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Neutrophil Granules of the Inshore Hagfish Eptatretus burgeri
Infested with Parasites

Masakazu Kondo' and Shinya Yasumoto

Abstract : Four kinds of parasites, Ceratomyxa sp. (Myxozoa), Myxinidocotyle japonica (Monogenea; M),
nematodes (Nematode; species unidentified) and Acanthochondria eptatreti (Copepoda; 4e), were observed in
inshore hagfish Eptatretus burgeri. Here, we report the morphological and cytochemical characteristics of
neutrophils from inshore hagfish infested with each parasite. In all infested fish, two types of stratified
granules with two-layer structure [inner layer (LO) and outer layer (L1)] were observed in the neutrophils
[type 1, G-1 (chromophobic L0 and basophilic L1); type 2, G-2 (basophilic LO and chromophobic L1)l. The LO of
G-2 from all parasite-infested fish show positive reaction to acid phosphatase and toluidine blue. Except for Ae-
infested fish, LO of G-2 was also Sudan black B positive. Beta-glucuronidase was detected in the L0 of G-2 of
nematodes-infested fish. The neutrophils from Mj-infested fish and nematodes-infested fish were naphthol
AS-D chloroacetate esterase positive, but show different positive sites: Mj-infested fish, LO of G-1; nematodes-

infested fish, LO of G-2.

Key words : granule, neutrophil, hagfish, Eptatretus burgeri, parasite
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BEAHE EOEEEAM) O~ 5 A Pagrus majorTlZ,
IFRERICI 2R OB HEEIEER. (ordinary granule, oG; 13,
oG-1; 28, 0G-2) PFEHET B, Larl, &4 PRI
WRB LSS, TN oM OMBLZMNFAET 5
LD [ZOWEOEN % BEE R Eiextraordinary
granule (eoG) &MEAR], T, BEEOFEEIZX - Ti
FEGEAOHFFRICIIBRINZVHER IR (inducible
granule, iG) AAHBE+5 GEE - #AY%2 M), X7 v
F ¥ Eptatretus burgeri (B R & 7 F F¥) OIFhEkic
LM OBERER (1H, oG-1; 28, oG-2) P EBEIN 3
A, FEMICERELLHAIE, 54 ORI PR
OEEPET 5552 FHEEBEN AT 2 53H
ST 201847 52019F I F M F OB (B

WBRZEARE) CTRESWAX Y FFIZ, BHEOFE
HABEEN. AMETIIEFESERICRELE-XS Y
FEOFPROEBMEAKB L /20T ZICHET 5%

MEBLUTE

BRIV X F 7 KIS T 2 FEROMHE L &
YT %2 MERE T B 720012, SAAOEEROJET, AR,
RIEOMEMME, KT, WEZ2E2BED 5 VI35
MFEEHAVTHAN e X5V FFOBEBEADEI I,
CeratomyxalB B H M (Ceratomyxa sp: 3 7V V7 PRI
FHAMRE) DT (spore) MBI (Fig 1o
¥ 7=, RFEEITIZ B A B O Myxinidocotyle japonica®%s, 5
BOMMBOMA KM (Fig. 2), WHIZIZAAT ¥
H D Acanthochondria eptatreti™ W B H 5 W 72 & B,

TR R S A BE 2%} (Department of Applied Aquabiology, National Fisheries University)
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AR —ERIZ, TRSIER BARBFESRESET KRS 20194 37 20; 324 :EBEER, RAER: BiA R Myxinidocotyle japonicadSEAE L
X Z I FEOFHRIR (Fuy I ABXUEEESR) 1B L A ALBAIESRSEIIEENES [£30H 0 AREKGHESENRE
L EFBME: 20194 9F 4H; DO7 sEEER, BARER: FERICBELE L X & v+ XN GEEIHEE, 6] BV THEL
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Ceratomyxa sp.D ¥ DERE & EE [Fh N ]Jamesom' D
breadth (§&) &suture line (#&\ H#) B X U'Lom &
Arthur®®thickness & lengthlZH24] 3, 222 um
L9 umTH o720 T2, BT ORI (anterior margin)
TN E, BRIEER VLD 2INMEITH o 72, 8
DREBDZ IFFIRICFRD b7z,
BHERORIBESELX S Y FFOMBEHEL D
2, BMERKGEZHE L. bbb, M japonicad H:I\ZFH
EEINZRAF T FFORINE, X5 7 F X2 MS-222(etyl
3-aminobenzoate methanesulfonate salt) % {&f# L 72iEK
(04 g/L; 15T) (TR L THELEE, REEE T IR 2> 5 5
MUK TRAFE L7ze DWTHKEB %It L TM. japonica®
FEZMERLIZOE FAKBICL o THEPAET 5720
WIRCTHS ICHERRTE %), FH L TlhoF EROF KT
R, M. japonica® #7537 H L T B AEED b DML = H
W CEBIRIEAR 2 EHL L 720 Ceratomyxa sp.DFEFRIIE, 1E
gt e i 2 72t eR TR A BRI L, MERE S (b —<
B) % TR O RSN O 2 S Bk TElgs
L7zo F7:, P oMuof L, WIRIC X 283EN0
B L7 AR (RIS ELIIr 5% %) OffERE,
R OM L oK LR GFHBBBRIC L o722 B,
A. eptatretilI WIR TH B 1T O 5 1L b, Myxinidocotyle

Fig. 1. Fresh mount of spores of Ceratomyxa sp. from gall-bladder of inshore hagfish.
The spore (thickness X length=approx. 22 X 9 um) shows convex anterior
margin and flatted or slightly convex posterior one. Arrows indicate polar
capsules. Phase contrast. Bar=20 ym.

Japonical) W DEFELER DO ADEG L TWAH X ¥ 7 FFiis
A7z, Wk (15T, 1043-H) TM. japonica% BRHL L
7enn, 2EMEIEEE Lz (15C)o BIEU M A I3 s EE
& L7 BRI - BRIGE, HEFEROFMEHEN, K
DFLEBRDBER L TWDH X T 7+ FOMPEERHREAR Z {ER
L7zo 72, WENOFER LD 6 W EM % R &g
fak Lizo MRHEAOIER B L OEREMIa by gtk
FRTHCOL ABCAT o 720 BIECHEL2X Y ¥ F FORMIZ
DTo@E) Thob KEGM 3R (37 g 40 g 42 g) ;
Ceratomyxa sp.J&3ef, 2)2 (38 g, 55 g) ; M. japonical&Hefa,
22 (48 g 51 g) ; mrlUkgfh, 68 (21 g 28 30g 32 g
40 g, 53 g) ; A. eptatretif&gefa, 32 (44 g, 108 g, 125 g),
B, Ceratomyxa spJEYef ORI DL TR EEIE8.08 &
UB1x10° cells/mlTd V), A. eptatretif Jefa |\ BT B A,
eptatreti (WERLH) OFAERITIMAMK (2R) 32k (1
B) THolze M japonical&Zefa B X ORI I213%
BOBFmAERIED b7z,

BRBLUEE

RERAOFHEROBEBUIATIR L MAETH D, AFhEk
121¥May-Griinwald-Giemsa (MGG) FefafEAR (Fefa 41t
51) "CIRIEHMETH HNE (LO)
EZORBBOIE (L1) 705 7% %28
Moo @ E R E R (18] oG-1; 28!,
0G-2) MHEIZ N7z oG1DLOIT #E
g bk, LUEGFIESME (REf) <
HAHDITH LT, oG2TIZLOAUFIE
i (REM) %, LIStz
RL7ze 72, oG1OLOKC X a-F 7
FVTFL—PZATT—F (a
-NBE) {fithAs#ith & Mize #AE HUK
P2 B W T D MGGHAAEAR TR
B L A OO R ARD &
L (Figs. 3A, 4A, 5A & 6A), a
-NBETE P 78 R S L DoG-LICHAB L
7R DL E 228 (Figs. 3C,
4C, 5D & 6C), < 220t a:
MRS FEROBBEICL > TR
7 o T\ 7z (Table 1)o Ceratomyxa
spJEP T, RIEGA DG1ITH
WL 72k (0G-1Csp) (i3 b2
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BERUCE L ED b e o ze LA L, oG-2ITEEEL
BN OLOCEEE AR T 7 7 —¥ (AcP) FHitEn 3
L Ediz (Fig. 3B), b4 TV T— (TB) EX¥F ¥
EB (SBB) LB RIE %75 L7 (Figs. 3C & 3D)o
ZDZ S, Ceratomyxa spJEPBENZ BT LoG2AL B H
Rl B (e0G2™) T H B & F 2 %o Myxinidocotyle
JjaponicaB A TIZ, 2MBHORRIL L D ICRERENTD
9 (eoG-1", e0G-2"), eoG-1"®DLOICILF 7 +—IVASDZ
anyEy— FLA55—¥ (CAE) HRii s (Fig
4D), eoG-2"DLOIZ Ceratomyxa sp e fi & R BEIZACP,
TB# L U'SBBHH TH - 72 (Figs. 4B, 4E & 4F) . #HHE&
Bl O2RE O TR IZBE R DoG-17 L BE A DeoG-27I2
RS, $HBETIHLOICACPLB- I VI a=F —E0AD
H5hb e e bl (Figs. 5B & 5C), CAEDBLOICHRE S h
7z (Rigs. 5E & 5F)o %7z, eoG-2VDL0IZTB& SBBH:f
MBS R L7z (Figs. 5G & 5H)o Acanthochondria
epratretifE R fR T BT H@ERR (0G-1") L REEME
H (e0G-2) HFFEEL, e0G2“DLOIXACP & TBBETH -
7z (Figs. 6B & 6D)o WTFNOFEBMBRAK BV THH
BABENOBBRIRD SN h o7z,

RFFEDOHE, BIEEOX 5 v F BV THFEMBI
B LA, TR OB BT 2 2 LW
el ol, MBEOFEROCTROBERIZL-TSH,
AcPLTBHEBMHE o d, BEROEEICL5END
BOLN, 2O, FEROBBILICRLZMS
P ORBADIFRERDO I X LB E 2 5T L 2RE

LTw3, 82, CAETGM D BHEEMIAM. japonical&dx .
(eoG-1"DLO) &ARHUEG S (eoG2VDL0) TRAEDI L
ERBRER

25T FFEOFERIIETLIHIER, RMUHDEOY
YAYFXELY bPAE Vv (Sobecka et alVEBHR), X
Yy FERIIBRRET A4 VAE MES X CEREIRM
LRTELT, MESNLFERIZETHFERTH S, &
NETXE Y FFEOFERLLT, MYV —<HD
Trypanosoma heptatreti*'® 5 & B F B O Ceratomyxa
californica k. C. galeata, B & B ¢ L T 33EH 0
Myxinidocotyle/® B B W (M japonica, M. californica, M.
eptatreti) & Lophocotyle novaezeelandicaly’#fis £ LT 587,
¥ 7>, B & L CldTetanonema strongylurus™®, &
D AnisakisJ& % B & Hysterothylacium amoyensehs™, & V3
& U TBdellamaris eptatretihs™®, 5 47 Y HBEE LT
Archidactyling myxinicola™ ¥ Acanthochondria eptatreti®™ 734
HNTWS (Table 2)o ZNLDFERDI L, HARD
M japonica, W 3E DH. amoyense & Anisakis/g i W (4.
brevispiculata, A. pegreffii, A. physeteris, A. typica,
Anisakis sp., recombinant genotype of 4. pegreffii and 4.
simplex sensu) BL D A4 7 VEDA. eptatretin’s X ¥ 77 F
XE. burgeri~EFET B Z EFHEINTWS (Table 2),

R TIX, M japonicaF 72134, eptatretilZ FHE S iz
X 77 FEDIENIZ, CeratomyxaBFaE L F B (Ceratomyxa
sp.) ®HVIIBOMFIZHFETHHBIZRGESINIX S
TFFIZOVTH, HHRRORFEEFNI 25T FFD

Table 1. Comparison of neutrophil granules from inshore hagfish infested with parasites

Origin of neutrophils, type of granules and reaction™"*

Fish infested with:

Tests™ Non-infested fish Ceratomyxa sp. M. japonica*® Nematodes A. epratreti®®
0G-1 0G-2 | 0G-1?  eoG-2% 1 e0G-1Y  e0G2Y | oG-I™  eoG2™ i oG1*  eoG2*
AcP - - : - +(LO) - +(L0O) - +(L0) - +(L0)
B-Glu - - - - - - : - +(L0O) - -
a-NBE +(L0) - 1 4O - (LO) - 1 +(L0) - i +(L0) -
CAE - - - - (LO) - - +(L0) | - -
TB - - i - +(LO) - +ILO) | - +LO) | - +(LO)
SBB - - : - +(L0) - +(L0) - +(L0) ! - -

*'AcP, acid phosphatase; p-Glu, f-glucuronidase; «-NBE, a-naphtyl butyrate esterase; CAE, naphthol AS-D chloroacetate esterase; TB, toluidine

blue in distilled; SBB, Sudan black B.

*2All types of granules showed negative reaction to other tests [alkaline phosphatase, a -naphtyl acetate esterase, peroxidase, periodic acid Schiff

reaction, alcian blue (pH1.0, pH2.5), oil red O, Sudan III].

*0G, ordinary granule; eoG, extraordinary granule; +, positive; —, negative (non-detection).

“Parentheses indicate positive site.
“Myxinidocotyle japonica.
“dcanthochondria eptatreti.

REE, AYNFTUVARAIYT N —LABRICLE o TX Y I FF (E burgeri) 63 b R Dinfluenza virus, hantavirusd & O°

alphavirus?#RH LT 5%,
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Ceratomyxa sp AL KEFE X ¥ 7 FFHEHDE. stouiilZFHAET 5
2ff 35 @ Ceratomyxalg ¥4 W B2 + B (C. californica, C.
galeata) "X Z IR B L PR ESHPE L - T iz
Ceratomyxa californicald X 7\ )V & D Sebastes paucispinis)* H
LIE SN TV B, BEH D Ceratomyxa)& kit o+t o
HT® - Ceratomyxa sp. & IR 5 TR E S —HT 5
TR 72 5 v,

ZF T FFRICHETLHMAEAD ) B, AWFZEICH 2
% v F ¥\ Anisakis g3 R 2 H. amoyenselIF8D BN o
720 Tetanonema strongylurus\I 7 7 1) /1 DELIEDVE )7 T
FHEENT21.000R L EDE. cirrhatus ®9 H*, 1B HES

%0

Bty
Fig. 2. N

ematodes in the gill pouch of inshore hagfish. A, cluster of nematodes (arrowheads; The cluster mainly

N7225 R DREAIC D THRRR R S N Al
AyersiZ & - THEE DK T I (large subdermal blood
sinus) 2HAFH SN, TNARMIICSteiner~i% 5L THE
7 - EERINIA, FHITOW T Steiner (1937) ¥
bJEICAyers (1933) "ICREENTW %, Ayers (1933)
DFEINE, T strongylurus DA % 58 23 5 28,

WEDPAWFTH 5. Z DPIA % Steiner (1937) P13
(p682) IZLLF DFRIZEESR L T\ B Tetanonema strongylurus
DOHHEFEEOININMATER SN B HNZINNICA Y, 158
FORDOTALHIHIITHMBI T L CHEHBENTVDH, Al
REBVWTRI Y FFOMICBEIRZHBRET

consists of intraovular nematodes); B, squashed preparation (Note many coild intraovular nematodes); C & D,
paraffin embedded section (The nematodes before and after hatching are observed in the hemal space of gill.
asterisks, intraovular nematodes; star, undeveloped egg, arrows, hatched nematodes; arrowheads, blood cells.
fixative, Davidson’s solution; 4 um thickness; H & E stain). Bars: A, 1 mm; B, 200 um; C & D, 100 zm.

“ Steiner (1937) ®-Cl&, 153 3 Bdellostoma heptatremak 7z 5 T\ 5%, AHiidEptatretus cirrhatus® 3 ) =5k ENTWAHD, H7 7
U A IKZRNNZAFI D X & 2 F FHDGATT B A5 (E. hexatrema, E. octatrema, E. profundus, Myxine capenensisi) **, E. cirrhatus D5
FEEFHE I N TR, 72, E cirhatusD 5 A A — A 507, A=A 53U T7BIP=2—-TV—=F Y FTHHI &nb
(FishBase), T strongylurus D18 EA3E. cirrhatus Tdh 5 Z L 135EH L\,
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Fig. 3. Neutrophils from inshore hagfish infested with Ceratomyxa sp. A, May-Griinwald-Giemsa [PN=51 (See Kondo et al.
2019%). Note two types of granules, type 1 (G-1) and type 2 (G-2). The G-1 consist of chromophobic inner layer (L0)
and basophilic outer layer (L1). The G-2 consist of basophilic LO and chromophobic L1. The L1 of G-1 and L0 of G-2
show purple in this staining condition. Generally, LO of G-1 is larger than LO of G-2.; B, acid phosphatase; C, a
-naphtyl butyrate esterase D, toluidine blue in distilled water; E, Sudan black B. Positive site: B, D & E, L0 of G-2;
C, LO of G-1. Counter stain in B, C & E, hematoxylin (Mayer). Bars=5 um.

Fig. 4. Neutrophils from inshore hagfish infested with Myxinidocotyle japonica. A, May-Griinwald-Giemsa; B, acid
phosphatase; C, a-naphtyl butyrate esterase; D, naphthol AS-D chloroacetate esterase; E, toluidine blue
in distilled water; F, Sudan black B. Positive site: B & D-E, L0 of G-2; C, L0 of G-1. Counter stain: B, C &
F, hematoxylin (Mayer); D, safranin O. Bars=5 um.
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i

Fig. 5. Neutrophils from inshore hagfish infested with nematodes. A, May-Griinwald-Giemsa; B, acid
phosphatase; C, f-glucuronidase; D, a -naphtyl butyrate esterase ( a -NBE); E, naphthol AS-D
chloroacetate esterase (CAE); F, a-NBE-CAE double stain; G, toluidine blue in distilled water; H, Sudan
black B. Positive site: B, C, E, G & H, L0 of G-2; D, L0 of G-1. Counter stain: B-D, F & H, hematoxylin
(Mayer); E, safranin O. Bars=5 um.

Fig. 6. Neutrophils from inshore hagfish infested with Acantochondria eptatreti. A, May-Griinwald-Giemsa; B, acid
phosphatase; C, a-naphtyl butyrate esterase; D, toluidine blue in distilled water. Positive site: B & D, L0 of G-2;
C, LO of G-1. Counter stain in B & C, hematoxylin (Mayer). Bars=5 um.



FABUIEG L 72X 7 77 F F O PR 89

Table. 2. Parasites in hagfish

Classification : Species : Host™ ' Site Reference
Trypanosoma : Trypanosoma heptatreti ' E. cirrhatus ' Blood : 14-16

, Ceratomyxa californica E. stoutii : 11
Myxozoa i Ceratomyxa galeata L E. stoutii Gall-bladder 11

i Ceratomyxa sp. 1 E. burgeri : Present report

! Myxinidocotyle japonica ' E. burgeri : i 8

Myxinidocotyle californica E. stoutii . 8
Monogenea L . : ' Skin :

 Myxinidocotyle eptatreti | E hexatrema S LY

hLo_pl;ogoazlg novaezeelandica | E. cirrhatus ‘ b 8

i Tetanonema strongylurus __LE. cirrhatus ? * o i Large subdermal blood sinus 18, 19

imisakis brevispiculata 'E'_la}fr;;?zrz o ___._4_____,_._._:____.___________._._______._._45 ________________

éAnisakis pegreffii E burgeri, E. yangi, E. sheni, E. taiwanae | :

;Anisakl’s physeteris E burgeri : :

| Anisakis simplex sensu \E. sheni ': Surface of muscle and wall of
Nematode o ) : , : . ; ' 20

' Anisakis typica ' E. burgeri i the digestive tract

EAnisakis Sp. E burgeri, E. yangi, E. sheni : ;

| Recombinant genotype* E bwgeri | 5- '1

| Hysterothylacium amoyense E burgeri | f

' New species ? 'E. burgeri T g Tepace of g Present report

Hirudinea ! Bdellamaris eptatreti { E. cirrhatus, Myxine sp. : Unknown : 21, 22
Copepoda  [rchidactylina myxinicola _ \E. okinosearus M garmani _ _ _ _ _ iGillpouch _ i S

i Acanthochondria eptatreti | E. burgeri, E. sheni, E. yangi ' Pharynx : 9,10

“E., Eptatretus; M., Myxine.

*2A host infected with T. strongplurus was collected east of the Cape of Good Hope, however, E. cirrhatus does not distribute in the area®.
“Recombinant genotype of 4. pegreffii and A. simplex sensu.

“This nematode was already observed in the gill and skin in 2012 [personal communication from Dr K. Ogawa (Meguro Parasitological Museum)].
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