S+ 200, b - MIBEYFRENT O LB
A4EEoTwh, ZOL) R ThibUIRAT
A —NOFEEEE, EICHRAMEERZEE W ER
kD TR ZTo TV b,

WEEPYN RS (RS, ATV bIT74970)
WBEMAEWICE S THWEADY AT LATHY, ZORE
BEEAEMERICEESNTVS, LaLEads, #
LB CTRICEZEY O TH» O L2707
A= NEHRTIEZORHES AT ANRELELLTY
B, T A —NOBRGHEREA L LTOEREMIIM
2, ZO1=—7 R EOMBAS, HET A—ND
SRR O 2 A FENBREP O EELZDL O
LTV, F YRR AR RAY - BRI
T AL FHREOMRIEL, BRI 7 F Y HREDH L
B 2R 2R E b o Cnb. EREYFICE
FAEELRFERIEICEROEANOTRE Z O T
5. KEETRFRMT A —/SORFEREICBT 5/l
HEOZENE LT, HIORERFOREEEICOWTD
NbNOBIFEE HLIHE L.

B R A— I\ DREEF & mREE
[CHTD/NEHEDRES

1) B EhIEmERF

TR T A —/MEOFERGER CRimE TR, ik
B) Ol ICES T ARERRTF L LTEIZ3I 20N
TR ENTWE, OFEMAEE ORI
B 54 % Gal/GalNAc#F R L 7 F >~ (Gal/GalNAc
specific lectin), @% V7 EHRBERTHL VAT
4 v 7u57—¥ (cysteine protease : CP), @R
PRTF R THBT A—/NKT (amoebapore . AP)
Thb. FATA—SOBELEAOEAELV ST
VS, HEREA - BEEIZIZCPAY, BmEMIERMEO
EHEHTOWMELICIZAP R CPAHWEREL T B, F7-
SRR EERS L v, BREEEBICEELRVA
MR D BEEEO—MEZEZ o, TELRMET -
< ko TG, '

2) WREF & /MEEE

YRV —ATEBRENLY Vs 7 i, —Ehidiig
BERICEETY, —HESEF ST hEREET Mz
OISR A VA & T Rfillazkm, & EHiiasi~e
Wxshas, L7275y CP - AP2EUHRERTO
BB OLL 6T, YA MBI 2l €57
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Yy 7Ry A MBEOERK - kil B VT B i
NESEERT R TH L. Lo TMNIMBREEOKEH
HRPHERIESEROMPICET L EEZZ ONS.

85/ Lbh5ohd1=—0K
I\FREEXBEAE

1) Rab{E%F& GTPase O Z#k{k

TRRT A =T ) AOFRIIKRTLTnEY 5,
FITES Y AEHRD O TR RE R /NAEE DS T
BB L O 5. B4 THUORY /s Bk
H#5F & LT Rab &S T & GTPase *2 08h 5. B
BT 11, SMMEYCTH L FTIH60%BR S Rab
PEET A, LaL, BHREYNTHLRHT A -
1213291 b D RabEzF2HEET S (E1)Y V. 2o
b6 N —T7E 21D Rab (Rabl, 2, 5, 7, 8 11) X
AW LR E b O —vu e TFRINS, —
5, 9 7 v—7530DRab (RabC, D, F, LK, L, M, N,
P) O NV—T%TBR L7240 D Rab I3 7RH 7
A—NEIRBICRETF LT, DNAYA 707 L
AN X BRI D S REBRTT0 %L LD Rab BHEEI
BELTWA I EDFHERINTVS (M LRER).
Fo-EEYEBCHREERTA -V IS TY, £
ORTE - BB EFANEY L IZR R B IR EINT
(KFBAZ]R) . FRHT A —NIEFE SN2 Rab i3
AL RICFEL L2 Rab Th B L FHIE D48, K
e LCEILOBIRECEE SN TV B TREND
5. -, BHRAAEWICBY LM% Rab o EE
HoFEEER (BrF) aEFR) PHBEERERR
(VoY AYvRFEIRAF) THLERRSNLTED,
Rab DE BN BEROFE L EIRE L LTEENT]

%1 7 A—INRA (FRETF X—/ V)

RPIEFREAT A—INEROVZA b (BF) [LBRLUEK-B
WEEOROBRTIRCD. KBTHREUCEEADERIC
R EBAL, BEEOS ~ 10 BICKBHEOHIE, X5
KOMMEOTHERCY . —STHE - i - BgSICHE
U, BEEEL, BEdd. i, BREEO—PIIEER
DA MEPUTEED, ROBERELD.

¥ 2 Rab{&9F&E GTPase

20 ~25kDaDI TP ZURIOUFF REGYVINUE.
Ras. Rho/Rac, Ran, Sar/Arf, Rab EENHISN, TFX
FHHBPRNBRICBITDHESFELTEDNS. Rab 34
[CNEERICBWCEETEHD, GTPICHEAUEER
& CGDP [CHEAUIERGRITRES DT (=171 05~)
[THEEL, BENTHEERETD.
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Enfleuxiz EhBasbX14
(o oL L
£hRadX21t
Ehﬁ%?lgxs
Rab5s
> S
Rab11
Rab2
e
Rah7
EhRahx4*
Rab8
Rab1

1 FREIT A —/\Rab ) 243t
ﬁm7x~ﬂf/A?—&N~Z#6W%Lt&mﬁﬁ+%ﬁ%%km%ﬁﬁ%ﬁ
&Lt.%?ﬁtb%ﬁﬂ?%ﬁéhfwé7»—7,7&—@?@%m7x~nm
atﬂﬁéﬂfwtﬁw—f.k%ﬁ@kmﬁ%m7xhﬂﬁﬁmuﬁmbfwé
CEDDRD. 0BUEDT— AT v THEERBIZEL, BTOA S — b5 —
7 3 BRERCES LR (U7 & hiER)
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e RS NG (hE G, RER). I, FHT A
— N DML E MBI DU RN DS Rab {RTENY 22 /N i diy %
HMRICEREERZS 2200 Lty (K EB-3)
ZH).

2) RabI 7197 42—F—VROJORIR

Rab DEEIIRRN T 7 27 ¥ -1l o THES
A, BEE - v PR ETIERabs R Rab7 ICFNFh
EEA1, Rabaptin-5, Rabex-5% RILP, Rabring7,
Vps3d W LT 27 ¥ —PHETHI LML T
W3, INHARab5S R Rab7 AT AT LT, Fh
Fhofley Py —a, BBl Y FY - LICHERD
LOFHEE IS, TU— XY ORI
B89 FRIIT A—/NZH Rab5 ®° Rab7 A —>v
PREFELTWEDS, ERRLT7 275 —IZDOWTIEHRA
T77FINA )Y b—=3-FF—+F¥ (phosphatidyli-
nositol 3-kinase @ PI3K) T& 5 Vps3d USMETFE S
TwWiw, LoT, FREI7 A —/NUIBIT % Rab KK
AR % ORI RN OEL T b & E R
bhn (ARREBZH).

3) HRREHROER - HlHEFORE

EFRICEB EWEZATI)RMT A =BT, M
TLBEOHMEIERETH B, AT A3 L
HBREEDTTDOI LT 7F ¥ EMNENEET 5D,
BUNE & A L2k S e B — 7 — 5 F R 2 Ol
DFRFELZNZEDS, FERMEEREIT 2 F
YTHDBLEEZONTWEY . 77 F VST IdIE
FTRTRFEIN T B2 hbeY, T/FVE
EOEELZHMHS T TH S Wiskott-Aldrich Syn-
drome Protein (WASP) ®F&E0 7% RIEL T3,
LH LR, WASPO CRBMIZHFETLG-ToF v
EArp2/3BEERITHEETAH N AL~ (verprolin
homology, cofilin homology and acidic motif | VCA)
PEARTArp2/3KENT 7/ F UV EE R RETESL 2
&, VCAFAL va2b D0 o0DF 87 Eh%H
T A—NIFELTWAL I EVHLIZRY, 0
Fxv 7HPEDOLNL ) E LTS,

4) #—=bT7 7Y —DEHEL
FHEBACTIRESNTWE T — 77 V—DBED
FRRNT A—=NTL=—ZITH#ELLTWA, HilEs ~
ISTBRANHTEZTEY VY —ANELIDY AT A
WFEBHMBFOIREDOA L LT, #Mlasiboy €5
DY ZICBWTHEERBEHEZL DI EFbhro T

EEES Vol 27 No. 10 (1) 2009

N

5. A— 77V —0BERIE, OB I+,
@ preautophagosomal structure (PAS) R, @
— b7 7TV LBERERIPPDE 200 FF
METOHEE, QFRAT77FINVL )Y b—-3-1Y
>~ # (phosphatidylinositol 3-phosphate : PI3P) ¥
BOGHAORKEL 4 2OH5TFHROBE Mo 5,
TR T A —IEEEY O, @, @0BRICHES
THILDHONSBETFOIRLEAL (Atgl, 2, 6, 9,
13, 14, 17, 18, 29) PFEL RV, EHIZ@DBREIC
BB Atg8 & Atgl2 &) 20D FF VS L3
JHEDIEERDI B Atg8% (Atg3, 4,7, 8) LRE
IRTwRwn, ZOZLEA—- T 7V —-Hb0IEE
DTEL 7 HAIBKEEEIC BT, Atg8 & € OIEHTR
PP LHREINTVAZEZRBLTWS, +—
P77 Y=, O Atg8 DBRIETHEIEIN T X ML
WETHRFEINDLZ L, PISKHEH M2 M
EF— T 7 IV - AEOME 2 FICHEST 22
&3 Entamoeba ® ¥ A MEDOEF NV TH S E. invadens
TRENTWDB Y, ¥ 2 MuIcHE ) filakEE oy €5
Yy SREN R A - N7 V-5 T 00, b
Bid, Atg8 BN — 77 V—HOMBLEHF
BHELLTHWTWLOREZHLNTRWA, Wi
MZEL VA MU b BEEREHECH L L E 2
bhb.,

B FEEF(CH DD % /) sk iRg

TRRNT A =250 7 BB\ DO/l % B E 4
FRBEIERN L EILE R L 2B L K
2, WEE - MBEECBYTH LN RE A2 TS
CP DIEI b 50 FRBICOWTHHNIT 5.

1) =B ) ) — LEBERR

WIEEY TIICPARED ) VY — BRI —KRICE
DEHEEENDLDREAL I P RENE, </ —
A-6 -1 B (mannose 6-phospate . M6P) &%
DZEE (M6P receptor . MPR) # /- L7-%%H?2
WWRT., YV V—»alli#asns7rur7—EiE, F
FTNEKED T 7 FIVEHNT X 0 8RS I Sec61 WAK
WX YRR R SR, 26T, TVIHEKRT
M6P iz %75, SN VATV I Ry bT—
7 (TGN) TMPRIZEE#EN, T¥FTy—5 12
B (7¥ Ty —) BEKEZ FAY X ik, W
FEL, WA NEIERESNS, gy Fy—
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A\

®
o W
¢

)
®
7P
/B8
@
< @ - ® ik
Vps26/29/35 SNX= 845 i

{ D>

\ps34/ \Vps34/
«-"‘ PI+3P Rabg)
BN

 pH5.0~6.0

U — L% -l IS

T2/ =61 E (MBP) L hOw—#E4ak

A #7227 Ly Y R Vps26/ Vps29/Vps35
Y2/ =26 BEAEE (MPR) ~# 7T Ly IR I SNXZB&
//Wﬁjﬁ—ﬁéﬁﬁéiﬁf»

W KT FFIINA S b=-3-Y B (PI3P)
THET 2 —EEE

K2 MEEPHICETIUYY - LBREXSR

MPRES L) VY — ABERI%E R, OM6OPIBHi % ZiF 720 VY — ABEZIE MPRIC & - T a0k
S, MPROMIBEMIT 75 — % YR BMERDPTE END, QT ¥ 75— 4 20 %iE
EHRENLTI AV YABHEEN, MPRE U VY — ABENRE S RSN TR SN 5.
77AY A=, LUV -LREEE, BAETS. QUMY FY—ATidRabs &7
NDL7x7%— (Vps3d) OMECPISPAELEEN, IV bav—Heko—5TdH 2 SNX
TEREFHRING, QLY FY—MMGEEN ) VY — ABERBYI Y FY — AAORIC
) AL (pH5.0~6.0) 2L ) MPRA SIS, ®BMI Y FY—AIZIZ Rab7 B EHE S 1.
Fl&HEE Vps3d D EI2 L ) PIBP # 4 L SNX ZRAEDREL X2 & & b 12 Vps26, 29, 354
LRB2FTAVTVLy I AOHE®T). ©@¥AMEKS L7 MPR OB EMIZ L » 0y —HE
h2HiE, Fa—THROTY FV—A2EK, TON~OBETHEZITS. OMPRATGN -1 +
A7 NEN, ROWHEIHRZ S
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MBEIHS - BE L, T FY— A3 - By
5. TV ERY—ALDBREALICEN, Tur7—Fid
MPR 26+ 5., 7UuFr7—Xid) vy —Aic8
$5—5T, MPRIZV buv—#&M4KIZL ) TGN~
BHUOENESRE, $4bb, ZOWEEEI o7y
— Bz mEh s M6P %% 7 (#k) & LS4k
RIFRERR - R VAT L TH 5,
2) Rab7 77 3IU—& UV )= LTRRICE T A18E
Rab7id—MICE TV FY—ARY vV -2l
L, ZYFY—L050) VY —AORHBE (b
LWtk 2HET S RET A -NTREERTF
APRCPHMN VY —ATHESWMERT LI L, &5
2, ERELAERKAESHFEEICHETHL L,
5, Rab7 OEREMFHFHEBBORBICEETH-
2. HWETA—=NZIZ 9 DDORab7 TAVIAT
(Rab7A~1) FHEHET LW, £dD 5 b Rab7A &
Rab7B DRE L EREITIHO MR- TBY, 20X
B EY E B BLDTH oW 12, Rab7A IIE
FRET)Y Y —2IIREET, ARRBHICEER
EMS LTCIER E N ARIE BN (prephagosomal vac-
uole : PPV, FRAIT X — NICHFRMICBIR SN B) &
77aAYVY—LAIZRAFELY. PPVIZAPRCP %4
ATWZ M, 5, Rab7AAPPV, EEMADY v
V- ABRORRICERERSFTHHIEIRBER
7. —HFRab7Bi3 Y VY — AZEFHHICHEELTY
72, Rab7B OWEMALBIE RMAE % MG B ¥ 5 &
FIF Y MATT A THRVBESIN, VYV —20
WA & CP OB LG WABEINY, D EokE
75, Rab7A, Rab7Bi3V VvV —LEEIZBWTIH
AEWEL T o BhoMe2HIZ L, T4V
54 TEASEIER ST 2+ 5 EASRIB S M.
3) Rab7AfEEZ N VB L hOv—ESHE
Rab7A PPV, AER~ADY VYV — AEBEEH%%
FETAHZEDHSPIT R -72DT, RabTADL 7 =
75 —BFERERLZP. GTPEIRab7A BEMIZE
AYADFHE Y YN EHEERE D LR L
&2 A, Vps26, Vps29, Vps3s d 3 o FARES L.
CHRLIEEESE FTL bavw— LIRS 5 5Fh
LA EEEO—ETHo7 (HM3)., Liav—#
HEIMEEDCBWTCMPRIZESL, MPROZ Y
KV — L5 6 TGN ~OMITHZEZT) B FThHs (F
2). RETA—NTESHTFDOIH, BHE - FEs
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N3 GFL2T ) A ECREIRTES3FSNX *3
TFERVTW, L haw—¢#EE89 5 MPR OF
FUTLFEE LR oM. T/Rab7A & L v —
BAHEMRE DOREEE Vps26 DIEFRA 72 CRIB I REE )
ENALTBY, £l Ldo. FET 2 —I852
BT Rab7A DMEHEBIC L DT 5 CP AW DK T A8
Vps26 L DHBHTF vy eV ENAZ EH S, Rab7A
ElVhur—EEROME/ERCP %% M4 5
CEDREEI NS (R3)W 1 fufEEY Tk MPR
L VpSHBEET LI EIRENT VLD, ThiZ
K2 CPERBORENEEL Kol B, Wi
W TRab7 & L ba~—HARL DS, Rab7 & Vps3s &
DEF BT L DHEERT 5 2 L AHE Xhi9,
4) CPEBRAKORE

THRT A =D CPBIEFOFTHRBEEDNS L,
WERENOEENLZEEORE ST 5 CP5 ST 5
GFe, ECENLFECIVEEL-EZA, V7
FIVESE & EE M EE L b O 100 kDa D 5-F AR E
Shi: (hH-BAH, KER). Coy R sH
(CPBF1) %'/ AT 7 7 3 — (cysteine pro-
tease binding protein family : CPBF) & LTHEFEEL
THEY, FEAEPHBEMNCIYxxL W) TF T %
—BERLOBEEF -7 EBREL T2, FRAT 2
—NCRT YT - TR UHPRFEESNRTEY,
INLDGF A XL FIEBEY HF LT CPiR%
Wb bOh, FET A —NERWEE Y ETO
», GHOBHPLETH LY, CPEZHEKDIERIX
CPHikDDTF AN X LDEN A REL DD LM
Hanhs,

5) CP##NDEEFEEF Rab11

IR T A —3D CP ik % I 5 Rab 49 5512
% B—7HT, MlENNOTWERET 55T IXREE
THol. BEIVFA VI FY—AIZBIEL,
BERFD)F A 7 IVICEE$ 5 L &5 Rabll 3R
TA=INZATEEDOT AV 547 (RabllA~D) &

sorting nexin MEEFR. RAT7F I+ /¥ h—)L-3-U
VB (PIBP) IC#E5&9 D phox homology (PX) KA
E.SROBEEROZHMULEBICEST D
bin-amphiphysin-rvs (BAR) RXA EHITBH/INY
g CORBEDS PIBP REMICRICEIS SN, MRE LIS
BCETCEEF1~TETD. SNX1, 2.6, 8H L hOY—

BEAHROT T ATy IRAUTED 3. )
-
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@)

O cP
<}l%b

AR L hOvY—841F

\r\ CPBF1

TE T2 —EEk
HBETFN

&) TET LA

= 952

B) L hav—#aHk
<WHFLEE>

Vps26

Vps29

Vps35

SNXZ= 21k

MPR

Rab7A

3 FET7A—=NCHT 5 CPERBERELF

A) FHT A =D CPHizk. CPI/NMAETERSNI N % EBL, TONA¥%LNS (D). @CPIE S 5Ic
TCNDH LY FY = AT 575 —HEKHEEEF— 72 bDOCPBFIICL ) Y vy —A~E#i%sh, GCPBFI
BUVY—LPOFETONANI YA IV ENBEEZ LND. ZOMTH%IERab7TA L L hOw—BAEIZE D
HESNLEFEENDA, BIECPBFl L L bOY —DEFEOKEERET 2 #RIE 5. 782250 CP o
BUSHIEMAFEEIN TR I L2 s, MHEKENHRBMOEET 2L EIOND, SOITHAT A =L
PO —REREBEEEY 722y FTHESNXERVTHED, MIBE~OHEHERITHTH L. T4, d
TN VY= AR THWENDD, HBHVIERA P TN TERNMID S EEF SN PETRHTH L. @
Rabl1BMlllast~D 53 % IEICHIT 525, (FHERTFNTH S, ®U VY —LIZIKICP24H Y, CPOEMEA
SUNICHEE FICHIML TWaEE2 5N 5. ICPLIZ DV TIRABEICHEET 20T ThHA I Ens, Ak~
DBATHZ Y, TONIZAZH OB CPIEMEE %2 T2 22 Twa, B) B ERAT A—1THOL
PR —BEROHE, WML TRL b O —HEKII S T2 O 05, TIKEERTA S5 HTFRLe4 20 &
Ty FY =2z 6 FARICIY) AT 2 —TRIEET 20 &350 LWL Sh, T/ Vps35 R
W T EEERET S, BT A—NTRHSHTFOI L 35F (Vps26, Vps29, Vps35) ARHESRTED
Rab7A #%Vps26 L EHEME L, CPHMBEICHES LTw, LALFa—THROBELY L 52 LICEEL SNX 5T
DEREVITHR VI RN, ZOHRBHEEII=—7 230 E2 5N, FEHWMIETRab7 & L b 0w —if
FEHROBFRABIH SN, Vps3s & Rab7 %S T2 EASRE NS
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A) HBRaRE
(RL 7 F L Hitk)

B) /\atk
(#1Sec1iiik)

C) Uvv—oi-
3 gl AV
(Lysotracker Red)

R4 FETFPA—INDFILHZS

WIT A—"zfllaLmL 75 (gl #ifk (A), Sec6lfiifk (B), Vv v—rfElom
# (Lysotracker Red) (C) Tifefa L, HHEHL —F—BMBECBELA. A) Y030 —HH

........

Vo F BT RafiT BT BB SIS, 260G SHIBNERE KD A, S 5
LI ENbhDL, INSNEDW oD L I F UK TRBENLI DS, LIF ST
HHNAEKMME P MEEZTERLTOL I Edbh b, B) Sec6liz ¥ 7 F iz bos >
R B /NEENICIER T ABONLE DL D, WMAERBELY Y80 B TH B, FHT A—
ROPIRIZDROIBEER 5T, 39 FT—2 0L 3 ITHRESERICEN > Tnb, Sk
DS VRRDES DD, MOBELXL DRy b T =250, WELREROHLEZAT
HhH. C) VY —b - HBHZ Y FY—LFKRNONBE LTBEENSL, FHT A—NTT
TIFAL =P ARLY FH A =V ADOEBREFTIE T 7TV -2 Y PV — AW HHE
ELIIBE L SN Z ENHBEINDL (A —/x— 1 10 yum)

REATE O m

LCHEL T, il S/ Rabl1A DR (X
RHETH 272DT, RabllA KW TmRNA FIH
BND%\WRabl1B DT 21T o72& T 5 Rabl1B Difi
ZFBUCK Y CP OMBE 25 WA 5T &S S hI
o721, Rabl1BiZ/Mafk (B4) ok %htv b
7= 7 RICERE I N72HY, Sec6l & OILBIEIFELE
Nehofz, Th—MLy PV -2 HARBHETLILO
D, VYV —LEORBERBERS NG 2ok, Lo
TRabl1B X Rab7A/7B & W3R %B A H = XL TCP
Rz HMLCnbEEZ NS, B Rabll O
T2 5= FLRMT A—/SICERELTE ST,
DX BDF AN ALDTFET DD, 5HOM
Wrdsfiz=n 5.

-
52
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8) CPORREMEE 2 /X7 EICP

inhibitor of CP (ICP) (& CP ® it a4 5
NEEDOCPHEY Y378 ThbH, ICPIED EL E
MOFEMFE KR TH S Leishmania®® Trypanosoma
brucei TR I N1 ® 3 JRFT A —/STOHELE
B MBI E VWIS E ot BT A — 512
i, YU FNVESE L R VHIBERENICPL & ¥
FFNVEHELDY VY- LAREDICP2 D 2 53 FH
FEET %, ARENZ &I, 2HEDICP &b 50l
RIFEBU L o THCPOHZWHBRE IS NS = &,
HEFOICPOFTFHIZCPD1/1000THL I &, #
2 fEDICP DMFEBUI LY 70 ~ 90 % D CP iHH: D
AIHRELTEDNS, ZOFUWIPHILCP O RE
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TR CPH#EORIHEICL R o/ EF 20N
729, CPORNEMEEY > /37 BHCP %% Hid
LLEOWBFEWFRL, ELOTEELRMRTHA. L
Led e, RZICHEN - MMaREhZhicBi 5
ICP O CP iEHEALIPHIERE D5 F A 7 = X L OFEMIE
HOEMNTRL, ICPOATMERE L & ITSBOM
NS,

BhHUI

TRIFT A — /T FICHER EETEREMA 327 b
DEVREARTHY, 2OREORTR, BLETsF
VREHOBRIEE LR T -~ THB, LILA
RZ, BEZAYO#EILOBRE T L4 E
LTazm— 7 ZHEPRBLHFRELZ ML T b, &K
WRTHALZEIIE, EEERICIIRESRTYS
NSRS, MRRER, F— b7 7V -H0sF&En
MR A = XL O#ALEBRE L, ZOEEMN & 5k
HEBHT 2-0ICEbOTHBINLHEME TS
5. WEHOHA L, RRTHATE L2 — 2 5F
B, EERBEESNCEELRNMROI S —EIcA Y
BV, 221, 2FEFETH, AEFREOIEY Y
A5 4 v 7B (gene silencing), microRNA IZ&
HERERIE, EATF7—EIlLb Ly F U 5TF0
Tuty v, GIERLEEE R CEWENICE DD T
MEOBEVHERA KA LIME SN TWD, T 72RHA
TA=N3HRNERTHY, I a3V FYT (<A
FY =& EEINS) BEEICBILL TS, b
YT B HEKEKE/LLTWwD Z EH
BTACHOIPE o TWA, FET A — B IIHT
RENODLBRNTF A v b 5B, FMET CF
ACEE M BFFIIRBE O R EBERLE LT
DB, EOBIEECIIRE - £ MWHE OB
REZOLPoTH B 2T, FRERESIITEICH
LW E T IRIT A EE LTV A,
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Diphyllobothrian spp. (sparganosis) Schistosonra japonicum
Spirometya mansonoides (sparganosis) Schistosoma intercalatim

Schistosoma mekongi

TREMATODES

INTESTINAL ARTHROPODS

These organisms are uncommon within the United States except See Tables 220-1 and 220-2.

for four species of Alarin, which are endemic within North
America,
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Protozoa
A. Amebae

Diarrheal diseases continue to be major causes of morbidity and cyst from fecally contaminated food, water, or hands. Approxi-
mortality in children in developing countries. In Bangladesh, 1 mately 50 million illnesses and 100,000 deaths occur annually
in 30 children dies of diarrhea or dysentery by age 5 vears.” from amebiasis, rendering it the third leading cause of death by
Amebiasis is an infection caused by the protozoan parasite Ent- parasitic disease in humans.” Long-term consequences of ame-
antoeba bisrolytica. Infection occurs via ingestion of the parasite’s biasis in children include malnutrition and reduced cognitive
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abilities.”* Although amebiasis is present worldwide, it occurs
most conumonly in underdeveloped areas, especially Central and
South America, Africa, and Asia. In the United States and other
developed countries, cases of amebiasis are most likely to occur
in immigrants from and travelers to endemic regions, but it can
affect populations of the developed world, as shown by the epi-
demic that occurred in Thilissi, Republic of Georgia, caused by
contaminated municipal water.”” Currently, there is no vaccine
to prevent the childhood morbidity and mortality resulting from
infection with E. bistolytica.

ETIOLOGY

E. bistolytica is named for the pathologic evidence of “lysis” of
tissues. The first demonstration of the organism in human tissues
was made by Lambl in 1859 in the postmortem examination of
the colon of a child who died as a result of having excessive diar-
rhea.'™! No connection of the organism with the disease was
made until 1875, when Losch, in St. Petersburg, Russia, found
the organism at autopsy in the colon of a woodcutter. Losch
induced diarrhea and ulcerations in a dog given feces from the
p:lticnt.‘w He did not think, however, that a connection existed
between the organism and the disease. The first patient described
in the United States was a_physician treated by Osler for an
amebic liver abscess in 1890.”" Councilman and Lafleur described
the organism and the disease in 1891.”** Further investigation
of the disease was delayed until a better understanding of the life
cycle of E. bistolytica could be obtained.™ In recent years, the
application of modern molecular biology techniques to the study
of E. histolytica and Entamocba dispar has resulted in an explosion
of information about the mechanisms of virulence, pathogenicity,
and immune responses to these organisms.™

L. histolytica is the pathogenic species, having the capacity to
invade tissue and cause symptomatic disease, whereas E. dispar
(and E. bistolytica) is associated with the asymptomatic carrier
state.*™ More recently, a study revealed that all genotypes of
E. bistolytica are not equally capable of causing discase.” Morpho-
logically distinet members of the genus Entanocha, such as Ent-
amocba coli and Entamocha bartimanni, also are nonpathogenic.
Dientamocba fragilis and Entainrocha polecki have been associated
with diarrhea, and Entamocba gingivalis has been associated with
periodontal disease.

Members of the genus Entamocba, which are protozoan organ-
isms belonging to the subphylum Sarcodina and close to Dictyo-
stelitm discoidenm on one of the lowest branches of the eukaryotic
tree, have trophozoite and cyst forms.’” The cysts of E. histolytica
and L. dispar ave almost spherical, being surrounded by a cell wall
composed of chitin. The cysts may have one to four nuclei,
although quadrinucleate cysts are most typical. This fearure
allows differentiation from Escherichia coli, which usually has 6 to
8 nuclei in the cysts and may have 32 nuclei.” Cysts of E. hbisto-
fytica are 5 to 20 pum in diameter (average 12 wm) and have a
greenish tint in the unstained condition.” Young cysts contain
chromatoid bodies, which are composed of ribosome particles in
crystalline arrays."” The cysts of E. bartmanni appear identical to
those of E. bistolytica except for being a smaller size (4 to 10 jum).
L. histolytica cysts can survive for days in the dried state at 30° C
or for months at 0° C to 4° C. They can be killed by temperatures
greater than 50° C retained for 5 minutes.* They are completely
resistant to the concentrations of chlorine used in water supplies,
but may be killed with hyperchlorination or with iodine solu-
tions.“""* They are filtered from water supplies that pass through
a sand fileration phase. They resist acids well.

When these quadrinucleate cysts are ingested, they resist the
acid pH of the stomach and ultimately excyst in the alkaline
environment of the howel. The process of excystation results in
the release of four trophozoites that divide by binary fission to

produce eight trophozoites. The usual trophozoites have a diam-
eter of 25 wm (range 10 to 60 wm).”* They havea single nucleus
that is 3 to 5 pum in diameter and contains fine peripheral chro-
matin with a slightly eccentric karyosome. They have a granular
endoplasm that typically contains vacuoles in which bacteria and
debris can be seen. Some glycogen is present and can be stained
with periodic acid-Schiff stain.

Although amebae were thought to lack organelles, such as
mitochondria, endoplasmic reticulum, and Golgi apparatus, evi-
dence to the contrary is coming to light. The existence of nuclear-
encoded mitochondrial genes and a remnant mitochondrial
organelle was reported more recently.™™ The presence of
ingested erythrocytes is a characteristic feature of E. histolytica,
but not E. dispar™ Movement is accomplished by extension of
clear pseudopodia. Replication is by binary fission. These proto-
zoa live in the colon of humans and other mammals. Trophozo-
ites die quickly outside the body and are quite sensitive to
acid—they generally are not considered to be infective.”! When
cooled (as when feces are expelled and gradually cooled from
body temperature) or stimulated by as-yet-undefined luminal
conditions, the trophozoites form cysts that can remain viable for
weeks to months on excretion.®

Trophozoites of E. coli are 15 to 50 pm in diameter; have
much more sluggish motility than the trophozoites of E. histolyr-
ica; and have blunt pseudopodia, rather than the sharp, finger-like
pseudopodia of E. bistolytica. Trophozoites of E. hartmanni ave +
to 14 pum in diameter and have much less glycogen than the tro-
phozoites of E. histelytica*

EPIDEMIOLOGY

Amebiasis is distributed throughout the world. The number of
people infected with cither E. histolytica or E. dispar per year is
estimated to be 500 million. Although most individuals remain
asymptomatic, perpetuating the natural cycle of the organism
through fecal excretion of infective cysts, approximately 50
million people experience the severe morbidity associated with
invasive disease, with an estimated 100,000 dying '.mmmlly.”‘“l In
the United States, 50 percent of amebiasis is observed in His-
panic/Asian/Pacific Islanders. Travelers from developing coun-
tries, men, and residents of institutions for the mentally retarded
are considered to be at higher risk for amebiasis (Table 221-1),

During the 1990s, enough evidence had accumulated to
support the formal separation of two morphologically identical
species of ameba: the nonpathogenic E. dispar from the poren-
tially pathogenic E. histalytica. #3322 Morbidity and mortality
data in absolute numbers that existed before this time pertaining
to cases of invasive disease were not greatly affected by this reclas-
sification because all invasive disease was known to he caused by
E. histolytica.” Because most prevalence and incidence data prcvf—
ously collected pertained to asymptomatic individuals, however,
and it was clear that most asymptomatic individuals with cysts
detected in their stool were infected with nonpathogenic E.
dispar; the true prevalence and incidence of E. histolytica became
a matter of speculation.” ’

TABLE 221-1 Risk Factors for Amebiasis in the United States

Hispanic/Asian/Pacific Islanders—50% of U.S. cases reported to
CDC

Travelers—0.3% incidence in one study

Institutions for mentally retarded

Men who have sex with men

Men—90% amebic liver abscesses in men, but rare in children

CDC, Centers for Disease Control and Prevention.
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Estimates of E. histolytica infections have been based primarily
on examinations of stool for cysts and parasites, but these tests
are insensitive and cannot differentiate E. histolytica from mor-
phologically identical species that are nonpathogenic, such as E.
dispar and Entamoeba moshkovskii.** Specific and sensitive means
to detect E. histolytica in stool are now available and include
antigen detection and polymerase chain reaction (PCR).™*#!%

A prospective study of preschool children in a slum of Dhaka,
Bangladesh, showed E. /vivz‘ulrfim—-nssocintu] diarrhea in 9 percent
and E. histolytica—associated dysentery in 3 percent of the children
annually.”” Not all individuals are c.qunlly susceptible to amebia-
sis, with certain HLA-DR and HLA-DQ alleles associated with
resistance to infection and disease.” The annual incidence of
amebic liver abscess was reported to be 21 cases per 100,000
inhabitants in Hue City, Vietnam." Carefully conducted sero-
logic studies in Mexico, where amebiasis is endemic, showed
antibody to E. histolytica in 8.4 percent of the population.'” In the
urban slum of Fortaleza, Brazil, 25 percent of all individuals
tested carried antibody to E. histolytica; the prevalence of anti-
amebic antibodies in children 6 to 14 years old was 40
percent.”

PATHOGENESIS AND PATHOLOGY

The cysts are transported through the digestive tract to the intes-
tine, where they release their mobile, disease-producing form,
the trophozoite. . histolytica trophozoites can live in the large
intestine and form new cysts without causing disease. They also
can invade the lining of the colon, killing host cells and causing
diarrhea, amebic colitis, acute dysentery, or chronic diarrhea.
The rophozoites also can be carried through the blood to other
organs, most commonly the liver and occasionally the brain,
where they form potentially life-threatening abscesses (Iig. 221-
1). Important virulence factors include the trophozoite cell
surface galactose and N-acetyl-p-galactosamine (Gal/GalNAc)-
specific lectin that mediates adherence to colonic mucins and host
cells, ™ cysteine proteinases that likely promote invasion by
degrading extracellular matrix and serum components, and amoe-
bapore pore-forming proteins involved in killing of bacteria and
host cells.

The interface of the Gal/GalNAc lectin with the host mucins
lining the intestine is the defining moment of the infection.' If
the parasite lectin attaches to the host mucin glycoproteins that
line the intestinal lumen, a noninvasive gut infection ensues. The
life cycle continues as the trophozoites reproduce by clonal
expansion in the mucin layer. Subsequently, the Gal/GalNAc
lectin, along with mucin glycoproteins or other gut bacteria, ini-
tiates the developmental pathway leading to encystment.”*”

Colitis is caused when the trophozoite penetrates the intesti-
nal mucous layer, which otherwise acts as a barrier to invasion
by inhibiting amebic adherence to the underlying epithelium and
by slowing trophozoite motility." Invasion is mediated by the
killing of epithelial cells, neutrophils, and lymphocytes by tro-
phozoites, which occurs only after the parasite lectin engages host
GalNAc on O-linked cell surface oligosaccharides.”” The interac-
tion of the lectin with glycoconjugates is stereospecific and mul-
tivalent.'"" The identity of the high-affinity intestinal epithelial
cell receptor is unknown. Secretion of amoebapore, a 5-kd | pore-
forming protein, by the ameba may contribute to l\lllm«r ¥ Acti-
vation of human caspase 3, a distal effector molecule in the
apoptotic pathway, occurs rapidly after amebic contact, and cas-
pases are required for cell killing in vitro and for the formation
of amebic liver abscesses in vivo. """

Interaction of the parasite with the intestinal epithelium
causes an inflaimmatory response marked by the activation of
nuclear factor kB and the secretion of cytokines.**” The develop-
ment of this epithelial response may depend on trophozoite viru-
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Figure 221-1 Life cycle of Entamocha bistolytica. Infection normally
is initiated by the ingestion of fecally contaminated water or food
containing E. bistolytica cysts. The infective cyst form of the parasite
survives passage through the stomach and small intestine. Excystation
occurs in the bowel lumen, where motile and potentially invasive
trophozoites are formed. In most infections, the trophozoites aggregate
in the intestinal mucin layer and form new cysts, resulting in a self-
limited and asymptomatic infection. In some cases, adherence to

and lysis of the colonic epithelium, mediated by the galactose and N-
acetyl-p-galactosamine (Gal/GalNAc)-specific lectin, initiates invasion
of the colon by trophozoites. Neutrophils responding to the invasion
contribute to cellular damage at the site of invasion. When the
intestinal epithelium is invaded, extraintestinal spread to the
peritoneum, liver, and other sites may follow. Factors controlling
invasion, as opposed to encystation, most likely include parasite
“quorum sensing” signaled by the Gal/GalNAc-specific lectin,
interactions of amebae with the bacterial flora of the intestine, and
innate and acquired immune responses of the host. (See companion
Expert Consult web site for color version.) (From Heque, R., Huston,
C. D., Hughes. E., ct al.: Amcbiasis. N. Engl. 7. Med. 348:1565-1573.)

Neutrophils

lence factors, such as cysteine proteinase, and leads to intestinal
abnormalities through neutrophil-mediated damage. Neutro-
phils also can be protective, and activation of neutrophils or
1nﬂcr()|)hzm’u by tumor necrosis factor-a or interferon-y kills
amebae in vitro and limits the size of amebic liver abscesses.”!
In contrast to the intense inflammatory response, typical of early
invasive amebiasis, inflaimmation surrounding well-established
colonic ulcers and liver abscesses is minimal, given the degree of
tissue damage.'

The initial lesions of clinical amebiasis often are small inter-
glandular ulcers with a diameter of approximately 1 mm. They
extend only to the muscularis mucosa.'* The margins may be
hyperemic, and slight edema of the .sunoundlng mucosa is
present. E. bistolytica organisms seen in these ulcers stain well
with periodic acid=Schiff stain.” Bleeding and friability are not
prominent at this stage, although proctoscopic examination may
find mucus coming from these ulcers, with an abundant number
of amebae present.
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The next stage of intestinal disease is the production of
deeper ulcers. These “buttonhole” ulcers may be 1 cm in diame-
ter and may extend into the submucosa.'®”® The ulcer often
extends laterally under normal-appearing mucosa, forming a
characteristic flask shape. Occasional perforation through the
serosa leads to peritonitis or pneumoperitonenm,” Extensive
necrosis may be present, but usually only very little inflammation
occurs. The edema is more intense, but the mucosa between
ulcers is normal, in contrast to the marked inflammatory
response seen in bacterial enteritis. When ulceration is more
extensive, the edema surrounding the ulcers becomes confluent,
and the mucosa appears gelatinous. In young children, this condi-
tion can progress to a fulminant necrotizing colitis associated
with transmural necrosis. The pathologic events associated with
this phenomenon are not understood. Rarely, an inflammatory
response is present, resulting in granulation of the tissue with a
fibrous outer wall.”? It is given the name ameboma. Occasionally,
an ameboma fills a significant portion of the lumen, which causes
stricture or obstruction. Other complications of intestinal ame-
biasis result from direct extension of the ulcers. This extension
may result in cutaneous involvement of the perianal area or
lesions of the penis, vulva, vagina, or cervix.>”* Cutaneous and
ophthalmologic amebiasis also is caused by fecal contamination
of the face.””

Amebas disseminate to the liver in 50 percent of patients with
fulminant amebiasis.”® Dissemination to other organs directly
from the intestine probably does not occur, but dissemination
from the liver to lung, heart, brain, spleen, scapula, larynx,
stomach, and aorta has been described.!® Amebic abscess of the
liver occurs more often in men than in women by a ratio of 16:1,
but occurs equally often in prepubertal children of both sexes.*!
Abscesses occur more commonly in adults, but occur in children
as young as 4 months of age.™ These abscesses vary from micro-
scopic lesions to massive necrosis of 90 percent of the liver. Fever,
right upper quadrant pain, and the presence of serum antibodies
to amebae point to hepatic amebic abscess.*! Examination of the
fluid from such an abscess frequently reveals a reddish, “anchovy
paste” fluid that rarely may appear white or green. The fluid is
acidic, with a pH ranging from 5.2 to 6.7.% Amebas are found in
the walls of the abscess and only rarely in the fluid of the abscess.
Many patients with amebic liver abscess also have anaerobic bac-
teria in the abscess fluid.* The walls are composed of a thin
connective tissue capsule. The right lobe of the liver is involved
with amebic liver abscess about six times as often as the left lobe.
Abscesses in the right lobe can perforate and cause disease below
the diaphragm or in the thoracic cavity. Abscesses in the left lobe
can lead to pericardial effusions, which are less common than
pleural effusions.™¥

Pleural effusions can remain loculated or lead to cutaneous
fistulas or to bronchopleural fistulas. Drainage from these fistulas
is acidic, in contrast to the neutral secretions in the normal lung.
Seeding of the cardiac valves and of the brain has been described. ™
Cerebral abscesses have the same microscopic findings as do liver
abscesses, with a thin capsule of connective tissue surrounding a
fluid with little or no associated inflammatory response.

IMMUNITY

Protection from amebiasis, including acquired immunity to
infection and invasion by E. bistolytica, is associated with a mucosal
IgA antibody response against the carbohydrate recognition
domain of the parasite Gal/GalNAc lectin, 5} Cell-mediated
immunity in protection from invasive amebiasis, but not infection
per se, also has been shown. There is substantial evidence from
in vitro, animal model, and most recently human studies of an
important role for interferon-y in protection from amebic colitis,

_ contain blood and mucus in virtually all cases.”

acting in part by activating of macrophages to kill the parasite.
Invasive amebiasis rarely occurs in individuals with human immu-
nodeficiency virus/acquired immunodeficiency syndrome, even
in areas where amebiasis is common, suggesting an important
role also exists for natural immunity or innate immune responses,
or both, in protection from infection.™**

CLINICAL MANIFESTATIONS
INTESTINAL AMEBIASIS

Asymptomatic Intraluminal Amebiasis

The most common type of amebic infestation is an asymptomatic
cyst-passing carrier state. All E. dispar infections and 90 percent
of E. bistolytica infections are asymptomatic, manifesting with
only Entamoeba cysts in the feces.™ Some investigators have
suggested that stools of these individuals generally are more
liquid than stools of individuals without trophozoites.?¢

Entamoeba histolytica-Associated Diarrhea

Diarrhea is the most common manifestation of amebic disease,
present in 9 percent of children in the Mirpur cohort each year,
compared with only 3 percent of children having amebic colitis
each year.™ E. bistolytica—associated diarrhea is defined as three
or more unformed stools in a 24-hour period accompanied by a
new episode of E. histelytica infection. This definition was vali-
dated previously in the cohort by (1) showing that diarrhea was
approximately five times more common in the setting of a new
infection (age-adjusted odds ratio for the association of new
E. bistolytica infection with diarrhea of 4.7; 95% confidence inter-
val 2.9 to 7.6), and (2) showing by a complete bacteriologic,
virologic, and parasitic work-up that only 32 percent of E. bisto-
Iytica—associated diarrhea cases were co-infected with another
pathogen compared with identification of an enteropathogen in
59 percent of all cases of diarrhea.””

Acute Amebic Colitis

Amebic dysentery was defined as 2 diarrheal stool sample con-
taining occult or gross blood that was positive for E. histolyticu
antigen. Seventy percent of patients have a gradual onset of
symptoms over 3 or 4 weeks after infestation, with increasingly
severe diarrhea as the primary complaint, accompanied by general
abdominal tenderness. Occasionally, the onset may be acute or
may be delayed for several months after infestation. This onset
differs from bacterial causes of dysentery, in which patients
usually have only symptoms of 1 to 2 days’ duration. The diarrhea
is usually associated with pain in children. Pain may be of such
severity that an acute abdomen is suspected.*™*7 The stools

1677 Rever is
present in only a few patients with amebic colitis, Abdominal
distention and dehydration occur in less than 10 percent of
patients. In young children, intussusception, perforation, perito-
nitis, or necrotizing colitis may develop rapidly.*#*!

Ameboma

Unusual manifestations of amebic colitis include toxic megacolon
(0.5% of cases, usually requires surgical intervention), ameboma
(granulation tissue in colonic lumen mimicking colonic cancer in
appearance), and a chronic nondysenteric form of infection that
can manifest as years of waxing and waning diarrhea, abdominal
pain, and weight loss (easily misdiagnosed as inflammatory bowel
disease).
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Amebic Liver Abscess

The typical patient with an amebic liver abscess in the United
States is an immigrant, usually a Hispanic/Asian/Pacific Islander;
male; 20 to 40 years old; who presents with fever, right upper
quadrant pain, leukocytosis, abnormal serum transaminases and
alkaline phosphatase, and a defect on hepatic imaging study.
Roughly 90 percent of patients with liver abscess are men. The
abscess usually is single and is in the right lobe of the liver 80
percent of the time.” Most frequently, patients present with liver
abscess without concurrent colitis. Amebae are seen infrequently
in the stool at the time of diagnosis of liver abscess.* Liver abscess
can manifest acutely with fever and right upper abdominal ten-
derness and pain, or subacutely, with prominent weight loss and
less frequent fever and abdominal pain. The peripheral white
blood cell count is elevated, as is the alkaline phosphatase level,
in many patients.

Farly evaluation of the hepatobiliary system with ultra-
sound or computed tomography (CT) is essential to show the
abscess in the liver. The differential diagnosis of the lesion in
the liver includes pyogenic abscess, hepatoma, and echinococcal
cyst. Aspiration of the abscess occasionally is required to
diagnose amebiasis (although amebae are visualized in the pus
in only a few cases; if the abscess is pyogenic, the responsible
bacteria are seen or cultured). Antibodies to E. histolytica are
present in the serum of 92 to 97 percent of patients on acute
presentation with amebic liver abscess and are very useful diag-
nostically. Unusual extraintestinal manifestations of amebiasis
include direct extension of the liver abscess to pleura or pericar-
dium and brain abscess. In a patient who presents with right
upper quadrant pain, ultrasound, CT, or magnetic resonance
imaging (MRI) should be performed to examine the liver and
gallbladder.

If a space-filling defect in the liver is observed, the differential
diagnosis includes (1) amebiasis (inost common in men with a
history of travel or residence in a developing country); (2) pyo-
genic or bacterial abscess (suspect in women, patients with
cholecystitis, elderly individuals, individuals with diabetes, and
patients presenting with jaundice); (3) echinococeal abscess (an
incidental finding because echinococcal abscess should not cause
pain or fever); and (4) cancer. Most patients with amebic liver
abscess have detectable circulating antigen in serum and serum
anti-amebic antibodies.*

In children, abdominal pain is reported infrequently with
amebic liver abscess.”* More commonly, high fever, abdominal
distention, irritability, and tachypnea are noted. Some children
are admitted to the hospital with a fever of unknown origin.
Hepatomegaly occurs frequently, but elicitation of hepatic ten-
derness is not well documented. In one report, four of five chil-
dren younger than § years died with amebic liver abscesses
because the diagnosis was not suspected.”™ Death usually results
from rupture of the liver abscess into the peritoneum, thorax, or
pericardium, but may follow extensive hepatic damage and liver

failure. >

Metastatic Amebiasis

Extra-abdominal amebiasis presumably follows direct extension
from liver abscesses, rather than direct dissemination from the
intestine.*'* Thoracic amebiasis is the most common type of
extra-abdominal amebiasis and occurs in approximately 10
percent of patients with amebic liver abscess.'*” Symptoms
depend on the type of involvement. Empyema, bronchohepatic
fistulas, or extension of a pleuropulmonary abscess into the peri-
cardium may occur.
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Pericardial amebiasis is the next most common form of
extraintestinal involvement and may result from rupture of a liver
abscess in the left lobe of the liver into the pericardium or through
extension of the right-sided pleural amebiasis."**"?*** It is esti-
mated to occur in 3 percent of patients with hepatic abscesses.™
It manifests as acute pericarditis with tamponade and, occasion-
ally, as pneumopericardium.” Amebic liver abscess in the left
lobe also may rupture directly into the left chest.”?

Cerebral amebic abscesses were found in 8 percent of
patients with amebic infections discovered at autopsy in
one study.”® In other studies, lower rates of 0.66 to 4.7 percent
of patients with amebic liver abscess having brain abscesses
were reported. Patients with cerebral amebiasis frequently
are so ill from the intestinal, liver, and possibly lung involve-
ment that neurologic signs are not always assessed easily. In 18
patients with proven cerebral amebiasis, initial neurologic
examination was normal in 13, and only 1 patient later developed
seizures.

Other foci of infection are rare findings, but amebic rectovesi-
cal fistula formation and involvement of pharynx, heart, aorta,
and scapula have been reported. Cutaneous extension after the
adherence of perforated, inflamed bowel to the skin is an extremely
painfal and rare complication.'*” This situation also may arise
after invasion of the skin by trophozoites emerging out from the
rectum oceurs.

DIAGNOSIS

A heightened suspicion of amebiasis should be present if the
patient has been in a developing country as a resident or traveler.
The diagnosis of amebiasis should be considered in any child
who is passing diarrhea, bloody stools, or stools with mucus; any
child with a hepatic abscess; and any febrile child with right
upper quadrant pain, abdominal distention, or tachypnea.”™®
In a patient with diarrhea, if blood is present in the stool
(grossly bloody or occult blood positive), infectious (Shiga toxin—
producing E. coli, Salmonella, Shigella, Campylobacter; and E.
bistolytica) and noninfectious (Inflammatory bowel disease,
diverticulosis, arteriovenous malformations, cancer) causes
should be considered.

IMMUNOLOGIC OR MOLECULAR EXAMINATION
OF STOOL OR SERA

E. histolytica infection was defined as a positive test for antigen in
stool. Antigen was detected using the TechLab (Blacksburg, VA)
E. histolytica 11 stool antigen detection test, which specifically
detects E. bistolytica and does not cross-react with E. dispar or E.
moshkovskii. The antigen test is 95 percent sensitive and specific
compared with the “gold standard” of E. bistolytica culture and
zymodeme determination. It also is 80 percent sensitive com-
pared with real-time PCR for E. histolytica DNA in stool. Although
real-time PCR is excellent in sensitivity and specificity, real-time
PCR still is not practical for the measurement of infection in the
thousands of stool samples analyzed in this prospective study, so
we usually use the less sensitive but highly specific antigen detec-
tion test, recognizing that in doing so we may underestimate the
incidence of amebiasis.*** In addition, immunohistochemical
staining of amebae is useful in a difficult-to-diagnose case. Sero-
logic tests for anti-amebic antibodies also are a very useful tool
in diagnosis, with sensitivity of 70 to 80 percent early in disease
and approaching 100 percent sensitivity on convalescence. The
combined use of serology and stool antigen detection test offers
the best diagnostic approach.
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MICROSCOPIC EXAMINATION OF STOOL

Before the development of new antigen detection and PCR tests,
amebiasis was diagnosed by examining a stool sample through a
microscope to determine whether E. bistolytica cysts were present.
This method often requires more than one specimen, however,
because the number of cysts in the stool varies greatly. In addi-
tion, stool microscopy has limited sensitivity and specificity. The
body’s own immune system produces macrophage cells that can
look like the amebae. Three different amebae—E. histolytica,
which causes amebiasis, and E. dispar and E. moshkovskii, which
do not cause disease—look identical under a microscope.”

NONINVASIVE DIAGNOSIS OF EXTRAINTESTINAL AMEBIASIS

Amebiasis outside the intestine has been even more difficult to
diagnose. Clinical manifestations of extraintestinal disease vary
widely, and less than 10 percent of individuals with amebic liver
abscesses have identifiable E. bistolytica in their stools. The
TechLab E. histolytica 11 test, which differentiates the true patho-
gen E. bistolytica from E. dispar, was reported to detect Gal/
GalNAc lectin in the sera of 22 of 23 (96%) patients with amebic
liver abscess tested before treatment with the anti-amebic drug
metronidazole and 0 of 70 (0%) controls, After 1 week of treat-
ment with metronidazole, more than 80 percent of patients
became serum lectin antigen—negative. Detection of E. histolytica
Gal/GalNAc lectin in the sera using the TechLab E. bistolytica 11
kit is sensitive to diagnose hepatic and intestinal amebiasis before
the institution of metronidazole treatment.*®

Noninvasive diagnostic procedures such as ultrasound, CT,
and MRI can detect extracolonic amebiasis in the liver, paracecal
masses, brain, and other sites, but they cannot distinguish between
abscesses caused by amebae and those caused by bacteria, ham-
pering proper treatment of the condition. Most patients with
amebic liver abscess have a single abscess in the right lobe of the
liver, although multiple lesions also can occur.’ Chest radio-
graphs show elevation of the right diaphragm in 56 percent of
patients with hepatic abscess.” The diagnosis of cerebral amebia-
sis requires careful neurologic evaluation and radiographic evalu-
ation with either CT or MRL!* Because of the risk for
perforation, barjum studies are relatively contraindicated in
patients with amebic colitis.

BIOPSY STUDIES

The colonic and rectal mucosa in amebic colitis usually reveals
ulcerations with a diameter of 1 to 10 mm. Amebic trophozoites
often are at the periphery of these necrotic areas, which can be
sampled through a biopsy specimen taken during sigmoidoscopy
or colonoscopy.** Because of the potential for perforation, co-
lonoscopy should be undertaken with caution.

In patients with amebic liver abscesses, amebic trophozoites
are found near the capsule of the abscess. Until more recently,
the most accurate diagnostic test involved the examination of a
sample collected from the abscess tissue by needle aspiration, a
procedure that is painful, potentially dangerous, and relatively
insensitive, identifying amebic trophozoites only 20 percent of
the time.

DIFFERENTIAL DIAGNOSIS

Invasive amebic colitis may resemble ulcerative colitis, Crohn
disease of the colon (inﬂaunnatoxy bowel disease), bacillary dys-
entery, or tuberculous colitis.""#+#’ Stool examinations, colono-
scopic examination with biopsies, and serologic examination

should be able to differentiate amebic colitis from these diseases.
Histologic examination of involved colonic mucosa should dif-
ferentiate amebic colitis, with its lack of inflammation and rare
granulation tissue, from the inflammatory responses seen in
ulcerative colitis, bacillary dysentery, and Crohn disease of the
colon. Tuberculous colitis and Crohn disease are more likely to
show granuloma formation than amebiasis. Ileocecal or small
bowel involvement as seen on barium studies would suggest
Crohn disease or tuberculosis of the gastrointestinal tract, rather
than amebiasis. Tuberculous colitis usually is associated with
pulmonary tuberculosis and with a strong reaction to tuberculin
skin testing. In some cases, differentiating between invasive
amebic colitis and inflammatory bowel disease may be impossi-
ble. If a patient with this differential diagnosis is placed on
corticosteroids and deteriorates, the corticosteroids should be
stopped, and repeat investigation for amebiasis should be
performed. #6472

Amebic liver abscess must be differentiated from pyogenic
abscesses and neoplastic lesions. Detection of E. histolytica Gal/
GalNAc lectin in the sera using the TechLab E. bistolytica 11 kit
is quite helpful to diagnose hepatic and intestinal amebiasis before
the institution of metronidazole treatment.™ Total leukocyte
counts and cultures of blood may help to differentiate pyogenic
and amebic abscesses. Many children with pyogenic liver abscesses
have negative blood cultures, however. Often, amebic and pyo-
genic liver abscesses show similar features on CT and MRI.
Occasionally, nuclear imaging with gallium is helpful because, in
contrast to @ pyogenic abscess, very few neutrophils are contained
within an amebic liver abscess.** Gallium scanning of an amebic
liver abscess may reveal a cold spot, possibly with a bright rim.
Several investigators recommend a trial using an appropriace
drug for amebic abscess for 3 or 4 days while serologic and
culture results are awaited. ™ Patients with amebic liver abscess
should respond to treatment in this length of time by becoming
afebrile. No change in size of the liver or size of the abscess
should be noted at this time because resolution of the abscess
usually takes 2 months to several years, #7857

COMPLICATIONS

Complications of amebiasis may be prevented by early establish-
ment of diagnosis and initiation of treatment with appropriate
agents.**” When complications occur, the prognosis generally is
poor.

Invasive intestinal amebiasis has been associated most com-
monly with perforation and peritonitis,*"™#"% which appar-
ently are an end result of “necrotizing” or “toxic” amebic colitis.
In children, perforation may be heralded by the appearance of an
acute abdomen or pnemmoperitoneum, with rapid progression to
death, presumably from sepsis.*®* Surgical resection and therapy
for endotoxic shock improve the prognosis.” This complication
is not rare and accounts for more than 30 percent of deaths from
amebiasis in children.""” Massive intestinal hemorrhage causes
approximately 3 percent of deaths from amebiasis. Intussuscep-
tion occasionally occurs and can be reduced with gentle barium
enema, Multiple colonic strictures also can occur and cause
obstructive symptoms. Fistulas to other organs or to the skin may
develop.

Liver abscesses and their resultant complications account for
approximately 40 percent of deaths from amebiasis.™ Liver
abscess also was found in 13 percent of patients with amehiasis
who had postmortem examinations. Liver abscess with rupture
into the abdomen was present in 8 percent of patients who died
with amebiasis, and rupture of a liver abscess into the right
pleural space was found in 12 percent’ Many patients with
amebic liver abscess also have anaerobic bacteria in the abscess
fluid.¥ In cases free of bacterial contamination, the fluid has few
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inflammatory cells and an acidic pH. Amebic pericardits or
pneumopericardium occurs rarely and is found in only 1 percent
of patients whose deaths were caused by amebiasis.”****" The
fluid is similar to that found in the pleural space. A cerebral
abscess was found in 4 percent of patients with amebiasis who
died.™ It has been reported in fewer than 10 children, only one
of whom survived.™**** Other complications include infections
of the retroperitoneal space, stomach, spleen, esophagus, and
duodenum.™

TREATMENT
INTESTINAL AMEBIASIS

Asymptomatic Intraluminal Amebiasis

Therapy for asymptomatic and noninvasive infection differs from
therapy for invasive infection. Asymptomatic infections may be
treated with intraluminal agents, such as paromomycin or dilox-
anide furoate. Each agent has a high rate of success for eradica-
tion of cyst passage.”™* Paromomycin is a nonabsorbable
aminoglycoside that is active against the cyst and trophozoite
stages. High cure rates have been reported with a 7-day oral dose
of paromomycin at 25 to 35 mg/kg/day in three divided doses
(Table 221-2). Diloxanide furoate (Furamide) is a poorly absorbed
agent that is quite active against only intraluminal amebiasis, but
treats symptomatic and asymptomatic disease.””™ Cure rates have
‘been greater than 90 percent with a 10-day oral course of dilox-
anide furoate at 20 mg/kg/day in three divided doses (maximum
dose of 1500 mg/day).* "

Acute Amebic Colitis

Nitroimidazoles, particularly metronidazole, are the mainsty of
therapy for invasive amebiasis.”” The oral dosage of metronida-
zole is 35 to 50 mg/kg/day (to a maximum of 2250 mg/day) in
three divided doses for 7 to 10 days for severe intestinal or
extraintestinal amebiasis. Metronidazole is concentrated in the
ameba, probably via reduction of its nitro group by ferredoxin or
flavodoxin-like electron transport proteins, which maintain a gra-
dient for the entry of the unchanged drug. Mewmbolic intermedi-
ates of metronidazole damage DNA and possibly other
macromolecules, and they deprive the organism of reducing
equivalents by acting as an electron sink. Nitroimidazoles with
longer half-lives (tinidazole, secnidazole, and ornidazole) are
better tolerated and allow shorter periods of treatment.™ The
oral dosage of tinidazole is 60 mg/kg/day (to a maximum of
2000 mg/day) for 5 days for severe intestinal or extraintestinal
amebiasis (see Table 221-2) (see hutp://www.nedletter.com/).
Approximately 90 percent of patients who present with mild-
to-moderate amebic dysentery have a response to nitroimidazole
therapy. In the rare case of fulminant amebic colitis, adding
broad-spectrum antibiotics to treat intestinal bacteria that may
spill into the peritoneun is prudent; surgical intervention occa-
sionally is required for acute abdomen, gastrointestinal bleeding,
or toxic megacolon.”” Agents such as metronidazole that are
active against invasive and extraintestinal amebiasis are well
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absorbed and do not stay in the lumen long enough to have an
effect on intestinal amebiasis. Parasites persist in the intestine in
40 to 60 percent of patients who receive nitroimidazole. Nitro-
imidazole treatment should be followed with paromomycin or
the second-line agent diloxanide furoate to cure luminal infec-
tion.™ Metronidazole and paromomycin should not be given at
the same time because the diarrhea that is a common side effect
of paromomycin may render assessing the patient’s response to
therapy difficult.’*

EXTRAINTESTINAL AMEBIASIS

Amebic Liver Abscess and Metastatic Amebiasis

Extraintestinal and severe intestinal amebiasis must be treated
with the tissue-active agents. Metronidazole (35 to 50 mg/kg/day
in three divided doses for 7 to 10 days) is the preferred drug
because it is effective and relatively free of serious side effects (see
Table 221-2)"H8W% Tt is effective for extraintestinal amebiasis
in any location, although amebic brain abscesses usually are not
treated successfully with any medications. Most patients with
amebic liver abscess respond to metronidazole within 72 hours.
For amebic colitis, follow-up therapy with a luminal agent is very
important because of the high rates of asympromatic intestinal
colonization in patients with amebic liver abscess.

Therapeutic aspiration of an amebic liver abscess occasionally
is required as an adjunct to antiparasitic therapy. Drainage of the
abscess should be considered in patients who have no clinical
response to drug therapy within 5 to 7 days or patients with a
high risk of experiencing rupture of the abscess, as defined by a
cavity with a diameter of more than § em or by the presence of
lesions in the left lobe.”” Because many patients with amebic liver
abscess also have anacrobic bacteria in the abscess fluid,™ addition
of antibiotics, drainage, or both to the treatnent regimen in the
absence of a prompt response to nitroimidazole therapy is rea-
sonable. Imaging-guided percutaneous treatiment (needle aspira-
tion or catheter drainage) has replaced surgical intervention as
the procedure of choice for reducing the size of an abscess.”

PROGNOSIS

Invasive disease develops in 50 million people each year, and
50,000 to 100,000 deaths per year are caused by the invasive
disease.”™™** The case-fatality ratio is between | in 500 and 1 in
1000 diagnosed cases. Among patients with illness severe enough
to require hospitalization, the case-fatality ratio is higher. One
small study in children reported a 9 percent mortality rate and a
27 percent morbidity rate.”

Bowel necrosis or perforation is the cause of death from purely
intestinal amebiasis, and early surgical intervention can reduce
the mortality rate of these complications from 100 to 28 percent.”
Amebic liver abscess has a case-fatality rate of 10 to 15 percent
in combined figures of adults and children. ™" The mortality
rate when pleural involvement is noted is 14 percent.** Amebic
pericarditis has a case-fatality rate of 40 percent.”? Cerebral ame-
biasis has a case-fatality rate of 96 percent.

S ——— - w—

TABLE 221-2 Pediatric Dosage of Drugs for Amebiasis

Symptomatic Paromomycin 25-35 mg/kg/day in 3 doses x 7 days

Mild-to-moderate intestinal disease Metronidazole 35-50 mg/kg/day in 3 doses x 7-10 days
Trinidazole 50 mg/kg (maximum 2000 mg) qd x 3 days

Severe intestinal and extraintestinal disease Metronidazole 35-50 mg/kg/day in 3 doses x 7-10 days
Trinidazole 60 mg/kg/day (maximum 2000 mg) x 5 days
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FUTURE

In a perfect world, amebiasis would be prevented by eradicating
fecal contamination of food and water. Providing safe food and
water for all children in developing countries would require
massive societal changes and monetary investments. An effective
vaccine would be much less costly, and for several reasons, a
vaccine is a desirable and feasible goal. The high incidence of
amebiasis in more recent community-based studies suggests that
an effective vaccine would improve child health in developing
countries.

The fact that humans naturaily acquire partial immunity
against intestinal infection indicates that barriers to stimulating
an effective acquired immune response should not be insur-
mountable. Aiding vaccine design is the demonstration that
several recombinant antigens, including the Gal/GalNAc-
specific lectin, provide protection in animal models of amebiasis,
and that human immunity is linked to intestinal IgA against the
lectin®** The high degree of sequence conservation of the
Gal/GalNAc-specific lectin suggests that a vaccine could be
broadly protective. Finally, the absence of epidemiologically sig-
nificant animal reservoirs suggests that herd immunity could
interrupt fecal-oral transmission in humans. The challenges will
be to design vaccines capable of eliciting durable mucosal immu-
nity, to understand the correlates of acquired immunity, and,
most important, to enlist the continued support of industrialized
nations to combat diarrheal diseases of children in developing
countries.
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Blastocystis hominis is one of the most common gastrointestinal
protozoa of humans, with a worldwide prevalence that may be
greater than 50 percent.”*” Other Blastocystis spp. have been

described from numerous other vertebrates and

insects.”’

Although new information about the molecular and cell biology
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Serine acetyltransferase (SAT; EC 2.3.1.30) catalyzes the CoA-dependent acetylation of the side chain
hydroxyl group of L-serine to form O-acetyl serine, in the first step of the L-cysteine biosynthetic pathway.
Since this pathway is selectively present in a few parasitic protists and absent in mammals, it represents
a reasonable target to develop new chemotherapeutics. Entamoeba histolytica apparently possesses three
SAT isotypes (EhSAT1-3) showing 48-73% mutual identity, a calculated molecular mass of 34.4-37.7 kDa,
and an isoelectric point of 5.70-6.63. To better understand the role of individual SAT isotypes, we deter-
mined kinetic and inhibitory parameters of recombinant SAT isotypes. While the three SAT isotypes
showed comparable Ky and k.. for L-serine and acetyl-CoA, they showed remarkable differences in their
sensitivity to inhibition by L-cysteine. The K; values for L-cysteine varied by 100-fold (4.7-460 M) among
SAT isotypes (EhSAT1 < EhSAT2 <EhSAT3). Consequently, these EhSAT isotypes revealed remarkable dif-
ferences in activity in the presence of physiological L-serine and L-cysteine concentrations. We propose
that multiple SAT isotypes with different properties may play complementary roles in the regulation of
the cysteine biosynthetic pathway in E. histolytica under different conditions, e.g. during colonization of
the intestine and tissue invasion.
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Sulfur-containing amino acids
Feedback inhibition
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1. Introduction

The L-cysteine biosynthetic pathway plays a key role in the sulfur
assimilatory cycle in nature. Inorganic sulfur is incorporated from
the extracellular milieu or the soil by microorganisms or plants,
respectively, reduced, and fixed into L-cysteine, the first reduced
sulfur-containing organic compound [1]. L-Cysteine is used as a
sulfur donor for synthesis of methionine and sulfur-containing sec-
ondary metabolites, or, alternatively, incorporated into proteins,
glutathione, and iron-sulfur clusters. The cysteine biosynthetic

Abbreviations:  SAT, serine O-acetyltransferase; EhSAT, Entamoeba histolyt-
ica serine O-acetyltransferase; PTG, isopropy! 3-p-thio galactopyranoside; E64,
trans-epoxysuccinyl-L-leucylamido-(4-guanidino)butane; PCR, polymerase chain
reaction.

¥ Note: The nucleotide sequence data of E. histolytica SAT1,SAT2 and SAT3 reported
in this paper has been submitted to the DDBJ data bank with accession numbers,
AB023954, AB232374, and AB232375, respectively.
* Corresponding author at: Department of Parasitology, National Institute of
Infectious Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640, Japan.
Tel.: +81 3 5285 1111x2600; fax: +81 27 5285 1173.
E-mail address: nozaki@nih.go.jp (T. Nozaki).

0166-6851/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016{j.molbiopara.2008.09.006

pathway consists of several enzymatic reactions [1-4}. In the first
committed reaction of the two last steps, serine acetyltransferase
(SAT, EC 2.3.1.30) catalyzes the CoA-dependent acetylation of the
side chain hydroxyl group of L-serine to form O-acetylserine (OAS)
[5]. Cysteine synthase [CS; OAS (thiol) lyase; EC 4.2.99.8] subse-
quently catalyzes B-replacement of the acetyl moiety on OAS with
sulfide to form L-cysteine. In plants, these two enzymes form a
heteromeric complex (“cysteine synthase complex”), and play a
key role in cross-talk, via the generation of OAS, between sulfur
assimilation and carbon and nitrogen metabolism [6]. L-Cysteine
potentially inhibits its own synthesis by negative feedback of SAT.
Inplants, the nature of SATs varies in cellular compartmentalization
and sensitivity to L-cysteine inhibition {7,8]. For instance, cytoso-
lic SAT from Citrullus vuigaris (watermelon) {7}, and Arabidopsis
thaliana (SAT-c) {8,9] are highly sensitive to feedback-inhibition
by L-cysteine at the physiological concentrations (3 wM). In con-
trast, the plastid SAT (SAT-p){ 10,11}, and mitochondrial SAT(SAT-m)
[12-14} isoforms from A. thaliana are insensitive to L-cysteine inhi-
bition [8).

Other than bacteria and plants, where cysteine biosynthe-
sis has been well conserved, only a limited lineages of parasitic
protists such as Entamoeba histolytica, Trichomonas vaginalis, and
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