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New Neutrophil Types in Red Seabream Pagrus major
Infested with Ceratothoa verrucosa: Fourth and Fifth
Neutrophil Types

Masakazu Kondo' and Shinya Yasumoto

Abstract : We report the morphology and cytochemistry of new neutrophil types (fourth type, N-4™ fifth type,
N-5" from Ceratothoa verrucosa (Cv)- infested red seabream Pagrus major with morphological abnormalities.
The number of Cv in each infested fish was one (usual parasitism). The N-4® and N-5% were observed in the
infested fish with mouth insufficiency (ML, Mouth closure was incomplete) and with MI plus exophthalmos
(ocular proptosis), respectively. The bulging eyes contained bubbles. The first (N-1%), second (N-2% and third
(N-3"Y) neutrophil types have been reported from Cv-infested fish showing usual parasitism without
morphological abnormality, unusual parasitism with MI, and super-unusual parasitism with MI plus
exophthalmos, respectively. Therefore, the N-4™ and N-5" will be the intermediate types (N4" between N-1*

and N-2"% N-5" between N-1** and N-3").
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Table 1. Comparison of neutrophil granules from red seabream infested with Ceratothoa verrucosa

Origin of neutrophils, type of granules and reaction®
: Fish infested with C. verrucosa

Ja2  Fish without C. verrucosa™

Staining ' First type: Neutrophil-1°** ! Second type: Neutrophil-2"™
Gl 0G-2 | eoG e0G-29"™ iG™ ! eoG e0G-27"
° L0 L1 1% "1p L1 L0 L1 | 1% T Lo L1
MGG C E c + cC E C C E { C E C
(SF:+)
AlP - - - - - - - - - - -
AcP - + - = - - - - = + -
B-Glu - +* - - +1 - - - - +* -
a-NAE - + - : - + - - - i - + -
a-NBE - + - = + - - - = + -
CAE - + - i - + - - - i - + -
PO + - + + - + + - + - +
_______________________________________________ OF:+) i SET) e SET)
SBB + - + - - - - - - - -
(SF:~) |
Hem - - - - - - - - - + -
ORO, SII1 - - - - - - - - - - -
Hem - - - i = - - - - i = + -

*'MGG, May-Griinwald-Giemsa; AlP, alkaline phosphatase; AcP, acid phosphatase; B-Glu, fB-glucuronidase; a-NAE, a-naphtyl acetate esterase; a-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).

*2All types of granules showed negative reaction to other tests [periodic acid Schiff reaction (PAS), alcian blue (pH1.0, pH25), toluidine blue in distilled].

*0G-1, ordinary chromophobic granule type 1; 0G-2, ordinary chromophobic granule type 2; eoG-1°', extraordinary chromophobic granule type 1 of
neutrophil-1%* observed after infestion with C. verrucosa (0aiCv); e0G-2™, extraordinary chromophobic granule type 2 of neutrophil-1* 0aiCv; iG™',
inducible chromophobic granule of neutrophil-1* 0aiCv; eopG-1*", extraordinary chromophobic granule type 1 of neutrophil- 2" 0aiCv; eofG-2*",
extraordinary chromophobic granule type 2 of neutrophil-2nd oaiCv; L0, layer 0; L1, layer 1; C, chromophobic; E, eosinophilic; +, positive; —, negative
(non-detection); 1, increase of positive site; SF, spot formation.

*A few of LO were positive.

*Activity was limited in the small central area of L0 (L0-0).

**Kondo et al. (2017)%; *"Kondo et al. {2017)"; **Kondo et al. (2018)°.
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MIZRTEEMRA GR) OFhEivThd FE4MEET
FERIZ, MIZEREREHZET 2 RELB 2B) TiRwg
N ESHIFPERICFE S S ize FAEITrRERB X O E5H
FHERICIX2BE O IR, ¥ 7% b HMay-Griinwald-Glemsa
oo 2 X o THEREMZRIENE, BENoh L2l A
bt v riEFER (L0) LzoFRo#RaitE L)
2ok ARBEAIRD N/ (Figs. 1A & 2A). oh
SOBEMOBIER, FREEAOFHRIRICBLE I 52
D BBk E N (% L B Kordinary chromophobic
granule, 0G; 18, 0G-1; 28, 0G-2) 9%, ¥ 4 ) Tsg: L
o ¥4 DEVE, $£2EB L UEBHFPRICBEShS2
FEEOEERIBEN (extraordinary chromophobic granule,
eoG; 1%, eoG-1; 28, eoG-2) IZHB LT/ L,
AR PERICBBE S N B RFEADG-LICEEBL L 7= 5k
FRVT, EABFPRD L OHESEIFTREROER T, REF
HRABLUY A4 ) ZFEAOEN &I bR R
ZoTwi (Table 1) 72, BEFEAOEIEF H3R
WHE S h 5 FER BN (inducible chromophobic

granule, iG) 34T B L OHESFEIFPIRICIZRD LN L
o Tz AR ERO IR #0617 B X eoG2™", 4
STEIF Bk D BR % e0G-177"8 X eoG2"M L AT & &
T 50

EATBIFHRERDOG-1V"™MII KT vV — ABRITRD S
h¥ (Figs. 1B-1D), JEWN &~V A+ F7—E¥ (PO)
BLUX5 V2B (SBB) BHETH -7 (Figs. 1E &1G)s
—77, eoG2™" DL IZEE Y v U — ABEIFRI SR
7208, BPERIELONOLOL b & B4R (L0-0) ICBR%E
ST/ (Figs 1B1D). %7z, B V7 =¥ —¥k
HOLO0MZ BEIZ s h7- (Fig 1C0)s eoG2™"DL1IZPO
BHETHY (Fig 1E), B [HEMBEOENZRBEHIES
22T, L0OEFBIUTHICHEAT 2BEDH (spot) ]
DD B b7z (Fig 1F). eoG-2"*DL1ixSBBE;
2R L7 ARERIZAA VLY FO (ORO) BLUX ¥ ¥
OLCHEEIS 2R & e d o s, REBOMEMA (<4
Y—DOAT b3 V) v i) TLOOFRE N7 (Fig
1H)o $ESHIFHERDeoG-17""H 0G-1"" & FRRIZETEY v
V- AEFIHREB ST (Figs 2B & 2C), MR AN
VAFVF—F¥ (PO) THorzat (Fig. 2D), X¥ VBB

Table 1. Cont.

Origin of neutrophils, type of granules and reaction®
Fish infested with C. verrucosa

Staining*"** Third type: Neutrophil-3* Fourth type: Neutrophil4™ ! Fifth type: Neutrophil-5™*
o eOG'ZCV3rd ovtih eOG-Z(Mm ‘: Csth eoG_zCVSth

e0G-1 0 o ¢l 10 o 0! 10 1

MGG C E C C E C C E C
N e P _ __. _______________ _ ----- N R T

ACP - + *5 — 5 _ + *5 _ E — + 5 _

B-Glu _ + *4, 45 _ : _ 4 T *5 _ i _ 4 T *5 _

a-NAE - +% - i - +% - i - 3 -

o-NBE _ + *5 _ ; _ 4 *5 — 5 _ + *5 _

CAE _ T *5 _ i - + *5 _ E _ 3 *5 _

PO + - + : + - + : + - +
_____________________________________________________ SF:+) o SEt) o SE=)y

SBB = = = + - T = = =

(SF:-) _

Hem - + - : - - - : - + -

ORO, S-II - - - - - - - - -

Hem - + e +% - i - +% -

*MGG, May-Griinwald-Giemsa; AlP, alkaline phosphatase; AcP, acid phosphatase; B-Glu, B-glucuronidase; a-NAE, o -naphtyl acetate esterase; a-NBE, a
-naphtyl butyrate esterase; CAE, naphthol AS-D chloroacetate esterase; PO, peroxidase; SBB, Sudan black B; ORO, oil red O; S-III, sudan IIT; Hem,
hematoxylin stain (Mayer’s; counter stain).

“All 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].

“eopG-19*¢, extraordinary chromophobic granule type 1 of neutrophil-3 0aiCv; eofG-2°*, extraordinary chromophobic granule type 2 of neutrophil-3
0aiCv; 0G-1°", ordinary chromophobic granule type 1 of neutrophil-4® 0aiCv; e0G-2<*", extraordinary chromophobic granule type 2 of neutrophil-4®
0aiCv; €0G-19*" extraordinary chromophobic granule type 1 of neutrophil-5" 0aiCv; e0G-27*", extraordinary chromophobic granule type 2 of neutrophil-
5% 0aiCv; L0, layer 0; L1, layer 1; C, chromophobic; E, eosinophilic; +, positive; —, negative (non-detection); 1, increase of positive site; SF, spot formation.

“fA few of LO were positive.

*Activity was limited in the small central area of LO (L0-0).

*‘Kondo & Yasumoto (2019)"; **present report.
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€0G-2"™ISBB, OROPB L X ¥ VI TH - 7295,
INSDOPEEBEOMYMICL - TLOODFR SN/ (Fig
2E; Table 1),
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y A4 ZHEEMIIBWT, BIEFRERITEEBRE LR
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ZRDY A 7 TS ARECBREINCEHE L Tw 2 R HEM

RO ONDY, F7z, EIMEIFRERIEMIE IRERZEH (IR
RAICEaE &) 2RI, 2805 4 2 AL
CHFAETZBAFEFELMCASN DY, MISRRIRZE I
B AR MBS AEISEZ AT ISl A A TE
BEANTWDEY, Lo T, EAREIFRERITE IR Bk
AT HME AR, B PR E RO R A AU
7 AR, SESHEAF BRIV ER 2 A T A AR
S, H3MELF R A RO R AT R 2 BT
FTLUHHIRTH B L FR Do WIHEFHIR L HAFEIFHERD
EWWI, BESFELAIMIZES LBEOELTHY,

EAREIF P ER & 2RI RER O o 2 ik, MIZE S L
WEHFEMIEHD S A ) ZHFELIZSGEOENTH S
(HESMIFhERDOIFE1TIE, BICOB4RE% oM 12, %
Mz HE3FE ICAW L, MIz MIERERZEH L55),
PLEoBE DS ZH P IRZ T2 E T OICR S
(D, &H0G-1&eoG-1IZHIZG-1E, 0G-2& £ HlieoG-11d

Fig. 1. Fourth neutrophil type from red seabream infected with Ceratothoa verrucosa. A, May-
Grinwald-Giemsa; B, acid phosphatase; C, B-glucuronidase; D, a -naphtyl butyrate

esterase. E & F, peroxidase [same cells in E & F with different focus. The oG-1

Cvdth
" and

L1 of e0G-2“"" show positive reaction. Note spot (brown) formation in F]; G, Sudan black
B (The 0G-17*" and L1 of e0G-2“*" show positive reaction); H, Oil red O (negative
reaction. Note hematoxylin positive inner area of L0 (L0-0) in eoG-2<""). I, scale bar (5 um)
which is adapted to all figures (A-H) in Fig. 2. Note positive L0-0 in B-D.
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Fig. 2. Fifth neutrophil type from red seabream infected with Ceratothoa verrucosa. A, May-
Grinwald-Giemsa; B, acid phosphatase; C, -glucuronidase; D, peroxidase [The 0G-2¢3
and L1 of eoG-2“"" show positive reaction, however, spot was not formed}; E, Sudan black
B (negative reaction. Note hematoxylin positive inner area of LO (L0-0) in eoG-2""); F,
scale bar (5 um) which is adapted to all figures (A-E) in Fig. 3. Note positive L0-0 in B & C.
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