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Effect of Climate Changes on the Prevalence and
Endemicity of Parasitic Diseases

Jong-Yil Chai

ABSTRACT

Climate changes and global warming which recently occur in various
localities of the global surface not only affect the incidence and type
of natural disasters, such as flood, drought, typhoon, and hurricane,
but also cause remarkable changes in the living environment of humans
and animals and eventually the occurrence of variable types of human
and animal diseases. Among them, infectious diseases, in particular,
diseases caused by parasites are one of those affected most remarkably.
It is mainly because climate changes can greatly influence the survival,
behaviour, and spatial distribution of vectors as well as intermediate
and definitive hosts. For example, in cases of malaria and filariasis,
climate change greatly affects the survival capacity, life span,
reproducibility, and habitat of vector mosquitoes to change the
prevalence and endemicity of each disease and to result in extension

of endemic areas. Also in Chagas disease, African sleeping sickness,
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leishmaniasis, and babesiosis, climate changes can change the ecology
of vector insects, such as triatomid bugs, tsetse flies, sand flies, and
ticks, and affect the disease incidence and prevalence. On the other
hand, in soil-transmitted helminthiases, such as Ascaris
lumbricoides, Trichuris trichiura, and hookworm infections, climate
changes, in particular, heavy rainfall, can induce changes in the
property, nature (moisture, etc.), and component of the soil which may
in turn increase the transmission velocity of these diseases, leading
to elevation of the prevalence and endemicity as well as changing the
seasonality and extension of endemic areas. In the case of schistosomiasis,
climate changes can affect the distribution, longevity, and ecology of
vector snails, such as Oncomelania spp., Biomphalaria spp., and
Bulinus spp., and may establish new endemic areas eliciting new
patients in previously non-endemic areas. In waterborne and
plant-borne infections, such as cryptosporidiosis, microsporidiosis, and
fascioliasis, increased rainfall can induce changes in the outbreak and
incidence of infections. Also in foodborne parasitoses, the prevalence,
endemicity, and spatial distribution can be changed according to global
warming and climate changes. For example, in clonorchiasis,
opisthorchiasis, and paragonimiasis, the distribution, survival, and
species dominancy of intermediate hosts, such as freshwater snails,
fish, crabs, and crayfish, may be influenced and as a result, the
prevalence and endemicity of each disease can be changed remarkably.
Also in infections with intestinal flukes, including metagonimiasis,
heterophyiasis, echinostomiasis, isthmiophoriasis, neodiplostomiasis,
and gymnophalloidiasis, climate changes can affect the endemicity and
spatial distribution of each disease according to changes in ecology of
intermediate hosts, such as sweetfish, mullets, freshwater fish
(Odontobutis obscura interrupta), grass snakes, and oysters. In
another foodborne parasitic infection, such as cyclosporiasis,
transmitted through consumption of raspberry or other kinds of
vegetables, the infection incidence and prevalence may be greatly
influenced by climate changes, including the rainfall. In addition,
climate changes can induce introduction of new parasitic diseases as

a result of changing ecology and environment of intermediate and
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definitive hosts. So as to cope with the problems caused by global
warming and climate changes, sustained surveillance and monitoring

of each parasitic disease are urgently necessitated.

Key words: climate change, global warming, parasite, parasitic

disease, malaria, helminth, protozoa
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H FAe A 23Sk iER{L: global warming) @k o] = Ql&f A4+ 3
oA Yehda 9lE theret deje] 71 isH R b climate change)© %
T, 7k, 'E, s, mARA], AL 5 A sl frE 2 Wikl Avket
P S BE, S HES o] AEAES] AL B (4R E
HASA 7| A ] ff el oM ® theFet WskE Xeistar At ]—?@ﬁ}
7F A FAME 53] 78T ASH(FEMER) o Fd nX e 9% F5E
et S Aol Wste 78S dIehs WA M Y 23T
TETO AE, F4, A4 Ex Tl Akt JEks vA7] “H-'ﬁ: Ith. dE =
o] wete]ok(malaria) W AVSEo(FhikadiE : filariasis) el 725 wi7iAIQ1 2719
AE 83 7, 84 9 /‘1”?1 g}k Foll Hiet Gk 714 2 Ak
FAEE HgA7)3, f8 A9S ddste 235 7 )= gt AR

(Chagas’ disease), ©2Z2]7}5HH °P4ﬂ7ﬁﬂRf African sleeping sickness),

A B33 (2L leishmaniasis), H}Hﬂ/\]o}z (babesiosis) <] 73
ol = ®Inh, AA T (tsetse fly), 2] (sand fly), F=7] 5 wi7iAe] A
& WsiAlA AW ol J3E vt ¢k, 31%5( E@sﬁ% o|u} HZ (i),
T3 (#) T EFNNE A5 (IEME i 7] Afolle A% 57t
o wet E<ke] AA(HFE 7 5)olv Ave BsA FaAE Hel7= o
AdE, Y=, ARH HE 5 FIFd Avet 9 FI= a7

P

(1M schistosomes)e] 7ZA-%ol= dF(HEH) S5 X, AE
A Tl G A FAEE A 7IAY 7189 vl AldlA B s
HAYAIZIHA] o] & M2 FA 2 a7 = St 914 OKEIM:) T 434
- OREFREHEDY) 7185 259 AZASS(EFEE: cryptosporidiosis),
0] EAEZ (TR T-#E . microsporidiosis), IFES(FHENE: fascioliasis) 5<]
B A T B gbhdl el fee] At MEe Btk AE-
w70 (i) 7185 ] A-foll e 715 ste] whet fe el thefek wst

7b 22 vk S S5 (ldERiE) ol v E}°17P§%%(E‘r 1R SIE)
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| 5o5(iikaiit) o 7% et&sT7 He off, A, 7K $7< B8 &
3, AAA] o] WGt g faAd] WsE dod vt e eEF
(257 oWk Metagonimus yokogawai), -Frollold &3 (G ERF M

Heterophyes nocens), SE2HATT53 (S 26| M Isthmiophora
hortensis), A&F4&% (Neodiplostomum seoulense), F=TU&%
(Gymnophalloides seoi) & &% (ka#dh) 7Ee] Afole 29, &
of (e TAYS), dEFARIY nleR], 2 = T SRIET AR
R AY ddig o2 flest fgA v sk 4= 9lvh UE7] (raspberry)
Ee 2238 (broceoli), Wlo]& (basil), 5 (cilantro) o2 THE A=
o) Hute= YEASS(HIETHE: cyclosporiasis) = 7] FxA s}kl Atket
e W AE-uil 718FH e shvtelnt, wel 7RISk A fld A=
T+ 718% A4 fde /TR St AE8A R A 2dste} 7] es)
7} 7188 fralel miXe G w2 AEAQ] RUHP I A28 #
2] Heke] o] Algs] axdnt

FAe: 7|5t A s Z|AFZC1AA), 71A8FASE detelof, A%
AF
= Xt
[ A& 9. 8833 (schistosomiasis)
1. 71587} 2t 71852 8ke] f3dol 10. 9453 (cryptosporidiosis)
v|X| = ggf 11. ¥ ¥A5Z(cyclosporiasis)
1. Zete]ok(Malaria) 12. P8 Z(fascioliasis)
2. AF7F2=H (Chagas disease) 13. 2Fg%<(clonorchiasis) 2 ElolH5%
3. olZE]714"H% (African sleeping sickness) (opisthorchiasis)
4. B9 E%Z (leishmaniasis) 14. #-&%%(paragonimiasis)
5. uhlAlo}=(babesiosis) 15. &%= (intestinal trematodiases)
6. 3% (ascariasis) . =%
7. AZFZ(trichuriasis) Ak =
8. T%%(hookworm infections) a3
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1. N&
71 EW e (5EME #1L: climate change)® AAF oz doyEs dgol7| =
SHAIRE QIZte] A&y &5 Fo o) A J&FS U= . 53], A

o
o

SUbAMEDE Bl At&st= FHAE Wy, s 5 o A9

il R = |
(anthropogenic) 89159 o3 WA= 24 7F~(greenhouse gas)

24 7IA 9] A AT 23St E JHEstelA A Al Ze 7| ske) A 2
HslE st Aok, 53], 204171 SHHEE(1950-1960) A=7b4] 601 d
T BEE A F 2R eSS FE AN TE 24 TVt RO FUte ¢
A BAZE dvke ARl 2 delA glom, oA Q19jA adld oa x
H AF &9 A5 F5 (Antarctica) S A Qg ZE FAA YEbta 9l

Els

I, oY thFol lojA =2-A=A AA A FFS VAT B
Hth(Rosenzweig et al. 2008). upzhA 7]-7*tﬂ i

elof & 7MY Fa3gh A<t syE BRI ¢
715983 B gAES /I3t oAy ZFol —?tﬂ
4o oo F7MAIIM Y E #ste ol ¥ vk
93tz dtH(Crowley 2000; Rosenzweig et al. 2008; Short et al.
2017). 71 3}lo] 28] g AAA ggo g FAG 7] Aeol

-Ei‘l

o

M (), S(EIE), 5, 7, B3, e, AR, &4 5 €7 =
711 5 F e A= Jdou AR G i E A AR
fle 475 8o AR 93 T8 d2e AAdEAgY flE # &
g Fdel E“ii}gr A2

Al
7 Aol 24 55 & F AT 53], AL (SARS)

25 WA FH Aot et AT 28] o
Sl 2 ol FalHA A7HA| G e
HEol By @A ez HE Aol Eo. dAA AAHL U3
(pandemic) < Hola & AlF I 24 vlo] g2 (COVID-19) %= v F4
7 Wﬂ(;meﬁ) T, AEad e Sol YA TFHoRE AT 2¢
3 92 71FAstel w3 #AAU 9 sHsAdel A

Al 2dstel 7| FRse] ® g2 A% 4 F oshve 7| A §3
T F7bet fAA] A T 2T F A= Holth(Short et al. 2017). &

&, 71FHste 7I8SE Adste AY ShsF, TE5F T 55 29
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A g FA Ex dFS nAH, 78T AA e TR Avke G
= YERA @k (Short et al. 2017). WI7RAE d =2 9, 7], I=7], B
Aoy, AASe T A dE5S F36tn, SR 9FS 71, AE 59
= 3771, s 8 MR 55 STVHZ F due ARde] & g A vt
(Short et al. 2017). 7I¥¥s= 715, oM FE 5 ERsSFIRARETE
reservoir host)® M9 & B % thddsti st ot BEAF S vS &

e

disease),

At (Short et al.
oz g7}

2017).

wete] ol (malaria), A

W (African sleeping sickness),

~

(leishmaniasis), BF¥|Alo}=(babesiasis), $FEA%Z(cryptosporidiosis),

At 0

(opisthorchiasis),

3| XA E3 (onchocerciasis) 5 7] &W¥H 3} S

T8 & %3 (schistosomiasis),

HAZ(fascioliasis),

7+& %% (clonorchiasis),
=

X% % (cyclosporiasis) && 71 F®stol] oa 3 7P Bel we dof
S

J%”(Wﬁali protozoan) &A% o o]H (Short et al. 2017), 3
T EGE A (HHEESME 158 soil-transmitted helmionths)

Te==
ABA = YNNG

Eo]zt

HEZHAAMIEZ(lymphatic filariasis),
7H Wol W AFFH

o

(k=20 helminths) 79 A%l do]th(Blum and Hotez 2018).

o FHANE AT £ A FHe el 2R AFARY FA
29 FP gt st dis] 7AE THRE(E DE DS odE 5o Azl
B3z st
H 1. 7|FHso| gEkg B Qx| 2 JMEEEh S7RFIET), S5 ED)

7| EA% 5 %%—Zr

(S ) AR HZEAEE | (ss #5%: (RATD

wabe]of defelotd F 52 BEdH R 27 (mosquito) & FHFE Sk A

= Ze Ao FEFo . 2 A vector)E} sk AL

maaia) ojgl) 435% wisTE g8

A7E2H = . Abt A, el of=
(Chagas disease) Eefobg Hld(kissing bug. assassin bug) nld 2 (armadillo)
oz 7}HH
(African sleeping | A A 3] (tsetse fly) Al 7HE, B E

sickness)

T 2 =2 . ,
STIRIESS | b sl (sand fly) A, AN, ok AR
(leishmaniasis)

v Ao} )
= 7 A an}
(babesiosis) A7 (tick) A2 A
T g b
(ascariasis)
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e ANFAEF A2FAET Eip
(FFsEb) - - (Ri5F aEL)
HES o0
1l o A2k
(trichuriasis) e e
==
:rLT. 5 (hqokworm gle Aper
infections)
A2k <70k =13
TIEET 3 #(Oncomelania spp., Lithoglyphopsis EJZ] j %i ]‘/\}2‘
(schistosomiasis) aperta, Biomphalaria spp., Bulinus spp.) 4 ;J./g_ e ) =,
) [e}
FEASZF Aot EA ST A2 xS T FEASHE A, &, FH 5ol 4
(cryptosporidiosis) |2 F&F 982 & &S =3 Ay} 7P 2e
LEASZ PLIAEZE Fxd (oocyst) ol & % opAl, A&, HY T B3l
(cyclosporiasis) A= Algo]l A U3 T,
P2 (fascioliasis) | AR FEGE TR,
&= (fascioliasis ¥ mnaea spp. - R
° e PP ), ke 5) <
NEE35
1] b= . =] AR
(clonorchl_as‘lsz) gL Jﬂv(RarafogsaIu]us ‘ﬂﬁ%lﬂ(’u'o*oi;: L=k A ) 3ol
Bl g 5% sp., Bithynia spp.) |¥FX, 1171 5)
(opisthorchiasis)
2] == 227
I#s< Hel A, 7 A oY EE
(paragonimiasis) (Semisulcospira spp.)
= ol 2= = o 2= BN
olFBEFTE —r’t} ) F W =4t Otar(?oﬁ. AR N 3okl
(heterophyidiasis) | (Cerithidea spp.) Fol, AYS 7o)
Zaga= Gt
(Lymnaea spp., Radix| 35, o1&, YAF |[AH, 715, K&
(echinostomiasis)
Spp.)
& == 2}yl
(neodiplostomiasis) | (Hippeutis cantori)
A=EAEE5 m kol A = A (o2 EE 5,
(gymnophallmdlasw) e (C’rassostrea gigas) | AR

e TSk A Al

I, 71393t 245 1858

& AZAA F= AASFGELEL, paratenic host) 2 A,

go] ge] MXE 9%

1. 22f2|oHMalaria)

Tetel ot
A% (= H B

falciparum), AP E YU (W HEJR S Plasmodium malariae),

(IR A

27]9] ola Astet Wy 4

Plasmodium vivax), €9

Aol &3

(BE# gEif) o] shutolth, Add
A= (BEEJR A Plasmodium

HdEddF

Plasmodium ovale) 2 Y%ol€ 93+ (Plasmodium knowlesi)
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o] 5Fo] AA | Zetelops dovle Aom LA AT(AFTL 9 1999,
2011: AFYL 2018: Chai 2020).

upeba] depefobe] ff e A v RUI7F EEsteA, 1 BEe o=
BEIA, 2719 FHe AR (Eetelotd Fo wao] 7ted Yrm o
otof B R), Al 915 AssteA Foll wet @it 78 e A
T 9 dAVE e =2 Aol de A9 AS &4 el 2]
MAA (LK) E 771 A& He3d A-dd FEE AT do
(Short et al. 2017). ¥+, 2719 &8 A=k 5#E) ¢ 8 S= (ki
HE) T8 712 Asd BEE FAAATE dol delA Atk (Martens et

al. 1997).

Add Zetelob(vivax malaria)® @ E ke ok (tropical malaria) <
71 o8l 7HE Al FEFE we Dk otolth A 2dErE Mg o
g ol & dEtgote] F¥ & (AHE: prevalence)< A FFollA 12-27% 7+
S7te Zolw, 29 W e S5 © TAATIL 259 A HFsH
2 Zolg} gtttk (Redshaw et al. 2013). &7 <3 (ZHE) S 255 o=
= |

=W 19909 Q17 10¥F % & 52.09e|Ad Ad4d wepelof gx dA 7t
19999 1.3 o2 AA #Hastd o 20009 ol F 5243 AFd= HA
o, 20069 & Q1= 109 ¥ 9 90.5W oz Frtste FAE o] FJH(Gao
et al. 2012). o] A Zetejof AP AlS EA g od 7 F 5
<7}, multivariate El Nifio/Southern Oscillation Index ¥ 7] <ol
e 27 Bxe] I B B 8Rlo g YEwon, O FoANE e

S 71 8% 2o ® AT (Gao et al. 2012).

a8 2 (Greece) = 1974300 Add defgjol ¥E HAAdS Ao a9
o Zepelol At wid AY ¢ BaEo] ga, ABEAQl A= (HE) W St
(Bheddy A&l gl A autochthonous patients) = HA| T Ald A
3t tH(Danis et al. 2011: Andriopoulos et al. 2013). 53], 2009-2010
dell& afleoddla & Lol gle Fehelol g 7 (28] =0l A5 LA 8
I (Andriopoulos et al. 2013), 20119 % s3] AHo] &= = 20
o] WA thH(Danis et al. 2011). o|E2 EF Z8lx A= U] 27]4)
ot ftd oz AFHT(Danis et al. 2011). °] AMEA(FHHBL) ek ok
(reemerging malaria) = Zetg]oprt fd o= 9 I7tolA =g a9 o]
FH (AR immigrants)ol 98l A7 AIZREHAS 7HsAol woH
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(Danis et al. 2011), °]ol ©lste] 7] F®sto] oJaff F7hgk b wfZol of
N sdge] Ade 3714 Y= (FE)7F S7H7] W2 9. oo 2
ol fr=2 FiollA Eatelolrt AlF3 (FAT) 3t e yWetE e 59 (Germany),
2921 (Spain), ﬂio}ﬂo}(Croatla ol&go}(Italy), =E(Malta), &7}
?lo}(Bulgaria), T~ (France) 5= & 4 I (El-Sayed and Kamel
2020).

ghmo] Aoz e ofF wf(11529) +374 Eekgor A 7]
A F A £ 1950-19709 U744 FE 2 AL HE

th7F 1980t Rkl = A & E do] AT (Chai 1999, 2020: A F
2018). &7t oF 10d %9l 1993‘40“ gejods) Aol gl = BWAF
1o Al B2k deteolrt HAe & 2015974 % 32,5267 <] $Ap7F LAY
AT (AFEY 2018: Chai 2020). ©] H% e ol (reemerging malaria)
= &5gho] dekglol HA T WS AdAo] gl oY HFH AR5E FI
B3 % th(Chol et al. 2005: Han et al. 2006: Chai 2020). 53], 19904
ZHE B3k A A dl 3 (koK) oF 712 (#eE) T AZe] ot
ghejol o]l SEE UmAr] WEew FPEY. Adx, Itz A f3Y
ghelob 7] Fste} ol Qe wtEH o WA T4t A Aol 9l
3 He Fo] gAY Aoz Addtt(Han et al. 2006).

oo g 2

AZFANEHARE(AF2WEMTS: Trypanosoma cruzi) 9=, €4
A7 e o8] FrtdA fasta e 9% Ad ZEe] sty z Ry

(bug), 53] Eg 0}% Qi) (triatomid bug; ¥ kissing bug E+& assassin
bug)7b wi7hstH AW I AA % (B AHEE;: megacolon) & Az W3}
A%tE doqit, O] §2 A &@nl m7kEolA EAe ZQlH 7] St
ofg] ml= FHRAFAAAE wjfA] RIth7} 24k, EESHA HA oM, 01”7
dlejodd) sz Aol Aislo] S5 THAZIL o] ¥ B2 A H

o2 e 7)o o]28lth(Bern et al. 2011: Garza et al. 2014). @A U]
= g BEste EflolE Rldle HAS 1159 o2, Ea&5F(IRA7E
F: reservoir host)X® %3 (woodrats), U2 (racoons), &% Z(skunks),

7 9 Hl (coyotes) & THFF TFH7F At 1o Apt=R Faol A detrt
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(Bern et al. 2011). 53], grtx~ Fo 2 7] 7F&E (county) o= "FEU o}
(colonia) & E&le AALE5F 3 44 A AFsta o & 3 7=
(19 )k HeAA &4 Fom vz Wizt fA AR F A=E Ho
UtH(Short et al. 2017). Yo7}t o] W& 7|$Hs= &8 ArlolA H7], &
H Tord oz Tt 5 AT olFel wEt AL AA HGo] MutEa /7]
% 3tth(Schmunis and Yadon 2010).

a9, 71eWste i) Wde gFde & WstE 2

Atk ZF, 71e0] 30=7F el FE7F AUH R 93 A Wdle g5 (R
K)REE A4S HEslr] Yl 62 25 8L sfloF stA ®oh(Carcavallo
and Casas 1996). T3, AW =7} Fold 5 Hitjo] &AL 717to] Fro}
|31 A &3] M2jsto] JRA|F7F @) 3o A solde whet 29 A9 £=
2238 232 7P & (Carcavallo and Casas 1996). 3, 7]29]
oA H WAAQ AFAFNFARZ(T. cruzi) A AA 2 ¥ld o £4352
T wgRdttE A3A9r 2ad 9% dtH(Asin and Catala 1995).

)
o
i)
rr
>~
>
i
o,
i)
vl
2

>~1

ru\ru

1B

3. of=2|7IHE (African sleeping sickness)

) ot a5 Hl B Z (e ok E#E B4 Trypanosoma brucei gambiense) @t
2| Aot at5H B (Rl A ohl @Bk Trypanosoma brucei rhodesiense)
& Abge AAEA FFAAA (hAaiEE R central nervous system)E
&t %’3—-’;‘**& (FHEKTE) & Lo7)aL Aol ol2A7A] & Sil‘: U’ﬂ-v‘
d C el W AL vk A A e = Ho i (MR
T st , Al A e (tsetse ﬂy)7} o] A
fraol M2 Rt s gt d&s n3l

=) = % AA T o] MAH (LA Aot
)E Fste 237 dehuda o] wEe] AR gojue od AA T &
= AASH "ok, v AA R Ao AdE o] € AATYE 2
5 e3l8 VA B B2 A7 o] AW Aol w=EHA st 1

23]y Eolv 235 /M- 71E It (Mweempwa et al. 2015).

r-lo
ol
o
o
i°1

J%: sleeping sickness)e]g} BE27]%=
gt 7] FHslE o] AR
Z 5o, Al 7| Aol 9l

(¢
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4. 2|fFtE 2 ESE (leishmaniasis)

Nt RS (B s < 5%, Ao T 448 54 we g7
TP 255 (K el B0 . cutaneous leishmaniasis), 357449
A 223 (Al 2] 77 THE B 0 mucocutaneous leishmaniasis) %
WA A 2325 (NEE 7B &JE . visceral leishmaniasis) o2 &
o). X)) FESS dode T2 dugawHE3F(Leishmania
tropica), 229+ WHH 23 (Leishmania major) Sola, 57 2F(H g AliE)

AASES dodle 952 2w AR ZE (Leishmania braziliensis),
2% (Leishmania mexicanus) s°l™, WA (KK Ad= <

o 7E Fd = AU ARE(Leishmania donovani), AotdGHtH 23
A<

(Leishmania infantum) &°| €8 JG(EL ¢ 2011). o] & &4ytA

gl FAC XS T mlEol e e F Fole m=elA

A H A2 JAAA T A= Ho] BEAE ] (HAER L) 2
Ak (McHugh et al. 1996). 281t McHugh et al.
& "xps FoA] 1903l A XTE 19 ¥ FEete] 19429 11,
9939 259 % 1 ¥ F7} 29 (199549) & F 29% 9] EAA g4t
ARFS 2SS JA, Eusda. a2 F 71503k, 53] 712733 3 il
A9l 2efote] (sand fly) oF EfrsF¢ <5 (woodrat) ] 322 <jo] Shd
of whe} wj=o] "atx FHT BH X3 A9 =& Ui (Canada)el
A& YA R 271 GAtEa e F5F etk (Gonzalez et

al. 2010).

—~
—
[NoRm|
O
(*))

5. HIH|A|O}FS (babesiosis)

Hha] Aot W E7] (tick) ol o8 Avts = d AL (B mi) o= T
globsl vl 23t A FaE Holn. Biul Aot (Babesia ) €5 <2 Fo
5. 24" dF A Qs 1990 ol =7l "d=rt

=]

‘q‘

£ Wgor gikd Ao slded ole 71k 2

=2 =

midbAsi: subarctic) el #AloF dH X
7V Vet FAer]-vigd AWel F717F e ol

ol
re
)
ox
o,
32
32 H
(o

0 2
=
i)
v
to
9,
fz
a4
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s

1€ 933 2 WA sArkn AT Short et al. 2017, WS

AE7)e] #% (M larva) U % (440 nymph) A719] B4 MY S 53

A% do] At g R BE O W 444 AW HLA A=A
o

oA gL o AMEI} 4 JdxE = Aol DA YtH(Short et al.
7

2017). 4 =(Poland)A = 2% S7H7F WA (mushroom) 2H& (1E4)
=9 A4S FXste 34, =79 S5 x FXste WA S "@dete
AEEo] GAl AE7ld =S dted ol 7|Fwstel Wi #do] gtk
(Randolph 2010). %3, 7| W sl= A& AR 9 ofg] Hslel gEo] =
719 X5 0% BFoR LA v Al o}Zo] gIAE A

m
—E’ r_>;l_,

ALBlE A Z=E FAA7E HEs st
al. 2015). olg]ate] m=rol L} 7

o dele & F fidd F=9 =
o B3| o] FAl= A4 , =5, 8

ool = (F) e A FF 2 A del 24 S dijEd Aom ol
(Short et al. 2017). g=9] A f-oll= HIZ7HA] QA vpu Ao} 2 ‘—?
wajo] Bye uhrb glley 20199 Babesia motasi 74 A7t 7
Ae] g A oA A AL A FellA AR = ](Haemaphysa]ls
longicornis) Al &A17} AE¥ ol EF 7Fdgolo] ol dti(Hong et al.
2019).

rlo L
o
o8
Hl
A=)
me il
F‘O 1—)11 l‘li‘
R
_OL
X
it
p
=)
o
=
=)
)
o
]
o®
<

jus]
i)
E)
>,
o
)
o|X
=
o
w4
a2
B
#/ o
o N,
o rlo
o oX
o ofy
H oz
¥ Mo

£ L K

6. 8|&=(ascariasis)

S| 2 (WHSE) S EF-viNA A5 (g kB e dEzed A
o8 FYIAHE 19809 LA A7) =l it
30-80%) Zote] EE, &23tE", WHEHA, dFE2E 9 dcle] HAn
7150l Atk 2y 1990d o] EWA #HE (&Y infection rate)©]
AA #astd 1% ol = "olfa, dAAew A7 He Sate A9 3o}
BH717F ol @Al HAdok @A (2004 o] %) A =9 HHAES 0.05% A== F
AEG(AEYE 9 2011). 2dd 71 F¥gE 3]
Ao Jgd AP E Ax] g AAAAS /A Ut 3| F (SIS B E
Akt ol 8 FH(clay soil) oA €% 713F B53 5 Eolu of 55

ol Abgel ZAE =T Zleo]l woW IFHe TS S22 Y F

(Ascaris lumbricoides) 7+

O{N'

30 of
Rl
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(Kim et al. 2012), Z<3Fo] &2

W Zo]th(Short et al. 2017). o|&t W& SHA 0T F
e e AFodE AFREY] Ado] 3 () A 2 1A
do] ezt tt= 7Hdel vk (Cook 1992).

7. H&Z(trichuriasis)

AEZ (HiadE) S EF-A4 95 g sz ez 19800 @
AR 2A FPFRR(A TR FDE 30-90%) Lote] sET HAL S
glo] HATt. a2} 1990 tell EojMmA] HaEo] AA FHadte] 1% of
gz golia, ddHos BAZF He s A ﬂo}wm A"A =
o A (20049 o]F) A =W AAEL 0.28% HEE FAHE (HEL
9 2011), A=A = A7 (K igE) AAIA 5 #A7 &

o]
Hx ok, a9 7| W3l HF(Trichuris trichiura) 2492 932 3
_] o
o]
(kG

ol rﬁm

o

FE AX e ABAS AL Ut HFET BAAA R ALl BAY %
3 1) B U BESHAIN S AET B8 L 275

o FAL x@ow a5l ol s w2 sbEo] & ASolE Awse) 94}
ofgd 4 vke dol AA® wh Ath(Cook 1992;

0.

i

vz HE do] <tsiE
Short et al. 2017).

8. *+&Z(hookworm infections)

5 (Bnai) = ES-miNE A% 2499 stu= %LHOH/\L]_ 197090 &
A AxAer w3 e @2 BAT(d =% A9E 0.1-18%) (AMFL
9] 2011). F-=(4u#4: hookworms: F= FHIYUF3E Ancylostoma duodenale
9 ol 2l 74+ % Necator americanus)< A3bEEFo|v} AALE Ao 7|27t
FlellA 8 (i) S sh7] Wi Wde £ A F shudd. 28y
1980 o] EWA A EC] IA HZAadte] 1% ol 2 "o, 4=
A7 e Sats A9 FotR77F ofgA HAAT. AA (1997 ol F) A =w
HAELS 0.0007% F 2 FAATGHFTLE ¢ 2011). 7+ S 2
P B2 B (W) EY(sandy soil) oA & AEsted 2527 =0
Z (Whiy) Tl AT Fe 71 Yol 2498 e 23 @vh(Weaver et

¢

Jo & d
N
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s

al. 2010). =3, Ar#o] B 57 58 A5 7583 f3o] dxadA=
2 dolxm Z}Oﬂﬁ Jol A o] BES =54 Eth(Weaver et al. 2010). 3}
olH] (Haiti) A& A g A =) (1R &ER) oF o] 2 13 sk =4 (Hefk)
o8 Q3 FUIHCR v YA FH Y FFE(LEL) 7 By T &
ER HYoln FEE FolAWHA dEt A9 Algtdd T AEEC]
12-15% 2 YA Eoldtte B a7l ok (Lilley et al. 1997).

ol

«©
.
gk
jok
Ot

= (schistosomiasis)

5% (HMMRsth: schistosomes) 2 “FZHHA7E = (I5RIEHFHK: mesenteric
venule) TE W3 A7) (BEMEFIRE 7] vesical plexus)©l 7] AdHA 2H
A%, 25ty A, v 7] A8 (g s 42 ] g 7d o]
n g ek FFolth. dA Ahe dode TR dEFEET(HAME
TEES “ﬂfg—ﬁmﬂﬁﬁal Schistosoma
mekongi), WEFEFF(HEMFMME AL Schistosoma mansoni), W358
&% (B ks Schistosoma haematobium) S°| 1oy thas] =
de FIEFFTY Fdol JuHFTLE 9 2011). FEEFFL ;F(HH:
snails) & F&5FE ot 7oA FEH= Fol+F (HRME: cercaria)
ol Abge] I F U Huhg 3 st dddET. webd FEEFFO At
oA E HF 57453 (Oncomelania spp., Lithoglyphopsis aperta,

Biomphalaria spp., Bulinus spp.)%8 #3X, ‘gEH A (et 8%

Mk s%: Schistosoma japonicum), W&

2l digh) Fol wi% Festth. a8 71, A, F50EE) 5o Wt
£ XT3 Ve Rste FEEF ‘I(')Fsgoﬂ Aoet 4 5&% 771Z1 A €. dE &

oz g7} volA glok(Nigeria)®l 7% W7l 571 (Ml rainy season)’} &
wa A7) (5 dry season) 7t ]31% o FE539 Aoyt @A =
ol HF S/ UF FEAE &2 A4 e vud =i §& 2 @2
Aol s W 7Y Sl T4 8] wWizeltk(Short et al. 2017). of=%
27} 5 AFolds 71 FRste} A 2dste] whet &% 20-50d T 3
£ B2 W3t dAdE s dF A e ta fFHe0] diste A=
UARMAIRE ol F &3 (HAH f5F) o] Ex7F gatde weh 22 FaA7F et
U= & Aol 53], Avk(Kenya)e A, ok (Zambia) 55 3 2

¢t (Rwanda), E&EH(Brundi) oA E 20% F=9 #9 ¥ =(risk)

- 530 -



717 odlZd "8tk (McCreesh et al. 2015). 3,
g Wb didEed AL
Yangtze River) #99 d2FEFF A 8.1% F= HEHo=2 g
7bedol & AL UYnE th(Zhou et al. 2008).

=
L.
=
T

10. EXI=ZS(cryptosporidiosis)

AA FxAFS (T 8J0E . cryptosporidiosis) = €2o7]& Fo= AM
FEAF (AR T-#: Cryptosporidium hominis) ¥ 2H-& 9} 25 (2H&-5
T Cryptosporidium parvum) ¥ Z°| €84 Jt(Park et al. 2006;
Pisarski 2019). X255 FAQ OKRAME) Age] stz 7153, 53]
D2 (2 4 AR dy e AaaAzE itk (Jagai et
al. 2009). o1& E°] 20139 5 Al (city of Halle)ol &= <&l 3}
A HFQE) o] At dtF 2do] dojut 657 FHE HAsH7] Alzbgk AL
A (Gertler et al. 2015). g7 oAM=
=2 f3do] HuH e =d(Chai et al. 1996,
A A 7hEoly o Foll vl Bl 3 E ol
= b

ot FHAAA Jde AR YERY Y (Chai et

o

L

ol g
o

b
’ a

[N}

(@)

(@]

—

e

ofn

oy
NooTR
i

rE

c)

ag,

o o
:‘—l'

S AFES B EY ol o Ed=
F(PEdE: oocysts)o]l #2438 AA
Walzt7] diEo 2 A3t tH(Chai et al. 2001). ©] Aol FaAste= 9%

o7 EAMg A Al EASH A2 xATFo] &

2 fast ol FEd T (Park et al. 2006).

dEAST(HigT&0E) S AW 257 T Sx2AFEH0E) (Cyclospora
sp)el Fate FA A o &3] FAFS EIdo JFAdE olE FAE
cyanobacterium (CNB)-like organisml.2 &3 oy A F& XS &9
xgatm AE&RZ, HE, o4, FE 55 2HIHATL 9 2011). ME F
3 F& Aldgrd A E (A &HEIBE T8 Cyclospora cayetanensis)©]™

£
Solrlel, 9, vl 5 A9 A AARCR BEITH AF-wi A (A
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s

) 718 F A& shtoln, AP Ad 5o st E HFH7I = dH(Fayer
2000). "=l = 2 2 FH& FAPo] Haxo] oA e FES w vk 3l
=4 199549 Z =22t (Florida) oA 867 <] A7 wAISE o] A, 9]
o Zadde JHZE e (Guatemala) oAl 4 UFE7] (raspberries) 38
Aoz AHEHAT(Katz et al. 1999). ol &3l 1996 &3 o Foll 9784

T sl olddle v 94" D. C.oF 2078 F, 2Ela A

T oA v WA TSR AL FA T Bl A FUE
d Aoz FHA G (Fayer 2000). Holrk 1997 += 1,012 <
= 2Astl e AYE D, C.9F 1378 F 22]a AHveke] 7] 5 3

grotel Bl A Aol A A, Fe T B £ A% 23
T Ao] TSI stk (Fayer 2000). e Zahol| A AA| g v

el

ER MW 59e 2ut FAHAE wgtont A
E A AL A due od HEt ul$ gl HelHTH(Fayer

2000). TelZetel ] ALAZFo] FASA B Al U@ SEG F7b 24}

t ot 2Eu obnkE AT Svse 7| Fustel e Bl wobd

Aol A&AoR dEF(oocyst)o] o8l LAHNT HE e Bg FEE B

g2 A3t obdzt FHET. vFelN e AXAFE AT WAL 1 FoE
&

&l;

HdH oz B o 5o 20169 o] Fole A W FXA(ifELE) 7t
20164 1749, 20179 6239, 20184 2,299 oz &4

= AR (Casillas et al. 2018). o] vl 571 whak A o] F2
Begdeyg JAEFedy #AgHAA dnjstn de oA = (vegetable
mix) Ath= Aol Fluo] a7 FES Wkt ofAjdy = 23
&5 T2 P 2e WolH(basil), iF(cilantro), BEZZT
(broccoli), ZE&H]F(cauliflower), < (carrot), 7€k =2 afA(leafy

green) oAt 3t} (Casillas et al. 2018).

12. 2+&Z(fascioliasis)

CATAMBIDE 21} $& FHF2 SE THE 1Y TP Pt ¥
okl M FRAl B AR % 4L Los|BE g E 2T

HAdAe slyz oF 1 Ao, 1+ (JFiE: Fasciola hepatica)@} ﬂEHZ_ A(E
KHFE: Fasciola gigantica) & 7FA17F Q1A Aol 0oz 4 A ATH(H
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7|FHETL T4 RS RO AlXls FE

49 9 2011). B4 A F (freshwater snails), 53] S99 o|F(Lymnaea
spp.)E A1FHEFTE sta, FANECKEMY): =&, £%, 1y, vt&
)& A2TASFE st T5FQ o Gl gddT. Age FANES
g2 AFSAY AdE 29 (S 92 948 o ggo] dojd(AFY
9l 2011). 2 =23l 7o Ad Exu 52, A3EF Fol 7153t

of MIZsHAl F&e vttt 53], EE¥olo] )
S AR (B CE . evapotranspiration)el uwhEh
Dijk et al. 2009). gl = 501 Ao Hl&) < wjpd 2
F 7S Helw, A2zt AA Hela, ‘L}E?} Agol AL Ha 3
al. 2017). 194l o] 7|FH¥s7t & & 5 7H=E] vdd FRY VS
OS%E% Fola w4 A &S 77]X1§1 Atk A&
Q3 3 o o]td(van Dijk et al. 2009). E3F, 7| TH3l= I=
E s

e 4ol 582 gler %—‘?‘—011/‘1% =<l

()
NN
o

AWE (New Zealand)oAH & 71F
AP = (risk) 7} Aol whet 2epd
7y 0% 29% Z7VakeE A 9ol
76-186% 744 F71ete A9= <
2016).

o2 daEsd, 204083 20904 9
= B, E 02 A9 20904714
Aoz WrrRktH(Haydock et al.

13. Zt&%=(clonorchiasis) % Elo|Zt=EZ (opisthorchiasis)

PS5 (FWaiE) & 7H83 (Fsh: Clonorchis sinensis) el <l
zHEH =, T, HAHET), MER(ET) A, Bol3tE5 % (8ol
R E VTR E‘r"]ﬁ%%(ﬂo]ﬁ?”&ﬁa' Opisthorchis viverrini) 9ol <3l

-

dolupm ®Hi=, 2o, R Yol MEW(SHE 9 PF) A F8 FaA7
E¥stn doFTe 9 2011). @54t 9/ (Parafossarulus spp. <t
Bithynia spp.)7} Al %‘*Z_}'—? olx WEx7|7} 21]2?7}’\ A& o, <
Ao R Fd(wiE), BEA (EER), AL, F29(EEm 5=
doit(AEL 9 2011) of T F o|9ox °ok°171l§%( Fol Nk
Opisthorchis felineus)°©]l &+¥ 2 2AloH(AF) A Fxsta o

Q =

90| 7+E&E= (opisthorchiasis felineus) < Yo 7]A g 214 7o) HE
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A5
EFH BeltgEed Ble s Yu(HTd 9 2011). 7158, 59,
A 2dset AeF SV 2 T S5 BES} TE-FH Avs IF
= A EFFT F BelEeSe ¥ B2 WEE rhH2n. EF
BF = e (ERHEA) B2 (Guangzhou city) oAl AR vhel o]}
W 71FRE, 53] 712 AX 1= sl whek I3t AAA 7F 1.18% (95%
A T3 0.88-1.48%) SrketA (AT 10% ¥ @ #AA F7F 2006
166.76M 14 2012\ 239.63W o2 Z7b), 4% 1 mm F7bel webrs
A3t FFA F7F 0.03% (95% A2 F3E 0.01-0.04%) F7heAtka gt

(Li et al. 2014). 22l BlaFE7E 1% Eokdd weba = 2388 43t 3
AR} F7F 1.51% (95% NATRE 1.27-1.75%) #2ad Aoz degid
I ol el e F5 A7 Bestra kv (Li et al. 2014). &9, =
T HAlolel Zel R A9 (Primorye Territory)olA& 10-154 Ao
o YA okt 27 (Amur L) & 58] (Ussuri L) S 25H HE5Z
ol FHo g HuEo] govt HZde A (s 7t A A=A &
Ao RE Hol FHowmeo] {FPA ke o
(Bogatov et al. 2019). Elo|7t& 32| 749
g Zlolge d3c] vt &, A H=Y A
Adel T3 FPAE st U=t 7]

of X 7t IS VA FIP=

( E O. k“>‘
ﬁa E?L’ Ho fr

o oo
s g
> fr
>,
(o
ftl
W)
mV)
i,

2§

4 dz © oo do dx

E o

)
c
g
oV)
=]
B
)
&
<
e,
D
o
®,
[N}
(@]
—
3
2
el
[t
g
o
+
ol

2 g5 dup FUA2 AF S579 D=t
gro] Aoy 2050d0] =W A, H
HslstAl @ Aolm, & 2070d =
2o olsle] ¥l A E o] dutrow Avue A" Holgta o335
(Suwanmatrai et al. 2017).
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14. HE&=(paragonimiasis)

ol o 71st= #H (i) e &% (lung flukes) S A A H 2 HAZ 8% &
& gow HEZE (ki Paragonimus westermani), ©] 3 &% (BN
MWk P. heterotremus), 2232k #H &3 (P. skrjabini), v kA7) #H &3 (P.

miyazakii), 3% 8 3% (P. kellicotti), WA ZH &% (P. mexicanus), °}
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=z 74l 5% (P. africanus) 3 ARG HFS (P. uterobilateralis)©] ©|
o &3ttt (Chai and Jung 2019). gxddl= QA 71 F(FE) o2 AF5(P.
westermani) & W dHA dom, 1 ﬂ"ﬂ vt e ¢ 07]%
23 &5 (P. ohirai) (syn. o|&t&#H &% P. iloktsuenensis)®°] %
A BExd vk Joh(HFL ¢ 2011). HEFFY o8 ¥ %"/}711(? BERE
71 FRste] 7hg Rz AL =50 Al dF7 (B Alstss, 5
£71(Semisulcospira spp.) Tw W27 (FEH) A2F5d=F, =
soltt. SF BAlote] A 71 FRst, 53] A 23t g del=
2] el ol ¥ &= (P. heterotremus) (°] £9 1f FIA = H=, A&,
o2 HEY, F3 98 A U)ol =g o] A9 (Primorye Territory)
o 2& F3AE A8t Al&stslet o= %ﬁ:ﬂ_‘@_i A8 A 153t
%3, = Truncatelloidead] 43F+= Stenothyra 4 (J8) =+ Cerithoideadl
3l Parajuga & IFS A2575FA SE3A (Eriocheir japonicus)
! A (Eriocheir sinensis)® %7} Ze]Rglo] X JoA Mz} o= 1
o2 3 A st th(Bogatov et al. 2019).

15. BE5E3 ZH™=(intestinal trematodiases)

T w (e = A 859 A 7IAstHA BE, dAL T &3
A3 dodle FTREA AAACE F 16703 3870 £(H) ol 7 T4F
ol & A AtH(Chai 2019). 1 F 7H¢ B2 Fo] 39 A (FhH = °lFEF
(B ARL:  family Heterophyidae) ot S-S (Oksfl:  family
Echinostomatidae)©lth. ©] & &/ (RIRMFH: heterophyids) FellA =
A Fa3% F& 237}9lE3E(Metagonimus yokogawai)®} Fallo|dEE(CH
%ﬁﬁ/ﬂ&ﬁl Heterophyes nocens), %803 &% (Pygidiopsis summa) 5°]
, Hi=, Bk, WEY, iRt 5 FdolrotellX= Haplorchis taichui,
Haplorchis pumilio, Centrocestus formosanus 5= 4 % (Chai et al.
2013a, b: Chai 2019). ®3}, o|JE 5 H& ol=Z2]7F(North Africa)ol 3
St ol ETFREE olFo|dFF(REEEW AL Heterophyes heterophyes),
H. pumilio, Pygidiopsis genata, Procerovum sp. £°| 9ttt F+3&2=F (il
FREFA: echinostomes) oAl =UldlA F83 FozEe S2HATTEF

(Isthmiophora hortensis), 3t==138%(Acanthoparyphium tyosenense)
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MBEY
S £ 4 2™ (Chai and Lee 2002), &=, g F/H:—HL g, ZHol &
gl o] Ao}, L—-aﬂ]/\]o} S oMol AFe fPst= FEFE JHASTEF
(Echinostoma revolutum), Q23 ~= F%(Echmostoma ilocanum), &# ]

=
=35 3% (Artyfechinostomum malayensis) S5 S 4 Ut} 1 Qo= 2=

=
%} (family Neodiplostomidae)oll= F-8lvebe] gk AA 714 FEF<] st
Uel  ME&FA3E%E(Neodiplostomum seoulense)°] TE3EW, VUASZZ=3
(family Gymnophallidae)dle gluet 19 UJA 7148 F&FQA F=2Yd&

% (Gymnophalloides seoi)©] &% o] Jth(Chai and Lee 2002). 3+, o}A]
of o] Yzt &= BIthEE (N KMRsh: Fasciolopsis buski)®l Fae] 9] &

] $AtH(Chai 2019).
o] g &% F (heterophyids) = HFAHGRKE) v RFFAF(REIKE) 3/
E AlSAETE st o F (M) B A/ HER) & A2sitsT2 3t
e

B WstE ?::F/H ek, ol gt E%J ]i o] g o]y &% (H. heterophyes),
H. pumilio, P. genata, Procerovum sp. =& 5 4 J+&dH 7|33l o
g W F{F FET W olHg o/ T A2FNETY FExG EEdE B W)
7} 22 Aol dd¥t}(Utaaker and Robertson 2015). AA 2 tfwko A

Fdo] siRERH WEH= fulRFY 5 A 7t
AlA BErrE 2A8A7le Ae® Bad v vk (Lo and Lee 1996). &

g olHEAE A4F olFEFFTH AT FdEo] A wet A HEs
Holm HAZEE AHE=R Z Aol& YA T st 21 olfe 55
o g g4, 7|FHstd o3 24 adn AEFH 24 T 3 Aom

5t9ith(Elsheikha and Elshazly 2008). 3323 () &9 A%
T dIxd AsE BA AR A 2dske | Fisyt s 9 5T
(BFE Ef&5T 5)9 e A7 £59 F3A9 &2, 4%, =
ol B2 IS FA 2 FAeRE dgisisiti(Maldonado and Lanfredi

MNEFAEFL G54 HFE A1IFUSEFE tn FAFONT8, 23))
= o Al 493} (Chai and Lee 2002). 3}
%—‘Tzr(z;%“\’:‘)% AL =3 vteA] Q3 A olYA| vk U Fo] A AL%F(GRIEE
+ 2

AZEY, A e frdeke Adddel Ha siv. 2
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Ao 715 3 SR ste FAFe] BxU 2 22 %S vAe AR
def A H, Yolzb g7l AEF SHAE A JFE vAE A=

R
g4 dth(Cary and Alexander 2003: Stuart et al. 2004). ©]o| wz}
T AEFAEFT Fdd: B2 TS A IS Aoz AdE o
ofe thgk FAAQ AETF AAE vb= glo]l JeA} AlFE Aot
=
o

1
= FEol Wlsts FES(Hkat) &2 Aebd= At 3 F

2
T (Pl =, dHE, e, T )9 AgEE ok di(FU=
AFE, AANE, 44 S §He FIAE 48 st dads 135+
A= TAAAME Ee FPA 7 BHAHAT (Lee et al. 1996: Lee and
Chai 2001). 53], A<k Fi=(stal™) 2 A vt 7HY 553 73

vl At (Lee et al. 1994). "¢ v H2 ‘é?H% skl
ZAAH (17TAA) 414 Pl2H(mummy) 2] 7 ol 4] =
Z5 A= Holth(Seo et al. 2008). T3, F
A" Z2AAN(17A17]) 24 mlee] el = =2
o] & HEHAH(Shin et al. 2012). ©] F 7FA] AME =R 1] Fo] F=E<]
4009 Aol Fafiete] A7 s F23 AMaf<te] Atm #2702 wf
ZUA FARE e S GAISH] wEeltt. ey o] # Al 4001 F<tel
fra Aol Wyt A s 7] ERstel duhyg A#Ado] e
M obF] Al AE ubt gl o, FEddEed] AdA F
stz A =752 Aew BN (Haematopus ostralegus) Q<
(Ryang et al. 2000), 71 s}tol] oJal AA| = A (JEzkih) 7} =54
© FECE olFdte o] FF FIAL W, it e FAEIS
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