UNAMUIYINS (Scholarly Article)

wesUannyuazlaanfananslusssusin

The Rat Lungworm and Natural Intermediate Hosts

JuUAaaiY QilwA* wazeAv A Indng
11ATY19aFIIN WA UsaN TN AL INEIMITNTNITUNTE
wImedesaas duavinwg sunewes Sainituelan 65000
Abdulhakam Dumidae* and Apichat Vitta
Department of Microbiology and Parasitology, Faculty of Medical Science,
Naresuan University, Tha Pho, Muang, Phitsanulok 65000

unAnge

ng13UeAnY (Angiostrongylus cantonensis) reliAnlsaLdoriuauesdniay Mlandnsseanu
SruaudRnidonsdusavyunnnii 2,827 1e Tudslsiftfiuadnmsunsssuiavomensueamyluiu
wavansgeluini aufinideainnissuussmuemslignitugsanresuionn visaddadeannis
Futszmumisniinleaduaziniifinisuudoussegfade unaruildmuradeyaieafudugiuine
1995830 81N15709IA TEUININGT N33 wasiiugenansnesUenny saufleyanudifyvetlaad

) A o ' =
HINAT LND LUUﬂi%I?J‘ZIﬁIUﬂ'ﬁ‘{jE]\Tﬂ‘uLLa%ﬂ'J'Uﬂllﬂ'ﬁLL‘Wiﬁ%Uqﬂ'WEJ']GTJ@GHAH

AEARY : ne1sUenny; BINTENARY; TEUIAINeT; leanlusssuua

Abstract

Angiostrongylus cantonensis, a rat lungworm, is a nematode parasite causing human
meningoencephalitis with global distribution. More than 2,827 cases of rat lungworm infected
human have been reported worldwide. During the past few years, outbreaks of the rat lungworm
have been reported in China and the USA. Human infection is acquired by ingestion of raw or
undercooked snails or slugs and occasionally infected by ingestion of paratenic hosts and
vegetables contaminated with infective larvae. More than 2,827 cases of human infected rat
lungworm have been reported worldwide. During the past few years, several outbreaks of the rat
lungworm have been reported in China and the USA. This review paper with data collection
describes morphology, life cycle, clinical feature, epidemiology, treatment and genetics of the rat
lungworm including important information of its intermediate host. This information is an advantage

for prevention and control the prevalence of the rat lungworm.
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2. Angiostrongylus cantonensis
2.1 UszIAN1SAUNY

Wm%anHﬁuwmgmimﬁa?ﬂ f.f.
1935 9 nLduLdondonyeanyfiuamnaninggs
Usznadu Ine Chen [2] Tud a.a. 1945 Nomura
waz Lin asranunensluawdundiusn Tnenuly
fuasrldniuiifornsidoriuanssdniay seun
Yokogawa laifladeuazsuunsiane15idu
Haemostrongylus ratti lul a.A. 1946 Dougherty
C{Yﬂwm'%ﬂuﬁmﬁaaﬂuaqa Angiostrongylus wazliite
INYIANENSIN Angiostrongylus cantonensis
mmfu‘ﬂ A.A. 1955 Mackerras tag Sandars Anw
AMANBUEN1ITINE1 VoINS Uonnyluties
UURNT waz Rosen 53y A. cantonensis 1Ju
mm@milﬁm‘[iﬂLﬁaﬁuauaqﬁmaﬂuﬂu [12] du
IuﬂixL‘V]FTI‘V]EJﬁﬂ’]ii’l&lﬁ’]uwvwmgﬂaﬁm‘%ﬂ%ﬂLLiﬂ
Tul a.a. 1960 uazlul a.f. 1961 An19M5IANU
werBUaanyluftedeuanesdniauiivsz ia
nssulsemuneslvsiifidiseussasfnsenens
Uaany [13]

2.2 daugauamen

weSUaanyszaiufinfaueeandu
waduazineidle duszesiisouwtseanidu 5
szoy AN TomAfanuae Neuu1s AWneTd 18-
25 uy. go9UnnLAU UTaUateniell caudal
bursa 1ugule uasfeterzdrglunisnaniug 1
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AdefUfBaUsE oL 1 uiiinaeno1msduas
wieUszana 1/3 138190 fdouszesil 3 vue
812 0.46-0.52 wy. ddfailow Fesuindu yuuan
yunumilougnesey wazuaemauvauiiseendn
Faseauszesdl 4 vune1 0.56-0.56 uy. Taifluvie
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Wudioeusyesit 4 uagszezd 5 (young adult)
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we1sUeanyvinliiAnlsadeduanss
9NLAU T2uzNNAIUDINITUENIDIN1TAULIAN
Uszanas 7-30 Su wdsandilasuszezfnne [16]
asiuwsnazd 1y q we q Vanvies aduld
213U UanAswrUSHMMENNIN Ao U118l
91M1591mM9157 Wlesarnnen3insiAunadinn
yenanigiionnsindinundiuie goyidenns
V5398 Unsegunsadaduduninnazidediale
pIn13AINTULTRslsANIn s uagfuUsuIL
nedilasudilunaznsnevausswessnefe
Wy 3 [17] N1305293 0988 Awduau (definitive
diagnosis) vaslsangsueanyluau Ao N1305I9
Wune13inn usanunsavhladessie 330159599
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Fadufianansavile fie msdnUseid n1sesae
Ml uRns vien1snsianeiAuiuIne,
(18]
2.5 szuaInenlsangsuaavyluau

n1332UIAveslsAng1sUsnnyiinlim
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AnjlunisdaaSunsunsiuguemy
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fdudadod
oy wavlgadnisundn Favilanensuonnudsng
finsszuiakaznszateveslsaligaulaseiuse
\iles lsmfleviuanasdniauannmedeavynunis
ungszurmilanlaeianigesBunuiaifouas
viflnzuUdin wusenugiisanilanuinni
2,800 518 TnogUasludszinalnouiniigais
1,337 578 dulsunapy 9 99 YIS NAaI51T0U-
S3Useanwudu 769 518 AN8R 256 918 ansy-
BLUTNT 116 578 @151543gAUN 114 518 uay
Usginadu q ATgUhetiesndt 100 518 19U GUu
90aLAIAY DUy IeAu uLaLde e [19-24]
2.6 szunInemesUaanyluleadidu
i03
nesUannunululaandnnzuaylaad
sanansluiluiising 9 vilan luusznelne U aa.
1965 Harinasuta wagay [25] iﬂm’mqﬁ'ﬁmiiﬁ
ne15Ueany A cantonensis lulsanfinansly
Wyuﬁﬂiqqmwumumuaz%’mi’mwNmﬂmxi’uaaﬂ—
deanile nuanuynvesne sueanylunes
Achatina fulica, Pila gracilis, P. turbinnis uag P.
polita 8ms1508ag 90.5, 21.7, 20 Lag 0.5 Ay
YLl
Tul 1968 Setasubun hagAmue [26]
Anwin1sfaiie A cantonensis luvyuaglaas
fanansaniiuiinng q Muszmdlng wunisin
L"?ﬁy 81UMH Bandicota indica, B. bengalensis,
Rattus rattus, R. norvegicus wa ¢ R. berdmorei
9M1508aY 8.58, 3.87, 1.43, 2.03 WAy 2.32 A1y
a1eu drulagadainanevesviia A. fulica, Pila
turbinnis, P. gracilis, P. angelica, P. polita, P.

scutata wag Sinotaia martensiana 4895101569
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L%@%@Sﬁ% 944,571, 4.13, 1.1, 2.29, 1.99 uag
1.51 auaeu Tud a.a. 2011 Vitta uazaug [27]
ATy sl dlulsaddunizuay
Tsadsnanslufiufitaninfvalanniamieves
Uszinealne wugﬂ’ﬁmaaﬁmaﬁm%aiuma A
Julica wagwy Rattus rattus mIN3nay 12.4 uay
16 AIUARY

vaurfinnsanurluitudiinizening
Uszinaansigoiuinilag Quamstrom waz A
(28] Tul A.f. 2013 WuUNeS A. cantonensis Tu
nyuazlaaddinansluny Rattus norvegicus 81
Zauaz 100 drlulsadinatsmunisindelu A
fulica waz Laevicaulis alte 8ns130uaz 87.5 Lag
80 muAU uenNiiunizeedmuiuey
fuuu (waruse) Wumsuniinleadveanes
A. cantonensis Ineiisnsnsanitelovay 66.7

2.7 M3Fne

Hagtudlifoniiiannuduniglunis
SnwlsaiAnanwensuanny [29] dmiugtaed
flo1nnslaiguuse 1Wu vindsee aduld endou
mslifeuiuinfansofivzsefuennisvestsald
[12] dilugthedifionisunssvidefinneidory
AUDIDNLAUTN A8 prednisolone [30]

2.8 Wugeansnesuanny

Ny SUDANYUTENOUAILLNAR LAZLNA
FeRdanuuansafumeiuiugmans Taoer
wazinAdsdannuLanaiuesduvulasiuley
i lnenenSuaavynadedsuwuulastulouuuy
XX 4117 12 Taslulen drunersuaanyinanil
susuulastuleuuuy XO duau 11 Taslulew [14]
finns@nyifafudureaneriveany 13y
cytochrome ¢ oxidase subunit | (COI), 66 kDa

protein gene, internal transcribed spacer Wag
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small-subunit ribosomal RNA (SSU rRNA)

2.8.1 Cytochrome c oxidase subunit |
(con Judwihunlduenanuunnaiedneagnig
WugnssuvesatsiuneSUoanyifldnuns
AANYARINU LYU A. cantonensis Lag A. malay-
siensis wana ndurunldlunisiiasizinn
AMNFURUEN19ITANIN1TYINe S Uaany A,
cantonensis, A. costaricensis, A. malaysiensis
way A vosorum [31] Tun153tAS1¥%11A21Y
duiusn1aimuinisvesnensvanvy A
cantonensis Tu 18 #ufl a1nUszimadyu Ju
fnfu wazlne nuinfisvuuuniefiugnssud
wane1eiy 8 Uiy Il 16 Nuftan 18 uil
wuUhuuiugnssuiteaguuuuiien agrelsiinu
id2 ﬁuﬁﬁﬁgmwuﬁuﬁqﬂﬁu 2 sUuuu aﬁiuﬁuﬁ
Weafu Fauandlifiuiiauuysiunmeiugnssu
IuLLﬁiax‘ﬁuﬁLﬁ@]ﬁ]’]ﬂﬂ’]iﬂi%ﬁ]’]&lﬁ?%’mﬂuﬁﬂﬂE‘Wl%
yomeBUonnyiiiuvasiinituifeatu Tas ity
ol anfususiisanuuansmnsiugnsuves
neSUanvyuiazuiin [32]

2.8.2 Partial 66 kDa protein gene Ju
Seutudililanunsavdidmnuunnansvemens
Yanny A. cantonensis luussinauszimedu iﬁﬁu
wazinzanngldogetaley uiaunsaiudas
AUNAINVAIBVBIFURUUNNRUTNTTUVDINGNT
Uoanyameufidedfuuagsnsaeiugiu o
Mnsfinwarauluauesu 66 kDa pretein gene
WU genomic DNA ‘UEN‘W?J’]%‘U@@'M'Q A
cantonensis, A. costaricensis Wa¢ A. malay-
siensis Inefigu 66 kDa fiFszoganaiugnssa
P = 1.70-4.08 % S¥%119 A. cantonensis Lag A.
malaysiensis, P = 3.77-5.77 % 5¢#i13 A. canto-

nensis wag A. costaricensis wag P = 5.10 531314
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A. malaysiensis Wa e A. costaricensis &1 U
partial DNA Uw‘?ﬁ%wwm‘%ﬂaﬂm A. cantonensis il
auduiusTlndiAestu A malaysiensis 1nn3n
A. costaricensis [33]

2.8.3 Internal transcribed spacer La ¢
arduiimdlelnalulsluleneadiduousiom
internal transcribed spacer (ITS-1) 84 A. canto-
nensis TuUsENAIW aN3FOLUTNT WAEUITTE &
AULUIHUMIIRUENSSUNsluaeiugA iy
Wiy 0.1-1.0 % diuAuuwyUsiun1aiugnIsy
V09 ITS-2 11U 0.0-1.3 V83 A. cantonensis Tu

a

NuiiUszmedunaziavlud Tnefisduianale-
Infusiam ITS-2 d1msU DNA @1u15aUeT 8
ANUFURUSNINUGNITHTR T UBAnYYin A,
cantonensis, A. costaricensis, A. vasorum %8¢
A. dujardini [34]

2.8.4 Small-subunit ribosomal RNA
(SSU rRNA) gene udufifisuuuuiiunnsaii 2
sUuuu oA G1 wag G2 luns@nwinenSuenny
Taglgdu SSU rRNA @1815005279WU A. canto-
nensis fanun 17 suluuiugnssy 90 17 Nuil
Tudszimadiu 3u liviu uaglne lnomsiase
8161U SSU rRNA vasanewug Angiostrongylus T
GeneBank wuinnensueanywila A cantonensis
way A malaysiensis H1AITULANAIIAUNYS
anwﬁm A. costaricensis, A. dujardini g A.

vasorum [32]

3. Taadnananelusssuvia
wesleanyilaadiinanslusssudmdu

woswilnfng 9 Tanestngn vesun warnn [14]

Tunane q Uszweaeanuvesiduleadndinans

PAINNALIRA LTU NN INTnwLan3 NI
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(Achatina fulica) fei1v8ulaaddinaleid
AwdndiyegsBariomsszuame S Usanyiiilan
Tngamglunivuensni vainzud@iln uazielde
16 [18] weenwe3 (Pomacea canaliculata) \iu
Snlsaddnanwidsfiddniinadonisunsseuin
wesUoavyluniviede §ns1nsintovaanens
vannylunesiweslutseimaldviuiisns 21 %
Ju 42-69 % uazingleAuninUszimadiu 10-39
% luuszinalnenuindinisiiveslysnusau
psvisiuivilfiAnnsiaidonesuoany
ogdlsfimumosltsiiolulsadmnanaiilidese
nseNAYeiIsauNngIUaAnLar USINUTBEY

v
LYY

lgaidnatene3uennyidns1fai [35] fedu

8n5INTUNITEUIANEISUeANYAINNIAUBElY
fisnsfitosnidnmnsiniderinnisfiunosised
wazagatul a.e. 2016 A518UNBENINALIY
(Cryptozona siamensis) \Julgadfinanves
weBUanmyldia 2 vlin fio A cantonensis uay
A. malaysiensis [36,37]

3.1 Achatina fulica

o

anwazdAgy neenindnuening 9n

N

aglunszna Achatinidae [38] ddnuauzdfty Ao
Waenmudugunsieen diugenuvay Fudden
Sou Tangduinnageuduiaudy wWaenisgavined

e lnguazliiinUa [39]

a

dunegendeuaznisnauiug vieenin

o ¢

gndueniniedeagluntengiveanveiniy
won3ni Tutszwalneamnsonuldludiuiias
ATugs Sifuliiunagy Tnslawizogiebaluld
vdeau finsAusenlulivieluliiindendu
9113 Metiudefiedududngiiviiddymia
nstnuas neevndnsueniniudnindaoane

ludfedny agdudsaunsanalalannds danis
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wauiugldannsanauiugiuneludl dedinig
Fugiunesdniuilenaniudsuadsulviiunas iy
lgneamndnelanvagnaundiedaang i
gou mandlivemesmndntagnlinuiuiu
fifleudugevdeldanld (3]

ANdIAgvoaesnIndnyg wuindu
TsadsanansivinliAansunsssunemesonny
[12] finsunndsadueimns iemsdnd wielu
vsasahunldiduleninduniddmiunisugn
NYANAN <)

Tul @.A. 2014 Fontanella Wag Ay
[40] 518UNMIANYIAINUNAINVAIEVNIRUTNTTU
negmndnvmensnuln A fulica Tuituiuewsn
AL TUBDNLATLAUNYINITUMALNTBULAY TS

I3 U 1

UG98 560 fa981e Tu 26 Useina 311U 39
Hudt nrsdanwrldimaia polymerase chain
reaction (PCR) tfiuUSu ey 165 rRNA 1u
lulnAswnse 31nnsANwIMUIULUURUEN TSN A.
fulica 31wy 21 3UuUU weInIngiueanny
sUkuuiugnssuila K mnﬁlqmﬁl 30 % A2Y
NANNAYNNRUTNTTUWINAY 0.979 uagAIY
nanvarganuiianalelnduindu 0.012 uauny
WngumaynIBuRgnuIULUUugnssuylia D
mnﬁqmﬁ 80 % AIAIUNAINNAINIIHUTNTTH
WU 0.535 LagAinuvainvansanfuiingle-
iy 0.002 AEmanAvaNBTNIRUEN TS
ﬁuﬁLLaW?mmzi’uaaﬂLLazLLauwijmwmawi
BuULAYLNAU 0.445 LALAIAMUNAINUANYEIAU
fnedlelndinty 0.003 feyawmariiudeyaly
Asanwhaudladfisduieatunisnssay
Fvemeenindnueniniluiiudisng q Walan
3.2 Cryptozona siamensis

o
o o Y

anwaurd ity viesmnaeuuinegly
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n320a Ariophantidae [38] LJuvesfidansdiv

#1 Waennsdlauiie 9 sufsreudiowuy fas
Waen 812 4u wavidendeudriiazuns Uin
Waendusus wWienfiddina uasiavden
Fruaradudvwasienduuuiiudiina
Wy [39]

fuflogordouaznisnaniug wuls
ﬁalﬂiuﬂixmﬂlmﬂmLawwﬁuﬁﬁﬁmm%uqq
o1fsagauiuiy teusmusnfisiindes 3

nsfugnlulivsesealdidusinns [39] nesnin

agnuduresnfananaludifedii feuanunse

aluldvnda nswauiuginiinsrauiugiuda

a o oA ¢

fdnnsduanunesdnmiiawaniUdsuasulanu

waziu dnsneladungu o vinaddifunseld
Tuldl lfidnwaugnau Svnguuazivheyy [41]
ANUE AR Ue BN INgsd nuIndu

lgandinaiviliinn1sunsseuianesuanny

'
P

< ' a v 1 = =
LuaxﬁﬂﬂL‘U‘LlLLM@QL“J?Q}‘U@\W?@@‘N?%H%W 3mdu

sushnso [12]

3 Wudngiignisnisineasuazdl

[ '

ALY R

o

AnudrAysoszuuing lnaidusmisuesdnd
“AINNANYYUN

Tul A.A. 2014 Abu-Bakar uazAnle
[42] $1891UNSANBIAMURAINUAIBNDENINUN
TunizgasniIneniamiloUssinauiialds 1oy
M1n1sfnyIviesnsgna Arophantidae ¥iin
Cryptozona siamensis, Sarika resplen, I & ¢
Sarika sp. A5¢ Q@& Dyakidae ¥1ia Quantula
striata wag Quantula sp. {NsANYEUFIWINGT
waziugAanslangmaila polymerase chain
reaction (PCR) tfiuUSu By 165 rRNVA Tu
mtDNA wanu31lunsgna Ariophantidae ilein
Fulszavdanuuansanegluneseiadieatiuway

A9 RAAULAIAY 0-0.6 % way 10.1-12.1 %
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Aud1AU dIunsena Dyakidae fiAndudszans
AnuLanasnglunesvlinifeiiunazanswiiniu
WiAusesaz 0 way 0.1 mMuaIRy
3.3 Pila sp.
anwugdAy nesldidneglunsyna
Ampullariidae [43] Svurnlug Wasnildnwuy
nautey vualng flUnfiuds uasiuudenseu

vHugtua [44]

S Y

dunegandy nularmluludsewmelne

Y

v
o & '

TAUNUAINUNRAIUIRU 9 LU 81AABY 1515 WAL

T

Y1917 dnsiuiwdndueinns [45]

[ a

o [ I
A deuurusuUsenuLdy

<

A31UEN

o

9115 wavnuinfiveslds 2 wiia Afauddy
N1INSUNNG Ao P. ampullacea wag P. polita
FaduleaddinariwerSueany [12) uagnes
Tuldanldwiin Echinostoma ilocanum [46]

Tud A.A. 2004 Thaewnon-ngiw Lag
Ay [47] S1891UNTANYIAUNRAINNAIEN
Wuqmiuwam‘ﬁa%‘nﬁﬂ Pomacea canaliculata
warvieglvsvle Pila ampulacea, P. angelica, P.
pesmei Wag P. polita Tdimadia PCR-restriction
fragment length polymorphism ( PCR-RFLP)
IirsgianuuanaeRdueludu cytochrome ¢
oxidase | (CON) Tu mtDNA Tglwsiues LCO1490:
5'-GGTCAACAAATCATAAAGATATTGG-3'
HCO2198: 5'-TAAACTTCAGGGTGACCAAAAAATC

v
o

b &

A-3" uazioulwsddnduwig Dde |, Tag | uay Ssp |

NUANUVAINVAI8YBITULUUNUENTIH 21 JULUY

wonaniinuimesldswiln P. angelica uaz P.

pesmei fienuduiudymaiugnssuilngLAsai
3.4 Pomacea sp.

anwauzdAty veslveIdnlvieglunsena



i 26 aviudl 2 Furad - wvrey 2561

15815 M Imansuasimalulad

Ampullariidae [43] figUs1arpudenas vua gy

dlndnwazudediinady fdenisovuasd

FenUuthana [44]
fuflegordouaznisnaniiug wuld

lludssmelnemuunasin Wy with deass

d1515 Wudu dn1siugendaufivy einfivwas

v & 1

gndn i nlaoduainnsg [45] vesaindn

& 4

WuneslLeninaguazineile Aatun1snauiug

]

<) [ @ ' ' v al

WUANWUZNITIVATEMININANLAZINALLY Falile

Y Y

v ' v
N A =y ° 1 £

An1snalasuiuimiain wu anududnaluun

ATREFON

o

Tauduldsuduasfun 1 lYveuiwe3d
anwazunguiou dvuynaieududud (48]

Audfty Wulsaddmnataneidlen
my [45] thanldUgadueims vnndsdinnstun
uemsdnides laud 1n 1a iy s

Tudl A.A. 2016 Yanguagaady [49)]
i’]EN’]"LJﬂ’]iﬁﬂ‘H’]“i’JJ@u”aﬂNW‘HQ?’T’]&W%W@EJL“UE]%‘IGU‘DG]
Pomacea maculata Perry, 1810 Wu113d 816U
indlelndvesdlunlulnpowniosn 15,516 ¢
wd Usznausie 37 Bu vimidifiads ribosomal
RNAs 2 aila transfer RNAs 22 aila way lUsfu
13 wila IAefILnud non-coding region Usznau
Fagmiredniu 16 dua Sulululnaeuiaie P
maculate ns¥1egluaney H (H-strand) wagildu
tRNA 8 §u flasnsiauiainatowea (L-strand)
dlovhnsinszdauduiusn S iaunnmsnui
weuLyeduila P. maculate TA1 WU
IﬂéjLaaﬂﬁUMaaL‘Uaé‘tjﬁﬂ Pomacea canaliculata

Lamark, 1822.

4. a3d

a & aw & A da
nesueanylunesiinavluileiieni

N o

nsAUNUATILINTUUSZIWATU oS UDARUTAY

Y

307

2 o o 1 < v ! £ =
Wi Teiuuseanidu 2 me louA inaguazineidly
wegdsuuuulastulauuuy XO uaginaiied

Tastulaunuy XX uenannilgeiiszueiioau 5

(% @ o

szevmuiu dmsuiestianedlennyinudu
Teadannzlusssuvifuaznesuidagg o Haney
13n nesun wazmn Wulsadsananslusssumi
venaniidefileadnisuninlusssumanain
nangviia WU AN9AN gnden nu Uainin aznin

187 Fesvezhndene1sueanyiiiiseusyesi 3
[ a ! & o a

Jusserdnsenulalulaaddinatuazmsinin
laad Msiasegaudulvgiinainnissulsemu

lgaddainatswagnisuniinlgaduuugn 9 Au 9

a ' ' o

U19A59b A SUTLOERAMBHIUNTTSUUTENIUNSEN

¥

SanuIUUUausauT e RnfaRa1u15a%in
TaaneSUaanyls n1sunsseuinveane1zlen
nudanuduiusivusdn lead wazdwindon

drulugnisunsszuiadnnulukauiedalas

¥
aa o £

LONSAT LHBIANNUNUSINTNAN WL BINIAS U

'
a

Funazdunnyn deinduledudrdyiduasunis

o

v a0

wnsuguemykazves vesvllnd Ay Nvilian

<

¥

nsunssEuInvamesUannyialan léuA ves
mndnvuenini vesive3 uazneslds d1wsudi
AadongnsuaanyazinliiAalsadoruanes
s Tuguhefennisliguusanislveudvon
fodufismeiiazsziuensvesiiiae ogslsfiny
Tagtuusswalnedadimsunsssuinvaanenslon
myluvaneiiudl azdudoyanesusanyuazleasd
fananslusssurimdudeyanugiuiiaiuise
W ldidunuamislunisaiuauuasdesiunis

wnsszuIaneSUaavyluiuicig 4

5. AaRnssuUIZNIA

o

YBUUAN ANNTE waslianUudinfnw



5815 mermansiazinalulad

i 26 avudt 2 A - weey 2561

ANEINEIANENTNITWINE N1ATYIRTIINGNaY
UsAnInen uninerdowsas Adaelidiwusii
LagnsIdeuANgnAeslunITideuunAg
Jgrnnsadatl aunsytiunAivnsidemens
Yaanmyuaglaadmnaidlusssumdladisgaly

fgf

6. 918N1591989

[1] Wang, Q.P., Lai, D.H.,, Zhu, X.Q., Chen,
X.G. and Lun, Z.R, 2008, Human
angiostrongyliasisil Lancet. Infect. Dis. 8:
621-630.

[2] Chen, H.T.,, 1935, Un nouveau nematode
pulmonaire, Pulmonema cantonensis
n.g., n. sp. Des rats de Canton, Ann.
Parasitol. Hum. Comp. 13: 312-317.

[3] Gerald, S.M. and Stuart, J., 2013, Clinical
aspects of eosinophilic meningitis and
meningoencephalitis caused by
Angiostrongylus cantonensis, the rat
lungworm, Hawaii J. Med. Public Health
72: 35-40.

[4] Espirito-Santo, M.C., Pinto, P.L., Mota,
D.J. and Gryschek, R.C., 2013, The first
case of Angiostrongylus cantonensis
eosinophilic meningitis diagnosed in the
city of Sdo Paulo, Brazil. Rev. Inst. Med.
Trop. Sao Paulo. 55: 129-132.

[5] Junior, AM., Simées, R.O., Oliveira, A.
P.M., Motta, E.M., Fernandez, M.A.,
Pereira, Z.M., Monteiro, S.S., Torres, E.J.L.
and Thiengo, S.C., 2010, First report of

Angiostrongylus cantonensis (Nematoda:

308

Metastrongylidae) in Achatina fulica
(Mollusca: Gastropoda) from Southeast
and South Brazil, Mem. Inst. Oswaldo
Cruz. 105: 717-734.

Teem, J.L., Qvarnstrom, T., Bishop, H.S,,
Silva, AJ.D., Carter, J., Mclean, JW. and
Smith, T., 2013, The occurrence of the
rat lungworm, Angiostrongylus canto-
nensis, in nonindigenous snails in the
Gulf of Mexico region of the United
States, Hawaii J. Med. Public Health. 72:
11-14.

Thiengo, S.C., Maldonado, A., Mota,
E.M., Torres, E.J., Caldeira, R., Carvalho,
0.S., Oliveira, AP., Simodes, R.O.,
Fernandez, M.A. and Lanfredi, RM,
2010, The giant African snail Achatina
fulica as natural intermediate host of
Angiostrongylus cantonensis in Pernam-
buco, Northeast Brazil, Acta. Trop. 115:
194-199.

LV, S., Steinman, P., Yang, G.J., Yang, K,
Zhou, X.N. and Utzinger, J., 2011, The
emergence of angiostrongyliasis in the
People's Republic of China: the interplay
between invasive snails, climate change
and transmission dynamics, Freshwater
Biol. 56: 717-734.

Yang, T.B., Wu, Z.D. and Lun, Z.R., 2013,
The apple snail Pomacea canaliculata,
a novel vector of the rat lungworm,
Angiostrongylus cantonensis: its

introduct, spread, and control in China,



i 26 aviudl 2 Furad - wvrey 2561

15815 M Imansuasimalulad

Hawaii. J. Med. Public. Health. 72: 23-25.
Tokiwa, T., Hashimoto, T., Yabe, T,
Komatsu, N. and Ohta, N., 2013, First
report of Angiostrongylus cantonensis
(Nematoda: Angiostrongylidae) Infec-
tions in invasive rodents from five islands
of the Ogasawara Archipelago, PLoS ONE
8: 1-5.

Graeff-Teixeira, C., 2007, Expansion of
Achatina fulica in Brazil and potential
increased risk for angiostrongyliasis,
Trans. R. Soc. Trop. Med. Hyg. 114: 123-7.
UszeaA Szause, 2539, MT1UTanINeImIg
MU, LWAAR Ty, NN, 163-1724.
Eamsobhana, P., 2013, Angiostrongyliasis
in Thailand: Epidemiology and laboratory
Investigations, Hawaii J. Med. Public
Health 72: 28-32.

Eamsobhana, P., 2014, The Rat Lung-
worm Angiostrongylus cantonensis, 2nd
Ed., Department of Parasitology Faculty
of Medicine Siriraj Hospital Mahidol
University, Bangkok.

Robert, H.C., 2013, Biology, systematics,
life cycle, and distribution of Angiostron-
gylus cantonensis, the cause of rat
lungworm disease, Hawaii J. Med. Public
Health 72: 6-9.

Trevor, J.S., Margeret, M.C,, Susan, I.G,,
Roderick, C.J., Timothy, H.H., Adriana,
S.L., Carlos, H.Z., Robert, L.S., Yuwaporn,
S., Wanpen, C., Barbara, L.H. and Stuart,

J., 2002, An outbreak of eosinophilic

309

[19]

meningitis caused by Angiostrongylus
cantonensis in travelers returning from
the Caribbean, N. Engl. J. Med. 364: 668-
675.

Ramirez-Avila, L., Sally, S., Frederick, L.S.,
Shilpa, G., Peter, M.S., James, S. and
Carol, A.G., 2009, Eosinophilic meningitis
due to Angiostrongylus and Gnathos-
toma species, Clin. Infect. Dis. 48: 322-
327.

Vitta, A., 2012, Diagnosis of human angio-
strongyliasis, Asian Biomed. 6: 141-150.
Kliks, M.M. and Palumbo, N.E., 1992,
Eosinophilic  meningitis beyond the
Pacific basin: the global dispersal of a
peridomestic zoonosis caused by Angio-
strongylus cantonensis, the nematode
lungworm of rats, Soc. Sci. Med. 34: 199-
212.

Chotmongkol, V. and Sawanyawisuth, K.,
2002, and

Clinical  manifestations

outcome of patients with severe
eosinophilic meningoencephalitis presu-
meably caused by Angiostrongylus
cantonensis, Southeast Asian J. Trop.
Med. Public Health 33: 231-234.

Yii, C.Y., 1976, Clinical observations on
eosinophilic meningitis and meningo-
encephalitis caused by Angiostrongylus
cantonensis on Taiwan, Am. J. Trop.
Med. Hyg. 25: 233-249.

JA,

M.,

Thevenot, J. and

1978,

Bronstein,

Tourneux, Eosinophilic



5815 mermansiazinalulad

i 26 avudt 2 A - weey 2561

[24]

meningitis in Tahiti: Clinical study of 54
patients, N. Z. Med J. 88: 491-493.
Kuberski, T. and Wallace, G.D., 1979,
Clinical manifestations of eosinophilic
meningitis due to Angiostrongylus
cantonensis, Neurology 29: 1566-1570.
Jin, E,, Ma, D., Liang, V., Ji, A. and Gan, S,
2005, MR

findings of eosinophilic

myelomeningoencephalitis  due  to
Angiostrongylus cantonensis, Clin Radiol.
60: 242-250.

Chye, S.M., Lin, S.R, Chen, Y.L, Chung,
L.Y. and Yen, C.M., 2004, Immuno-PCR
for detection of antigen to Angiostron-
gylus cantonensis circulating fifth-stage
worms, Clin Chem. 50: 51-57.
Harinasuta, C., Setasuban, P. and
Radomyos, P., 1965, Observations on
Angiostrongylus cantonensis in rats and
mollusks in Thailand, J. Med. Assoc. Thai
48: 158-172.
Setasuban, P., Vairasthira, S. and
Harinasuta, C., 1968, The preliminary
observation on natural infection of rat
lungworm (Angiostrongylus cantonensis)
in rodents and intermediate host in
Thailand, J. Med. Assoc. Thai 51: 156-157.
Vitta, A., Polseela, R., Nateeworanart, S.
and Tattiyapong, M., 2011, Survey of
Angiostrongylus cantonensis in rats and
giant African land snails in Phitsanulok
province, Thailand, Asian Pacific J. Trop.

Med. 4: 597-599.

310

(28]

Qvarnstrom, Y., Bishop, H.S. and da Silva,
A.J., 2013, Detection of rat lungworm in
intermediate, definitive, and paratenic
hosts obtained from environmental
sources, Hawaii J. Med. Public Health 72:
63-69.

Chotmongkol, V., Sawadpanitch, K,
Sawanyawisuth, K, Louhawilai, S. and
Limpawattana, P., 2006, Treatment of
with a

eosinophilic meningitis

combination of prednisolone and
mebendazole, Am. J. Trop. Med. Hysg. 74:
1122-1124.

Chotmongkol, V., Kittimongkolma, S.,
Niwattayakul, K., Intapan, P.M. and
Thavornpitaka, Y., 2009, Comparison of
prednisolone plus albendazole with
prednisolone alone for treatment of
patients with eosinophilic meningitis,
Am. J. Trop. Med. Hyg. 81: 443-445,
Eamsobhana, P., Lim, P.E., Solano, G.,
Zhang, H., Gan, X. and Yong, H.S., 2010,
Molecular differentiation of Angiostron-
(Nematoda:

taxa Angiostron-

gylus

gylidae) by cytochrome ¢ oxidase
subunit | (COI) gene sequences, Acta.
Trop. 116: 152-156.

Tokiwa, T., Harunari, T., Tanikawa, T.,
Noriyuki, K., Nobuo, K., Kwong-Chung, T.,
Jun, S., Teruk, K., Nobuhiro, T., Takashi,
K. and Nobuaki, A., 2012, Phylogenetic
of rat

relationships lungworm,

Angiostrongylus cantonensis, isolated



i 26 aviudl 2 Furad - wvrey 2561

15815 M Imansuasimalulad

[33]

[34]

from different geographical regions
revealed widespread multiple lineages,
Parasitol. Int. 61: 431-436.

Eamsobhana, P., Lim, P.E, Zhang, H,
Gan, X. and Yong, H.S., 2010, Molecular
differentiation and phylogenetic relation-
ships of three Angiostrongylus species
and A. cantonensis geographical isolates
based on a 66-kDa protein gene of A
cantonensis  (Nematoda:
gylidae), Exp. Parasitol. 126: 564-569.
Liu, C.Y., Zhang, R.L., Chen. M.X,, Li, J., Ai,

L., Wu, C.Y., Zhu, X.Q. and Lin, R.Q., 2011,

Angiostron-

Characterisation  of  Angiostrongylus

cantonensis isolates from China by
sequences of internal transcribed
spacers of nuclear ribosomal DNA, J.
Anim. Vet. Adv. 10: 593-596.

Cross, JH. and Chen, ER. 2007,
pp. 263-290,

Murrell, KD. and Fried, B., Food-Borne

Angiostrongyliasis, In
Parasitic Zoonoses, Springer, New York.

Rodpai, R., Intapan, P.M., Thanchom-
nang, T., Sanpool, O., Sadaow, L,
Laymanivong, S., Aung, W.P., Phosuk, .,
Laummaunwai, P. and Maleewong, W,
2016, Angiostrongylus cantonensis and
A. malaysiensis broadly overlap in
Thailand, Lao PDR, Cambodia and
Myanmar: A molecular survey of larvae
in land snails, PLoS ONE 11: 1-12.

Vitta, A, W., C,

Thanwisai, A. and Dekumyoy, P., 2016,

Polsut, Fukruksa,

311

[t}

—

[t}

[uln

—

Levels of infection with the lungworm

Angiostrongylus cantonensis in
terrestrial snails from Thailand, with
Cryptozona siamensis as a new
intermediate host, J. Heiminthol. 90:
737-741.

Wade, C.M., Mordan, P.B. and Clarke, B.,
2001, A phylogeny of the land snails
(Gastropoda: Pulmonata), Proc. Biol. Sci.
268: 413-422.

s
a o a

3dNA q330 wavaudna Jgymn, 2551, vioy
unlugnenuwisnduty, lasanisimmn
paAnuSkarAnwiulevien1sInnis
ningnsdinmludssnalng, ngamne,
62-81 U.

Fontanilla, I.K.C., Sta. Maria, |.M.P., Garcia,
JRM,, Ghate, H., Naggs, F. and Wade,
C.M., 2014, Restricted genetic variation in
populations of Achatina (Lissachatina)
fulica outside of East Africa and the
Indian Ocean Islands points to the Indian
Ocean Islands as the earliest known
commons. PLoS ONE 9: 1-8.

auiesi ndwde, A15Ins Sunegsng,
U318199N09 WSNULNA Lay Ygnel NUNIH,
2555, Anw131Ine1euana1i Crypto-
zona siamensis (Pfeiffer), u. 2233-2237,
S18991UKaUITeUSYI1T 2555, d11n
NUATERAUIDITNVINY NTUATINITNEAS,
NTHNNI.

Abu-Bakar, S.B., Razali, N.M., Nages, F.,
Wade, C., Mohd-Nor, S.A. and Aileen-
Tan, S.H., 2014, The mitochondrial 16S



5815 mermansiazinalulad

i 26 avudt 2 A - weey 2561

rRNA  reveals high  anthropogenic
influence on land snail diversity in a
preliminary island survey, Mol. Biol. Rep.
41: 1799-1805.
A,

H.,

Kristensen, T.K. and

2008,

Jgrgensen,
Madsen, A molecular
phylogeny of apple snails (Gastropoda,
Caenogastropoda, Ampullariidae) with
an African

emphasis on

Zoologica Scripta. 37: 245-252.

species,

85071 UIAFUAI, 2552, N15LTUTEIevUVBa
wouthIaluuszmelng, u. 37-38, 57897
N15U58UTEANAINAALIUABS 1931803
yiawugdnilulinszgndundingueos
(mollusca), @19naruulevisuay ny
VENEINTTIIUTIPUAZ AN DL NTTNTH
ViNeNIEISUMALarAwndey, NFANNL.
Aswa Seulne, 2553, nNsAALTafsou
wenslulfidusresimasnnSovomentinin
296 Thaiaridae TunnaldvosUsyinelneg,
InerinusuIyaln, undenaedaling,

uATUFL.

312

(46]

(48]

Pariyanonda S. and Tesna S., 1990,
Edible mollusc, the intermediate host of
helminths Khon
Thailandd Srinagarind Med. J. 5: 159-172.
B, S,
Phanwichien, K., N.,

Lauhachinda, N. and Menaveta, P., 2004,

in Kaen Province,

Thaewnon-ngiw, Klinbunga,

Sangduen,

Genetic diversity and molecular markers
in introduced and Thai native apple
snails (Pomacea and Pila), J. Biochem.
Mol. Biol. 37: 493-502.

Brito, F.C.D. and Joshi, R.C., 2016, The
golden apple snail Pomacea canalicu-
lata: A review on invasion, dispersion
and control, Res. Gate 27: 157-163.
Yang, Q. Liu, S, Song, F.,Li, H., Liy,
J., Liu, G. andYu, X, 2016, The
mitochondrial genome of Pomacea
maculata (Gastropoda: Ampullariidae),

Mitochondrial DNA A DNA Mapp. Seaq.
Anal. 27: 2895-2896.



