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Abstract

This descriptive study aimed to evaluate the implementation of surveillance,
prevention, and control measures for dengue at the provincial level during 2018 - 2022
and to provide operation recommendations. The employed purposive sampling to select
47 provinces. The evaluation covered 4 operational domains : 1) disease surveillance,
2) disease prevention and control, 3) diagnosis and treatment, and 4) risk communication,
together with an assessment of the effectiveness of these measures resulting in a total of
5 evaluation domains. Data were analyzed using descriptive statistics, including frequency,
percentage, mean, and standard deviation.

The results showed that most provinces were located in the central region (36.17%).
Overall implementation performance was predominantly at a very good level (80.85%).
When analyzed by domain, four components were rated at a very good level, whereas
effectiveness was rated at a good level. Diagnosis and treatment achieved the highest
mean score (X = 2.90, SD = 0.48) indicating a very good level, while effectiveness had
the lowest mean score (X = 1.53, SD = 0.49) although it remained at a good level.
At the indicator level, integrating disease situation data with other relevant received
the highest mean score (X = 2.98, SD = 0.15) indicating a very good level, whereas
the implementation of sustainable dengue management at the subdistrict level had
the lowest mean score (X = 1.15, SD = 0.36) indicating a fair level.

These findings indicate that the system is strong in terms of operational processes.
However, significant gaps remained in effectiveness and sustainability. Practical
recommendations include strengthening monitoring and evaluation systems that
emphasize outcome-based effectiveness, enhancing sustainable subdistrict
dengue management mechanisms, promoting community participation, and integrating

operations with local administrative organizations to improve the long-term effectiveness

of dengue control.
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Abstract

Dengue remains a significant public health problem in Thailand, particularly in areas with
high population density and mobility such as industrial estates, where there is an increased risk
of disease transmission within factories and surrounding communities. Therefore, the development
of surveillance, prevention, and control systems in workplaces is essential. This study aimed to
develop and evaluate guidelines for dengue surveillance, prevention, and control in
industrial factories, using Amata City Industrial Estate, Chonburi Province, as a pilot area.

The study population included both community members and industrial factories.
Baseline data were collected using observational checklists and structured questionnaires
developed in accordance with the study objectives, covering vector control, environmental and
safety management, and disease surveillance and management systems. Knowledge improvement
was assessed pre- and post-training tests. Operational performance was evaluated through
assessment tools and on-site visits, focusing on policy establishment, action plans,
responsible personnel, mosquito breeding sites elimination, screening of suspected
dengue cases, health education for workers, and response measures for suspected or
confirmed dengue cases. Additionally, lessons learned were gathered through group
discussions using the Objective Reflective Interpretive and Decisional (ORID) method with
64 participants from both commmunity and industrial sectors.

The results showed that baseline data collection and stakeholder engagement led to
the development of practical guidelines for dengue surveillance, prevention, and control
in industrial settings. Key components of the guidelines included policy formulation,
operational planning, designation of responsible personnel, vector control measures,
case detection, health education, and response protocols for suspected or confirmed
dengue cases. A total of 64 participants attended the training workshop, and 73.449%
(47 participants) demonstrated improved knowledge and understanding. Evaluation of
participating factories revealed that one factory achieved an excellent level, while three factories
reached a participatory level. Lessons learned indicated that the developed guidelines
effectively supported dengue surveillance, prevention, and control in industrial settings.
Continuous implementation and enhanced communication are recommended to increase

engagement among workplaces and surrounding communities.

Corresponding Author : Pachara Wongprasert E-mail : w.pachara.w@gmail.com
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Abstract

Malaria remains a major global public health challenge, particularly in countries
pursuing malaria elimination. Real-time polymerase chain reaction (Real-time PCR)
is a highly sensitive and specific diagnostic method capable of detecting low-density
and asymptomatic infections. However, a standardized External Quality Assessment (EQA)
system for malaria diagnosis using Real-time PCR has not previously been established
for the network of regional reference laboratories under Thailand’s Department of Disease
Control (DDC). This study aimed to develop an External Quality Assessment system using
an Inter-laboratory Comparison (ILC) approach and to evaluate the performance
of regional reference laboratories for malaria diagnosis by Real-time PCR.

A descriptive study was conducted between September 2022 and October 2025
involving 10 regional reference laboratories under the DDC. Dried blood spot (DBS) panels
were developed from residual malaria-positive blood specimens representing five human
malaria species (Plasmodium falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi)
and negative controls. The DBS panels were evaluated for homogeneity and stability
before being distributed for two rounds of ILC assessment. Participating laboratories
performed malaria detection using their routine Real-time PCR protocols and reported

species identification and cycle threshold (Ct) values. Laboratory performance

was assessed using concordance rates, Z-scores, and diagnostic performance indicators.
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The developed DBS panels demonstrated acceptable homogeneity and stability,
with Ct coefficient of variation values below 5% and Ct variation within +1.0 cycle.
Across two ILC rounds, the participating laboratories achieved a mean performance score of 99%
(SD = 3.16). All laboratories obtained 100% accuracy in the first round, while nine laboratories
achieved 100% accuracy in the second round and one laboratory obtained 80% due to a
single discrepant result involving a low-concentration P. knowlesi specimen. Overall agreement
among laboratories was excellent, with a concordance coefficient (Fleiss' Kappa) of 0.976 (p < 0.001),
indicating almost perfect agreement. Most laboratories showed acceptable Z-scores (|Z]| < 2),
and Ct deviations remained within the predefined acceptance limits. Diagnostic performance
analysis demonstrated 100% sensitivity, 95.24% specificity, 98.75% positive predictive value,
and 100% negative predictive value.

The ILC-based EQA system developed in this study is suitable for evaluating
the performance of malaria Real-time PCR laboratories. The findings demonstrate a high level
of inter-laboratory agreement and confirm the capability of Thailand’s regional reference
laboratory network to provide reliable molecular diagnosis for malaria surveillance and
elimination activities. This system also supports compliance with ISO 15189 requirements

and strengthens confidence in laboratory data used for malaria control and elimination

programs in Thailand.
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§eUsenoudrovatet unoud ausn15an
@19 U NTTL N19LA wUS A TWUs NS T
wagnIshkuana N1sAdunanssy EQA wag ILC
JafiaudrAyeeied slunisuszidug unim
P09NIZUIUNITATIATLATI89 9 a5z uy LY
HagtulszmalnedvesufURnsmateuvad
A131N509 93 UBUNAT8A2835 Real-time PCR
yriluamntumsfine nAe uazhsnunInsy
IngreslUuAnis19deseauwnnulsafinge-
Ulneutas ddnnsuaruaulse Wunalnddey
lunrsadvauunisid1seds n1sduduna
N19059AN1N U UA N5 wazn1saauls

24

a i

AERNLAUN
JagtuiiviesujUAmsandaseaunaulsnfnsie-
ihlneuuasduauieay 12 wis seegludiiney
dosfumunulsnmuszma aseuaguynginie
voaUsemelng Tevimiiduwios fuRmssdde
dmsunisnaraidadelsaldunanie saude
At UauNSHsETINNeTEUININe waEMSWAILY
ﬁi’namwm%mhs;Jﬁawﬁﬂ’aﬂ’]ﬂuﬁjuﬁ%’uﬁmau
wirwiesfdRniamaniiazdidufanssuauau
AMAINANUT BN UAYDININTFIU ISO 15189
uilutaBuduresnsdnudslaifssuulseidu

1ulsARAR DU AYLLAIUDIUTEINA

ANMNNBUBN (External Quality Assessment; EQA)
N39N15UT8ULNBUNATENI 1N 89U URANS
(Inter-laboratory Comparison; ILC) ﬁﬁmmsﬁu
RNIEEINTUNIINTIT LT BUaNT oA 28735
Real-time PCR luta3av1evaslufin1591489
sEAunRanan denalisslidssuuiianuise
T UsetTunasiUsS g ulM g UdUSTOUS VD g
HosufjRmsluseiulssma fisludueug nios
Y8IN1TATIAINVET © ANEIN5alUATSTILUN
SilAde 3n15UIATEUU EQA %ie ILC o1avilsilal
ANNSIATIINUANULUSUTIWS BANLAR AR O
AAN9INALLANA19YRIYARINT LAT Beile
Yptinen vidotuouMInTINTATFeeauviad
219U lUg AULANA19VBINANTIVIENI 1
WU UANIT 57UDINISLAANAUINAIINTD
HAAUAIY dINANTINUABAIIUYIT 0dav8 s
ToyansiosufUanisildlunisdiseTlsa
msgudugUae LA NS AALEANUNSAINSUNS EE
Tnsianigluszozidnlsaiiysdumifnid ofid
USunaud o vdoliuansennis mnuansIavia
ALY NABINTOANUADAAR B 8197114 LAA
n1sUszfivaatunisailsaminitauduass
dINARN BNITINIUNUNIATNITAIUA ULTA
N1STAATINTWEINT WALTAINUA1INY 11U
Wannnenismanlsaliuiansevesussing
Yen91nd 91NAITNUNIUITTUNTTUNUFN
dsreeunsaiiunanssy EQA wag ILC d1msu
N1309393ATENeesUfuan1slunavan
S7UD9N1IATIA18LALA Real-time PCR

11-12

TusineUseina? widalideyadrinifeadu
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NIWAILITZUU EQA 130 ILC duisumsnsiaiilasde
1ani3eme Realtime PCR Tuusunvesusuimnelng
Tnaniznsi@aee14 dried blood spot (DBS)
fiitannandogrsfiieasaiieUssiliuaussous
YOILATBY18W 89U UANITE 198 958A UL
Fetu U3t ssdnwinisldfaed 1masaey
Tuguwuu dried blood spot (DBS) swiuiianssa ILC
el sinaiSeiinsanuaslulseine
iileanaAnldaneslunsdamianaiuauaunm
91NA1UTZINA WAz UAIINE 9T UVDITEUL
UsgnunanInyeauuanistussugend
dmdvaduayunisdnsyds muau wagidn
Isaldunanisevesuseinaseniiuss@nsnn

IQUsTaIA

1. iloaunszuudssidiunanmanguen
dmiunsnsitadeinaniseniey Real-time PCR
luia3 018U UAN158199352A LA
deinnsuaiuaulsn

2. \loUsyifiuanssourveaiesujiAnns
9198 95¥Auvalagldszuuyseidununin
ity lumsiSeudisunasswineres§oRns

YeAuAZIaNIANEY

n13@ nwr 1 un1s3 Ten ans s
(descriptive study) AMLHUNITTEMINLADUAUENBU
WA, 2565 DADUAAIAYN W.A. 2568 IAUNTNAILN
fregradeunanseninsguaindieseivde
INN1TA529713d wazurluneaaudu
Mot URn15eBeTERUn diansuamunulsa
U 10 Uik 1991nnIsIEenAI9E 1MUURIZ 9
(Purposive sampling) %aLLﬁazﬁaﬂﬂﬁﬁﬁmi
frumdenlunisaseifefodennanSede’s
Real-time PCR 7 b aiiaslaidsaulasanis
Tneifisnsenwead

1. MINaFBg 1R UAUTUTEUU ILC

AT UNITIALA VLA IIUTIUA DY
fwdoainnisnsaidadeaniesd JUAnas
LAY eIl UM N159 198958 ULYA
deiansuaruaulse 5enInel w.e. 2565 - 2568
fidamealusuuuy dried blood spot (DBS) @l

25

annsnsryASnudonandeld asUssnoudie
G‘T’Jaa'wmﬂﬂiamquﬁa Plasmodium spp.
5 amw"’uﬁ: lawn P. falciparum, P. vivax,
P. malariae, P. ovale wag P. knowlesi mm/"?q
F10819aU 1AUA198 1NNAFOULAAZAI1087199
gniurdad ursnanvuiaduniqug nans
Ussunal 2 WwufALuaS Lﬁ'ammaauqmmw
arududedenty (homogeneity) kagAIUAIT
(stability) Tnen1safafiegiadaenne) QlAamp
DNA Mini Kit 18711 DNA template v93unas
198191171 Real-time PCR éf’w‘fwm TagManTM
Fast Advanced Master Mix %ﬂLﬂuﬁ;’lmﬁlﬁ
N15WM3IBULRY (in-house reagent) wagagly
Hum_ GAPDH \Ju Internal Control u3e
housekeeping gene ?Jaﬂmgwé (human control)
ATIVADUIIRIDE1GDNI DNA VBuyuEaTI Lae
m3aia DNA d15a llldvasaaws eannauimen
wagld Primer waz Probe 9198391091U378004

) lay Lee wazanzt®

Rougemont wazAuy’
fiswaviBoadawandlunsned 1 uasansed 2
nalilusunsumunugamgiiines Real-time PCR
Usznausieduney Initial Denaturation 7 95 °C
Yy 15 WA §1u9U 1 50U Anue 287 unsy
Denaturation 71 95 °C w1w 10 3un#l wae Annealing
7 60 °C uu 50 Fudt 1w 40 seuneulUE
Tuszuu ILC fdunmsvagay fai

1.1 puduieidontiu (homogeneity)
eudeg mageuring sz ILC lavihnsusediu
anufudoiiensuresiiedna DBS Tnsnisda
A19819NUARLYANAFBUTIUIY 10 A8
LATMIIATLATIEV A21875 Real-time PCR
meldanneiieaiu 1uau 3 91 Taeldune
MnusnAIeas (Mean) damidsauunasgu
(SD) wazduuszansAuuUsusau (Coefficient
of Variation; CV) ¥84A1 cycle threshold (Ct)
AINANNTTA IR Tnafvuanasinseasud
A1 CV Liiusesey 5
gnsAuI

SD
CV (%) = Mean

X 100
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1.2 n15UsLUAIAuALAA (stability)
§29819 DBS usaziiag19fiazldluszuy ILC
awgnifiuinuigamnd 2 - 8 °C wawmTns e
#1633 Real-time PCR gluthananfisnvun laun
SuBuFUTiSuSeE19 (Day 0) wasndsmsifiusnw
Tugramaniifmue Taun Day 7 arnduthnasn
WS HUMEUAIULANA19989A1 Ct SEUI19
ranalagaiuiuan ACt AYaNN1SALERAS
TagAuUUANUTINISERNSUTRANAIULANATYDY
A1 Ct LAy £1.0 Fefieindaegednunes
Weanadmsuihlulglunsiseuisunasywing
WosUURNI3
gnsALIn

ACt = Ct, — Ct,

A15199 1 819U nucleotide ¥4 Primer 5 w8a way Internal Control

1.3 Mew3susegrmadeu Wefiegns
DBS #1unisuseiduaiaudud ouioafiy
LAZANUASAILAD YINNITAIRUATHAR 18814
FeUsznousie Jedenadlsafinmetilaouuas
MNLavERanNevesy A.A. inglaYseuUTEEiy
WATMLNEF8E19 Wi DVBD2611 lnaiinmsdninsay
F29879 fem5197 5 udalddaeene DBS adly
VaoANAaBIUT NI eun 1.5 ml $1uay 2 29
fulndemsiidy ussglusesdrdeuansiuiy
way triple packaging system noulndsluds
TosUfiRnsdnedesiumai 10 uvs

13-14)

Primer

Nucleotides

PF forward primer

PF reverse primer

PV forward primer
PV reverse primer
PM forward primer
PM reverse primer

PO forward primer

PO reverse primer
Pk forward primer
Pk reverse primer
Hum GAPDH F
Hum_ GAPDH R

5’-ATTGC GAGAGGTTTTGTTACTTT-3’
5’-GCTGTAGTATTCAACACATTGAACTCAA-3’

5’-CGCTTCTAGCTTAATCCACATAACTG-3’
5’-AATTTACTCAAAGTAACAAGGACTTCCAAG-3’
5’-AGTTAAGGGAGTGAAGACGATCAGA-3’
5’-CAACCCAAAGACTTTGATTTCTCATAA-3’
5’-CCGACTAGGTTTTGGATGAAAGATTTTT-3’

5’-CAACCCAAAGACTTTGATTTCTCATAA-3’
5'-AACCCAAAGACTTTGATTTCTCATAA-3'
5-GTTAAGGGAGTGAAGATCAGA-3'

5-CCT CCC GCT TCG CTC TCT-3'

5-GCT GGC GAC GCA AAA GA-3'

A1519% 2 819U nucleotide U4 Probe 5 wiln wag Internal Control!

13-14)

Probe Nucleotides
PF18sP 5’-6FAM-CAT AAC AGA CGG GTA GTC AT-MGBNFQ-3’
PV18sP 5’-VIC-CGC ATT TTG CTA TTA TGT-MGBNFQ-3’
PM18sP 5’-6FAM-ATG AGT GTT TCT TTT AGA TAG C-MGBNFQ-3’
PO18sP 5’-VIC-CGA AAG GAA TTT TCT TAT T-MGBNFQ-3’
PK18sP 5’-FAM-CTCTCCGGAGATTAGAACTCTTAGATTGCT-TAMRA-3’
Hum GAPDH P 5’-VIC-CCT CCT GTT CGA CAG TCA GCC GC- MGBNFQ-3’

26
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2. MINTRIATIA waziiudoya

lud w.a. 2568 daeg19gna sl
NoIUUAN1507198958AUIATIUIN 10 WIS
WA 2 58U SeUaY 5 H19E19 VAN 10 Ha0Ens
AIUNI3M31971AT121A2835 Real-time PCR
MINTTUINTgIUTRUA ar el U Aans
WAI3I8UNANTIINTIVLURUUNDSTY F-P-19-06
189U TUsTITuA A N o UA NS
N15M32911a T A 18T T N1 1T Nen
(Inter-lab comparison) laun saiesUfufn1g
(LAB No.) fuii§udaetamaasy qaunmuaz
ANANY VeI I98 19 TUd ¥1n15R329
Toyaindeaiio Wieniildlunisnsiaiiansei
Nan15n599 wiade A1 Ct udalisieauna
nduNgaBiuarelqugsdamaiesdjuanis
LspRnsiatlauLlag

3. M3UsIAUNA

ARz FvesaTesUR TRmS
Suiinlusmmaiiellumsiiesssideya nansase
YealsarvioaluanisgnirulTsuineuiy
Ad1984 Ll oUszfiuaNTIaULA LA NF DY
(accuracy) Al (sensitivity) AN UL

AN5199 3 LNAUTINAITUNNSERUSUAID8 4

(specificity) AMwa1nTaluaIN (positive predictive
value; PPV) Awgnsalau (negative predictive
value; NPV) kagA1ua0AAE 09U0INANTIA
(concordance) N13UseLiiuNalTIAuNIN Laun
nauINTieau waraeusvead ofinsrany
d0nAdBINTIRUAIE198Y TnefuunnIwNaeiT
ANADAAE BININNIINT LN INUT08AL 80
AMTURIUTUIU A191989109 Ct dnsuunay
#08139819UAIINAILRE 8 (mean Ct) Y04
Auds1adamaiesufuinisdredadianiunisg
#379913117u 3 A% eumIuandefegnadg
58UV ILC wagmuuatnaein1seeus vty
Anade + 2 dnudenuuannsgiu (mean + 25D)
UM TIRTEdeyaaInM RS suieuNa
FeineieeUURNMINNIMSEIU 1SO 13528:2022
nsilseuisunaseninaiesuuiinig Ineasly
A1 Ct W 51891U LA Az aeU  UA N3
Wisuilsuiua161989 wazfiansanitueusula
FedAuwansnanaig1edaluiAn £2 Ct
fagns ACt aannasifaned 3
ANTANUIN

Y

ACt =| Ctygp — Ctreference

Act

nsudana

<1Ct
>1-2 Ct
>2-3 Ct
>3 Ct

Excellent
Acceptable
Warning

Investigate

4. MsaTEideyaneain

ToUAYNTLATIENAIHAT AT INTTUU
1¥un $evay Aady uavdrulsauuunsgiu
NTUT UL UNANITATIVIENT 19T8UNS
Uszifiuldadf two-proportion z-test iauan
AnseausulakaryinnIInsIvaeUdnwMslaya
J218u Nominal Data n3ely wWisuiisuteya

27

5¥n319nguaeg1931daududasensoly
WAUTZLUAIINEDAAA BIVDINANITIIBIU
N1301929 (Agreement) uAazlie laead@ Fleiss'
Kappa fnuaseAuled1dyn1ead i 0.05
wUaAIANADAARBINNNLNUNIYBY Landis and
Koch™ Taaiinisfininua ICC way Kappa anu
Landis and Koch™ lsm1s199i 4

e
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A1519% 4 Lnauin1sAAuAT ICC Lag Kappa 9849 Landis and Koch®®

ICC/Kappa Statistic Strength of Agreement

<0.00 Poor

0.01-0.20 Slight
0.21-0.40 Fair

0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost Perfect

5. nMsivingdaya

Yoyarios fUAnsAirsmgiiunm
Junudu wagsenunaludnyazninsulag
Lifmadameievieteyafianansaszymispanls
99gld5zuu LAB No. lunisuansnauseiiiy
aussaurvemief TRMss B eseiummita 10 wis

NaN1SAN®N

1) NANISNAIUIARE1INATIUEINTUIZUY ILC

nansUssiiuauamiieg1magoy fail
Arududoretuvesnegns iy 10 feg
LAYMIITILATILIAILTT Real-time PCR nela
401 ey $IUIY 3 91 NUIdUUSEANS
AMNLUTUTIU (CV) v99A1 cycle threshold (Ct)
ot Tuinausifi sousuleen cv liiAuiesay 5
Fauanslupsedt 5 wesen Ct wasvesdousazyin
fianuasiaueuaziitas Mean + 25D Aoutnauay
lawn P. falciparum (20.79 - 22.75 way
28.72 — 29.92), P. vivax (19.84 - 20.64 Lay

28

27.12 - 28.32), P. malariae (22.79 - 23.59),
P. ovale (24.61 — 25.05) wag P. knowlesi
(24.94 - 2534 uay 36.74 — 38.32) LAAILALTAU
et maaeuisianduiirududodeniu
AmSuAIAUAITILRaE g T Az AUS YT
gaunnd 2 - 8 °C UA¥NIIITLATITV A 87D
Real-time PCR g1lug2912a19 fvun laun
FuBuduiifusiegna (Day 0) wasndsmsiiusnu
Tuga99a77 fvua bawn Day 7 wusaldan
AULANG19909A1 Ct LAY £1.0 §900731
faeg19lANAIR LN ganea1ns vua tdla
Tun1siSeuiieunaseni el uanig
wanandlumisiedl 6 1 efiansmnA Ct 909
W198198198 9 9d0950U HAduUsTANS
A1:LUSUTIUN (CV) wpan Ct ldiAuspuay 5
panaEinsEeNsy Fauandlunsed 6 3o
fgreflanuwmnizaudnsuld dudegielu
sEuuUssliuguNINAIEUeN WasnsSeudisy
HaTENINeIUURN"S
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o a ¢ & X a ) .
A15199 5 HalkAsIEANUUULULBLEINUY (Homogeneity)

Sample No. maﬁus: A1 Cycle threshold (Ct) Mean SD  CV(%)
aSefi 1 aSsfi2  aSedi 3
No.1 P. falciparum 21.54 22.34 21.44 21.77 0.49 2.27
No.2 P. vivax 20.44 20.04 20.23 20.24 0.20 0.99
No.3 P. malariae 23.01 23.41 23.16 23.19 0.20 0.87
No.4 P. ovale 24.76 24.96 24.78 24.83 0.11 0.44
No.5 P. knowlesi 25.03 25.23 25.17 25.14 0.10 0.41
No.6 P. falciparum (2)  29.61 29.01 29.35 29.32 0.30 1.03
No.7 P. vivax (2) 27.88 27.38 2791 271.72 0.30 1.07
No.8 P. knowlesi (2) 37.13 37.93 37.57 37.54 0.40 1.07
No.9 Negative NA NA NA NA NA NA
No.10 Negative NA NA NA NA NA NA
*fuuanasiniseansuien v liiufeas 5
A15197 6 HaIATIZIAILAIA (Stability)
Sample No. GRS A1 Cycle threshold (Ct) Act
DAY 0 (Ctp) DAY 7 (Ct;)

No.1 P. falciparum 21.54 22.44 0.9

No.2 P. vivax 20.44 20.84 0.4

No.3 P. malariae 23.01 22.51 -0.5

No.4 P. ovale 24.76 24.16 -0.6

No.5 P. knowlesi 25.03 25.33 0.3

No.6 P. falciparum (2) 29.61 29.21 -0.4

No.7 P. vivax (2) 27.88 28.38 0.5

No.8 P. knowlesi (2) 37.13 37.83 0.7

No.9 Negative NA NA NA

No.10 Negative NA NA NA

* ANUANUNNITIBUSTULAANAINULANAI9Y89A1 Ct TalAu +1.0

2) NanN15UsSLaUNISIUS O UL B UNATEVI N9
ViosufiAns ILC

duiudaega P. falciparum, P. vivax, P. malarice,
P. knowlesi hagf 1981981 @9NalN T AU

nNanIsaiufanssunsTsuisy
HasE1I19 ol UAns ILC #mTun19ms9
FadeinanSenie3s Realtime PCR Tl wa. 2568
U 2 59U NUIMeIUHURN159198 s8R uLYA
4 10 wisannsansduuniiaide Plasmodium
IppeggniesiaraenanediuAedsluseiuas
TunsUseiiuseudl 1 (DVBD2511 - DVBD2515)
Vel URnmsnnuiinenunagnaasiesay 100

ADAARBIVOINARNTIA (concordance) Soeay 100
TunnviesUjUfin1s vauzdiAn cycle threshold (C)
finenuilauuanaieeinaends (ACH agfluga
-0.91 11 0.98 Feoglunmsivausuionun uas
Insunsusediuluseu Excellent @misumsusediu
50U7 2 (DVBD2521 — DVBD2525) d1nidusetiis
P. ovale, P. falciparum, P. vivax, P. knowlesi
LALFI9E 19U TIPINURLIIOUENIATITIATIZA

29



Vector Borne Diseases Journal of Thailand Volume 18 No.1 January

- June 2026 —

Tusedvugas lnerieadfuanis 9910 10 uus
eNUNagNABIATUNNAIeE e laTUAT LY
Yoy 100 variealfUANT 1 wisseauna
aaaLad oulun13n319i 0819 P, knowlesi
17U 1 fe819 dealvlasunzuuusesar 80
i e9anT1unanataad suludieg g
TUIU 1 A18819 daNalinInsIuvea3adieg
frzuuueAsintudosay 99 (SD = 3.16) awvioud
TR UANLABANSDIVBINANTINTIGeINTENINS
WoIUUANn1s N1574AT18M AN Z-score WUTI
e uRnsdrulveiian Z-score winfiu 0.316
aoglunasivensy (2] < 2) uansliifiud

HANISASIVTANADAAS DIRUALAE BV
nauEiinsm vz iviesU fURmMsATHanaAIA oY
1 /819 dA1 Z-score WINAU -2.846 Aauandlu
Myl 7 Geeglusziviimslesumsmumuanivig
YBIAUAAIALAG DULATAILTUNITLA lumIw
NANNITUIELRUANTIOULVRINSIUS UL UKE
s¥MI1esU UANT og1slsAnin a1 Ct vos
viesufURnsTTenuNagnFesdnsdmmunnsig
gna18198sluszaus (ACH) 551319 -0.98 A9
0.93) ¥ NoUNIAUADANR BIVBINTLUIUNTS
ATINIAATIENTEN IR URNTS

M990 7 ANAZLLL kaEAINTSWSEUWBUA1RANEGNWNTINGIY Z-score

weU ARz FIUIUADEI  TIUIUADEN IUIUABENY Z-score
YA 2568  uUIndeEedsau AUt sFRIsay ﬁ'wmﬁmmgn
ﬁmmgn ﬁmimgn AsInu
LABO1 100 8 2 10 0.316
LABO2 100 8 2 10 0.316
LABO3 100 8 2 10 0.316
LABO4 100 8 2 10 0.316
LABO5 100 8 2 10 0.316
LABO6 100 8 2 10 0.316
LABO7 80 7 2 9 -2.846
LABOS8 100 8 2 10 0.316
LABQO9 100 8 2 10 0.316
LAB10 100 8 2 10 0.316
34 79 20 99

Mean = 99, SD = 3.16

3) NaNEIRAINIUNITUTEIUTEUY ILC
91NN LASILURANTITATITN TN A
TIUAU 99 19819 WUIIHI9E19UINTIUIU
79 A29819 LAaYAI98198UTIUIU 20 AIDE9
LATUNITIENURAYNABY LAgNURAUINAIN
(false positive) 91U 1 M9E9 laghinunaauas
(false negative) WlathiieyasndmnarnUszavam
YDITEUU WUIINITATII T8I TUA287D
Real-time PCR 903.A30U 18709 UAN1561989
sgauLunda1A1ula (sensitivity) $o8ag 100
AIAITNTILNE (specificity) S U@y 9524

30

ATNEINTAINAUIN (positive predictive value;
PPV) S@uag 98.75 LATAITNEINTMN HAAU
(negative predictive value; NPV) Y oeag 100
wananslun1sned 8 wasnul1n1sUsziiu
AUEDAARBITBINANITNTIININLNAUTUAY
3% Real-time PCR sevinawiosufiRnisidnguy
U 10 wnis lagldad@ Fleiss' Kappa Wuan
Observed Agreement (P) Lia Expected Agreement
by Chance (Pe) il oFuaim1sad Anuan
HA1ANEeAAd 89LVINAY 0.976 (p < 0.001)
Inagluseiu Almost Perfect Agreement agviauai




o
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ANUABAAR BIVBINANITANTIVTEN DIV URNS

~ &
ANAUHUIGLNEY 1 F789TUINVIVUA 100 189U

lusgaugaunn lagdnan1ssienunlunsaiuan  (1.0%) Awandlunsned 9

ANS197 8 #1919 2x2 WAAITBYANTISANWIN sensitivity specificity PPV wag NPV

Wa Inter-Lab
NAUIN Naau
A919BY  WauIn 79 1 PPV (79/80)x100 = 98.75
NaaU 0 20 NPV (20/20)x100 = 100
sensitivity specificity

(79/79)x100 = 100

(20/21)x100 = 95.24

M131991 9 asudeyasigauna ILC YeaeaUuRn1sne 10 un

fin9814 IUIUIVY  TUIUTIYIUFOAARDY

DVBD2511 10 10
DVBD2512 10 10
DVBD2513 10 10
DVBD2514 10 10
DVBD2515 10 10
DVBD2521 10 10
DVBD2522 10 10
DVBD2523 10 10
DVBD2524 10 9%
DVBD2525 10 10

374 100 99

*9 unia 1oy P. knowlesi uay 1 usis 518910y Negative

ERRED)

nsfnwadsdifunsiaussuudsady
AunmELndMIuNITaldedademnmse
M85 Real-time PCR waznsUseLiluaussauy
YOILATBY18N 89U UANITB 19 95A ULYA
dafansumrvaulsa lngnudndieg1anaaey
TugULuy dried blood spot (DBS) A ATy
derundudoiortu uasdaranunsinegly
inousifinensuls denalsien Ct veadieEnsdn9Be
fauaianenazinuizandmsuldidu
Faanaaeuluszuu ILC Fadudadoddyd
PreuiinaNidedovesnsuseiliuanssous
5EiNBIU URNTs namsUssliuiesuUsng
F119U 10 wis wudnfiazuuuleds fesas 99

31

AAIANADAAR BIVDINANTIA (Fleiss’ kappa)
Wiriiu 0.976 (p < 0.001) Ymeglusyau Almost
Perfect Agreement uazilan ACt agluyae -0.91
§40.98 ?fqa&jiuLﬂm%aam%’Uﬁaumm GEAIRYRR
ANUADAAR DIVDINANTIVILATIEY LAY
ANNEIN1T0TUNITAIUANAAINAITATID
TiAs1gv lusea ugaveanni el uanis
FINTEUIUNITRAIUITEUUSINA1dInAG 837U
ForMuAves 15O 15189:2022 7 n1vuali
Woaluanisidnsiufanssuussduaunin
ANBUBNLI BLARNIAIINEILITOVBINTEUIUNIS
asvlnseieteeried” yenand wansAnw
§afudul wszdvsamusavaila Realtime PCR @4
Hamnula (sensitivity) WagAmennsalinaau (NPV)
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Windusesas 100 @9nnaednUITIB9IUYBY Wang
wazrair® way Mpina wazane® finuin Realtime
PCR fiAA111likagAudmIggeanusan s
wunsind eunanselad efersananis
Usellumenesljuiinis wudndviealuminis
Wes 1w Aisnsaunanainndeulusiedi
P. knowlesi @sdifn Ct 49 dewalvdan Z-score
sntunasivonsy Tnsmsdamesianvadosiy
WNUTIAITUABIALAG BUBILA 82T 09U
ANULANA19UIUTEdNT A1wn15anm DNA
N33 EuURATE7 PCR MsAmun A1 cut-off Ct
wieAuLAnsenaIosiouaztheniild uiin
arlddamansenunanani1sUsELIuAINTINYDY
3o uaavvieuliiiudsunuindrAgaes
szuu ILC Tunisnmunazudlatiadefienadina
HOAMNINNITNTINIATIYI T adonndoafiy
WnAnveIMsUI suisunas U URnNTY
TdUssliuaugnies AT BT WaTAILENLNTE
YoaneaUfuAn1snelaanznsufifnuese®
SniedsdonndaafusI8aIuYeT Lou wavane
fisyyinnislédeyaain 1QC uay EQA anunsn
GIYAANINATEUIUNIT ATIVFOUVDINANTID
wazii uauy 1 od ovenanisiiasizile
pg9iiUsEanE A namsFnwi s suan sl
315500 ILC Avmunduamnsolfidunscile
Usziugaunndmsunmnsiaidadennanieniy
Real-time PCR laog19iiuse@nsnin aonndos
AuANwIes Cunningham wawany ™" wag Thomson
wazamz? ffudurisruu EQA Fanududuy
dleflenmumanmvanevedis PCR sewinwiosUfjuams
Fevaoiaiuadrsmnud eduludeyaiidise s
Mol URnIs advayunisaduauniy
U055 150 15189 wazidunalnddgyly
nsaduanyuimnensidalsaldunanieves
Uszindlne segslsfiny nsdnwnisndunis
nzlunIorenesuunniso198eseauLun
wazldied1amaaeuiitiunisind evdaien
Hundn Fady lusunanArswauisz Uy EQA
IiinsouaquiiogefifuTunandos degrans
Aot ouuunay uavvenemsUsaduludaniorae
e FURNITBY 1 HieensERUINATEIUNINTIA
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msFnwasstannseiassUuUEL
AunmneuaniaglinIsTsuisURaTENINg
Mo URN"3 (Inter-laboratory Comparison; ILC)
dviunsnyTitadennaisenies Realtime PCR
Tneld@0819 dried blood spot (DBS) 7 Waiu
N8 195 V28u1a 158939 ATEUARUITD
Plasmodium spp. ﬁ'ﬂ'aiiﬂiumuwéﬁﬁ 5 %n
Town P falciparum, P. vivax, P. malariae, P. ovale
uag P. knowlesi Fanmunsuszifiugruauiu
Weidatunazainuasdan eud 114y
N1SNAE0Y HaNI15UTeLT UaNTIOULYD I
WesluRnsnedeseauiun dinnsuaiuaulsa
FUU 10 W nudesluanisaiulng
annsonTIsuuneindeinaneldosnagnies
LazdAluaenAd 09 INanI1AlUTEA UGS
Tngda1aula ANUTINIE WaTANUABNAR DY
Yaanansvey lunasiduin axviouliiuda
Anenmesaeserieveslfuinmslunisaniuns
n3519319d8118115802875 Real-time PCR Lgl
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\3esilaluntsfamuaussousveaios fURnns
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1) msdszuvdsziduAunInatguen
IngldnswSeuiisunassninaiesujusnig ILC
fitmutulldiduAanssulsedegsdados
luia3 o189 o UAn1591983958A ULUA
aulspfindatlaskuas deinnsualuaulsa
ieldfnniuanssouzvesiesufuanas
158 T9A1NARIALAG DUVBINANTI UAE
ATUARUNIA LU T AUAYBININTFIY
ISO 15189 uag ISO 17043

2) AITUEILNTUNTINTEUY EQA uag ILC
lugaesdfuanisiag o188 uil 0139929
F3d8u1811580 7875 Real-time PCR o A
WU uanisluanidunisfne Tsaneiuia
UMY UaTIENUAASTIY 9 Wilesnsediy
1IN TFIUN159539T AT 8L R NT eVl TN A
Tifiennuaanndesiuinndsdu

3) AISANUUALNNTINTITUSELUAT cycle
threshold (Ct) wagsdYasunmamdy « T
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1) msiauitegmaaeulvinsounqy
Fregaiilusunaudon (low-density infection)
Fauduanrunisaliinvldvesluiiuiifeyly
svezidalsaldnande Welssdularmuanuse
vossfiRinislumsnsanunsinidessius

2) AL UF10819N15A AL DUV UREY
(mixed-species infection) +%' U4 Plasmodium
falciparum/P. vivax %3 ® P. knowlesi/P. vivax
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siindeluanunsaiitinnududeunnndy

3) AITANYIAIIUALAD (stability) v 9
#2198 14 dried blood spot (DBS) Tusze e
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W eatuayunisiided1elldlussuy EQA
sedulssmaeeediy
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4) pr3finsAanuuasinszidaded
AINANDAITULANA 19UDIA 1 Ct 8N4
wosUfURN"T Wy viaveaIod Real-time PCR
ﬂ;@“ﬁu’]m WMsarinenTiugnIsu wasnaensulang
W eauLuImansgulunisnsaidede
WasumeTsendvinelulsundlny

5) msiinsAnweuAuAAATYEAEnS
(cost-effectiveness analysis) YDINTITWAIUN
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