50 uL hgelols ANshict.

Perkmsus £90] ZZ 2 95°ColA] 387 27| S 9
F 2, 95°CollA] 30%, 60°COllA] 14, 72°CollA] 1202 74
Apo]| 22 353 ‘ﬂ%o}ﬂ, 72°ColA 787 HZE AFe 4
SIUTh. P olseni $E9| 73 95°ColA] 427 =7] WA

, 94°C 18, 62°C 182, 65°C 3202 LA Alo]Z-2 403
251, 65°CollA 1027 2F 9% @A AAsi

rE ol o°=" rin r°"

4. 47195 2L 471428 &4

PCR ZZ A2-2 Dyne LoadingSTAR (A750, DyneBIO)
2 JAMgt 1.5% agarose gel A7|95S 53l st UV
stollA syl o= A" FF e A

Macrogen (Korea) o 2&5to] 7] EE EA351%]th

AT ol
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e A7|M D2 BLAST AN 53l 7€ P olseni F%
A g vlawste Fg st

A A

_’:\-J°ﬂ"1 NS vt (R. philippinarum) 3}
ca rpet shell clam (R decussatus) 2 ¥
Al 0}7}‘3], RS ZFslo
o 3 mm —‘.:—Wili ¥k 0}0311} Al + Davidson's fixative©l
24A7F IATE F 70% oflghZol] BEstlct. ojo] A &
T8 =9 e E g4e H, Ao X&) o] 2
Ze sigtdol Zofdt & microtomes ©|-&3) 4 ym A
2 AHES A&stal hematoxylin-eosin (H&E) o2 JAst
Aok ARE 2AFES P07 (DMi8, Leica,
Wetzlar, Germany) & ©|-&3 #&stion], 45H4d, A
A, op7hul, FR FolX Uelde P olseni FUA
(trophozmtes) £ Eelstrt.

g

1. P. olseni A €S A& 23}

Perkinsus 4 E°]&Q primeret P olseni & E0|¥
primerZ ©|-&3t PCR 23}, Y% 7iHolA Zdo] &elg]
k. = HEtEE FATA AP HvRE (R
philippinarum) 20704 5 19784 (95.0%) °\X B olseni
7} BRI, carpet shell clam (R. decussatus) 3074
A F 10704 (33.3%) oA 7ol FRlE|o] g4t HiA|E
o] carpet shell clam (R. decussatus) Bt} <F 3uf 52 &
HE2 Uehyth. PCR 53 AE9 37)& Z2 703 bp2t
450 bpZ ol 37]et L5t (29 2).

2. X2 EZ DI P, olseni®] ITS G714 L8 4

PCR Y2 & RIE FF AHES AAsto] d7IMEs &
Mgt Axt) kAt vhR|EE Al 1970319} carpet shell clam
(R. decussatus) N& 107§A9] Y7|AES RS
NCBI BLASTS 53t £ 54 23, XE A8+ P olseni=
A=At ZAE BE AFL 7|80 B1H P olseni
2 NIED =2 FAMEE UElY T 5749 A R
sttt

3t A BoA Y P olseni®) ITS 99 A (703
bp) & s Asiokat  dsicteld  EuE  AIEE
(KX514106, KX514088, KX514122, KX514117) 3} =2 &
Adg Uetdlth 2287 A89] A%, §1 299 7|1
TFEY =2 S UErdlen, §3] AH <9l Galicia A

99| R decussatus (AF369970), Ez2td Rio Sio
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Fig.2. PCR amplification results for 2 olseni detection in clam
samples. Agarose gel electrophoresis results showing PCR
amplification of P olseni from R. philippinarum and R.
decussatus collected in Korea and Portugal, respectively,
using genus-specific and species-specific primers. (A)
Korean R. philippinarum samples amplified with
genus-specific primers; (B) Korean R. philippinarum
samples amplified with A olsentspecific primers; (C)
Portuguese R decussatus samples amplified with
genus-specific primers; (D) Portuguese R. decussatus
samples amplified with A2 olsenispecific primers. M:
molecular marker; P: positive control; N: negative control;
lanes 1-30: individual clam samples.

Francisco, Sergipe X199 C. gasar (KJ608210) ¥ o}=3l
Ell}  Beagle channel A9 Mytilus chilensis
(LC656362) oA HEH P olseni?t 100%2] |-AHd-S UE}
o, F= Arteist vixgolx AZH P olseni®] ME
= 99.8%9] GAMIS Hh (OR533520).

3}
3 P olseni 74Qo| EAQ1E A2 oz 23

Wesd AAs AA An e Al dgHoR s
eccentric  vacuoles, signet-ring structures, 121
trophozoitesE E24& hemocyte infiltration 52 £3%<l

Z25H 47o] Sh=at 2R A5 RRo|A TEEQICH
z2gesky 24 43t gh=o] vix|E 2E JHA (N = 6)
oM P olseni 9ol EUEHUCH, ZEL FE ofrtr]
(gill), A5} (digestive gland), *J,VAL/,: (gonad), &%
(foot) ZZol|A BRE UL} 3| op7fn] I Asp)dolx&
ZE JRAl (6/6, 100%) oA thee] J¥A| (trophozoite)

7} golg i), JLAHE 12.14 £ 0.24 pym (N = 50) 9 ;L
3 T+ E5UE FHE, dntEAH J4E e 23S

AT Z7 2A oAM= 670A F 1AA (16.7%) A 7\:.“%.3

o] gel=]rct (11 3).

WA, 2287 R, decussatus N E (N = 6) olAE 6714
@ 170A (16.7%) <] of7hu] Z&oj|A{Rt Zhdo] &l
AZ=0] 4ok (11.84 + 0.32 um, N = 10) 7} T=E Y
Ade FaHo|n Augt fFo|glon, 43It 9

Zrdo] El=A] gtk (2 3).

4 ol

)

o

o
—
L
«

2hof| A

L

2 AFolxe St 2R sioA YR v (R
philippinarum) 2} carpet shell clam (R. decussatus) <
WIo R P olseni®l HE, 42 AE |AHS, 22W
4 R Hasilth. 1 2 F A RRox P
olseni Yol IO, 7AA F 2 Hsty £

2gt zto] & Hitt.

WA, 2 FaT oA HYE vixZe] P olseni &
HEL 95.0%2 o =9ty vk T2 E7F Ria Formosa
A9 carpet shell clam (R. decussatus) |4 EAE P
olseni S8 &2 33.3%°l £3sto] A 7t zpo|7F Frajzl
ot AR AoelME & AolM HEE P olseni= A
2 oE 34 Agdol &dte ACRE Yttt it P
olsenf= oAl AlS (B 4 &= AQ) H9 =2 FAF
3 (99.7-100%) o] &=l o, 2 EZA P olseni=
28Ql, Bt of2EL 5 tA Y QoA EuE AF
23 =2 SA (99.2-99.5%) & HATh o|& A Hoj wpE
HYA 23 bsdS FEAST (Ye et al, 2022). 13y
SHEAE Z25Z A RoA ERIE P olseni®] H7|ME
of F= oAt upxolM HEH P olseni® MLt
99.8%9] fFAMdE Holil 17| wiiol o]o] tigh 7} A
7} st

Z29 a5ty HlaoHE £33 U 7+ 279 Holot Zw

oA & Apo|7t HH=| ATt Shat HWE*OHH“ of7tn], 43}
W AL ZH S ofg] 2o Ax 7o P
gitelo] 9l%lem, trophozoite®] 427} Wil B o] A
o] dgh 2 A

Hgol BATL 5 Welshy 45Agol oe
B, 531 sskgolie AT 9T vee 23
A% Atk el ok 4 4 sloo,

al. (2002) o] AAFH & % el
Qs v, m2EY

W 7} e
IE M 6704 & & 17832 of
Zha)of| ARt Z+edo] &HolE| ]t} Trophozoite?] 49 37] &=
St AA3] Hom, 27 &4u AF vheE Au|elch. =

Sh Z2EZ A|59] PCR YA E (33.3%) T =y
AEE (16.7%) 7+9] afol= NG 7[He] 2 UgES
HolZ ANZ E3| P olseni 799 27) 9A == A%
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Fig. 3. Histopathological observations of Perkinsus olseni infection in tissues of clams from Korea (Ruditapes
philippinarum) and Portugal (R. decussatus). All tissue sections were stained with hematoxylin and eosin. Korean
R. philippinarumsamples: (A) gill, (B) digestive gland, (C) gonad, and (D) foot. Portuguese R. decussatussamples:
(E) gill, (F) digestive gland, (G) gonad, and (H) foot. Yellow arrows indicate trophozoites of £ olsenj, and yellow
asterisks indicate hemocyte infiltration observed in the tissue. 2 olseniinfection was detected in 100% of Korean
clams, with extensive pathology and hemocyte infiltration in the gill and digestive gland. In contrast, only one
Portuguese clam showed localized infection in the gill. Panels A-E were captured at X 40 magpnification; panels F
-H were captured at X 20 magnification. Scale bars: 60 um.

= ZhollA 22 gritte g2 = A Ry 7k
& AAKSHE (Balseiro et al., 2010).

olZdt FHE B A A=Y A 7+ Aoz FHA £
A, £F9 44, 221 HA 7] B Ato] 5ol &
dHoz 2835 ANz MY 2 Attt P olseni= YuHA
o2 25-30°Ce] 423 25-35 psul] FEoA 71 T3

FAst= Aeg d3A Q) (La Peyre et al, 2008; Kim
et al, 2010; Umeda et al, 2020). 3=+ A3t FATHe
ol2d WP £ 24-26°CE P, olsenie] HZ ZA 2%
Hel (25-30°C) ol 2Aste] WA B4 FUE 4 3
t}. Wb ZT2EZ Ria Formosa A9 ofE 42

22°CE ofH3s] F4] 7hsst Weloles &okAlw, W
HYAlY] B 9 Hede AFd 7hs/dol
2023; SeaTemperature.org, 2024). 1234 9=
Zgdtdio] ko] vehdth. Hat d&ol 9 35 psu 22 {4
e X257 Ria Formosa—J S AL YA &40l
felst 27ojgt & 4 Qlt} (Newton and Mudge, 2003).
v Sk FARke] RS 20-32 psu £FOZ2 Higo]
(Go et al., 2022), ol P olseni®| *§&3}+ FA]o] 7Hs3t

%
rl

At (NIFS,

Q1 25-35 psukth= ot

2l 2
o] A2 7hsAol

Hejolle ZE AT 24 F4) 24
4 Gol Ao gy ¥
Act. A= EFsta, FARlA o 2 Y& BE
Holtke A2 21 & 5 44 29l o99 tE 2%
0l AY 7+ 7 e AolE /L £ e AR
t&o], 3A X257 Ria Formosa A2 P olseni®) F
2 74y w2 2 1E v} Qi (Flye-Sainte-Marie et al.,
2008). o= A W& ZHEC] TA FHHA 24 wiEo]
otz £3o W9 vhg 9 Uld £F9 Abo|, T 7t A
o] BXs= P olseni AST 7+ ‘%q“ zto)7t g A=
o] ZAAQ JFE vFS 73S AT (Estevio et
al., 2023; Sambade et al, 2025; Kim et al., 2025).
Kim et al. (2025) & ml= i Atat HA|zRtoA
BeH P marinus dFE°] Ut diAYE (C
virginica) °| ti3] A2 o2 HAAGS Uehdtt B1skgl
th ole 5% HYA Folgtx Ao wet Hee] et
4 eg HojZh 3HH Ye ef al (2022) & 3 gt
A A-E P olseni® ITS 7ML BAS &3 £ 73709
haplotypes &<lsiioy, Z2 Ao 42 P

o
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beihaiensis®t P chesapeakPIMe Z+Zt 574¢h 2749
haplotypetto] I}, o] Ad= P olseni’t ©hE
Perkinsus F°l| B|3] 77 tf/do] AR Eth= A2 Al
ARttt ol2gh 2] HA zpojet FHA thFde A 7
dYolu 5 24 U FA P 9F=2 £ 4 oH, &
Aol gQle Z2RZI} d= I P olseni ZAE Aol
£ A9othe ol $8% GAE AZE 4 Aok
S#, Elandaloussi et al. (2009) & 249l Ebro delta
Z)ede] A& QI3 sfedolA 20059 9YEE 20061 8Lt
X] R. decussatus 2+ R. philippinarum®| P. olseni® %
&1 A E XA 73_‘,]- Hubdoz 7gge & &=
7} ME "SR oy AAxe] B9 R philippinarum?t
ZAL thRE9] 717H5% R, decussatusel| HIS 253] 9
ok a3y 2AF £2 AI™A R, decussatusold HEE P
olseni®l ZAE7t R. philippinarumelX AE2 P olseni
Hot 2008) o) F7Hte =N F %37+ P oolsenPl thigt
ZA=7E WSl ol2ist AMd2 P olseni®] FHAE7t
#7434 &?_ 2 FHA 21 HEo] njde] FHAQ 29l
= AE2 9nidt
é%z‘iﬂi 2 A3E 33l g =849 upAE (R
pr]JppJn&rum) 3} carpet shell clam (R. decussatus) W
P, olseni ZF9g A&t Hlwd A3} F 2o BRoA &
dFo HYAE gAYy, s7F B AHF oo
2t ZhEY A=Y AT Zpo|7k Ut o|2Et zfo]
= &30 Wy vhg, HdAo 44 As w8 1ga £
€ 5 44 29l9f E3HA Foakgel 7|dg Aoz
s A Hct. E}E}/ﬂ FE F Aol|M P olseni #FE s}
2 BEAS 95t in vitro L in vivo £&F
oA Zd A 5 udTt AFE +AHH, A2Aer 4
2le & oMo P olseni 7Y 7121 w30l High He
Zolth, o5 H}%oi &

o]
=]
].‘; z]oﬂtﬂ }\(lilEHZ;] E—,/\‘]_' H(:)]%]_ ]_,] E.A-‘Q_ H]-O:]o]- l:ll-

Ao 7|didt.

=2
12
ol
FN
ru&ﬂ i
4 4

2 d7s Iuzstsn FUdersEe A9e
o} &
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