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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; Mj),
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 LO and basophilic L1); type 2, G-2 (basophilic LO and chromophobic L1)]. 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 LO 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-

Journal of National Fisheries University 68 (3) 83-91 (2020)

infested fish, LO of G-2.
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Ceratomyxa sp.DNLT-DER & EEE [Z N2 N ]Jamesom D
breadth (1) &suture line (#\ H#) B X U'Lom &
Arthur®thickness & lengthlZAH4] 13, FNEN#22 um
ER9 umTH o720 T2, BT ONRiH (anterior margin)
M A, BIFRIEER R LD T RINEITH 5 7, BiFE
DR DL IFIINIZRED BT,
BHEMRDORIELL2X 5 Y FXFOMBES 2720
2, BHRAKGER L. T%bb, M. japonica® HIZFH
BEENTZR YT FFOBPNCIE, X5 7 FF 2 MS-222 (etyl
3-aminobenzoate methanesulfonate salt) % #fff L 72K
(04 g/L; 15C) (\ZiRE L TREER, FBEREE T MLl 20 5 %
ML LKA CRRAE L 720 DWW TR % i L CTM. japonica®
FHEEMRLI2OL (FRKBICK > THEFAET 5720
WIRCTHS ICHERRTE ), A L Tl FERof Kz
R, M. japonica® HH AL T A2 S DI % H
WCEBFIEARZVEB L 72 Ceratomyxa sp.DEFEIZIL, T
Gt 2 A 2 7R A IR A BRI L, mEkE AR (b —<
) & TR h O RGIET- 0 7 ik & Lt SRR T Blst
L7zo F72, 3EhoOMBOA I, AWIIC X 282N O
I L7 (RIS 2 S8 62 %) OfRLL,
RFE R O L >R RO GFMBEBIRIC X 572, 2 B,
A. eptatretild WHIR TH B 127 ® b N %o 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) NN DFAEBRDHRIPEG L TWE XY 7 F F &1}
572012, Pkl (156C, 10571) TM. japonicaz BRH L
7eob, 2BHEBIEEE Lz 15C)o BN i Mk i
& L7zo BRI - BRILTE, KMEAAEMOFME R, B
DFAERPIEG L TV 5B X7 7 F FOMPBERHAEAR % /R
L7zo E£72, WINOFAER S 5Nk WM E REG
fnl UZeo MSEIAEARDOIER B X Ol by deta ik
RO L FIRRICAT o 720 BIBHCHL 22X 5 Y F FORMIZ
LTO#EY) Thb LK 38 3740 g 42 g) ;

218 (48 g, 51 g) ; MHURGef, 68 (21 ¢ 28, 30¢g 32 g
40 g, 53 g) ; A. eptatretiiGfi, 3% (44 g, 108 g, 125 g)o
B, Ceratomyxa spJEGefa ORI O FIREIX80B X
U31%x10° cells/mlTdH V), A eptatretifE He 2 B HA.
eptatreti (WERCH) OZFAERBIMEAE 2R) F22E
&) Tholzo M japonical&Hefa B L O HRUEGMICIEE
HoOFERDPED bz

BRELVEE

RGP DOUFHEROFEBIE AT L Mk TH Y, bk
12 1¥May-Griinwald-Giemsa (MGG) #efffEAR (Yett 514
51) "ClLEARMEE TH Z NI (LO)
LZORFMOIE (L) 705 7% 520
Mool cE TR (18, oG-1; 23,
0G-2) D% S N7z oG-1DOLOW ¥
etk LUIMFEIEE OREgt) T
B DK LT, 0G2TIZLOASUIE
Kt GRE%Ef) %, LI Rt 4
R L7 72, oG1OLOCIE a-F 7
FLVTFL—PrZZAFI—F (a
NBE) {fithAsket S iz 3 A Uk
FefIZB VT MGG AR TIE R
&G A L [ AR O 20 O SR ATER D &
1L (Figs. 3A, 4A, 5A & 6A), a
NBEIf A3 K EHe S DoG-LIZHHPL L
72 WRLOLOC K S 724 (Figs. 3C,
4C, 5D & 6C), W< 220 Mils bs:
WREBE AR ROMBIZ L 5 THR
% o T\ 7z (Table 1) Ceratomyxa
SpIBEGATIE, RBRG A DG-LICH
LU 728k (0G-1Csp) (Al b
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MRS IERO b ofze LA L, oG212HEL
TR OLOICRYER X7 7 # —¥ (AcP) PRS2
L& b2 (Fig. 3B), M4 Ty T hv— (TB) &A%~
HB (SBB) ICLO2BtE IS %2R L7= (Figs. 3C & 3D),
CDT EWNS, Ceratomyxa sp RGBT 50G-213 B
W OB (e0G2®") T » B & B A b Myxinidocotyle
JaponicalEHe i TlX, 2FRFEORERIE & b ICEE R TH
Y (eoG-1", e0G-2"), eoG-1YDLOIZIZF 7 F—IVAS-DZ
ua7tyr—hrrA7 75—+ (CAE) 2t &h (Fig
4D), eoG-2"D1L0I% Ceratomyxa spJg4efi & [ Kk 12 AcP,
TBB L U'SBBk#tETH - 7z (Figs. 4B, 4E & 4F), #iHUE
e i 0 2805 0 JEUR 138 B D 0G-17 & B DeoG-212
3N, BETIELOICACPEBR-Z VI o =7 — L8
bNb & & Hiz (Figs. 5B & 5C), CAELLOICKE S
7z (Figs. 5E & 5F)o F 7z, eoG-2"DLOIZTBE SBBH:fs
B s 2 77 L 72 (Figs. 5G & 5H) . Acanthochondria
eptatretifE A1 BT H B RIER, (0G-17) & SR
Ko (e0G-2") DAFAE L, e0G-2"DLOIZAcP & TBFPETH -
= (Figs. 6B & 6D)o VIO AERBERMIZBNTHF
HRIER O HBULFED SN 572,

RIFFEOFER, EHHD X & 7 F FIZBWThHFAEMRIC
&G L7235, I BRI O R AL 5 5 2 LA S
el olz, MHOFERDOWTNOELIZL > TD,
AcPETB G L o 728, FAEBROMBIZ L 2V D
BoOLNT, ZOZ L, FEROEHEILIZRE LM
M ORI ERD AL, 4 B2 52 5 2 & 2RI

~

LT, ¥#1Z, CAEGHMD RAETLAM. japonicale i
(eoG-1"DLO) & MHUEGA (eoG-2YDL0) THREL I L
FBRER

25y FFROFERICHT 2 W, FEHOEHOY
YA FFRED bR (Sobecka et alVEBIH), 2
Z v FFHICEYT B A VA2, MHEB X CEREIZA
LNTBLT, MEShieFERIETHERTHL,
NETXY Y FFRHOFAERL LT, MY —<HOD
Trypanosoma heptatreti“'w), Hh B 7 B HE o Ceratomyxa
californica & C. galeata', M A W & L T 1338 8 o
MyxinidocotyleJ® H. . W (M. japonica, M. californica, M.
eptatreti) & Lophocotyle novaezeelandicas 35 S LT 5317,
¥ 72, MHUE & U Tl Tetanonema strongylurus™", #iFRE
D Anisakis)@ i 8 & Hysterothylacium amoyensehs™, 't V¥
& L TBdellamaris eptatretihs®®, 71 4 7 L WHREE & LT
Archidactylina myxinicola™ ¥ Acanthochondria eptatreti®™ 351
5NTw% (Table 2)o SNHOFERDH L, HARD
M. japonica, ¥ W HH OH. amoyense & AnisakisJg ¥ B (A.
brevispiculata, A. pegreffii, A. physeteris, A. typica,
Anisakis sp., recombinant genotype of 4. pegreffii and A.
simplex sensu) B X W 4 7 VHDA. eptatretihs X ¥ 7 F
XE. burgeri~#HET 5 2 LA SN TWw5b (Table 2).

RUWFFETlX, M. japonicaE 7213 A. eptatretil\Z A S N7z
X 77 FF DI, Ceratomyxal@ LW (Ceratomyxa
sp.) &5 WIFE M FHET MBI E RSNz 8
TFEIZOWTY, HHEROFHERNZ, 25T FF0O

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. eptatreti*®

0G-1 0G-2 | 0G-1"  e0G2 ! eoG-1"  eoG-2Y | 0oG-1%  eoG2% ! 0oG-1*  eoG-2"

AcP - - - +(L0) +LO) - +LO) 1 - +(L0)
B-Glu - - - - - - +(LO) - -
a-NBE +(LO) - +(L0) - +(LO) - +(L0) - +(LO) -
CAE - - — - +(L0) - - +(L0) - -

TB - - - +(LO) +(L0) - +(LO) - +(L0)
SBB - - - +(LO) +(LO) | - +(LO) P - -

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

blue in distilled; SBB, Sudan black B.

“All 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), 0il red O, Sudan III].

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

“'Parentheses indicate positive site.
“Myxinidocotyle japonica.
“Acanthochondria eptatreti.

LR, AT NT VAT )T N —ABIICE 5 TR Yy F X (E burgeri) 75\ d KA Dinfluenza virus, hantavirus®B & OF

alphavirusA¥ i L Tw 5%,
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Ceratomyxa sp A3 KEE X 5 7 F FHDE. stouiillZ AT 5
2ff FH @ Ceratomyxald ¥5 W W ¥ W (C. californica, C.
galeata) "L BIIRB L KR E X PR o T
Ceratomyxa californicald * 7N )V )& D Sebastes paucispinisi> &
bl STV, BEHIO Ceratomyxalf KN 75
He®H - Ceratomyxa sp. b iRk & IR E EH—HT 5
MY 725 %\,

XY FFRUHFETLIHAD B, AFFIEIH Wz X
5 v FI2 N\ Anisakis)FHR IR H. amoyensel3 i8S N7 Hh -
72 Tetanonema strongylurus\I 7 7 V) 71 D= LDV )T
B S N721.000R U EDE. cirrhatus D5 % 1R 555

©

ENEE

N 7225 AR DEEAFE DV CHRERL IR S 7 A
AyersiZ & - THg 3 @z F i (large subdermal blood
sinus) 2SS, T NANRHIIZSteiner~2% 5 AL THF
98 - RENLHY, FHIZ DOV TidSteiner (1937) W& D
bEICAyers (1933) PICREENTw %, Ayers (1933)
DIEINL, T strongylurus D ZHEIZAS 550k 25 % 73,

WEDPTWINTH 5. = DNE % Steiner (1937) IZME
(p682) IZLATF DERIZER LT\ %: Tetanonema strongylurus
DA E EOINTINM DI S N AFNIIIICA Y, 1
EOEDORALHI 2 IIIEAMFE T L SHZBVTV Do AT
RICBWTRY 7 FFOMICBE S zHRET

R R A (T . O [ e AN o TR N

Fig. 2. Nematodes in the gill pouch of inshore hagfish. A, cluster of nematodes (arrowheads; The cluster mainly
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 ym thickness; H & E stain). Bars: A, 1 mm; B, 200 um; C & D, 100 ym.

* Steiner (1937) ®-CI&, 153213 Bdellostoma heptatremak 7% o T\ 5%, K3 Eptatretus cirrhatus® Y ) =5k ST WED, 87 7
Y AAGRINZATER D X & 7 F XFHDHAT S 555 (E. hexatrema, E. octatrema, E. profundus, Myxine capenensisi) **°, E. cirrhatus ¥
FRMEIN TRV, F72, E cirhatusDHABRIIHEA—A N T U7, FA—A TV T7BLIP=2—Y =5V FTHHI LMD
(FishBase), T strongylurus®Dg EHE. cirrhatus Tdh 5 Z 135D L\,
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i g
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 (LO)
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 ym.

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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Fig. 5. Neutrophils from inshore hagfish infested with nematodes. A, May-Griinwald-Giemsa; B, acid
phosphatase; C, B-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, LO of G-2; D, LO of G-1. Counter stain: B-D, F & H, hematoxylin
(Mayer); E, safranin O. Bars=5 ym.

i o

Fig. 6. Neutrophils from inshore hagfish infested with Acantochondria eptatreti. A, May-Griinwald-Giemsa; B, acid
phosphatase; C, o -naphtyl butyrate esterase; D, toluidine blue in distilled water. Positive site: B & D, LO of G-2;
C, LO of G-1. Counter stain in B & C, hematoxylin (Mayer). Bars=5 ym.
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Table. 2. Parasites in hagfish
Classification Species : Host*' : Site Reference

Trypanosoma ! Trypanosoma heptatreti ' E. cirrhatus i Blood 14-16

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

i Ceratomyxa sp. ' E. burgeri : . Present report

' Myxinidocotyle japonica ' E. burgeri : 8

Myxzmdocotyle californica E. stoutii [ 8
Monogenea ! ' Skin !

Myxmldocotyle eptatreti LE hexatrema ‘ : 17

Lophocotyle novaezeelandica | E. cirrhatus ‘ I T

! Tetanonema strongylurus VE. cirrhatus ? * Large subdermal blood sinus 18, 19

nisals brevispiculata E. burgeri L

iAnisakis pegreffii E. burgeri, E. yangi, E. sheni, E. laiwanae

: Anisakis physeteris : E. burgeri ‘ !

| Anisakis simplex sensu ' E. sheni Surface of muscle and wall of
Nematode Lo . : . 20

' Anisakis typica ' E. burgeri the digestive tract

1Am’sa/a‘s sp. E. burgeri, E. yangi, E. sheni

Recombinant genotype® E burgeri |

| Hysterothylacium amoyense (E burger! e

 New species ? | E. burgeri ' Hemal space of gill®* 7P;e;e;1t7répz)r7t
Hirudinea ! Bdellamaris eptatreti | E. cirrhatus, Myxine sp. i Unknown 21, 22

Archldactylma myxinicola EE‘ okinoseanus, M. garmani t Gill pouch 23
Copepoda 7 hochondria eptaireti | E. burgeri, E. sheni, E.yangi  Pharynx 7 9,10

“E, Eptatretus; M., Myxine,

“A host infected with 7. strongylurus was collected east of the Cape of Good Hope, however, E. cirrhatus does not distribute in the area

29,30

“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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DR 5, 20124E OREH & ARBF7EDOFIUI A TH %

HEER, RARE: WMo X FEVh) TICHEESR
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