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Cloudiness on the Dorsal Skin

Masakazu Kondo, Riho Watanabe,_ Keito Tachibanagi, Takehiro Kimura and Shinya Yasumoto

Abstract : Red seabream Pagrus major cultured in our laboratory showed a symptom of cloudiness on
the dorsal skin around the base of dorsal fin in June 2020. In the whitish skin, epithelial cells were
enlarged with no proliferation. Mucus cells were not observed in the epithelium. Numerous lymphocytes
accumulated in the dermis under the epithelium. Photobacterium damselae damselae was isolated from
the whitish skin surface, however, the symptom (whitish skin) was not reproduced by experimental
infection (immersion method) of this bacterium. Here, we call this disease dorsal skin cloudiness (DSC).
Two types of granules were observed in the neutrophils of red seabream infected with DSC. Both
granule types had similar morphologies but different cytochemical characteristics to those of ordinary
granules (oGI¥, oG2Y) isolated from non-infected fish. In this paper, we called the two granule-types
from the fish with the symptom of DSC as extraordinary chromophobic granules (type 1, eoG1PSC; type
2, eoG2PC). The eoGIPC showed chromophobic, simple morphology (without stratified structure),
peroxidase positive and lack of lysozomal enzymes. The eoG2PSC was stratified granule with three-layer
structure [inner eosinophilic layer (L0-0), middle chromophobic layer (L0-1) and outer chromophobic
layer (L1)]. Lysozomal enzymes (acid phosphatase, B-glucuronidase and exterases) and peroxidase (PO)
were localized in L0O-0 and L1, respectively. Both types of extraordinary granules were Sudan black B
negative, Spot formation, a characteristic phenomenon seen in PO-stained oG2¥ (positive L1 and negative
L0), was not observed in eoG2PsC,
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AAEOTIZ IS H $#I2IXDSCRAAITIIENE L 72 &
B BECTIIHABREL L Tz, $/2, KE@TII4
HRICKI2E O~ & A \HEIRDTFRD b 7zA%, BmEMAIE
BOLN R h o, HI3HBICDSCREMLIIE % KIEO
2O R OKIE TR, 18RRI AATHES
L OFAEEBETITo 72 (19RFLURIZIDY HBARZ720,
BB OREBBIEIMHEA L 72) o KEODFRY O< 514 (974
B) #&TWY LT, WA Fo 7 I A7) >

(OTC; KEHOTCHHB0% [KS], i ##) 12X 5%
#4157 (BHOTCHEEESD ppm, 1K, 7Ki#22T),
KIE@7r 5DSCHREEAMBAR 12, MEHBBISHE L
TR, B@EBEHE LTI2B2IY) LiF7-0b, EHo
~ &4 (980RE) %OTCTHEHE L7z, KBBHICENENE
TEOKMZE L (RIANCKEDOKERmIELE), fEE
M L 72

F# LM OREE AT K79 ATREMY M
B L7z, T2, MOMLORNLERDBIE L7z, REW
HB L OERS S WML ITo7z. $72, TRRORIMICH
W/DSCHREBHBBOEE & MM L & bICHEH TR
Y, WHBEICHEL 72 BEHIIET LA U= AV
7 a3y a YEREM R B L UEREZHEE LK
A N7 7= FEREMH 2 HV (B#EE50T). &
JERTTE 2 5 130, REW- 2RI EBOHER a0
= — AR AR S T RS S NAE O
HEIRAERB X ORE X 1T 720

DSCREA DR BEIR &M

KO HHY) FIF 71k & RE@h 5 D128 %, B
HLD1000 LEAMIEAY) 7o ¥ L v 8kl (k500 L) 1
FIZINE L (223C), Mpk#EHT i L CTLOH MRS L
720 FBEMM P IXTHRORARAE (v ¥3%, WIHKE
%) % fEEAGH L2, AESAR (221C) ICAKRMA3E
R EFTHR VT TREEL, BRI 2> S BRI L
720 MEEHREARDIER S & OB HE ML gt 3R/
] L RBRIATo 720

B

DSCAYSELES BRI B A S BN (JEEE & &
HLBRBRE T 2 M) ICHA L, 250CTHERL TWwx s
15 (FI9EE0 g HERATIERITRO SN Tk

V) ZHWT, DSCREEMA S48 L 7-MHIC X 5 HHR
BRA RIERGEI L o TilAaTze 2B, HEAIIRERRNIC
LER220C THIEME L 7z. etk 7HMREBIZE L/
(KiF220C), fABEHM P IEHTROEEEE (=) 3
5, MAEESE) TRAERGH L.
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DSCHeE A (Fig. 1) OREBEIREOLOITRMIZIEL
721321, Wiz o23BIY LI AHENICIBIET L (NE
3, 4B L UBHBRIZENENLRE; FB1LEE23%), Y LiFH
ICIRFEC L7z (UETH % KiE225C). INWAI0HRE Ok
220C) OEKRM 62) ITITERIZRED 5N ho
Too F72, FEUEEICIIHAOBENAR SN, B
e SN ho iz,

DSCHEEM DR & BT ARIIBIE S N h o 72,
H# LM oOERE BRI EREBE LA, &
B2 T 2 HREP LS S Nz Bl S 3ME IS
SEES T, REEAAREHE L & O ITHBA LK F i
ML HEOY—2 a0 = — L HER sz, au=—
DR E S13250C, 24IFH OREAECTEZEN]L mmTH D,
I =—OFMIIMNECH o7z, FTU=Z—DOREIIE
BIEFRD SN Lol W—au=—rHBohiZ th
5, REPRRE L E 2 bz, ARIGEBEOH L 7T
Ao mRR (BE06-11 um, %1£0608 um) Tdh
N, W9 I5—¥eFF T ¥F—FidBETH -7, API 20E

(EARA)2— - Ty Y) L 2BKBBROERD L
Photobacterium damselaeTd 5 LHEE S N7z, S HIT,

Fig. 1. Red seabream with a symptom of cloudiness
(arrows) on the dorsal skin around the base
of dorsal fin. Bar=5 cm
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A % Zappulli 5 (2005)” |2 # U TPCR-RELP#HTIZHE L
72& A, Photobacterium damselae damselaelZ[R]7%E S 1L
720

FREABIEAR D T 2 HEORR, BB OB&EHS T
FEEO FEMBAERLL (REOHAIZRV), FKE
BRI AT S LT, BB E T OBERICIZZHD
) UNERE FAL T 5 EAMERDER L TWize ERDHE
M HOME DR BTz,

A S 58k L 72 P. damselae damselae (Pdd- 1 -24%)
RO CREBREZTo 720 (ERREL0X 10° cfu/ml,
5R/L, /Kii220C, 3057M)*, 7H M OBIGHIH IR
BHEBINT, ECHROLN LD o7,

DSCHEBA D ME I ITIF R ERD S HBIEE S iz, IFh
FRIZ 1ZMay-GrinwaldGiemsa (MGG) Hefathd & &
Mfa b gt o B2 2 2B OB ABIE S N (Fig
2; Table 1)o TN B0 L IFEFHIIMGGHEIEAMEF D
oG-IMZHEBL L T 7278, Ma b et AT f L 1k
B BEREH TH o7z (eoGL™0), F72, HEHADGY
EFBIC T ¥ VIO AR S T A T A B EE S
7279 (Fig. 1A), RO ¥ ¥ MBI IZoG2 D1
LD bAETHY, MR SEGEEDoG2YE DM E N
MBRO SNz (BERER, 062", eoGI™ i, oG1"

& FAARICMGGH I & o Tttt 2R L, BUEHE S %
RERMol. T, NNFEFV Y —F (PO) BiETH
0 (Fig. 2E), &) V' —aBRIIMmE SN o7z,
L2 L, oGINE & &4 Y, SBBEMAIIH L CixlEMT
Hoto eoG2PE A Y VIFHEONE, gttt miE
BLUOEREAEONEB 2 SHER SN TV (Fig 3).
oG2ME = ¥ Y FHEDLOL Z DS O# Gt kR (L1)
POMRENTWBD, eoG2™ D NEIZoG2"DLOL Y b
INITdH o 720 e0G2PC DB IZ130G2YNDLO & [AAR I 4 FE
v —slES B S (Figs. 2B2D), B-Z/vro=
F—¥ (Glu) BHEONEOH X, oG2¥DGIuFEHELOL )
b % o 720 PODoG2"°D 4L B 12 & 7z (Fig
2E)e L2 L, oG2'OPORIEARCHESND B X
G2 IZ IR EN LD otz TREDT EHD,
eoG2 D HLB 120G DLIIZ, eoG2P OHB & H %&b
72 HIRAOG DLOICH L T2 L E X bk, L,
eoG2" D NEZL00, HEELO1, SHEELILIFRZ &
LT D, BB, oG DLIA Btk % 7R 3SBBH I 1%,
eoG2P IR BT H - 720 e0G1™C L e0G2™CIZ 13 A% Pt 12
HAwizAa< b X)) vt (Mayer®Lh) 12 & BB MR
IMRIEBE SN o7z,

KED» 5 D< 5 1 I130TCIZ & 5 EIHEICHiL (B

Fig. 2. Neutrophils from red seabream infected with dorsal skin cloudiness. A, May-Griinwald-Giemsa [Note eosinophilic
particles (L0-0 of eoG2¢)]; B, acid phosphatase; C, d-naphtyl acetate esterase; D, a-naphtyl butyrate esterase;
E, peroxidase [poitive reaction was detected in eoG1”¢ (arrowheads) and L1 of eoG2"°]; F, scale bar (5 um)
which is adapted to all figures (A-E) in Fig. 1. Note small positive particles (L0-0 of eoG2"¢) in B-D. Counter

stain in B-E, hematoxylin (Mayer).

* Photobacterium damselae damselae JERIEEWEARY A © 7 7 — FIERKEH T25C, 24MRIBEAE L, MEmAICRE L2HE,
600 nmiZ BT BIEEE OEEL cm) A0, REOH#EEIX1.9x10%fu/mlTdH - 72,
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Table 1. Summary of reactions of neutrophil from red seabream infected with dorsal skin

cloudiness (DSC) to cytochemical tests

Type of granules and reaction™

Test"!

e0G2DPSC

Other positive site (shape,

DSC
eoGl Lo

0 number and size)

MGG C E+C
AlIP — —

AcP — 44
Glu — 4
NAE — +
NBE - + 4
CAE - 44
Peroxidase + —

C

(SF: —)

PAS - —
PAS-0A — —
AB (pH1.0) - -
AB (pH2.5) — —

TB - -
SBB — —

Qilred O — —
Sudan III — —

- G (round or oval, a few)™; H

— G (amorphous, a few, eq Yb); N

*IAIP, alkaline phosphatase; AcP, acid phosphatase; Glu, B-glucuronidase; NAE, d-naphtyl acetate esterase;
NBE, d-naphtyl butyrate esterase; CAE, naphthol AS-D chloroacetate esterase; PAS, periodic acid Schiff
reaction; PAS-0 A, PAS after digestion with o-amylase; AB, alcian blue; TB, toluidine blue in distilled water;

SBB, Sudan black B.

*260G1PC, extraordinary granule type 1 observed after infection with dorsal skin cloudiness (0aiDSC):
e0G2™C, extraordinary granule type 2 0aiDSC [consist of eosinoghilic inner layer (L0-0), chromophobic

middle layer (L0-1) and chromophobic outer layer (L1);]; iG™S

. inducible granule 0aiDSC [consist of

chromophobic inner layer (10) and chromophobic outer layer (L1)]; +, positive; —, negative (non-detection);

SF, spot formation.

*%G, granular; H, hyaloplasm; N, nucleus; Yb, Yasumoto body; eq, equivalent to.
* Activity was limited in the small central area of LO (L0-0).
*5PAS-positive granule was accumulation of glycogen particles because the positive reaction of the granule

disappeared after digestion with o-amylase.

R) Lo TI23EBAFET Le BBHOMAMEIZIBITS
A RBHUIAKIEOTEE, KIEDTIBRTH o7z, KiF
OTHRERSEH (KiR220C) T TIBEBBL LA, #
DHOFETIE R L, EROBEDONE L holze —F, K
HOTIHERBIFETIE R, BRI FLICHEEL. |
KED= A IITEROFHEE % <, BE (10830H),
HE200 gl L2z o Twb,

Z K

INE TR A OREIFEET HERE LTHEDS
fE (body surface cloudiness, BSC) #S#&E ST 239,

BSCRSEL72v &4 Tid, LEME (=AHMEY) o
ELVHEEEARMBEAAOREBIZ L 2 REBOEES L O
KRBT 2 S B ORI D & OEH 2
Ko THEVFEBTSEELbNTVWAEY, T2, BSCO
H#® I EREEICE LS, —F, DSCREATIE LM
DO¥EEE R L, EEMBOEXLSRES . $72, B
BRI 50T, EOABIIEE
EHEDICRESIN Tz TNHEDZ EH S, DSCit
BSCLIZRLZEHET 2 5o DSCRBADEE » LHRE
FAOREEEEFROBREME TH 5P, damselae damselaeh’
S HE S N7z d®, DSCO B K FIERMIC bP. damselae
damseloe e BE L ¥ A2 RBIZEBEIBR S
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ol b, DSCIEMEERE bR 5,
DSCHEEMSIZBIT 2 Mo & IZE R L L 72 LML
LB EEZEZLNEDS, P. damselae damselae\ZiZE L7z~
FAEBOA®H IIHR S N 2257 Lo L, OTCIZ
L BRI EIFRO bz, Tz, HREYFIIEREO
SRR ZAE L R0 b N o 7205, REW -7
HEHOIELHDP. damselae damselaeS 73Sz (P,
damselae damselae\3 3 O AIVE DIV R 5 T 5
7, MEEOBEEPIZERICHE TS EEZLND) Th
5 DR S, P. damselae damselae {ZDSCOJFE K H Tl
&5 7H, DSCHEEM TILP. damselae damselaeh™H [ 21
IZRE LR WIREEIZ 2o THE D, KRIZ L 205200
B2 & o CDSCEFEIET A & E 2 b7z, DSCHREEMDFE
BACHTEAIIE A BE SN e o722 LS, HEPHE T
BHECIC, MM L L TR E AL L, P
damselae damselae?’FZJEFEMIMAHE Lz LRSS,
DSCIZ 313 2 K iNa g L o RN A TdH 5 A%, BSC
DEEE R R ABREE KA O] & S ORI E L R S CTw
% Z L5, DSCOHRHAMIBE RO EK b BHEKIZH 2
ERDND, BRI TIZUTO3RICOWTHH L AT
Elrodfz ODSCREMDEEIIBITS ) Y /8kEF L
L72HIIRDOEFEAS, P. damselae damselae® FEFz 443
NORFFEIZL o TR 5045 ? @DSCHREMA TIEHEMH
ZEERASHE L CRE T O AESEE RS 5 4%, ZIUIERE
O HIMERAB G- LT % 0% 2 @DSCHREES DR D
H EHBALAYE G5 AR 0 JE PHIZ BRIE & L2 B IEAT 2> 2 S
5 DOEEHFIZDOWTIIGHROBEL L7z,
RIFFE G A, DSCHEE M DI P ERIZ X 2FH4H O 55
YKL (e0G1™C, e0G2™C) WHHETH I NS Lo

pisl

oG2N

720 BSCIZREM L 7=~ 74 OIFhERIC  2HSHD RH T
$i (eoGIPC, e0G2™C) HEEmaNTH Y, eoGl™ &
eoG1™ DB ILE L TH 57 (Table 2), eoG2™ DLO
AL A Y VIFEDLO-O & e ta i OLO-1A SR S LT
BOIH LT, eoG2MZL0& AT TA ¥ VI TH S,
F70, KM VU — AREFH ORI Ae0G2™ TIZL0-0
TH5HD, oG T ZENL DEHIILOCHE SN D
(Table 2)o & 512, BSCRBMOLFhERCIIHMINLEEH
BTV ANHE T+ A7 75—+ (AIP) BETH B DI
L ¥ DSCREM TIFIAIPEYETS o7z DSCREMD
I R SR O SR BB Tenacibaculum maritimum
(G L 72 87 4 OFF R ERIER B L T (Fig 3)%
U T R e o0 B b BR S 2% M oo B T R
(eoG1™, e0G2™) HslgE =M, eoGl™ L eoGl™ L[ L
B A RL, eoG2"leoG2"b a-F7FNVTFL— L
A5 5 —EiHEHORFEN % B THEB L Tz (eoG2™
TIXL0-0, eoG2™TIZLO; Table 2)o i EM B EIM DU
FERIZ D AIPIZER®D bR T W, EMEIZRE &
CHRRICEET L Ehs, BEOHEID L o THHKRD
eoG2l2 LA ¥ VIFHEDLO-0 & #EGetaEDLO-1A MY % &
EzxoNb, Lil, WEEMEEREAOIFPIRIZBRE S
DR (1G™) 13, DSCREMIZITROLNED-
7= (Table 2), DSCHefEfMm L 1ZFE2 Y, HEMEERLELED
FE I35k OSBRI S B e BMIZBIT S
B WY THER R OB O FEL P L TwD %
bbb,

DSCHE B f IR FAL Bl e /s 8 & OB A S 7 BES
723l O PCR-RELPHHT 5 F 12 2\ T BIARIS TREAMIS
WMETLHTETH S

e0G2DP5C, e0G27™

L1

Fig. 3. Comparison of structure of type 2 neutrophil granules (G2) from red seabream. oG2~, ordinary G2 from non-
infected fish; eoG2, extraordinary G2 (eoG2™" and eoG2"”, eoG2 in the neutrophils from the fish infected with
dorsal surface cloudiness and gliding bacterium Tenacibaculun maritimum, respectively). [], chromophobic; | §
eosinophilic.



Table 2. Comparison of neutrophil granules from red seabream infected with dorsal skin cloudiness (DSC), body surface cloudiness (BSC) and

Tenacibaculum maritimum

Origin of neutrophils, type of granules and reaction”

? . . ' Fish infected with:
& Non-infected fish™ ' ” ; . . ; o *d
‘g : DSC : BSC™ ! Tenacibaculum maritimum
3 oo 0G2Y  coGIDSC 0GP ¢ imsc e0G2BSC o e0G2™™ iG™
L0 Ll L0 Ll L0 Ll L0 L1 L0 L1
MGG C E c | C E+C c | cC E c | cC E+C c C C
L e B - - = - - -
AcP — + - = +5 - = + - = +7s — - =
Glu - + - = 1S - = +1 - = 15— — —
NAE - + - i - 5 - i - + - - +°3 - - -
NBE — + - = +* - = + - = - — — -
CAE - + - = +5 - = + - = + ~ — —
PO + - + 0+ - + 0+ - + i+ — + + —
(SF:+) | (SF:—) 5 (SF:—) 5 (SF:—)
SBB + - + 0 - - - i = — - i = - — - -
(SF:—) : : :

*'MGG, May-Grinwald-Giemsa; AIP, alkaline phosphatase; AcP, acid phosphatase; Glu, B-glucuronidase; NAE, d.-naphtyl acetate esterase; NBE, d-naphtyl butyrate esterase;
CAE, naphthol AS-D chloroacetate esterase; PO, peroxidase; SBB, Sudan black B.

*2A1] types of granules showed negative reaction to other tests (periodic acid Schiff reaction, alcian blue (pH1.0, pH25), toluidine blue in distilled, oil red O, Sudan III).

*30G1Y, ordinary granule type 1; oG2Y, ordinary granule type 2; eoG1”C, extraordinary granule type 1 observed after infection with dorsal skin cloudiness (aiDSC): 0G2E=

ordinary granule type 2 observed aiDSC; eoG15°, extraordinary granule type 1 observed after infection with body surface cloudiness (aiBSC): eoG

2BSC

, extraordinary

granule type 2 observed aiBSC; eoG1™, extraordinary granule type 1 observed after infection with Tenacibaculum maritimum (aiTm); eoG2™", extraordinary granule
type 2 observed aiTwm; iG™, inducible granule induced aiTw; LO, layer zero; 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.

*3Activity was limited in the small central area of LO (L0-0)

**Kondo et al. (2017)?; *Ppresent report; **Kondo et al. (2018)®; *¢ Kondo et al. (2021)*.
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