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New Two Neutrophil Types in Red Seabream Pagrus major
Infested with Ceratothoa verrucosa: A Case Report

Masakazu Kondo ™ and Shinya Yasumoto

Abstract : New two neutrophil types, sixth (N-6) and seventh type (N-7), were observed in the blood of
Ceratothoa verrucosa (Cv)-infested (usual parasitism; N-6 and N-7 from two Cv-infested individual, N-7 from one
Cv-infested individual) red seabream Pagrus major with exophthalmos. The bulging eyes contained bubbles.
The N-6 and N-7 were observed in the infested fish without or with mouth insufficiency (ML, Mouth closure

was incomplete), respectively; the exophthalmos occurred prior to MI (EP—MI).
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INFTICEESIX, ¥ A J ICeratothoa verrucosall2s
&N 72~ ¥ A Pagrus major (L) OUFrhERO I RES:
M6 & M b i L C & 227, TofR, #
AROUFPERIIRF AR E IR ER L, TORM
BHFAMERFEMIBEINDIHE L OHNBIRT
(appearance abnormality) 2 & o THAIZELTH 2 L
PHOLPE Lo Thbb, OREICLE 2 Z2ED 5 A
JIPHFAEL GEFFAE), SR [IREkZeH exophthalmos
R OO M#EA4mouth insufficiency (MI) ] AHEE Tz
WM TR TER (neutrophil-l, N-1) 757, % 4
JIPIECSREFEL (REFE), MIPRD L%
RSN H2RERFER (N-2) 27, FIEO & Z S FHlEEN
WRMIE LR cd ¥4 ) mdd L (BRESAM),

MI& & S ICHRIRASZEM U 7= A A4l (28 L7z IRERY OR
REABEOR) 1TIZKIED5RD 5 D] TIEHESMAES HER
(N-3) ABgEsNzY, £/, MIZRTEHAFEM (R
I LTwiwv) &, MIOBZICERERZEH (BRERMICK
W) %8 L7l HF AR 22 B4R bk

(N-4) & #ssilFhsk (N-5) 28BS 2% L hosfRo
HFHhERD S 5, IRERZEH &R L7223 A MICBIZE S b i
IRIENBENSTH 575, WLFhEREATED SN 544 AT
ZARERZE G » TMIAHE S 50,

20194 IZ 89 S M7l AL F2R 2 I H LTz
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MEBEFEREZBR LA, MIE2BHHETHTR
DIFHERIZB VT HHAZAL L Tz (BHIEAR Lol
HHE I RFEADOIFEREIZEALEDLL LD 572),
T/, TS OIFHEROFBIZIE M ON-15 5N50 VT
EDRGoTWAZ ERs, HEREMZKE (MIE % 50
DOFEHOUHERE FOTIF R IR (N6), MREkzeifkicMI
& o T H MO R TR TRER (N-7) L LTZZ
T %o
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ML= TN (FHEIRE) T2019FICsEI N (8
MH: wHEMA THI6H; F4/4B, TH30H), ¥F 1T ¥
THE:L (20 ppm, 147H), &K, BXEB I OCHKELZN
ELDL, KERFHOBNAT T ZBKHIHA L TK
m25C THMEE Lz MEHHPITROREEE (<
V3%, M) REEAE Lz, FAMA (R 87
cm, BXESO cm, AAH 101 g) 2k, FA4MHAB (&
74 cm, RIXEKE70 cm, KE6S g) ICIXVEAKD ¥ £
IAFEL TV, FEMADPLIZ2E, FEMBY S IE]
BRI L, MR SRR A % VR B L CRTH & [ bk L A5 Al g
Rl L7z, WRILICIEESE CLr—v; 1564 v ) 2%
HL7Zl mET 7 AF v 7 BEHRICHREOAI/NY U Na
KIEWE (1,000 units/ml) % ANTHREAH L7zo LLTICH%F
AAICBR SN SR EICOVTRT, M TIIMEEL
72 ORI £ TOIMRRE DA ETL L 722%, FEE
WZATEI R (behavioral abnormality) »EifkL Tz
THEbLETIZISHERT 5,

FHEAA

20194F8 HO6 H A IRERATZRIN L, AR IRER IS 13508
PEIEE SNz HIREROZEM & IRERN O KI81320 H O
MmEs (10H30H) FTRH LN, WESHISHITAIRER
W2 b KA Bg sz, 8H19H & Iusv ML L,
BHIIZAIIZNEE LS OO L IRERA 2 L7z AEHRER
DZEZ2m B ORI F Tkt L7223, BRERPICFHES
WHAERENDE Z L idhh o7, SAIBHISHFRM AL
(BEIR % #H0 T Tk E 7213 ff b Lo b, B
ST - TH R L TH 2 KH RIS 3178) 2385
Ehizo 10H4HIC1EH ORI Z TV, MHEHREA 2
W72 BRMFOFEMA: £KI1LL cm, BREL00 cm,
K233 g)o RIMGEDHELMEL2E 25, 10A6HIC
GHERZSH ORI EA~BAER & 2§ 217H) A@igsh, 10
HIHIZIIMIASEE® H 7z, 10H30H (2201 H o $R1fiL - 1L
WEKERMER 2T 572 (ZOROFAMA 2RI
cm, JBRE104 cm, KFE248 g). RIE, FHMAZF
#HL, ¥4/ T %Davidsoni TR L7 (10H MR E#,
70%T 5 ) —VHTRIF) o BERD Y 4 ) T2EKDOK X
Sid, KEMEARTHE 136 mm, RAMAEIE 54 mm (53
Mags), ANEEMARTIIAR 94 mm, wAMAIE 40 mm (5
M) Tholzo b, AEUEMRIREE R T EREE
L%olDT, A7 AR ZHEIIHL Y TTMESEIR
RETIE L 720

A,

R}

ENEE

FEAB

201948 A28 H 12, MIRERPICAIAD 0 S, F4HE9A
3HIZ M HIRER O F M O MBI L7z (B 38
F5IEBE I NT) o HIA4H AT IRERA O I 3
WAL, FIIEHR L7z 9HIHICHIRERD B A%
L 7230 O KEME SRRSO S, B HIIEAIRERO B M
SR> CHBWAE Lz OHITHICIIAIRBRATZE ) L
7RI E N T b o 72 OH20H ITEIRERD H
JZEIBATR S Nz OA3HIZIBH L2 EIRERE M o 4
JBIZOH24HICHER L, BHEo5GaL & b IZhkoskid
bIEF L7z A (10H30H) F CTLIREROZEMIEAD
SN 572, MUFIASHIZFED SN, 10A9HIZIZH
R ASBIZE S N 7zo 1030 HTHRIM - I ERHIEAR D14
KxfTo 7 (ZORKROFEMB £K105 cm, BX K6
cm, &E209 g). IME, FAEMBEHHL, 514/
EHAEBAOWE L MARICEE - RIF L7z BEShizy
47z (MEE) OFEIZIL mm, HAFIEIZ45 mm (4
) Thole HB, WML F THEMBIZIZFEIH
i3 I Lol

|

HE - 1A (2020)°OHAICE TP ERE

FEW R HICMIC M- 72 REMA BRB) &, MIEIREK
itz 245 REHAB (2R) &, 2018FEN7TH 2510/ 12
P TCT R OFAMAB L OCFHFEMABE RIS TR WIRE
OB THEENTZBEERDSDBIZZFN S OIMBIRE 2R L
~HEMTHD (WFNRD YA ) A UEEEE) . 440,
B OFEMRE H AP CHE LTz, £REA
DS NTZRHNIIAYITH 5o

EEEA

RERAL L DH5AM3E (WFhd ¥ A ) A UEEF
A) 12019456 H2H ISR Y 7 A 8K (KiR250T) ~
WA SN, MEMERETROBESFE () »67, #
HrENE) ZEEAH L7z, BEAAL (FERKR BX
$213 cm, 1KE2365 g) (2IZ6I5HICMIMEE S, 6
H2THISRIRE A4 L B2 2338 b, BEf
A2 (FBERGEH: BXEITS cm, £%EI383 g TI36H
BHIIMIZZO b5 & L b2, HIRERN AP RImss
RS N7z 6H26HICZ OAFIBIZHELRL, BH, TN
Wi AL EEBEMDBIE T - 720 WEAAS (FF G
R E210 cm, AE2095 g) TIE6H24H ICMIAHIZE S h,
6H2THICR TR A4 & BTN A b7z, wih
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DHEFEHAICB W THERIME (TH6H) $ TIZARERZE I
IO LMol RIMEOZREAMADRELE L FEL L
TR B MAA-L BRE2L7 cm, AKE2285 g BEMA
A2 R E183 cm, 1KE1380 g BHMAZ B LE212
cm, RE1825 go WINOREHADRIME, 714 /T
HFFE L7 IRIECRE & ke L 72,

EHEEB

REMBL R 2HAEM CR) &, b—F—%HELT
WHRVERNT T ABKEICIA S0, TTRORER (=
Y v6h, MRAEESE) AT L CHE L, REMAB
&7 B EAAUIZ20184E 12 H 26 H U2 KM (KiE165T) it
AENZZD, ZOBTTIMIZ#ED 5h: (BXLEI26
cm, K463 g)o 201941 H12H IR HiA 4x & BHR 2
WsBlg s 7z (OKiR2047C) . IRERZEH L RERNICB T
B 5IAIE MR RO &0, AIRERTIE2019F1A27HIZ (K
204°C), AHEEK CTIESH2UAH ICHER S 7 (ki
21.1C), RHEMAB1ID S OWMIZSA25H 1247 - 72 ($R1iL
BoREMABL BXEI0 cm, AE521 g Y EIFKHEO
Kii21.0C). R, BEMBLIMHSH, 14/ (1
k) &, 70%T %/ — VCTHEE - BEShiz, BELR
54 ) TOKEIXI82 mm, FAMIRIZI.0 mm (FE3H9fH)
Thotzo REMB2L 4 HHEAMIZAHICENA T A
FRM OKiR218T) WA Sh722% (BXEL66 cm,
fRHI88 g), Z DKM T TIIMIE WRERD 22 A 0D
bz, F/z, ZHLUZZRERNICIIAIESBE SN, i)t
AR EIA AT & BB NIZRRD SN Do 7278,
AHAH ISR S O BEATB S F BB Sz Okl
176C)o #EHB22 5 OHMIISAISH 24T 272 (BX
£17.1 cm, RHE832 g /Kili207C), BWMB20D 5 A
= (M) & 70%T% ) —VCRIE - RIEES Nz BEE
ENzF 4 7 ToOEKEIZ220 mm, RAAKEIZI9 mm (58
S Thotze B, FEMB2OKMENIZIZSH14H
125 4 OB (O L) OB A% b,

BRBLUVEE

MI& 7 BRI IRBRZE & R L 72 3R A OBFHER (N-6)
&, MRERZEHBRICMIE 7% o 725 B A & FALBOIF Bk
(N-7) (ZIx2FEE D JEkE, 3 72 b B May-Griinwald-Giemsa
Pett |2 X o TR 2R T RN &, B o FL 2 LY PR
Lt v VhrERE (L0) & ZoRBogt iy (L1)

25 7 B E R SRR b7z (Figs. 1A & 1D), 2
DR OME L, REEMOGHERICBIL SN 2208 D
W5k (Gl B Krordinary granule, oG; 18!, oG1Y; 2%,
0G2Y) %, FAMON-1, N-2, N-3BLUNSICHESH
52 o By BB RL (extraordinary granule, eoG; 17!,
eoGl; 2, e0G2) B & UN-AD @ H AR (0G1™) & #
R R (e0G2™) WML L T w2 N6 1 Bk
(0G1°%) 13 RHE M DoGINENADOGI NI, N7 1%
B (e0G1°") 13 EMON-1, N-2, N-33 X N5 15
BACHBLL Tz LA L, N6 NTO2RR. (e0G1Cv6
B L WeoG2?) 1&, KHAEMB L OHFAEMLONIHLBNS
O2BURERL & T LS R AR 22 > T\ 7z (Table 1)
F72, NLCBIE S 2 FLERER (inducible granule,
iG) 1IN-6B L UN-7ICIZBD SN h o 72

N-6D1RIER, (0G17%) (ZIZKH Y v V' — ABEE D
ST, R KBV EFTF—¥ (PO) BLUZXSY
Y HB (SBB) it TH - 720 —F, 2R (e0G2)
DOLOIIXEREY v v — AR PBM S 7z, Btk
FLONOLOL b & i (L0-0) IZRE SN T,
F72, BN a =y —EEEOLOON S EBILE S,
eoG2DLLIZPOR M TH - 7275, B [BMSEOEL %
BEXELZLT, LOOLEFBLOTHICHEAT 2EM0
DB (spot) [IZEK SN D o 720 0G2°DL1I1ZSBBR;

-

F

Fig. 1. Sixth and seventh neutrophil types (N-6 and N-7,

respectively) from red seabream infested with Ceratothoa
verrucosa. A-C, N-6; D & E, N-7. A & D, May-
Griinwald-Giemsa; B, Oil red O; C, Sudan III. E, Sudan
black B (Note positive L0-0). Two positive patterns are
observed in B & C (pattern 1 > pattern 2): Pattern 1,
positive L0-0 and negative L1; pattern 2, negative L0 and
positive L1). F, scale bar (b um) which is adapted to all
figures (A-E) in Fig. 1. Counter stain in B, C & E:
hematoxylin (Mayer’s).
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PER L7 AERIZH A VLY FO (ORO) BEUXS
YILZBHHRG R L, % < OBRTIZLONOLOL b b
e gEI (L0-0) 1I2BRE Tz (Figs. 1B & 1C), 77,
DR O PR TRLIAHETH > 72 (LOEKEM). SBB,
OROB LU A7 YIIOWTNOFEMIZBNTH, Jufufk
ORG (A XY =D~ MF Y ) (TR
Fohhol. T/, SBB, OROB X X ¥ » Yt i
DAV VEREEERIIAN P F VY U R LA
(2 ORISR R Bl S k2o 7 (Table 1)o

N7TO1REAL (e0G1Y) 12 B N-6DoG1 & [l B 12 &l
VYV = AR RS ST, BRARAPORYETH -
72 LA L, oGI°L 3% 7% Y eoGlIZSBBREMETH > 720
eoG2 DML IF B D% { 12eoG27°D 2 MIZEML L
TWwizo UL, eoG2YDSBBYet It ideoG2 L 13 R Y,
eoG2 U TIILIA M TdH 5 DIZx) L TeoG2V"DLLIZ Bt
ThY, LO-0» UG %R L7z (Fig. 1E; Table 1)o

N-ZIZHRER A~ O RE 2R L2FAMBICLBIKES L
Zlhn, J@E) AKEOKE M (bulge of cornea
with bubble), B H L 7= 4 K @ 8% 2¢ (rupture of the
swollen cornea) ¥ X HRERHF O H# I (storage of
white turbid liquid in the eye) (XIFHERDIFBIBEL
TwEEzZbhb,

N-6&EN-7% Wi 5 2 & T, IRERZEHBZ ISR S 5 MIA
IFHRERIC RIS B ZERTE 2, Thbb, N6EFT
BHFEMDPMUCAR 2 &, 1RBER 2SSBBEM L 22 1), 28
Wk O SBBR 14 ERAL ASL-14 HLO-0IC A LT 5 L B X %,

M, RARE

LA L, IRERZEHRENCIMIE %2 - 7237 M O h ERIZN4T
H 07, NTELIZPORBGIIBITAHREOLME (NATIE
B SN2, N7TTRIEE S i), SBBRME (N4
T R & 2 Ok O LAY YE T d 5 A%, N-7Tld2m
WKL DLO-02SK ), ORO& X & YIIIgefath (i 4eta iz
N-4lZ ek, N-7i328 R 250 1) B L OOROE X ¥ V11T
BN PEF Y gttt (NAIZ2B R OL0A B
T, N7IZREM) 28R % 5%, FICMIBICHRERZE N L 25
7o B AR ONDS & MIATICARERASZE M L 72 F A A ON-60 i
WZIESBBHfutkE, ORO& X ¥ Y%tk dB £ FORO & X
¥ UIIEEHEOANT M E Y Y RAERIGEVRD LN
7z (Table Do TH O DRSS, RBRZEH & MIASEFh
BRICKIZTT B, NS 0MNBEEDOFAED @I
LoTREZLEFE R 5,

AR & AR Tl A M O FMBLILH & AF h Bk o B4R % 1
SMCLTERD, FAEMICIIHEL OFHRFLBEIN
TWwb, Fig 2l N CICHEMICBE S /B
(A) LATBHRE (B) ZFSRHIGIIRL7Z. N12AHT S
FHEMITIZ Y A 2 TH1E 722k E A L Gl %k
usual parasitism, Cv"), MBI LATE)RE IO 5T
Wi (Fig. 20)%, ZoREZPET %, PICMI (Fig.
20M1) BT, ¥4 7 THOBEICEKEE Lo af (R
W Eunusual parasitism, O) (ZIEN22BIgZE s p (&
FATBIEED S TWha W, Fig 2@)% PAMIE % - 72
DB ICHIRERAZEM L [M2; IRERICSI8TE . (bubble
formation in the eye, M3), KW CAIRERDZEH (HRERA

Table 1. Comparison of neutrophil granules from red seabream infested with Ceratothoa verrucosa

Origin of neutrophils, type of granules and reaction™

Fish without C. Fish infested with C. verrucosa
Staining"'"" verrucosa * First type: Neutrophil-1 (N-1)" Second type: Neutrophil-2 (N-2)"
Gl G2 (0G2Y) ¢ G(I}1 G2 (e0G2°"") iG™M LGl G2 (€0G2°*?)
©G1Y Lo L1 | (ecovl) Lo L1 Lo LI | (GI™) Lo L1
MGG C E C C E C C E : C E C
g R D SE:H+) e
o o o = - o o o o =
Glu - +7 - - +1 - - - - +73 -
Esterases — + — — + — — - — + -
PO + - + + - + + — - — -
e SEE) S¥ ) SEz) .
SBB ¥ = = = = = = = = =
(SF:—)
Hem — — - i = - — — - — + —
ORO, S-TI - - - = - - - - = - -
Hem _ _ — : _ — — — — : — + _

*IMGG, May-Griinwald-Giemsa; AcP, acid phosphatase; Glu, B-glucuronidase;

NAE, a-naphtyl acetate esterase; NBE, a-naphtyl butyrate esterase; CAE, naphthol

AS-D chloroacetate esterase; PO, peroxidase; SBB, Sudan black B; ORO, oil red O; S-III, sudan III; Hem, hematoxylin stain (Mayer’s; counter stain).
“Esterases: Alpha-naphtyl acetate esterase, o-naphtyl butyrate esterase and naphthol AS-D chloroacetate esterase.
“All types of granules showed negative reaction to other tests [alkaline phosphatase, periodic acid Schiff reaction (PAS), alcian blue (pH1.0, pH2.5), toluidine blue in

distilled].

*401, series of type 1 granule; G2, series of type 2 granule; iG, inducible granule (category); o, ordinary; eo, extraordinary; LO, layer zero (inner layer); L1, layer 1
(outer layer); C, chromophobic; E, eosinophilic; =+, positive; —, negative (non-detection); 1, increase of positive site; SF, spot formation.

A few of LO were positive.
*Kondo et al. (2017)?; "Kondo et al. (2017)"; “Kondo et al. (2018)*.
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KR@dY) &L HITTNME AL (buoyancy
dysregulation; B1) & BHA#BZEH (protruding action of the
head above the water surface; B2) #5221, Z 0D,

RN PR E R &2y 4 ) IHEERFE L 2FEA
(B8 F % % A= super-unusual parasitism, C) 2 1ZN-32%3%
wHNhD (Fig 220)" MIE %o 20 HIZiF A4
LHHERZE M AR L72P [Fig. 24@; 3Tk - A (202075 &
OARBORFEMALILAZ] &, MIOBKIZHRIEKNORIE
TR B X ORI (disappearance of bubble in the eye,
M4) %70 HIFREA L L HEERH 2R L7-P [Fig.
26, ALHE - AR (2020078 X UAR O RE fA2) IZ1IENA4

Table 1. Cont. 1

B, MIE %o 7D B\ 9FITREIA 2 L B 2R L,

ZDtk, flRzkozEl (RIRMNICKIEE), R CAIR
FRAsZem (RERNICEILH D) L7:P [Fig. 2-©; & - &
(202078 & OAFI O FH B \CENSHBILE SN,

F 72, MIEWRIROZE (MIRER L b K@EK) 259 T
[ T TV ePAR I EIA A L BRI 2R L 72 A 12
b NSHEDHNB [Fig 2D; Tk - A (2020073 & OF
RGO FFEHB2], N-6IXAMRIRZEME (RERNIZEIAE
), AMRERMICEIEZDE L, 20k, ERERN ORI
b b HITEMWERDPZER L, ROTHFIREAENE L
PIZR BN [Fig 2-@ARMOHAMAL Z OPAHIREM%Z

Origin of neutrophils, type of granules and reaction™

Fish infested with C. verrucosa

Staining""" Third type: Neutrophil-3 (N-3)" ! Fourth type: Neutrophil-4 (N-4)" Fifth type: Neutrophil-5 (N-5)"
Gl G2 (€0G2*%) Gl G2 (0G2°*) Gl G2 (€0G2°")

(e0G1%) L0 Ll | (0G19% L0 LI | (e0GI™) L0 L1
MGG c ] E _____ C I SR E_ c .. ¢c E c___

AlP — — — — — — ' - — —

AcP - 1+ - - +7 - - +° -

Glu - +77 - - +17° - - +17° -

Esterases - + — ; - + - — +76 —

PO + — + 5 + — + + — +
__________________________________________________ Sk:ty oo SEH o SED)

SBB - - - T+ - = - -

| (SF*)

Hem — + — — — — — +7 —

ORO, S-11I - - - i = - - i = - -

Hem — + — : — + — E — +" —

153 ¢e Table 1-1.
*SActivity was limited in the small central area of LO (L0-0).
*Kondo & Yasumoto (2019)"; " Kondo & Yasumoto (2020)°).

Table 1. Cont. 2

Origin of neutrophils, type of granules and reaction™

Fish infested with C. verrucosa

Staining™' " Sixth type: Neutrophil-6 (N-6)" Seventh type: Neutrophil-7 (N-7)"f
Cvo Cv7
G1 (0G1°%) G2 (e0G2°*) G1 (0G1%) G2 (e0G2“")
L0 L1 L0 L1
MGG Co B C o C ] E oS Co
AIP - — — — — -
AcP - +"° - - +7¢ -
Glu — +17 _ _ NG B
Esterases — +76 — — +76 —
PO + - + + - +
e SE) i SET
SBB + - + — +7 -
(SF:—) .
Hem - - - - - -
ORO - (+7=)7 (/7 - (+71=)7 (=7
Hem - - - H - - -
Sudan 111 — (+7—)7 (—/H)7 § — (+77—)7 (=7
Hem — — — : — — —

1S ee Table 1-1 and Table 1-2.

ﬁTwo patterns were observed (patter 1>pattern 2): Pattern 1, positive LO (L0-0) and negative L1; pattern 2, negative L0 and positive L1 (no SF).

“Present report.

|

duf

S - AR (2019)0CIE, AR LT

&

HE e 2 —lOTE TH 5 EE AT L ah o7,
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RL7=DBEMIE % o 72 E ICIENTABIE S
% (Fig. 2@), F72, MREKNOKRIBEK DS
BRI, Totk, mREKICREE L) M4
DR (M5), AHRERIC BT 2 H L7z
OEE (M6), FHREkH o &I (M7),
AIRERZE, ZREROBM L MEomBZ L
Vo ZHBIRENAEL, SHIMIE o720
HICHIRZE AR 2 5 72PIZ NTHHD Hh
% [Fig. 2-00; A0 FAEHABI

Fig. 206 EBTEL I L 3L RV, @k
GDHED 6, MIZIR L 72 % 4 AR DRk
WIZKIEPER SN TS, TOREIHEE L
WaiZid (RERIZZEB L 2 v), S3ase s
NVl L FAEICNAYBIR SN, 72, ®
LD S IF I 42 & BHER S O FE AR
NSOHBUSHE L 2w R END, S5,
FHREAEOAMIINTO BB 2 X MR L
Z2oNd (QLODILER), 5%, FEMD
HREE, BRCATEIERE L IFhERE L OB A
LN L TV ELN,

X ™

ILEEA, BARE

@ Pm — Cv* = N-1
(Pm — CV=P)
@P—Al - CW>N-2

@ P — Al — A2 (R)*A3 (R) > A2 (L)-A3 (L)*B1+B2 — Cv* > N-3

@P—Al > BI*B2>N-4
®P—Al A3 (R) > A(R) — B1-B2 > N-4

® P — Al - B1-B2 »A2 (R)*A3 (R) — A2 (L)*A3 (L) » N-5

@ P —[Al,A2 (R & L), A3 (R & L)] - B1-B2> N-5

P — A2 (R)*A3 (R) — A3 (L) — A4 (L)-A2 (L) — Bl © N-6

@P— A2 (R)*A3 (R) — A3 (L) — A4 (L)*A2 (L) - Bl — B2 —» Al ® N-7

@P—A3(R&L)— A5 (R&L) — A6 (R) > AT (R) — A2 (R) — A6 (L) —
Al - B2 N7

Fig. 2. Relation between neutrophil type (type 1 to type 7, N-1 to N-7) and
abnormalities in Ceratothoa verrucosa (Cv)-infested red seabream (Pm).
Appearance abnormality (A): Al, mouth insufficiency (MI); A2,
exophthalmos; A3, bubble formation in the eye; A4, disappearance of
bubble in the eye; Ab, bulge of cornea with bubble; A6, rupture of the
swollen cornea; A7, storage of white turbid liquid in the eye.
Behavioral abnormality (B): Bl, buoyancy dysregulation; B2,
protruding action of the head above the water surface. Intensity of
Cv-infestion: Cv*, usual parasitism; Cv°, unusual parasitism; OV°, super-
unusual parasitism. —, time's arrow; R, right; L, left. [ ]: The order in
which abnormalities happen is unknown due to non-record of date.
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