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Summary . A zoonotic nematoda, Tvichinella spivalis, has three distinct developmental
stages including muscle larva, adult, and newborn larva. The aim of this study was to define
antigenic substances in adult worms of the parasite, and to assess specificity of the antigens
by means of immunoelectron microscopy, which would be essential not only for developing
better immunodiagnostic antigen but also for understanding of the basic issue of protective
immunity. The methods included : 1) preparation of adult worms for ultrathin sections ;
2) immunostaining with sera from patients with trichinosis to localize antigenic substances
in adult worms ; 3) immunostaining with sera from other parasite infections to assess
specificity of the antigens ; and 4) observation under an electron microscope. Control
experiments were performed to confirm specificity by immunostaining.

Subcellular structures that were positive by immunostaining with patients’ sera iricluded
hypodermis, hemolymph, hypodermal gland, brush border, intersperm substances, exocrine
granules of male genital tract, microvilli of ova and fetus cytoplasm. cuticle inner layers
were weakly positive.

The surface of cuticle and stichocyte granules were negative by immunostaining. The
class of the corresponding immunoglobulin was predominantly G. These adult antigens were
devoid of prominent species specificity because the above-mentioned structures were more
or less immunostained by sera from other helminthiasis patients including paragonimiasis,
cysticercosis, fascioliasis, trichuriasis, dirofilariasis and anisakiasis.
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Method for post- embedding immnostaining|

Parasite (Trichinella spiralis)
<

% Karnovski Fixation
o

Dehydration
<

Embedding in LR White Resin
<

Thin section
<

Patient sera

Fig. 1. Adult worms were fixed in half-strength karnovski fixative (a mixture of 4%
paraformaldehyde and 2.5% glutaraldehyde in 0.1M phosphate buffer, pH 7.2),
dehydrated in ascending concentrations of alchol, and embedded in LR White resion
(London Resin Company Ltd., United Kingdom). Ultrathin sections (80nm) were cut
and used as a substrate for immunostaining. Postembedding immunostaining was
performed at room temperature, allocating 30 min for each incubation. Sections were
incubated with sera diluted at 1 : 200 in phosphate-buffered saline (pH 7.2) with 1%
albumin. After washing 3 times, sections were treated with biotin-taggedanti-rat
IgG antibody to detect G-class-specific antibodies (Method A), or with biotion
-tagged antirat IgM antibody to detect M-class-specific antibodies. After antibody
labeling, sections were washed and treated with avidin-colloidal gold complex.
Method C in a method to detect human IgG by means of protein A-~gold complex.
After immunostaining the sections were stained with saturated uranyl acetate solu-
tion in 50% alcohol for better visualization by electron microscopy.
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male — body wall cuticle

hypodermis
hypodermal gland
muscle layer

esophagus

midgut

genital organ— testis
seminal vesicle
sperm

body wall —— cuticle
hypodelmis

hypodelmal gland
muscle layer

genital organ= fetus

ovum
uterus

Fig. 2. Longitudinal views of adult worms of Trichinella spiralis are recon-
structed for orientation purposes from many electron micrographes.
The body wall in consisted of cuticle, hypodermis and hypodermal
glands. The stichosome is a prominent exocrine organ which occupies
anterior one third of the worm. The adults have two kinds of
stichocyte granules. The posterior two thirds of the male adult was
occupied by the reproductive organs, including the testis and the
seminal vesicle. Both were long tubular structures folded in two near
the ampular portion of the midgut and running parallel to each other
with numerous sperms inside the tube. The vagina was a fine tubular
structure running longitudinally between the body wall and the sti-
chosome. It began from the uterus and ended at the vaginal opening.
The uterus was a huge organ occupying two thirds of the bodylength.
The digestive organ in composed of the esophagus, midgut and
hindgut which run longitudinally from the mouth to the anus.
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Table 1. A summary of the immunostaining of adult
worms of T. spiralis. Anatomical structures
of T. spiralis, results of immunostaining and
corresponding c¢lass of immunoglobulins
were shown. (4) indicates positive stain-
ing and (—) indicates negative staining

Anatomical structure Class of Ig Immunostain
Inner layers of body cuticle G +
M —
Surface of body cuticle G —
M —
Hypodermis G T+
M —
Hypodermal gland G +
M —_
Hemolymph G +
M —
Muscle fibers G -
M —
Stichocyte granules G —
M —
Brush border of the midgut G +
M —
Microvilli of ovum G +
M —
Embryo sheath G +
M —
Embryo cytoplasm G +
M —_
Intersperm space G +
M —_
Cupshaped structures of sperm G +
M —_
Exocrine granules of the male G +
genital tract M —

FRIEDOIPEE, INFHME, HEOLEFERE R T, fF
TELEOMBPBERNTHSD. 757 75 BT WLf
MBS, RERBREOENBEYRT 527 52
FRENZ, BEA LGRS, EEREBE RIS
HEHED, B ThhWEIHBE L. ¥k, =00
O AR b et 232 b ok o 7z (Plate 8),
FUTL, Mk, SiiES oW hERarRETH
- e, .
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APUE DR T AIERREMLIC OV TERE LT,
EiL7c et vE#Sie t 1gG L Righ, &AL T
b7 EOVEABCRAI NS MAIIRERR AL S
EFEBUIEEAEFEEL 1. ok, MBELT
EFESD e P MFEE—KUEE LT, ERcfL, %
FViB#He b [gG B IO viEg#H e b IgM %
ZXRERE LT, AEOFET, fERE LD

#F m

Table 2. A summary of cross reactivity of adult
antigens with the other helminth. Adult
worms were immunostained with sera from
helminthiasis patients including 1)par-
agonimiasis, 2)cysticercosis, 3)fascioliasis,
4trichuriasis, 5)dirofilariasis and 6)anisa-
kiasis to detect cross reactive antigens.
The immunostaining intensity is rated as
positive(+), negative (—), predominantly
positive but sometimes negative (+/—), or
predominantly negative but sometimes posi-

tive(—/+)
Immunostaining results
i i 2w -
Location of antigens gé’ ‘;.g 92 gﬂ ;:“;.ﬂ &,-%
| SE B5 3% 9% R &<
P85 8° g% gF gk <4F
s Cuticle inner layers ' - —/+ =/+ - - -
* Hypodermis é—/ + + o+ + + +
* Hypodermal gland | + + + + + +
* Hemolymph —-/+ + + —=/+ - +
% Brush border of {+/— —/+ + +/— —/+ -
the midgut
*Microvilli of ovum | +  + 4+ 4+ +  +
#*Embryo sheath | + + + + +/— +
* Intersperm space + + + + + +
of sperm |
% Granules of the male | + + —/+ —/+ — +

genital tract !
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14 @3\ C, SR Bt B BT R AR LT
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11 B O3 R, Bb, AETER, AKTE, Kk
W, WTFHREEPBEREY R L. ¥, MRERERSR
EIMPF I X HREE%Y, Plate 12 12, #iREEZ MBI X %
k8%, Plate15 @R L.
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1%, FIMORENICIRT TRIUEMEA T2 - T el in
D)L, SHOMRRBETHS 5. SROBE, BER
BRHURD, BSBCTIEWETHY, ToBEREMIT
BEARLAEYERT A0 T, Bk sh, Y¥HEC
BWTHFREINTELN Y, RBZEELTHrLRE
IRER D, AFRICRT S E RN RET 55T,
BEBERNOBEY BRI 5 L THKRE . BREEH
CFRRL, BERZEHYEDLC L3, FERECRST
ZTOBDBEEERTH I 2 THEETHHEE LS.
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HEREETHHEBREDHELR I RAEYIRET 5
ZETHY, BEETDEZIAFOHEE, BHERTH
BEVZHBHEE IR TRNIE Y T O TED
ThDh, LI, EERRREES OBUHRB BT
THETLERNL 2BE2ETHLORLBEIEE LT
WEFMERZ L. EeRERSEICND Z AREER
LB E B0, BEORFOHE AT, Fiohix
HEEL 705, Hice PADORGIR L% 7 2 HORER
OHEIRMEELEETHBD, BEOTsWERE
BTHRETHICEERD . R TARITHBINLSH
BTH 5 RFEMBFNBWIES, EEREOHEHD T
BEELRD, BRI FTE kB 5.
ERRAEIC B 5 S MIFEFHZ R O FE D\ Tk
BIEE TO &L I ASBEHEBFERMBEENFEIRAR DI T
Wh. Thebb, HEEEGRIG DY VN EINEE %
EEKKEE, fEBIATE NREERNE P T v
7 ABERIGORETH DD, WThoBE SRR
BWENCHRERYLELS TS, EERORBIIEEL,
SRFRPCEET 28, ChIIEERAR—OEE
TR ESRPFET HRELFERTHD, MolEHR
CHLTHEOSEENRD S = L 2 ERT 5. fEoThE
EHOREBIIZ DR THOTERI VEEL S 5.
R, EBROMBEMBLENCIE, BUR X D HEAEE
NEZTHBGENES AL TRIVBEEETDES
A, WEERAGEREICOWT, RESHATREOHE
DBEALT WS, FlziEs s 7 nr—AHAYEWCES
B EOEBREFE OSSN, Gamble 2 Homan ¥
Niimura 2 bizk b B8 Zicbh, FhFhe b EERE
DORBELUICER IR L LTREIR TS, YHEE
ZFB TR 2 RO FRDEEE I OWTHRE L, 7
F7 SRECRERD o TR CEREWRHEREY
#6472, Parkhouse 5 12 (1981)29 A ZRH 2 A B R,
HALE W RHFET % BLIR 5 B o B 5 W BT IR (ES #i
J ; excretory-secretory antigen)i¥, JEEHRICEEM
B CTHB E Lic. %, Silberstein and Despom-
mier (1984, 1985)1%, YROBHESMHED 55, 5F
& 48 kDa ¥ X 0850 ~ 55 kDa O#& »3E = 1Bl s
BERERTIMERDD, ZhboWE Y RERE
HRORER, MLBECRET S LRRLL 2,
LU bBAED & 2 ARBIUR O REZ KT~ DI
o WTIRfI b DFENR. Fhikie, RFERTIE,
BEAREOEREORELY B I not. KRLORKED
HIERTIEL, TR X5 ERBEHROEFEA L,
fhoSEOIFEREBBEOMBICL - C, BEDEZ
DB ICAEREINIBREIE N, RERCER



(574) # K
B RDEENR Ehishofc. L LEREE, RE
PR, FERERZBESBRMTELEDORZ ) —=v
RHRE LCOffifEr s % & Bbhs.

EEROPUR BB OB 72 Z L1X, ShRTIIE
EOMIVINEECHESREL TW5 29, BRIk
T, HlRELSACOE AKKE, FRORERML,LEED
NBEETHB., EHIRIDX 5 FBRHE O FEORR
IZ7+ ARV a2 ) VERTAHE, 7 vt —AHAIC X
DHRAECEDCELUTIIDOTH B2, 7+ Ak L=
YV, IEE, REE, AVWEEOFERE OVOIE
TEOEBES AL, ~TTVELT, HEMRERE
CBTEBRHBRTW B, TODRWTERIGE A%
THERERSD. SO EXRBEHIENGHRHE & B
D, BREEERL EVOIRBLCRTB/BERC—KT 5.

R0 ES FIURGEEREOF VIR L EhT\W5 5,
CHRIERERERETT, 1 VFa—tLTHEDBRS
HDTH Y %), Fic AR, HESCEERBROY
BEBibhs 939 o ES RED B R ELE
WERORERR OEEZE DD OS5 WHHE LI 51T
THBHD, REOMAE S X OMERED EFER AT ER G
HOBWHRE B I hi-Z 213, R0 ES HENE
BRBEEZREVWH T EXTFRIES. THE, BEDES
PR % BT ROBESHICEE Lic & v 5 e
ERMBRY fou.

HFHER &Y% HE(Trematoda), 4 H(Ces-
toidea), ##H (Nematoda), W RKEX HEINBIER
(Helminths) ix—fEIcii\VEEEEM ZRT. 2% D, &
NHBTL BRI EREEESMC I\ TORIE R
BENTEETH V), FFFE B EBWICHFE(B D VIR
A)TERD, LicE LTHEBIERL T L E 5 HIEE
RRENTERWERRL TS, COBETHES YR
ETHERILZ OBETHTH B, BENTOEFE
B, EEOREBENDDORNBETRIBBETH
BEIES>ETHR. BRO—ETHAHEEBRIIEE
BEWRDTL, e, T&, AR, 7=, %2, xX
3, A 7vy, vHF, & 3FTNTOBILEY IR
Yot nh, ZOBIBFEERENE EYTRL, BRBE
HEBHRBEERS TR U CHBEEEL, BRI L
THWHHRIGE RTEE e B %, Crum(1977)"5
1, ZOBREH T HHERSREEI Wi, T
#Ha, mesenteric lymph node cell #E# 53 5%
CIXOBAFREE LTS, T, ZOEFIZOWTIX
I8 X b R 2RIk T 55, HEHHROM BB
SEHE, EHENYEETHHE, FERHEEL TS,
BEPBEE I ) BHCHR T ST CowT, &K

F M

(1988)913, fEeBHRELE 3 ~ 4 HECRE Y vt
BT 50 v 3, CobEeEcBETsEERLE
R, WRERFEROMESELER IR TWS
23 3980404 BEEEGR IR D BERIHLFIC D\ Tk g { BT
Bote. KWL THCI-REEEE CRBREAREC
Bl Ce F BREBT B HROFEEN R TE . BIED
SRCEBEREYE S MFECLHESESBETH HEN
MR TE . BRENITH % HUR B DM PR
T DI Was, ThHME b CRIEOAR ZRE
THED, REINEBEINERELCEECHEIN
BIRERFEROEBA L WOIRKLHBTHZ LNT
&5, i, FERNEEZOMIERICA - LECEER
BEFICI D ERINIFIREZI LT 5.2

FEAER I R R R o — B a8 S EEcfifla s L
THEEIRTWAS D RIERFHEA LD TH
D, VYAROENICHBROVBEERBERXEL T3
L% %2 b T\b. Yoshimura (1988)* 5 1%, $HRED
—>TH 5 REAE M B (Angiostrongylus  cantonen-
si) AT, FEBERIAFEEABEENTORRHROBRIR
TS TEERBE Y B LTV AERIERHL 5.
IFEAERIC X 5 BE R o Tk« Te R0 5 5 2%,
EEROFEROBHE, HFHRROFEEEMECLY
BERINIENALNATVE. OF 3y = — A A AKX
— TOERT, FEEREPRFICET 5EFBIECo VT
BREA TR ~7THER, HANTIRR2EL
5BHICE — 7 BB LT B, PS5 ~7 HBI
B L CHRE LIc BB BE 0 bR S g B REHC
B % O CTHIEPTHEIN U7 IFERBR 1A BRI oK & et
ErBieLT\w5EBbhs, REEHRESICHRT
BREAVNBECIVELRIZEILLATWSE D
T 40NN R B S5 & HIc & IefEERIT, B
BTAEVPLETHS .

PR EAR THRHEEL B L e ERICX 5 L, PR
D ES HERMAHE SIS, BEO ESHIE &S FHER
EREhTws, ™

B o ES JURHREMEDEGED, AERTREH
ey, FBRERE N LRGN EER 5 L T it
TIBEM: A H 5. Schistosomula DR ICIFERER H HLM4
WM B3 L, schistosomula #R BT 5E145 N0
T 5. SDfE R BB R AR I SR E 0 FED
MR TERP o, THITSHBREEIAEIR o Rh &
FEHZEE LEERENEL, BB ORVWIURERYE
AT B0 LEFRHTHS. DVRRERECZ O X 5 iehl
BEME R ERBBRIVEEOREKREEMRESE
(ADCOIZ & %, eI E D bkl 5 1y, FHETH
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B LBbhS. ChEGENLRENERET 2BET
KEOFRM S 5 2 THEEXOMERE L H 0, Tk
BB L BEbh 5.

ABFgEIC X b LR O A (hemolymph) iz % 58 \ 3T
FEHESHER I . ERER R R O BEEROEK T 5
DVEEBHYOIMBE L ) vV A BWOREEZEI SDTH 5.
CD X5 FESH CIEERETEOBEMTIIR Y 1§
2l <, BT A REITHTHS. Linli
3D ARHEE D VLR M 13T 2 UG I B T O THREA DGR
BEATIETL, EH L GBER A EE OFideE 4 2 iR
L, ThaMboREFIRERGL, BHERCHERRE.
HETTHBATEEMENRD .

DlbEoZ & S AR TR, REBRRECETSHEY
BORESMIREh, FOREEOREEREI RN
hic. EERREOMGCIIEYE XF T, HLE, KT
IR & AETERIZ A BN ESHUROERS L Bbh b, £
PR IEERE YR OT, FEREORELHICES
WTAZ Y —=v7RARE L COFBHERSS SO

LEbRhD. FREOFESICL YV BEDREDORE
IR D RTEEME IC D> W TS BT - 1o

& B

ANBLBOREFEBRRTH HEREBRITOWT, KR
R BHRROREMPM 7, REBRFEHCHEEL, b
2, FOHREDOERM R X ORGEEHEA DRI S 1o\ T
B L, UTFofmaBi.

WREERRBRCENT, & P HBREBTIHEDEIF

ETHEELLNLIMOI, AERTE, KTR SEE

DR, KEEE LR OMEEN I o REOEF BT
A, k< CHERE D ATEERE I S\ T, TR e b2t
Zbh, NIRYWEPBECEET S Z LARBEhie.

O L Lot a4, 1gG 2 72 ThHD
IgM 7 5 A DHHAEDEE I I D EFE 2 b,

DEEBERRBORNBTHHAK(7 F7 F)RER
797 SHBIEWTIE, bk BRET 5 HEWE &
BDTHRNC LB L Tz,

DIEERBRROMR DBFREZBE T 5 120, [EBHR
RELI O £ RENE RE B E M & IEEBR & ORERIEOH
HEBBEL, RERRBAROBEELBR L. Th

X, REHBEIARE, FRIE, A SZERE,

FREESE, HEHUE, RORWRBIE, 7 =9+ AEOEHME

ERERIEER Ule, BRERISZR I T WERFERERR
EXRLTMROR/ED, 777 7 B CHREBTHNICT
Ihi.

G fEB MR B E OPUR L, JEBIHTAERS, i~
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BT Lo Ee R0 BNRRIc it B0 L Bb
nas.
EOFHRHLEEANRET B CEERRICE 238
BMTEAMEYHEYREIR, BEOHEMENOEN
AU Bbh .
- (DIEERBEOFFY: DM IITER G CE I H
ThBH. Thik, ~)v7RMELRERNKETS
HEWHE X h BRI WA ERE & b BB~
DR EH R RTENTE S,

Ei 3

R 2 chic h HEE, HEMEE - BMRE
B ERMREE ERFHRTAERBE R 5 W
wRT e, MRS, ARMEYE Y ¥ LolEYEE
BIER=HE 70 b OB 2 IR RE, ILAERIERT
BHHLET, i, EEEARERE T LICBMSRE
SR, b OIRIBTIRICHIB T & » e RS FE
REFHER LB LT

R OEEIIE 45 B ARFERERTEH ZfiiﬁKA‘
CPRIESEABTIC TR, 5 59 Bl B AT E RS
B 2 AT IC TR, 56 46 | H A A RELTE El7k
ST ER4 (SPBL 2 AR ILTT IS CBRAMK). &8 49 [l A A T8
Fieax CFRL 3 SR ETHIC CBEIE). 88 61 [B1 H AR 4
SCFR A FEZEHe TR O Eie TR L.

o ds, AHE SR SCER A B B 58 B — R BT 58 B(No.
02454173) D—Hiz X » TfTbhic.
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Plate. 1.

Plate. 2.

Plate. 3.

An electron micrograph of an adult worm of T. spiralis which was immunostained with patient sera.
The section included cuticle(Cuw), hypodermis and muscle layers(ML). The surface of cuticle and
muscle layers were negative by immunostaing but hypodermis was positive.

An electron micrograph of an adult worm of T. spiralis which was immunostained with patient sera.
This is a transverse section of hypodermal gland(HY) with membranous structures. The hypoder-
mal gland is located in the cord which underlies cuticle(CU). The membranous structures of the
grand was strongly positive by the immunostaining. The surface and inner leyers of cuticle were
negative by immunostaining. Connective tissue that surrounded the hypodermal gland was also
positive by the immunostaining probably due to hemolymph.

An electron micrograph of an adult worm of T. spiralis which was immunostained with patient sera.
The midgut(MG) has brush border that were positive by the immunostaining. Epithelial cells of the
midgut were also positive but with less staining intensity.







Plate.

Plate.
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. An electron micrograph of an adult worm of T. spiralis which was immunostained with patient sera.

Each embryo was surrounded by the sheath(ES) which exhibited strong immunostaining. Undiffer-
entiated cells of embryos(F) were negative by the immunostaining.

. An electron micrograph of an adult worm of T. spiralis which was immunostained with patient sera.

The male worm has a testis with epithelial cells and matured sperms(S). The epithelial cells has
intracytoplasmic granules which will be exocytosed in to the lumen of the testis. The cytoplasmic
granules were strongly positive by the immunostaining. Inter-sperm space was also positive
probably due to the substance derived from the exocytosed granules.

. An electron micrograph of an adult worm of T. spiralis which was immunostained with patient sera.

The embryos(F) were devoid of effective staining but the emborynic sheath(ES) was positive by
immunostaining.

. An electron micrograph of an adult worm of T. spiralis which was immunostained with patient sera.

The fetus(F) is almost matured. The cuticle is being formed. Its cytoplasma and the embryonic
sheath(ES) were positive by immunostaining.

i
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Plate. 8. An electron micrograph of an adult worm of T. spiralis which was immunostained with patient sera.
The adult stichocytes contain two kinds of granules, namely, Type I (G 1) and Type II (G II).
Both of granules were negative by immunostaining. The adult esophagus(ES) is devoid of sub-
stances that occupy its lumen. Therefore no antigenic substance was detected in the lumen.
Thehemolymph surrounding the esophagus was positive by immunostaing.
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Plate. 9. An electron rhicrograph of an adult worm of T. spiralis which was immunostained with patient sera.
The section was cut longitudinally including cuticle(Cu), hypodermis, muscle layers(ML),
hemolymph(HE), and stichosome. The surface cuticle was negative by immunostaining. The inner
layers of cuticle muscle layers were devoid of effective staining. Most dense staining was observed
in the hemolymph. In this particular micrograph, the stichosome was weakly positive by immunos-
taining.




Plate. 10.

Plate. 11.

An electron micrograph of an adult worm of T. spiralis which was immunostained with sera from
patients with cysticercosis. The sera positively immunostained hypodermal grand(HG) especially
its membranous structures. The hypodermis(HY) was positive and the cuticle inner layers were
negative by immunostaining.

An electron micrograph of an adult worm of T. spiralis which was immunostained with sera from
patients with fasciolaris. The sera positively immunostained hypodermal gland(HG), hypodermis
(HY), brush border of the midgut(MG), Hemolymph(HE), and microvilli(MV) of ovum. cuticle
inner layers and surface were negative immunostaining.

Plate. 12.

An electron micrograph of an adult worm of T. spiralis which was immunostained with sera from
patients. with paragonimiasis. The epithelium of the seminal vesicle has intracytoplasmic
exocrine granules(G), which were positive by immunostaining. The lumen of the semial vesicle
accomodate sperms(S) whose surfaces were also positive by immunostaining. Hemolymph which
bathes the seminal vesicle was very weakly positive by the immunostaining.
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Plate. 13.

Plate. 14.

Plate. 15.

An electron micrograph of an adult worm of T. spiralis which was immunostained with sera from
patients with fasciolasis. The sera positively immunostained brush border of the midgut(MG), its
surrounding hemolymph(HE), and microvillilMV)of ovum. In this particular micrograph, inner

layers of the cuticle(CU) was positively immunostained. Muscle layers(ML) were negative by

immunostaining which acted as a negative built-in-control.

An electron micrograph of an adult worm of T. spiralis which was immunostained with sera from
patients with cysticercosis. The embryonic sheath(ES) was strongly positive by immunostaining.

The cytoplasma of fetus exhibited only weak staining.

An electron micrograph of an adult worm of T. spiralis which was immunostained with sera from
patients. with trichuriasis. The sera only weakly immunostained hemolymph. The surface and
inner layers of the cuticle(CU) were negative by immunostaining Cytoplasm of the stichosome
(ST) were devoid of efficient staining. Granules were negative by immunostaining.



