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Real-time PCR for Vancomycin and Methicillin-Resistant Gene Detection

in Staphylococcus aureus and Enterococcus spp.

Walailak Ganjanapin et al.
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Real-time PCR @5298ufaan vancomycin wae methicillin Ty

Staphylococcus aureus WWa¢ Enterococcus spp.

laanwal Myauziy uazane

a o 3 d‘ydw o 44' o ao

MIeANUTTagUszaeAiNaWaUIIBTNT

o & A
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ATCC 29213), S. pneumoniae (ATCC 49619 wag
DMST 64428), S. epidermidis (DMST 15505),
S. saprophyticus (DMST 15906), E. faecium
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Real-time PCR for Vancomycin and Methicillin-Resistant Gene Detection

in Staphylococcus aureus and Enterococcus spp.

Walailak Ganjanapin et al.
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anewug afinaTnesy FamnziEeaun tryptic soy
agar ldluhnduusiennide Usinas 1 fsdans
wazFuanuguuaaseliiihiy 0.5 MacFarland
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Real-time PCR @5298ufaan vancomycin wae methicillin Ty
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@15719% 1 Primer uag probe §1%5UMATINMEY van way mec logis Real-time PCR

Target Primer/probe Sequence (5' — 3') Tm®  PCR product
gene °C (bp)

vanA vanA_forward GCCGGAAAAAGGCTCTGAA 56.03 67
vanA_reverse TCCTCGCTCCTCTGCTGAA 59.34
vanA_probe-FAM ACGCAGTTATAACCGTTCCCGCAGACC

vanB vanB_forward CGCAGCTTGCATGGACAA 57.24 58
vanB_reverse GGCGATGCCCGCATT 54.11
vanB_probe-HEX TCACTGGCCTACATTC

vanC1 vanC1_forward CTTATGTTGGTTGCCATGTCG 55.54 138
vanC1_reverse CGATTGTGGCAGGATCGTT 55.84
vanC1_probe-FAM TGGCTCTTGCATCAACTTGCTGATACCA

vanC2/C3  vanC2/3_forward GCACTCCAATCATCTCCCTATG 56.72 113
vanC2/C3_reverse CAYGTGTCTTGTCGGATGTT 54.27
vanC2/C3_probe-HEX TAYGACCTCTCTTTGATCGGGATCRCC

mecA mecA_forward CAATGCCAAAATCTCAGGTAAAGTG 57.69 107
mecA_reverse AACCATCGTTACGGATTGCTTC 56.68

mecA_probe-FAM

ATGAGCTATATGAGAACGG

ANIELVR: *@ues melting temperature (Tm) 35 Nearest Neighbor Tog OligoCalc http://biotools.nubic.

northwestern.edu/OligoCalc.html

Msnagauanih (sensitivity) HazANINUNIZ
(specificity) 1393t@51£% 289380519
MsAIINBURBNYBIEBLUATIEaLASNUN
7878 Real-time PCR Tagmsmu3inas DNA
primer Wag probe NILYBILAALEY lagi DNA
fafauiafiudmuaumaun Faneiiemadudy
G199 Y 6 ANNENTY BNTINANNTNTUDDA
Hawhiu 6.0x10' - 0.6 CFU/uL nindaszsd
#1875 Real-time PCR wazd319 standard curve
tilalFausuaedamsulisuieumenudaguas
Hafigansonsranuld eiiunsneday primer,
probe Ltazama:wmﬂ;’jﬁ%mﬁmmzau Toan3an
DNA zaaiouuniiGaunsannmeiuginnsgiu
319 U 23 #ie usr DNA 2asdauunaiise
Gegnziia VRE, MRSA wazuuaiiFsmanug
LigaendilaSunisasiadududiedd PCR 910
an A Inenmansansnsmgs > " NI 109
Mg 16536835 Real-time PCR i

uNa wazlseiuranN ez NNz

NNAHNIUNIBMTAUIUNNFDH

MIANIUNNEDH

Usziliuanudaanaaeuadid Real-time PCR
Au33 PCR @edd® kappa analysis wazdsziiua
sensitivity, specificity, accuracy, positive
predictive value L8z negative predictive value
Toaannamelusunsuansazu MedCale-version

22.026

3YDITNNITINY
AMSANITENUNTIUTB99385550MSITE
PNAULNTINMINNTANMSANEIE TUAN N5
WENANFATMILNNG NTENTNAITTNGY HALBNES
Suseavanaay DMSc-EC027 aysiaiuil 25 aanau

W.¢@. 2567
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Real-time PCR for Vancomycin and Methicillin-Resistant Gene Detection

in Staphylococcus aureus and Enterococcus spp.

Walailak Ganjanapin et al.

We

=

58 Real-time PCR fWauniudmsunsia
miudasluidanuaiiGounsuuinngy VRSA,
VRE uaz MRSA lagnagaufuuuaiiadas
eWugNag I E. faecalis DMST 8308 uax
DMST 10785, E. gallinarum DMST 6979 oy
DMST 11914 uaz S. aureus DMST 22168 i
?Tam vanA, vanB, vanCi, vanC2/C3 oz mecA

muaau WUIAIUANKELIN I8N primer Uaz

A

probe 2asudaziiulumsnagauifiesadaieon ey
MINAFOUANNEINTUDY primer uaz probe 7
winnzanlunmsimuinsedlu 400 nM forward
primer, 400 nM reverse primer, 200 nM probe
dwdunndu dausaslumnd 1 faansuaslfazen
Real-time PCR ﬁmmzaﬂumimaauﬁuﬁy’q 5
%10 AD 95 ANENHALTEE 15 UIN MUIU 1 U U
95 NFNALBEE 15 IWIN, 60 DIFTAGE 1 WD
U 42 58U WaMINAFay sauaalumed 2

RFU (10%)
&

3

RFU (10%)

2NN 1 Amplification curve ﬁnﬂﬂﬁﬁ%tﬂ Real-time PCR 284m3505328u%ia vanA, vanB, vanCl,

vanC2/C3 uaz mecA 9NN A-E muaou logidpaanunguaad primer 9 100, 200, 400

waz 800 nM aaUfisen JudaeaanIWFLas, dde, SR wazdivaas muaau

L Msmsnaaingenaasmsinng
7 U 67 adud 1 unan - Junay 2568
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[

uaznuaasanuasiiu s-curve uazliwudaann
UMY (noise band) lumsnaaaunniiu Bnniwuns
5 P o o
MINATBUYNABILNBNATDUNU DNA 28962A7UAN
HAUINUALEIMUANKAAY 88z 100 GaUaAdlY

MWD 2 WaaTauanan PCR 838U vanA, vanB,

vanC1, vanC2/03 waz mecA {vuW@ 67, 58, 138,
113 uaz 107 bp Mmamau lagmsilSauiauainany
100 bp DNA ladder (New England Biolabs Inc.,
USA) lu 29 agarose Manaan1sm electrophosis
sauaalumni 3

M7 2 MInadeuguniinunsanninldluzuneu annealing 289U§i3e1 Real -time PCR 718330

U
¥

= el =
ananndulalunsuden

Annealing temperature/Mean-Cq value

guihnang - - - - - -
62.0 C 61.0 C 60.0 C 57.8 C 57 C 56 C
vanA 27.72 27.56 27.62 27.78 27.72 23.48
vanB 28.80 27.07 25.84 24.64 24.71 ND
vanC1 26.13 25.50 25.28 25.32 25.37 ND
vanC2/C3 25.91 25.85 25.98 26.82 26.03 ND
mecA 30.91 31.09 31.20 32.38 ND ND

e ND = not detected

mecA : S. aureus DMST 22168

vanB : E. faecalis DMST 10785

vanC2/C3 : E. gallinarum DMST 11914

vanA : E. faecalis DMST 8308
' vanC1 : E. gallinarum DMST 6979

Relative fluorescence unit (RFU)

WA 2 Amplification curve WaNNINIEUBUA vanAd, vanB, vanCl1, vanC2/C3 uaz mecA U3
@auuaiiGaaanuginaspuiidudmmuannauinzasudaziueieis Real-time PCR

M 12 3 4 5 M 67 8 9 10 M1112 13 14 15 M

flinummnn

100 bp

Wi 3 Gel electrophoresis HaN395198UMEI5 Real-time PCR udninawda PCR #iia vanA,
vanB, vanC1, vanC2/C3 uaz mecA Haua 67, 58, 138, 113 Uaz 107 bp MUMAU Lane
M: DNA Ladder, Lane 1,2: vanA, Lane 3,4: vanB, Lane 6,7: vanC1, Lane 8,9: vanC2/C3
Lane 11-14: mecA wae Lane 5,10,15: Negative control
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Real-time PCR for Vancomycin and Methicillin-Resistant Gene Detection

in Staphylococcus aureus and Enterococcus spp.

Walailak Ganjanapin et al.

MInadauANNll (sensitivity)
anwhlumseasamiuiesnuesda Entero-
coccus spp. “7;(71?88’1 vancomycin 8¢ methicillin
tt3% Real-time PCR wuihidianansansiaiiu
#iia vanA fienudndumganndu o.6 CFU/ul
wazdunile vanB, vanC1, vanC2/C3 uaz mecA
fanududuiganiiu 6.0 CFU/ul dauaasly

MINN 3

wan15UsetiudszdndnInwa9ls Real-time
PCR
nsUsziulsEaN5NINe9Is Real-time

PCR Miain lagiarsananna PCR efficiency,

coefficient of correlation (R*) wazaNNudunse
(linearity) Feshansaenalaan standard curve
229NI0513 DNA waﬁamuqmamﬂﬁ 6 AN
wugu Tur 6.0x10* - 0.6 CFU/ul wuh PCR
efficiency 299M15A5ITULUAGIN ) AIENANA
Real-time PCR ag/lug29 89%-103% uaze R’ ag
129 0.994 - 1.000 Tagiia slope agluzrn -3.252
fa -3.618 Gaudaslumsil 3 uay linearity o
Tuganndutueaeds 6.0x10° - 0.6 CFU/pl
amplification curve, standard curve, @ efficiency,
R? uaz linearity 2BIMIANTINEULNUA vanA, vanB,
vanC1, vanC2/C3 oz mecA MemnAiia Real-time

PCR @auaas lumwi 4

M99 3 @ sensitivity, PCR efficiency, coefficient of correlation (R*) was slope 284n3015398U

#Ha6aN ) Menaila Real-time PCR

Sensitivity
R - (ANNLNTUM TR . ,
FUAYISU & . % PCR efficiency R Slope
YIDBUUANLIY
NeTIRNUEY)
vanA 0.6 CFU/uL 103.0 0.998 -3.252
vanB 6.0 CFU/uL 89.0 0.994 -3.618
vanC1 6.0 CFU/uL 98.9 1.000 -3.348
vanC2/C3 6.0 CFU/uL 99.2 1.000 -3.340
mecA 6.0 CFU/uL 100.9 0.999 -3.301
A
Amplificaton Standard Curve
12 H
10 4
L
S
25 :
) 4 S &
& 4] s :
0] ; i
0 10 20 30 40 1 2 3 B 5 6
g Log Starting Quantity
O Standard
X Unknown

M5815NTHANENFFATANTUWNE
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E=103.0% R*2=0.998 Slope=-3.252 y-int=34.654




Real-time PCR @5298ufaan vancomycin wae methicillin Ty
Staphylococcus aureus WWa¢ Enterococcus spp. YNaanuel migauzﬂu LLsATUY

Amplification Standard Curve

RFU (10%)
o

Cycles Log Starting Quantity
O Swandard
X Unknown
—— HEX E=89.0% R*2=0.994 Slope=-3.618 y-int=45.758

Log Starting Quantity
O Standard
X  Unknown
—— FAM  E=98.5% R*2=1.000 Slope=-3.348 y-int=42.031
D

Standard Curve
T

RFU (10%)

RFU (10%)

= FAM  E=100.9% R"2=0.999 Siope=-3.301 y-int=42.952

ﬂ"lwﬁ' 4 Amplification curve, standard curve, @ efficiency, R’ @z linearity YNNIATINVULUA vanA,
vanB, vanC1, vanC2/C3 waz mecA MMN A-E aua1au ANNYNTY 6.0x 10" - 0.6 CFU/uL
mamnaila Real-time PCR (M relative fluorescence unit (RFU) fa @1a5t309uaadunns
waze quantification cycle (Cq) fia MIusBUNFUANMUEBITIBENGATULEY threshold)
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NINAFIUANNNILINE (specificity)
AMINAFDUANNINNWIZYBY primer, probe
LLasamazwaqﬂﬁﬁ%mﬁmmzamaﬁ%ﬁﬁ’u DNA
apudauuaiiFaunsunmenugna s Gy
manegauAMNTIINYaIEREEaLUATIEERaEN
%@ VRE, MRSA u,a::LLUﬂﬁﬁamaﬁuﬁﬂﬂﬁ”amﬁ
lasumsasiatiuduaeis conventional PCR 910
aoniuITeINemansasITMgy NI 132 @

v ((26) J 1 v v k4 o
WUg NWUNLVINSFDNAINIBDYAE 100

a 4
AU

38 Real-time PCR (Juisiiwauiiie
msmnﬁuﬁyam%ﬁm van cluster L8 mecA 1uﬂﬁj:1l
Fauuaiiaaunsunnnie VRSA, VRE uaz MRSA
A dudyanandaumsihszSudanns nnbu
Wlumaila PCR uaziignmnemsmufisenvaudas
fudheiy Feflanugeenniidasimaasaiioziiu
Whuaa mldldnaiviulunisasiaiesizv
msAnwilaeiaunmeiia Real-time PCR Tag
1% primer uaz probe fiswwziuiy 5 du leun
vanA, vanB, vanC1, vanC2/C3 wa¢ mecA 1 3
waeaUfRsenildansdeiulumaiiadsinm Tog
fa5a0579628te DNA figtennmaduuaiie
ANUNTUYINUY 0.6 CFU/uL dwsumsnsabiu
%10 vanA uaz 6.0 CFU/pL é1%5umsansiatiuniie
vanB, vanC1, vanC2/C3 llas mecA G‘Z'hmnmiﬁnm
289 Dehbashi S uazamz®®, Cha CH wazmaue ™
ez Babady NE uazaaez" sienuaanuuzu
Giwqﬂwmmﬂﬁﬂ Real-time PCR flansnsangany
{8 VRE 0y 0.01, 0.1 uaz 0.1 CFU/uL ol
MOV wazMIANEYDY Galia L uazanes®’ wue
detection limit 28401509798U mecA LYY
0.514 CFU/uL Fam detection limit 289nAilA
Real-time PCR %Lmﬂ@hqﬁ’umuﬂv’umauwm
MILASENGIDENNAFIY UAIINTIBNUNINN AT
naMan udasidsiienalidisawamnléiiuig
as1aBauuafiGanaenyiia VRSA MRSA uaz
VRE fusnanndathegthe dadfauasmsdnmil

M5815NTHANENFFATANTUWNE
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=~ 1 vV vV o o = [d 1
D AMANNINTIUDILUANSEINNSAN BT U
TosUszinaanmslgidaisuau 0.5 MacFarland
standard #32MNU 1.x10° CFU/mL 1hanane
LALNAFDUMNALANNAINTY JAITUNUNATIAT
NAFIUNUMIBEIN DNA NNSIUAIANNIANTY
axan M3 1wy detection limit 2asufzenla
uduENETY FBMIUNM U IR TINTIANMN
=1 10 [ $4 a lﬁ%’ lﬁ'w lﬂgl
JanlunudaannulsinauzreantaEy wananil
M PCR efficiency 2893508 1uz529 89% - 103%
Faflueusednsawlunsasrs PCR amplicon
wuy 2n Tuudazsauzasuisen Nszilumwsin
Usean5NMWYBY primer probe UIEN WaLdNIZN

v o 1 = Y aan d'd o
TFhamnzaaduihvang Tegufisenndaziian

. o \ (29) =1 ‘;I
efficiency 92¥7319 90%-110%"" MsANIUNU
M998 vanB e PCR efficiency 1 89% #a1a
NFHUNANANNINWILYDN primer wdz probe 61D
fiu vanB vidadnmepaslfisenilaeadimsusuli
a 2 Y add o e
WANZENINNENYU NNTATIA vanB AN NN
TWinagndassaaas 100 LHaNadaUZTINUAIBEN
muquwaumuazhiwuﬁ'n;aymsnmu (noise band)
Tumsnaday MsUsLiUANMNTNWUSIZUFUYD
ulslumsnadaunsam coefficient of correla-
tion (R lagymmsidaans DNA control %@ R?
P oA VoW P2 a .

AISHNINNNNIINY 0.98 FNAilA Real-time
PCR #liiaagluzgie 0.994-1.000 Fuilutnami
ansagansuld NnradInadusIIadsy
Tonmeataiiuszansmwlumsasiabiiudaeuas

JANNFDAMSDIYDINANITNTIAYBIIDNWAHUIN'
35 PCR daanaasnunamsdnuzay Flipse J
warae® war Galia L wazanue®” dldinmeiia
Real-time PCR inl#lumsasaiadesngs VRE
uaz MRSA Zlvikamsanadannaaentidinnsgiu

AMANNILAZANNIIINNZTBEEE 100 RUNU

FENWAUNTENNITONENUKA LA 3T ULAZA A
AUADUNMIIN gel electrophoresis ¥ain151M PCR
WINENUNSIIIN ERSI9nI55EUIa YT R BEN

unswunmudamnwutes wazansaunluly
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Tunulsgiluiasl fidmsaatnineivadhse i
adhadalila ‘\]’lﬂi’]ilﬁ’mﬂ’l'iﬁﬂ‘lﬂ’lL%Bgaﬂ’lﬂﬁjw
VRE anfmadniideasaduduiinssinanmans
msunng 529l w.e. 2564-2566 asraliwuEy

%@ vanB, vanC1 waz vanC2,/C3 nngaiuaiie

] 2 v
a

NENAIBUTU WANUEUADENTUA vanAd TNANG
Zawar 1007 Fafludasrinvesnisdnuril
finagauenulFlduadiinnanniienadum s #in
Taglfizeruguuavainlunisnagauiriiiy
msesEnaNNNIaNmMeisUfiams wialwanse
asraiudesne 3 wiald wihdalinumsuns
yaafiumaniludszndlng uafianusdusthann
daszuumsiihszSudansveslsznalnauaz
aaiuayulvssuumsidaudameias fidnms
(1ab alert) T¥iseansMwasay (adiaiaeanso
i lUlFlunudszareaiasd fidmagaiinenes
Tsawenwna diaheatiuayunagnsmaihss e
fatuay lab alert Tivudamsamuanmsszue

& &
YNLTDADEN

dasu
9

[

5% Real-time PCR tilansamniudamaaay
vancomycin 48z methicillin #a9nguuuANLTe
unsuuan lagldnsnedau 3 waseujnsenlu
suLiEIivennuil sansanacieg DNA 1
anaNnEaaLUANEaANNENTUINNU 0.6 CFU/uL
AMIUMINTINEURIG vanA uaz 6.0 CFU/uL §wisu
M305198ULle vanB, vanCi, vanC2/C3 uag
mecA @ PCR efficiency agﬂuﬁw 89% - 103%
fienuhuazanuninizaadds sasas 100 TN
swtmumalél%aﬁuua:ﬁmaﬂﬁy’umaumwé’qﬂﬁﬁ%m

PCR

Aeenssndsznma

madeilasuudszanaativayunnlasims
MINaNszuuhsz e muIagnsEa UG

dazaulan mawaneIagievesdjuanmssnedaly

Qﬁmﬂ (Modified Enhancing Incorporation of
Global and National Antimicrobial Resistance
Surveillance; Tier Lab Network) @uﬁmm
sndialne-ansy druas19mgy (Thailand
MOPH-U.S.CDC Collaboration; TUC) uaz
Tassmsmsiasuanuduuiandatiessuuithse3e
L%yaﬁyamﬁmaqa%wﬂs:mﬂlwﬂ WALYDUDUA M
Fenngmaguiinenmansmsunngi 12 aewm
Wnihiinguanuwendineradin wazdimiil
thewuaiiFemly aohAadeinenmansaosuge
nswdnenmansmsunng Alimuuzihiiemaa
wazsnnsauazmnlumsAneiteesibuaed
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Real-time PCR for Vancomycin and Methicillin-Resistant Gene Detection

in Staphylococcus aureus and Enterococcus spp. Walailak Ganjanapin et al.

Development and Validation of a
Real-time PCR Assay for Vancomycin
and Methicillin Resistant Staphylococcus

aureus and Enterococcus spp.

Walailak Ganjanapin', Watthanee Sunghirun', Watcharaporn Kamjumphol®, and
Wantana Paveenkittiporn®

! Regional Medical Science Center 12 Songkhla, Department of Medical Sciences, Muang District,
Songkhla 90100, Thailand

? National Institute of Health, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Vancomycin-resistant Staphylococcus aureus (VRSA), methicillin-resistant Staphylococcus
aureus (MRSA), and vancomycin-resistant Enterococcus spp. (VRE) are Gram-positive, drug-resistant
bacteria that serve as key indicators in national drug-resistance surveillance. Detecting drug-resistance
genes in these bacteria requires rapid and highly accurate techniques. To support continuous drug
resistance monitoring, this study aimed to develop a real-time PCR method for detecting the primary
resistance genes, van and mecA, in VRE and MRSA, respectively, and for monitoring VRSA, which can
be conducted using a single thermal profile condition. The developed method, which used three reaction
tubes, demonstrated a limit of detection (LOD) for the vanA gene at 0.6 CFU/uL and the vanB, vanCi1,
vanC2/C3, and mecA genes at 6.0 CFU/uL. The PCR efficiency ranged from 89% to 103%. Comparative
analysis against conventional PCR with 132 strains of VRE and MRSA revealed complete concordance
(kappa = 1.0), with 100% sensitivity and specificity. This real-time PCR method allows simultaneous
detection of van and mec genes in a single protocol without a post-PCR step, thereby reducing operational

time compared to individual PCR tests and enabling high-throughput sample analysis.

Keywords: Real-time PCR, VRE, VRSA, MRSA
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m5197 2 anwaeneUszeIns (Demographic Characteristics) 2a9ngnaaglsaldlainsuang

Alasumstudunumsioide Leptospira sp.

UMD NNUNTANLTD

N (%) Leptospira sp. (%) Chi-square test p-value
NuIUIBENETE
Tsaldlainsnuaime 2,110 (100) 33 (1.56) - -
Ne
k] 1,209 (57.3) 25 (2.1) 3.9 < 0.05
VAN 901 (42.7) 8 (0.9) - -
ANHULN AU
lﬁgq > 38°C 546 (25.9) 16 (2.9) 7.78 < 0.05
thananiia 419 (19.9) 14 (3.3) 9.34 < 0.05
ﬂmﬁim‘gmm 380 (18.0) 11 (2.9) 4.33 < 0.05
o 488 (23.1) 11 (2.3) 1.42 0.23
i
21U 879 (41.7) 20 (2.3) 4.19 < 0.05
21T 282 (13.4) 10 (3.5) 15.54 < 0.05
a.mtywq% 50 (2.4) 2 (4.0) 0.69 0.41
2.U52UA39US 15 (0.2) 1 (6.7) 0.31 0.58
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= o 4 & P
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[ < [ Al [ d'
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VIO N NNNELEUAIDEND AU

a 4
AU

TsaaUlaalulsdadalulsadadaandnd
dauiiianuddy asdmsawnsialonlduszanoem
atidmsaivaslsaauloalulsdaasdi 14 Madauay
Uszznamlan® dwmfulssnalnaadfdaunds
yaelsatadlaalulsdaandninszuiaing nsu
MUANLIA NITNINANINGY uaaditiuilse
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fanudsdlumslasuidawuaiite Leptospira
naeEnauq nmsduiaurannalurne
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Diagnosis and Identification of
Leptospira sp. from Direct Clinical
Specimens in Pyrexia of Unknown

Origin Patients

Napaporn Sriden, Nattapon Nukhunthod, Chonlada Meesub, Kanjana Sanongboon,
Dararat Bangdee, Decha Pangjai, and Archawin Rojanawiwat

National Institute of Health of Thailand, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Leptospirosis is a zoonotic disease caused by the bacterium Leptospira. Currently, laboratory
diagnoses of Leptospira infection are performed using serological techniques, particularly the Indirect
Immunofluorescence Assay (IFA), and nucleic acid amplification techniques, such as Real-time PCR.
This study aimed to diagnose Leptospira infections through both IFA and Real-time PCR and identify the
Leptospira species using direct typing of the 16S rRNA (rrs2) gene from clinical specimens. A total of 2,
110 samples from patients with pyrexia of unknown origin were included in this study. Leptospira
infection was detected in 33 samples (1.56%). Among these, only 14 samples provided interpretable data
from rrs2 gene sequencing. Phylogenetic analysis revealed that 8 samples clustered with L. weilii, 5 with
L. interrogans, and 1 with L. alexanderi. Notably, the identification of L. weilii and L. alexanderi
from direct clinical specimens has not been previously reported in Thailand. This study suggests that

L. weilii and L. alexanderi may be endemic Leptospira species in Thailand, in addition to L. interrogans.

Keywords: Leptospirosis diagnosis, Leptospira identification, Pyrexia of Unknown Origin, Phylogenetics
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AILANAZEIININIFIU

GREILET ‘13’1 HPLC grade; conductivity 18.2
MW CAS No. 7732-18-5 (Ligand Scientific,
Thailand), methanol HPLC grade CAS No.
67-56-1 (J.T. Baker, USA), 1IN NaOH CAS No.
1310-73-2 (Merck, Germany), NaH,PO,,
NaCl, HCI; analytical grade (Sigma-Aldrich,
USA) usz H, Na,O, P analytical grade (BDH,
England)

d1301093)U: WHO International Standard
Heamophilus influenzae b polysaccharide
poly-ribosyl-ribitol-phosphate (PRP) code
027208 (National Institute for Biological
Standards and Control (NIBSC), UK)® l#dwusu
NMINAFUANNLRNISTNYANTEUU Wae Adonitol
(Ribitol) CAS No. 488-81-3 (Sigma-Aldrich,
USA)® lddwmsuasennwainassiu wazlfiums
MUANKAUIN (Positive Control)
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1389 HPLC 51 LC-20ADXR (Nexera,
Shimadzu, Japan), Software LabSolution
(Shimadzu, Japan), Pulse Amperometric
Detector ’i;u ED743 (GL Sciences, Japan) Tog
THmeaniuenanssiian CarboPac MA1 analytical
column 2110 4 x 250 Hadtun5 (Dionex, USA) ag
CarboPac MA1 guard column (Dionex, USA)

LASDITIANNAZEHONATIEN 2 WAL 5 AWl
(Sartorius, Germany), glumUANGUUAN 2-8
avenalded (Sanyo, Japan), guiuiNeIuaw
qamqﬁ -20 avAgaLdes (Haier, China),
7auANNIaY (Memmert, Germany), 9aanu
(Kottermann, Germany), Lﬂ%‘laqﬁum%ﬂmmu
muqumwmﬁu (Kubota, Japan), LRI DI HEN
(Scientific Industries, USA), Lﬂ%ﬂﬁ@ﬂ@mmﬂmﬂ
(Gast, USA), wiun3a4 Nylon 2116 0.22 Tuasau
(Corning, USA), vaa@ cryotube 2U10 2 08305
(Eppendorf, Germany), #aaauninunsa (glass
microtube with gasket Teflon plug) 2ue 4
188003 (Agilent, USA), winaui wazlulastiia
UM 1-1,000 Tulasans (Finnpipette, Finland)
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GV EIvG]

Mste3anasazaraaInsgIuansuldou:
1389981 58rMEINATTIUENTY ribitol Gagthil
mMaaufdnaumslinulvianududuses ribitol
WAY 0.15, 0.75, 1.50, 4.50, 7.50 WAL 10.50
Tulasniudaiiaaans lunasanaane tilaldads
NINIATFIU N589MIBLEUNTDY Nylon 211 0.22
luasau
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msUsziiuAIaNliiuivauuaInIsIn
(Estimation of Measurement Uncertainty)

UsziiiuananulluiueuraimsnsIvieey
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Parameter

Setting

Column and Guard Column
Column Temperature
Detection

Gold Electrode

Reference Electrode
Elution Conditions/Eluent

Wash-Regeneration Condition/Equilibration

Autosampler Temperature
Injection Volume

Flow Rate

Run Time

Software for Data Acquisition and Processing

CarboPac MA1

30°C

Pulsed Amperometric detection

Not disposable

AgCl

Isocratic — 580 mM NaOH

Before starting an analysis, washing with NaOH
1M for 1h, equilibration with NaOH 580 mM for 1h
4°C

50 uL

0.4 mL/min

40 min

LabSolution
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Method Development and Validation
for Determination of Total and Free

Polysaccharide Content in Heamophilus
influenzae Type B Vaccine by HPAEC-PAD

Chonlada Petthai, Kanokphon Loamarintchai, Katsama Boonmak,
Apichai Supasansatorn, and Supaporn Phumiamorn
Institute of Biological Products, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The Haemophilus influenzae type b (Hib) vaccine is used to prevent meningitis and
pneumonia in young children. It is produced from the polysaccharide component of Haemophilus influenzae
type b. In the quality control of the Hib vaccine, determining the total and free polysaccharide contents
is a crucial parameter, and the World Health Organization (WHO) recommends using the HPAEC-PAD
method for analysis due to its accuracy and precision, which is well-suited for detecting polysaccharides.
This study, the method involved using an anion exchange column with a column temperature of 30°C,
a mobile phase of 580 mM NaOH, a flow rate of 0.4 mL/min, and an injection volume of 50 puL. Detection
was performed using a PAD detector. The results showed that the standard curve was linear in the
concentration range from 0.15 to 10.50 pg/mL, with a correlation coefficient of 0.9999. The precision on
the same day showed the relative standard deviations for total and free polysaccharide contents of 3.38%
and 1.61%, respectively, while intermediate precision showed the relative standard deviations of 4.47%
and 3.22%, respectively. The method was accurate, with the recovery of standard substances added to
the DTP-HB-Hib combined vaccine ranging between 96.74% and 103.37%. The method demonstrated
specificity and capability of analyzing polysaccharide content in the vaccine from 0.15 pg/mL. Additionally,
column temperature and acid hydrolysis duration were found to affect the analysis. In conclusion, this
method can be used as an analytical method in the laboratory of the Institute of Biological Products,

Department of Medical Sciences, Thailand for the Hib vaccine quality control purposes.

Keywords: The Haemophilus influenzae type b vaccine, Polysaccharide content, HPAEC-PAD, Method

validation
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Efficiency of an Ultrasonic Device
in Eliminating Aedes aegypti Larvae and

Pupae under Laboratory Conditions

Anupong Sukjai', Wannapha Thongmo', Kornthong Weangkaew', Wasin Tepnow',

Chatsuda Latsungnoen', Chanchai Thongsopa®’, and Taweechai Wisanuyothin'

'Office of Disease Prevention and Control 9 Nakhon Ratchasima, Department of Disease Control,
Muang District, Nakhon Ratchasima 30000, Thailand
?School of Electronic Engineering, Institute of Engineering, Suranaree University of Technology, Nakhon

Ratchasima 30000, Thailand

ABSTRACT Aedes aegypti mosquitoes, which are responsible for mosquito-borne diseases, cause
a major public health challenge in Thailand. The Office of Disease Prevention and Control Region 9,
Nakhon Ratchasima, in collaboration with Suranaree University of Technology, Thailand developed an
ultrasonic wave generator named “SONiC BOOM?” for mosquito management. This study aimed to evaluate
the effectiveness of this device in controlling mosquito larvae and pupae under laboratory-controlled
conditions. Mosquito larvae (n = 50) and pupae (n = 50) were tested in 20-liter containers in an
entomological laboratory. The study included control and test groups exposed to 40 KHz ultrasonic waves
for 3 seconds at five different points in the water. Percent mortality was recorded at 5 min and 24 hr
post-exposure, and statistical analysis evaluated for significant differences. The results indicated that
larval mortality was not different between 5 min and 24 hr post-exposure. The pupal stage showed a
substantial difference in mortality between these time points. There was a significant difference in
mortality (p<0.05) between the group exposed to ultrasonic waves and the control group. Initial
mortalities after 5 min exposure were 96.0% for larvae and 64.0% for pupae. After 24 hr, mortalities
increased to 97.6% for larvae and 100% for pupae. Ultrasonic waves caused rupture of mosquito larvae and
pupae’s tissues or internal organs, leading to their death. Thus, “SONiC BOOM?” is an efficient alternative
tool for controlling mosquito larvae and pupae without chemicals, having minimal environmental impact.

The device can be further developed and used in areas affected by future disease outbreaks.

Keywords: Aedes mosquito, Larva and pupa elimination, Ultrasonic
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Introduction

Mosquito-borne diseases, especially those
transmitted by Aedes aegypti mosquitoes such
as dengue hemorrhagic fever (DHF), Zika,
and chikungunya, pose a severe threat to
global health. These diseases infect hundreds of
millions of populations annually, placing
immense pressure on healthcare systems,
particularly in tropical and subtropical regions.
Factors like rapid urbanization and climate
change are expanding the habitat of Ae. aegypti,
facilitating the spread of these viruses. The
absence of effective vaccines for these diseases
intensifies their impacts, emphasizing the urgent
need for improved vector control measures
and strengthened public health strategies.”
In Thailand, Ae. aegypti mosquitoes are the
primary vectors responsible for dengue, Zika,
and chikungunya diseases. The high prevalence
of these diseases poses a significant public health
challenge, particularly during the rainy season
when mosquito populations surge. Controlling
mosquito breeding sites is crucial, but insecticide
resistance complicates eradication efforts.”
Although chemical pesticides are frequently
employed to control mosquito populations,
they pose risks to human health, non-target
organisms, and the environment. Widespread
use of chemicals can also lead to contamination
of water sources and soil, affecting local
ecosystems or the environment and potentially
harming beneficial species.”’ Additionally,
these uses have accelerated the development of
pesticide resistance, reducing the long-term
effectiveness of these chemicals. This resistance
makes outbreaks harder to manage. As a result,
there is a growing need to explore alternative

methods, such as biological control and
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community-based strategies, to achieve
sustainable mosquito management.”’ To address
these challenges, incorporating other safer
technologies into the management of mosquito
larvae and adults presents alternatives that
reduce environmental and health risks. Moreover,
the technologies not only minimize ecological
impact but also engage communities in proactive
mosquito control efforts, fostering a collaborative
approach to public health.”’ Until now, few studies
have investigated the larvicidal effectiveness of
ultrasonic devices versus larvae of mosquitoes.
Nowadays, the Larvasonic™ Field Arm Mobile
Wetlands Unit and SD-Mini are efficient against
mosquitoes in the genus Culex, according
to research conducted in the USA. Additionally,
the Larvasonic SD-Mini Acoustic Larvicide
device proved successful in controlling immature
Ae. aegypti in various volumes typical of
peri-domestic water containers.” Mosquito-
borne diseases remain significant public
health concerns in Thailand, augmenting
a large number of deaths annually. DHF is
particularly severe, impacting approximately
100,000 individuals in Thailand every 2 to
3 years.”” The seasonal and geographical
patterns of mosquito-borne illnesses underscore
the need for sustained vector control efforts
and enhanced public health infrastructure.
Furthermore, climate change influences mosquito
behavior and disease transmission dynamics,
necessitating adaptive strategies to mitigate
future risks effectively. The utilization of
the Perseus ultrasonic device in Thailand
demonstrates a promising approach to controlling
mosquito larvae and pupae, specifically targeting
Ae. aegypti and Culex quinquefasciatus (a vector

for filariasis).®” With the rapid spread of
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mosquito-borne diseases and rising resistance
to traditional chemical pesticides, there is an
urgent need for innovative alternatives.*'”
Effective vector control can drastically reduce
transmission rates, lowering disease burden
in affected regions. Hence, the objective of this
research is to evaluate the effectiveness of the
ultrasonic wave generator “SONiC BOOM”

in controlling mosquito larvae and pupae under

laboratory-controlled conditions.

Materials and Methods

Mosquito rearing

Ae. aegypti immature stages were
produced by hatching mosquito eggs at
the Entomological Laboratory (ISO/IEC
17025:2017), the Center for Vector-Borne Disease
Control 9.2 in Buri Ram, Office of Disease
Prevention and Control Region 9 Nakhon
Ratchasima, Department of Disease Control,
Thailand. Eggs of Ae. aegypti, sourced from
Department of Medical Sciences,Thailand,
were placed in 1 liter of chlorine-free
water in a plastic tray (18 cm length x 13 ecm
width X 4 cm depth) and incubated for
approximately 24 hr. The larvae of mosquitoes
were reared at a temperature of 27+2°C
with over 40% relative humidity and a 12:12
light-dark cycle. After hatching, the larvae
were fed daily with finely powdered pig feed
until they developed into fully grown larvae
(larval stages 3—4), typically within 7-9 days,
at which point they entered the pupal stage.
Both larvae and pupae used in this study were
of a susceptible strain to chemical insecticides
that were reared in the laboratory for over five

generations.

Guppy fish

Adult guppy fish (Poecilia reticulata)
which is one of the non-target aquatic organisms
were collected and selected from ponds near
the Entomological Laboratory. The adult guppies
were also evaluated for any adverse effects

resulting from exposure to ultrasonic waves.

Ultrasonic wave generator

The SONiC BOOM device was developed
by Center of Excellence in Electromagnetic
Wave, Suranaree University of Technology,
Thailand, in collaboration with Office of Disease
Prevention and Control Region 9 Nakhon
Ratchasima, Department of Disease Control,
as an ultrasonic tool to eliminate immature
mosquito stages in water under laboratory-
controlled conditions. An ultrasonic transducer
device called SONiC BOOM operates at a
frequency of 40 KHz and outputs 100 W using
piezoceramic transducer elements. The
specifications of this device include input
DCi12.6V, 3A, power 100W, frequency 40KHz,
battery Li-ion 12V, 15Ah, and power switch, with
a size of 15.4 cm length x 10.3 cm width x 20.3 cm
height and weighing approximately 3 kg.
A 7-cm-diameter, 6.3-cm-long ultrasonic
transducer probe is connected via a 2-meter
cable to the control unit, which includes a
control button (Figure 1). Press the button to
activate the transmission of a 40 KHz frequency
signal to the transducer probe, which generates

fine bubbles in the water.

Effectiveness of ultrasonic treatment
under controlled laboratory conditions
Experiments were conducted in earthen

jars at the Entomological Laboratory. Each jar
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Figure 1 The ultrasonic wave generator named “SONiC BOOM”

of 30 cm diameter, containing 20 liters of water
at a height of 22.5 cm, was added 50 larvae and
50 pupae of Ae. aegypti. The SONiC BOOM
transducer probe was submerged under water
and operated within a 10-15 ¢cm range around
the larvae and pupae. The probe was activated
for 3 seconds per area and repeated 5 times to
ensure water surface coverage. The mortality
of larvae and pupae was observed at the 5 min
and 24 hr time points post-exposure. Control
groups, consisting of larvae (n = 50) and pupae
(n = 50) not exposed to ultrasonic waves, were
included for comparison in each experiment.
Each experiment was independently replicated
three times using new batches of larvae and
pupae, and each repeat was conducted at the
same time of the day. Dead larvae and pupae
were examined under a stereo microscope
(C-LEDS, Nikon, China) to confirm rupture of
the exoskeleton. The experiment was conducted
for approximately two months. Additionally, 50
guppy fish (P. reticulata), were tested under
similar conditions of exposure and timing as

Ae. aegypti groups.
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Statistical analysis

Mortality data were analyzed using
descriptive statistics, including mean and
standard deviation, with GraphPad Prism
software version 8. Mortality percentages were
examined through one-way analysis of variance
(ANOVA). To compare the mean mortalities
among various mosquito groups, a post-hoc
analysis using Duncan’s multiple range test was
conducted. Additionally, t-tests were utilized
to compare mean mortalities across different
treatment periods. A p-value of less than 0.05
was considered statistically significant for all

comparisons.

Results

Results of the SONiC BOOM treatment
are shown in Table 1, presenting the percent
mortality of dead Ae. aegypti mosquitoes with
the ultrasonic wave set to 40 KHz and positioned
10-15 cm from the probe. Within five minutes
of exposure, the ultrasonic wave achieved

96.0% mortality in larvae and 64.0% in pupae.
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Table 1 Percent mortality of Ae. aegypti larvae and pupae and guppy fish after exposure to

SONiC BOOM for 5 min and 24 hr.

No. Percent mortality of Ae. aegypti and guppy fish
of after exposure to SONiC BOOM
Replica- 5 minutes 24 hours
tion larvae pupae Guppy fish larvae pupae Guppy fish
1 92 94 100 100 86 90 O 0 0 84 100 100 100 100 100 O 0 0
2 100 96 96 30 68 56 O 0 0 98 98 98 100 100 100 2 0 4
3 96 90 100 54 36 56 O 0 0 100 100 100 100 100 100 6 4 4

By 24 hr post-exposure, mortality increased
to 97.6% in larvae and reached 100% in pupae.
No significant difference in larval mortality
was observed between the 5 min and 24 hr time
points, whereas pupal mortality showed a
significant increase (p < 0.01). Percent mortality
was also assessed in guppy fish (P. reticulata),
with no significant difference between the 5 min
and 24 hr post-exposure periods (Figure 2).

At 5 min post-exposure, there was a
significant difference in larval percent mortality
between the control group (non-exposure) and
the treated group (p < 0.0001). Additionally, the
percent mortality of pupae showed a significant
difference between the control group and the
treated group (p < 0.01) (Figure 3).

At 24 hr post-exposure, there was a
significant difference in larval percent mortality
between the control group and the treated group
(p < 0.001). Additionally, the percent mortality
of pupae showed a significant difference between
the control group and the treated group
(p < 0.0001) (Figure 4).

No mortality was observed in the control
group of mosquito larvae, as they were not
treated. The immature Ae. aegypti mosquitoes
killed with SONiC BOOM treatment were
shown in Figure 5. The mortality of fourth

instar larvae caused by the SONiC BOOM device
was likely attributed to high-frequency sound
energy transmitted through the water. This
ultrasonic wave caused ruptures in the tissues
or internal organs of the mosquito larvae,
resulting in significant damage and death, as
observed under a stereo microscope (C-LEDS,
Nikon, China). However, tissue ruptures were not
observed in the pupae. The pupae were unable

to move and develop into adult mosquitoes.

Discussion

In this study, we evaluated the ef-
fectiveness of the device of SONiC BOOM in
eliminating mosquito larvae and pupae under
entomological laboratory-controlled conditions.
The mosquitoes used in this study were a
susceptible strain of Ae. aegypti, specifically
reared in the laboratory for over five generations
to ensure consistent susceptibility to chemical
insecticides as the baseline mosquitoes. Rearing
conditions included regulated temperature,
humidity, and a consistent light-dark cycle,
which supported standardized development
stages and minimized external variability
across experimental repeats. In our study,
the SONiC BOOM effectively killed immature

stages of Ae. aegypti mosquitoes of larvae and
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Figure 2 Average percent mortality (£SD) of Ae. aegypti larvae and pupae and guppy

fish between 5 min and 24 hr post-exposure to SONiC BOOM
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Figure 3 Average percent mortality (£SD) of Ae. aegypti larvae and pupae and guppy fish at

5 min post-exposure compared to their respective controls (non-exposure).
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Figure 4 Average percent mortality (£SD) of Ae. aegypti larvae and pupae and guppy fish at

24 hr post-exposure compared to their respective controls (non-exposure).

Figure 5 Immature Ae. aegypti mosquitoes without (A and F) and with (B, C, D, and G) SONiC
BOOM treatment. (A-D: IV instar larvae; F-G: pupae; scale bars = 1 mm).
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pupae. The observed mortality in Ae. aegypti
larvae exposed to the device is likely due to
the transmission of high-frequency sound

energy into the water""

, with morphological
analyses, it caused ruptures in the dorsal
tracheal trunk of the larvae and damaged
the internal organs of mosquito pupae leading
to severe tissue damage and eventual death.
The results strongly supported our hypothesis
that the acoustic energy generated by the trans-
ducer underwater effectively caused fractures
in the tracheal trunks of this mosquito species.
This phenomenon results in the rupturing of the
dorsal tracheal trunk in young mosquito instars,
causing significant tissue damage and eventual
death.”" In principle, the internal organs of
mosquito larvae and pupae including a small
air bladder can emit sound resonance, especially
when underwater bubbles are present. Therefore,
studying to further understand the resonance
characteristics could aid in developing novel
pest control strategies that leverage acoustic
waves. Exposure to specific ultrasonic frequencies
induces embolism, resulting in the destruction of
surrounding tissues and effectively eliminating
mosquito larvae and pupae.”®’

In this study, the device was demonstrated
to kill both larvae and pupae within a brief 5 min
timeframe when utilized at a proximity of 10-15
cm. Tawatsin and colleagues®™ reported that
the optimal distance and exposure time for the
ultrasonic transducer probe (operating between
18—-36 KHz) were 5-10 ¢cm and 60 seconds.
It also showed 100% mortality of mosquito
larvae and pupae, with no adverse effects
observed in guppy fish (P. reticulata), which
is an organism utilized in biological control

targeting Ae. aegypti and other mosquito

species.
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Effective operation of the ultrasonic
transducer requires precise positioning
towards targeted larvae and pupae within water
containers, therefore, it needs to focus on
adjusting for optimal performance. However,
the device exhibits certain limitations, such
as the unidirectional release of waves from
the transducer probe, following a straight line
without radial dispersion. Another constraint
is the limited exposure duration of the control
button, lasting only 3-5 seconds. This led to
a significant limitation as prolonged exposure
times indicated increased cumulative effects,
influencing control efficiency."” Remarkably,
this device offers a pesticide-free finding
ideal for use in household water containers or
portable water storage. Moreover, since it is a
chemical-free method, it may exhibit efficacy
against mosquito larvae and pupae resistant
to traditional insecticides. This is particularly
important because populations of both
Ae. aegypti and Ae. albopictus in many parts
of Thailand have developed widespread
resistance to several insecticides, especially
those in the pyrethroid category."*'® This
kind of device may be superior to larvicides or
thermal fogging with adulticides which
decreases both water and air pollution.
The results indicate that ultrasonic wave
devices could be a practical alternative
technology for mosquito management.

Conclusively, the findings highlight
the potential of ultrasonic treatment as a
non-chemical method for mosquito control,
offering environmentally friendly. Further
studies are needed to optimize parameters
such as frequency and intensity to enhance
efficacy across diverse mosquito populations and

environmental conditions.
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Conclusion

This research presented the primary
findings obtained from utilizing an ultrasonic
sound-based device against Ae. aegypti larvae
and pupae. The SONiC BOOM ultrasonic device
demonstrated high effectiveness in eliminating
Ae. aegyptilarvae and pupae under laboratory-
controlled conditions. The findings showed that
ultrasonic waves caused significant damage
to the tissues or internal organs of mosquito
larvae and pupae, leading to their death.
Within five minutes of treatment with the
SONiC BOOM device, the percent mortality
of larvae and pupae reached 96.0% and 64.0%,
respectively, increasing to 97.6% and 100% at 24 hr
post-treatment. Based on these experiments,
the SONiC BOOM device could be a potential
practical tool for managing mosquito populations.
Moreover, the device could be developed for use in
public health interventions and epidemiological

areas.
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Correlation between Mammographic and Ultrasonographic

Features Invasive Ductal Carcinoma

Kanokkorn Thipat et al.
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Histologic grade

Feature
Grade 1 Grade 2 Grade 3 p-value

Nty (n=100) 8 55 37
Age 0.352
< 50 years (n=18) - 10 (55.56) 8 (44.44)
> 50 years (n=82) 8 (9.76) 45 (54.88) 29 (35.36)
Indication for investigation 0.744

Screening (n=18) 1 (5.56) 9 (50.00) 8 (44.44)

Diagnostic (n=82) 7 (8.54) 46 (56.10) 29 (35.36)
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Correlation between Mammographic and Ultrasonographic

Features Invasive Ductal Carcinoma

Kanokkorn Thipat et al.

M3 1 UIMAFIARNNTIUNUIENUEHETUUNTEAUANNUANANNNIAMETMA (6D)

Histologic grade

Feature
Grade 1 Grade 2 Grade 3 p-value
Tumor size 0.093
<2cm (n=31) 2 (6.45) 22 (70.97) 7 (22.58)
>2cm (n =69) 6 (8.70) 33 (47.82) 30 (43.48)

a

NNBNG: UONANBENITEEAYNNEAGN p-value WaenI 0.05

ANHULYDININAILANTLITLOIUN (Mammo-
graphic features)

Fnuazene q vauiiadahunilannmwae
LONYLITLIUNYBINGNFIDEN TIUIU 100 318 i
WA UTUNUSNUTEAUANNUANFINNIN
ameIma Usznaueieg Tissue composition,
Shape, Margin, Density, Calcification, Symmetry
ez Association features éi'maﬂﬂumiwﬁ 2

nnmsdnmnwuhnguiededulvaiiile
un (Tissue composition) Wluwuy Hetero-
geneous dense g luUzAUANNUANGINNINTG
MEIMATZAU 2 mﬂ‘ﬁqm Aailusasaz 52.73 figusn
(Shape) ﬂaeﬁautﬁaqamﬂmmu Irregular wuagj
TusedumnauaneIMIgameime seiu 2 annilge
Aalusasaz 55.93 Huauwazaenay (Margin)
Wuuuy Indistinet wuluszauanuuaneamegs
MEIMATEAU 3 mnﬁqw Aalusasar 50.98 Tag
ANHULVDULAVDINDULUUAN ) HANINUANAINNY
DENNUITIAYNNEDA (p=0.006) HANNRUILUY
209n0Y (Density) Wuuy High density Wu
TuszauanuuaneInIegameinaszay 2 uas
3 UL Anllusaeay 47.54 laganyazany
PUILUUZBINDULUUAN ] HANNUANGINAUDEN
U@ Ay Nadd (p=0.029) Mumstiasiuyu
(Calcification) wunadwlnaibithadiuyuuazny
lusgauanuuanaNNMegameIme ssau 2 mn‘ﬁqm
Aatduseeas 61.40 UATAIUANINTNNIAST
(Symmetry) 2aatdunng 2 219 wuihaulng
S uniananas wulussauanuuandanega
meimasedu 2 niige Aadludosar 58.33

M5815NTHANENFFATANTUWNE
7 N 67 adun 1 un51aN - Jinay 2568

wananiingudaddiulunidsiauantaau q
MAsTetunsIAaNzEuduN (Association
features) 175 Skin retraction, Nipple retraction,
Skin thickening, Axillary adenopathy taz
Architectural distortion Mlgannmwdheanyise
WuluszauaNuuaNEINNINganIeinIAssay 2
mﬂﬁqﬂ Aolluseeas 57.41
HaRnsanenuduwudsenisnuuzya
MUBLBNFLTHENUNAUITEAUANNUANENNINTS
MeIma ag Chi-square test WUNANHULIDULIA
2a9naU (Margin) Hanudunusaddiadinyn
A0ANUTEAUANNUANGNNNYIMEIMA (p=0.006)
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Aatludasas 19.05 AIINUANEIINING
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Aollusasas 47.06 uarluszau 3 lenuduwusnu
anwaue Indistinet iuldennuszau 2 aadlusosas
50.98 LAZWUANHMLANNNIUULDBINDY HaNN
FuNuSoeNHUEHAYNNEDANUITAUANNUANGIN
PNYaMEINA (p=0.029) 1A85LAUANNUANGN
PNYAMEINIATEAY 1 HANNFNWUSHU Equal
density mﬂﬁqm Aolluseeas 13.16 dwszau 2
war 3 Janudunusnuanwuzuuy High density

a Id v
Anussas 47.54

ANBULYBINNENYBaN51E1I6 (Ultrasound
feature)
ANVULEN ) NLANNMTNTIDINNENAUB

NANMBEN MUY 100 T8 MNINANHNANY
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mﬂﬁqﬂ Anllusonar 53.85 laganuaruaUA2D
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a06 (p=0.002) wuhngumeenaulnaianuyas
ANNYIRaY (Echo pattern) tHluwuu Hypoechoic
WuluszauaAINUANEINNINYaMEINIATLAY 2
wnfige Aaludasas 57.14 dulnaflufidnwoe
Tanau (No posterior feature) warwuluszou
ANHUANANNNIIMEINATEAU 2 mnﬁqm Aol
Sp8ar 54.90 waznunansulanay (Posterior
feature) LUUAN 9 FANNUANENNUDENTTBTIADY
MNEDA (p=0.042) Mumstiariuyu (Calcification)
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UANENTNFaMEAIMATEAU 2 INniige Aalllusasaz

61.11 anizfinauaniiAnu 4 Hnendasiumsiionsss
WUN (Association features) 15U Architectural
distortion, Duct change, Skin change, Vascularity
wae Elasticity assessment ﬁlﬁmﬂmsmn
Fa09121d wuhfiheduluajiiauanddau -
ftAsadevagluszduanuuandianiega
meimaszau 2 aniige Aafiudesas 52.63
HaRnsanaNuFNN LSS nIeEnYzY
MNAIBIINTIFNIFNUIEAUAIINUANGINNINTD
AMEINIA WUNSNHULVIULANYBINDY WA
dunusatNlTaa AN NEIANUIZTAUANINUANEN
MNRANEIMA (p=0.002) lABTLAUANNUANGN
PNYANIEINATEOU 1 HANNFNWNUSAUAN B
WUy Microlobulated Aaluspeaz 11.11 s2au 2
finnuduwusnuanwme Indistinet Aalilu
Sowaz 46.15 uazluszau 3 AanuduWuUsSAUSNHoIE
Indistinct Wutdennuszau 2 Aallusasas 53.85
waznuNanwaelanau (Posterior feature) Hanw
dunusatNllaa AN NEIANUIZTAUANINUANEN
MNRANEINMA (p=0.029) laBszAUANNULANGN
YN999MEIMATERY 1 Hanauduiusiudnuusd
§i Shadowing Anilusazar 18.52 seau 2 fanw
JunWusnuanuue No posterior feature Aailu
$o8aY 54.90 UAYIZAUT 3 HANNFNWUSIUSNYY
No posterior features WULHEINUIEAU 2 Aol
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M7 2 ANNFUWNUTIENTNANBULYDIN NI YDNYLITNUNUALTEAUANNUANANNNIANINA

Histologic grade

Feature
Grade 1 Grade 2 Grade 3 p-value
Mammographic features (n=100)
Tissue composition 0.803
Heterogeneous dense (n=55) 7 (12.73) 29 (52.73) 19 (34.54)
Extremely fat (n=9) - 6 (66.67) 3 (33.33)
Scattered fibroglandular (n=28) 1 (8.57) 16 (57.14) 11 (39.29)
Extremely dense (n=8) - 4 (50.00) 4 (50.00)
Shape 0.134
Oval (n=36) 1 (2.78) 18 (50.00) 17 (47.22)
Round (n=5) 1 (20.00) 4 (80.00) -
Irregular (n=59) 6 (10.17) 33 (55.93) 20 (33.90)
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TN 2 ANNFNNUTTENITNANHULYDIM WA HBNBLIINUNUIETEAUANNUANANNWIAMEINA (61)

Histologic grade

Feature
Grade 1 Grade 2 Grade 3 p-value
Margin 0.006*
Circumscribed (n=6) 1 (16.67) 2 (33.33) 3 (50.00)
Obscured (n=8) - 5 (62.50) 3 (37.50)
Microlobulated (n=14) 2 (14.28) 9 (64.29) 3 (21.43)
Indistinct (n=51) 1(1.96) 24 (47.06) 26 (50.98)
Spiculated (n=21) 4 (19.05) 15 (71.43) 2 (9.52)
Density 0.029*
High density (n=61) 3 (4.92) 29 (47.54) 29 (47.54)
Equal density (n =38) 5 (13.16) 25 (65.79) 8 (21.05)
Low density (n=1) - 1 (100.00) -
Fat-containing - - -
Calcification 0.083
No (n=57) 6 (10.53) 35 (61.40) 16 (28.07)
Yes (n=43) 2 (4.65) 20 (46.51) 21 (48.84)
Symmetry 0.606
No (n=40) 3 (7.50) 20 (50.00) 17 (42.50)
Yes (n=60) 5 (8.33) 35 (58.34) 20 (33.33)
Associated features 0.264
No (n=46) 6 (13.04) 24 (52.18) 16 (34.78)
Yes (n=54) 2 (8.70) 31 (57.41) 21 (38.89)

a

NINEWN: *UaNaNaE NN AYNNEDGN p-value <0.05

MINN 3 ANNFNHUTIZVTNANYULYDIMNMEDINNFNIAUILTEAUANNUANENNNAMEINA

Histologic grade

Feature
Grade 1 Grade 2 Grade 3 p-value

Ultrasound features (n = 100)

Shape 0.771
Oval (n=34) 3 (8.82) 17 (50.00) 14 (41.18)

Round - - -
Irregular (n=66) 5 (7.58) 38 (57.57) 23 (34.85)

Orientation 0.344
Parallel (n=35) 4 (11.43) 16 (45.71) 15 (42.86)

Not parallel (n=65) 4 (6.15) 39 (60.00) 22 (33.85)

Margin - - 0.002*
Circumscribed (n=1) 1 (100.00) 13 (48.15) 11 (40.74)
Microlobulated (n=27) 3 (11.11) 10 (71.42) 2 (14.29)

Angulated (n=14) 2 (14.29) 18 (46.15) 21 (53.85)
Indistinct (n=39) - 14 (73.68) 3 (15.79)
Spiculated (n=19) 2 (10.53)
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ANNFNWUS IV INMNDNTGLSE DNTIG UaTIEAUNNIMEINIAYDY

wzsaauNluszazgnay

nunns SUad warmnue

TN 3 ANNFNNUSIENINENYULYDINNINETANTNENIAUBZILAUANNUANANNNYaMEIMA (68)

Histologic grade

Feature
Grade 1 Grade 2 Grade 3 p-value
Echo pattern - 1 (100.00) - 0.235
Anechoic (n=1) - - 1 (100.00)
Hyperechoic (n=1) 1(100.00) - -
Complex cystic and solid (n=1) 6 (7.14) 48 (57.15) 30 (85.71)
Hypoechoic (n = 84) - - -
Isoechoic 1 (7.70) 6 (46.15) 6 (46.15)
Heterogeneous (n=13)
Posterior feature 0.042*
No posterior feature (n = 51) 1 (1.96) 28 (54.90) 22 (43.14)
Enhancement (n = 16) 2 (12.50) 6 (37.50) 8 (50.00)
Shadowing (n = 27) 5 (18.52) 17 (62.96) 5 (18.52)
Combine pattern (n = 6) - 4 (66.67) 2 (33.33)
Calcification 0.097
No (n = 72) 6 (8.33) 44 (61.11) 22 (30.56)
Yes (n = 28) 2 (7.14) 11 (39.29) 15 (53.57)
Associated features 0.309
No (n = 24) 3 (12.50) 15 (62.50) 6 (25.00)
Yes (n = 76) 5 (6.58) 40 (52.63) 31 (40.79)

[
o

NINEWN: *UANENBENNTEE AN NEDAN p-value <0.05

o

NN 2 was 3 ANFNUSIENA NN
YBIMNWEIGLBNYLITLEIUN DINEIEBANTILIR
LAZITAUANNUANGNNNTANEINAZBILIANEIE
varhuwluszasgnanu wuhanwnssaueuadou
fenudniudadiited dumeada naludnvas
YDIMNMLBNBIGIUN UAEMWINETINTIZNIG
Gauaaslunmwil 1 glhened 1 naw wuhgihe
I¢sumsBuduinilunsdeiathualuszazanaiy
TagfiseauANNLANENNINaNEINATEAY 1
Faanwaziildnnamwigenssdidumiiuwuy
Spiculated (1A) wardnwmzilaanniwegs
8anzdluuuy Microlobulated (1B) #ihe
i 2 nnmw wuhithelddumstuguhduasde
varhunluszesgnonu Tasfissduanuuaneanma
yamednaszau 2 (udnwazuuy Indistinct
milunindrgangisdidriun (1C) uazmwee
daamand (1D) gthenei 3 amw wuhgihe

T¢sumstuduinflunzsdeiathunlussasgnau
TagdiseauaNuUANGINNINYaNMEINIATEAY 3
{udnwausuuy Indistinet Walumweeionssd
wWun (1E) warmnangdans1zie (1F) wuden
NUTLOU 2

AITNEINTANISLIANZLTIINSNHMULVBININ
LANTLTH LA UM UALANHUSYDININDAATITIIG
Tegn15ILAIILHNITONDBEENUIN (Univariate
analysis) u,asmﬁmswﬁnﬁnmnam’ﬁawmm

(Multivariate analysis)

ANHUSVDININOIHLANTLITHLA U

Snuaren q Aldanaweaenaisdidus
fnandnmmenuFunusiussduan LA
NMNYIMEINATEAU 3 laeMTIATLENIT0nas

LOAUIN WUIIZBULYATBINBULUY Spiculated
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MWD 1 ANNFNNUSTETUINMWBNBSTEIUN LAZMNDNTIG

(A) MWBNYLIHLEIUN LaONaNHME Spiculated (gnasiiv),

(B) MWdans126 uaaansme Microlobulated (gnasiiv) uasansmzldnauuuy Shadowing

(andsusey),

(C) MwWanZLsdinuy waaeanyae Indistinet (gnashu),

(D) Mwdan2Nd uaasansne Indistinet (gnasiiv) uazlifidnwazldnou,

(E) mwiangisdiinusuaniansne Indistinet (gnasiv),
(F) mwdan2nd uaasansne Indistinet (gnasiiv) uazlifidnwazldnau

= a < :x' LY 1
(p=0.041) HlaMaEAANLTINTZAUANINULANGI
a L v 1 ]
NNYINEINATEAY 3 UWpeAT 0.11 i (OR,
0.11, 95% CI, 0.01 - 0.92) LWall3auLnaunu
YDULUAYDINDUDINDY AD VBULYNYDINDULUU

Circumscribed wazanuuinulvzainay (Density)
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wuhiiiidneazuuy Equal density (p=0.010) &
Iammﬁﬂmt‘%qﬁsxﬁummLmﬂehqmqagamﬂ’imﬂ
520U 3 Waund 0.29 W1 (OR, 0.29, 95%
CIL, 0.12-0.74) lanl3auiisufuanuvuuy
209N UBDINBY Ao High density wazwuin



ANNFNWUS IV INMNDNTGLSE DNTIG UaTIEAUNNIMEINIAYDY

wzsaauNluszazgnay

nunns SUad warmnue

a _ a o~ a < A )
mimwugu (p=0.035) JlamaiausSaseau
ANNUANENNNIINMEINMATEAY 3 NIANT 2.45
1 (OR, 2.45, 95% CI, 1.07-5.62) tilatlSautiigu
AumMsaneazMsiieduyueeds ds laineuyu
INNITIATILHNITOA DTN AN WUTIANIN

; v daw ,
wuuduaenaunNanwmzuuy Equal Density
= a < L v
(p=0.043) HlaMAAANLINTEAUANNULANGI
NMNYIMEIMATEAU 3 BN 0.30 i1 (OR, 0.30,
d‘ (= =1 L |
95% CI, 0.09-0.96) (i allIauiaunuanununLdy
Y2NBUBNBY A High density waswuimsiiaviuyu
g @ o Vi o o P a =
Wuanwaenadsithseds dasnniilamaiauzise
NILAUANNUANANNNIIMETNATEAY 3 3NN
1.32 i (OR, 1.32, 95% CI, 0.37 - 4.72) (il
= = 2 T a = L d‘
wWisuiisunumslifediuyuy asuaaaluansed 4

ANHULVININOYDINTITIN

Snumzagq Mlaanawa1esansnzIne
MhndnmmenuFunusiussduanuuanaia
PNYANIEINMATEAY 3 lagnTienzinmsanaas
NN WUNANHLYAUAYBIRBURTE N B LU
Indistinct (p=0.010) flomanauzSefissauana
WONENNNIAMEINATEAY 3 NINNT 6.22 LN
(OR, 6.22, 95% CI, 1.56-24.84) tiiaIautiten
AUYBUINDNDY AD 2OULIANDULUY Spiculated

waranwazlanay (Posterior feature) wuu
Shadowing (p=0.035) HlamatinuziSeniseau
ANNUANGNNNIIMEIMA TEAU 3 UL 0.30 L1
(OR, 0.30, 95% CI, 0.10-0.92) tNatiguny
anuvaelanausiede Ao wuu No posterior
feature wazwuinsiiaiuyu (p=0.035) Y
Tamaians39NszauaNNLaNANNNgameInea
SzaU 3 WA 2.62 1 (OR, 2.62, 95% CI,
d‘ = =1 (- -7 a =Y
1.07-6.43) Walseuisunuansaemsinadiuyu
aNde Aa Lufediudu nmsienzinsannas
@anwngar (Multivariate analysis) ldwuanuos
NANNMINTIDINNTNANHANNTNWUSINEDH
NUTEOUANNUANGNNNIIMETMA WaNUNAN YL
20URINYBINDULUU Microlobulated waz Indistinet
d' Y [V ] [ af a <
nesEhsaMeuny w1z lamalumsiianzise
NITAUANNUANANNNAIMEINATEAY 3 3INAT
1.87 " (OR, 1.87, 95% CI, 0.31-11.14) uaz
1NN 1.95 1 (OR, 1.95, 95% CI, 0.37-10.25)
MNANU LHBUSEUNEUNUYBUAYBINAUDINDY
Ao 2aulALUY Spiculated uasmstiafiuyuiiy
o A v, o P o a <
aneeNAIsENsE tiasanilaniaiaNeise
NITAUANNUANANNNAIMEINATEAY 3 3INAT
1.76 1 (OR, 1.76, 95% CI, 0.46-6.79) Li@
1= = o 1T a =Y % d‘
wWisuigunumsliifediuyduy aeuaaaluamsed 4

AN 4 LFAIHANILATITNSonaaaenuN (Univariate analysis) wazmsiteseinisonoas

WWawiQa (Multivariate analysis) WBNEINSAIMITINANLSINNANHULYBINWLBNTLTE

OUN LAZANHULYBIMNDIATIBNG

Histologic grade:
Number (%)

Univariate analysis*

Multivariate analysis*

Feature
Grades 1 Grade 3 p-value OR p-value OR
and 2 (95%CI) (95%CI)
Mammographic features (n = 100)
1) Tissue composition
Heterogeneous dense 36 19 Reference 1RE*
(n = 55) (65.45) (34.55)
Extremely fat (n = 9) 6 3 0.943 0.95
(66.67) (33.33) (0.21-4.22)
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AN 4 LFAIHANILATITNSonnaaenuN (Univariate analysis) waznsiteseinisonoas
@awngas (Multivariate analysis) tNaweInsalM3AANZEININANYULYBINIWLANYLTE
LU LAZHNHULIBNMNDANTIZNG (D)

Histologic grade: Univariate analysis* Multivariate analysis*
Number (%)
Feature
Grades 1 Grade 3 p-value OR p-value OR
and 2 (95%CI) (95%CI)
Scattered fibroglandular 17 11 0.671 1.23
(n = 28) (60.71) (39.29) (0.48-3.14)
Extremely dense (n = 8) 4 4 0.402 1.89
(50.00) (50.00) (0.43-8.43)
2) Shape
Oval (n = 36) 19 17 Reference 1
(52.78) (47.22)
Round (n = 5) 5 - -
(100.00)
Irregular (n = 59) 39 20 0.198 0.57
(66.10) (35.90) (0.25-1.34)
3) Margin
Circumscribed (n = 6) 3 3 Reference 1 Reference 1
(50.00) (50.00)
Obscured (n = 8) 5 3 0.641 0.60 0.525 0.41
(62.50) (37.50) (0.07-5.14) (0.03-6.31)
Microlobulated (n = 14) 11 3 0.214 0.27 0.082 0.11
(78.57) (21.43) (0.04-2.11) (0.01-1.33)
Indistinct (n = 51) 25 26 0.964 1.04 0.501 0.46
(49.02) (50.98) (0.19-5.65) (0.05-4.36)
Spiculated (n = 21) 19 2 0.041** 0.11 0.091 0.09
(90.48) (9.52) (0.01-0.92) (0.01-1.47)
4) Density
High density (n = 61) 32 29 Reference 1 Reference 1
(52.46) (47.54)
Equal density (n = 38) 30 8 0.010%* 0.29 0.043** 0.30
(78.95) (21.05) (0.12-0.74) (0.09-0.96)
Low density (n = 1) 1 - - -
(100.00)
Fat-containing - - - -
5) Calcification
No (n = 57) 41 16 Reference 1 Reference 1

(71.93) (28.07)

Yes (n = 43) 22 21 0.035** 2.45 0.670 1.32
(51.16) (48.84) (1.07-5.62) (0.37-4.72)
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ANNFNNUTIEUTNMNBNELST 290TIVNG UaTZAUNNIAMEINM AL
wzsaauNluszazgnay nunns sUad wasaoe

AN 4 LFAIHANILATITNSonaaaenuN (Univariate analysis) wazmsiteseinisonoas
L%an@m (Multivariate analysis) LNBWENNTOINITLAANLLTIN NN HULBININLBNYLTE
LU LAZANHULIBNMNDINTIZNG (D)

Histologic grade: Univariate analysis* Multivariate analysis*
Number (%)
Feature
Grades 1 Grade 3 p-value OR p-value OR
and 2 (95%CI) (95%CI)
6) Symmetry
No (n = 40) 23 17 Reference 1

(57.50) (42.50)

Yes (n = 60) 40 20 0.353 0.68
(66.67) (33.33) (0.30-1.54)

7) Associated features

No (n = 46) 30 16 Reference 1
(65.22) (34.78)

Yes (n = 54) 33 21 0.672 1.19
(61.11) (38.89) (0.53-2.70)

Ultrasound features (n=100)

1) Shape
Oval (n = 34) 20 14 Reference 1
(58.82) (41.18)
Round - - - -
Irregular (n = 66) 43 23 0.535 0.76
(65.15) (34.85) (0.33-1.79)
2) Orientation
Parallel (n = 35) 20 15 Reference 1

(57.14) (42.86)

Not parallel (n = 65) 43 22 0.374 0.68
(66.15) (33.85) (0.29-1.59)
3) Margin
Circumscribed (n = 1) 1 - - -
(100.00)
Microlobulated (n = 27) 16 11 0.080 3.67 0.492 1.87
(59.26) (40.74) (0.86-15.67) (0.31-11.14)
Angulated (n = 14) 12 2 0.905 0.89 0.503 0.46
(85.71) (14.29) (0.13-6.18) (0.05-4.45)
Indistinct (n = 39) 18 21 0.010%* 6.22 0.429 1.95
(46.15) (53.85) (1.56-24.84) (0.37-10.25)
Spiculated (n = 19) 16 3 Reference 1 Reference

(84.21) (15.79)

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




Correlation between Mammographic and Ultrasonographic

Features Invasive Ductal Carcinoma Kanokkorn Thipat et al.

AN 4 LFAIHANILATITNSonnaaenuN (Univariate analysis) waznsiteseinisonoas
@awngas (Multivariate analysis) tNaweInsalM3AANZEININANYULYBINIWLANYLTE
LU LAZHNHULIBNMNDANTIZNG (D)

Histologic grade: Univariate analysis* Multivariate analysis*
Number (%)
Feature
Grades 1 Grade 3 p-value OR p-value OR
and 2 (95%CI) (95%CI)
4) Echo pattern
Anechoic (n =1) 1 - - -
(100.00)
Hyperechoic (n = 1) - 1 - -
(100.00)
Complex cystic and solid 1 - - -
(n=1) (100.00)
Hypoechoic (n = 84) 54 30 0.471 0.65
(64.29) (85.71) (0.20-2.11)
Isoechoic - - - -
Heterogeneous (n = 13) 7 6 Reference 1

(53.85) (46.15)

5) Posterior feature

No posterior feature 29 22 Reference 1

(n =51) (56.86) (43.14)

Enhancement (n = 16) 8 8 0.631 1.32
(50.00) (50.00) (0.43-4.06)

Shadowing (n = 27) 22 5 0.035** 0.30
(81.48) (18.52) (0.10-0.92)

Combine pattern (n = 6) 4 2 0.647 0.66
(66.67) (33.33) (0.11-3.93)

6) Calcification

No (n =172) 50 22 Reference 1 Reference 1
(69.44) (30.56)

Yes (n = 28) 13 15 0.035** 2.62 0.410 1.76
(46.43) (53.57) (1.07-6.43) (0.46-6.79)

7) Associated features

No (n = 24) 18 6 Reference 1
(75.00) (25.00)

Yes (n = 76) 45 31 0.168 2.07
(59.21) (40.79) (0.74-5.80)

wnewme . * Malenzimsaanaseniny anldlumsiensiniidudsdudideuasiidiudsmuiiden
*Myiensimsaaosawan nldlumsiensiiiiaganudunus Waliduwdsdunaradiuasidous
MuLENEILGED

* UANENDENNUBE AN NGDAN p-value <0.05
w5 1/523NUMYBIANNLEEN OR = 1 : laifianuduwusvsaliiing, OR < 1 : anuduwusiutadadeanas, OR>1:

v v 2d v A
ﬂ?WNﬂNWuﬁLﬂuﬂQﬂﬂLaﬂq
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ANNFNWUS IV INMNDNTGLSE DNTIG UaTIEAUNNIMEINIAYDY

wzsaauNluszazgnay

nunns SUad warmnue

a 4
AU

NNMSANIENBUEAN | 209 p LA uN e
nnmuaenssdidiun wuhgithadnlvaiiila
1@u (Tissue composition) wuu Heterogeneous
dense 58484931 A8 Scattered fibroglandular
FDANBBNNUNNSANENAUNINYBY Sajjad B uaz
amz msinmenuduiugsnindnsusie
huntazNzEaduy nuhdnsaedadunuy
Heterogeneous dense oz Scattered fibroglan-
dular Wusnsasiwulugihansdusundnlg
Fainfianuvmnuiushunge™ sasiisuhsnsiau
(Shape) lutduamslumwareenssdidunas
mwigdannemaauivajiiuuuy Irregular waz
WulusEAUANNUANENNINTAMEIMA T2GU 2 3N
ﬁqm §0ANANNUNUITLNDUNINYDY Suvannarerg
V uazanuz?

NNMIANEINHUzaUAYBINDY (Margin)

V.

givewuansazdiulvalusiwaraenyisd
WUNLazMWENEdanTIATULUY Indistinet
UAZNUBE LUSTAUANNULANENNMNYENEIMA 526U 3
nniige Mesfuiunamsdnmioumhees Shin
HJ wazptue, Suvannarerg V wazaae oz Gupta
Kazae ‘?%qwuwaummwmﬁ'amﬂmmu Indistinct
agfluszau High grade fAa 556U 2 uaz 3 mnﬁqﬂ(”‘”)
wazilnldadd Chi-square test Hamimany
FUNUS WU BV UINYBINBULUU Spiculated
TumwegonsLsdaIUNLLANHULYD ULYAY DY
Aouuy Microlobulated lumwenadans1126
duWUSaENUITEAUAINUANGINNINTANIETNIA
SEOU 1 UALANHULYDUAZBNNBUWUY Indistinet
nelumuweheenaisdeusazmwaesanEe
FURUSILAUANNUANENNINYINEINATEAY 2
U8z 3 WAMIIATERANNUMTIANLVNMTON0aE
LBNUIN ANUIIENHULYDULIAYDIADULUY
Spiculated Tumwonaangisamuniianuaunus
NUSEAUANINUANGINNINGANIEINIATEAY 1

wazanuvme Indistinet TUAINOILDANTIEIIG

HANUFNNUSAUTEAUANNUANGNNNTIMEINA
3ZAU 3 UAZFDAMABNNUNISANEINDUNLIYDY
Suvannarerg V uazam finuhuauweuedsay
WUy Spiculated lumwaa@nBSHEIUNTINGO
wmﬂsaimsl,ﬁﬂmt‘%wimfmm:maqnamﬁszﬁu
ANNUANGNNNIIMEIMATEAU 1 16 wazwu
ANHULYDULAYBINBULUY Indistinet TunIw
§an51916 SanIavensiianseiisau
ANNUANGENYNYAMEIMA 26U 3 16"
PINMIANANHULAMNAUIULUUVDIN DY
(Density) ;ﬁﬁ’ﬂwuiwmmwmLLﬁud'Jﬂwnjﬁwﬂu
mweneanzsduniuwuy High density low
WuagluszauANNLANENNNYAMEINATLAY 2
uaz 3 mnﬁqﬂ DANBDINUNANMIANHINDUNUIDY
Shin HJ waz@nz waz Suvannarerg V azae
ﬁwuﬁw‘ﬁszﬁumwmmn@hqmmama%mﬂ SLHU
High grade (520U 2 W8z 3) TWUANHMU
aNnunuduzasnaulunwasengsdiaIun
luuuu High density™™ ' uazaneamsiazy
anuduuslagldada Chi-square test WulaN
ninudumuLuy Equal Density Tumwianzisd
NUNFNRUSAUTEAUANNUANEINNINENETNA
2OV 1 wWarANNNUILUULUY High density
FUAUSAUTLAUANNUANENYINIAMNEINATEAU 2
UaE 3 ANNUKAMIIATIENNMTON0DLLBNUIN UaY
N153LAT1ENNIT0ADELTINY AT finudnvuy
Equal Density lumwianaisdiaiun a0
FUNUBAUIZAUANNUANANNNTIMEINATEAU 1
warANNWIILLLLUU High Density Hanudunus
AUsERUANNULANANNINTaMEINMATERY 3 A
0P DINUNMTANINBUNINYY Shin HJI wag
Aty Wae Suvannarerg V uazaniy finuhdnvoe
ANIRINULUYINaY WUy High density &g
wmnsaimsLﬁmum‘%q“’?{szﬁumwuLmnm'wmqa;a
MeAMAsEau 3 Lot
NNMSANEFNBULANNLNINaYN (Echo

pattern) RvBWUNANNENYBIRBUTU I TINY
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Tumwaredansznaiuwuy Hypoechoic Taawy
luszauanuuanadNnMeganeinia ss6u 2 mﬂﬁqm
FDNAANNUNMIANENNDUNINYEY Suvannarerg V
LaTAME ﬁwummvﬁuwmﬁau Wuwuy Hypoechoic
Tuszauanuuandnganainiaszay 27
LALANENINMSANNNDUBINYBY Gupta K uasane
fiwu Hypoechoic Tuszauanuuandanega
meimaszau 14°

nnnsAneanemelanay (Posterior
feature) wuanwazdiulnafinuluniwdre
danznmuuwuuliianwaelanau (No posterior
feature) WuluszauaNNUANEINNINTINEINA
5¢dU 2 WInfige @aandasfumsdnmnaunih
289 Gupta K uazamz® wazainnisinsiey
menuduwuslealdadd Chi-square test wum
anwazlanauuuy Shadowing Januduwusnu
FEAUANNUANGNNINIAMEIANATEAU 1 ATNY
HANTIATITWNIT0N0BELENIN TWUTIBN WA
lanauwuy Shadowing HenudunusnuszaU
ANNUANGINNINTINETNATEAY 1 Fedonnand
AumsanwInaunineey Lamb PM wazame
ez Suvannarerg V WazAmiz AWUIISNuE
lanau (Posterior feature) wuyu Shadowing
SANSONENNIAIM IR AN TG UATNHUANGININS
Jameimeaszau 1 Lo

NNMsAnwMsiiaiuyu (Calcification)
wuhauluailifeduyu uazwuluszauanuuan
GNVNAMEINATEAY 2 mﬂﬁqﬂ welumwee
ONALIIUAZDNTIENG BUGEINUNANITAN YD
Suvannarerg V uazamz waz Gupta K wazaaz®
TaguamsIATEEMION0DELENUIN WUTINSLAA
Audulusiwaratangsdiiiusuazninagns
DANNTNIE AANNTFUWUSAUTEAUANNUANGNNIN
MEIMATEAU 3 FDAARBINUNIMIANEINBUNN

289 Shin HJ wazamue"”
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AMSANHININTUNUSTLUINNNHULY B
MWEYLBNTBLSHLAIUN NINEIEDINTITIIAUDE
Sgé‘fummLmnthmqagamsﬁmﬂwmum%wimfmu
Tuszazgnanawasgthelsawenunaidswenua &gy
Tenansazmwdiaengsieusiianuduwug
AUIZAUANINUANENNINTINMEINAZDIT3ANLF
arhulussazanau 3 526U fa sauauasou
ULAZAMNRUILUULZDINDY dIUINHUTAINAIE
SN TNIANI AN NFNN LTI UTZAUANNULAN G
mquamﬂ%mﬂﬂaﬂiﬂmﬁwiaﬁmﬂuisﬂzqﬂam
W 3 sEeu Ap vauwavasiau wardnwalddou
g5 ldwe1nsaissauaNNULaNEINNINga
msﬁmmlmiiﬂuzu‘%wimfmﬂuismqnamlﬁ
Wuaded wazluswanannsaldiiugiudays
dusunannuanlsefug Lﬁaﬁaﬂiuﬂwsszqixﬁu
mmu,mﬂ@hqmoﬁ;amﬂ‘imﬂﬂawm‘%wiaﬁmu
szzgnaINle

deenssndsema
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Correlation between Mammographic and Ultrasonographic
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A Study of Correlation between
Mammographic and Ultrasonographic
Features and Histologic Grade in Invasive
Ductal Carcinoma of the Breast
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ABSTRACT The most common type of breast cancer is invasive ductal carcinoma, which is detected
primarily through mammographic, ultrasonographic features, and histologic grade. These diagnostic methods
enable the early detection of breast cancer, but histopathological examination requires a significant amount
of time for results. This study aimed to study the correlation between mammographic and ultrasonographic
features and histologic grade of invasive ductal carcinoma detection for prognostication. Mammographic
and ultrasonographic features of invasive ductal carcinomas diagnosed in 100 representative women
patients between July 2020 and July 2022 were retrospectively reviewed. One hundred female patients with
invasive ductal carcinomas were classified into histological grades: grade 1, 8%; grade 2, 55%; and grade
3, 37%. The chi-square test identified statistically significant differences (p < 0.05) in the mammographic
and ultrasonographic margins (spiculated and microlobulated), equal density, and posterior shadowing
of grade 1 tumors compared to others (p < 0.05). Multivariate analyses revealed a statistically significant
correlation between high breast density and calcification with grade 3 tumors. The mammographic and
ultrasonographic features correlate with histologic grade and effectively predict histologic grade in invasive
ductal carcinoma. Consequently, these serve as a valuable dataset for training the artificial intelligence

models to identify and categorize histologic grade in Invasive ductal carcinoma in the future.

Keywords: Invasive ductal carcinoma, Mammographic features, Ultrasonographic features, Histologic grade

M5815NTHANENFFATANTUWNE
U 67 atiun 1 un1aN - Hunaw 2568



Anwuseualu 2 NSNANY W 2568; 67 (1): 73-86

msﬂsma‘iuﬁ’aqmuqmqmmw

v o <
1152065 1AITHNAZNAULNALIALLA
§1%9U70 Modified Westergren

wuans faday’ audni Wagm® §a18 aed® waz Unland a3ndiasnd"’
NATIANISUNNENIIUNTN AUETNIZMINT AMINGIBETINMTAT UNe1i 12120

@ Iyunailamsunng ancanarmans unInenaeyustil Unusid 12000
*MATIUNATAMIUNNE AETNIYMTNT N INENFETTINAMTNT UNusIil 12120

undnga mslasanmaanaznaudiaidaauas (ESR) flumsiaildiuateunsnanglumanesau iieuszidiu
mMzmsan@ursamsaauauatluszazidaunay JagiumsnadauanuiningmyiaaanmsanaznautiinEaen
UAEIE38 modified Westergren anniisnumeusndaiititsauiadslwusmsliioame daiumsanmi
ifagusradiiawnIanuaslsnfiviagmuauaamumsindanmsanaznouiiadaauadieds modified
Westergren lagiagaiuanammnisznaumeiiadaauassnmnanmnaiangmsad ladiunaan wasnagay
enuihuilaidienfuwazamunsds masnasgu ISO 13528:2022 waanniAsdsluliiasfidmamaiamsunnd
iionasouiagauguaamumMeiesljidmslumsnaseusanmsanaznauzeiaidoauaidiedd modified
Westergren 91121 15 UWW 2 50U 82 3 AIBEN U5zaudnd 2 e wazszauiaUnd 1 Mot MsUszilivag
Tden Z-score mamiﬁﬂmwuiﬁaqmuqmQmmwﬁgq 2 seoru Tumsiadeana 2 sau Samadhuiladensunaziiana
A HamInasauzasaelidmens 2 seu Tnamiloutu da "j'aegmuauqmmwwﬁuﬂnﬁﬂgq 2 gt ks
gnABIEUNIET |Z | < 2 Tuau 14 wie (93.3%) uazszaudaUnd 1 dret Tdkagndasunnet |Z|< 2 S
15 Wwis (100%) ﬂ"usﬁﬂmfrl,t,am’lﬁt,ﬁu:hwamsmaauém‘lwm}"lﬁwagnéfm athalsimumsiinmsiins
ﬁ'aqﬂ.ﬁﬁ’amﬂumiﬂsztﬁuLﬁ'aLﬁ'ummﬁ'ﬂwaﬁaqmaaumnﬁu '3'6!91muQuqmmwﬁm%ﬂuﬁmmmmsﬂ
ﬁﬂﬂﬁmuwialﬂLﬁ'aslwvleiyl,ﬂu"i’aqmaaumwuﬁﬂmtyﬂmmﬁmﬁ'mwmsmﬂmﬂauwmtﬁmLﬁaﬂumﬁm’i‘ﬁ' modified
Westergren @a U

@

MaAY: TFOAIVANAMN, MIIATATININNALNDUYBILIAEDAUN, 35 modified Westergren

Corresponding author E-mail: sriwanitchrak@yahoo.com

Received: 22 May 2024 Revised: 26 December 2024 Accepted: 17 January 2025

NsasnsEAInenendasMsunng
67 RUUN 1 NATIAN - FUAN 2568

[t
.




Evaluation of Control Materials for Erythrocyte
Sedimentation Rate Measurement

Nundakorn Kittisuk et al.
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value from participants) éuuInsgIu ISO
17043:2023 ﬁ’aﬁiﬂuﬂﬁ 7.2.3 Determination
of assigned values #l¥lE%maumnasyu ISO
13528:2022 mmsgmﬁlé’ﬁmuﬂiwﬁauﬁ%mm
mvualifinsondayanauhiidfiiiu outliers
wialsl as@fiwudldendidlu outliers
paNAIUMNTDMUUAT 6.6.3 81315818 Grubbs’

test (https://xcatliu. github.io/grubbs/?

base=on) lumsmdayaiiladl outliers wialai
Y = ° Vv d‘ =l o 1 o \
waIazihdayawdsnanummmMuuase
wasmlunnsavzasmsnagay -
M35UsEEHUNINAFBY UIHANMINATIUYDY
usazdaUfudnsunmen Mean, SD uaztnasing
UsziuamsumanadauanudingiasUfians

MNMSUNNEAINAT Z-score A9l

uadeNzvnniasljianmsnihalasens - swdsaswaienzinndesjudmsangnlungy

Z-Score =

dulieNuunasgIu
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U NHANMINATDUUY

| Z|< 2.0
gausule (acceptable)
2.0<| Z|< 3.0 udevhuamINaaasiy
1aede (questionable)
| Z|> 3 WAOTNHAMNaAFa U
gansulyla (unacceptable)
3YTIINMTINY

M5ANEHLASUMITUIBNNNIZEFITNNTINE
Tuau NINeNFesIINAFNS arInenenans svd
1a59mM 33981 66AH041 893UT 16 AANAN W.6. 2566

We

HAMSLAIUNITANATDUANNINNYEIHITUNTIR
BNIINISANALNAUVAINALADAUAIAIEID
modified Westergren
HANIANINUNIFNNTOLATENIFNAFY
anung Teehidaafivueaginulssy esnm
amwifiaideauaslimnsoaglduumnniudas
asnganadladidutu 19 lasnnihuasiiud
faaiigafidemnansninnldld wdnnwieuly
WAAEIBUMMITFNIIBEN NAaMSIOTENTFANATDUY
anuinaszaulniuazsrauiiound Tuseudt 1
550UUN@ AU 1-3 mm/hr szauiiaUné LNy
44-47mm/hr 59U7 2 55GUUNG WU 1-3 mm/hr
52AURAUNR AU 44-47 mm/hr dsudaely

o
MINN 1

M3N{ 1 Amdsransnadauadiggnadauanaingmsinsanmsanaznauliadsauss (ESR)

Y oo . o a o Y o
0835 modified Westergren lumsia3ansauil 1 uazsaun 2 laeldgnaaauanudiugy

1
a

GEN

q

N UKAszIBY 9 8% 10 YA WINBLBYLTAIINNUIUNFNBBNIN

uan1neday ESR (mm/hr)

saud 1 saudi 2
VaaNngau o (A o A (= o a v A (=
ISy szaudnf szauiaUn@ szaudn® szaulaUnG
v (mm/hr) (mm/hr) (mm/hr) (mm/hr)
(n =10)
1 2 47 2 47
2 3 46 3 46
3 2 46 2 45
4 3 46 3 46
5 2 45 2 45
6 2 45 2 46
7 2 45 3 45
8 2 45 2 45
9 2 45 2 46
10 2 46 3 46
Mean 2.20 45.60 2.40 45.70
SD 0.42 0.70 0.50 0.70
Mean + 2SD 2.20 + 0.42 45.60 £0.70 2.40 £ 0.50 45.70 £ 0.70

uansnagauanmiuiadaany
wamanadauanuiuiia@eriuuasiag

nadau ESR szauinduasszauialnd laagy

(788191 10 IDEINADILAU LAIMINTNAFBU
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fhathaay 2 3 PeIMsSLATENTAUR 1 UaT 2 FILFe
Tugns1af 2 wuinagmegaushummegauaNuiy
ilaidenfunndat Toaldadd One-way ANOVA
fiszduanuidaiy 0.05
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NGNS, < 0.3 G, AxBaNENUN U Lo
o lamannamdudenuunasgIueediin sy
Uszidiuanuinnalunaazsou lusaun 1 szaudnd

M S, = 0.24 A 0.3 G,, = 0.64 WALTLAUHAUNA

M S, = 0.29 @A 0.3 G, = 2.26 IUIAUTN 2 32AU
Un@ A1 S, = 0.45 @1 0.3 G, = 0.48 WBLITEAUAAUNG
M S, = 0.21 @ 0.3 G, = 0.59 AaUEAIlUAITIND 3

MM 2 MInedauaNNluLlafeINUIaaIaN 2a9nsnadau ESR szaulnfuazszauiaund

Taeduaiag M 10 MAENABILAU UEIMMINATOUMIBENGE 2 71 UBIMIATLNTBUN 1 Was 2

HanInaday ESR (mm/hr)

saufi 1 saudi 2
Taanadau v | a v A (= o o o a
mﬁrﬁwmm szaulng sauinUnG szaulné seauinUnNG
v (mm/hr) (mm/hr) (mm/hr) (mm/hr)
(n =10)
1 2 2 45 45 3 3 45 45
2 3 3 45 45 3 3 46 45
3 2 2 47 45 2 2 46 44
4 3 3 46 47 3 3 46 47
5 3 3 45 45 2 2 45 45
6 2 2 46 47 2 2 46 47
7 3 3 45 45 3 3 45 45
8 2 2 44 47 3 3 44 47
9 2 2 45 45 2 3 45 45
10 2 2 46 47 3 3 46 47
Mean 2.40 45.60 2.65 45.55
SD 0.52 0.70 0.47 0.69
Mean + 2SD 2.40 £ 0.52 45.60 £ 0.70 2.65 4 0.47 45.55 4 0.69

37 3 MsnadauanuiuiladeniuasiggnagauanudnymsinsanmsanaznauiiaEaues

35 modified Westergren lusaui 1 uazsaud 2

9 PT items S, O, 0.30,, S, < 0.30,,
szauUnd ESR1_1 0.24 2.14 0.64 WU
1 v A a . p
SEAUNAUNG ESR1_3 0.29 7.54 2.26 WD WA
seauUn® ESR2_1 0.45 1.60 0.48 WU
2 o a a . ¢
SEAUNAUNG ESR2_3 0.21 1.96 0.59 WL WA
e sva ESR1_1, ESR1_2 uaz ESR1_3 vangtemsdldnnadausaui 1 284iiaeni 1, 2 uas 3
s%d ESR2_1, ESR2_2 waz ESR2_3 nangdumsaidqnadausaui 2 ueaiiadni 1, 2 was 3
Namiwmﬂaummm(ﬁ%

HAMINAFBUANNANGIYDITINNAFBUANIY
HNMInadau ESR 2nmasnadaumiszaulné
wazHaUNG Paeeas 2 %) YaaNstesaNlusaun 1

Uaz 2 WNAFBUINY 1 o (§UMWn 1, 2, 3, uaz 4)

dauaaslumsneil 4 nuhisgnessushumsnagay
AnuAIFINNIaEaIsaUR 1 uazseudl 2 e
g05 |y1-y2|< 0.30,, azfamunadi lage G,
Tdmnanddndsauuanasgiueesfidi

Usziliuanannaluuaszsau Tusaud 1 szaudnd
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M |y1-y2|=0.10 M 0.3, = 0.64 uazszouiaUnd  szaudn@ @ |y1-y2|= 0.35 @ 0.30,, = 0.48 WAz
M |y1-y2|=0.60 @1 0.30,,= 2.26 lusaud 2 szaviaUn® @ |y1-y2|=0.55 @1 0.30,,= 0.59
Gauaaaluesnn s

MINN 4 NN SNAFIUANNAIAITNEAIDEN 284N NadayU ESR Sammsnadauniscaulnduaziound

MBENNAL 2 7 2aIMSLesaNIUSaUN 1 Wag 2 WNAFDVWIY 1 tHau (FUMWN 1, 2, 3, uas 4)

uan1neday ESR (mm/hr)

saud 1 sl 2
fuaiii szaudni szauinUni szaudni szAURAUNG
(n=4) (mm/hr) (mm/hr) (mm/hr) (mm/hr)
1 3 3 45 44 3 3 45 45
2 2 2 44 45 3 3 45 45
3 2 2 45 45 3 3 45 45
4 3 3 45 45 3 3 45 45

@397 5 MINAFIUANNAIGIIDIIFANATDUANNTNNYMTINDANMINNAznaUlaEaauaszaulnd

uaziaUn@nae35 modified Westergren lusaud 1 uazsaui 2

Mean
sau  PT items (mm/hr) |yi-y2| o, 0.30,, |y1-y2|<o0.30,,
(y1) (y2)
o - ESR1_1 , ’
szeuUn 2.40 2.50 0.10 2.14 0.64  shuLN]
o - ESR1_2 . .
seeuiinUnd 45.60 45.00 0.60 7.54 2.26  EhuLnO
ESR1_3
o - ESR2_1 , ¢
szeulnd 2.65 3.00 0.35 1.60 0.48  shulnowi
2 P ESR2_2 ; p
seeuiiaUnd 45.55 45.00 0.55 1.96 0.59  shuLnai
ESR2_3

vanewe): s%a ESR1_1, ESR1_2 sz ESR1_3 ninagtumsalidqnadausaui 1 4e9iiadni 1, 2 was 3

s%d ESR2_1, ESR2_2 waz ESR2_3 ningtumsaigqnadausaui 2 uaeeiaeni 1, 2 was 3

wanmInadau ESR anvasljifnisaneds

Jaquadauanuduigssdulniuazio  azmhmanadauia 2 AU sEdUas 2 20 Wiiathenil
Undifrunsnagevaniwilaidersunas  Idunmen mean, SD uaz mean+ 28D audna
anuasdngnaslunasau ESR ¢e38 modified  Tuenswdl 6 lusauii 1 seduun@iondu 2-3 mm/hr
Westergren iasfuamssrededadiuiofioms  seduiiaun® Ay 45-46 mm/hr saUd 2
wmaflamsunndilasumnaspunumaiiamsunnd  szduUnd whiu 2-3 mm/hr szuiiaUnd whity
W.6. 2565 91U 3 ure nasoufl 1 waz 2 Tae  44-45 mm/hr ausaslumad 6
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@9 6 WaNINadau ESR 1835 modified Westergren lusiadiad 1y andasUjuianisanads

DU 3 WY N958UN 1 1ae 2 lagazyNNSNAFauny 2 520U 9 8 2 o

Han1Inaday ESR (mm/hr)

saud 1 saud 2
waalfuanis szaulni szauiiaUnd szaulnd szauiinlnG
819849 (n = 3) (n=3) (mm/hr) (mm/hr) (mm/hr)
1 3 3 45 45 2 2 45 45
2 2 3 46 45 3 2 45 44
3 3 3 46 45 2 2 45 45
Mean 2.83 45.33 2.17 44.83
SD 0.29 0.29 0.29 0.29
Mean + 2SD 2.8340.29 45.3340.29 2.17 £ 0.29 44.83£0.29

samsUsziiuiaanagauanadinylosaanin
waslfuimsmadianisunng

womsUsziiuiagnadauamuiingiinann
Juasdmiumsnadau ESR Sadtludaiacfitms
watiamsuwng M 15 us luedanalsinening
Jinanauns neasuLasiudaye 2 5ou lasudas
FAUNIUIY 3 BEN

womanagausoUdl 1 Mndayaitldsuihld
Junnzimeniiiu outliers 1Ml Grubbs® test

WuNIVFMae ESR1_1 Hvananiilu outlier 1 é

Ry

=

svigaIaena ESR1_2 Huayaniilu outliers 2 ¢ 5%d

u
]

e ESR1_3 lifidayaniilu outlier i mean
uaz median filauasdiadsvadiathe ESR1 1
waz sYaaInene ESR1_2 lainu@a mean tnu
3 w8y median WU 2 S¥aa10e ESR1_3 d@
mean AU 45 uaz median WNAU 45 Hathan

AL NAIE Z-score WUNGIDENNAFDUSHE

e ESR1_1 Minasansule uu 14 uvia uaz
gansulile U 1w saage ESR1_2 T
HaaNSULe UIU 12 ure 1aedy DU 1 Wik
wazeansulale Muiu 2 ure svdaede ESR1_3
Tuazandule Sruau 15 uis daudasdumsei 7
wamsnadausoUTl 2 Mndayailldiuihld
Jeszimeniciiu outliers :nms1d Grubbs’ test
NUNSHFNI819 ESR2_1 uaz ESR2_2 ﬁﬁagaﬁtﬂu
outlier agN4ay 1 A sHaMBE1e ESR2_3 hiﬁﬁ'aga
‘ﬁ'lfﬂu outlier A mean, median ﬁlﬁwmé’haahq
swamae ESR2_1 uaz svidaadge ESR2_2 Lo
WNAUAD mean NN 4 Uaz median AU 4 SWd
¢nae1 ESR2_3 §M mean tNNU 43 uaz median
Whiy 43 dathiniensinasie Z-score wuth
MatnadausianIaee ESR2_1 uwaz ESR2_2 T
Haeaysule NI 14 uns uazeansulile uau
1 Wi svamae ESR1_3 IWuagansula aunu

15 WWN AQUEO LUSINN 8
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MINT 7 HAMINAFBUITQNAFBUANNIINIYNTINBATINIANAZNDUIALEAUANRIETE modified
Westergren 284%aUfiuidms Ussiliueie Z-score (|Z|< 2 = 8833y, 2.0 <|Z|< 3.0 Whasdy,
|Z|> 3 = sawsuliile) saudi 1

SWa SW. iaanadauaNNEIUNY
naaay ESR1_1 Z-score ESR1_2 Z-score ESR1_3 Z-score
1 2 -0.523 2 -0.60 41 -0.57
2 2 -0.523 2 -0.60 33 -1.63
3 1 -1.440 1 -1.56 46 0.10
4 3 0.394 3 0.37 45 -0.04
5 2 -0.523 2 -0.60 34 -1.49
6 2 -0.523 2 -0.60 43 -0.30
7 2 -0.523 2 -0.60 42 -0.43
8 2 -0.523 5 2.29 53 1.03
9 2 -0.523 3 0.37 52 0.89
10 5 2.229 3 0.37 40 -0.70
11 3 0.394 3 0.37 48 0.36
12 4 1.312 2 -0.60 60 1.95
13 2 -0.523 4 1.33 55 1.29
14 4 1.312 8 5.17 47 0.23
15 8 4.982 10 7.10 40 -0.70
Mean 3 3 45
Median 2 2 45
SD 1.09 1.04 7.54
Uncertainty 0.35 0.34 2.41
gansule 14 12 15
g 0 1 0
gansulile 1 2 0

WaEe: Standard division (SD) M166 outliers aanua ihenlalulglunmsdae Z-score

M3197 8 HANIINAFDUIFANATIUANNHINYMFTINBATINIANAZNBULTALEDAUAIGIEIT modified
Westergren 29viaaUfuinsusziiiueng Z-score (|Z]< 2 = gandy, 2.0 <|Z|< 3.0 Whaade,
|Z|> 3 = sansulaile) saui 2

SWa . aanadauaNNIINY

waaay ESR1_1 Z-score ESR1_2 Z-score ESR1_3 Z-score
1 4 0.00 10 11.76 45 1.02
2 3 -1.37 4 0.00 42 -0.51
3 5 1.37 5 1.96 40 -1.53
4 4 0.00 4 0.00 45 1.02
5 4 0.00 4 0.00 43 0.00
6 4 0.00 5 1.96 45 1.02
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@990 8 WaNIINAFaUTIQNATIUANNTINYMTINBANMIANAzNBULTAEDALARI8I5 modified

Westergren 2aavieaujuamsussiiiucig Z-score (|Z|<2 = 8oy, 2.0 <|Z|< 3.0 Wasds,

|Z|> 3 = sansulaile) 50U 2 (dd)

Ina IN. TaanadaunNNdY
rinatay ESR1_1 Z-score ESR1_2 Z-score ESR1_3 Z-score
. 3 -1.37 5 1.96 43 0.00
8 3 -1.37 4 0.00 42 -0.51
9 4 0.00 4 0.00 40 -1.53
1o 4 0.00 4 0.00 41 -1.02
11 5 1.37 5 1.96 45 1.02
1o 5 1.37 5 1.96 44 0.51
13 5 1.37 4 0.00 40 -1.53
14 4 0.00 5 1.96 45 1.02
15 10 8.22 4 0.00 43 0.00
Mean 4 4 43
Median 4 4 43
SD 0.73 0.51 1.96
Uncertainty 0.24 0.16 0.63
gansule 14 14 15
haade 0 0 0
gansulaila 1 1 0

WiNEe: Standard division (SD) 766 outliers aanua ihemnlalulglunmsfae Z-score

a 4
AU

Uagiumnaaauanudnngmaviaal juans
ailemsunmgianusdysarammasau tademii
i liwamanaaauiiaomu e msmuauaamw
NNBIANIMEUBN NITNATDUNITATINBATING
anaznaurauiialdeauas (ESR) fluwiidlums
nadauiidasfinsmuauaunn NaranUITed
BN la M INaUIngAIVANAAIWEIHTUMS
ATIRDATINIANAZNBUUDITAFIAUAT DNHDATR
fanuhiargmsldnuszasdu® ludlagiu
fimhanuilduimsliiiaswa 2199ziaan
fetiagaIuaNanmwaIuluadaahignnan
alssmauasdinmum vihsnuiliamsmely
Usmadiiiigawiadeniliuims mbidudedia
lumsliuans

aanuEIAE ldnannIggnagauaNNHINY
msnadayu ESR lagldasnganiadladadiesnm
amuuasKaNwaIae iiggnagauaN NN
LOTENN AN YLD UMIBENIABAITUVINETNT
asihmnlglumsnasau ipsnnilagtiuviesdfuianms
L4 Y A a Y A
naauvivdsdaldidanazelumnedau laaldiden

v
o~

N

= 04 I a <~ =y 1 = <~ v
munuﬂsmmmammaalmwmwa BianaN

-~ v a va J o
maamﬂms‘nﬂaaﬂuwmﬂgummﬂmmamu

Wzidenninnyamnsluiesu fudms uaniidam
#laifcathaasauifioUnd uwseilaanzasiagha
nedpUMIFaREN NN aTlardaBuThmMsnasay
tiaflasmsmsuanzaafia@aauasmnndiiul i 6a
tudhaheiaanagauanuinnginIauiuasds
uiilAedy uenanilgesiadnlszmsuas
fradanagauiithuhanndelssmara s mumn
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a

Taamluiisnemas 500 LINGaNAFANT FNAFaU
o d‘ a d?, a v dq’d v 1 A
anungindezuluamisiiidunudulng Ao
msmﬁﬂQm%’aﬁladuasmsﬁmLa’qmﬁumjmm
< = 1 [~ &
LIALADALAY TUFIULHALADALAILAENAIFN
leiymmmﬁaﬂﬁwmmq wanam ldnglumsiese
MIANG NUN LUMSHANRRY 100 UINADNADINT
o YV 1 vV Vv Qs Ya
mbidigaamldhelunuaumneasiasljianms
nsUssiiunsin luldaseeesdiagedag
NAFBUANINTINIUMTINDNTINITANALABULIIA
lHoaUAIA835 modified Westergren a1nviag
Uuamsmatiemsunwnd 91U 15 wiie lueiaine
TSaNENUIaINFNAUAT LagdemIaee MUY 3
MDENFDATY A9 IULAFZATING 3 MIPENN Laaing
SLAUUNG MUY 2 MIDEN WaHAUNG NUIU 1 DB
MaKaNGBNEN 3 (Ia8NEEASY LHBINNGIBENT
Undinududiaeadenny wu soun 1 5%d ESR1_1,
ESR1_2 uaz5aui 2 % ESR2_1, ESR2_2 ¢3¢
ARIMINAFIUANNUNUENYBIFINMINOFDU FE 1K
usmsnadauaiuluaiazlvdiadre U 2 Mo
= YV | dl a a =
fa lagadnundiuaziolnd nKaNITNAFDU
SAUN 1 Was 2 WANISNAFaUNLaINaNIBN
WavlfudanisloaiarsanaInel Z-score uas
M3UsziTagNadauANNENNY WU JFNaaau
nadeludszidivaundndriulvalvussansulaniad
|Z|< 2 fespeas 93.3 uaaen lulinsduninanniag
Tnamsnagaudlumiwela iasanmsanwive
luasetidumsnwilassuiieazannisgnagau
° pu ° v o o
anudnnunianuwmnzduihldldansunageau
ANNTINYMTINDATNIANALNDUVBILIIALEDALAS
35075 modified Westergren Ly
Tosagunis@nwmiiiiunis@nwiiaseu
Amasisinsnadauanuilutiiafeinunay
ANNAIE LBl ATRAARDINUNINTFIUNAINUG
iy ISO 17043:2023 waz ISO 1352812022 1Y
nagavuanadnsninlu1ldvadagaalunmsnagau
anuinale essnndumsdnunidssduy aenu
AABINMTANANLGNIINN TN LHUNTNAFBU

Short-term stability (Transportation stability)
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FINNUNNNgRaNBnvasluamasmatianmsuwne
Mlssdivannteauy

asu
9

mATeillddnmnmaeienisgnasauanu
UMsInsamIMsanaznauyeuiaLdaauaed
Lﬂ%ﬂuﬁmmﬁm%’ﬁ% modified Westergren Wua
Faqnasaviieiantuwes denuduiladeiu
wasANNA waziladeluldmingniasUfians
iianaaaunaiiladnnalinaduisansule ms
anwilflumsnwidasdu iieasihdayailald
Anwiiadaialiianumanzaumumnasgud
mMuuauaziani lugnsliusmsnasauany
el

AeeanssnUsea

2BYBUAN WLBN AATINAD AUEY 1inATIA
Maunnd vanihveasljuanmsinatiansuwng
Tsangruradengualdizs saniaanauns 7
arUEUMNTALITINNOY A0ETFANATIULIETIVTIN

v o

doyanamsnadau awn inuidsiaiSaganaisd
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ABSTRACT Erythrocyte Sedimentation Rate (ESR) measurement is a widely used test to assess
inflammation or response in the acute phase. There is only one service unit available in Thailand which
is insufficient, thus, proficiency testing (PT) materials need to be developed to supply to establish more
test sites. This study aimed to evaluate the control materials prepared for ESR testing with the modified
Westergren method. The materials consisted of glutaraldehyde-preserved red blood cells and plasma
evaluated for homogeneity and stability according to the ISO 13528:2022 standards. Following these, the
material samples were sent to 15 medical technology laboratories for evaluation over 2 rounds. Each round
consisted of 3 samples: 2 samples were at normal levels and 1 sample at abnormal levels. The Z-score
value was used to assess the results, with a value of | Z | < 2 considered passing. The study results showed
that the ESR control materials at both levels in both rounds of preparation were homogeneous and stable.
The evaluation of ESR control material samples by 15 medical technology laboratories found consistent
results. For the normal level, 2 samples had |Z | <2 in 14 laboratories (93.3%), and for the abnormal
level, 1 sample had | Z | < 2 1in all 15 laboratories (100%). This study demonstrated that most laboratories
provide accurate test results. However, increasing the number of laboratories in the evaluation would
further enhance confidence in these control materials. Further development of these control materials will
lead to the self-prepared proficiency testing materials for ESR proficiency testing of the modified
Westergren method.

Keywords: Control materials, Erythrocyte sedimentation rate, Modified Westergren method
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Performance of Blood Glucose Meters in Thailand
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Wanm3s photometry-GOx $1wIu 1 &ve
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Performance of Blood Glucose Meters in Thailand Wanpen Duangsawang et al.

A Comparative Study of the Performance
of Blood Glucose Meters in Thailand

Using Blood-Derived Reference Materials

Wanpen Duangsawang, Renuka Pooalai, and Thirawut Bunraksa

Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Choosing blood glucose meters with reliable measurement results is important in effective
diabetes screening, treatment monitoring, and control. This study aimed to compare the performance of
blood glucose meters available in Thailand using three concentrations of glucose in blood-derived reference
materials. The devices based on amperometry-glucose dehydrogenase (GDH) (20 devices from 11 brands)
and photometry-glucose oxidase (GOx) (2 devices from 1 brand) were tested with the glucose
concentrations of 86+3.0 mg/dL, 124+5.0 mg/dL, and 192+6.0 mg/dL. Meanwhile, the devices based on
amperometry-glucose oxidase (GOx) blood glucose meters (15 devices from 8 brands) were tested at
64+5.0 mg/dL, 76+12.0 mg/dL, and 131+18.0 mg/dL. Totally, 37 blood glucose meters of 20 brands (n=10)
were studied. It was found that more than 90% of the blood glucose meters based on amperometry-GDH
and photometry-GOx passed the criteria of precision within-run (CV <5.0%) and accuracy according
to the ISO 15197:2013 (bias +15 mg/dL at blood glucose <100 mg/dL and +15% at blood glucose
>100 mg/dL) for all concentration levels of the blood-derived reference materials. However, only one
device based on amperometry-GOx passed those accepted criteria. This study evaluated the performance

of some blood glucose meters available in Thailand and is not comprehensive of all brands on the market.

Keywords: Blood glucose meters, Blood glucose, Blood-derived reference materials, Precision, Accuracy
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Patient Entrance Dose of Intraoral Dental Radiography During 2017-2023

Sirikwan Yewhiang et al.
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matemnsediunalugun musinasideas,  dunnuluagan musnassdmas mlsagius
Aalsegnu emalndii s ofluge 2.2-3.3/1.8-2.9/  amalndi 3 aglugg 1.8-2.5/1.4-2.3/2.4-3.2
3.1-4.3 mGy ldFdmemaiiadienniediais  mGy ldammamaiiagennisdinds 65.1-66.8
64.9-66.8 kV, 3.10-5.62 mAs N1I0IEMNIE kV, 2.49-4.40 mAs ﬁ'mam”lumiwﬁ 5

MINN 5 AameiiatemnsaduazeuTinasadueenguaiuwenmathulssans

. kV mAs USumssd (mGy)
Wauszana anlu

mean mean mean median Qs S.D.

2560 Numhuu 66.7 3.33 1.9 1.7 2.5 0.996
Wunihan 66.7 2.80 1.5 1.4 2.1 0.922
Nunsuipeuu 66.7 4.40 2.6 2.1 3.4 1.366
NunupeE 66.5 3.42 1.9 1.7 2.4 1.014
Wunsuluajuu 66.6 5.62 3.3 2.9 4.3 1.576
Wunsuluajans 66.7 4.40 2.5 2.2 3.2 1.140

2561 Nunmhuu 66.5 3.43 1.8 1.6 2.4 0.907
Wunhan 66.5 2.80 1.4 1.4 1.9 0.744
NunuaeuY 66.5 4.49 2.4 2.2 3.1 1.244
Nunupeas 66.6 3.52 1.8 1.8 2.3 0.889
Nunsulveiuu 66.8 5.54 3.1 2.7 3.9 1.562
Aunsuluaias 66.8 4.40 2.3 2.3 2.9 1.099

2562 Wunhuu 65.2 2.96 1.8 1.5 1.9 1.238
Numhan 65.5 2.39 1.5 1.4 1.6 1.184
Nunsulpauy 65.3 3.85 2.3 2.0 2.6 1.394
Nunsuioeas 65.4 3.07 1.8 1.7 2.1 1.243
Wunsuluajuu 65.4 5.02 3.0 2.6 3.6 1.614
Wunsuluaians 65.4 3.90 2.3 2.3 2.7 1.325

2563 Numhuu 65.0 2.76 1.7 1.6 2.1 0.936
Wunihan 65.2 2.14 1.3 1.2 1.6 0.836
Nunsuiaeuu 64.9 3.46 2.1 1.9 2.7 1.125
Nunuaeas 65.3 2.72 1.6 1.6 2.0 0.923
Wunsulnajuu 64.9 4.41 2.6 2.4 3.4 1.342
Nunsulvaians 65.1 3.36 2.0 1.9 2.5 1.083

2564 Nunihuu 65.0 2.88 1.6 1.4 2.1 0.676
Wunihan 65.5 2.46 1.4 1.1 1.9 0.677
Nunsupauy 65.2 3.97 2.2 2.1 2.7 1.186
Nunuipea 65.3 3.14 1.7 1.8 2.2 0.764
Nunsulvajuu 65.2 4.99 2.7 2.7 3.5 1.375
Aunsuluaia 65.3 4.01 2.2 2.1 3.1 1.082

2565 Wunihuu 65.6 1.77 1.2 1.1 1.5 0.615
Numhan 65.8 1.46 1.1 0.9 1.4 0.531
Nunsuilpauy 65.4 2.40 1.7 1.4 2.4 0.909
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. kV mAs Usnaed (mGy)
Yaudszanm avlu

mean mean mean median Qs S.D.

NunTuUlaea 65.6 1.93 1.4 1.3 1.9 0.755
Wunsulvaiuu 65.3 3.10 2.2 1.8 3.1 1.178
Wunsulvaians 65.4 2.49 1.8 1.4 2.4 1.106

2566 Wunihuu 65.2 2.55 1.6 1.5 2.0 0.700
Wunhan 65.2 2.02 1.2 1.2 1.6 0.526
Wunnulpeuy 65.5 3.23 2.0 1.8 2.6 0.970
Wunulaea 65.4 2.50 1.5 1.4 2.0 0.701
Wunsuluajuu 65.7 3.99 2.6 2.2 3.2 1.238
Wunsuluaians 65.6 3.16 1.9 1.8 2.5 0.888

nnewme: U WA, 2560 MUY 66 LAIBY, U W.A. 2561 NUIU 80 (AIDY, U W.A. 2562 I 50 LATY, U W.A. 2563

o - = ° - = ° - o ° 4
MUIU 64 LAV, U w.e. 2564 NUIU 19 A3, U w.e. 2565 MU 32 LATAN LAz U W.A. 2566 NUIU 60 LATAI

Wameanuamadndvasatanatsd (kV)
AINTEUANARNAMAUNIA (mAS) wazAmUTINME
apsnguiily wsnanaiiadsumwssuuilduiau
Weususzuudana wuhmihenuiildgisunn
szuuddnaldan kv anhasuuildunnnduay

@ mAs aauetulssanns w.@. 2561 Wuauly ldm

mAs inhsruuildamnnguiitu finwsihutszann
w.d. 2560 Mield mAs ganhszuuildy waze
USinauSadueengn wuhiszuuaanadenusinmiag
fonnhszuuildnlunnndudluuasmniaulssana

AALFAA UMD 6

PN v a v v v a v o o v v ar o = = o
MIINN 6 ﬂTVl'NL'VlﬂuﬂOﬂﬂﬂ1W5QaLLa$ﬂ1ﬂ’5N1m’Nﬂﬂaﬁﬂqu‘ﬁﬁu“ﬂlaﬁ@l')i"l_lﬂ']WiS‘U‘U‘waNLﬂiﬂ‘lJLVIEI‘IJﬂ‘IJ

FEUUAINALenNNgHZNY

e kV (mean) mAs (mean) U3aa3id (mGy)
iy Yaudszanm — — —
au CR/DR Wan CR/DR Wan CR/DR
Nunihuu 2560 66.8 62.1 3.30 4.21 1.8 1.5
2561 67.3 63.8 3.51 3.16 1.6 1.5
2562 65.9 63.2 3.16 2.42 1.8 1.3
2563 65.2 64.6 3.06 2.15 1.8 1.1
2564 65.3 64.8 3.55 2.28 2.0 1.1
2565 67.2 64.9 2.65 1.39 1.5 1.0
2566 68.2 63.8 3.47 2.10 2.1 1.3
Wunihan 2560 66.8 61.6 2.78 3.43 1.5 1.2
2561 67.3 63.9 2.85 2.66 1.5 1.3
2562 66.3 63.3 2.55 1.96 1.5 1.0
2563 65.5 64.8 2.36 1.71 1.5 0.9
2564 65.8 65.2 3.19 1.81 1.8 0.9
2565 67.5 65.0 2.27 1.11 1.4 0.8
2566 68.0 63.8 2.68 1.68 1.4 1.1

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




Patient Entrance Dose of Intraoral Dental Radiography During 2017-2023 Sirikwan Yewhiang et al.

lﬁl \ a 1 vV o 1 a vV o 1 d' e a| o e = L
I NN 6 ﬂ'WI”NL‘VlﬂuﬂﬂﬁﬂﬂﬂWiQﬁLLazﬂ”lﬂiN']mS\iﬂ?lBﬁﬂqa\l‘lfﬁu%BQ@I'JSUJ‘I']W?S‘UUWE?NL‘IJS?_I‘UL‘YIEI‘Uﬂ‘U

%
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FEUUNA auanmmqmﬁu (a1a)

, kV (mean) mAs (mean) Usaased (mGy)
oy Yaudszanm p p -
Wawn CR/DR bGEY CR/DR bGEY CR/DR
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Surveillance of Patient Entrance Dose of
Intra-oral Dental Radiography in Trang,
Phatthalung, and Satun Provinces

During 2017—2023

Sirikwan Yewhiang, Siriwan Buncharat, Suchawalee Chuamahawan,

and Jeeraporn Songkow

Regional Medical Sciences Center 12/1 Trang, Department of Medical Sciences, Amphoe Muang, Trang
92000, Thailand

ABSTRACT Dental radiography is important for diagnosis, treatment planning, and orodental
treatment follow-up, and is one-third of all X-ray images. To prevent patients from receiving unnecessary
radiation and to reduce radiation dose usage, the Regional Medical Sciences Center 12/1 Trang,
Department of Medical Sciences, conducted surveillance of radiation doses from intra-oral dental radio-
graphy in Trang, Phatthalung, and Satun provinces. From fiscal year 2017 to 2023, there were 66, 80, 50,
64, 19, 32, and 60 intraoral X-ray units, respectively. The doses were measured at an open-end cone called
the Patient Entrance Dose (PED). The exposure techniques were set for six dental areas: maxilla incisor,
mandible incisor, maxilla canine-premolar, mandible canine-premolar, maxilla molar, and mandible
molar. The PED calculated the median as 1.1-1.7, 0.9-1.4, 1.4-2.2, 1.3—-1.8, 1.8-2.9, and 1.4-2.3 mGy,
respectively. As by the film system, these are 1.5-2.1, 1.4-1.8, 2.1-2.6, 1.8-2.2, 3.0—3.3, and 2.2-3.0 mGy,
respectively. For the digital imaging system, these are 1.0-1.5, 0.8-1.3, 1.3—-1.9, 0.9-1.6, 1.6-2.4, and
1.2-2.0 mGy, respectively. These results were within the limit of the DRLs issued by the Department of
Medical Sciences which are 2.3, 1.9, 3.1, 2.4, 4.0, and 3.1 mGy, respectively. This indicated that
the agency that used the film system, PED exceeded the digital imaging system for all groups of teeth.

Radiation safety should be concerned for both users and customers.

Keywords: Dental X-ray, Intra-oral radiograph, Patient Entrance Dose, Effective dose
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Acute and Sub-Chronic Oral Toxicity of
Mycoprotein Product in Wistar Rats

Passaraporn Srimangkornkaew', Kittigan Suwannasaroj', Kobkul Laoteng’,
Thanaporn Palasak®, and Warinthon Chamkhuy”

'National Laboratory Animal Center, Mahidol University, Nakhon Pathom 73170, Thailand

’Industrial Bioprocess Technology Research Team, Functional Ingredients and Food Innovation
Research Group, National Center for Genetic Engineering and Biotechnology (BIOTEC), Pathum Thani
12120, Thailand

ABSTRACT Alternative proteins are becoming more popular with consumers nowadays. Various
alternative proteins, such as those from plants, insects, and even microorganisms, are widely available and
distributed. In the past, Thailand could not produce protein from microorganisms and had to import it
from abroad. Currently, Thailand can successfully develop the technology for producing mycoprotein from
the fungus Aspergillus oryzae strain BCC7051 found in the country. However, oral toxicology studies of
this product have never been undertaken. The safety evaluation has to be conducted on animals before the
human studies to obtain safety information on the products for consumers. This study aimed to assess the
acute and sub-chronic oral toxicity of mycoprotein in Wistar rats. The results showed that mycoprotein
at 300 and 2,000 mg/kg body weight (BW) did not cause acute toxicity and mortalities in the rats,
indicating that mycoprotein was classified in GHS (Globally Harmonised System for Classification and
Labeling of Chemicals) category 5 or unclassified, with the LD,, cut-off at 5,000 mg/kg BW or over.
In the sub-chronic oral toxicity testing, mycoprotein was administered consecutively for 90 days at doses
of 500, 1,000, and 2,000 mg/kg BW, with a 14-day recovery period. It was concluded that the no-observed-
adverse-effect level (NOAEL) of mycoprotein was 2,000 mg/kg BW in Wistar rats.

Keywords: Mycoprotein, Aspergillus oryzae, Acute and sub-chronic oral toxicity in rat
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Introduction

An alternative protein derived from
fungal fermentation is shaped into many
food products as a meat substitute called
“mycoprotein”. Mycoprotein can be produced
from the fermentation process of microorganisms
of the fungal group. It has the appearance and
shape of cells like filaments with a high amount
of protein and contains various nutrients that
have nutritional value,™” but has no toxins
from mold or mycotoxins. Mycoprotein has been
reported to be produced from filamentous fungi

@ and it is an alternative

of various strains
protein source and meat substitute responding
to the needs of consumer groups such as
vegetarians and flexitarians. Production of
mycoprotein from fungi has many advantages
because it needs less space to produce, uses
less water, and emits less greenhouse gas than
raising animals, moreover, this can be expanded
more easily and its quality can be controlled.
Mycoprotein is expected to be the food for
the future (future food) which helps reduce
environmental impacts” and meet the
increasing global protein demand sustainably.

Mycoprotein produced from Fusarium
venenatum has been registered with the UK
Food and Drug Administration, and in 2001,
was classified as a safe food. It has been on the
market since 2002 and is accepted as a safe food
ingredient®. Earlier, Thailand did not produce
mycoprotein by itself and needed to import it
from abroad. The Functional Ingredients and
Food Innovation Research Group at the National
Science and Technology Development Agency
(NSTDA), Thailand, has successfully developed
the technology for producing this protein using

the liquid fermentation process from Aspergillus

oryzae strain BCC7051, which is found in the
country and is considered a Thai innovation.
The fungus A. oryzae is used in the produc-
tion of various food products available on the
market, such as tempeh, hamanatto, miso,
and shoyu®. The strains of A. oryzae are safe
and classified as food-grade microbes that
have remarkable features such as high protein
production and hypha formation to get a better
texture that is nutritious and safe,'” in addition,
there are no toxins or mycotoxins®® harmful
to consumers. Generally, it is used as
semi-industrial liquid fermentation technology
under Codex Good Hygiene Practices (GHPs),
and Hazard Analysis and Critical Point System
(HACCP) standards without chemicals or
antibiotics (data not shown). The mycoprotein
has high nutritional values like that from eggs
which contains 39.65-42.29% total protein dry
weight, no cholesterol (data not shown), and
all essential amino acids as shown in Table 1,
including fiber, vitamins, and beta-glucan (data
not shown). However, the toxicological testing
for this mycoprotein has never been carried out,
thus the safety evaluation had to be conducted
in animals to provide toxicity data before human
studies. In addition, the results of safety studies
can be used as supporting data for commercial
production and registration with Thailand’s
Food and Drug Administration (Thai FDA) and
to confirm product safety for consumers.

The purpose of this study was to identify
the chemical hazard classification of the
mycoprotein produced according to the GHS
(Globally Harmonised System for Classification
and Labeling of Chemicals) category, which
complied with the Organization for Economic

Co-operation and Development (OECD)
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Guidelines for the Testing of Chemicals 423.
Moreover, studies of acute oral toxicity using
the acute toxic class method and sub-chronic
oral toxicity were performed to confirm the
edible safety and evaluate the No-Observed-
Adverse-Effect Level (NOAEL) for long-term
use of mycoprotein following the methodology
of sub-chronic oral toxicity modified from the
OECD Guidelines for Testing of Chemicals 408,
Repeated Dose 90-Day Oral Toxicity Study in

Rodents"®.

Materials and Methods

Specification of test item

The test item was mycoprotein, the finished
product from Aspergillus oryzae BCC7051 as
a brownish-yellow powder, obtained from the
BIOTEC Bioprocessing Facility, National Science
and Technology Development Agency (NSTDA),
Thailand. Its nutrition facts label shown
as g/100 g as protein 44.69,"" ash 6.52,"% fat

5.94,"Vtotal dietary fiber 33.18,"*sodium 52.55,"”

carbohydrate 37.55,"% calories from fat 53.46,"%
and 382.42 Kcal/100g"®. For microbiological
analysis, its estimated aerobic plate counts
(EAPC) were fewer than 2.5 x 10” cfu/g for total

a7)

plate count,”” and fewer than 10 cfus/g for

(18) (18)

Escherichia coli*'® and coliforms, while

Salmonella spp. (per 25 g),"” heavy metals

(20) (21)

(mg/kg) as arsenic, cadmium, and

mercury,”” and mycotoxin (ug/kg) such as

@320 ochratoxin A, etc., were not

aflatoxin,
detected. In addition, amino acid contents were
measured as shown in Table 1. The stability
was one year after the manufacturing date,
and it was kept in an aluminum foil vacuum
bag at room temperature (22+3°C). The level of
microbial contamination based on aerobic plate
count (APC) was less than 10 cfu/g, which was
monitored by the Laboratory of the Quality
Control Office, National Laboratory Animal
Center, Mahidol University, Thailand, before
administering the test item orally to Wistar rats.
For the production process of mycoprotein, it is

unrevealed due to a commercial secret.

Table 1 Amino acid contents of the mycoprotein from A. oryzae strain BCC7051

Amino acid

Content (mg/100g)

Histidine
Isoleucine
Leucine
Lysine
Methionine
Threonine
Valine
Alanine
Arginine
Aspartic acid
Cysteine
Glutamic acid
Glycine
Ornithine

0.28
0.46
0.78
0.71
0.16
0.53
0.56
0.62
0.67
1.08
0.11
1.70
0.50
0.06
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Table 1 Amino acid contents of the mycoprotein from A. oryzae strain BCC7051 (continued)

Amino acid

Content (mg/100g)

Proline
Serine
Taurine
Tyrosine

0.41
0.54
0.05
0.40

Test animals

Both male and female Wistar rats (Rattus
norvegicus, strain Mlac:WR) were obtained from
the Office of Laboratory Animal Production,
National Laboratory Animal Center, Mahidol
University, Thailand. For acute oral toxicity,
only female Wistar rats with body weight
186-196 grams, 7 weeks of age were used, while
sub-chronic oral toxicity, both sexes were used,
5 weeks of age, 153-178 grams for males, and

146-163 grams body weight for females.

Animal husbandry conditions

There were one and two Wistar rats per
stainless steel cage for acute oral toxicity and
sub-chronic toxicity, respectively, with animal
feed (082, Perfect Companions, Thailand) and
5—7 ppm chlorinated water ad libitum, including
maintaining the standard condition of a 12:12
light/dark cycle at 22+3°C and 30-70% RH,
respectively. The acclimatization was at least
5 days before the study. The guidelines were
followed throughout the study, using the Guide

for the Care and Use of Laboratory Animals.®®

Acute oral toxicity testing

Twelve Wistar rats at the age of 8 weeks
were divided into three female rats per group
per each mycoprotein dose and fasted overnight
(15-18 hours) with water ad libitum before

dose administration. Following the fasting,

mycoprotein was prepared by weighing and
mixing with sterile water in a single dose of
300 and 2,000 mg/kg body weight (BW) orally
administered to the rats using a gavage needle.
After 3—4 hours of administration, the rats were
fed with normal feed.

Observation: the rats were observed
individually after administration for 30 minutes,
and special attention was given during the first
4 hours and periodically during the first 24
hours. The feed and water consumption were
measured and recorded daily after each dose
administration until necropsy day. Body weights
were measured and recorded on days 1, 7, and
14 after dose administration.

Necropsy examination: at the end of acute
oral toxicity testing (day 14), surviving rats
were euthanized using CO, inhalation,®” and
the evaluation for positions, shapes, sizes, and

colors of internal organs was performed.

Sub-chronic oral toxicity testing

104 Wistar rats consisting of 52 males
and 52 females at 6 weeks were weighed and
distributed into five groups (20 animals of
10 per sex in each group). The control group
was administered with sterile water while
the test (Main) groups were administered with
mycoprotein as 500, 1,000, and 2,000 mg/kg
BW, respectively, and the Recovery group

(12 animals of 10 per sex), were identified as
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Groups 1, 2, 3, 4, and 5, respectively. Mycoprotein
was weighed and calculated to the body weight
of animals on the day of dosing at a constant
volume of 1 mL per 500 g BW. All animals were
administered the test items once daily for 90
days via oral route, while the Recovery group
had a recovery period of 14 days without dosing
after 90 days of administration.

Observation: Observation of sub-chronic
oral toxicity was recorded weekly, and the Recovery
group was continuously observed in the recovery
period of 14 days after 90 days of dose
administration. Cage side observation included
evaluation of skin, fur or coat, eyes, and mucous
membrane (occurrence of secretions and
excretions), autonomic nervous activity
(lacrimation, piloerection, pupil size, and
respiratory pattern), changes in gait, posture,
and response to handling, the presence of
clonic and tonic movements, and stereotype or
bizarre behavior such as excessive grooming,
repetitive cycling, self-mutilation, and walking
backwards. Ophthalmological examination
was performed once during the acclimatization
period and within a week before the scheduled
necropsy in the eyes of animals in the high-dose
and control groups. In addition, sub-chronic
oral toxicity was assessed neurologically once
a week, starting in week 11, including sensory
reactivity (auditory, visual, proprioception,
fore- and hind-limb grip strength tests, and
motor activity assessments).

Necropsy examination: the animals were
fasted overnight but with sterile water (15-18
hours) and euthanized using CO, inhalation®”
on the last day of each group. The positions,
shapes, sizes, and colors of internal organs

were evaluated, and then the cardiac punc-
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ture method was used to collect blood samples.
The blood samples were separated into two
tubes, one containing EDTA for hematological
analysis (200 uL) and the other without EDTA
for clinical biochemistry analysis (800 uL).
Hematology analyses were performed on whole
blood using an automated analyzer (Procyte
Dx™, IDEXX Laboratories, Westbrook, Maine,
USA) to evaluate the following parameters: red
blood cell count (RBC), hemoglobin (HGB),
hematocrit (HCT), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration
(MCHC), platelet (PLT), white blood cell
count (WBC), neutrophil (NEUT), lympho-
cyte (LYMPH), monocyte (MONO), eosino-
phil (EO), and basophil (BASO). The clinical
biochemistry analyses were conducted for the
determination of sodium (Na), potassium
(K), chloride (Cl), glucose (GLC), cholesterol
(CHOL), triglyceride (TG), uric acid (UA),
blood urea nitrogen (BUN), creatinine (CR),
total protein (TP), albumin (ALB), globulin
(GLO), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), alanine
aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline
phosphatase (ALP) using an automated blood
analyzer (Cobas® c311, Roche Diagnostics,
Basel, Switzerland). The organs, such as the
liver, kidneys, lung, adrenals, heart, spleen,
brain, thymus, testes, and epididymis for
males, and the uterus and ovaries for females,
were cut and weighed to determine the relative
organ’s weight per 100 g of body weight.
Histopathological examinations used the paraffin
section technique for cutting, embedding, and

sectioning the organs. Then the scoring of the
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organs of the control and high-dose groups were

conducted comparatively.

Statistical analysis

All the quantitative results were expressed
as mean + standard deviation. The data with
normality and homogeneity of variances were
analyzed using the Kolmogorov-Smirnov test
and Levene’s test.”” ANOVA and the Mann-
Whitney U test were used to compare the data
between the control group and each treatment
group. In addition, significant difference
analyses were performed with SPSS® Statistical

software version 18.0.0 (p < 0.05).

Ethical approval

The study was approved by the National
Laboratory Animal Center Animal Care and Use
Committee (NLAC-ACUC), Mahidol University,
Thailand (No. RA2021-34 on September 10, 2021,
for acute oral toxicity testing and RA2022-31
on October 19, 2022, for sub-chronic oral toxicity

testing).

Results

Acute oral toxicity testing

From the acute oral toxicity testing, body
weights and body weight changes of the groups
of control, 300 and 2,000 mg/kg BW mycoprotein
were shown in Table 2. Health observation
results, including feed, and drinking-water
consumptions of all animals were normal except
one animal at the dose of 300 mg/kg BW that

was observed to have hydronephrosis.

Sub-chronic oral toxicity testing
The sub-chronic toxicity studies were

carried out on the test item. General clinical

observation, health examination, and
ophthalmological examination results of all
the rats were not found abnormal. In addition,
the neurological examination results of the
animals did not show any neurological signs
for both sexes. The motor activity assessment
scores of only male rats in the 1,000 mg/kg
BW mycoprotein group (weeks 12 and 13) were
significantly higher than those of the control
group (p < 0.05). The fore-limb grip strength in
males of the 500 (week 11) and females of the
2,000 mg/kg BW mycoprotein groups (week 12)
were significantly higher and lower than the
control group (p < 0.05), respectively. The
hind-limb grip strength of the Recovery group
for both sexes (males in week 14 and females
in week 15) was significantly lower than the
control (p < 0.05). The body weights of the rats
continued to be gained throughout the study,
as shown in Figure 1, with no differences when
compared with the control groups for both sexes
in the Main and Recovery groups.

Figure 2 shows the feed consumption of
both sexes in the Main and Recovery groups. In
the Main group at 500 (weeks 3, 4, and 5), 1,000
(weeks 2 and 5), and 2,000 mg/kg BW myco-
protein (weeks 2 to 8) of male rats, the significant
difference was lower than the control (p < 0.05),
but in the Recovery group (weeks 5, 6, 8, 10, and
12 to15), it was higher than the control (p < 0.05).
Female animals in the Main group at 500
(week 4), 1,000 (weeks 3 and 4), 2,000 mg/kg BW
mycoprotein (week 4), and the Recovery group
(weeks 4, 5, 9, 10, and 13 to 15) had significant
differences higher than control (p < 0.05).

The water consumption of both sexes of
the animals in the Main and Recovery groups

was significantly higher than the control
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(p < 0.05). In the Main group, 500 (weeks 2,
4 to 12 for males and week 8, 10 for females),
1,000 (weeks 4 to 13 for males and week 5 for
females), 2,000 mg/kg BW mycoprotein (weeks
4 to 13 for males and week 2, 3, 6 to 12 for
females), and the Recovery group (weeks 1 to
15 for males and weeks 1, 3 to 15 for females)
as shown in Figure 3.

The relative organ weights are sum-
marized in Table 3. The left adrenal glands of
male rats in the 500 and 1,000 mg/kg BW
mycoprotein groups showed significant
differences higher than the control group
(p £ 0.05). In female animals, the left and
right thyroid and parathyroid glands in
the 2,000 mg/kg BW mycoprotein group,
including the heart in the 1,000 mg/kg
BW mycoprotein group, showed significant
differences higher than the control group
(p £ 0.05).

Hematological analysis results in Table 4
showed that the averages of HGB, HCT, MCV
with 500, WBC, LYMPH with 1,000, and HGB,
HCT, WBC, LYMPH with 2,000 mg/kg BW
mycoprotein of male animals had significant
differences higher than the control group, while
the average numbers of NEUT of 1,000, MCHC,
NEUT, EO of 2,000 mg/kg BW mycoprotein, and
MCHC of the Recovery group had significant
differences lower than the control group
(p £0.05). In female animals, only the average
WBC in the Main group of 2,000 mg/kg BW
mycoprotein and the Recovery group showed
significant differences higher than the control
(p £ 0.05). Only WBC, NEUT, and LYMPH of
male animals were directly variable to the dose
levels of mycoprotein.

In the clinical biochemistry analysis

(Table 5), the averages of GLU in the 1,000
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and 2,000 mg/kg BW mycoprotein groups and
Na in the Recovery group of male animals were
significantly higher than in the control group
(p<0.05). In contrast, the averages of CI (1,000
and 2,000 mg/kg BW mycoprotein), CREA,
and Na (2,000 mg/kg BW mycoprotein) were
significantly lower than the control group
(p € 0.05). The averages of TP and ALB
in the 1,000 mg/kg BW mycoprotein group
were significantly higher than the control
group (p < 0.05) in female animals. Additionally,
the averages of ALT (1,000 and 2,000 mg/kg BW
mycoprotein), AST, and CI (2,000 mg/kg BW
mycoprotein) were significantly lower than
the control group (p < 0.05). Only GLU and CI of
male animals and ALT of female animals were
proportional to the dose levels of mycoprotein.

For macroscopic findings, multifocal
thymic hemorrhage was found in all study
groups, and clear fluid retention in the uterus
was found in all female rats. Microscopic findings
were observed in the kidney as a tubular hyaline
cast of the control, 2,000 mg/kg BW mycoprotein,
and the Recovery groups of male animals, and
focal tubular mineralization in the females of
the 2,000 mg/kg BW mycoprotein group. Focal
micro-vesicular fatty degeneration in the liver
and focal mononuclear cell infiltration in the
heart were shown in males of the Recovery
and 2,000 mg/kg BW mycoprotein groups,
respectively. Ultimobranchial cyst (females
in the 2,000 mg/kg BW mycoprotein group),
congenital thyroid cyst (males in the Recovery
group), and ectopic thymic tissue (females in
the Recovery group) of thyroid and parathyroid
glands were found. In addition, it was found
that multifocal thymic hemorrhage in all study
groups of both sexes was consistent with the

macroscopic lesions mentioned above. Uterine
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luminal dilation (proestrus) of all groups and Based on the results, it was concluded
small uterine lumen (diestrus) of the 500, 1,000 that mycoprotein was classified in GHS category
mg/kg BW mycoprotein, and Recovery groups 5 or unclassified, the LD, cut-off at 5,000 mg/kg
were observed only in female rats. BW or above, and the NOAEL of mycoprotein

was considered to be 2,000 mg/kg BW per day.

Table 2 Body weight (g) of Wistar rats in acute oral toxicity testing after administrations of

300 and 2,000 mg/kg BW mycoprotein.

Body weight (g) BW

Mycoprotein Animal

(mg/kg BW) no Quarantine Acclimatization Day Day Day Terminated change

0 7 14 (%)
1 196 206 210 234 257 251.35 22.38
2 194 203 202 228 242 238.77 19.80
500 3 192 198 201 223 234 231.43 16.42
4 191 200 205 232 263 253.69 28.29
5 190 198 210 234 249 248.64 18.57
6 190 202 205 230 245 246.17 19.51
7 189 195 207 229 248 244.25 19.81
8 189 202 212 236 250 246.60 17.92
9 189 201 215 245 259 253.88 20.47
2,000 10 187 189 203 234 245 239.64 20.69
11 187 190 198 231 242 234.24 22.22
12 186 203 214 244 260 251.78 21.50
T00 1
600 }
50 1 i i i i i
-
p ; i
=
D ap0 4
2 i i
>
3 ! ®  Male (Control) (n = 10)
@ 3p0 4
g ®  Male (500 mg/kg BW) (n = 10)
200 @ g ®  Male (1,000 meg/kg BW) (n = 10)
@ Male (2,000 mg/kg BW) (n = 10)
100 T T T T T T T T T T T T 1
AC 1 2 3 4 5 6 7 8 9 10 11 12 13

(a)
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4 Female (500 mg/kg BW) (n = 10)
140 A
A Female (1,000 mg/kg BW) (n = 10)
120 A
A— Female (2,000 mg/kg BW) (n = 10)
100 T T T T T T T T T T T T 1
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500 f T T ? T ? }
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s |
> 300 . —~ — o —
3 5§11 ' B B =
@ 3 i i
—& ®  Male (Control) (n = 6) A Female (Control) (n = 6)
100

—@— Male (2,000 mg/kg BW) (n = 6) —#&— Female (2,000 mg/kg BW) (n = 6)

0k T T T T T T T T T T

L T T
N 2 T S T B O

&
Week «@‘&
(c)

Figure 1 Body weight (g) of male and female Wistar rats administered with mycoprotein for
90 days. (a) Control and treated male rats with 500, 1,000, and 2,000 mg/kg BW
mycoprotein, (b) Control and treated female rats with 500, 1,000, and 2,000 mg/kg BW

mycoprotein, and (c¢) the Recovery group of male and female rats. AC = acclimatization.
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Feed Consumption (g)

Feed Consumption (g)

20

15

10

20

15 3

10

®  Male: Control (n = 10) A Female: Control (n = 10)

®  Male: 500 mg/kg BW (n = 10) A Female: 500 mg/kg BW (n = 10)

®  Male: 1000 mg/kg BW (n = 10) A Female: 1000 mg/kg BW (n = 10)

®— Male: 2000 me/kg BW (n = 10) &— Female: 2000 mg/kg BW (n = 10)
AC 1 2 3 4 5 6 9 10 11 12 13

Week
(a)
1 b b
b b b

—»—H
—r—

®  Male: Recovery (Control) (n = 6) A Female: Recovery (Control) (n = 6)

—@— Male: Recovery (2,000 mg/kg BW) (n = 6) —#&— Female: Recovery (2,000 mg/kg BW) (n = 6)

AC 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(b)

Figure 2 Feed consumptions (g) in male and female Wistar rats administered with mycoprotein

for 90 days. (a) Control and treated male and female rats with 500, 1,000, and
2,000 mg/kg BW mycoprotein, and the average is significantly different from the control
group (p < 0.05). (b) The Recovery group of male and female rats, and the average
is significantly different from the Control-Recovery group (p < 0.05). AC = acclimati-

zation.
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—®— Male: 1000 mg/kg BW (n = 10) —&— Female: 1000 mg/kg BW (n = 10)
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& Female: Recovery (Control) (n = 6) ®  Male: Recovery (Control) (n = 6)
0 T T L} T T T T T T T T T T T T 1
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(b)
Figure 3 Water consumption (g) in male and female Wistar rats treated with mycoprotein

for 90 days. (a) Control and treated male and female rats with 500, 1,000, and

2,000 mg/kg BW mycoprotein, and the average is significantly different from the control

group (p < 0.05). (b) The Recovery group of male and female rats, and the average

is significantly different from the Control-Recovery group (p < 0.05). AC = acclimati-

zation.
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Table 3 Relative organ weights in Wistar rats treated with 500, 1,000, and 2,000 mg/kg BW

mycoprotein for 90 days. (continued)

Recovery Group (organ weight in grams after administration

with mycoprotein)

Organ Control

Sterile water (n = 12) 2,000 mg/kg BW (n = 12)

Male Female Male Female

Liver 2.4485+0.10 2.4920+0.15 2.5003+0.16 2.6407+0.17
Right Kidney 0.2445+0.02 0.3019+0.01 0.2499+0.02 0.2963£0.01
Left Kidney 0.2326+0.02 0.279840.02 0.246840.02 0.280240.02
Heart 0.3075+0.03 0.3626+0.01 0.29774+0.01 0.3640£0.02
Spleen 0.1777+0.02 0.2421+0.03 0.1723+0.01 0.2404£0.03
Pituitary 0.0021+£0.00 0.0052+0.00 0.0021+0.00 0.005140.00
Brain 0.4233+0.04 0.7686£0.05 0.4049+0.01 0.7508£0.05
Right Thyroid, Para 0.002140.00 0.0037+0.00 0.002240.00 0.0031+0.00
Left Thyroid, Para 0.002040.00 0.0035+0.00 0.002240.00 0.0033+0.00
Right Adrenal 0.0078+0.00 0.018040.00 0.0062+0.00 0.0173+0.00
Left Adrenal 0.0085+0.00 0.020140.00 0.0083+0.00 0.018740.00
Right Testis/Right Ovary, 0.372840.05 0.025040.00 0.3746+0.03 0.0268+0.00
oviduct

Left Testis/Left Ovary, 0.3851+0.06 0.0259 +0.00 0.379240.03 0.026040.00
oviduct

Right Epididymis 0.1213£0.01 - 0.1166+0.01 -

Left Epididymis 0.123940.02 - 0.1188+0.01 -
Prostate /7 Uterus 0.0851+0.01 0.213440.04 0.0858+0.02 0.1975+0.04
Thymus 0.0510+0.01 0.0828+0.01 0.0590+0.01 0.0772£0.01

Note: Recovery group: mycoprotein was administered once daily for 90 days via oral route, and recovery was

in 14 days without dosing.
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Table 4 Hematological analysis results in Wistar rats treated with 500, 1,000, and 2,000 mg/kg

BW mycoprotein for 90 days. (Continued)

Recovery Group (after administration with mycoprotein)

Parameter Control
Sterile water (n=12) 2,000 mg/kg BW (n=12)
Male Female Male Female
RBC (M/uL) 10.3840.58 9.70£0.28 10.374+0.24 9.5540.56
HGB (grdL) 18.1840.81 18.03+0.44 17.7440.37 17.93+0.95
HCT (%) 56.85+2.94 56.22+1.16 56.52+1.54 56.30+3.03
MCV (fL) 54.78+1.38 58.00+0.73 54.48+0.99 59.00+1.88
MCH (pg) 17.53+0.51 18.60+0.18 17.14+0.36 18.80+0.64
MCHC (gr/dL) 32.00+0.35 32.07+0.30 31.38+0.38" 31.85+0.24
PLT (K/uL) 688.00+48.82 760.83+61.77 718.00+£63.45 723.33+52.00
WBC (K/uL) 7.07+£2.14 4.6440.84 7.1940.96 5.85+0.97"
NEUT (%) 16.08+10.65 12.33+4.62 11.48+2.78 9.13+1.75
LYMPH (%) 78.454+10.41 82.2344.68 82.58+3.53 85.18+1.64
MONO (%) 4.2740.72 4.53£0.81 4.68+1.21 4.88+0.77
EO (%) 0.85+0.28 0.62+0.17 1.0040.42 0.55+0.24
BASO (%) 0.35+0.24 0.28+0.16 0.26+0.18 0.25+0.16

Note: Recovery group:

mycoprotein was administered once daily for 90 days via oral route, and recovery was in 14 days

without dosing. Values are average +standard deviation.”The average is significantly different from the control

recovery group (p < 0.05).
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Acute and Sub-chronic Oral Toxicity of Mycoprotein
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Table 5 Clinical biochemistry analysis results in Wistar rats treated with 500, 1,000, and

2,000 mg/kg BW mycoprotein for 90 days. (continued)

Parameter

Recovery Group (after administration with mycoprotein)

Sterile water (n = 12)

2,000 mg/kg BW (n = 12)

Male

Female

Male

Female

GLU (mg/dL)

332.80+59.93

220.25+31.06

348.48+28.00

206.80+70.80

BUN (mg/dL) 17.33+1.46 15.70+1.37 17.86+2.36 16.52+1.58
CREA (mg/dL) 0.3740.03 0.40+0.02 0.38+0.03 0.43%0.02
UA (mg/dL) 6.12+1.36 4.00£0.58 6.66%0.54 3.9240.42
CHOL (mg/dL) 82.20+9.19 93.08+12.98 75.14+8.71 99.03+11.29
TRIGL (mg/dL) 97.15+27.84 61.07+£10.67 85.54+11.18 50.83+8.03
LDL (mg/dL) 10.83+3.61 7.90+2.14 8.76%£1.76 10.03+2.74
AST (U/L) 92.38+17.40 79.32+16.64 113.90+46.84 80.05+6.39
ALT (U/L) 61.45+11.44 40.43+7.72 84.38+65.67 36.65+5.02
ALP (U/L) 78.67+11.64 40.17+4.02 85.00+£12.25 42.00+4.56
TP (grsdL) 6.93+0.23 7.24+0.30 7.18£0.09 7.0040.24
ALB (grsdL) 4.86%0.09 5.3840.23 4.9340.06 5.1340.15
HDL (mg/dL) 58.20+7.61 74.77+£10.44 51.88+6.93 78.30+8.08
Na (mmol/L) 146.33+1.03 144.67+1.03 147.80+0.45° 145.67+1.51
K (mmol/L) 9.13+0.58 9.86+0.92 9.51+0.44 10.4040.53
Cl (mmol/L) 101.37+1.34 103.08+1.35 100.72+0.46 103.17+0.95
GLO (mg/dL) 2.07+0.17 1.86+0.15 2.2540.08 1.8740.18

Note: Recovery group: mycoprotein was administered once daily for 90 days via oral route, and recovery was in 14 days

without dosing. Values are average + standard deviation. "The average is significantly different from the control

recovery group (p < 0.05).

Discussion

The toxicity study of mycoprotein in Wistar
rats started with acute oral toxicity with a
single dose of mycoprotein as the test substance
at 300 and 2,000 mg/kg BW. All animals did
not show signs of toxic effects, moribundity, or
mortality except one rat at a dose of 300 mg/kg
BW that was observed to have hydronephrosis.
This lesion was found in a Wistar rat because
it was associated with naturally occurring

M5815NTHANENFFATANTUWNE
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background lesions,® indicating that this study
did not find abnormal gross findings related to
the test item. Thus, this result suggested that
mycoprotein was classified in GHS category 5
or unclassified, with the LD,, cut-off at 5,000
mg/kg BW or over.

Then, sub-chronic oral toxicity was
performed by oral administration of mycoprotein
at doses of 500, 1,000, and 2,000 mg/kg BW for

a total of 90 days. The clinical signs of toxicity
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were not observed and did not cause animal
mortalities up to the dose of 2,000 mg/kg BW
for this test item. All animals had changes in the
eye, compared between before and after dosing
for ophthalmological examination. In addition,
there was little alopecia and scaling skin in
health examinations but they were unrelated to
the test items. There was a significant difference
in the results of the animal motor activity
assessment and fore-limb grip strength test.
The results were normal transient changes
and not related to doses of the test items. The
animals continued to gain weight throughout
the study, and there were significant differences
in feed and water consumption that were not
related to the test item because the consumption
was a normal transient change. Only WBC,
NEUT, and LYMPH of male rats in hematological
analysis results, and GLU and Cl of the male
and ALT of female rats in clinical biochemistry
analysis results were related to the doses of
mycoprotein tested. However, it was still in
the range of historical control data, which was
based on (Mlac:WR),“” RecHan™:WIST, and
Crl:WI(Han).®" The lesions were observed in

the study that commonly occurred as back-

(29) t (32)
’

ground lesions for the kidney™’ and hear
and physiological changes®®** during the estrus
cycle for the uterus, attributed to euthanasia
or necropsy technique, and considered a
dissection-induced artifact®® for the thymus,
congenital anomaly®” for the thyroid gland,
which showed no relation with other groups®®
for the liver. Some studies of sub-chronic oral
toxicity of different protein products such as the
pea (Pisum sativum) protein isolate performed
with dietary levels of 25,000, 50,000, and 100,000

ppm in Wistar rats,®® lyophilized apoaequorin

protein (isolated from jellyfish) conducted with
doses of 1,000, 2,000, and 4,000 mg/kg BW in

“ and a protein derived

Sprague Dawley rats,
from Xanthobacter sp. SoF1“" at doses of 375,
750, and 1,500 mg/kg BW with an additional
group at 1,290 mg/kg BW as a positive control
in Wistar rats.“” For those results of the studies
mentioned, neither mortalities nor induced
toxicological changes were found. Moreover, in
this study, no treatment-related adverse effect
was observed after 90 days of consecutive
administration of mycoprotein by considering
the results of body-weight change, feed and
water consumption, hematological, clinical
biochemistry, clinical pathology, or histopatho-
logical examination. The results of our study were
consistent with those found in other previous
studies.®**" However, chronic preclinical
toxicological investigations of mycoprotein for a
longer period are recommended to confirm this
observation and to provide adequate safety data
for future clinical trials. There should also be
a study of efficiency or other related aspects to

support this protein product.

Conclusion

In conclusion, the acute oral toxicity study
of mycoprotein was observed hydronephrosis
at a dose of 300 mg/kg BW, which was just a
background lesion of animals. In addition, it
showed no effect on body weight, food, or water
consumption. Thus, it could be classified in GHS
category 5 or unclassified with the LD,, cut-off
at 5,000 mg/kg BW or over. The sub-chronic
oral toxicity study of mycoprotein was relatively
safe. The NOAEL of mycoprotein was considered
to be 2,000 mg/kg BW per day for Wistar rats
under experimental conditions, which was
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confirmed by the results of histopathology
(hematological and biochemical assays),
body-weight change, food and water consump-

tions, and organ weights.

Acknowledgments

We are grateful to the BIOTEC Bio-
processing Facility, National Science and
Technology Development Agency (NSTDA),
Thailand, for providing the test item, and to the
National Laboratory Animal Center, Mahidol
University, Nakhon Pathom, Thailand, for the
facilities, equipment, materials, and all of the

animals used in this study.

References

1. Ritala A, Hakkinen ST, Toivari M, Wiebe MG.
Single cell protein—state-of-the-art, industrial
landscape and patents 2001-2016. Front
Microbiol. [serial online]. 2017; [cited 2023
Sep 21]; 8: [18 screens]. Available from: URL:
https://doi.org/10.3389/fmich.2017.02009.

2. Derbyshire E, Ayoob K-T. Mycoprotein:
nutritional health and properties. Nutr Today
2019; 54(1): 7-15.

3. Souza Filho PF, Nair RB, Andersson D,
Lennartsson PR, Taherzadeh MdJ. Vegan-
mycoprotein concentrate from pea-processing
industry byproduct using edible flamentous
fungi. Fungal Biol Biotechnol. [serial online].
2018; [cited 2023 Sep 21]; 5: [10 screens].
Available from: URL: https://fungalbiolbio-
tech.biomedcentral.com/articles/10.1186/

540694-018-0050-9.

4. Hashempour-Baltork F, Khosravi-Darani K,
Hosseini H, Farshi P, Reihani S SF. Mycoproteins
as safe meat substitutes. J Clean Prod. [serial

online]. 2020; [cited 2023 Sep 21]; 253:[10 screens].

. NIasnsInenamaasasuwng
U 67 atiun 1 un1aN - Hunaw 2568

10.

Available from: URL: https://doi.org/10.1016/j.

jclepro.2020.119958.

Wiebe M. Myco-protein from Fusarium
venenatum: a well-established product for
human consumption. Appl Microbiol Biotechnol
2002; 58(4): 421-7.

Moore D, Chiu SW. Chapter 12 - Impact of
developmental, physiological and environmental
studies on the commercial cultivation of
mushrooms. In: Watling R, Frankland JC,
Ainsworth AM, Isaac S, Robinson CH, editors.
Tropical mycology. Vol. 1, macromycetes.
Wallingford: CAB International; 2002. pp.
167-81.

Food biotechnology. Mycoprotein: alternative
protein from fungi. [online]. [cited 2024 Dec
26]; [1 screen]. Available from: URL: https://
www.foodfocusthailand.com/eBook/208/
mobile/index.html?fbclid=IwAR1loj1liccKdJf
HAajBtdvT77UB-3-BoaG8OB8BQJHKMrR
Vy4hl7¢7YLJ9M#p=20.

Thammarongtham C, Nookaew I, Vorapreeda T,
Srisuk T, Land ML, Jeennor S, et al.

Genome characterization of oleaginous
Aspergillus oryzae BCC17051: a potential
fungal-based platform for lipid production.
Curr Microbiol 2018; 75(1): 57-70.

The Organisation for Economic Co-operation
and Development (OECD). Test no. 423:
OECD guidelines for the testing of chemicals,
acute oral toxicity - acute toxic class method.
[online]. 2001; [cited 2023 May 24]; [14
screens]. Available from: URL: https://read.

oecd-ilibrary.org/environment/test-no-

423-acute-oral-toxicity-acute-toxic-class-
method_9789264071001-en.

The Organisation for Economic Co-operation
and Development (OECD). Test no. 408:
OECD guidelines for the testing of chemicals,
repeated dose 90-day oral toxicity study in
rodents. [online]. 2018; [cited 2023 May 24];



anuduRsdsunauuarienaEasimalnues Mycoprotein

AddIN50] AININTUAD LaTAE

11.

12.

13.

14.

15.

[16 screens]. Available from: URL: https://
read.oecd-ilibrary.org/environment/test-no-
408-repeated-dose-90-day-oral-toxicity-

study-in-rodents_9789264070707-en.
AOAC official method 981.10, Crude protein

in meat. Block digestion method. In: AOAC
official methods. [online]. 1983; [cited 2024 Oct
22]; [2 screens]. Available from: URL: http://
www.aoacofficialmethod.org/index.php?main
page=product_info&cPath=1&products
id=2870.

AOAC official method 920.153, Ash of meat.
In: AOAC official methods. [online]. 1920;

[cited 2024 Oct 22]; [1 screen]. Available

from: URL: http://www.aoacofficial-

method.org/index.php?main_page=product

info&cPath=1&products_id=1694.
AOAC official method 922.06, Fat in flour. Acid

hydrolysis method. In: AOAC official methods.
[online]. 1922; [cited 2024 Oct 22]; [1 screen].
Available from: URL: http://www.aoacofficial -
method.org/index.php?main_page=product,
info&cPath=1&products_id=1860.

AOAC official method 985.29, Total dietary

fiber in foods. Enzymatic-gravimetric method.
In: AOAC official methods. [online]. 2003;
[cited 2024 Oct 22]; [2 screens]. Available

from: URL: http://www.aoacofficialmethod.

org/index.php?main_page=product_info&

cPath=1&products_id=572.

AOAC official method 984.27, Calcium, copper,
iron, magnesium, manganese, phosphorus,
potassium, sodium, and zinc in infant formula.
Inductively coupled plasma: emission
spectroscopic method (ICP-OES). In: AOAC
official methods. [online]. 1986; [cited 2024 Oct
22]; [2 screens]. Available from: URL: http://
www.aoacofficialmethod.org/index.php?main

page=product_info&cPath=1&products

id=2126.

16.

17.

18.

19.

20.

21.

Sullivan DM, Carpenter DE, editors. Methods
of analysis for nutrition labeling. Arlington,
Va: AOAC International; 1993. p. 76-106.

Maturin L, Peeler JT. Chapter 3: aerobic plate
count. In: Bacteriological analytical manual.
Silver Spring, MD: U.S. Food and Drug Adminis-
tration. [online]. 2001; [cited 2024 Oct 22]; [12
screens]. Available from: URL: https://www.

fda.gov/food/laboratory-methods-food/bam-

chapter-3-aerobic-plate-count.
AOAC official method 991.14, Coliform and

escherichia coli counts in foods. Dry rehydratable
film (petrifilm? E.coli/coliform count plate?
and petrifilm? coliform count plate?) methods.
In: AOAC official methods. [online]. 2002;
[cited 2024 Oct 22]; [6 screens]. Available
from: URL: http://www.aoacofficial-

method.org/index.php?main_page=product,
info&cPath=1&products_id=849.

ISO 6579-1:2017/Amd 1:2020, Microbiology
of the food chain - horizontal method for the
detection, enumeration and serotyping of
Salmonella - Part 1: Detection of Salmonella spp.
- Amendment 1: Broader range of incubation
temperatures, amendment to the status of
Annex D, and correction of the composition
of MSRV and SC. Geneva, Switzerland: Inter-
national Organization for Standardization;
2020.

AOAC official method 986.15, Arsenic, cadmium,
lead, selenium, and zinc in human and pet
foods by inductively coupled plasma mass
spectrometry technique (ICP-MS). In: AOAC
official methods. [online]. [cited 2024 Oct 22];
[3 screens]. Available from: URL: https://
www.aoacofficialmethod.org/index.php?main_
page=product_info&products_id=203.

AOAC official method 999.10, Lead, cadmium,

zinc, copper, and iron in foods by inductively
coupled plasma mass spectrometry technique
(ICP-MS). In: AOAC official methods. [online].

NsasnsEAInenendasMsunng
U 67 atiui 1 uAAN - HNAN 2568 <




Acute and Sub-chronic Oral Toxicity of Mycoprotein

Passaraporn Srimangkornkaew et al.

22.

23.

24.

25.

26.

217.

132

2002; [cited 2024 Oct 22]; [3 screens]. Available

from: URL: https://img.21food.cn/img/biaoz-

hun/20100108/177/11285281.pdf.

AOAC International. Mercury by inductively
coupled plasma mass spectrometry technique
(ICP-MS). Rockville, Maryland: AOAC Inter-
national; 2023.

AOAC official method 991.31, Aflatoxins (AF's;
sum of aflatoxins B1, B2, G1, and G2) in corn,
raw peanuts, and peanut butter. In: AOAC
official methods. [online]. [cited 2024 Oct 22];
[7 screens]. Available from: URL: https://www.

aoacofficialmethod.org/index.php?main

page=product_info&products id=1723.

AOAC official method 994.08, Aflatoxins in corn,
almonds, Brazil nuts, peanuts, and pistachio
nuts. In: AOAC official methods. [online]. 2000;
[cited 2024 Oct 22]; [2 screens]. Available

from: URL: https://img.21food.cn/img/biaoz-

hun/20100108/177/11285229.pdf.
AOAC official method 2000.09, Ochratoxin A in

roasted coffee immunoaffinity column HPLC
method first action 2000. In: AOAC official
methods. [[online]. [cited 2024 Oct 22]; [3
screens]. Available from: URL: https://www.

aoacofficialmethod.org/index.php?main

page=product_info&cPath=1&products
id=1822.

National Research Council, Division on Earth
and Life Studies, Institute for Laboratory
Animal Research, Committee for the Update of
the Guide for the Care and Use of Laboratory
Animals, editors. Guide for the care and use
of laboratory animals. 8" ed. Washington, DC:
National Academies Press; 2011.
Institutional Animal Care and Use Committee.
Guidelines for euthanasia of rodent fetuses and
neonates. [online]. 2013; [cited 2023 Jun 2]; [3
screens]. Available from: URL: https://oacu.
ia/file/2021-02/

ir.nih.gov/ m/files/m

b4_rodent_euthanasia_pup.pdf.

L+ NSASNSNINENANFasMTUINE
U 67 atiun 1 un1aN - Hunaw 2568

28.

29.

30.

31.

32.

33.

34.

35.

36.

Sarstedt M, Mooi E. Hypothesis testing and
ANOVA. In: Sarstedt M, Mooi E, editors.
A concise guide to market research. 3™ ed.
Germany: Springer; 2011. p. 113-60.

Frazier KS, Seely JC, Hard GC, Betton G,
Burnett R, Nakatsuji S, et al. Proliferative
and nonproliferative lesions of the rat and
mouse urinary system. Toxicol Pathol 2012;
40(4 Suppl): 14S-86S.

Srimangkornkaew P, Suwannasaroj K,
Yottharat P, Sirimontaporn A. Historical
control data from repeated dose 90-days oral
toxicity studies of wistar rats (Mlac:WR). Bull
Dept Med Sci 2021; 63(3): 595-606.

Kort MD, Weber K, Wimmer B, Wilutzky K,
Neuenhahn P, Allingham P, et al. Historical
control data for hematology parameters obtained
from toxicity studies performed on different
Wistar rat strains: acceptable value ranges,
definition of severity degrees, and vehicle
effects. Toxicol Res Appl 2020; 4: 1-32.
Berridge BR, Mowat V, Nagai H, Nyska A,
OkazakiY, Clements PdJ, et al. Non-proliferative
and proliferative lesions of the cardiovascular
system of the rat and mouse. J Toxicol Pathol
2016; 29(3 Suppl): 1S-47S.

Ajayi AF, Akhigbe E. Staging of the estrous
cycle and induction of estrus in experimental
rodents: an update. Fertil Res Pract 2020; 6:
5. (15 pages).

Dixon D, Alison R, Bach U, Colman K, Foley
GL, Harleman JH, et al. Nonproliferative
and proliferative lesions of the rat and mouse
female reproductive system. J Toxicol Pathol
2014; 27(3-4 Suppl): 1S-1078S.

Westwood FR. The female rat reproductive
cycle: a practical histological guide to staging.
Toxicol Pathol 2008; 36(3): 375-84.
Willard-Mack CL, Elmore SA, Hall WC,
Harleman J, Kuper CF, Losco P, et al.

Nonproliferative and proliferative lesions of



anuduRsdsunauuarienaEasimalnues Mycoprotein

AddIN50] AININTUAD LaTAE

317.

38.

the rat and mouse hematolymphoid system.
Toxicol Pathol 2019; 47(6): 665-783.

Baiocco AB, Balme E, Bruder M, Chandra S,
Hellmann J, Hoenerhoff MdJ, et al. Nonproli-
ferative and proliferative lesions of the rat and
mouse endocrine system. J Toxicol Pathol 2018;
31(3 Suppl): 15-958S.

Thoolen B, Maronpot RR, Harada T, Nyska A,
Rousseaux C, Nolte T, et al. Proliferative and
nonproliferative lesions of the rat and mouse
hepatobiliary system. Toxicol Pathol 2010; 38
(7 Suppl): 5S5-818.

39.

40.

41.

Chentouf A, Looten P, Srinivasan M, Srinivas
A, Murkunde YV. Subchronic toxicological
effects of pea protein isolate (nutralys) on
Wistar rats: a ninety-day dietary. J Toxicol
Environ Health 2013; 103: 225-33.

Bauter MR, Mendes O. Subchronic toxicity
of lyophilized apoaequorin protein powder in
Sprague-Dawley rats. Toxicol Res Appl 2018;
2. 1-15.

Choi B, Glavits R, Murbach TS, Endres JR,
Hirka G, Szakonyine IP. 90-day oral toxicity
study in rats of a protein-rich powder derived
from Xanthobacter sp. SoF1. J Appl Toxicol
2024; 44(11): 1816-30.

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




Acute and Sub-chronic Oral Toxicity of Mycoprotein Passaraporn Srimangkornkaew et al.

< = =y o A 4 A o
aNluimdaunauuazfinnaaasainetnuag
a v s °
HanAMN Mycoprotein Tuniusy
ﬁ1ﬂﬁﬂﬁf Wistar

Aganasal ANansui’ nginaas grssadlsy’ nauna maie’ sums WaANA® waz 23uns 51@'*&12
' AUETNTNAB BN IR NI INENFINTING UATUFN 73170

ingvenaluladdinszuiunsgnamnssn NgNITEFIUNENINATUUALUINNTINGINIT FUENUGIAINTIN
uasmaluladdimwuniend Unusid 12120

undnda Tstumadanmaaiuifenluguslnanniy Seflwdesusilsdumadon wu Tustiu nndty wuas
wazadumIdoanindvhedinunn fhuindssndlnedslicainsondalisiunnydunidldiasdasimaidhnn
anUszing Jagiudszmndlnganinsanannmalulagmswdalusiiy mycoprotein I¢dZannides Aspergilus
oryzae seiug BCC7051 uazdalifimsnmnivinenmahnussudasasidnan famsussiivanulaanssdas
@ﬁLﬁumﬂué’miwﬂaaqﬁauﬁ%ﬁﬂwﬂuquﬁ Lﬁaslwylﬁ'ifay,ammﬂaamﬁ'ﬂﬂmwﬁmﬁmfif@ia;ju%Tnﬂ msdnunil
ﬁi’mqﬂ’ssmﬁlﬁaﬂiuﬁummLﬂuﬁmﬁﬂuwﬁuuasﬁwﬁqL'%ya'%’qmqﬂmwm mycoprotein lunyusnanawug Wistar
HAMSNAFBUNUT mycoprotein 21NA 300 WAL 2,000 Nadniudadlaniuwsuhuindainaass ludalmAeanu
WuiwSsunaunazmsmeludninaass uaaslitiiui mycoprotein dnagluszuumsianguasiad msfaaain
wazmsuamInNeazdaauuenmiayaanulanadssnavanail 5 wisliszylszan § LD, # 5,000 fednsu
danlansuduluzaniwindidainaass lumsmagauaiufismathnuwuuiedess mslilusduriiainasadu
Wunm 90 Fu f2ue 500 1,000 UaE 2,000 finanSudanlanduzasinmindainasas LLaz"lumjuﬁﬂﬁuﬁﬁnm
Wity 14 Su aqUladzue mycoprotein ﬁmnﬁqmﬁlﬁ%wimﬁmL“TJunmmu ToalidalWifasuanefieunss
daamasaiuludninaans e 2,000 faaniudanlansureuhwinddainaas

A1a1Any: Mycoprotein, Aspergillus oryzae, msnagauanuiuiwdsunauuasiviazaseluny

M5815NTHANENFFATANTUWNE
U 67 atiun 1 un1aN - Hunaw 2568




NeNUNNRBIUJUANMS 2 NSNANY W 2568; 67 (1): 135-148

Haua9n151ElUsunsn Nongmamong

Blood Glucose Meter IQC Online
lumsuimsiansszuumUANAMAIN
L5893 ma ludanafiannn
luiaFaznaguan annavuasnzlag Anindeum

-y aan a [ 4
aieT) §ITIUAT waz e Aunlsaud
Isawenuianuadnelan annanuanelaN F8uIm 17120

undnga hatuedssenainhmaludeasionnwgninanldlumbenushs 1 Wemnldnuhauaslduanas
Fattu mamuauaummmeludaiienuiday iallastuanufiowmezaswamsasaligndasusiui fidededann
Tusunsy Nongmamong Blood Glucose Meter IQC Online Lﬁ"aﬂ%’uﬂ@qﬂszam%mmmnizmumsmmaauma
msmuaugamwmalumaunumstuiinlunssanvuuuaada Tesldudaye MySQL mwmaidsuTusunsy PHP
MUMBIZUU Webserver Apache UuszuUU{UIANS Linux Handaru LINE Notify tilatuiin famu uas
AeNefimanmInuaNaMMNAeluBImENY PN 12 Wi lwesadnggumwainenuanslng wazdnw
HadNgNBIszUUNAMIMAdaUkazUsziiuna wuhlsunsy Suszansamlumsnunadeya Inneea
wadau WefidayafiaUnd waradumnenuaziualdgndas Mnanudafuresglivsdhianufanalassuy
Tuszduge dlasnnanansaUfulgnssnumslumsiafiudoys saamufiowmazesmstuiindaya anduaau
mahnulddasas 93 waraassaznmasionas ss alFsudsuiussuuuuuaady helwgldnuaminsoinnzy
Fayaldatszmnuaznai snalszvdaaldie vaddnammwlumahlu1Fasaunsvasluaounennagu 4

Mmaan: wiseeianmaludaasiiannmn, msnruanaumwangly, ‘[ﬂstm‘sumuquQmmwmﬂluaaulaﬁ

Corresponding author E-mail: supattrabow@gmail.com

Received: 29 April 2024 Revised: 20 December 2024 Accepted: 17 Febuary 2025

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




The Effects of Nongmamong Blood Glucose Meter IQC Online Program

Supattra Suwansiri and Wittaya Juntaroje

unin

T:iﬂmemt‘ﬂuﬂmmmmimqwéwﬁfyﬁdqwa
nsznugdalszennamlan uanfutlamgunwEass
fnuvesludsznalneg dawansznudadszzns
NAWANNIE TEANNTIENUTDATFITUGY NTENTN
Mgy ahdssmalnefunhiuwugdanisel
aslsaunvmuiauashedatiios Tagludl w.e. 2566
fethenelvivingy 3 usuaudail® wasmnlild
SumaseuquatmIzaNazi llgnnzunsndau
Basiiieuse Wy Tsawla Tsavasnidanans
Tsala Tsam waslsaszuudszam mldauniw
FInanae tNsasIMsFedde wazrldaSnwm
wennageau® mansaiassduihmaluidaalas
3§La1zﬂmﬂﬁ’wmxammmi (fasting capillary
blood glucose, FCBG) f#ia3pinsiatnanaluy
@aardeonnmn Juismmieildanaiiadanse
wazdiasalsavnu®® Fmansasiaiaszau
ihnaludaaiigndasiianuddydamadadula
NINNISSNEILEEEI8UDINUNIILUNINT B UY B
Tsanyu®? luilgtumsenaiassduiong
Tuideamoiaininsiaiaszauinmaludaaniia
wawd insuianldediaunivalg nsEaneaIN
wihanuee g nmelutazmeuanlsaneruna
dasnnldnuldhouazazan Waedhadanas
wazldnaasiadenediaurinlilauaisiar®
UsEMANITENTNENFITUHY Teiwualiiaiosnsa
Saszauthmaludaasiannmiluadasiiounnd
dmsumaifiaseaeuanirmeiiianuidesg
GiaqﬂﬂauasmmL?imﬂ’luﬂawsiamﬁﬁmqw
(In vitro diagnostic medical device %38 IVD
Usziand 3) Fenauldnuazdasiinmsinuialy
LA3DIT BUAZLOUNATAUMNTDMUUABEILATIASH
LfimmﬂﬁmmL?imﬁawfiﬂﬁtﬁma“'ummsiaqwmw
MY 1W3FINVINYHE WIBNANIENUADNIT
Mosage™® vannniddadeinliweanaie
anNAMaeanuN 4 tase Teun tasasumeanw
SATRGENREY mmgwmﬁuﬁmﬂs:ﬁufmua

tadenngthe wiu menududuzesden Jade

M5815NTHANENFFATANTUWNE
7 N 67 adun 1 un51aN - Jinay 2568

MANFINEN W szauenlunssuaiden waslals
Fuuaunadau®'® FIiusEUU T UAMAN
mely (Internal Quality Control, IQC) Jatlu
w3asiiaddnlunisasiadaudssansninaas
w3nsiiauazununasauaminluldanadeney
fihe” Tagldmsamuauauniwiidanudusy
sasthealudaainnud asnndssansamw
rauAInsannhmaludaauasuounadauad
lasunansznunnvanatade Wy Uszandnweas
138930 uUANIBILOUNAFEY ATiAMITA wa
amwnadon wu guwaill wazamadulassau®
fUfTAnuazdasiinsanieisiwazuaunagoy
lasudndwaaindnirznauanaInaIansa la
fauflazrnsasaiensilugiae wiawuns
AU UNNNANITATIEITAIVANAMAINIIEIU
adeannane tialdlumsiiSeuiiisuduna
adanaunih UssifiunauazquinTinzasdaya
FaluiadadrauimsguaweiinevussusTusiiy
Unimatianisunndraslsanervianusanslus
yvthinfhugmmuessuuuaslssnunumsmuas
aamumealuiaiasnsiaiaszduinaaluidan
gaawnwr liiuniienuaelulsanerurs
vuasnglas M 5 mihaou laun el juams
(Lab) wihanugnidy (ER) wihanugihely
(IPD) vavmasn (LR) waznzlfuavgngi«
wazlsanenUAdULESHFUMWEIUS Y 7 U
Taun sw.aa.vuasnzluy sw.aa.390z1dsy
W80 UIUNUBINEYY TW.80. FsNWIUAY
sw.aa. ufeazidou sw.aa i was
IN.F9.1080 LAENITIANIEITAIUANAMNIN
2 szauanungy T ldnumhenuee g dusnn
Wzl niadouss 1 A% BN
TagnsiuinAIMan130533tATIEaTAIUAN
ammwasluayatuiin Mntudemwmhtuiiona
delvudininaiianisunngnie LINE iiald
TumsGiamuuazitansinamsmuaNAmMN TIND
yhaguenuna Fallgmaesimsnenu 1QC
wuuaudniifidandanaetszms Tdud flddas



NauBNNs lElUsunsH Nongmamong Blood Glucose Meter IQC Online

WO §r330AS waz Inen Junlsnd

JUNINANTNTII0 IQC a4 lULdNdITAIEAULDY
gelFnamnuuazdsdaanuiowma ayaiuiinug
MIMUANAUMNWINENIBEFAANNAI LidayaLm
g Lifissuuududowdaws IQC aguandaed
sansuld gldanalinnudsilymeaaeiasiathog
Tudeeaunhasioanuamanaaufunansnsa
Annsiithaliud samimslinnsitayann IQC
wazagUNBNuRatuinastuaauarlFomNy
Faumafnuniisediiaquazaediiiawonn
sruuMINENURaMUANAnM e TuLpLATDY
asrataunasludaasiionnn wasdssifiu
Useansnnwzeelusunsn Nongmamong Blood
Glucose Meter IQC Online Tumsundamzas
AMsaiumsluszuusgnuLacinay 1QC
wuuesdn Tagnstiufinus 1QC wuusaluld

UBEIIENUNADENTZAIN ‘J'JQL%’J LLEiSQﬂGT’rN

[

dnuazasLall
Lﬂéa\‘immﬁﬁmﬂmﬁamﬁﬁ@wnwmamau
nasauthmaludensiiownw (ACCU-CHECK®
iq'u Performa, Roche Diabetes Care, Germany),
ﬂﬁﬂ’mﬂﬁdﬂmﬂﬂWisﬁU@i’l %19@N 30-60 mg/dL sz
F£OUGN 93P 254-344 mg/dL (ACCU-CHECK®
5u Performa Control L2, Roche Diabetes Care,
Germany) fandusuazinalulad Visual Studio
Code, Apache web server, MySQL Database
System, szuuluan1s Windows & Linux,
Web browser, Line Notify, Internet/WIFI,
@snesnay uazeauiieas PC w3a smart

phones

HSUNAFIU

wihanumelulsawenuanusanslag 8ne
nuaanglan J9adann v 5 ey lawd
Vol jians (Lab) mihenugnidy (ER) niienu
{ihelu (IPD) Wesaaaa (LR) wasindfjud
Ugugi=

WA, IUIU 7 U Laun SW.a0. nupanzlag
SN.FN.NALALY TW. TN UIUBUDNAZIU ST,
dzwuiiu sw.an huieesdeu swae.duhe
waz IN.80.0038N BNaruesNslan Faiadeum

11398NUUUITEUY

muuaguantdradlusunsuliamansaldny
Ténnaunssifianansaidoudaia’eng Internet
mwuadnilumsdldoulusunsulasivua
Username Wz Password 2896 l5nuudazmizany
Tums Login whlFnu Taglimbenus g dede
yaanslunienuiildSuseununeliiugi
sansahdsllsunauld vialinimnmseouiomes
yaalsanennavuasn T uugudoyarians
whldszuu Tegaanuuulilisunsudaiudays
Serial number 7841A39405713 Lot number Woy
Expiry date 284uaUATIALATAITAIUANAMAIN
[#anda Web browser fiu LINE Notify Tuns
usadewilaiimsiuiinsenuns IQC sanuanzae
flaauy uounaFaUNNAEWEaMIMIUANAIMN
nNaaIg Useniana wazinsevian Mean, SD, %CV
aadiu Levey-Jennings Control Chart tag
Jarnnsnumauuuiui Gauaadlumnd 1

i ldanansauhiadayasny Web browser lag
legudays MySQL amwmsideuldsunsy PHP
WUULIUY Webserver Apache fianaaaglu
szuuUUAMS Linux Genldnumu http://www.,

non mong.com

sumaunslFulusunsy Nongmamong Blood
Glucose Meter IQC Online
(e Web browser 13U Google Chrome 38

Fire Fox 12" website http://www.nongmamong.
com YAIINIHSUEAEBUNMIMIUANAMMNMETY

uaazniieny wWhgszuulasld Username uas
Password (awzyana dauanslunwil 2 nduihg
szuudida eantuiuiinlwidiaiinasemslm
NITUUIEYIEALBEN LAUR KaNIATINIATIEH
MNIMUANAMMWIZGUGN 2298 30-60 mg/dl way

AIMUANAMNNILOUGY NP 254-344 mg/dl

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




The Effects of Nongmamong Blood Glucose Meter 1QC

Online Program  Supattra Suwansiri and Wittaya Juntaroje

Taamwadaasuguamsiiua

3 a ’
2

N\
II;

[k I’

o

,“

i &

D
m

©
[®]

Data & Graph

P o
MU 1 szuumsmanueeelisunsy Nongmamon

Tsameuna

©

Line Notify

~
Co - ordinator
(WaaUfumns)

g Blood Glucose Meter IQC Online (amﬁmm‘[maﬁwgﬂ

Icon 3an_http://icon-icons.com/icon/wifi-home-house/102155 wazhttp://th.ac-illust.com)

’GJIu“?]lGl‘i’JfJLﬂ‘jwﬁm‘jmmﬁluﬂmmw serial number
i3asasahmaludansiionnwn Lot Number
Junuaagreuaunasey Juiidlalduounaaay
JuililalFmsmuananmu wasgiuiinnenuua
Gauaaslumwil 3
UNNATANMIUNNG U LT UNTINTD UKD
MINTIVIATEHAIAIUANANMN UaTIHELBEN
e laluiufiiudasmbanuimsnenuuauh
TUsunsu Tagazlasumsudadaunazdoyace g
N Application LINE Notify: IQC online B
Fondegudayalifulusunsy nsdidiineaud
anufiaundnnnasiganiuiimuualilulusunsu
Idur waneiew Serial number 3ans1a liignda
WOUNATBUNNABIEY FITAIUANAMNININADIE
AINAMINTITIAATEHINTAIUANANMWEBNUDNTN
e Tusunsuasszananauazudaiiauwsan
AUENDANNULINABUKIUMY Application LINE
Notify luviuii iive liitinmaiiamsunngguszanunu
funsiuanuamatadautazuislszauuiy

yaansgsuiezaulumbanuiianaienzy tiam

M5815NTHANENFFATANTUWNE

138 7 N 67 adun 1 un51aN - Jinay 2568

amauazudlannuemaLAdauui iy maneny
HANINTINIATILHANTATVANAMNINYDY TW. 0.
thiSansden enuzhssuuiui 5 Samnau w.a. 2567
wsssanahmaludan ninelay 97205857600
THuounaaau Lot Number 302761 Sufiiilalfuau
noFauTUR 23 NINYIAN W.A. 2567 LOUNATEUI Y
wnaagiuil 22 NNIAY W.A. 2568 Lot Number
YNEINUANAMMW Fd 23702937 Waldnsmugu
AMWIuil 23 NINGIAN W.A. 2567 NTAIUANABLNN
AR TUT 31 NINYIAN W.A. 2568 ATIVIATIEN
AIMUANAMMNIUA 23 NINYIAN W.A. 2567
KansAUANAMMUNIFasERuaglugeiimvun
(OK) audaslumwni 4-6
unwmailansuundussarunuidannile
o auaaslumnd 7 Tasguszanunuasld3uans
Tumsithisdayaldanaviheny Tunusigldduq
apsudazsmhsnuldduansliddeldiamedays
Tumhenuzasauaarhiy mansnideng Levey-
Jennings Control Chart fausaslunni s (A,B)
LaLIATIEALRAE (Mean) eduiszansanu



Ha229M31F1UsuNnsu Nongmamong Blood Glucose Meter IQC Online WO §r330AS waz Inen Junlsnd

Nongmamong
Blood Glucose Meter

Tilsadanduiiahaszum
stasilaf Username 1

sWasiu Password a

[LIRE FTH]

auswWasinu
amsdioulnsi

Mwi 2 Mahgszuulesld Username waz Password iawizunna (https://www.nongmamong.com/
login.php)

-
=
=

%] s
E £
| =)
C £
8 H]
z -
o 2
: o
]
&

Juniilald strip

@
ER
bl
2
-]
o
a
2
L]

Control Lot No.

Juniilalad Control

|

Control Exp Date

Result Level 1

Result Level 2

Mui 3 nsvuiindayadlusunsn (https://www.nongmamong.com/data.php) ManeLagLA3a
(Serial number 289AIDIATININUIANG LULEBATTHANAN), Strip Lot No. (Lot Number 289

wounagay), Sundlald Strip SuilWalFuwounagay), Strip Exp. Date unnaangy
2a9uauUNadau), Control Lot No. (Lot Number 2a3a13@uaANAUMIN), ’E'uﬁL"TJﬂiﬁ Control
('3’14"7'1'1,?]ﬂlﬁ"ammimuquqmmw), Control Exp. Date (3UVNADIHYBIGITAIUANANNIN),
Result Level 1 (Nam'sm'saﬁmswzw’msm‘uquQmmwszé’mi"w) 1oz Result Level 2 (Nam961573
3mmsﬁmsmuQuqmmwszﬁuqa)

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




The Effects of Nongmamong Blood Glucose Meter IQC Online Program  Supattra Suwansiri and Wittaya Juntaroje

IQC: sn.a@m.tNnuanzLAsu
TuAnlnuiun 5 a.a.

2567
LWM3839=97205857600
Strip Lot=302761

Strip Open Date=23 n.a.

67

Strip Exp=22 n.A. 68
Control Lot=23702937
Control Open Date=23
n.A. 67

Control Exp=31n.A. 68
[OK]Control Lv1=48
[OK]Control Lv2=304
Control Chk Date=23 n.a.

V.

+ =3 &8 - ® 9

7N 4 Msulsiauiiadimsnenunaiinlusunsy (LINE: IQC Online)

21:59
< 99+ 1QC Online (5)

N
LINE Notify

1QC: LAB

Vudin lwidufi 15 a.a. 2562

\»309=55312252705

Strip Lot=476951

Strip Exp=14 w.A. 62

Control Lot=80101003

Control Exp=15 a.f. 62

[!_]JControl Lv2=55 [@ni1
Wrin 254 g 199vuIn]

Control Chk Date=15 d.a.

LINE Notity

LY
1QC: LAB
Strip vumpgual 93 Ju SIS

LINE Notify

1QC: LAB
ausienis ID = 145

+ &8 N ® 9

MW 5 MsuAsdeu (LINE: IQC Online) (Ha@nanIsnsianitasziaIsniuanammneanuans

NMYUGA (NTDUFUAIMUUL) LAZUFMINTUNLFDULIUNANBUNNADIE (NTDUFUAIMUEIN)

M5815NTHANENFFATANTUWNE
U 67 atiun 1 un1aN - Hunaw 2568




NauBNNs lElUsunsH Nongmamong Blood Glucose Meter IQC Online

WO §r330AS waz Inen Junlsnd

) & & IQC Online
. &

@ LINE Notify
1QC: LR

Dudintmifud 11 n.o. 2562
1529=68827480067

Strip Lot=477581

Strip Exp=30 wi.u. 63
Control Lot=80101003

Control Exp=11 n.o. 62

[OK]Control Lvi=47
[OK]Control Lv2=312
Control Chk Date=11 n.u. 62

IQC: IR

Control wuaanguas 0 Ju

@ LINE Notify

® ¢ N "7-

¥

C om @

MNH 6 MsuAuGausu LINE: IQC Online Lﬁamsmuquqmmwwmmq (NTDUFUAIMUUY) LD

Munuiuneay o Tunldnu (nsauduediuany)

wusUsiu (%CV) Lmzﬂ'ﬂﬂ'nmfimmummgm
(SD) mwdimsuszananadayalumsaamneny
agUnamInsnieNsiasmuanaunwlszni
spsudazmheny dudadlumnil o iedsdudaya
Tiudasmbenusunnuwamsmuanaumwmely
yoanihanuaues umsaziaunaldguiifou
HamssuiussUSulnwannnuagdaiiia

NMINAFIUITEUY

nadgaumsiinldnuszuuleald Username
way Password wamﬁiasqﬂﬂaﬁgﬂwm 12wl Gail
wihanumelulsaneruia U 5 wihenu
loun Lab, ER, IPD, LR, nzUfuaugugiin uas
SWEG. U 7 wie laun sw.aa. nueenzlag
IW.H0.NALABU TW.FN.UIUVUBIALTY TW.H0.
devnuiiu sw.an. huliezdeu sw.ae.duhn
waz TW.@0.nAv0n nsandayatieduduilusunsy
Mnulagnant asenNeNNADINS uazilszansnmw
anudivua ldun anugndasasdndmsidildau
szuulagld Username uaz Password YBUANLUAAD
ANNGNAEBNlUMIMINUNUNINTIYE ANNYNEBY
lumsianzidaya Mean, SD uaz %CV M3adi
Levey-Jennings Control Chart uaz3aymseeu
asUualdmugruuuiidasnms msududauld

d o ) ¥ P2 o
LHNBNDNIUUNNANILYIFEUUY LISLNBNDINIIIN IQC
aEUBNINNLANTU LAUNAFAUNNADIEY FNTAIVAN
AMMNUNABNE AIUFA UM 1

ARPIT PRI E U ITAG B EATAY
WisufisusuapuLazsza2118128955 U
0-IQCMS NUITMIUUNNULIIBNUNIAIUAN
QmﬂWWﬂWﬂiuLLUU‘SSUUG\%LaN sauaalumui 10
wasUssiliuanuianalazavldnuszuy deuanas
Tuansi 2
denuiawelazesfiansldnulusunsy
Wvae 11 519 10 11 ey laud sw.an. 1w 7
wita Tawn SW.a0. BupaNslag SW.80. 390 Peu SN.a0.
UIUAUBNALYU SW.G0.FEWIURY SW.T0.
thufiesidey sw.anahuhn wey w.d0.0a98n
warmihenumelulsanenviavusanzlag NI
4 wihau laun ER, IPD, LR, naufudugugiiv
(Lildasamisnu LAB esnnidlugeanuuy
Tdsunsy) Lﬁ'mh”‘umwuﬁﬁnﬁ'ﬁﬁiaiﬂmniu e
UssifiuenuiFnoasldaunslududssansam
LLazmwmﬂuﬁmﬁmﬁ%’mu (User-Friendly)
TEmsudaanunanezasseauasuuuaNuianela

' (g 1 Y a I
YaNNYNOIDYN TmﬂfdmLaamawaﬂ:uumﬂu

NsasnsEAInenendasMsunng

U9 67 atiui 1 vaTIAN - Hunaw 2568 41




The Effects of Nongmamong Blood Glucose Meter IQC Online Program  Supattra Suwansiri and Wittaya Juntaroje

PAITIAMINLAMI LUNITILATIEH I NULUIAAYDY  Azuuy (Wewalatunaid) 1.50-2.49 ATLUUY
Best JW wazaaie? lown 4.50-5.00 aziuu (Wawala  (Wanalawae) way 1.00-1.49 Azuuy (Wanalaviay

P = PN o P
NINNGA) 3.50-4.4 (fawalanin) 2.50-3.49 ngn) Aauanalua e 2

00001 LAB

— L‘.'.\B _—

01666 TSIMETUNaILATHAUN WETLaUUaIHNE TS
01667 T9aWaINAdsLATHABN WEI LA WIAYada LTl
01668 TsaveaIuadsasuagun v uatandau
01669 Ts9wauadatasudunivwdiuainuieasiaau
01670 TsanaAdsLd AN WEILATTWINIAY
01671 Tsowanunadsasugun e I ua Ul

01672 Tsdwaiuadaasugunindiuanazan
00001 LAB

00002 Emergency Room
00003 IPD

00004 Labor Room
00005 LUAIdARTHaTATauas

MW 7 MadengUayaneniieny (https://www.nongmamong.com/lab/data.php)

A

Level 1 {(Range 30-60 mg/dl)

T Top TMRNRE Bottom [0 7 7! Max [T 1 mean [ Control Level 1 T7 77 Min
| | |

| | | | | | | | | | [ | | | [ |
| |
‘ I

| N
oo Ao 2 et e Mot AL In bt P9 PPN

Value

L S S-S & @ @ @ @ a PO S S S SR S-S S S S S S S S S S S S
S A T P P eI I T T eI IS T IR oo oe
B

Level 2 (Range 252-342 mg/dl)

Tt Top IR Bottom ! Max [ mean [ Control Level2 T 77 Min

Value

MW 8 A uded Levey-Jennings Control Chart 289Han1303I93LATIEHANIAIVANANMNILAUM

%9@1 30-60 mg/dl
B udm Levey-Jennings Control Chart wmwamimafﬁLﬂswﬁmsmuqu@mmwszﬁuzj\‘l

2419@) 254-344 mg/dl

(https://www.nongmamong.com/lab/data_all.php)

L+ NSASNSNINENANFasMTUINE
7 N 67 adun 1 un51aN - Jinay 2568




NauBeN 3 1E1UsunsN Nongmamong Blood Glucose Meter IQC Online WO §r330AS waz Inen Junlsnd

q

NN 9

M15199

]

FTIBUHAMTAIURURMNMATETY wdpansrnthmavmetia - P I e e

wnuAde : 97205857510 , 97205857553 .

wuE :Emergency Room

Strip Control ;-W
No. | it ndne Lot Exp Lot Exp  |Level1|Level 2 .
1 | 02/10/2566 PT205857510 302277 | 28/10/2567 | 20102931 |20/09/2567 a7 309
2 |ov11/zs66 praosestsig 302003 | 201272567 20102931 |20v09/2567| 52 | 3a2 .
3 | 011272566 pr2osestsag 302003 | 20n12/2567 | 20102031 |21/09r2567 a9 | 36 S ey
a |os/01/2567 pr2osestsio| 302008 | 21/01/2568 | 20102931 |20/09/2567| st | am P—
N D v [ e [ o e R

5 | 01/02/2567 PT205B575101 302645 | 14/05/2568 | 20102931 |20/09/2567| 51 7

31/03/2567 PT2058575101 302645 | 16/05/2568 | 20102931 |20/09/2567 a7 307

6
7 |os/0s/2567 pr2osestsi 302650 | 21/05/2568 | 20102031 |20v09s2ser| ar | 3m /\/\/\/—
B | 12/06/2567 P7205857510| 302761 |22/07/2568 | 30102936 |26/06/2568| a7 320 P NS
9

02/07/2567 PT205857510 302761 |22/07/2568 | 30102936 |27/06/2568| 47 308

10 |02/07/2567 P7205857553 302645 |14/05/2568 | 30102936 | 26/06/2568| 45 293

K AN

11 |01/08/2567 P7205857510( 302650 |21/05/2568 | 30102936 |26/06/2568| 50 316

12 | 01/08/2567 P7205857553 302761 |22/07/256B| 30102936 |26/06/2568| 52 nr

Mean 43.75| 316.42 ﬂ]ﬂﬂﬂ Namin'rurrunmn'm v‘mﬂ'ﬁn‘mmnmumaz WH'U

aﬂlmnmwumﬁuh Tnulunu'nuﬂarmnwmnmmn

bl 228) 1.78 A1ln BoRVENNETTIRTLA W38 % CV > 5%
%LV 467 372 .
80 e HayUna
(unagying imsmi‘ )
dnaiiansumeuags

Henuagurammuanaamwmeluzaheny ER luthudssann w.e. 2567 uaaangasden
Juitnenu vnaaeieinnunmaludan Lot Number 2a9uounaday junuaaigua
wWoUNAFaY Lot Number 284d130IUANAMAN TUNNADILUBIFITMIUANAMMNN KANTATIA
3Lﬂinzﬁmsmqummwﬁy’q 2 sedu euade Mdulssansanuulslsiu menudeau
1A337U ae Levey-Jennings Control Chart ‘zlmmimwluqmmwﬁga 2 520U (https://www.

nongmamong.com/lab/data.php?show_year)

1 msnadaulusunsy Nongmamong Blood Glucose Meter IQC Online

NaNIINAFUISUY

%

TNYABUANINAFIUITZUY QIR laigneias

NI (urd)  Famar  wIu (urd)  Sagas

Username 8z Password wamm’axqﬂﬂa 12 100 0 0
msuaasnatayaiitlauszuy 12 100 0 0
M3ATVdaya Mean, SD uaz %CV 12 100 0 0
35899 Levey-Jennings Control Chart 12 100 0 0
MIFTNNBNUSTUHS 12 100 0 0
MsUNLEaUMITUNNNaENSTUY 12 100 0 0
MsuNLiau IQC agiuaﬂﬁwﬁlalau%'u 12 100 0 0
MIUNLFBULIUNATOUNNABIE 12 100 0 0
MIUINABUFITAIUANAMNNVINADE 12 100 0 0

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




The Effects of Nongmamong Blood Glucose Meter IQC Online Program  Supattra Suwansiri and Wittaya Juntaroje

nsandaya denaya AANNLASASIADLNA AasIziNa AT

sruigaidu(tainsraiu)

I - - v

P— - -

lrzduam lazduem W

Tauyaains 12 wiizam TauyaranAT 12 mbaau

- Arannrazingl
i AUMSIETY drwlusisa Anaanua
T |feniuoa TuLine asExel
i AnaAt Mean Anaan Control
,8D ,CV gragh
" \/ L) 1 1
#51a Control winusisauan!

graph Ha

inutayaasty
s

[fraetunaau
Tinamizaau

A0 Jui S 10wt 10w

szanulusi { Online } LINE Notiy
ol uar

Teuyaains 12 whmam ‘Web Database server snmatiamTumzilEueu

—
AnnaAt Mean =
s —) == -
Yes
Real time

‘Web Database server Web Database server

glcose meter IQC Online

51 LI-Chart

No

Suit Real time Real time Real fime

i 10 MsSeuigununuiunauLazstezazaellsunsy Nongmamong Blood Glucose Meter
IQC Online wazszuuaudn (#59anlusunsy Mind On Map: https://web.mindonmap.

com/app/viewer-MDISM2FiMIIxNzE5)

M3 2 WaT5IIANNAINBA2BIYANNTHUIBNU MU 11 U Nildalusunsy Nongmamong Blood
Glucose Meter IQC Online

o L = vV
MNUTTAUANNTIN LA (5a8aL)

NYzDYN . . .
wniige  an thunan e asiige  nuRds
1. HUsEa U UITUUETUAYUEITAIUAN 7 4 0 0 0 4.64
Qmmwﬁqmmwuaztﬁmwa (63.64) (36.36) (0) (0) (0)
2. gussarunussuulianuinnlumsaivaun 7 4 0 0 0 4.64
Qmmwmﬂ‘lu (63.64) (36.36) (0) (0) (0)
3. TWsunswasaiaguszasdnisldanuuas 8 3 0 0 0 4.72
Uszananadayaldadeiivszansmmw (72.73)  (27.27)  (0) (0) (0)
4. Wsunsuiistuvumnzanuazldnulaie 8 3 0 0 0 4.72
(72.73) (27.27) (0) (0) (0)
5. TUsunsuSenldnuleasanuasuanses 7 4 0 0 0 4.72
leathasad) (63.64) (36.36) (0) (0) (0)

M5815NTHANENFFATANTUWNE
U 67 atiun 1 un1aN - Hunaw 2568




NauBNNs lElUsunsH Nongmamong Blood Glucose Meter IQC Online

WO §r330AS waz Inen Junlsnd

M3 2 WaT5IIANNNINB A2BIYAINTHUIBNY MU 11 U Nildallsunsy Nongmamong Blood

Glucose Meter IQC Online (¢18)

o QI =< vV
MNUSTAUANNIINB LA (5a8aY)

NYazLun ; . .
wniige  an thunan e vawiige InnuRds
6. Wsunsuiimsuszanawadayalantng 7 4 0 0 0 4.72
ANABILATUIUEN (63.64) (86.36)  (0) (0) (0)
7. TUsunsuthoaniumaumsynnuuay 9 2 0 0 0 4.82
ANANNRANIIAYIMSUUNNYBYA (81.82) (18.18)  (0) (0) (0)
8. TUsunsNdIeWaUINITAIVANAMAIN 8 3 0 0 0 4.72
wiasnaiathmaludaaniannam (72.73) (27.27)  (0) (0) (0)
Tifiseans iy
9. MIMUUAENS (Username Account) 5 6 0 0 0 4.45
Tumsldnuldsunsuiianuiasans (45.5)  (54.5)  (0) (0) (0)
10. ANyaNelalagsINABILUUUSING 8 3 0 0 0 4.72
%’ﬂmsmuwgmmwmémmmi’@ (72.73)  (27.27)  (0) (0) (0)

wmaludaaniionnm

seaUANNNIND ladamMs LiuSMS

4.69

We

NanamInadaulusunsy Nongmamong
Blood Glucose Meter IQC Online wuNlUsunsu
MUlAaE19gnAaIATNaINANNADINIT laun
manlFnuszuureuaazyanamy Username
oz Password gndasmuiiimue tiusiusiu
Fayafituiindhssuuldgndasasudiu amsn
Aeevdaya Mean, SD uas % CV a3 Levey-
Jennings Control Chart lagndaiuazanmn ey
sgunanamhsnuldmusiuuuiidasns iinns
usaiiauly Line Notify wuil (fafimstiuiinua
dhsEun HaMIMUANAMMNEEUBNINTEaNTY
LOUNATDULAZEITAIVANAUNWINABTE LilD
Ussifiumaszuulasnsilisuiiisuduaouuas
srez UM sl UULUYAUANAY
Tusunsu wudﬁzuuﬁy'mau@“l%muﬁmdnﬁums
Ve 14 dunau anzillsunsuiiuaouiigldnu

ARIANTUMSINEY 1 UMDY BATUABUINLAN LG

3 = v = =1
13 JUPaY ¥Insasaz 93 mMsuSauieuszaznan
NUNT2UUNILANTETea2IITINNINNG 40 WD
d‘ L4 3 =1
TuzaenlusunsnlgssazIaIsINNIVNG 5 U
ANITULIAINNAN 35 UIT WID5DHAT 88 LAY

VA

annmamiﬁﬁmmmﬁqwﬂwamuawﬁﬁmu
Tsunsumanae 11 wiheny luedadsu3nis
qUMW wuhldazuuuanuienalanis 4.69
wlapnuszauaNNNenalalassauanuianala
mniige Tas3dnhlusunsuheatuasumsina
¥aTaNMNNRANAIALBINTUUNINT DY fidaae

YBINANZUUUTINGD A 4.82 AZUUY

a 4
AU

TUsunsu Nongmamong Blood Glucose
Meter IQC Online (fluta3asiionduszansnw
dmFuasdnsiidaansuiulzalszandaiwuay
Use@NBHagaINIEUIUAITASTINGBUNITAIUAN
aamumely Faaaadasiuilagtuiimaluladiua

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




The Effects of Nongmamong Blood Glucose Meter IQC Online Program

Supattra Suwansiri and Wittaya Juntaroje

mM3Uszendld Internet of Things MaIWMINULGE
femumanuansannzu> mathszuulusunsuan
THlumsGamumsmuauammwmeluwuuaaulai
dmduadasiassauinmaluidaasiionnmly
w3218 lagszuuazimalenzidays 1IQC uas
waeswalugduvunmnuasseny frelvgldnu
ansadamuns IQC wazinisvdayadaunas
Idaghehs maanauududouiionamsin 1QC o
uangniganiu heliiulahuemsonadiens
ildiaumwinidaie musaldlunsguainm
fihaldaglanass Tusnsiiyaminsuazasdng
IdUszlanfannisananuedausesssuuay
susheaneldhesatasdnsnnmslaninenns
Sudesdne ) SeildedvansUsemsiilan/Zeudia
fuEmanuuaadn dun sarnadesasdaiiowme
NN stundayanIelaIuNITn AT VLY
wazmsdetayanedidinnsefind aaduaauuas
58820387 1UNITATUIU §INITOATIAFDUND
wagdienzitayamamuauaumwlanaiiiiy
dnsndadsdayamsnmadauqunwldadied
Useansmwuazud ladaym lanued uauszansmw
apslusunsnaratiusgiuanugndasaasdoyad
nsannssuy INdUszauMIaluazANNAUAY
fumaluladiwasild snnsiuiludasldmsidonda
sumasifiauiieldnu erafudaiadmiugldd
Lifimsuhdsdumesifiaviaiimadondediliades
wazgluuumstszanana analisesiufueiasia
szauhmaludanuiiimsdauheemanadudu
NIMNUANMNLDE FIUMITNIUTINTDLTUBUUZAN
fldwozgidnldideduq wauiulglusunsulig
Uszansmuwuazasinuanudaimszasyldnudaly

uaﬂmﬂﬁ‘[ﬂsuﬂiu Nongmamong Blood
Glucose Meter IQC Online L‘IdJuLﬂ%Imfla
ilidasiienldheviadayniamenmadduuion
Fhmhaeiasnmanssuaunaday sansahluly
dunavthenulaslisumeduivenauniasnsia

asuounndau

M5815NTHANENFFATANTUWNE
7 N 67 adun 1 un51aN - Jinay 2568

asu
9

nmsnadauuazUssiiunalisunsy
Nongmamong Blood Glucose Meter IQC Online
v hTusunsufinaantfuasssansnwason
Toguszaed annsaihinlglumsuimsiamsszuy
mImuANAmMNAELAIaInTIAINmaludan
giannn lue3angusmagumn snenuaezlag

v 1 = = =
TaadhafiUszansaw

Aeeanssndsea

2BYBUWIEAN MHUNNTNUAT VUBIAIEY
Jennemslsanenanuasnslug Ailauusih
wazUAAAIN 9 TumstamlusunsnaiSaau
Joguszand wasmanauamumihiiglinueaiomna
Joszauihaaludassionnwlundaiegunn
sunanuasnslug ilvanusniialunmsauau
aumwaiasniassduihmaludaasiownw

Wuaead

UG ARGANED

1. dnindemsanuiisiasWannnginssugunn.
nsnauanlse susedIunulan 2566 aauiu
Tenufissngudsanudasdsanmmnu uas
WINATIINURBUITAAAMIUNIATUTIFULTILE.
[eaulail]. 2566; [FUAU 6 n.A. 25671 [1 WM.
\asléfi: URL: hitps://ddc.moph.go.th/bre/

news.php?news=384038&8deptcode=brc&new

S_views=2606.

2. Reutrakul S, Deerochanawong C. Diabetes in
Thailand: status and policy. Curr Diab Rep.
[serial online]. 2016; [cited 2024 Jul 7]; 16(3):
28. [10 screens]. Available from: URL: https://

pubmed.ncbi.nlm.nih.gov/26894266.
3. NPInenasagsunndurisdssmalng Tunwszusy

a va o 1

NPUaNA. wuImenrljuadavs Tsatuvnu
2566. [D0U1a1]. 2566; [FUAU 6 N.A. 2567]; [282
wih]. Bhdalédi: URL: https://drive.google.com/
file/d/10Wot_is09slDaR1f8L.-Af6 Dzl AvToA-

h/view.




NauBNNs lElUsunsH Nongmamong Blood Glucose Meter IQC Online

WO §r330AS waz Inen Junlsnd

NEInenaengsunndunalszinalng lunssusu
HgUdud. wnnmengdjidaniulsawnnu
2560. WA 3. [Doulani]. 2560; [FUAL 16 fi.2.
2567]; [212 mih]. Whislafi: URL: https://w.
-content/upl /

med.cmu.ac.th/nd/

2019/11/Dm60.pdf.

guranlsatunnuwisdsenalng. wuInia
naUfiddmsulsamnu 2566, [aaulail.
2566; [FUAY 6 n.A. 2567]; [1 wihl. whaalen:
URL: https://
hp/

.dmthai.org/new/index.

ra-khwam-ru/bukhlakr-thangkar-
phaethy/cpg/naewthang-wech-ptibati-sah-

rab-rokh-bea-hwan-2567

WINTIN NT5NY, 1938im wlusual, ussansms.
mslduimameiasficions o saiiguarithe
dmsudsznalng. ngunwa: danauwensine
Adiinlne; 2549. Wi 50-62, 80-97.

HUNNUAMLATINMTAINSHazEN (88.). Usemd
NIENTNAEITUFY (394 nejmmémﬁauwmﬁw%a
Lﬂ%"mﬁaLtwmfﬁ@'N?mw%a@'ﬁuﬂﬁﬁ'muﬁ'ﬁmms
azLdun (aﬁ'uﬁ 2) N.F. 2563. [eaula]. 2564;
[duAu 5 n.a. 25671; [8 winl. Whislaf: URL:

h ://medical.fda.moph.go.th/relevant-

laws-and-standards/law-03.

UseMANIENTNEIBI TN 39 mssataieaile
unndauseauanuEss w.a. 2562. [aaulail.
2562; [§UAU 21 W.A. 2567]: [14 WiN]. DS
16#i: URL: https://medical.fi

relevant-1 —and-standards/other-85.

9.

10.

11.

12.

13.

14.

1550im Wluswel, wazaniz. glamsldinieinsa
WmMaludaagdonnm. nmwa: anunaila
MIWNNG; 2556. ¥ 27-36.

o o = a

WIS asynefana,

q

UMWI aATaUnEna,
AN ANTE. NANTENUYDIDUNNY AN uaz
#0YBIIDENIEDAGDANNYNADIBINANIINTIY
SorhamadieLaiadn 5130 LUUNAN. wuoylan:
AULANNTANENS WWMINeaeusas. [eaulaill.
2562; [FUAY 21 N.A. 2567]: [52 WiN]. whiale

n URL: https://nuirlib.nu.ac.th/dspace/

itstream/123456789/4758/1/ rnApi-

ratmateekul.pdf.

Mathew TK, Zubair M, Tadi P. Blood glucose
monitoring. In: StatPearls. [online]. 2023;
[cited 2024 Jun 5]: [13 screens]. Available from:
URL: https://www.ncbi.nlm.nih.gov/books/
NBK555976.

Best JW, Kahn JV. Research in education. 7"
ed. Boston: Allyn and Bacon; 1993. p. 190.
Gubbi J, Buyya R, Marusic S, Palaniswami M.
Internet of Things (IoT): a vision, architectural
elements, and future directions. Future
Gener Comput Syst 2013; 29(7): 1645-60.
Rghioui A, Lloret J, Harane M, Oumnad A. A
smart glucose monitoring system for diabetic
patient. Electronics. [serial online]. 2020; [cited
2024 Jun 5]; 9(4): 678. [18 screens]. Available

from: URL: https://doi.org/10.3390/electro-

nics9040678

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




The Effects of Nongmamong Blood Glucose Meter IQC Online Program  Supattra Suwansiri and Wittaya Juntaroje

The Effects of Nongmamong Blood
Glucose Meter IQC Online Program for
Quality Control Management System of

Blood Glucose Meter In Nongmamong

District Healthcare Service, Chainat

Supattra Suwansiri and Wittaya Juntaroje

Nongmamong Hospital, Nong Mamong District, Chainat 17120, Thailand

ABSTRACT Healthcare providers widely use portable blood sugar meters, since they are easy to use
and allow quick results. Internal quality control is crucial to prevent errors and ensure accurate test
results, we therefore developed the Nongmamong Blood Glucose Meter IQC Online Program to improve
the efficiency of the internal quality control results verification process in place of traditional paper records.
Using the MySQL database, PHP programming language, and the Webserver Apache system running on
the Linux operating system, connected to LINE Notify to record, track and analyze the results of internal
quality control of twelve collaboration institutions in the Nong Mamong District Healthcare Network.
From the evaluation, the program showed efficiency in collecting data, analyzing results, and alerting
when there was abnormal data, and summarizing accurate result reports. User feedback indicated a high
level of satisfaction with the system. This was because the process could be improved to reduce data
recording errors. Work steps were reduced by 93% and time was reduced by 88% compared to
the traditional system. It was also cost-effective, easy to use, flexible, suitable for the hospital context,

and could be developed further. This indicates the potential for widespread use in other healthcare centers.

Keywords: Portable blood sugar meter, Internal quality control, Online internal control program
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ANSI/NCSL Z540.3 American National Standard
for Calibration-Requirements for the Calibration
of Measuring and Test Equipment “fllaﬁ'lﬂuﬂ‘ﬁl
5.3 muualianuhaniuiveslfiamsezdasu
ganuiionaadasliiiuiesa: 2 Liladuasas

vV

NUSLAA™ ez ILAC G8-09/2019 Guidelines on

u

Decision Rules and Statements of Conformity
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FAANNLEHENNILN AN AN TN TULDNSUNANAIN

wnsduAutaya

Bauiieaanienasnan UM
Retasiiweuwsmlu laud dammuasnasgiuana
(International Standard) iTaﬁmummmgms:é’u
Uszined (National Standard) tuIn i (Guideline)
msfnuideilasumsimaunslumsuszguduann
@M ININANA (International Workshop and
Symposium) LaﬂmiﬁﬁwLauaﬁ'ay‘auasiwamﬁaﬂ
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Wedafianaia wazideiariaasriin1siag
Tuhuswidentu mslfiedasiaiaiienuusiy
nniulvazmldinamldnavazdanarlumsia
fduausndy Tasldmuuaainiuusiy
(accuracy) wauaiasiianlalumsiaaisiasni
20% NAUNUNNNTFIU (tolerance) wuazmIsly
tA3psilatanianuuiue 10% 28930551
281N (gage) lognaslliFanarlumsinanniiuly
wnuamsingeniulild asnnaglnddadia
289ANINATTIN BIRHMIATINFBUNINULENATS
drewndasiiatanianuuduannnh® ngilGend
14 10:1 %38 Gagemaker’s Rule®” msmuuaasnn
24510 138171 TAR (Test Accuracy Ratio)
fD AANEIUTENINANIATFIUDNBINUANINUHU
Jaundasiiaildin® Waslfuamamemnasine
AIRuUaal TAR a€19Uay 4:1 wuIady
Anulueaiaeiiotaasliiiy 25% vas
NaTTNIA93IU” 8nN@108INTU NIATFIUVD
NINTIAUNAUZUIN 100 psi AaslAINUNY
TsitAu +4 psi (96-104 psi) @mﬁmi&a‘%mﬁa%’m
fiflenuudy +1 psi Lﬁamuquqmmwmswﬁm
(TAR 1:1) v ldunasSauseduiishunsudoi
aasas I ladae 99-101 psi aglugranmd
AT Fatiue TAR Bage Bvaadnnundesoni
fifigamwenninarinasgu®

U 0.6, 2006 FTUNATFIUUVNEIADLNIN
(ANSI) lasantand’s ANSI/NCSL Z540.3
American National Standard for Calibration-
Requirements for the Calibration of Measuring
and Test Equipment Taggamuuadi 5.3 fvuald
anuhaziliuenljiamsazaadusansuiionaie
Faelaitiu < 206 uaznsmulIniiaasiariiu
nasly mnlisansadszanaemuhazduiile
Tunsuuavasdfianisdasiansdiuszuing
Mmanasgrunuanyldwiuaulumsia vhiunse
NN 4:1 (Test Uncertainty Ratio, TUR > 4:1)®

ISO/IEC 17025:2017 98t 3.7 ladienang

v a . . v a a v
M39aau (decision rule) Nungnadunaamany
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Tawduaulumsia (Measurement Uncertainty)
22IMU JUAMIUILNOUMINENUANNTDAAE DY
FaUsuiiisuszninnansiamaiasU fUaiu
AaanyasrsanariNeIU® waslull a.a. 2019
89Nz IUsEIN AL BN TS UTBITZU LN U
039711 ISO/IEC 17011 %38 ILAC laaanianas
u,mmqﬂﬁﬁ&L'%lmﬂ{]msé’ﬂauuazmismmumm
d90Aa09 ILAC-G8:09/2019 Guideline on Decision
Rule and Statements of Conformity viveilu
wma Judsmsuiesdfudalumsmvuangns
aadunamInadaunsadauiisu loaiasufudans
snsndanngmsdaduiltninzaniigalasdils
Saanuidesninmssansufionanauazmsufias
Howare winvdaslfianisier TUR annwaaa

o @

mvuangmsaaduleslalduouilasnu uamalaly
vasufuansenanvuangnisaaduleslduou
Yaenu twamlvanuihasiiunasaedusansu
Hawae Litiusaaay 2
v YV Vv N~ J =

Nndayarauuaasliaun danuwen
N ° o vt o
fazmmuaanNansalumsia uaslaimsusuls
v o ' oA & I A v o v a A
Fauuzihinadweaaliios wiltailasnumsaadud
HANA®

aMIIEIUIENINAININIZIUNUANIN Lainsivay
Tun53n (TUR)

TUR fudziianuanisalunisiavas
vowlfuams sansadszanalannsanadiuseuig
minaeinasgIunuen TUR muialaa ™

o ¢ ° o o
NIUNEDUNNIOITIUNBUNMULO YT

TL

TUR = <+

U
NN ATFIUMAUATDIAIY

Tupper-Tlower
2U

TUR =
NIUNNUANINTFIUNIBUAAIFIFO
(Maximum Permissible Error, MPE or Emax)

2(MPE)  MPE
2U - U

TUR =
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Wi U Aa menuliulivauvens (Expanded

uncertainty)
U=k .u (y)

ﬂ' =l \ n v o
o u, (y) 09 manuliwduaulumsia y

(Combined Standard Measurement Uncertainty)

k @8 coverage factor fiszauanuialy
G114 ) Lﬁ'aﬁay‘aL%‘Jumﬂwmmmmuﬂna ILAC
G8-09:2019 wuaz JCGM-106:2012 wusinlvly
k = 2 (szeuanudanulszanadasas 95)° Gauaas
Tuansi 1

@391 1 @ coverage factor NITAUANNITDNUGN 9

Confidence Significance Coverage

level (%) level () factor, k
90.00 0.1000 1.645
95.00 0.0500 1.960
95.45 0.0455 2.000
99.00 0.0100 2.576
99.73 0.0027 3.000

winewma: Anwiadnlannmsmsuanuaswuuii (T-Tabel for two-tailed tests)""'”

ANAIDEN LNUNNIATFIUMAUA TATIINS
nagavenuilunsa—a ludedahuslne lu
myuzussyitaaiin aglui 6.5-8.5 eaflidims
1@ Combined Standard Uncertainty t¥nAU 0.20
Farlufiszauamuaiiudosay 95 (k = 2) @ TUR
wasvipajuamsaznuhls

(Tupper-Tlower)
2U

8.5-6.5
2(2x0.20)

TUR =

2.5

TUR aa9%a3Ufuieins Aa 2.5:1

anshazdulunmssassuiionain (Probability
of False Acceptance, PFA)
] < c{' v a wva LY [

anuihaztlunvasljuamsazaadusansu
faware leannwenguanumnuwiuenuihasiy
(Probability Density Function, PDF) msnagau
maiasUuams Felaannmsiale q Newnseia
Ala waziianulivaulunsia dndinisuanuas

Jayauvudaiiasnazizluvumanszedaya

wuuUdn® (normal distribution) n1sUszun
annthazfluiiasdadusaniuionara #1330
Uszanaldannileddumsena Sadnwiadle
Nnends JCM 106:2012° wIavszanalaan
M3Wam s Z (Z-table)"*?

anmad vasdfuamslammnesauany
{Hunsa-e dhaghainislnalumausussaiitaaiin
leramsnagaurnnu 6.8 anyluuliuauzaimsin
AU 0.2 mmsgmfwﬁ'uﬁmu@iﬁﬁn@iuﬁmmmﬁJu
N30-619 LAY 7.5£1.0 (6.5-8.5) Waefuams
fagunansnagay “ganiu” anwuihaziud
wosluamsazaadusaniuiionaadailusazaz
whls

nnlandaansoulafudayalaesil

KamsnadauaNdunsa-ae 6.8

anuliutuaureInsia 0.2

wnuwgansu pH 6.5-8.5

NNYaYAI NI TOFITNNNWUEAINITATEIY
Fayamanadauanuiunso-an vaaisaljudims
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6.14 6.36 6/58 6,8 7.02

7.24 7.46

pH 6.5 6.8

7.5 8.5

M 1 msnsznedayauvutndrssmsiacanuiiunsa-ae linamsiaunnu 6.8 anwliuiuau

Tumsia 0.2 WaununaeinNeIgIU 6.5-8.5

¥ ]
<~ = 1

a < LA | v
AMNNNN 1 Lﬂul(ﬂ')’]NWHV]‘IJ']\‘IG’JWLIB\‘Iﬂ’i’]Wﬂ%IJ

Q’ dl r's 43’ PR = Id
UBNNUNNUNINNIFIY (WUNDUS) Fatluany
el fuamsazdadusaniudonan thaann

_ 6.14-6.5

anubiwiuaulumsia enmhazduiivasfiidns

wAeFUsNSURINAIAUsZINAU AN

Z =" = -1.8 1 UacvN Z IG;ILVhﬁ’U 0.0359

0.2

v & ' & o v a va S

MauueNNITuNvaNl fuansazaaay
HONSUAANIIAINAUSDEBY 3.59

msUseanauen PFA ansnsouseanaule 2 wuy ™
= Id vV
Aa Uszuuanenuasiduyeansnsenetaya

v a wva = v = = 1

MINATDUYBIVIBAUNUANMSLNENOIULAED 138N
Specific Consumer’s Risk uwazUszuiuain
anuihaziiuresmsnsznedayansnadauyss
U HUAMS IINNUMINTENBTRYAUDINTLLIUMS

Nam 13807 Global Consumer’s Risk

ANNENNUETENIN U PFA waz TUR

U @.6. 2008 Michael Dobbert lavnns
ﬁmenﬂaq‘ném{lﬁunuﬂaqﬁmﬁau%mimmlﬁ'mﬁ
wANSUNOWSO (A Guard-Band Strategy for
Managing False-accept Risk) mswaunauns
fazldauauiasnuusmsenadsslunmsdau
sanfuiiowma ldnndayaanudseiildannms
Jamsuuuzens (Extended managed risk data)

wiar TUR NUANNLFENNILANTULDNSUNANSIN
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§990 (Maximum of false-accept risk)"” dionh
Fayadanardowiunan deusaslunini o
iiefasansaniu ANSI/NCSL Z540.3 Wuien
TUR athavfes 4.6:1 2uld 9:vn1v PFA Taithu

Saeay 2

m"lmhv‘i’%aﬁaﬁnﬁmﬁmsﬁ%ﬁqmmwagﬂummwf

1193374 (In-Tolerance Reliability)
Tunszunumsnandudvsanansaeile q A

NOEINATTIUVS BN MINBMUUAAMWIBIFUM LT

Y a

HuanNuaanszuIUMSIiNaNagay/dauLiau

U

AUMNYDNIFUM i liudlanFumnuaalanase

q

Fndaamsuda daumwnanasiludaduisensuld
Fend1 anwindedefindadusiziauain
aglunaianasg1u (In-Tolerance Reliability
%30 End-of-Period-Reliability, EOPR) @
EOPR FUaMINANNEIINTOUBINTEUIUNITHER
Tumsaawdasasiifanmumuinaringsgu®

Ml



anudslumsaedusansulowaavasnavasUfuams

Towlaa 1daum

8.000

7.000

5.420

5.000
763

4.249
4.000

3.000

2000

81

Maximum False-Accept Risk

1.000

0.000

559

510
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a5l 401 5.1
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c: g g 4 o ' ) dl 01 UV a U a L (15)
NN 2 ANUFNNUDTEWINANNLFEN UM IAATULDNIUNONIAZNFanU TUR

NUIUNAAN UANNAUMWENUN NN ATFIN

EOPR =

EOPR iludayaideiszand Usznaueie
ABYAINUNLINUM INATBUNIDFDULNBUNAN A U
wasnslinuaasnsaunsnadauniadautiisy

a a v ] S v ‘s' P
YRINSHANFUMUGazdan (Wudayanazviauds
Uszansmwwasnszuiumswdandaiulineuni
wazldayanunamsamiiunulusinaeg Jays EOPR
AQALAUIIVIINAINIZHLLIAEINTUNITNER
HANAMTERR/ JULALINY MIBNTZUIUM TFNIBEN
wastp3pvilanagaursadauLiisuidadald win

< ¥ o v ] £ ] -ﬁ' <~
nszuIuMstiudeyamldadigndes Wndade
azmlimsayanudszdninmwmsuaalusuwiaa
ianuzane

anevee Tumsuanduainasiouseeu qu
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Wonusawas 90 lanuumsgNaaULTiay 22 Gipe
HANITEBULAEY WUMIBEINTAMAINA TN A

NOIFIU MNU 22 MadN Awud EOPR w39

MNUNANNUNNNAFTOUNIDFDULNEUNINNG

In-Tolerance MU reliabilities LNNUSaEaAL 100
wimniimsgudagneaduil 23 uazwuhiinams
dauisuldiuinasivnasgivazmlva) EOPR
%30 In-Tolerance Reliabilities (¥NNU38az 95.7

Wudu

ANNENNUS5EHINN In-Tolerance Probability
nu TUR waz PFA

Michael Dobbert Iﬁﬁwmiﬁﬂmmmtﬁm'ﬁ
weaNSUHANAI9 (PFA) :ntladsanuaansaly
Myinzasiasdfidns (TUR) nuanuihaziu

]
= ]

fwudaedefifiquaiwaglunmsiniasgiu
(In-Tolerance Probability) %QLﬂuﬂﬁl%ﬂﬂ’J‘m
snsolumsude wuhdmduiesfiamsie
TUR 10 9 asfienudsddumssaniufionarnana
wozdlndsosaz o Wamnumhazdufinudad
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T —— \\
41 T~

False-Accept Risk (%)

~

/4

In-Tolerance Probability (%)

M 3 anuduiusszrinenudsslumssansuRanaanuanhaziuindadarinudea la azdiaumn

MuNTINNA53 U (In-Tolerance Probability)"” (nsfintnaurigansunaannaei (Tolerance Limit)

WA ULNaINEBNS5U (Acceptance Limit))

iedumnmateaumiindatumnaudiiae
Idfiammmwenuinanianasyumnsu (In-Tolerance
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ganiulionarn da msgulddiadeidaman
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Feeginnasasszauanihaziuiinudadai
finumwaglunasinasgu’® (mnmwi 3 agi
Uszanasaeas 60)

U a.61. 2011 lassmanesIngnuazmssautiiau
294989An15U1%) (NASA Metrology and
Calibration Program) Tammsanmlogase
wuusaasdayatiamenuduiussswing PFA
wez EOPR wui EOPR aauiozas 8o duly
i PFA laiiusesa: 2 Linhvesufjuans
azienuliwiuaureanszriumsNale 9° aauand
Tumni 4

NAMNN 4 asunalanal PFA Sasas 2 &
diulaegegan TUR 4.6:1 uazA) EOPR duge

N3veay 89 Yz PFA Jawas 2.7 Hdiulasgegn

i TUR 3.33:1 uaze EOPR dugaiifasas 85
Foyaiivsdhamanuliniueusasmsiafiudus
wanamiuen PFA uazmstaaneh EOPR isagas 85
anamlliussgdamviue ANSI/NCSL Z540.3

A5ANEI28491ASINISNINSINGIUALNS
FOULNEUYDIBIAM TN wanalritiiui TUR way
EOPR (fufulsardaiidinanssnude PFA
Fuilamulslefisianweasily PFA asnih
Sazar 2 lolaglinlludasmilademudsani®
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Consideration of Key Factors Affecting
the Probability of False Acceptance of

Testing and Calibration Laboratories

Lomsalai Wongchanta
Regional Medical Science Center 3 Nakhonsawan, Department of Medical Sciences, Muang District,

Nakhonsawan 60000, Thailand

ABSTRACT The decision on laboratory test results is important because it affects consumers and
manufacturers. It is well known that all measurements contain errors. In 2006, the American National
Standards Institute (ANSI) issued ANSI/NCSL Z540.3 which specifies that the Probability of False
Acceptance (PFA) should not exceed 2%. This study aims to elucidate the key factors affecting a false
acceptance risk. The study was conducted by searching for academic information from widely published
documents. The reviews found two important factors affecting the risk of false acceptance: 1) the capability
of the laboratory measurements and 2) the capability of the product manufacturing process. If the laboratory
has a Test Uncertainty Ratio (TUR) of 4.6:1 or higher, or the production process has an End-of-Period-
Reliability (EOPR) of 89% or higher, the risk of false acceptance will not exceed 2%. Therefore, a testing
and calibration laboratory accredited with ISO/IEC 17025:2017 can set the decision rule that
considers only the laboratory measurement capability factors, without considering the production process
capability factors, if the laboratory has sufficient measurement capability. The laboratory should ensure that
the estimation of measurement uncertainty takes into account all important variables. In addition,
practitioners should have knowledge and understanding of the nature of measurement and Probability
Density Function (PDF) to determination of reliable and acceptable decision rules for both the laboratories

and the customers.

Keywords: Probability of false acceptance, Decision rule, Test uncertainty ratio, End-of-period-reliability
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