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Third Neutrophil Type in Red Seabream Pagrus major
Infected with Ceratothoa verrucosa: A Case Report

Masakazu Kondo" and Shinya Yasumoto

Abstract : We report that the morphology and cytochemistry of neutrophils from a red seabream Pagrus major
infected with numerous Ceratothoa verrucosa (Cv). First, the host was artificially infected with two Cv (adults;
usual parasitism), however, finally with 34 Cv (26 Cv were located in gill cavity) except for adults (super-
unusual parasitism). By observation of blood smear from the host, we noticed the appearance of new type of
neutrophil ‘third type; neutrophil-3’. The neutrophil-3" had two types of granules. Both granule types had
similar morphology but different cytochemical characteristics to those of ordinary chromophobic granules
(0BG-1, 0BG-2) of neutrophil from the fish without Cv. In present paper, we call the two granule-types of
neutrophil-3" extraordinary chromophobic granules (type 1, eofG-1°*% type 2, eofG-27*). The eofG-19*¢
showed chromophobic, simple morphology (without stratified structure), peroxidase positive and lack of
lysozomal enzymes. On the other hand, the eoBG—ZCvsrcl was stratified granule with two-layer structure [inner
eosinophilic layer (L0) and outer chromophobic layer (L1)]. Lysozomal enzymes (acid phosphatase,
B-glucuronidase and esterases) and peroxidase (PO) were localized in LO and L1, respectively. However, the
lysozomal enzymes were limited in the small central area of L0. Therefore, L0 was interpreted as two-layer
structure: LO-0 (inner part in LO) and L0O-1 (outer part in LO). Spot formation, a curious phenomenon appeared
in PO-stained opG-2 {positive L1 and negative L0), was also observed in eoﬁG—Zmrd. Both types of extraordinary
granules showed negative reaction to Sudan black B, oil red O and Sudan III, however, entire L0 of eo[SG-ZC“3rd
was stained blue with hematoxylin for counter stain in these preparations.

Key words : Cymothoidae, Ceratothoa verrucosa, red seabream, Pagrus major, neutrophil, morphology

HEMPEGEEALIPRIE LTS, BESEAI OB
BLAE Y IHEERWT, RFEAICALBSEIEE

®

il

% A4 ) ZL.Ceratothoa verrucosa?SIIMEIZ1 F 721328 F 4
L T\ 5<% 1 Pagrus major (BIAVIZ/NEID S 4 ) =
OFBCMEARFELTE 5[ 2 &0, Lg, BEFEA
EFRY) T RFERALBR M ETHIFPR B
1HEFhER) A c LY, C oiFPIRiEEmegT
HLEBTEESNDY T2, 547 ThMEDEFEL
By, W03y AURNIICSY 4 /7 ZHSEE L4 L 723
BRLEZONAT T A, BEFEALIIRL BT
R (BE2MITrRERK) RO OND I EWME LY, E2HE
HHRPBZ SN L FLEATIIREFEALI IS DY
A7 IPFETBD, FEIOBCBEEShTH, 20

5, 1RO A DU 2BED ¥ 4 7 THhFEL I,
CDNBFERZZOR, YWPLD8 4 7 T2@EkOM
WMDY £ ) ZHFETE L LAY, Fho3AEE
D55, 6FMEIIHBATCERE L L ESTERRICES
LT ZDRER Y £ ) LOFEIRE o 12 5EHA
BEEEER) OWFRREALIS, EIESIUENE
FHER L ZE R 2RBEITRDONLOT, HEIMEITFHIRE
LTI ZIHET 5,

IRERFAREY & BEFR (Department of Applied Aquabiology, National Fisheries University)

THIRI Y 855k % (corresponding auther) : kondom@fish-uacjp



224 HEEEM, EFER

& LCFHE

FHCHVIBROREFEADNI B, AENo. 2 (T
ROA2) POV AGESNELR L COPEZHW
ANBFEICL T, 747 ZHRERFELITTADLRE
Boh, BRNCBRESEEARALRY, AHRICHVLHL
72o B L —MEHET L, BEEESEAIEONLRE
B2 UTIZRRS,

EES (20180)° DEREFEKICEITIZ 24/ ID
FERNR

EHES (20182)2 DOIRMEE (20174E67) 125 4 / T2
EHREETEFARBRIZOBINBRY FuL V#
KMNT20C THE SNTWwids, 2017427 A6 H 45 KR
Z1ICTFO LR SR THBCTHEFLLZL IS, TAITHIRS
Y AEOERDTRD Sl (EORMIE L Edo7).
ZOBDBBCTHMEERRELIZY, WTNIREFEAL
Y, WS (2018b)Y OBFIFEICHAE S hize TNBH3RE
ICOWTIERES (2018b)Y OHERTHV LR TW A
%S5 [No. 1 (KE530 g), No. 2 (KES60 g), No3 (&
H780 g) ; BERFNZFNORYORMEFOME] DORICA
R CEERSFL TS (BEET AL A2 A3
20174698 TH OB ORIMEFIC (FBEA-LIE = O REEH
N, ¥4 ZHFEICESEL2RE TDavidsoni? T
EEEhi, I0BHEZELDL, 710%T %/ —)VICER
L72), BEALCRKE: PROBEDIEF,, INEE
HORREERFEL TV, T, BEA2LAICIKED
WCREEE, BEMEES X USREO /DRSS RO
MEFIZFEL TW/22S, ASTUEHRPORIMOEH IS KE
FEEAAORICHE L Tz FETE LW, FEIXL
T0%Ly ) —NVTEELR) . WFhOBEIZBWTD
KEBEIOFTICFEL Cwzds, PEEERIEEALT

RAHEAOEICELT, FEA2LAITIPRERIL

KEBEOLICEL T, ZhENFEFOLSL L AR
(HEE) CFEL TV, BHORMA, H14HHEDO20E H O
FRIMEFIZIZA-238 & A3 D/NBEK D Z 2 R E R
Bl oTwi: (RELZEELZOND), 0HEORM
B GEE) OFICEEA2IETLTEH, KEEME,
REMERS X OGO/ MEIEEREZRRL (Zhbnd A

J TR AEE TV, T0%T 8/ —VTHEEL .
F7, FRRCEEA2ERAEL TR A%
EFERLTWz0T, —8 Q0K 270%Ty ) —v
THEELA. MEAGIEEORMBES ICHEH S

R EE R & N EVEARBE S EYIR S N (0% 8 ) — v
THEZ). BEAL A2B L TA3OXEMEKE ZhZh
Ala, A2a, A3ak L, #E@EMAKEALD, A2bB L T
A3bERET 5o Tz, BEALDP L OPEEMRITA L~
A-lln, A28 X A3 5 ONBERIZA-2cE A2dB L O
A3ckA3dET %,

BEALD S O/NBERIEEROFEBLIILTOED
Tdh oz Ale, REVEMAORI G COREICHEE % 8] CTHF
£L, FE LEOOER?E D, A-ld, LEOOERE
BIOEICIETE % MV CE4; A-le, ZOREREICHAE; ALL F/
RlcHA; Alg TEHOBEOWMIZEA; A-lh, THOME
b CER) ICFE; AL THEOBESLE (Fi) ow4
A-lj, ROREREICHA; Alk, AOBEEICHFE (ALiLDd
TR ; A-ll, EOARMEICEE; A-lm, FEOMES L (GH)
CEHEA Adn, THEOBRALICEAE. T4, A2ckA2did
EBITFEERIL, A3ckA3did e dITHMMBICHFEL T
Wiz,

A/ TICAEREICLEYHEMIIETB214 /X
DHEREFE

S (2018b)Y DFEENo. 2 (AHETIZA2) IEEK
T HITFBT LTS, KIERICIE~ v A GAdsEm L
TwanT, 0% 2EHRLHE (2017410822H) i,
REAEAIE (RERH20 g) FEHET SN TWIBAKRIE (5
FAFRPAME, AREOMBERHIIEFARICBESATYS)
BWALZ (BEASNZHEEIARE), BRAEO LEE
IR ER A v P TEDOR TS, £ OENEA
E#D 5y MCBEDR TR (KBEEST)
B OKMERE R B 1D, BB L THEC L7 F4ELLA 6
HICERZFFAVI Y CHRIELT, §4 /) ZOFERRE
FAJeZn (kiR192C), S1BPZBIZSI A/ %L
HFZab SN (10H22H 2 511A6H ORI ¥ 4 D%
Rl drotz), ¥4 ) LHEBEET BT A RIBTH-
72 (KE26 g (¥4 ) THHFELLIRE), £8121 cm),
COFEMATIE, ¥4 TOKRESIERFDONE (K

*Z D8LRBII20174E8 A 30 H IR\ BRI TV L, KEREROBAMMEICMABER L TG THY, 54/ 2p8FLL T
LW EEHERER B, IUAPEBRART TII82BHE L4 (10A3IH E CIIHE LIS L IZI0RBICELDD), 54/
IOFEREPIRCLPED S NAaPo GANHNE &1/ L2E6E%4E SEROAKEIL g, £RIZ8T cm).



¥4 LITFEESNIT Y A4 OF R 225

EMfEfR & pRER), ABBEAIOZCHET2E, BE
L UAM R PV Tz, HREVERIG KB EARO RIS
BLTEIEOAOMECKNEL, KEMBEELRCAFREE
VTV ERORmIEREEEL Y IS LESICH o2,
ZOFEREUSE, ABFEALIFY FEBL, £20%
4 T#Bla CKEEK) LB1b CREER) L33,
EB12BRO N T AEKME (55 LA KE45 L) IZHRAL,
28T THE Lz, SEHERIR<Y V35 GhtEE) %
HERE Lo 78 EBLIZ20184E3 A5 H 12 I1A4v% FE BIHCIR
B2y, FE4A208 1 IIARIRSS, 48260 I1IIAERR
BEBTH L LD (BHRACIREFELTWE), F
ERBAFEERTZL 2D, FOTHZ RN TEKRT 5,
HALVIEH T2 KEWCELESEETEEEL L)k o7
(COITENC XY, BARTASHSHDY VA SIEDER
MM E o )e S, BH LZRENORRICZE -
T, FHPERIF BT LD Ebhs, 20T
BUM A (5H24H) 3 TRz OAFBHCREI 2 -
T biE, BERCEEZ TICLT (BoErbiREBich
D) AKEOKICHETLAHICOZMLMATE LS ICL TR
VIAA TS, BASHI000E, = ¥ HEMEEBIOIED
PUBETE | 6 AR LT\ 2 0SB RCIR B oo T8 L i Bilge
Ehi: (ZOMEGEEERLIII Y INETH B I & DD
BLTWhRWA, TRy ASEETB), BEBLD
OO EMNCIE3EMER, T2bb, LEODER LIZIEE
(fE4kB-1c), OREEEDEM DT HYIE WM E ICTEE (B
AB-1d), H L OK (RIEcl, OEOEM%2 OKE 3 5,
OROKFFEFVEHD BN, FPBELRCOKOEEE
CREEHT 5) ?HERT 8L (DKL) ICIEFAEE
Ehz (E#B-le; ~ OEKEOME R, EAEBIdLY SO
BIGEW), BEOOMARNCIE, OEBERROIIEICE
WIBFTICBWT, BEOFRF &N U
ELTwW: (BEOEMD» OMEMEB1L, Blghb LUB-lhe
T5)o TRHMEFIEVTRBEEL R UHHZ T
pA

SAISHICEEB1OZEN L FIRKOF®IZHE (=~
HFECEZHRTEBYFBELRZ B LS, PEEPRS
i) HEEEN, WAHETIRIZR LI 5
Tz (REMNEFRREE2ZIMET I Lddok
B, WEOHMEXIIBELR L TH-72), FARIC LROME
HEBIAR OGN L 2Y, KERICDIBEEIEP o722
s, R EOBEEIIEEB LB LD LHEES
N7z 5H23A10:00i, K O K B EAE O % LR

el BN BESVEREE L CEBIELTRBY, Rk
B-leXSEFAERMICED SNR L otz (B L-EERME
FB-leTH b LHIWT L7)o Bk L BEHET0%LY / —
VOREE L B4R MR RERE & DICHE
PUEMRBLE LBEE LTz (T0%T % J — IV CTREIE L)
OREOHEDBICERIZBD bN Lozl &b, I0

B Lok O FEL TV BE TRV EELD

n, BEBLEIERIE LT 5, EEBLATEUSNOS
FRICHEL TV EHEEINRE Z LR S, FRB10:002HE
FEB1ZEY P THFF VY ¥ CREMEIRIL L TRIFERE
R L R EREEHE L 720 BMBOEEB1INKEIRS g
BRXEI29 cm (£E142 cm) Tholz B, VA1)
E (BHBVIEETVRIHE) OFFKRP~O#ENZ LT
BRI B $ TR S W 2o foe FRIMEE, DR, 8
EOVTHOIECBEZ o L 25, WHRIZORENIC
FRENTE RS R SO RS SN, BHEOBIZEPIC
AR EERMS SBE) LI 72720, FEB1OMEEL
M%) L TDavidsoniic i A - B L7z, BEEPFICHE
EPLOGEOBE XL o7220% 100 EEZEH, 70%T
F ) —VICBBRLAEDLIZ, ERROEIEEDORES
BOLNTz, ZO2EKITEE LARKEICHELTY
7ofEEB-1ck, HOMERBEICHAE L TV EAB-1hTH o 7o
F7:, BERMOBERC, BEOEEEOTICHEEE W
OEMEEY AT TV I2NES AR b (Zh
ZWEABLE§5). EEHRT VI — VERLZZERTI,
AREDFEIMLE R L T3 LIRS TE WA GME
OBBRBHBICEELZ29), BEBLIZESEALIZ
BT HEER & M UALEICED iz, OFECIEREE
&N EAEOMBICSESVERBRE S, 5 b3EEFITL
WROMEAEB-1d, B-1£B & UB-1gicfi§ 5 L# 2 N7z Ds,
A UEAE (BAB-1-1) ixHEVEAO SRR I L T
BL (AOREEE), BEiolEoBERicERoohz
Poll ehd, BABLLIIMERPHELEAOBEL
TE&LBbhb, BELLEEBRIOOMRERHEMEIE,
B E /T O O D BIEIFIZ TR0 b N b o 224k 2526 /8K
FAELS B, WTFhOy 4 7 2ic b 7RI A
LY (WA

BRELVEE

EEFEROMBEHICBT 2 FHERO MBUEEILRE
EREARETH oz, FRIRICIEEEOER, T4



226 IRRER, LRGSR

# May-Griinwald-GiemsaZf¢ i (2 & o T #EGe (i 1k % 7R 3 4
e, SR OHLERY 4 Y VO RE (L0) B
SO Z0RBOMR R (L) 205 7% % 1 B 2572
oM (Fig 1A)e 1S ORI REG AL OUFhERIC
{52 SN 2RI OUFrPERSTRE Gl Bt P Dk or dinary
chromophobic granule, oBG; 17, ofG-1; 2%, 08G-2)""%, %
A ZCBEHFEBLPCRFEFLESINI T A OUfFhER
(45 1RR b Bk first neutrophil type, neutrophil-1¥3 X '8
2t lif- i Bksecond neutrophil type, neutrophil-2™) 2 f#%2
S 20 M oo FE TR (B R et 1k R
extraordinary chromophobic granule, eopG; 18, eoBG-1; 2
M, eofG-2) ICHML TV, LA L, BRESEEMD
WFROEFHRERIZ S B SN 22M O BRI, REFAEHD
oBG-1LopG2k & B H FHEMAE S CICREFLEMD
eofG-1EeofG-2& XA NLAL F I IE B A 7% o T 72
(Table 1) SO &5, I EMOUFPERE 4537
IF 3k (third neutrophil type, neutrophil-3™) X IFRZ &
E5 5,

SRR ER D2 DeofGD 9 B, KM DOBG-1IC
B L 72 B (eoG-177) 1ZI3 LR M 7 13 BLE: S g,
£HEY v — ABERIERBO S h o7 (Figs. 1B-1D)o
T/, BHEEP~VEFYF—¥ (PO) BHETH- 72
(Fig. 1B)o Z15 OUFHIZ0BG-157 3 F %54 51 DeofG-17"
BLORFEFEMDepG1IMERLTH LY, L,

§ 4 iy 4

v

g il

Fig. 1. Neutrophils of red seabream infected with numerous Ceratothoa verrucosa. A, May-Griinwald-Giemsa; B, acid

oBG-10 JikL 4 fk 2B Pk B & /R § A 4~ BB (SBB) %
2K LTIE?, eofG-17"ZeofG-17""$ X UeoPG-17% &
FBICRRETH > 720 — %, H3MUF R ERDeofG-27" D
LOIZ (30BG-2, eoBG-17""45 & UeofG-17"" & [ A\ 45l 1)
V= AREESRII S N2z, 2 o BRI IRE VDS
A 5Nz (Figs. 1B-1D; Table 1)o ofG-2, eofG-1"$5
& WeoBG-1""NILOS IS HER TG E D SR B DITH L
T, eoBG-27""Cid, LOMDLOL 1) ¥ A\ FHIs 2 B 21
HARE SN TV (Table 1)o SO LIE, eofG-27"
LOD2BHEZ AL TCWAIE2RIEL TS, Thbb,
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LLIZPOBETH 72 (Fig. 1E)o KRHFEMDBG-2ILL1AT
SBBH; P 2> OPOR M TH 1, eopG-17"'B & VeofG-17
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eoPG-27" 13 eopG-17""" % eofG-1“" TP L T B L F X
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RHEAEMDBG-1L0BG-21E L BIZA A VL v FO (ORO)
BEOXS VIE o 22 IR et BSOS % 7R & 7"
(Table Do TP X13eofG17", eoBG-27""3 & U'eofG-27*

g 78 AR

phosphatase; C, a-naphtyl acetate esterase; D, a-naphtyl butyrate esterase; E & F, peroxidase [same cells in G
& H with different focus. L1 of eoBG-2 “** show positive reaction. Note spot (brown) formation in HJ; G, Sudan

IIT (negative reaction. Note hematoxylin positive LO of eofG-

2% scale bar (5 um) which is adapted to all

figures (A-G) in Fig. 1. Counter stain in B-G, hematoxylin (Mayer). Note small positive particles (L0-0) in B-D.



Table 1. Comparison of neutrophil granules from red seabream infected with Ceratothoa verrucosa (modified from Kondo et al.
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E3hbZ T, LOORNMMENE(LL 7272012, BED
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LHREND, Thbb, ZORFIRLOADEREY VY —
LEELMEEAL, o OBEHLOO LM E 123
LebhnbZ & T, LK IN-EEbhs,
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3))

QOrigin of neutrophils, type of granules and reaction -

Fish without

Fish infected with Ceratothoa verrucosa

Staining*l’*2 Ceratothoa verrucosa First type: Neutrophil—lSt*a Niﬁ'fg;l)iitl}igg‘i*b N;Itlrl(r;:)}%l? g;—d*c
opG opG-2 i eofG _ eopG-2™ iBG™™ 1 eopG eopG-2°"" i eofG __ eopG-2=""
-1 10 L1 :-1™"710 LI LO L1 | -19% 7y L1 -1 10 LI
MGG C E cC : C E C C E : C E c + C E C
(SF:+) S
AlP — =T = === = - - = = — =
AcP T - - - + - - 4 -
B-Glu e A S SR - - — +™ i R s
a-NAE - + - - + - - - - + - i = +7 =
o-NBE - + - - 4+ = — — - + - i - +75 =
CAE - + - - + — - - — + - i - +7 =
PO + -+ i+ =4+ + = + — + 0+ -+
B (SE: ) (SF:—) (SF:—) : (SF: 1)
SBB e e =TT = = = = — =
(SF:—) : ;
Hem - - - i = - - - - i - + - - + -
ORO,SW — — = i = = = - = - - - - - =
Hem - - - = - - - - i = + e + -
‘"MGG, May-Griinwald-Giemsa; ALP, alkaline phosphatase; AcP, acid phosphatase; B-Glu, B-glucurenidase; a-NAE, a-naphtyl acetate esterase; «-NBE, o-naphtyl butyrate esterase; CAE, naphthol AS-D

chloroacetate esterase; PO, peroxidase; SBB, Sudan black B; ORO, oil red O; S-I1I, sudan III; Hem, hematoxylin stain (Mayer’s; counter stain).

“2All types of granules showed negative reaction to other tests [periodic acid Schiff reaction (PAS), PAS after digestion with a-amylase, alcian blue (pH1.0, pH2.5), toluidine blue in distilled].
*30G-1, ordinary chromophobic granule type 1; oBG-2, ordinary chromophobic granule type 2; e0BG-1°""*, extraordinary chromophobic granule type 1 of neutrophil-1% observed after infection with
Ceratothoa verrucosa (0aiCv); eofG-2°"'", extraordinary chromophobic granule type 2 of neutrophil-1% 0aiCv; iPG"'", inducible chromophobic granule of neutrophil-1% 0aiCv; eoBG-1<""", extraordinary
chromophobic granule type 1 of neutrophil-2" 0aiCv; eopG-2?™, extraordinary chromophobic granule type 2 of neutrophil-2" 0aiCv; eoBG-1"", extraordinary chromophobic granule type 1 of neutrophil-3*
02iCv; eoBG-2°"", extraordinary chromophobic granule type 2 of neutrophil-3 0aiCv; L0, layer 0; L1, layer 1; C, chromophobic; E, eosinophilic; +, positive; —, negative (non-detection); 1, increase of
positive site; SF, spot formation.

*4A few of LO were positive. .
*SActivity was limited in the small central area of LO (L0-0).

“Kondo

et al.”; "Kondo et al.”; “present report.
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