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Extended Abstract

Intestinal waterborne protozoa typically cause diarrhea and persist as a
public health problem. Cryptosporidium spp. and Giardia duodenalis are
mostly found in natural water sources, especially in agricultural areas.
The transmission of Cryptosporidium spp. and G. duodenalis occurs by
ingesting (oo)cysts either by the fecal-oral route or via feces-associated
contamination. These parasites can be found in both humans and animals.
To date, there have been many reports of Cryptosporidium spp. and
G. duodenalis contamination in many areas of Thailand, such as natural
ponds, rivers including Bang Pu recreational center (Brackish water) and
Chao Phraya River, the main river of central Thailand. Khung Bang Kachao is
one of the reserved areas that was formed by the curving of the Chao Phraya
River. All canals in Khung Bang Kachao are connected within the area and
the water goes in and out by sluices which depend on the tide of Chao Phraya
River. As a result, the water inside this area could possibly collect dirt or
contamination which may cause a waterborne protozoa epidemic. This led
the researchers to question whether the water source in this area could
possibly have Cryptosporidium spp. and G. duodenalis contamination and
subsequently affect human health. Therefore, this research study aimed to
determine the prevalence of Cryptosporidium spp. and G. duodenalis in
natural water sources in Khung Bang Kachao, Samut Prakan Province, Thailand.

The water sampling collection sites were chosen by using a purposive
sampling technique. From March to July 2020, 40 samples of surface water
were collected from 29 of 47 canals in six sub-districts. The temperature
and pH of all collected samples were measured at the collection sites. A total
of 20L per sample was filtered using a cellulose acetate membrane.
Sucrose flotation and sedimentation were used to concentrate oocysts of
Cryptosporidium spp. and cysts of G. duodenalis, respectively. The suspension
was made for cell lysis by five cycles of freezing and thawing followed by DNA
extraction of the suspension. The researchers applied molecular techniques,
namely Nested PCR targeting at 18S rRNA and gdh gene for Cryptosporidium
spp. and G. duodenalis, respectively. Temperature and pH were not different
in each sample.

The study site was located near households, and the surrounding area was quite
dirty and malodorous. Interestingly, only one sample (2.5%) of G. duodenalis
was positive from Bon canal in Bang Kachao sub-district. No Cryptosporidium
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spp. were found in this study. A previous study showed a high prevalence
of Cryptosporidium spp. in the rainy season, but unfortunately sample
collection was not performed throughout the year. Moreover, the study site
was not an agricultural area with the presence of animal hosts that serve as
reservoir for infection. Community volunteers routinely maintained water
sources by cleaning the dirt and monitoring cleanliness. So, the contamination
may be very low. As a result, natural water in this area is clean and can be used
for watering plants and vegetables.

The results of this study could form the basis of a database for protozoa
surveillance systems in the natural water sources in Khung Bang Kachao,
Samut Prakan Province. However, the presence of potential sample collection
sites in unreachable or inaccessible areas was a limitation in this study.
Also, the volume of water samples may need to be increased to raise the
chance of waterborne protozoa detection in future studies. Routine monitoring
of waterborne pathogens could be performed to assess the risk for
populations, as well as to maintain the quality of natural water sources and
the quality of life of people in the nearby communities.

Keywords: Protozoa, Cryptosporidium spp., Giardia duodenalis, Khung Bang
Kachao, Natural water
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PCR) drSuiSe Cryptosporidium spp. RATMIKLUIEU 18S rRNA N1a: gp60 lia:
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asUlnadoSiRey (Cryptosporidium spp.) la:
TnonSife (Giardia duodenalis) 1DuidelUsIndonmAnsio
WiunU neliifialsA Cryptosporidiosis lla: Giardiasis
Fublansalinonuaute teveniindnismsoawunisuuitiou
voulusIngonvaavstntlunknadin uanaindullsingo
nuaovslnlnansnidusilsanainkansstn®? Tne
Cryptosporidium spp. 10ulUsIngofonAgagius:uuniy
IAUDIMISVOIAUNA:ANS 18U dndiAsdansdosuy un Uan
10usiu TudegUuanawusvou Cryptosporidium GUs:unru
40 a@ewus® 1a:0s1e9uN1SNSOIWU  Cryptosporidium
20 anewusTuuyug* Tneilaw: C. hominis na: C. parvum
AonIduanewushonisnialsaluuuud® dou G. duodenalis
10ulUsIndolundu Flagellated protozoa® Fuludequuil
mssmunnauvedlusingostntlsidu 8 nau (Assemblage)
Bunudlfidu Assemblage A fiv Assemblage H og14ls
finu Assemblage AiN1sseUMsAsaawUTULYLE Ao
Assemblage A lla: Assemblage B uan91niis1gdiunis
nsoawuluuyudnds duidsaggaunisnsoawulunuona:
auvaneios’

NIsAnrMoVol Cryptosporidium spp. lla: G.
duodenalis douunifinaNnisusinatndoorisAtnas
Juiloudos:e:Ansio (Oocyst vou Cryptosporidium spp.
lIaz cyst vou G. duodenalis) |do|\"r1gisl'1\1n'w nlAinAN1s
IadvImUIUsUVauIGoUSIorudl&ian 9ndur:inisiu
IBos:u:AnrfooanUIN999Is:aninTilaveundudou
uARanAndensIANSaVIAUNARgNaVANUNU=9:fMIKIAR
msUuiouveudoludaiondousialu®®

TuJquumsmsoom@a Cryptosporidium spp.
na: G. duodenalis @uasnnialaraneds 1¥U NSNS
noundevvanssrAluiuN1sdoudWIFAY Acid-fast dye na:
Immunofluorescence dW1SU Cryptosporidium spp.5
tudouvau G. duodenalis v:awnsngrovdlaran (Direct
wet mount) K8on1sEioURdud Trichrome WAUNISASID
nelindaanssAu’® isog1alsfinudsnisnsovvsiu
fiovordenouiduosinylunisnsoe 1kovenlusingo
AuaodsiALLVUIAIEN BNNINISASI9E085SAINE1TU
awnsns:yldtvanewusnovesels ulniswauninala
n1goluianafna Polymerase Chain Reaction (PCR) U1
§lunsmsoaridelusingomunano TnesnkuvguRtoulu
N1SMSONNIBO Cryptosporidium spp. Ao 18S rRNA,
Heat shock protein 70 (hsp70), 60 KDa glycoprotein
(gp60) I1a: Dihyrofolate reductase inhibitor (dhfr)® Tuvru:nA
G. duodenalis BuRTuUWAANYD 160 18S rRNA,
glutamate dehydrogenase (gdh), triosephosphate
isomerase (tpi) and p-giardin genes’ Fauanvnnoulo
na:pousIw=gudaiduviosveainatin PCR 180 daanunsn

s:yfuanewugveuigelidnsoy
Auuuadnissisanunisnsoawunisuuitourdo
Cryptosporidiumspp. la: G. duodenalis lurankagwun
Bu Us:nAns Gsredauniswunasduieulunratinveu
Cryptosporidium spp. 47.1% l1a: G. duodenalis 66.2%""
soulUfiviuds:inA3URDS8dUMsSWUB Cryptosporidium
oocyst 82.7% 1a: G. duodenalis 98.1% Tunnasin
anssru:ABWURINEAUUSIonUAoUARNS 2 TuvruziRgonu
Us:inAlnebs1eanun1snsoawuide Cryptosporidium spp.
na: G. duodenalis TulnautinnainkangWun T6in usioru
founinog BaiduusioruAinisrininuasnssuuanta 1 1u 3
vouWuRWURDWENVoUE G. duodenalis 51.9 % lla=wu
nmuv‘nva\]lﬁ"a Cryptosporidum spp. 25% "3 UonaNtidy
n1snS09KIBO Cryptosporidium spp. TUUSIOUNIY
nAnatsvedUs:inAlngde nudidaws:o1 1azutay Ing
ikaadnusioruuneyiBuusioruRtununiuoa uidudng
SulsAvau Cryptosporidium spp. 91fgagun duwali
WUR2WEN 6% la:Tunidnidws:eawunounvadido
Cryptosporidium spp. it 11% Imaawvvus:ﬁ'wumn
Adn Ao C. parvum'* 9anAnanouiusiue=IRUIAG IS e
N1SMSIAWU Cryptosporidium spp. Tulundaws:gn
duwalipru:gadeaulone:rinsdrsoirasinftsuniitn
ur9NIGNFws:e1 18R AasdlunkasdnusionuWundy
UNN:191 nudFetigulfrinnisdisovdo G. duodenalis
Sousioy 1tiovanidulUsindondrArydnniivstnniosieviu
wunss:unalulinatinsouiuide Cryptosporidium spp.'®
Avunzi$iduusionuRinaonnsiAsaovedniin
Waws:gdus:e:nnon 20 Alaiwns nuveanidu 6 sua
THiliA UnN:IF1 UNNS:=d0U NSIAUDY UGN UNED lia:
uNNaUo BuauluWuRdouuInUs:nousBwINUMSNSSU
na:wuniketiduWuReusny IneinasdnningwunuIon
nidusws:ondunaniazlfsusnswasnian:ianyu
idou9negindnuuiniudn arkwuRidunuu 3 dh Ao
Udu Urda na:inses duwaldWunnkadbs:uutioAn
ranhane SudnasuluWuRLNGY 47 Aaod AidouRnsanu
na:lnaineeniiinisws:erognaoninan'® Tudeguui
msindeudneUs:sNsvadistIUANAaNUNeAuaylu
WuRvasAuuN:IF1 Guonee:imsduidourdolusindonio
IsA 3nAvtiAuRonAuagluWuRTAIWINABAAUIKEIUN
rilfforetnisuibouidolusingomunanalunraatausionu
AIUNNIFTE TuWURAIUNIN:IFTNsTEUs:Tostontn
naavlunasiinisinumsia:zidaulna 16TLUTN1SASIAMN
msJuilleuvesiderialsaRtinunathiuWuit nnagadeona:
wananisdnnisinasinsssusiAveswuRIgns:runIKuG
nowdnAryvesmsiiVieyawugiuduidonalsalunkasda
VouWuR vuadelisulsnnUs:-avdiioAnunouynvaddo
Cryptosporidium spp. lla: G. duodenalis Tulnasinusioru
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WuRAguN:I91 dnsuldiduveyaWugiulunisushns
IANSIKaIUNssSSUBIRIUWUNAIUIN:IIEDIU

58N1sANY
n1s398t10un1s398NUUNIARAVINY (Cross-
sectional study) Inel@n1sguMooegnauuInn:=ay (Purposive
sampling) 91nAJ 6 ﬁwuaTuu@omfﬁuﬁﬁauwn:ﬁw Tugou
SHOWIFOULUNALTIINSNNIALU W.A. 2563 97U0U 55 f298N
nnsAuonlneldgnsnisnivunnAoegIioUs:uinu
Ar91usuUs=sns " IngAUoUIINAIAILENVUIED
Cryptosporidium spp. Tunidudws:=o10 w.f. 2555
Z&P(1-P)
n= 2 7
- ° e - '
B n = 97UdUMNDDEN
Z = Standard normal score
o = SssaudgdrAtynans
P = ﬂmuqn\lomﬁva Cryptosporidium spp.
AguRaausiorumidnidws:en GAIMAU 0.17% ™
e = AdwEaAwaInlunasUs:uItuAIAIUEN
VouIgo Cryptosporidium spp. la: G. duodenalis gidn
Rgousuls 10%

VOW91SIUINURSYSSSUNISIY
Tuuuud

InsunistlAasunasenidun1swasru193usssuy
N1s398luNULEg 9INATUNSSUNISIWRISTUNRSYSSSUNNSIYE
Tuuyud ARIEATSISIUAVANENS UKYANUNAuURna 100
53U 8 WOAINEYU W.A. 2562

NISINUIA:NSINSYUADDEN
2nn1sdsoaldnanasifiusoegtaineinaasy
AVKUA 40 A998 NauisniinfeWunls Tneifuda
Moog1a: 20 ans InarunNid pH na:pouIAuvaIlAlu
Ifazgn Aoedlnv:giRulunouEi IWeIgna: 1 ASY
AUWURFIUA AandidoudunAUEINSNNIAL W.A. 2563
Inonsazruav:ifiufoagitin 5-9 9m (Figure 1) Avd
7.UNINS:d0U 1UA29819UN9IN AABIIAUNINS:doU
AADIUNNS:EOU AADVANIIAY AADIMIAN IAzAAdIaAUNLUD
f.NsIAUDY IfUAY0EININ AaARTWS AaoudAUING
AARVEMBUY M.UWUNEY IfUsag1ineIn Aaanidou
AABINSY AAOVIAUNUNENUDN AGBIUN:IFT M.UNBD
IfUA29EUN9IN AADIAIKOY AABIASIUS AAEIUIN:ITA
AAOIUANY AABIAAUNYD M.UNN:IN 1fUFveg1ItneIn
AAvIAOUNUIN AADINTNED AADIYNYVIU AADINTY
AADJIMTA AADIUNNS:ITIEN AADIUNINS:ITDIUU Na:
7.UNNBU9 IUAY981IU19IN AGDILNER AaDIIW
AAvIUNN:IFT AAOIKUDE AAaJUU AABJYNUIdn Aady

waI$olu AaoduNeUd IngsmkusAIRUAdaEIUDE
fugruounaaulunfasAvana:an wwuRRaasnIvafa
16 Aulinru=gaduldidongnifuAoegulneWensun9In
AoUKUNILUVeYUs:snsTuuSiorudu 9 '8 na:noudnvey
1audin @Gnognutios 20 1suRIUnS)'™

Aoogutin 20 ans 9:0nUUINSoULU Cellulose
acetate membrane (CA filter) vunm 1.2 pm (Sartorius Lab
Instruments, Germany) mnﬁuri'nmsa"'mmuu:ﬁussq
U608 Washing buffer pH 7.2 $1uou 1 ans Uansaddn
ASUGoY CA filter AIN1SENNS:AMUNSOUROY Washing
buffer pH 7.2 KawNTULIIRMNoUAIKUALARMTKIVUTUTRE
[drnannisvadnisaoeno (Flotation) la:n1smnm:nau
(Sedimentation) HyosunelneasUavl Um:zneunvnuald
Tunaennnaaulsuins 50 Dadans nduIALEIsazangy
glAsa RdANA2 RO IWA: (0.W.) IN1AU 1.3 TunaoAnAaoy
aunal3iduinan 10 unf ndounluduindsaifionnm:noun
1,000 g arurnd 8 °C 10uIvan 10 unfi 9 nlugpansazane
fiuuulsuans 15 Dadans barinisana:naulagldinnau
Jsums 30 Daaams unlUduindevh 2,700 g Agrunni
#ou 10uan 15 uni'™ IneUsudsiuneniiuneunsingew
goagtinmuAniuzUavey U.S. Environmental Protection
Agency (EPA) method 16232° 9anduifiulawn:n=noun
usioruriunasAnNmaodRaruKnd -20 °C IeunUTEuTUnoU
siolU

dan:znaulunilisadnnn (Cell lysis) Inens:uou
nsriliaruniguia:nnadunu (Freeze-thaw) Barini
Qrunni -83°C 10u10a 10 unf na: 56°C 1uvan 5 ui
aaunununun 5 seu 9NduLm=neulUann DNA murAlo
va\m_maﬁﬂ (FavorPrep™ Soil DNA Isolation Mini Kit,
FAVORGEN) Un DNA RannliTunsoonn Cryptosporidium
spp. lla: G. duodenalis n0838NEsluIanasalU

I8N1SNSINNBO Cryptosporidium
spp. la:= G. duodenalis

rMN1snso9n1 DNA 150 Cryptosporidium spp.
la: G. duodenalis #0838 Nested Polymerase Chain
Reaction (Nested PCR) Inerinnskn Cryptosporidiumspp.
ArnIKLY 18S rRNA3 1a:H1 G. duodenalis ARAIKUY
Glutamate dehydrogenase (gdh)?! daidusinnuvgunas
58AtuLIEuNsnsoamBalUsindonuaaustnliunkadd
sssusA' 22 [ngnasrin PCR 9:ri1 20 pil / reaction $99:
Td DNA template 1 pl na:zrinnnsld KAPA2G Fast HotStart
ReadyMix PCR Kit (Kapa Biosystem, USA) 10 ul na:
1d primer AOWITUTU 10 uM avllidua: 1ul Inonashin
PCR soufi 2 filmSsuiguirgonuiusaulisnimeisiudsu
91nn1sld DNA template 10unasid PCR product
Fauou 1
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Figure : Showing Flood Protection Dike Line & canal with Boundary area of Tambol o in Community.
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Figure 1 Map of Khung Bang Kachao, Samut Prakan Province, showing the locations of collected water samples (dot)

from each canal. The Giardia duodenalis positive sample is depicted by the triangular shape38.

YumeunIsIWuFIuoU DNA quhgﬁlla:ﬁumauﬁ'
IniJoununy 2 seu <l Initial denaturation Agruknid 95 °C
10u19a1 3 UNA Denaturation RgruKD 95 °C 1Juldan
15 5Unf Annealing Agrunni 64 °C 10U9a1 15 3Uf
Extension Rorunnid 72 °C 10uroan 5 5unfi la=vuneudnring
Final extension Rgrunnl 72 °C 10uU19a 10 Ui 91NGU
MSOINISIWUFIUOUVEY DNA §9938 d8o:n1lsaivadidn
InsIWSE4a (Agarose gel electrophoresis) [nglgo:nnlsa
A2WINUTU 1.5 1WasIBus fousios SERVA DNA stain G
(Serving Scientist, Germany) [§noWANIANEGAIA 110 Toast
UU 45 UMA 139rN1SASI94UNSIWUTIUOUVEY DNA
10akuIesiosinded UV-Transilluminator 1Warian1s
JInsnAwa

wan1sAnu
nsAnuASatifiuaoeg1ainaninainsssusna
91usuNvEU 29 Aavy 9 INMIKUA 47 AasuluAIUNIN:IF
Tnorinnsifugoognutin 40 A28 9INMsInarUnYDIIa:
A1 pH vealinwud darunnideglugod 28.0 °C fiy 30.0 °C
na:jAn pH aglugoy 6.60 fiv 6.80 MUEIAU AINIIAL
vo\lLf'lv'mﬁ:TﬂIﬁoe‘jTuzﬁoa 2-3 ppt GuUs:g1suluWun
n&1991 awasnulusadrguliila sanmkueAnianasifu

foog1atnlunisAnunnsutidouuanidunasiia:onn
ot ulsfinunaoiluUSIoNUNUARINAAULLBUUIKITADY
anUsnitiovanwuiAvve:zassagluusiomu@modn Tunis
1fiUADeEITUNAIKUIATUa USRIV TUIRUAD0E TS
ievoniduWuRdouynnalia:uWuURTAoUENEUINFD
nsiviy AdurinliuaasegRrinnIsAnyIiuLIIN
IhavunRiAoUKTNasNyUsU IneskuIRrNTsIfu
foagludnuddetidanuruzaanandlu Figure 2

ADUYNVVIBO Cryptosporidiumspp.
la: Giardia duodenalis

INNTSMSIF008ILN 40 o8 (Figure 1) Inald
InATA Nested PCR wansAnunluwuido Cryptosporidium
spp. IWUIBD Giardia duodenalis 1 098 9INFUOU
NYEU 40 oo ARIDU 2.5% wanisAnunianalu Figure 3
na:usioruAnn1snsoawuiestnliandlu Figure 4 §9
AR swuide G. duodenalis 9gUSIONUAAIUU
TuWuRsuauINeda dnhunasuiinatoidunasifius:
Un ikgadeIfiuaoeguthguou 2 Hoee IFRsoaWURo
G. duodenalis [WeIGoogWIRED TneidusioogntnAiiulu
usiorunaaUs:pun
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Figure 3 Gel electrophoresis of gdh nested PCR for G. duodenalis, PCR product is 432 bp: Lane 1 and 5; 100 bp
marker, Lane 2; positive sample, Lane 3; positive control, and Lane 4; negative control.

Figure 4 Study site for Giardia duodenalis positive sample (Bon canal, behind sluice, Bang Korbua sub-district, Samut
Prakan Province)
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onusigwa

v’mwamsﬁnummuqnvau Cryptosporidium spp.
na: G. duodenalis TulkaulinsssusIEINAY 6 Fava
Tu uSIorUATUNNzIIN JIKIAAUNSUSINIS S:H31EIY
FoubunAy By IFouNsNNIAL W.A. 2563 Itovantiodfinnny
sunisiindugaifudnazsuds=uacru FarintlunisAnund
ifiugioagUinNurkuA 40 Aoogwu3T TUAdeENIKUA
ﬁri'm’]sﬁnu’ﬂdwuﬂmuqnvad Cryptosporidium spp. I
WURIWENVY G. duodenalis 1 (2.5%) Ao08 9MNA0DEW
UMMIALA 40 A998 [nEWaINIUdTTnAIANAIY
97N0U39Veu Chuah CJ lazAru: AANWIKIAILNVOY
[UsIngonuaesstintininiaintioveuUs:inAlngusioruriou
1inov TmUWUﬂmuqnva\l Cryptosporidium spp. 25%
na: G. duodenalis g3ty 51.9% ' 1tioven TuWuRAD
W1sSuUAEn3 dnAvdadunudduRAnyininougnved
Cryptosporidium spp. Tullha\]L‘fﬁn’wmﬂna’l\lva\]US:lnﬂ
Tnude midudws:v1 InenisAnurliwunouynvod
Cryptosporidium spp. qoﬁa 111%™ Oﬂnﬁaadﬂdfﬁ?ﬂa:
20 ans aifudntudsuamsiinaduiunisdisoalunsel
nswunougnvadidelusingony 2 stnlulsurrufitios
o19lanauI9nluWuARINaolUTNsHWASUUAERS
Inodonndonuiudvoved Breternitz BS. na:aru:lul
A.A. 2020 AldosunednNsriwASuUAENSTAOEUWUS
AunsUuiourdelusIngoluusionu@otin®* souTuiivsinikuv
ArhmsifugoegiinoukInavINyUBsUIaInaIRogoNde
na=insidataus:purntAdnistnavesdineentuwWun
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duniwunisuuiouvedido G. duodenalis 31udu 1
foogi IIFWavINNIsdrsoansadinandliiiusn auluwun
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