in eastern Asia, a combined molecular and morphological approach to identification and taxonomy,
Syst Parasitol, 60, 1-21, 2005.

(3) Procop GW : North American paragonimiasis (Caused by Paragonimus kellicotti) in the Context of
Global Paragonimiasis, Clinical Microbiology Reviews, 22, 415-446, 2009.

Al BE (BEXE)

) T4 SUTE

‘.’.Q.‘..’.......0‘...0."........‘.....0.....0’........‘..’..‘...Q

ADT 45 THE GRIRIEE) (2Mb 2 F AR IR A SN
TWwh, SHICMAKEADSNOEICEEST L7 4 7 ) 7 oME5ENIC
MNCEETLEERH L (AD4 ZHRRBERE)., KBTI, A74 75
UTPREORELELTY Y%7 49 ) THES Y IR VIELZTRD K.

[1] UVYNNRT4SUTE

Wi &

(1) V8% 74707, R SRIZHFETLLDTNN YT
07 MR, v L—%KE, FE-LVRREOIMESD L.
Yo7 RIRHIIHRIZIE S 548 L, £ OFSRE LR THRTA
AEND. wL—RkRE, vL—V7F, A YFLYT, 4 K%
Pioodid b, FE—VRIRRIEE, EFE-LV, AV FRYTOT
O— L 2B EVRDE £ \ZORGHT HMAFT, <L —RiRl
FIRIZFARICE 2 T LW,

(2) V) UISFRT 4T TROBRERE, SIRTI2EA, T
K, 77U BIICEL, FRLENHATHANE SNE. BHROF 90%
PNYE T T NSRRI, 10%A5% L—RIRHIC X B, HARDDT
WE 2Ny 787 FRREEORITHTH 7288, 1980 FHE T
cEEmER, Lo L, UERELR COBRBEEIILALNSD.

(3) RS YNSRI 4T TIHEE 2020 FFTIAERET AL VI
S A5 WHO % 0 C TR TH A, RO S HAITHD 5 H#Y
50 » ECTHROEREBELERETAMENERSNTED, &
BB BT AEIZRA LT WA, 2007 EICIEHRET, 2008 4E I
TEENET L72.

-144- I5E7

P S R N | ﬁ



”gg&éﬁgwwwmwwm

FERZEMBOREREZMBOEHIZRKI SN S, AMKFEEOBEA 5
BEZREBRELTTIUT, BT A=, Y7V I7(5 0 7VEER), ~
JFPARY) I L, "EVTITAw, J—awT, YN —=hE
Wb FTEERIERE UCHEE, syl Wk, FEGOLR o, ik
WO, R SO R, MERE, FHSm, Wl Xofkiim
Wb, COIIIAEEEREBEZHIZhzoTEDY, TRENICHT 558
REHBRIIAELZ o TwE, T, L OBRBIZNERLETORT — VB
HY, MHTHHIP-YPHR-BRERFATFT TV 28E50°, HEDAT—VIC
LPFRERELVEH DD L, &8, LEOFEIRITIZRBRP Y =% EOf
EE L EENAHD, RETIENGE Lk,

PUHBREIIZEARADENS W)Y, BEELAEAOEIEALE, EHLHN
MR 5 W R e R EM L BL(E %) (http//www.med.miyazaki-u.ac,jp/
parasitology/orphan/index.html) 237 AR iEHEE L L TEAIZEA L TV b,
¥ 72, FRFZEIEIX A BERYEEO TG E | (BT 700, 20104F) & 517
L, FOBFM 2RI AR — 22— VBB L TV 5,

SAREDS)8

B mEIT S ) TR, v ) TRUMNORERYE(E), i
Ji o 3 (32 3) 12 KB S AL B
WhWAMEERBEDHNOERTY, FEFIHFAL 72Uy, 2y rF<4 Ty

~145-

RereSRSE - RIS D



1322 & ViFRHBRE - MEHRFE

=1

TRV TE

chioroquine *|Avioclor | = H # - 5B|chloroquinedi & & U T|Bis#~< I U T T
o |(155mgiE| - mB#~ |#E 10me/ke, 6, 24, |13 EEIMWED
) SyT(A%k48BEERBICZ A TN YD, BEEAEFED
) 5mg/kg hiwv, ZH#~
S T7THIED
b HEBLTW3
primaquine * |Primaquine | = E1# - 537 |primaguine 5 % & L T|G6PD R TR %
: (7.5mgiE|% 5 ') 7 (4k|15mg/B, 14 B, %=
) RERICHT (P FERINZI=ZHATT
BIRBEE) | 7 TI£30mg/B, 14
=1L

X —zk EEEF- - | ECEHSHY F_—-2EEE L T EFROLDICE

kS 5 1) 7(3EE|1.56~1.8¢/B 1 H3E, BHEIEL
EHI) 5~7THE(EIC Fx 2
HA 71 EDOHA)

ATOXY | AT77x TSR A OFCOEBERELT|RS SV
Te#3v]I5Y 7(EE 15~25mg/kg(H2~3) | HDVWEET « A
(275mg $E FEF) TH3H, 26mg/kg V8| LR 7 EERE
=250mgiE ELw DEFET ST
%) T ERIIEDM

. BlfEEELT

FEr e K
atovaquone/|Malarone | #&# <7 U452 1B1H, 3BE |RRATRAROH
proguanil & (250mg/ |7 (FEEEHI) 57, FRAICH

i 100mg) Ml SV

artemether/ Riamet By 51 458%0, 8, 24, 36, 48, |FCR TIIAREL

lumefantrine| (20mg/ 7 GEEER) 60BFERBICRE L TOFHMED EV

A" - |120mg)

X=—XE* lQuinimax |BSHYSV|F-2ERELTIEAREEEF S VS
(250mgie | 7 (EEH)  |8.3mg/kg % 200~500mL | &, RO AEE
£ /2mL) N5% T KfEHKH 5\t | (loading dose) %
: AEAERICERL, 4B BVWAI LY HD

BHTTOAFEFEES~
12BEZEICRY)ERT

artesunate 2 |Plasmotrim|Z=2 7 5 1) |1 H B200mg#2[E, 2~| LEENDF=—RE

k-4 Rectocaps|7 (EEH) 2|5 BB ZhZh200me/B | FHEFEETRAIEE
(200mg) W7 BB tEBAKS nEEIL, BaE

i HEICER

w1 FNAKRIETH 57, BTN IRHRIENILIE () 7 EINEA

~146-




REMEYICHTI2EER € 1323
%2:5&#%&%@“?7U7$%@<)

FE T A~ | AT A /\f ‘750mg/5 H3E, TR UL
(250mg) & & |/NE, ¥ 7|5ARB(KBADEER). 53t JIVTEI2e%

WY TIE(F1,500mg/8 - 1B3[E, 10BRE(KIE1B1E, 3R
CTNEE ND@”‘ 7, AhEE) ; REBHITHIS

HIE) STNYTEE 750mg/B - 1B 3,

5~10BHE ,
lagyl Inj. |7RHFI 7 X ~|500mg # 8RR &, 7RRINIEE [EE 5124,
(500mg/ /3| /\EEROE BEGTOE
v ) S REESH) NEFHRHI R

Ihi-

NN DT R ET A—|FRT A —NE 1,200mg/B -1 BRETRY T
|(200mg & & |/, Y 7\H3E, THM(AXBR), 530 Y Tz
|Urs00me)  (LUTE |12,000me/B-1 83, 7 A (|0 BEEE 6

B%) 7bh3d
T TEE 400mg/B - 1H2
' B, 78E
paromomycin® [Humatin | FRE 7 X —|1,500mg/A - 1 A3, 10REF | HEDUE »
| (250mg) INE (R T |8 #®Lw
FEE)
|Sulfadiazine| MXVTIX | T4 XEEDORA: ANT7o 7 04 a£Yy >
1(500mg) iE “4~6g/H-1HA4E, EU A& 3 5B
= Daraprim ~#B200mg/H - 1B2E, * CD
(25mg) #%50~75mg/BEDHET, ERkY
BRLTN”5H4~638H
xanide * | Alinia JUTPZR1~2g/H1H2ME, 1488  #AEOST f
o (500mg) o9 hfE WO TEILD
(GEFSE) Ehns g
|Pentostam |U—2 27 |MEE, BEREE  0mgketl | WEE THE| &
1 (100me/mL) | 75 H1E#Is2s\d55E 280 |ZImurmE X
KEE  10~20mg/kg 2 1B1E|ICEYDDH3 ?}3
Bit, %% 5503 100 i
B(d3viEnLlE) =R
Impavido J—327/100mg/B - 1H2H, 288 I{XBET =
(50mg) ZT7E(A EREBORA
) PBE
# 0 EIASREGEIETH 275, Bs BB ge i (nBH) 2 P8 A

(BERBICIRBEE L 2o T b ob i)
(WIFNBBFHRT T ) T TFo—REDHHE), THEFMALEI<AL VY, &

Y, VT Tz NVANEY BT T ) (bwEF Ry FEV TS
T AIETHMD 5 2 HEH) % EXG R HUERIRIC b D 2 & 3d 5,

-147-



1324 & UREE - PR

*®3

12 (100mg)

EBHURRE

IEEY A E
B, RE K

FEERRIRRAE

10 me/kg DE@IRA

ZHERRA
THROLEX
z L

AN H Y —
J(100mg)

WRE, IEER

iE

¥ diiE 1 200mg/H - 1H2
=, 384

i€ & & fE : Smg/kg/H - 1
H3HE, 5~7HME

(F H ([ R,
$hE, /NER
£S5 LT ILICE
i O 88 R E
CHURHB Y

PP
Fo

AROXT N
—Jb(3mg)

WIS RIE,
eI AHE(E

HERIRRIE)

IS HE  200ug/kge E R
BERFICHERAE L, 28H
BICERBERVERT

AL atwIHE: 150ug/
kg DEERRAE -

g (RKE O
BTV I
HIIRBH V)

D2 D%

gy
K (600mg)

iR RAE, FFOR
RIE, H#/IERR

JE, {E MK RAE,

ERE(FHR

REEED),

vV A IRRE

B 0B R4 : 75mg/kg/B - 1
A3 38M

BF 0% & fiE © 20~40mg/kg/
B-1H2H, 38R

{E MK HRAE - 40mg/keg/H -
1g2mE, 2HME

EHERET
EXFAETF
REHATS

7N
)=

IXHYJ—
JU (200mg)

IFx /3y TR
E(aRE), &
FEREE, YR
BATE (4 X [E
£, 742EH, %
afER, SEAR)

I¥ /vy XE . 600mg/
H-183E, 288™H%%E/
14 BRAEERIERT

7 $#9 % R E : 15mg/kg/B
(R AE800mg/H)-1H2
@, 8~30HME

B HRE  10~15mg/kg/
H-1H2E, 3~78H

EHBERET
F27A1F
EEHATD

triclabend-
azole*

Egaten

1(250mg)

FHEE

10mg/kg # RERICERER
H, &% T1320mg/ke/
H-1B2B(BE®%), 1H

AHARMICE T
BEHT, #h
BN HLN
T3 (RER)

JIFIVH
Visvs

RINbZ
(50mg)

Y L NRRIKR

hd

K07 bRRBRE:
6mg/kg/H

7 L —HRIREFE : Smg/kg/H
WFhH1E83E, 126E

FratIVhiE
[CIEREHEH
WwWg, ANILA
JFERWD

% 0 EINIKEIIE T D DAY, BRI SR SERI e E (WFR) 2SE A
GRS & o TRV DB ED)

| samgopRCsroT

- BN 0% 2B A RFEDOBIITEN TW A, REIC K Y ELPIZ

-148-



REHBEYICHNTIEER € 1325

BEMFKICHRLZY, BEORELZET S

* B R IR ST R IE (BEFR) ASEA LT\ B Bk ARSI O b Z T 2
C B T ) TILBERORS THET 22%, BEREMICIIERIERS 2175
CPURHEOT I VAU FVRRE R LR OB U CIEE S ha
2, BEICL)HE - HEPELZ 70, BRMEEE A 05507
EENLE

CAFEREIIE, FERCNRTORERIELINTHRZVE DL LN

* DOPETHREEIMRBEISE o TWuRWE L LT, FRET A —1\FE, o
TVITEEINTEZA MBS =, F24YV— )b, EME $hsE bk
HHE, BBHEICNTZARYY Y =V, &HECHTETI VAT,
HHBEBIERHHEBITEICTTET ARV F V=)L, F Y ab b hECHT
BANVRAZF Vg EHBT LD

* B OMEREDSTE I CET - SR EE LS4 B LTl 254
i, BISAMER & 25

»MQ§%§§§MW“WWWMMMMWWW

FBHBT T T AP DAEROD HHATT. BREBY IR T
RIINEZDEEA, DLIHWTLE 48 XIS, 7755 IS E I
THIER S 728 »

CAPEESYV =B BNETF SV VRERICT VI - VRS E, A
TARRERDIENHNTTOT, Mtk T VT RN
CMNEFVTITARIEDIHERIIEL MBI ENDHY T, HOHE IR 2
DAEZEDENEHIICLTLHERN

*3 piCS

CBRBISUTOEEFOBETR, 7T—FI - 58656 T5H553 |
artesunate FEHE L ¥ = ~ X FHFNC R T, BEDEHFrEATNE D
ENIRER

c FRT A —NEOBROBEREFCLPEEFICHENT, A hOZFJ =L
EHBIOEBR BRI RENE

~

(AF #D5, Jul %)

-149-



1326 & HFRHE - ERE

(v45)
E31g%1354

@ 18- miEmae
® 1 [E0.5¢% 1 H 3 [ €@ ER Bz, BARE, m/pH

vz

WE MBI, BRI EREE,
IR B R
N7 7 UV, U T e ERREER

A7 0% v iEEE (mefloquine hydrochlori

XITFHEY
(AHD
€3 275mg=827.9

o< St

75 Y7 S PR AV A EEITIEH
e BERIEL S~ DV PELRRROET X
1100mg % 2 [F I 9 IR (30 ~ | TAFID LB 2 HE Ik
45kg: 4] [E1550mg, 6 ~ 8 [ | & ¥ ——REFLUL S YBE
% |C 275mg, 45kg LU L:#) [ EEE, BHAEGER FE R,
550mg, 6 ~ 8 REEI#IC550mg) FLUE, ER-FIRFIREM, T A
B (X 7 OFVTEDT S (DA X BBEERE, BHRX @
Y PRATHIB) RUERICL - [BEE D = — xRUE
T, HEICIS U 1100~ 1650mg |[EUL &, N7 » v YU v
% 2 ~ 3 [EIC9BR (30~45kg: [(HWNAREZE)

71 [E1825mg, 6 ~ 8 ¥ [ # I |€) &R 5B (R RS ARHR A
275mg. 45 ~ 60kg: 7] [6] 825mg, |Bf, F B R K HICE, K 2,
6 ~ 8 BRI # 1 550mg, 60kg L |#8EL, 7%, S48, M %, IF 4%, 9
L:#)[a]825mg, 6 ~ 8 KFfE & (BHE, WEAE, LT 0y 7,
(C550mg, B IT 6 ~ 8 BFRR I |BeE), 3R - M E (PR AN, 78
275mg) ' Bre,vav 7, B8 3 7
FB) EE T L 206.25~275mg | /32 —, BB /R4E, SEEE)
%, % 7Y T RATHIZEIE 18 (2ol KELE) © F 1, B,
REMHSEBL, ERERT L0202, BEREXEH. B
BRAR. MITHIRE BN 4 3B B TR, FBR LR, 7 « 7
MISIRA. BT ToBENR|Y 2 4 v L7, EKES, AST-
HWEETHEME(30~45kg: |ALT-LDH-TTT-ZTT-LAP |
206.25mg, 45kgll t:275mg). F |5, BUNF B4, 7k b &,CK
Bic WA BRSICIFEERIC | TGER

BEL, REBEERNE LT @D MABIRE, Cafs ¥, A
12BEET(FHENTERL EWNE.fexsivE 7
foEa, REBREEhiEn) JF7 Vv REEBE,ZRR

WS OK,BLE, 7 va—

BOBF 7 RET 7 F V HTAPARBERR I 7 F v
(HDCV),CYP3ABHER (v 2 F Vv, A F5aF/—n, U b F
En,vous4 FRABE. 7V -7 —r Y 2 — 258,
CYPIAAFERE(FFH 25V, Uo7 vy v, 72/ NVE
¥ — V&), CYPIAL CRE & % 1T 5 f 0 EH EREED 400854
(1100mg) E#E CYPIATRE I N B Z L 27 ED) HEHE,

-150-



Ve HER

aﬁlﬁ?ﬁ&i%zﬁ?é E%Eé & 1327

%c@v&zfgms 7 A % TR EEE ﬁﬁ@ﬁ@
BHAEER AL AR 5HE

N DSJ":/
(B33

E3200mg " =45.9(@u5.9),

500megY #125.5@125.5)

EED 200mg ™ 52.6(@

52.6)

FUoEFRE@E LY ax
F AN & BB

SO nREE KBRS
ERRRE, 5% (3 N AMM)-
IR T AN

GED@ 7 va—nEER R
Ok 4 3 B G EE
() B3 1M (200mg) EED)
BECEERDDRIER S
R LI T 0 v B 98 5 4
CETD G2

@ 7 B, X{&2000mg% 1 5]
PR REL

$ 1= 18 1E200mg% 7
BREEAEA
WIhsRERTHR ENO
TFREBEUES, 85K
TEMMSLECES 1BEC
Sb\wfﬁ%%ﬁmfﬁﬁ’é

(NFABENCUIISH m&&mg

755l
(EH&)

250mg %37.3(@19.7)
E4ii 250me %38.6(@®
36.4)

S HENRH LBSCELZ DS ..

B3 MRER R /)\iR
BAOMEEBRR), M-S
IKHRENES FIR3I B
"

& (R 5. Ry
B

7 — (B
AU FF N, V2N T
S LTNT Ty ERE

BOrVaEFr2E@ELNY 2
EF 2T & B BRYE)
B (2= 1[E250mg% 1 B 2
=, 108/
Oh-§ ¢ 1ug=tiy ¥ ¢ 0=
MALT Y v NE-$& R4 MR B
SRR RHBERICNT B
BERBRBII BT A~ o
NI F— o | BRIE
BFPEXFIIUY, TS5Y R|RS 7 AN BEES
AXA Y YRUPP(S VY 7 (G RS
ZY=L3mg, A X TS5Y —

W20mg, SRT SV —IL10mgDWghh 1 FI%BIR) B I &
BEAUING Y- EOVURERBSTRIOES, F5 15
250mg, 7EF YUY 1 [E750mg R TPPID 3%%[-]5%‘2 1H
2 B, 7 HEEO

| b U IEF RER

2= 1 B 1E250mg% 10~14EEEAICEA

J s

BE(TS5V— W)@ H—FE5-NVFUX,NrF04F X
T3VVR,TVRTFFEE7, R 2L T Fay 2B,
TEN VI 2B @ WEEERE

B R LEREREEH0HD

-1561-

BIERS - Wemst



1328 ¢ MIEHRE

| EnRnEE | wSEREeEE
® ) 1[E250mg7% 1 B 3EIXIE 1 E500mg% 1 6 28, 7 BE
&3 18 1E250meg% 7 ~108EERICEA

BER 72—l

(~FaegNCuEh e T T

) 5 50

A EE S

IAHV—-Ib
(GSK)
£3200mg=420.5

& T8 TR Bl
@) @R MM ERFE, RS
JRHRE (e, ZIBHCHE
Al-P+AST-
ALT-Bil LR FFRERESE

o RAE
= 1 H600mg& 3 EIcHEIL,
RECHICRA 28EEEREK
5L, 14EEARE

BTV H TN P FEN, T b AT EE
VT w2 I NNEY =GR BEER IERT 2 TR e R
FONARFHAT 1 7 B LI IEIR & 8 5 (8208 $FLIELE

s

£

; TR I B/ DR AT A
JPoint ) Co e e e

€3 1gwos12

A AN AHF(vermectin) :
AMAOXD b—JL | OlEIERGDAE @) @R FEMEREEICE, I
(MSD = 1L #) ® §9200ug/kg% 2 BREIMER T EHEIREER, FEERE,
3my ¥t 29
OF CYP3A4AEIZHS
2 #7200ug/kg% 1 €] @B AL
[HEIKk & R 15~24kg: 1
#®, 25~35kg: 2 £, 36~50kg: 3 #¢, 51~65kg: 4 #§, 66~79kg: 5
£, 80kgll £ #92001g/ kg
5 | CEEID AL, 78 (9% 111:260)
i L
"4 k= (santonin) 2
L e (] 1 D B & FEE G2 g TAl
AW ® 1 [B 6 MR 20mg, 6 ~12

BR40~80mg, 1285 Ll H100meg#% 1 H 2 B2, 2 W IEHE
A1 ERUEE 1[E

STFNANMNTE VY

T EfE(dicthylca

ANMZY

(I =2

7 45U 7 DO @@%ﬁv /J\ﬁﬁf@ﬁ%

» @5RRsEE 1 H 1/5100mg lﬁ%i@}}ﬁlﬂﬁ'%ﬁ-%%-ﬁﬁ

-152-



B SRS

B 50mezs7

(IRs0mg) % & By
150m) % 3 EIC SR, R
Jfs0me) & 8 510

SRR T B EER

BBAR RS EEL 7L
@o3E® 1 H 300mg (A B

&o® 538 18, 1 H300mg (/)

€ 1329

b F — RS R F OB R

(ETERE)
€3 100mg=52.4

100mg/g=78.5

ANV MUY

S (10%)

Bbx

I - Syl - S L SRR AR L D ERS Vv RERdE

& 1 El10mg/ke. 50kgil :500mg, Pbeds) X2 D F &[0

ENMUIEK OFFR S « Bk HiE
(SN4x) o 1E20mg/kex 1 B 2[H 2
600meg=1.243.2 =}l
QB
® 1[E20mg/kex 1 H1~2
Gl

TeEnER G EED 1

TrvEyvy

'5‘”#")")(5"/’)/,71:
P HWNATEY Y, 70
OFy, v 25V @B EI
CYPSA4 AR HE LA KU

2 ORTIMEENIBI L

b RERRERTOC KOMRISE

ARG =) |EERE

(Fvty) B AR 1 E100mg % 1
100mg=364.6 H2[E(8%) 3 B, £E20kg
BToMNRHEE EERE

@ TF - TR R
@ER sy FTFTIs5
F v —BRIER, KRR IRAE
R, PR B

GEDvAFYV, A buzy
=)y ERED 4. 4R EB) 1

53R @AB) B TL

RE BBECOHRBD

-153-

RAERSE - Nasmst



39 Paragonimus

Hiromu Sugiyama, Takhellambam Shantikumar Singh, and Achariya Rangsiruji

CONTENTS

30,1 TRETOGUCHION 1eireerrerereeesieccmsesie et ss bt
39.1.1 Classification and Morphology of Paragonimus spp
39.1.1.1 Paragonimus westermani (Kerbert, 1878) Braun, 1899 ..o

39.1.1.2 Paragonimus skrjabini Chen, 1959 and Paragonimus miyazakii Kamo et al,, 1961

............................................................................................ 421

L 422

39.1.1.3 Paragonimus heterotremus Chen and Hsia, 1964 ..o 423
39.1.1.4 Paragonimus africanus Voelker and Vogel, 1965 ..o 423

39.1.1.5 Paragonimus uterobilateralis Voelker and Vogel, 1965 ..

39.1.1.6 Paragonimus mexicanus Miyazaki and Ishii, 1968....... ..424
39.1.1.7 Paragonimus kellicorti (Ward, 1908) .....cccovvninne 424

39.1.2 Biology and Pathogenesis .......coooceirniiniirinnienccns

39.1.3 Clinical Features
39.1.3.1 Pulmonary Paragonimiasis...

........................................................................................... 424

39.1.3.2 Extrapulmonary Paragonimiasis ...
39.1.3.3 Pleuroplumonary Paragonimiasis......c.oveivieennes .
39.1.3.4 Differential Diagnosis Based on Clinical SYmMPLoms ... 425
39, 1.4 DHAZNOSIS oonveorsecreerisemiisiieses et sss st s s e rs bbb b hs b 8440 425
39.1.4.1 Conventional TEChIGUES ......vivve ittt s 425
39.1.4.2 MoJeCUIAT TECRITIGUES . c..vevveetnriseititr ettt bbb 427
3.2 MEHOMAS 1.vevievieererer s eeteeeseeeseeesce s sesseaeseesebts e s e s e es e b e s e s oA e d e R e R Lo b s E LRSS LR R e 428
39.2.1 SAMPIE PIEPATALION. «...vevtvtriitcieis ettt eb e h eSS 428
3.2, 1.1 BEES. . vureurresesermetreiieisseiseiins e s et b e R 428
39.2.1.2 Adult and Immature FIukes ... . 428
39.2.1.3 MEetacerCariat. ..o uvmvmimirmerinresireceserseees s . 429
30.2.2 DEleCtON PrOCEAUIES ...vvvetreteriietertenrte e teiie st st e ettt s e e e bbb s bbb s bbbt e 429
30.2.2.1 Reagents Tor PCR ..ot b 429
39.2.2.2 PCR Amplification and Visualization of the Amplified Products......cocovvcnii 430
39.2.2.3 PCR-RFLP ANalysiS. ..o sssssassseenes .. 430
39.2.2.4 Cycle Sequencing.....ccueiiniinninnninnnncnnnn, 430
39.3 Conclusions and Perspectives ......... . 430

RefEIeNCES uvineiieaareeeieereceieceereeeen

39.1 INTRODUCTION

The lung flukes of the genus Paragonimus cause infection
primarily in the lungs and pleural cavity. This disease entity
is called pulmonary paragonimiasis, which is difficult to
differentiate from other respiratory diseases, especially pul-
monary tuberculosis, due to its similar clinical and radiological
features [1]. Except in highly endemic areas, paragonimiasis
is never considered a public health problem, and misdiagnosis
and mismanagement of pulmonary paragonimiasis are com-
mon. In addition, extrapulmonary paragonimiasis has also
been reported as an important clinical manifestation [2].
About 50 species of Paragonimus trematodes (distoma),
including synonyms, are distributed in tropical, temperate,
and sub-Arctic zones worldwide. Human cases of paragoni-
miasis occur mainly in countries with traditions of eating

K10627_C039.indd 421

raw or undercooked second intermediate hosts, freshwater
crabs, or crayfish. Consumption of raw or improperly cooked
meat of paratenic hosts, such as wild boar, is another possible
source of infection [3,4]. Through these types of food
practices, it is estimated that about 293 million people are at
risk for infection with Paragonimus spp. and several million
people are infected worldwide [5,6].

The identification of Paragonimus spp. has relied on
morphological characters of adult flukes and metacercariae.
and sometimes eggs [7]. Recently, extensive studies of vari-
ous Paragonimus spp. have been carried out using molecu-
lar techniques based on PCR and nucleotide sequencing.
The generated DNA sequences have allowed the identifica-
tion to the species level for specimens at any developmen-
tal stage. These sequence data are also used in taxonomic
studies [8], improving our understanding of epidemiology of
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paragonimiasis. In this chapter, we provide an overview of
the morphology and taxonomy of the important Paragonimius
spp. that are involved in human disease. In relation to clinical
manifestations in patients, diagnostics involving immuno-
logical and molecular techniques are also reviewed.

39.1.1  CLASSIFICATION AND MORPHOLOGY
OF PARAGONIMUS SPP.
Traditionally, morphological characterization has been

regarded as an important criterion for identifying and estab-
lishing the taxonomy of the Paragonimus spp. Much emphasis
was placed on the morphological features of adult worms at
the macroscopic and light microscopic levels, including body
shape and size, relative size of the oral sucker to the ventral
sucker, patterns of lobulation of the ovary and testes, and
arrangement of cuticular spines. At the metacercarial stage,
morphological characteristics such as the presence of an inner
and/or outer cyst wall(s), thickness of each cyst wall (if any),
relative diameter of suckers, anterior extent of the excretory
bladder, presence and length of a stylet on the oral sucker,
presence of colored granules in the body, number of flame
cells, body spination, and arrangement of papillae around
suckers were employed as the key for species identification.
At the egg stage, the size and eggshell sculpturing were the
important keys for species identification and discrimination
[6,7]. However, the extent of variation in morphology of adult
worms, metacercariae, and eggs even among a single species
[6] makes taxonomic classification difficult.

During the last decade, extensive studies of Paragonimus
have been carried out using advanced molecular techniques
based on PCR and DNA sequencing. Accumulated nuclear
and mitochondrial sequence data have been employed to
discriminate and identify the Paragonimus spp. Subsequent
additions of sequence data for Paragonimus spp. have per-
mitted reevaluation of the phylogenetic relationships of
Paragonimus spp. [8—10]. Blair et al. used molecular phylo-
genetic analyses to divide Paragonimus spp. into five major
groups, namely Paragonimus westermani, Paragonimus
skijabini, P. heterotremus, Paragonimus mexicanus, and
Paragonimus ohirai [11]. Even though the number of valid
species in the genus Paragonimus remains controversial, it is
clear that the following seven species (or species-complexes)
are causative agents in human infection [4,6].

39.1.1.1 Paragonimus westermani
(Kerbert, 1878) Braun, 1899

P. westermani is the type species of the genus that was first
described by Kerbert in 1878 based on adult worm speci-
mens obtained from the lungs of a Bengal tiger that died at
the Amsterdam Zoo in 1877 [4,9]. The adult fluke is oval
in shape. Its surface is covered with singly spaced cuticu-
lar spines. The oral sucker is usually slightly larger than the
ventral sucker. The testes are divided into five or six lobes,
while the ovary is simply branched into six lobes. The meta-
cercariae are spherical, ~280—450 pm in diameter depending
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on region of origin [4]. It has thick inner and thin outer cyst
walls. Larval body is expanded to the entire cyst.

P. westermani is widely distributed from East Asia (China,
Taiwan, Korea, Japan, and Southeast Siberia), Southeast Asia
(the Philippines, Malaysia, Thailand, and Vietnam) to South
Asia (Sri Lanka and India). Different populations isolated
from various geographical regions show differences in ani-
mal and/or human susceptibilities {4.6]. Confirmed cases of
human infection have been reported only from East Asian
countries and the Philippines. Among P. westermani iso-
lates, different ploidy levels, including diploid, triploid, and
tetraploid, have been observed [9]. The triploid form has been
reported only from East Asian countries and is regarded as
being more pathogenic in humans [12]. The eggs of trip-

loids are much bigger than those of diploids (92 x 50 ftm on

average for the triploid and 80 x 44 um for the diploid from
Japan), and the eggshell of the triploid form is often thickened
at the nonoperculated end. The tetraploid form was found to
be restricted to Northeast China [13] and their pathogenicity
to mammals, including humans, has remained unclear.

From the isozyme studies carried out by Agatsuma et al.
[14,15] of P. westermani in East and Southeast Asia, it was
observed that genetic distances of diploid populations in
East Asia (Japan and Taiwan) were different from those in
Southeast Asia (Malaysia and the Philippines). The diploid
populations from East Asia show relatively high similarity to
one another and to the triploid populations, but in Southeast
Asia, the diploid populations were genetically distant.

Molecular phylogenies based on the second internal
transcribed spacer 2 (ITS2) of the nuclear ribosomal DNA
(nrDNA) and cytochrome ¢ oxidase subunit I (cox]) gene
of mitochondrial DNA (mtDNA) have shown that P. wes-
termani is partitioned into at least two groups [12,16]. One
group comprises members from East Asia (China, Japan,
Korea, and Taiwan) and includes both diploid and triploid
forms. Tt was reported that this group exhibits relatively small
molecular variation and, therefore, it is postulated that the
triploid form arose somewhere in the East Asia group [17].
The second group includes isolates from Southeast Asia
(Malaysia, Thailand, and the Philippines) that were geneti-
cally distant from one another. These results were in accor-
dance with previous isozyme studies by Agatsuma et al.
[14,15]. In 2008, additional P. westermani isolates, including
isolates from Vietnam, India, and Sri Lanka, were analyzed
using sequences of the ITS2 region and cox] gene {18}, and
the resulting phylogenetic trees revealed three groupings of
P. westermani isolates originating in each of East, Southeast,
and South Asia. This grouping seems to be in good agreement
with the geographical distributions of P. westermani exam-
ined to date. In addition, according to Blair et al. [19], phylo-
genetic analyses of the ITS2 region and cox/ gene also showed
a close relationship between P. westermani and Paragonimus
siamensis. All evidence from cytological as well as molecular
studies have, therefore, indicated that P. westermani consists
of a complex of cryptic/sibling species.
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Sugiyama et al. [20] found two forms of P. westermani
metacercariae in a single crab species during intensive
field surveys in southern Thailand. The metacercariae were
similar in morphology but were quite different in size from
each other. The large metacercarial form was referred to as
P. westermani, and the small form as P. westermani-like. In
an attempt to obtain adult P. westermani and P. westermani-
like, experimental infections to cats were carried out. Results
indicated that the morphological features of P. westermani-
like were fundamentally identical to those of P. westermani
(diploid type) at the adult stage. However, the susceptibil-
ity of feline hosts to P. westermani-like was found to be
different from that of P. westermani. P. westermani-like
in the juvenile form is lodged predominanily in the liver,
while some matured into adults in the lungs or pleural cav-
ity. In contrast, adult or at least preadult P. westermani were
detected only from the pleural cavity or lungs. Phylogenetic
relationships-based combined sequence data of the ITS2
region and cox] gene showed that P. westermani-like placed
as a sister group of P. westermani in Southeast and East Asia
groups [21]. Taken together, data on the susceptibility and
molecular analyses suggest that P. westermani-like could
be regarded as another form within P. westermani species
complex.

39.1.1.2  Paragonimus skrjabini Chen, 1959 and
Paragonimus miyazakii Kamo et al., 1961

The first reported specimens of P. skrjabini were isolated
from the lungs of a viverrid in China. The adult fluke of
P. skrjabini is long, slender, and spindle-shaped, and its
surface is covered with singly spaced cuticular spines. The
ventral sucker is slightly Jarger than the oral sucker and is
located anteriorly at about one-third of the length of the body.
The ovary and testes are delicately branched and rather small
relative to the size of the body. The metacercariae are spheri-
cal, with a diameter of 400450 pm and are enveloped with
outer and inner cyst walls. This species occurs in various
parts of China as well as in Thailand and the northeastern
part of India [4,9,22].

The first reported adult specimens of P. miyazakii were
isolated from a cat experimentally inoculated with metacer-
cariae. After its discovery, it was confirmed that adults of
P. miyazakii had been isolated from weasels and martens in
western Japan [23]. P. miyazakii occurs in Japan.

Blair et al. [12] performed a phylogenetic study and deter-
mined that P. skrjabini from China was very closely related to
P. miyazakii; for example, their ITS2 sequences were found to
be identical. Blair et al. [11] then compared morphometric data
with molecular phylogenetic findings to establish the identities
of P. skrjabini and its related species, including P. miyazakii.
They found that P. skrjabini from eastern China (Fujian
Province) alone was phylogenetically very close to P. miyazakii
from Japan, proposing that both populations should be referred
to as the same subspecies as P. skrjabini mivazakii. 1t was
also proposed that P. skrjabini populations from other parts
of China should be named P. skrjabini skrjabini. They also
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regarded other related species as synonyms (e.g., Paragonimus
szechuanensis) or cryptic/sibling species (e.g., Paragonimus
hokuoensisy of P. skrjabini and concluded that P. skrjabini
represents a separate species complex [11]. In this chapter, how-
ever, P. miyazakii from Japan is not referred to as P. skrjabini
miyazakii but as P. miyazakii hereafter.

P. skrjabini was sometimes designated as Pagumogoninius
skrjabini in old Chinese literature. In addition, the genus
Euparagonimus was established for the lung fluke species
Euparagonimus cenocopiosits. These two additional genera
(Pagumogonimus and Euparagonimus) were created on the
basis of adult characters. Recent molecular studies, however,
indicated that these two additional genera were artificial and
thus untenable [10].

39.1.1.3 Paragonimus heterotremus
Chen and Hsia, 1964

This species occurs from south China to northeast India
through Southeast Asian countries such as Vietnam, Laos,
and Thailand [9]. The distinctive morphological feature of
P. heterotremus at the adult stage is the large oral sucker that
is more than twice as wide as the ventral one; the specific epi-
thet of this lung fluke comes from that morphological charac-
teristic. In most Paragonimiuis spp., that is, species other than
P. heterotremus and Paragonimus africanus (see below), the
oral and ventral suckers are similar in size. The ovary and
testes are delicately branched and the latter is larger than the
former. The cuticular spines are singly spaced. The meta-
cercariae are readily identifiable due to small size, elliptical
shape, and thickening of the inner cyst wall at both polar
ends [4].

Recently, Waikagul [24] reported a newly described lung
fluke species, Paragonimus pseudoheterotremus. This species
is morphologically very similar to but genetically distinct
from P. heterotremus, based on nucleotide sequence differ-
ences in cox] genes [25]. This finding suggests that P. pseudo-
heterotremus is a cryptic/sibling species to P, heterotremus.

39.1.1.4 Paragonimus africanus Yoelker
and Vogel, 1965

This species is distributed in sub-Saharan west African
countries such as Cameroon, Nigeria, Equatorial Guinea,
and Ivory Coast [9,26]. The adult fluke has an oral sucker that
is considerably larger than the ventral one. The ovary and
testes are both complexly branched; the testes are relatively
larger than the ovary. The egg is large, with an average size
of 91 x 49 um. The metacercariae are spherical in shape with
inner and outer cyst walls [4].

39.1.1.5 Paragonimus uterobilateralis

Voelker and Vogel, 1965
This species is also distributed in sub-Saharan west African
countries such as Cameroon, Nigeria, Liberia, and Gabon
[9,26]. In the adult fluke, the oral and ventral suckers are
almost the same size. The ovary is delicately branched while
the testes are moderately branched and larger than the ovary.
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The cuticular spines are singly spaced. The eggs are much
smaller than those of P. africanus, measuring 69 X 42 jim on
average. The metacercariae are enveloped with a thin single
cyst wall [4].

39.1.1.6 Paragonimus mexicanus

Miyazaki and Ishii, 1968
This species is widespread in Central and South American
countries from Mexico through Peru and is the only known
species causing human paragonimiasis in those areas [9]. The
adult fluke possesses profusely divided ovary and testes. The
oral sucker is moderately larger than the ventral one, and egg
size averages 79 X 48 pm with the surface of the shell show-
ing marked undulation; eggshells of other species listed here
have a smooth surface. The metacercariae have no cyst wall
and are found free in the tissues of intermediate crab hosts [4].

39.1.1.7 Paragonimus kellicotti (Ward, 1908}

This species is found in the United States (east of the Rocky
Mountains) and southern Canada [9]. The adult fluke has
moderately branched ovary and testes; the former usually
smaller than the latter. The oral sucker is slightly smaller
than the ventral sucker. Cuticular spines are singly spaced.
The egg is large, with an average size of 91 x 57 um. The
metacercariae are spherical in shape with inner and outer
cyst walls and are exclusively parasitic in the heart of fresh-
water crayfish [7].

39.1.2 BioLoGY AND PATHOGENESIS

To complete the life cycle, Paragonimus spp. require three
hosts [4]. Carnivorous or omnivorous animals and humans are
the definitive hosts, freshwater snails are the first intermediate
hosts, and freshwater crabs, and occasionally crayfish, are the
second intermediate hosts. Adult worms inhabit worm cysts
formed in the Tungs of definitive hosts. Eggs laid by the adult
worms become mixed with sputum, and if sputum is ingested,
eggs may be excreted from the hosts to the external environ-
ment. In water, the eggs develop further, and miracidia hatch
and enter into the first intermediate snail hosts, where they
replicate asexually through stages of sporocysts and two
generations of rediae and finally produce large numbers of
cercariae. These cercariae infect the second intermediate crab
or crayfish hosts, and become encysted as metacercariae in
the gills, heart, midgut gland, genital organs. or muscle tis-
sues. When the infected second intermediate hosts are eaten
by an appropriate definitive host, the larvae excyst from
metacercariae in the small intestine and enter through the
intestinal wall into the peritoneal cavity and tissue. The grow-
ing larvae migrate through the diaphragm into the pleural
cavity. Generally, the larvae invade the lung parenchyma after
pairing with potential partners despite being hermaphroditic,
grow to adult stage in a worm cyst and start laying eggs.
When an infected second intermediate host is ingested
by an inappropriate host, larvae may not migrate into the
thoracic cavity and inhabit the lung parenchyma, but instead
remain in an immature stage, as in the case of P. skrjabini

Molecular Detection of Human Parasitic Pathogens

infection in humans [27]. Similatly, P. westermani larvae in
the wild boar migrate to body muscles from the peritoneal
cavity and remain there in a larval stage for a long period;
these paratenic hosts are now becoming the major source of
human infection in Japan [28].

In paragonimiasis, pathological lesions are due to migration
of the worms through the tissue, toxic metabolites produced
by the growing larvae, the presence of adult worms and eggs
and the host’s immune response leading to the formation of
inflammatory granuloma and encapsulation in the lungs [2].

39.1.3 CunicaL FeaTures

Most Paragonimus infections are asymptomatic due to
the mildness of infection, and spontaneous resolution is
common, as demonstrated by high rates of immunologi-
cally positive cases in endemic areas [29]. The majority of
symptomatic patients develop reéspiratory symptoms, while
others develop symptoms related to the affected organ or
tissue. Clinically, paragonimiasis can be classified into
three main forms [30,31]: pulmonary, extrapulmonary, and
pleuroplumonary.

39.1.3.1 Pulmonary Paragonimiasis

Pulmonary paragonimiasis is the most common form of
paragonimiasis [31]. The major presenting symptoms include
cough, chest pain, and expectoration of blood-stained or rusty
brown sputum, or recurrent hemoptysis, which appear after
an incubation period of 2—4 months. Hemoptysis is often
increased on physical exertion, and may be severe enough to
require hospitalization with blood transfusion.

The common associated symptoms are difficulty in breath-
ing, fever, headache, and weakness, and the more uncom-
mon symptoms are weight loss and anemia. The clinical and
radiological features of pulmonary paragonimiasis are indis-
tinguishable from pulmonary tuberculosis, so pulmonary
paragonimiasis cases are typically first diagnosed as smear
negative pulmonary tuberculosis [1,30,32-34]. Similarly, it
is difficult to differentiate pulmonary paragonimiasis from
lung cancer [35,36].

39.1.3.2 Extrapulmonary Paragonimiasis
Extrapulmonary paragonimiasis is usually associated with
past or present pulmonary infection and is further classified
by infestation site.

39.1.3.2.1
This form, which presents as pleuritis or pleural effusion
with or without pneumothorax, occurs in 17% of extrapul-
monary paragonimiasis cases [31]. Pleural effusion is usually
bilateral and is more common in children. The associated
symptoms are chest pain, breathlessness, a cough, and
sometimes fever. Paragonimus eggs are rarely detected in
the pleural fluid aspirate; however, high eosinophil count,
low pH, high protein level, low glucose level (<10 mg) and
high lactate dehydrogenase (1600 IU/L) are consistent with
pleural paragonimiasis [37,38].

Pleural Paragonimiasis
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39.1.3.2.2  Cutaneous Paragonimiasis

This formn accounts for about 16% of extrapulmonary
paragonimiasis cases [31]. Aberrant parasites lodge in the sub-
cutaneous tissue and form migratory subcutaneous nodules. The
nodules initially appear on the chest or abdominal wall and then
gradually migrate to the inguinal region, genitalia, and lower
limbs. The nodules are characteristically mobile, nontender,
firm in consistency, and measure 2-5 cm in diameter. Rarely,
nodules remain at the location without further migration [39].

39.1.3.2.3 Cardiovascular Paragonimiasis

"This is one of the rare, but serious, conditions in which pul-
monary paragonimiasis may be associated with pericarditis,
myocarditis, and congestive heart failure, especially in young
children. The patient may die of congestive heart failure in
spite of praziquantel therapy [40].

39.1.3.2.4 Abdominal Paragonimiasis

Gastrointestinal symptoms develop in most of the patients
during the early period of the infection due to the growing lar-
val flukes entering through the intestinal wall into the perito-
neal cavity. Abdominal distension, multiple intra-abdominal
nodules, hepatomegaly, and peritonitis may also occur due to
migration of larval flukes, which probably mature into gravid
adults, release eggs and then die [41].

39.1.3.2.5 Neuroparagonimiasis

Cerebral paragonimiasis is the most serious form of paragoni-
miasis commonly seen in younger age groups [42]. Clinical
symptoms include epileptic fits, headache, nausea, vomiting,
visual disturbances, blindness, aphasia, and hemiplegia or gen-
eralized muscular paresis [43]. Cerebral paragonimiasis can be
difficult to differentiate from cerebral tuberculoma, and brain
diseases caused by other parasites, such as Schistosoma japon-
icum, Gnathostoma spinigerum, and Angiostrongylus canto-
nensis [44,45]. Diagnosis can be made by serological tests and/
or imaging techniques such as x-ray, computerized tomography
(CT) scan and magnetic resonance imaging (MRI) [46,47].

39.1.3.2.6 Urinary Type
Rarely, renal infection causing hematuria, painful scrotal
swelling and ocular infection have been reported {27].

39.1.3.3 Pleuroplumonary Paragonimiasis

In about 6% of cases, infection occurs in both the pleural
cavity and the lungs [31]. In this form, symptoms of pleural
effusion such as pleuritic chest pain and dyspnea are associ-
ated with cough, expectoration of blood streaked sputum or
recurrent hemoptysis. Paragonimus eggs are frequently pres-
ent in the sputum smears.

39.1.3.4 Differential Diagnosis Based

on Clinical Symptoms
The most important clinical symptom of pulmonary
paragonimiasis is the expectoration of blood-stained
sputum or recurrent hemoptysis. Differential diagnosis of
infectious causes of hemoptysis should include pulmonary
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paragonimiasis, tuberculosis, bronchitis, bronchiectasis,
pneumonia, hydatid disease, amebiasis, schistosomiasis.
aspergillosis, and histoplasmosis. However, most standard
text books hardly mention pulmonary paragonimiasis, and
this may be the reason why clinicians usvally fail to diagnose
cases presenting with hemoptysis as pulmonary paragonimi-
asis. Careful history taking and thorough laboratory inves-
tigations are the preliminary steps in elucidating the cause
of hemoptysis, although the cause may not be determined
in about 50% of the cases. In areas with high incidences of
paragonimiasis, pulmonary paragonimiasis should always be
considered for patients presenting with hemoptysis who have
a history of consuming crabs or crayfish [31,48].

39.1.4 DiaGNOSsIS

Conventional methods for the diagnosis of Paragonimiss
infections usually require detection of eggs discharged
in sputum or stool samples. However, eggs are not always
observed in clinical specimens, especially during the prepa-
tent period of infection and in extrapulmonary paragonimia-
sis. To overcome the limitations of conventional methods in
detecting eggs, immunological tests such as enzyme-linked
immunosorbent assay (ELISA) have been applied to achieve
a quick but adjunct diagnosis.

39.1.4.1 Conventional Techniques
39.1.4.1.1 Microscopic Examination of Clinical

Samples for Paragonimus Eggs
A definitive diagnosis of paragonimiasis is usually made by
finding characteristic golden brown, ellipsoidal or oval, and
operculated Paragonimus eggs in the sputum or feces but
rarely in the pleural fluid. Direct microscopic examination of
at least three early-morning sputum samples is recommended
for the detection of Paragonimus eggs in (pleuro)pulmonary
paragonimiasis.

Similarly, three to four fresh or formalin-preserved fecal
samples should be examined for the detection of Paragonimus
eggs either by direct wet mount cover slip preparation or after
AMS 1II concentration techniques [49] or formol-ether sedi-
mentation technique (the modified method is recommended)
[50] for a definitive diagnosis. Examination of stool samples
is especially important in suspected, but apparently sputum-
negative cases and in young children who usually do not
expectorate but swallow sputum [30].

Charcot Leyden crystals (CL.C) are usually present in the
sputum of paragonimiasis cases, even when Paragonimis
eggs are not detectable. Therefore, the presence of CLC in
the sputum in a clinically and epidemiologically suspected
case is a strong indication of pulmonary paragonimiasis [30].

39.1.4.1.2  Hematology Investigation

Paragonimiasis, especially in children, is characterized
by marked eosinophilia with absolute eosinophil counts
ranging from 650 to 4000/mm*® and increased erythro-
cyte sedimentation rate. Therefore, elevated eosinophil
count may strongly indicate diagnosis of paragonimiasis
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in a clinically and epidemiologically suspected case. Many
cases of paragonimiasis present with leucocytosis character-
ized by a total white blood cell count varying from 10,200
to 16,350/mm? and mild lymphocytosis [30.38]. In contrast,
hemoglobin values remain within normal limits despite
frequent expectoration of blood-stained sputum or recurrent
hemoptysis in most patients.

39.1.4.1.3  X-Ray and Other imaging Techniques

The common abnormal findings in the chest roentgenograms
are ill-defined patchy consolidations 5-60 mm in size (63%),
pleural thickening or blunting of costophrenic angle (53%),
nodular densities 1-4 cm in diameter (13%), cavities (11%),
and pleural effusion that is usually bilateral (60%) [32]. Chest
roentgenograms may be normal (15%), even in symptomatic
patients with or without detectable Paragonimus eggs in
sputum specimens [32]. CT and MRI are better techniques
for visualization of the lesions in the lungs and lungs/brain,
respectively {46,47,51].

39.1.4.1.4  Immunological Techniques

Immunological techniques play an important role in diagnosis
during the prepatent period of infection and in extrapulmo-
nary paragonimiasis in which eggs are not detectable in typi-
cal clinical specimens. Tests based on various immunological
techniques have been used: intradermal (ID) test, comple-
ment fixation test (CFT), immunodiffusion test, indirect
hemagglutination (IHA) test, ELISA, and immunoblotting.

39.1.4.1.5 D Test

The ID test is simple, easy to perform, inexpensive, rapid,
and highly sensitive; it was widely and effectively used over
the past several decades in Japan [2]. The test has been used
in countries such as India [29] and Laos [52] for mass screen-
ing in epidemiological surveillance of paragonimiasis as
well as laboratory diagnosis. 1t is valuable in distinguishing
pulmonary paragonimiasis from pulmonary tuberculosis,
especially in areas where these are coendemic. The test is
performed by intradermally inoculating of the test antigen
on the volar aspect of the forearm and observing wheal for-
mation diameter 15 min after inoculation. The major disad-
vantage of this test is the inability to distinguish between
past and current infection as a positive result may remain as
long as 10-20 years after successful treatment or spontane-
ous recovery [2]. It is also possible that cross reaction with
other trematodiasis like schistosomiasis and clonorchiasis
will produce a positive result if crude antigen is used, but this
can be avoided by using purified and fractionated antigen; the
sensitivity and specificity of the ID test can be up to 100%
with the purified and fractionated antigen [53].

39.1.4.1.6  Complement Fixation Test

The CFT is a highly specific test used to diagnose active
infection and to confirm ID positive cases. Because the test
result becomes negative within 3-9 months after success-
ful treatment, it can be used for therapeutic evaluation [54].
This test is not suitable for routine use owing to its lower
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sensitivity, long sampling-to-result time, labor intensiveness,
and that it requires experienced technicians.

39.1.4.1.7  Immunodiffusion Test

Biguet et al. [55] first developed the immunodiffusion method
for the diagnosis of paragonimiasis. The double-diffusion
technique (Ouchterlony’s method), immunoelectrophoresis,
and counter-current electrophoresis are highly sensitive and
specific tests and can be used for species differentiation by
demonstration of specific precipitation bands [56-58].

39.1.4.1.8 IHA Test
The IHA test is another simple, rapid, and highly sensitive
test used in the diagnosis of human paragonimiasis [59].

39.1.4.1.9  Enzyme-Linked Immunosorbent Assay

The first report of the application of ELISA in the diagnosis
of paragonimiasis in Thailand was made in 1981 [60]. ELISA
is now most widely used as serological tests of choice for
their high sensitivity and specificity [61]. The tests are also
applicable to mass screening [62]. ELISA tests based on dif-
ferent techniques and with different antigen preparations
have been developed; other ELISA techniques include sand-
wich ELISA, which uses a monoclonal antibodies-based
antigen detection assay [63] and multiple dot-ELISA, which
is now commonly used in Japan for diagnostic purposes [64].
Different antigen preparations include F1 antigen, which
attains 100% sensitivity and specificity in P. heterotremus
infection [65]. ELISA test using excretory and secretary (ES)
products of Paragonimus as the antigen also affords high
sensitivity and specificity in the diagnosis of paragonimia-
sis [66]. Generally, though ELISA has been used to detect
parasite-specific IgG antibodies, IgM-ELISA was proven
to be useful for the diagnosis of infection in its carly stages
[67] and IgE-ELISA was suggested to be useful in evaluating
chemotherapy for paragonimiasis due to the short half-life
of IgE antibodies [68]. An ELISA inhibition test has been
established to differentiate infection-causing lung fluke spe-
cies [36]. The test serum was incubated with either serially
diluted P. westermani or P. miyazakii antigen, and the set
of serum samples was used to measure the antibody titers
against the respective antigens by ELISA. The reactivity of
the test serum was inhibited more effectively after incubation
with the homologous (causative species) antigen. The disad-
vantages of ELISA tests are that they are time consuming and
require expensive equipment and experienced technicians.

39.1.4.1.10  Immunoblotting

Researchers have attempted to use sodium dodecyl sulfate
polyacrylamide gel clectrophoresis (SDS-PAGE) and immu-
noblotting techniques to characterize the antigenic substances
that react with sera of infected patients and test animals.
Using this technique, Sugiyama et al. [69] determined that the
27-kDa substance in the adult fluke antigen is applicable for
diagnosis of paragonimiasis westermani in not only definitive
hosts but also in paratenic hosts. They also determined that
the antigenic substance is located in the gut of both adult and
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immature flukes by the immunoperoxidase staining technique
[69), suggesting that the substance is probably as ES product.
The reactive band of 31.5 kDa in the immunoblot assay was
described as a specific substance for P. hererotremus infec-
tion, which can be used for the serodiagnosis of infected
patients [70] and also to evalvate the effect of praziquantel
therapy [71]. The differential diagnosis between P. hetero-
tremus and P. westermani infections was made using adult
P. heterotremus extracts [72]; a 35-kDa molecule was found
to be P. heterotremus-specific. Generally, though immunob-
lotting analyses detect parasite-specific IgG antibodies, IgE
immunoblot was carried out and proved to reduce cross-
reactions with other trematode infections [73].

39.7.4.1.11  Rapid Test

Recently, the dot-immunogold filtration assay (DIGFA)
kit was developed in China for the detection of anti-P.
westermani antibodies. The kit is based on the principle of
a membrane-based flow-through immunoassay technique.
Anti-human IgG conjugated with gold-colloids are applied
after the test sera to the kit and the results are visualized
within 10 min. The kit was prepared using P. westermani
anfigen and the sensitivity and specificity of the kit were
reported to be up to 99% and 92%, respectively {74]. The
kit was also found to be applicable in Japan to detect serum
antibodies in patients infected with either P. westermani or
P, miyazakii [75].

39.1.4.2 Molecular Techniques

The morphological characteristics of adults and metacercariae
specimens, and sometimes eggs, are used to identify and
discriminate the Paragonimus spp. (see Section 39.1.1).
However, it is not always possible to make an identification
of the causative species based only on the morphological
characteristics of specimens available in clinical samples. In
that case, molecular-based diagnostic techniques including
PCR and DNA sequencing have been applied [76,77]. Other
potential techniques, such as restriction fragment-length
polymorphism (RFLP) analysis, PCR-RFLP, multiplex PCR,
random amplified polymorphic DNA (RAPD) and DNA
hybridization, have also been explored for the identification
and discrimination of Paragonimuts spp. using specimens at
various life cycle stages as well as having damaged, incom-
plete, or indistinguishable morphological characteristics [6].
All these techniques have also been utilized for the genetic
characterization and/or phylogenetic analysis of paragoni-
miasis causative agents. The data obtained from these inves-
tigations can be further applied to paragonimiasis control
programs.

39.1.4.2.1 PCR and DNA Sequencing

In 2000, Chang et al. [77] amplified and sequenced the 1TS2
region from eggs recovered from sputum of a Chinese patient
with paragonimiasis. Sequence alignment showed 100%
similarity with a sequence from P. westermani eggs obtained
from an experimentally infected dog, indicating the causative
agent to be P. westermani. A similar method was applied by
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Singh et al. [48,76] to determine the etiological agent of human
paragonimiasis in India as P. heterotremus. In Vietnam, Le
et al. [78] used Paragonimus DNA from different life cycle
stages, including eggs, miracidia and adults recovered from
a human host. Their phylogenetic trees, based on ITS2
region and cox/ gene sequences, revealed a distinct group of
P. heterotremus from Vietnam, Thailand, and China. These
findings also demonstrated that, regardless of life cycle stage
of the specimens used, molecular techniques were accurate
and rapid in identifying this parasite as P. heterotremus. In
addition, PCR methods to detect copro-DNA (genomic DNA
derived from Paragonimus eggs in feces) have been devel-
oped. Using fecal samples, Intapan et al. [79] and Nkouawa
et al. [80] demonstrated that the approaches were effective
in diagnosing P. heterotremus and P. africanus infections in
cats and hwmans, respectively.

39.1.4.2.2  Restriction Fragment-Length Polymorphism
Agatsuma et al. [81] examined genetic differences between
the Japanese diploid and triploid P. westermani. RFLP
analysis of the entire mitochondrial genome using Psil
endonuclease showed that all diploids produced two bands
while only one band was generated by triploids. Blair et al.
[12] mentioned that the parthenogenetic triploid form was
more pathogenic than the diploid form, making the ability
to use molecular techniques to distinguish these two forms
medically important.

39.1.4.2.3 PCR-RFLP

The prevalence of lung fluke metacercariae, which are
pathogens that cause human paragonimiasis, can be inves-
tigated using PCR-based techniques and DNA sequencing.
The metacercariae of P. westermani and P. miyazakii, which
are morphologically quite similar, were discriminated based
on the ITS2 region (520 bp) using PCR-RFLP and PCR
amplification with species-specific primers. For PCR-RFLP,
restriction enzymes SnaBI and BssSI were used; the former
cleaved only the ITS2-amplified product from P. wester-
mani, producing two fragments of ~420 and 100 bp, and the
latter only digested P. miyazakii PCR products and generated
two fragments of about 300 and 220 bp. Another technique,
using either a P. westermani-specific primer (PwR1) or a P.
miyazakii-specific primer (PmR1I), vielded PCR products of
about 420 bp only from the respective species when applied
with a consensus forward primer (3S) [82].

39.1.4.2.4 Multiplex PCR

Molecular methods established to differentiate among
species have relied mainly on nucleotide differences in the
ITS2 region. Sugiyama et al. [83] developed a multiplex PCR
method which used interspecies conserved and species-specific
primers designed from the sequences of the ITS2 region, and
which allowed species discrimination of individual metacer-
cariae in a single-tube reaction. The newly designed forward
primers. PwF1 and PmF1, were used in combination with
the consensus reverse primer, A28, to obtain specific PCR
products from P. westermani and P. miyazakii, respectively,
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Although ~520 bp PCR products were obtained from both
species, each product had a distinctive band, that is, about
140 bp for P. westermani and about 300 bp for P. miyazakii.

39.1.4.2.5 Random Amplified Polymorphic DNA
Intapan et al. [84] reported the use of another PCR-based
technique, known as RAPD, to discriminate among five spe-
cies of Paragonimus in Thailand. RAPD patterns obtained
from amplification with an arbitrary primer, P2, showed that
P. heterotremus, Paraganimus harinasutai, P, siamensis,
Paragonimus bangkokensis and P. westermani were geneti-
cally distinct. A dendrogram constructed from the observed
genetic polymorphisms revealed a close relationship between
P. heterotremus and P. harinasutai.

39.14.2.6 DNA Hybridization

In 1997, Maleewong et al. [85] established a DNA hybrid-
ization technique for the detection of P. heterotremus DNA
in fecal samples of experimentally infected cats. A radioac-
tively labeled probe utilizing a highly repetitive DNA frag-
ment (ca. 1500 bp; probably a portion of a retrotransposon
[8]) derived from a P. heterotremus genomic DNA library
could detect as few as two P. hererotremus eggs. This method
has 100% specificity and sensitivity.

39.2 METHODS

Sample collection and preparation for molecular methods
for identifying and discriminating Paragonimus spp. are
described below. Detection procedures such as PCR. PCR-
RFLP analysis, and cycle sequencing are also described.

39.2.1 SAMPLE PREPARATION

39.2.1.1 Eggs
Detection and collection procedures of eggs from the sputa
and/or feces of patients and definitive mammalian hosts are
described above (see Section 39.1.4.1.1). If the sputum sam-
ple contains much mucus, the sample should be sedimented
before isolating eggs. Briefly, digest the sputum with five vol-
umes of 5% sodium hydroxide for 10 min and centrifuge for
5 min at 2000 x g. This procedure, as well as AMS III con-
centration or formol-ether sedimentation techniques, does not
affect the integrity of eggs for further molecular examination.
A method has been developed to extract DNA from a small
number of P. westermani eggs using proteinase K (Qiagen)
and NP-40 (e.g., Tergitol-type NP-408, Sigma-Aldrich Co.)
for amplification by PCR [77]. More effective methods have
also been applied in order to extract DNA from individual
eggs [48,76]; a method using proteinase K and SDS was
originally developed for extracting DNA from metacercariae
[86]. Prior to the start of the extraction by these methods,
the additional step of puncturing the shell of the egg with a
dissecting needle is recommended [87]. This step gives the
extraction solution access to the vitelline cells and oocytes
inside the egg.

Molecular Detection of Human Parasitic Pathogens

Reagents: Proteinase K-SDS solution (1 mL) [86]

. 30 yL of 5 M NaCl.

1

2. 10 puL of 1 M Tris-Cl pH 8.0.

3.20 pL of 0.5 M EDTA.

4. 5 L of 20% SDS.

5. 10 uL of proteinase K (20 mg/mL).

6. 925 pL of distilled water to adjust the total volume

of the working solution to 1 mL.

39.2.1.1.1 Procedure

1. Place several eggs on a concave slide (i.e., a glass
microscope slide having a concave cell in the center
of the slide) filled with distilled water.

2. Wash the eggs with several changes of distilled water
using a micropipette under a dissecting microscope.

3. Puncture the shell of each egg with a dissecling needle.

4. Transfer each punctured egg in a small amount of
water, for example, 1 UL, inte each 1.5 mL micro-
centrifuge tube or 0.6 mL thin-walled microcentri-
fuge tube.

5. Add 7 uL of proteinase K-SDS solution to each
tube and incubate the tubes at 60°C for 1 h to
overnight (until the tissue in each tube becomes
solubilized).

6. Add the following reagents to each tube and then
hold the tube at —80°C for 10 min for ethanol
precipitation.

a. 0.8 uL of 3 M sodium acetate (pH 5.2).
b. 20 pL of absolute ethanol.

7. Centrifuge the tubes at 4°C at 8000 x g for 10 min to

pellet the extracted DNA,; discard the supernatant.

. Rinse the pellets with 0.1 mL of 70% ethanol.

9. Centrifuge for 10 min with the same conditions; dis-
card the supernatant.

10. Place the tube at 60°C for 1 min to evaporate the
remaining ethanol.

11. Add an appropriate amount of Tris-EDTA buffer,
for example, 50 1L, to each tube and heat the tubes
at 95°C for 10 min to inhibit Proteinase K activity.

12. Determine the DNA concentration spectrophotom-
eterically and proceed to PCR amplification.

o]

39.2.1.2 Adult and Immature Flukes
Occasionally, adult worms are expectorated in the sputum [88]
or recovered from the cyst in tissue removed by surgery [89]
or at necropsy [90]. Immature (without eggs) or adult (with
eggs) worms are isolated or found in the biopsy material of
subcutaneous nodules in cases of cutaneous paragonimiasis
[91]. Adult flukes are also isolated from worm cysts formed in
the lungs of definitive mammalian hosts, naturally or experi-
mentally infected with Paragonimus spp.; they are used for
positive identification of species by molecular methods.

The above-mentioned proteinase K-SDS method is also
applicable to the extraction of DNA from immature flukes
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and small fragments of adult flukes. DNA is also extracted
from adult and immature flukes using commercially avail-
able kits, for example, DNeasy Blood and Tissue Kit®
(Qiagen) or NucleoSpin Tissue Kit® (Macherey-Nagel). The
E.ZN.A. Mollusk DNA Isolation Kit® (Omega Biotek) is
also recommended for extracting genomic DNA from lung
flukes at different lifecycle stages, even for specimens frozen
or preserved in alcohol [6]. This kit is efficient for recovering
genomic DNA from other invertebrates, including flatworms
which have tissues rich in mucopolysaccharide, but the kit
is disadvantageous in that it is necessary for technicians to
prepare organic solvents other than ethanol, for example,
chloroform and isoamyl alcohol.

39.2.1.3 Metacercariae

To gather epidemiological data from the source regions,
Paragonimus metacercariae are collected by microscopic
examination of crabs or crayfishes, the second intermediate
hosts, which also act as the infection sources to humans and
other mammals. The preferred lodging sites of metacercariae
in these crustacean hosts have been demonstrated in some
Paragonimus spp. to be as follows: the body (cephalothorax)
muscles for P. westermani (the diploid form in Japan) [92], the
heart for P. mivazakii [93], and the leg (appendage) muscles
for P. heterorremus (in Thailand) [94]. However, this infor-
mation is limited to only a few species, and all the internal
organs (gills, hearts, midgut gland, and genital organs) and
muscle tissues (body and legs) are usually examined for each
specimen. As the crustacean hosts are poikilothermic animals,
they are immobilized by being placed on ice or immersed in
chilled water, This facilitates the removal of the carapace and
legs from the body by hand without the aid of any instru-
ments. After removing the carapace, the internal organs and
body muscles from each crustacean host are separately excised
with tweezers, compressed between two glass plates (typically,
10 x 6 x 0.2 (thickness) cm), and examined for metacercariae
under a stereoscopic microscope. The leg muscles are also
removed with tweezers after breaking the shell with a nipper,
and examined in a same manner. When Paragonimus meta-
cercariae are identified, the glass plate covering the tissues is
carefully removed and metacercariae in the compressed tis-
sues are recovered using teasing needles or tweezers.

To gather general epidemiological information, the
crustacean hosts are collected together and crushed in bulk
using a kitchen blender or manual meat-mincing machine.
Minced tissues are then washed with large volumes of
tap water and repeatedly filtered through wire sieves, for
example, 1-mm mesh. The washed sediment of the filtrate
is examined under a stercoscopic microscope to detect
Paragonimus metacercariae.

We use artificial gastric juice (acid-pepsin solution)
consisting of 1g of pepsin (e.g, Nacalai Tesque, Inc.;
1:10,000) in 1 L of 0.7% hydrochloric acid to facilitate the
digestion of the host tissue [95]. Minced crab tissues are
incubated with artificial gastric juice at 37°C for 1-2 h with
shaking or stirring. The subsequent digest is filtered through
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a wire sieve, for example, 1-mm mesh, allowed to sediment,
and washed with several changes of tap water followed by
observation under a microscope to isolate metacercariae, as
described above. Isolated metacercariae should be kept frozen
(=20°C or lower) or in a tube with 70% ethanol at room tem-
perature to extract DNA by the above-mentioned method [86].

39.2.2  DEeTeCTION PROCEDURES

DNA techniques utilizing genetic markers in nrDNA and
mtDNA have been employed to resolve taxonomic issues
related to several species of the genus Paragonimus at vari-
ous life cycle stages. Blair et al. [9,10] suggested that the 1TS2
region of nrDNA is a good interspecies marker while that
of the partial cox] gene of mtDNA is a good intraspecies
marker. The fragments for sequence analyses were generated
by PCR of genomic DNA using universal primers reported
previously or designed originally by researchers themselves.
After successful PCR amplification, the amplified products
were visualized as a band with a particular size on an agarose
gel. The PCR products were further sequenced and analyzed
by the procedures including 2 PCR-RFLP method.

For PCR amplification of the ITS2 region of Paragonimiis
spp., the following primer pair was used [12,96]:

1. An interspecies-conserved forward primer (3S):
5-GGTACCGGTGGATCACTCGGCTCGTG-3".
2. An interspecies-conserved reverse primer (A28):
5-GGGATCCTGGTTAGTTTCTTTTCCTC

CGC-3.

3. For PCR amplification of the partial cox/ gene of
Paragonimus spp., the following primer pair was
used [96]:

An interspecies-conserved forward primer (JB3):
S TTTTTTGGGCATCCTGAGGTTTAT-3".

4. An interspecies-conserved reverse primer (JB4.5):

5 TAAAGAAAGAACATAATGAAAATG-3.

39.2.2.1" Reagents for PCR

Reagents for PCR mixtures and the volume of each reagent
required for a single reaction (50 ul)) are prepared accord-
ing to the manufacturer’s instruction for TaKaRa EX Tag®
(Takara Bio Inc.) as follows:

1. 0.5 uL of DNA polymerase, for example, TaKaRa
EX Tag (1.25 U).

2. 1 uL of dNTPs (supplied by the manufacturer in
10 mM stocks).

3.5 ul of 10x buffer (containing 100 mM Tris-HCI
pH 8.3, 500 mM KCl, and 15 mM MgCl,).

4. 1.25 pL of forward primer (20 UM stock).

5. 1.25 uL of a reverse primer (20 UM stock).

6. 1-10 plL, of template DNA (prepared at 10-100 ng/
L.

7. 31-40 UL of distilled water to make each mixture
volume up to 50 pL.
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39.2.2.2 PCR Amplification and Visualization

of the Amplified Products
PCR is carried out on a thermal cycler (e.g., TaKaRa PCR
Thermal Cycler Dice Standard®) with 35 cycles of 98°C for
5's, 55°C for 30 s, and 72°C for 60 s. A final extension is car-
ried out at 72°C for 10 min.

The PCR products are separated by electrophoresis on
1.0% agarose gels in Tris-borate-EDTA buftfer (TBE buffer)
and visnalized by illamination with short-wave ultraviolet
light after ethidium bromide staining.

39.2.2.3 PCR-RFLP Analysis

For species identification and discrimination by PCR-RFLP,
the restriction enzymes are selected on the basis of the theo-
retical restriction maps generated from the sequences of the
target lung fluke species. The PCR products are digested
with the selected restriction enzyme(s) according to the man-
ufacturer’s recommendations. The digested samples are then
separated by electrophoresis on agarose gels and visualized
as described above.

39.2.2.4 Cycle Sequencing

The PCR products are purified by removing primers from
the PCR reactions using a commercially available kit, for
example, NucleoSpin Extract II® (Macherey-Nagel). The
purified products are sequenced using a BigDye Terminator
Cycle Sequencing Kit® (Life Technologies) on an automated
sequencer {e.g., ABI3100®, Life Technologies).

39.3 CONCLUSIONS AND PERSPECTIVES

Paragonimiasis caused by the lung fluke belonging to the
genus Paragonimus is an important foodborne helminthic
zoonosis; almost 3 million people around the world are esti-
mated to be at risk for infection. The common mode of infec-
tion has been the consumption of raw or undercooked second
intermediate hosts (freshwater crabs or crayfish) or raw or
improperly cooked meat of paratenic hosts (e.g., wild boar).
Pulmonary paragonimiasis is difficult to differentiate from
pulmonary tuberculosis due to similarities in their clinical
and radiological manifestations, Therefore, patients present-
ing with respiratory symptoms (e.g., hemoptysis and chronic
cough) should also be investigated for paragonimiasis before
prescribing antitubercular drugs for smear-negative pulmo-
nary tuberculosis or multidrug-resistant tuberculosis. This
will have a significant impact on the tuberculosis control
program, especially in the areas where both diseases are
sympatrically are prevalent. Once diagnosed, paragonimiasis
can be effectively treated with praziquantel [97].

The diagnosis of paragonimiasis is primarily based on the
detection of eggs in sputa or feces. However, eggs are not
always observed in clinical specimens, especially during the
prepatent period of infection and in extrapulmonary para-
gonimiasis. To overcome these limitations, various serologi-
cal methods including highly sensitive and specific tests have
been developed for laboratory diagnosis of paragonimiasis.
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Molecular techniques have been explored for the identifi-
cation of Paragonimus spp. at various life cycle stages, not
limited to eggs but also adult and immature flukes, and meta-
cercariae. Moreover, molecular approaches also have the
potential to be used for species identification of specimens
having damaged, incomplete, or indistinguishable morpho-
logical characteristics. The techniques used for these aims
include PCR and DNA sequencing, PCR-RFLP, multiplex
PCR, RAPD, and DNA hybridization.

Molecular technigues have also been applied for taxonomic
studies. In this context, P. westermani has been extensively
examined because this lung fluke species shows great diversity
in geographical distribution, host susceptibility, pathogenic-
ity, and even morphology, especially in metacercarial and
egg stages. Molecular phylogenetic analyses consequently
have revealed that the phylogenetic tree of P. westermani
has three single clades, each comprising isolates from three
distinct regions. This grouping is in good agreement with
not only the geographical distribution. but also host sus-
ceptibility and cytological findings. Phylogenetic analyses
also showed that P. siainensis, a species discriminated from
P. westermani by morphology, has a close genetic relationship
with P. westermani, indicating that P. westermani consists of
species complex. In addition, P. skrjabini represents a sepa-
rate species complex. Based on recent advances in molecular
studies of Paragonimus spp., the concept of the species com-
plex is now and will become more widely accepted {8,98]. To
resolve the discrepancy between systematics in morphology
and by phylogenetic analysis, it is suggested that the morpho-
logical and morphometric parameters traditionally applied for
the speciations of Paragonimiss spp. should be reevaluated.

The strategy for the prevention and control of para-
gonimiasis should include: (i) Information, Education and
Communication (IEC) for public with emphasis on safe habit
of eating and the cooking of freshwater crabs, crayfish, and
paratenic hosts, which fransmit the infection and the effects
of the paragonimiasis in health. (ii) IEC and adequate train-
ing for health care personnel about the epidemiology, life
cycle, clinical features, prevention at all three levels (pri-
mary, secondary, and tertiary) and treatment of cases.

However experiences have shown little success as the eat-
ing traditions and cultural practices of people in endemic
areas are difficult to change.
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