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Genetic Analysis of Hepatitis A Viruses
Detected in an Outbreak at a Military
Training Center, Chonburi Province :

Plausibility of Contaminated Drinking Water

Kriangsak Ruchusatsawat* Chonthicha Kawidam* Laddawan Thiemsing*
Somchai Sangkitporn* Naokazu Takeda** *** Masashi Tatsumi** *** Koji Ishii****
Li Tiang Chang**** and Jongkonnee Wongpiyabovorn*****
* National Institute of Health, Department of Medical Sciences, Nonthaburi 11000, Thailand
** Thailand-Japan Research Collaboration Center of Emerging and Re-emerging Infections
(RCC-ERI), Department of Medical Sciences, Nonthaburi 11000, Thailand
**+* Research Institute for Microbial Diseases, Osaka University, Suita, Osaka 565-0781, Japan
**+* Department of Virology II, National Institute of Infectious Diseases, Tokyo 208-0011, Japan
*##4% Department of Microbiology, Faculty of Medicine, Chulalongkorn University, Pathumwan,
Bangkok 10330, Thailand

ABSTRACT Hepatitis A virus (HAV) is a causative agent of food- and water - borne acute hepatitis
that usually affects young adults. This study was to investigate possible agents of a viral hepatitis
outbreak in 2008 at a military training center in Chonburi, Thailand. Of 388 serum samples of cases,
188 (48.8%) were positive for anti - HAV IgM, whereas all were negative for anti - HCV antibodies, anti-
HBc IgM and anti HEV IgM. Furthermore, studies on randomly selected samples using RT - PCR at
VP1/2A junction of HAV genome found that 30 anti - IgM - positive sera, 42 stool and 1 drinking water
samples were positive for HAV RNA. Nucleotide sequence analysis of VP1/2A junction (234 base pairs)
was further determined. We found that all 21 samples selected for phylogenetic analysis demonstrated
identical sequences and were categorized into genotype IA. Our finding also suggested that the 2008
hepatitis A virus outbreak was possibly occurred from contamination of drinking water. Continuation
on control measures for clean drinking water is, therefore, essential.

Keywords: hepatitis A, HAV, molecular epidemiology, phylogenetic analysis deleted drinking

water
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Introduction

Transmission of hepatitis A virus (HAV) via fecal-oral route as well as person-
to-person contact can cause acute viral hepatitis."” The symptoms of HAV infection are self-
limiting within 1 - 2 months. HAV-infected individuals often require hospitalization and proper
therapy.”” Recent reports described a number of outbreaks of hepatitis A in both Asian and
European countries®® HAV usually affects young adults, and their mortality rate is relatively
high, that is 0.1% and 2.1% in age groups of <14 years and >40 years, respectively.”” Improved
hygienic and socioeconomic conditions may be resulted in a decrease in natural HAV immunity.®

HAV belongs to the genus Hepatovirus in the family Picornaviridae. Its genome is a
7.6-kb single-stranded positive-sense RNA molecule. Owing to the fact that no practical cell
culture systems for HAV isolation has been developed, nucleotide sequence analysis of VP1/2A
region of HAV genome, followed by phylogenetic analyses, has then used to categorization of
HAV isolates from various countries. Currently, there are seven HAV genotypes; genotype I
(GI) to VII (GVID).®" GI and GIII, are further divided into subgenotypes, IA and IB, and ITIA
and IIIB, respectively.”"

According to a nationwide surveillance system of viral hepatitis in Thailand, several
HAV outbreaks were reported from many provinces including Suphanburi, Chantaburi, Chiangrai
and Lampang in 2001, 2002, 2005 and 2005, respectively.”"*'” Wattanasri N et. al firstly reported
that HAV isolates in Thailand were classified into two genetic groups, namely, GIA and GIB."?

The hepatitis outbreak in 2008 was reported to occur at a military training center in
Chonburi Province. The present study was to serologically and genetically determine causative

agent(s), as well as to identify possible source(s) of infection.

Materials and Methods

Patient sera

A total of 388 serum specimens were collected from patients with clinically diagnosed
as having acute viral hepatitis during June 19™ to July 7™ in 2008. All, attending a training
course during April 2" to June 3™, 2008 at a military training center in Chonburi, were re-
cruits from Songkhla (n = 98), Chonburi (n = 228) and Chantaburi (n = 62) provinces. All sera
were tested for Anti-HAV IgM antibody, anti-HAV total antibody, anti-hepatitis B core (HBc)
IgM antibody, anti-hepatitis C virus (HCV), and anti-hepatitis E virus (HEV) IgM antibody
using commercially available reagents; VIDAS HAV IgM (BioMerieux, Marcy—l'Etoile, France),
VIDAS HAYV total (BioMerieux), Mini VIDAS HBc IgM (BioMerieux), ETI-AB-HCVK-4 (DiaSorin,
Saluggia, Italy), and HEV-IgM ELISA (MP Diagnostic, Singapore), respectively.

N5aENINTIANNEFASMSUNNEG
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Water samples

Eleven water samples suspected of contamination were collected from each of 11
water tanks at the military training center. The water was generally used for both drinking and
commercial purposes. Concentrations of HAV particles were measured as described.”” Briefly, one
liter of water was collected in a sterile bottle from each tank and stored in an icebox until analysis.
The water was dechlorinated with sodium thiosulfate (Na,S O,) (Merck, Darmstadt, Germany)
to obtain a final concentration of 50 mg/l. Aluminum chloride hexahydrate (AICl,.6H,O)
(Sigma-Aldrich, St. Louis, MO, USA) was added at a final concentration of 120 mg/I,
and pH was adjusted to 3.5 with 1.0 N HCIl. Each sample was filtrated with a 0.22 - um filter
(Millipore, Bedford, MA), and the filter was washed with 0.14 N NaCl for 5 min to remove
excess Al". For the elution of the virus, the filter was soaked for 3 min in 300 pl of 3% Beef
Extracts (BD, Beckon Dickinson, Lepontdeclaix, France) at pH 9.0. Antibiotic (Streptomycin
and Penicillin) and 10 x MEM was added and the samples were kept at -70°C until further
processing. A positive control, used for estimation of HAV recovery during concentration, was 1
ml of HAV vaccine antigens derived from the HM - 175 strain (Havrix1440, GlaxoSmithKline

Biological, Rixensart, Belgium). All samples were tested in triplicate.

Stool samples

A total of 48 stool specimens were collected from the patients who were clinically
diagnosed acute viral hepatitis in Chonburi Province. One gram of stool was used to prepare
a 10% suspension (w/v) with phosphate-buffered saline (PBS), pH 7.4. The suspension was
clarified by centrifugation for 30 min at 10,000 g at 4°C, and the supernatant was kept at -70°C

until use.

Viral RNA extraction
Viral RNA was extracted from 100 pl of 10% suspension (w/v) of serum and stool samples,
and the eluent from each water sample using Trizol reagent (Life Technologies, Carlsbad, CA)

according to the manufacturer’s instructions.

RT-PCR and sequencing

RNA was dissolved with 20 ul RNase-free distilled water containing 40 U ribonuclease
inhibitor (RNasin, Promega, Madison, WI). For ¢cDNA synthesis and the first polymerase
chain reaction (PCR), 10 ul of the RNA was incubated for 45 min at 42°C with 15 pmol of reverse
primer BR-9 (3310 - 3286 nt, 5’AGT CAC ACC TCT CAA GGA AAA CTT 3'). For the RNA
sample, 40 ul of the reaction mixture containing 1 x AMV buffer (10 mM Tris - HCI [pH 8.3],
.5 mM MgSO,, 50 mM KCl, and 0.001% gelatin), 5 U of AMV reverse transcriptase, 5 U Tfl,
10 mM deoxynucleoside triphosphates (dANTPs) (Access RT-PCR system kit, Promega), and
15 pmol of forward primer BR-5 (2950 - 2972 nt, 5° TTG TCT GTC ACA GAA CAA TCA

NININTMINENAFNSMIUNNG o7
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G 3') were added. After an initial denaturation at 94°C for 2 min, 35 cycles of amplification were
performed using the GeneAmp PCR System 2400 (PE-Applied Biosystems, Foster City, CA).
Each cycle consisted of denaturation for 1 min at 94°C, primer annealing for 1 min at 55°C, and
an extension reaction for 1 min at 72°C followed by a final extension for 7 min at 72°C. The
positions of the primers were numbered according to the complete nucleotide sequence of HAV
HM175 strain.

A nested PCR was performed in 20 pl of reaction mixture containing 2 ul of the first
PCR product, 15 pmol of forward primer RJ-3 (2984 - 3002 nt, 5° TCC CAG AGC TCC ATT
GAA 3") 15 pmol of reverse primer BR-6 (3217 - 3193 nt. 5’AGG AGG TGG AAG CAC TTC
ATT TGA 3'), 1 x Taq buffer (10 mM Tris-HCI [pH 8.3], 1.5 mM MgCL,, 50 mM KCl, and
0.001% gelatin), 2.5 mM deoxynucleoside triphosphate (dANTPs), and 1U Taq DNA polymerase
(Promega). The PCR was performed under the same conditions as the first PCR. The nested
PCR products were purified with a QIAquick PCR purification kit (Qiagen, Hilden, Germany).
A nucleotide sequence was determined with an ABI 3110 Genetic Analyzer (PE-Applied
Biosystems) using a Big Dye Terminator Cycle Sequencing Ready Reaction Kit (PE-Applied
Biosystems) as described."” RJ3 and BR6 primers were used for sequencing. The nucleotide
sequences were then aligned with the corresponding HAV genomic region using MacVector

software version 4.5.3 (Kodak Scientific Imaging System, Oxford, UK).

Genetic analysis

Phylogenetic analysis was performed with the Phylogenetic Inference Package
(PHYLIP) 8.5.7.2 (University of Washington, Seattle, WA). An evolutionary distance was
estimated using DNADIST (UPGMA), and unrooted phylogenetic trees were constructed using
the neighbor-joining (NJ) method. A phylogenetic tree was visualized and edited with TREE
VIEW ver. 1.5.

Results

Determination of HAV Infection
Serological examination

All sera were tested for Hepatitis A, B, C and E infection. None were detected positive
for Hepatitis B, C and E. Among 388 serum specimens, 188 were positive for anti-HAV IgM
antibody. Of these, 51, 114 and 23 were specimens obtained from those coming from Songkhla,
Chonburi and Chantaburi, respectively (Table 1). The results indicated that HAV was the
causative agent of the 2008 hepatitis outbreak. In addition, clinical symptoms were correlated

with an incubation time of HAV infection (data not shown).

N5aENINTIANNEFASMSUNNEG
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Genetic analysis of HAV genotypes

An outbreak investigation team was further collected stool samples of some HAV-positive
cases as well as possible drinking water as source(s) of contamination. Using RT-PCR, 42 out of
48 stool specimens and 1 out of 11 drinking tank water were positive for HAV RNA. Additionally,
detection of HAV RNA was found in 30 out of 45 anti-HAV IgM positive sera (Table1).

Due to a limitation in the amount of specimens collected, nucleotide sequencing at
VP1/2A junction was performed in 15, 5 and 1 of serum, stool and water specimens, respectivel
Sequencing and phylogenetic analysis was shown that each NT sequences of each samples
were identical and classified into genotype 1A (Fig. 1). According to the genetic analysis, it could
indicate that the 2008 HAV outbreak was due to genotype IA and suggested that the possible

source of HAV contamination was one of the drinking tanks in Chonburi training center.

Table 1 Detection of Hepatitis A virus in various specimens during the 2008 HAV outbreak

at the military training center, Chonburi Province, Thailand

. . Positive for HAV-RNA No. of
Province of Duration of
samples Type of Samples anti-HAV IgM positive/ Sequencing/ Genotype
. sample . antibody/Total Anti HAV-IgM HAV-RNA
collection collection
(%) positive (%) positive
Songkhla Serum June 19-July 4 51/98 (52.0) 11/19 (57.9)* 5/11%* 1A
Chonburi Serum June 21-July 7 114/228 (50.0) 12/19 (63.2)* 5/11%* IA
Stool June 21-July 7 nd 42/48 (87.5) 5/42%* 1A
(Drinking  June 21-July 7 nd 1/11 (9.1) 1/1 TIA
tank water)
Chanthaburi Serum July 1 23/62 (37.0) 7/7 (100) 5/7 1A
Total 188/388 (48.8) 73794 (77.7) 21/73 (28.8)
nd = not done

randomly selected sera depended on the limited amount of serum

*k

randomly selected sequencing samples depended on PCR product concentration
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strains isolated previously in Rayong and Chiangrai provinces (GQ891079 and GQ891080,

respectively) in Thailand are shown in italics. The HAV strains analyzed in this study
are one Chonburi strain from water (CW), five Chonburi strains from stools (CS),

five Chantaburi strains (B), five Chonburi strains (C), and five Songkhla strains (S).
The nucleotide sequences determined in this study were deposited in GenBank under

by the neighbor-joining (NJ) method along with 45 reference strains from GenBank. Two
accession numbers GQ891058, GQ891059 - 63, GQ891064 - 68, GQ891069 - 73, and

sequences of the VP1/2A region of the genome (168 bp) from 21 isolates were analyzed

GQ891074 - 78.

U

ig. 1 Phylogenetic tree of HAV detected in outbreaks in Thailand in 2008. The nucleotide
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Discussion

Acute hepatitis mainly occurs by eating and/or drinking of food and/or water
contaminated with Hepatitis A virus. Anti-HAV and HAV RNA assays are used to determine
HAYV infection. Anti-HAV IgM, in particular, is used to detect acute or recent infection. A number
of HAV outbreaks in Thailand were reported in the past 10 years."*'"

In this study, almost 50% of suspected cases were found positive for anti-HAV IgM.
In addition, duration of specimens collection was in accordance with an incubation time known
for HAV infection. Our findings could indicate that the 2008 outbreak of acute hepatitis among
recruits attending the training course during June 19" to July 7™ was caused by Hepatitis
A virus.

HAV genotyping studies illustrated that all 21 strains were classified into GIA, one
of the two genotypes previously reported in acute hepatitis patients during 1998 - 2002."?
Previous investigations suggested that the HAV outbreaks were due to indigenous HAYV,
where HAV strains identified in the central part of Thailand were different from those in the
eastern part of the country."” The present study also showed a strain indigenous to Chonburi
province where the occurrence and the possible source of the outbreak were found. Interestingly,
comparison of 168 bases in the VP1/2A region of the genome (168 bp) among sequences
previously reported, it was shown that the sequences of the outbreak strains are identical to
that of a strain detected in Korea in 2006 (EU073735.1)"”, however, the relationship between
these two strains is unknown.

Using molecular technique, the possible source of the 2008 outbreak was subjected to be
one of the drinking water tanks. Raising awareness on good hygiene to the public and continuation
on control measures of food and drinking water are, therefore, important. Additionally, laboratory-
based surveillance should be regularly performed as a part of an alert system on occurrence of

possible outbreaks.

Conclusion

The 2008 hepatitis A outbreak at the military training center, Chonburi was potentially
caused by a contaminated drinking water tank. We also found that nucleotide sequencing of
HAV from all representative clinical specimens demonstrated identical sequences and were
classified into genotype IA. Good practices on hygiene are recommended to prevent any outbreaks

that might occur.
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svuwalududianda VP1/2A saadahiadusnay o iildnndatuvanhin wasdathegihe wuhady
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71314 Accuracy profile #33382UANINYNADY
ANUHUNAFaU Petrifilm™ Rapid Yeast
and Mold Count Plate d1%3U#313%)
USanafiagduazlupiacnm

a a '
ﬂiqﬂ!'l ai'ﬁ&l‘ﬂﬁ AAINITN I,Lﬂﬂﬂa'lil u,azuaﬁ 'élglfl/‘l‘ﬁi
zﬁL?’n@mmwua:mmﬂaamn‘"ﬂmms NSNINMNFNTAISUNNE UUAIIUUT L!‘lo’?’l?_qlg 11000

UNARE  NMINTINFDUANINGNEBIYDIITIAT BTNt Inenatn ISO 16140 - 2:2016 MUl
1% Accuracy profile lumsiSsuiisunaitanziuadiasedaiuiamadan muiseiilen Accuracy profile 1%
ATNFDUANNYNADIYBIUKNUNATDY Petrifilm™ Rapid Yeast and Mold (3M RYM) lumsasiatiuuSanadad
wazs luaiaduriiamaidisuiisuiuiissds US FDA BAM lealdiathaniasaniduiioudaduazs
MUEIINMBUBLTIDENTIRN A NANITNTY 3 26U @B SEdum (1 - 100 CFU/Hadda3) szdunals
(100 - 1,000 CFU/{8da03) uazszaugs (3nnd 1,000 CFU/{adans) NamaauwuiwLﬁaﬂmwm%ya“?;qquﬁ
25°C wag 28°C WU 48 waz 72 %‘[m NaNAFBUVDIS 3M wazditadedanmdaanuilluuuiidunse (Linearity)
wazAdnUseanaanduwusaaiieddu (r) Aldmenuduiusuas 2 53ilalnd 1 whAu 0.9986, 0.9988, 0.9995
W8T 0.9992 MNMGU LilaaanTw Accuracy profile Lﬁammaaummgnﬁammiju‘wmaau 3M RYM Tlaa
mvualziasauagumMsnszaneuesdaya (B-expectation tolerance intervals, B-ETI) tinu 80% (Bo%)
WAZYBUAMIHINSUNANATDY (Acceptability limits, AL %38 \) AU +0.3 waz +0.5 log, CFU/#iadans
wamsUssfiunuiidle  whiu +o.5 log,, 35 3M ﬁﬁmwwtﬁaﬁ'qmwgﬁ 25°C uay 28°C WM 48 Uar 72 7N
Nreeey B-ETI agjm&fluwaummmsﬂau%’uﬁvgnssé’umsﬂulﬁﬁau udila X whitu 0.3 log,, % - ETI
agjﬂuwaummmsﬂau%uﬁnnsxﬁumsﬂm’ﬁauLﬁ'miuwazl,%yaﬁqquﬁ 25°C uaz 28°C WU 72 i
aqlahdrenuldlaveusiunasay sM RYM Fufumsinue Bo% wazypUNMIBANTUNANAFDU () 283
{ldnu nanldnmsasageauanugneesadidaiansW Accuracy profile Lﬂum’%mﬁa‘lﬁ&ﬂ%’mummmﬁmim
ANNINZaNaeIN 51035 U
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ATINFBUANNYNABIYDIUHUNATDY Petrifilm™ Rapid

ngoN Gaing wasAme
Yeast and Mold Count Plate

UNU

Tugaawnssumsuanieiasdn gaunddlseanviiiieanuddaanndageanuuznsudn de
faduarn mInsedavdsduarnluanniwesnaissanduiladsdhdydansauguaumwasiude Sl
fayiuisadeiildamatuiaduasnluamsfiinnineuasds suanassndsiidaiolduazlaamly
fionldmaiinnsinzida (Culturable technique) mutanas ISO 21527:2008" w3a U.S. Food
and Drug Administration Bacteriological Analytical Manual (US FDA BAM)® aelFnannuds
5 -7 Ju eatudulldmugaamvnssnansiidasmannuwainnsimelunmsnadlumsiualy
T lumsmuauaumwdodnd Jagdu viaduq lunszuoumsudalilitienudememagsia 35
madanile wa"iLﬂ'mﬁimLéaﬁuﬁqlﬁgnﬁmuwﬁaﬂmﬂﬁﬂehq 9 15y Flow cytometry Filutana (Molecular)
auyluinen® udiBmaildaslfiadasiiadaluifuasenldhalumansalinnsidoutouns 33mamnz
daiilvnainadinhisldgniannduduizmadon mslduiunagou sM Petrifilm™ Rapid Yeast
and Mold Count Plate (3M RYM) fi{liismadaniined Tagandandnmsiasauesdavuuiunagay
fifiansamsnanenditiusassusuiiinea uazaaamandeadu® sunasiazanehudnliifiame
wazdudiamasitanuhidaeulsiaahasiifogluiiod 91 wazamanmia® udmaihdsmudananld
asaiulahlduanaseuiiiisuninissedsiiivasdesdiiunmsasasauanugndasiaanulslduas
35maldan (Validation of alternative method) ukiunagayu sM RYM gnﬁ@uuﬂﬁ'aﬁumalﬁ'(%a%u
melu 18- 60 Flae wastmwsizald 2 auunil Aa 25°C uay 28°C mhenu AOAC uaz AFNOR
Idaaaauanugndasausiunadoy sM RYM lasuamsasiadounas AOAC® figiiumsmeluwii
wosljiansluams 1o #iie WU’hLﬁIaﬂNLWWL%aﬁquQﬁ 25°C 10U 48 Wax 60 #Lan o3 4 wila
Taun Tadso uathila aiue uazldnsan finevasusunaday sM RYM uasi5eds US FDA BAM wia

v @ o

ISO 21527 liuandnnuiszautiadaty 0.05 dmsuasudsen uaudmis we sanaud uazuililaauuils

a

uBude fenuuananiuiszautisaiay 0.05 duglisuiunagay sM RYM asanwuidaidnaely

a va

wiAssedeamlinuida dmsuniieny AFNOR® ﬁ"ehLﬁumsmmaaumaiuwf’iqﬁmﬂgumms
Tosul3auidfisumstuusunadau sM RYM figamail 25°C uas 28°C 10U 60 uaz 72 91lae AUIEE
ISO 21527 uazdimsUsziliumaay ISO 16140:2003 laun Mmsnadauanuiludunss msmanudunus
204 2 IMIEMIIATLWNI0n0n0s (Regression analysis) anuusudunns (Relative accuracy)
anuhdunns (Relative sensitivity) 309109289mM35a53anwy (LOD) wazdaannazasnswideUsanm
(LOQ) %ﬁﬂ@ﬂdmsjwmaau sM RYM @adald Tuil w.e. 2559 18O leuszmeld 1SO 16140 - 2:2016®
FaiimsUsziiunanie Accuracy profile fitiinduain® a.a 2003 lng Boulanger uazaniz® lasi3ni
#annN15uaN Accuracy profile Nﬂ%’@lsmaaummgﬂﬁamaﬁ%‘mqLﬁaﬂLﬁ'aamﬁaﬁwﬁmaﬁ%uumaumﬁ'
MINAFEUANNATIUULUY null hypothesis lumsasagauamuuananzedasiananudaiussaunis
uazlidaAafiuinAanutiios (Precision) ﬁi’ﬂﬁmmmmLﬁ'mmummgm (Standard deviation)
71aqwawmaauﬁ%mqLﬁanﬁﬁm@%m‘%agqlﬁﬁwaﬂsswuﬁ'umiwﬂaauﬁ'aﬂ null hypothesis #sa1avlw
msaau%’uﬁ%ﬂmcj’ﬁa}zﬁﬁ%lﬂiﬁ'muhﬂd’ﬁwﬁqﬁqmwL*?;mwaﬁ%muﬁaﬂ yenNnianagausie null
hypothesis Lianansaudgaseanugnaaslasganysel wnzbivaawauwazasnmssansulaveina
AN wimsld Accuracy profile anansavhldlagmdaaanuuandgegaiisaniuldssninama
NAFBUIBMAUEaNAUIEEN9BY Accuracy profile suflutaipsiiameadafimanzansuiumsulanans

ANFDUANINGNE D92BITIATNLHLAGNIINMINATDU null hypothesis tW51zfin155I0 B-expectation
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

tolerance intervals (B-ETI) uazzauwamssaniusgmelunswlidientu s B-ETI ilugniienaime
manaseulusnaainny pe asanagluei msld Accuracy profile wlwginAsluldmnnsoRasan
anunzaneaeds lumsih ldanuinguszaaduatnu (Fitness-for-purpose) 1o amerivedaladnm
nanmsuasnaaaaandszgnd lFlumsasiasauanugnaesadisnadaulasdnmiuuiunageay sM
RYM wisuiflsudtigeeds US FDA BAM lumseanamiaduaznlueiasdusiiaman

E]']W"Iilgil\'lt%ﬂllﬂgﬂ"litﬂﬁ

1. Plate count agar (PCA) uaunaausiiinaa anuangy 0.01% (PCA + chlo)
WHUNeaaU 3M Petrifilm™ Rapid Yeast and Mold Count Plate (3M RYM)
Brain heart infusion broth (BHI broth)
§199¢a78 0.1% Peptone

O s W N

d135azan8 Phosphate buffered saline + 0.1% Tween 20 (PBS + 0.1% Tween 20)

= -~ P
Lﬂsawauazqﬂnsm
%y N o Yo & = o o 4 & o
21915 UaMNYH 50 £ 1°C QUNMBRaMUAN 25 +1°C war 28 £ 1°C LATNTINAlYN
° ' a g 0 & % % o @ P % P o @ & '
2 UaT 4 AUNUY 1ATBNINRER fauTaY ww3aatulalail NABIRaNIIAN LATRIINANITUNTA-6
1P309KEN (Vortex mixer) waslualila wimavna Yweseluidzue 1,000 lulasdas Ja
2UA 1 WAL 10 Nadans 2uMENNFENVUIN 250 NAFANT AL 500 NN NADANAIDIYUIA 18 x 150

a a

FAANAT MUWILBDVUIN 10 x 90 NABINAT UHUNTZANGLAG YaDARANWAIFINVUNIA 10 NaFans da

2

Hausannge vudeae veanvea (Dropper) waslsiglial

=

aunIdaNnIzIN

)

ﬁae‘fmmgm Saccharomyces cerevisiae DMST 22805 WasiIN033 1% Aspergillus niger
v J < [ o S a o & 4 U av a J
DMST 15538 laangudidusnyiuazsausinagnugdunidnmanmsunng aontuideinendans
aNTIIUGY NININENENFATNIUNNE NTENTNATNTUGY
FBe3anrdunIdannIg v
Saccharomyces cerevisiae \WIzBdAUUDIMS5IAENED PCA + chlo ﬂuﬁqm‘wﬂuﬁ 25°C
W 3 T usdede 1 laladl ldaslunasa BHI broth USanas 10 §adans uniwizia 25°C w1y 3 Tu
WaHameasazae 0.1% Peptone auladauszans 10° CFU/fiadans uaihlumldizeuadu
Aspergillus niger \Wz51UU1M3L88NEa PCA + chlo Unfigauinil 25°C w5 Ju 14iia
Unanngs aajuuinuesulaladussniadyuunumzia PCA + chlo Tlazwalszanm 0.5
wudLes 1 lneesenarearu PCA + chlo Uawnzi@ai 25°C wu 7 W msiivadasleaduansazans
PBS +0.1% Tween 20 Uszang 5 fadans asuunumnzde 1ldmalgluamun 9 vudulaiiely
e v v ' & < s ¥ o = &
alasngaaan uarldvasaveagamsazaraalasldluvasanasssdnannie iualasidnnilansa
& PX o o o oY & 2 v &
Nnuumasazagalasmuneatlunasedemnussgaaneulnann@auuuiain q tensauduledan
o a o s < ool o o L v
noadennualasean thudmsazaredlasnoanunnnlaiavaaniineg) 1aaNTen 18815058 0.1%
Peptone aulaseauiSinauzanassmsuanihlumldizamadu
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ATINFBUANNYNABIYDIUHUNATDY Petrifilm™ Rapid

N3O Aaing wasAme
Yeast and Mold Count Plate

° ¥ a o 2 I~ R o o ¢ s A o v gy ' )
manliaauniguimidy (Injured) ihansasasdaduazalasnineienld ldadlugniniau
Ao 50 £ 1°C WianAunaaaniarsazans 0.1% Peptone wasinaslualdladmiuingumgil auaos
a ° Y e A o PR o 43’1 nlw ' 1
guund 50 + 1°C UANGNIUNS 10 Wi WaasunmihasasaraislUldnegaudaly

28819

L3aeaNBlinwaIsiuiy 8 saate udegrelud sudaduassiansssumd (Natural
contamination) Ansulsinanudiou Teus Whnsudeu sy hueddananhumeaszd whenle
Al i LLa:GTma'N“?;Lﬁuqﬁuﬁs‘fmmgmﬁﬁﬂﬁmﬂwa (Artificial contamination) laun 1aud
vhendien wazihinwalssan

wisncahsliiimsuudiouiiaduazs 3 526U Ao sedum (1 - 100 CFU/fi9aa03) staunan
(100 - 1,000 CFU/#iaddn3) wazszdugs (3nni 1,000 CFU/#addns) nMatieandiegnlaaiee
Gadu 10 fiasans ldasluarsazans 0.1% Peptone U313 90 fadans wehlishiu azldmatheiidaas
10 h (Tenfold dilution) ¥msidaneaeauldsiudananinsaiiula

MINTINIATIHMBE
uRaraBENNaday 2 35 Ae 35 3M wardseds US FDA BAM 2001 laanadau 5 Mansu
35 3M uaznadau 3 HIEINSUIGD B
35 sM“
NATBUMBEN 2 %0 dmTuuenUNNzEaNaMn)l 25°C waz 28°C 1ukunaday 3M RYM
‘3‘91 = v Y o U o | a aa 1l ag o v l;’ v 1 L 1}
MuUiUEsU ua ltadalulifgadadn 1 198ans enuduildnamuundy uarUassfmadaInnan
ununagau Ase 7 MuKuidumuuuas TEanausunagay sM RYM nawun 9 T¥aaeeg1enseaamnud
2NN MNAeen Muxunadauiivlidneg Aewhluuniigamgll 25°C waz 28°C Tuinnudaduas
WaAsSUN® 48 + 2 MINe war 72 + 3 Hlae Nenuwatdu CFU/Nadans anvmuclalaiifias fa
< = s = 90’ =® a Yy o = <~ ) o o kX
2NAEN YU Hrauwedary Snmasnsay feddeanth anvaclalaiin de anelvg wuw Sdeanih
asananlalaliliyndn vavuurnszNe
3581989 US FDA BAM®
Twaaegeldnumiziia 3 39U NUse 1 T98a05ABILAUNISIIBAN (NBIMISLRENLTD
PCA +chlo aaluwanlvittnnu ihldunigamadl 25°C wu 5 -7 Tu duinnudaduazs warmenae

N 3 MU NeNUNaLTY CFU/Has305

mMsUssiivpa

huamsuuannulalatiaduasnvesmsadisinulauiiue log CFU/fadans uareiiiunms
il

QI d? o = oy
1. managaumsivaduzasannulalaiizedis sM
14406 Paired t-test Nszautiaaaey 0.05 nadgaumstivnzurasnuulalaiilumsmegauais

35 sM wialFnandumnz@amnuziuan 48 Tluadlu 72 9lus e p tenaladseniissauisdia 0.05
uFaNNMIUNIWZTRWIU 72 Bl Fwulalatisnanimsuyuu 48 72l
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

2. MmanadauaNNiudunse (Linearity) wasnsmanuaunusuaidaadds
Twendurslusunsn EXCEL aswnnuganuiluiduase (Linearity) wiannamanuduwugs
1 e ¥ a o aa P & A a ° ° & b‘LQIQQ
FEUTNIBINBINUIT 3M Nuswzianaamigii 25°C uaz 28°C w1 48 waz 72 171 legldadinmsoanas
a ¥ v ' . . . V@ a £ v v ¢ N Jw 5 .
@aLduaE e (Simple linear regression) AaNUscdndandunwusuainasau (Pearson’s correlation
v v a £ . . o
coefficient, r) wazmduUszanonmsonoas (Regression coefficient) n3aanuzu (Slope)
3. MIATDUANNUNY (Accuracy) 2970 3sM @803 Accuracy profile
138319795 Accuracy profile®

dyanuol

i = @edN

q = sufeie (1<i<q) luiliq-s

i = ghethanageumuth (Repeatability)

n = 'ﬁhumﬂﬁmwgwmé’f'saﬂw (1<j<n)

Tudiii 33 3M, n = 5 WazAdedan = 3

alt = 725maaen (Alternative method) wanane 35 sM

ref = 73581989 (Reference method) #1nade 3591989 US FDA BAM
/M

1. MAUADULIANITEBNSUNONATDU (Acceptability limit, A\) (W1AU +0.3 log,,
(ae £0.5 log,,

2. LLﬂaqﬁagawaﬁtﬂiwﬁLﬂum log ,CFU

3. MAMNBEPIUUDINANATDUYBIUARZAIDEN 1 NAINITBNDI 3aneiin mande (X))
X, = median (x)

1

4. MMNBEFIUYBINANAFDUYBILARZAIDEN 1 NleaInID sM
Y, = median (y,)

1

5. enualsuuNasgIY (Standard deviation) ¥auaazaIpe i laands sM (S, )

1 y .. —,
Saei = (i Zi=m O — yi)?

6. MuamdsuuasgIusIN (Combined standard deviation) Nlaa1n35 sM (S,,)

_ Iva 2
S = /qu=1S alt,i

7. ANUANTELUUNINITIUYILADZDEN (S

ref,i

) uaze e uuINAIIUNINNlanIs
81984 (S,

Y —
Seei = — Zj=1 (XY — X0)

({13}
- ’l q
Sref - q_zj=1 Szref,i
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ATINFBUANNYNABIYDIUHUNATDY Petrifilm™ Rapid

ngoN Gaing wasAme
Yeast and Mold Count Plate

M S, hanldiiananasavaguanzauamssaniu lasdasnasanhan S, 10N 0.125

ref
wiali Mannnd daslsuaauwamssansunanadaulva fa AL = 4.S
8. AINAUAMANNUANANYDIAINTLFIUTEHINTDNITYDIUELAIDEN i 13807 Bias (B))

WIDLSEN AMANNUENLUUYBINEID M

B, = Y -X

1

9. MaaNne (Limits) 2999 MNANNANALAFIUAANI (B-expectation tolerance
interval, B-ETI) Fuilugniimaiuwanagauiviu fo luawaaiildanis sM azanaglugeil
Toamvuadadrvyasuanadauluswaailtinnu B

M B-ETI = B +TS, |1+

Lil:a T=T(1_l3

) tWuA percentile 289M35ATENEUUY student-t SISUANN
—/ia(n-1)
2

wazilu B @9 ISO 16140 Muue B LU 80% waz q (n-1) = degrees of freedom
uudea T (Jue coverage factor 209729 B-ETI 28935 sM
azladannauy (Upper limit, U) waziindnnaan (Lower limit, L) 28933960 p-ETI

U= B+TS, [1++ wez L= B-TS, |1+

a v a

10. #5905 Accuracy profile Tviunu X fluamnlaannisardenudauilue log,, usd

M9l

wazunu Y (fu@n bias, acceptability limit, upper limit uas lower limit 2843296
B-ETI

We

datnnzifaiiguvgii 25°C way 28°C W 48 waw 72 Fla waNAFEUPESIS M AunAYaY
ABandedienuuanannulaitiu +0.5 log, CFU/#adans (599 1) LLa:wuﬁwﬁnﬂszé’umsﬂmﬁau
manadaumeda sM figumgll 25°C uaz 28°C W 72 s Finnulalaiidaduasnindunhnmy
48 $las (Nt 1) Suunldadail

- fimstudlawdossdud (1 - 100 CFU/diadaas) 55 sM ingoumnll 25°C W 72 Halae
fnulalodifaduazaiindy 0.125 89 0.240 log, CFU/fiaddns uasfigamgfi 28°C Hnnulaladl
Wit 0.085 74 0.176 log, ,CFU/#iada05

~ fmsvudeudaszauthunans (100 - 1,000 CFU/#&88a®n9) 35 sM ﬁﬂuqmwgﬁ 25°C U
72 e fisnnulaladdaduassiiisdu 0.013 &1 0.065 log, CFU/dfiadans uaz 28°C funulalail
Wit 0.000 4 0.026 log,,CFU/#iada05

- fimsvuidioudessdugs (nnnd 1,000 CFU/Giadans) 35 3M fiuwgamgdl 25°C ww
72 il fisnnulaladdaduassiiatu 0.000 81 0.066 log, CFU/dladans uaz 28°C Hsunulalail
Wiz 0.000 4 0.006 log, CFU/{983805
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

2
] <~

39 1 MsFsudisuinulalaiidiaduazilesis sM Nauvgivsmzids 25°C waz 28°C
nA%818s US FDA BAM

e 538989 US Na6NYa9 Median log,,CFU/ml

msdudiou FDA BAM 58 3M 1 25°C 3% sM 7 28°C 58N 3M 13581 US FDA BAM

Median Median Median 4 4
log,,CFU/ml  log, CFU/ml n25°C n28°C
CFU/ml log,,CFU/ml 48 72 48 72 48 72 48 72

e il Pl il e il Il Al

M 0.477 0.477  0.602  0.301 0.477  0.000 +0.125 -0.176  0.000

(1 - 100) 1.857 1.663  1.903  1.813  1.898 -0.194 +0.046 -0.044 +0.041
hunan 2.435 2.410  2.423  2.375  2.375 -0.025 -0.012 -0.060 -0.060
(100 - 1,000) 2.650 2.491  2.556  2.505  2.531 -0.159 -0.094 -0.145 -0.119
6N 3.127 3.134  3.149  3.137  3.143  +0.007 +0.022 +0.010 +0.016
(11NN 1,000) 3.491 3.491  3.491  3.505  3.505  0.000  0.000 +0.014 +0.014
4.326 4.407  4.473  4.435  4.435  +0.081 +0.147 +0.109 +0.109

5.572 5.580  5.591  5.653  5.653  +0.008 +0.019 +0.081 +0.081

‘Q' ‘&" o IS ] =y
MsnadaumMstinduyasnnulalaiiuad’s sM
PNAMINAFaUNNFIAWUN T3 3M il lFnarunwz@awnuauan 48 luadly 72 $lue 0

aungi 25°C §i p-value Y 0.0267 Tupauziiiiaun 28°C i p-value (AU 0.0733

mMsnagaueNNdutdunse (Linearity) wazn1swanudnnusyaiaadis

NI NFNTLEIEHAEE9Ee US FDA BAM waz35 3M figampil 25°C uaz 28°C
(mudl 1) wui 2 Saflenuduwusiuiudunse ieldadansoanesBadusthehe lamdnlszans
anduiusaeiia sy (r) igamgil 25°C N 48 Hlae uaz 72 1 WA 0.9986 Wax 0.9988 Tigaunnil
28°C 1181 48 Hla9 Waz 72 $lae WA 0.9995 WAz 0.9992 MNMGU Srudnlszanimsannss
wIaAMNTU ﬁ'qmwgﬁ 25°C 1A 48 Tl Az 72 $la9 WA 1.0250 WAL 0.9952 MNEIRU ﬁqmw{]ﬁ
28°C I 48 $l319 waz 72 a9 WA 1.0560 WAL 1.0234 MNEIHU
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ATINFBUANNYNABIYDIUHUNATDY Petrifilm™ Rapid
Yeast and Mold Count Plate
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

113831979 Accuracy profile

ihwamstiuinulalaiiadiuornmadisends US FDA BAM uasis sM figamail 25°C was
28°C U 48 waz 72 %Im lﬂﬁwmmmﬁhmwmﬁmmu (Bias) 229uanadauds sM 2aNauUULSE
Fanneawaanuemaeasumanis (Upper and Lower B-ETI limits) tilaaanTN Accuracy
profile Taamuuaaituen (B) NU 80% WazwaulAMIBBNIUNANAEIY (\) WNAU +£0.3 Uz +0.5 log,,
T (597 2 - 5T 5) thuanai ladiluadansw Accuracy profile (MWl 2)

a

317 2 MUBFduaznzesisan US FDA BAM uagids 3M Ngamngii 25°C a0 48 93la

U

Ao Suh é’ajthq é‘l’)jihq éi'aj]ihq é’aj)th ﬁafﬁwq ﬁaj_lth ﬁaj]thq ﬁujlihq
N1 72 73 N4 ns ne n7 78
US FDA 1 3 89 235 447 1340 3000 20100 360000
BAM 2 5 72 337 357 1293 3333 21167 440000
3 2 58 272 497 1373 3100 24667 373330
3M 1 4 44 257 350 1180 3200 30900 21000
2 3 46 234 250 1510 2000 25100 38000
3 5 65 295 290 1300 3900 29000 55000
4 3 45 306 310 1510 2150 22000 30000
5 3 57 163 360 1360 3100 25500 47000
uuaailuaa Logg

US FDA 1 0.477 1.949 2.371 2.650 31217 8477 4.303 5.556
BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4.326 5.643
3 0.301 1.763 2.435 2.696 3.138 3.491 4.392 5.572
X 0,477 1.857 2,435 2.650 3.127 3.491 4.326 5.572
3M 1 0.602 1.643 2.410 2.544 3.072 3.505 2,490 5.322
2 0.477 1.663 2.369 2.398 3.179 3.301 4.400 5.580
3 0.699 1.813 2.470 2.462 3.114 3.591 4.462 5.740
4 0.477 1.653 2.486 2.491 3.179 3.332 4.342 5.4717
5 0.4717 1.756 2.212 2.556 3.134 3.491 4.407 5.672
Y, 0.477 1.663 2.410 2.491 3.134 3.491 4.407 5.580
S 0.101 0.075 0.110 0.064 0.046 0.123 0.058 0.165

n 5 5 5 5 5 5 5 5

S. 0.100

Seeti 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

n 3 3 3 3 3 3 3 3

S 0.090

Y -X 0.000 -0.195  -0.025  -0.159 0.006 0.000 0.081 0.008

Sa-V(1+1/n) 0.109
T(0.1,32)"?  1.3086
T.S,,.V(1+1/n) 0.143

U, 0.143 -0.051 0.118 -0.016 0.150 0.143 0.224 0.151

i

L, -0.143 -0.338 -0.168 -0.302 -0.137 -0.143 -0.062 -0.135

i
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ATINFBUANNYNABIYDILHUNATDY Petrifilm™ Rapid

N3O Aaing wasame
Yeast and Mold Count Plate

a

M3 3 MNUBFAUaz2eNIsaN US FDA BAM uazis 3M Nigauigii 25°C 1an 72 97l

U

MpEN  MIREN  MBEN  eIBEN @PgN MBEN eIedN  928gN

Bnadau SN o I p 3 I p p

N1 2 M3 N4 ns ne n7 ns8
US FDA 1 3 89 235 447 1340 3000 20100 360000
BAM 2 5 72 337 357 1293 3333 21167 440000
3 2 58 272 497 1373 3100 24667 373330

3M 1 4 69 265 390 1180 3200 30900 22000

2 3 80 237 320 1510 2000 26300 39000

3 5 99 295 360 1320 4000 32700 56000

4 3 71 309 340 1510 2230 24200 33000

5 5 90 172 450 1410 3100 29700 47000

wilaaflua Log,,

US FDA 1 0.477  1.949  2.371  2.650  3.127  3.477  4.303  5.556
BAM 2 0.699  1.857 2.528  2.553  3.112  3.523  4.326  5.643

3 0.301  1.763  2.435  2.696  3.138  3.491  4.392  5.572

X 0.477  1.857 2.435  2.650  3.127  3.491  4.326  5.572

3M 1 zg'2 1.839 2423 2591 4 VIR 3.505 0 5.342
G] '-] ?’-] ﬂ w7 203 _‘).3755 2.5 37%_' EE ﬂ4. (le 5.591

3 0.699  1.996  2.470  2.556  3.121  3.602  4.515  5.748

4 0.477  1.851 2.490  2.531  3.179  3.348  4.384  5.519

0.699 1.954

2.653 3.149 3.491 4.473 5.672

9’!.236
r. —

.42 5.591
S, 0.111 0.067 0.101 0.057  0.045 0.123 0.053  0.156
N 5 5 5 5 5 5 5 5
S, 0.097
S, 0.199  0.093 0.079  0.073  0.013 0.023 0.046  0.046
N 3 3 3 3 3 3 3 3
S, 0.090
Y -X 0.125 0.046  -0.011  -0.094  0.022 0.000 0.147 0.019
S,-V(1+1/n)  0.106
T(0.1,32) 1.3086
T.S,.V(1+1/n)  0.138
U, 0.263 0.184 0.127 0.044  0.161 0.138  0.286  0.157
L, -0.014  -0.093  -0.150  -0.232 -0.116 -0.138  0.009  -0.120
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

a

MM 4 MUBFAUaz2eNI5aN US FDA BAM uazis 3M Nigaumngii 28°C a0 48 97l

LY

MBI MBEN  BEN @R MBEN eIRENN @198 6BEN

Bnedeu e o o p p p p o o
N1 e 3 4 ns ne N7 8
US FDA 1 3 89 235 447 1340 3000 20100 360000
BAM 2 5 72 337 357 1293 3333 21167 440000
3 2 58 272 497 1373 3100 24667 373330
3M 1 2 50 195 340 1250 3700 28000 45000
2 6 65 283 280 1210 3600 25600 43000
3 1 71 239 340 1370 3200 27200 49000
4 2 51 237 310 1430 2730 22100 34000
5 3 84 237 320 1530 2600 28700 49000

wiaadluen Log,,

US FDA 1 0.477 1.949 2.371 2.650 3.127 3.477 4.303 5.556
BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4.326 5.643
3 0.301 1.763 2.435 2.696 3.138 3.491 4.392 5.572

X 0.4717 1.857 2.435 2.650 3.127 3.491 4.326 5.572

3M 1 gg.l 1.699 2.290 2.531 3097 3.568 7 5.653
m '-] ?F] ﬂ ws 213 J.4525 2.4 ﬁsu EE ﬂ4. e?l 5.633

3 0.000 1.851 2.378 2.531 3.137 3.505 4.435 5.690

4 0.301 1.708 2.375 2.491 3.155 3.436 4.344 5.531

0.477 1.924 9‘!.375 2.505 3.185 3.415 4.458 5.690
/ = -

0.3 5.653
S, 0.285 0.096 0.057 0.035 0.042 0.069 0.045 0.065
N 5 5 5 5 5 5 5 5
S, 0.116
S 0.199  0.093 0.079  0.073  0.013 0.023 0.046  0.046
N 3 3 3 3 3 3 3 3
S, 0.090
Y -X -0.176  -0.044  -0.060 -0.145  0.010 0.014 0.109 0.081
S, .V(1+1/n)  0.127
T(0.1,32) 1.3086
T.S,.V(1+1/n)  o0.166
U, -0.010  0.122 0.107 0.021 0.176 0.180  0.275 0.247
L, -0.342  -0.211  -0.226  -0.312  -0.157 -0.153  -0.057  -0.085
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ATINFBUANNYNABIYDIUHUNATDY Petrifilm™ Rapid

ngoN Gaing wasAme
Yeast and Mold Count Plate

a

3N 5 UBFAUaz2eNIsan US FDA BAM uazis 3M Nigaunigii 28°C s 72 97l

U

MpEN  MIBREN MBEN  eIBEN @egN MBEN eIeEN  e28gN

Bnedeu 1N o I p 3 p p p

N1 N2 M3 N4 ns ne N7 ns8
US FDA 1 3 89 235 447 1340 3000 20100 360000
BAM 2 5 72 337 357 1293 3333 21167 440000
3 2 58 272 497 1373 3100 24667 373330

3M 1 2 80 195 350 1250 3800 28100 45000

2 6 75 283 310 1210 3600 25600 43000

3 3 79 239 350 1390 3200 27200 49000

4 2 58 237 340 1430 2740 22100 34000

5 3 95 237 340 1540 2700 28800 49000

udaailuen Log,,

US FDA 1 0.477  1.949  2.371  2.650  3.127  3.477  4.303  5.556
BAM 2 0.699  1.857 2.528  2.553  3.112  3.523  4.326  5.643

3 0.301  1.763  2.435  2.696  3.138  3.491  4.392  5.572

X 0.477  1.857 2.435  2.650  3.127  3.491  4.326  5.572

3M 1 zg'l 1.903 2200  2.544 ¢ 3BIT  3.580 9  5.653
G] '-] ?’-] ﬂ ws 275 _‘).4525 2.4 ﬁsu EE ﬂ4. @Zl 5.633

3 0.477  1.898  2.378  2.544  3.143  3.505  4.435  5.690

4 0.301  1.763  2.375  2.531  3.155  3.438  4.344  5.531

0.477 1.978 9!.375 2.531 3.188 3.431 4.459 5.690
- - 2 — -

2.3 5.653
S, 0.195 0.077 0.057 0.022 0.043 0.067 0.046 0.065
N 5 5 5 5 5 5 5 5
S, 0.087
et 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046
N 3 3 3 3 3 3 3 3
S, 0.090
Y -X 0.000 0.040  -0.060 -0.119  0.016 0.014 0.109 0.081
S,-V(+1/n)  0.095
T(0.1,32) 1.3086
T.S,.V(1+1/n) o0.125
U, 0.125 0.165 0.065 0.006 0.141 0.138 0.234 0.206
L, -0.125  -0.084  -0.184  -0.244 -0.109 -0.111 -0.016  -0.044

i
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

9 Accuracy profile (muit 2) dradnlevasduianiavuuaianiaaare B-ETI
(Upper and Lower B-ETI limits) %ﬂﬂiﬂﬂﬂquwawﬂaaﬂuaumm B mnagjuanwaummm A
waashuanagauiiszdumsiuilauiiduivaslignaeniu vislisenndesiunanadissreds Snllavilsda
HaVIAEBUYDIIE 3M azdaandawdaifisuninizenede daidudandauuuasasuas B-ETI anagluzeuiaa
09 \ Teaguualadail

1. msﬂuﬁqmwgﬁ 25°C 1U 48 %Lae[m (mwﬁ' 2.)

dla A whiu +0.5 log,, ﬁnﬂ'ﬁzﬁumiﬂuﬁﬁauwuiw HANAFDUYANNAUUUALYATINAFNY D
B-ETI #2933 3M anagmeluzauiamssandy uddh A whiu +0.3 log,, wudadil 2 (seduibinm
#o 1.663 log, CFU/{aaa05) wazeeEhaf 4 (ssﬁuﬂ%mmt%ya 2.491 log, CFU/#adan3) Ananaday
ANBLUBNYDULINMNTHBNTU
2. m‘sﬂuﬁqmwgﬁ 25°C WU 72 T (mwﬁ 2.2)
wanadauzasis M agmeluraumamsseniuiimnssdumstuilau e A vhiy xo0.5 uas
+0.3 log10

3. msﬂuﬁqmwgﬁ 28°C W1 48 71 (mwﬁ 2.3)

dla A vy 0.5 log imnszdumstudlaunuh wanaseudanfauunazianiades
B-ETI #2435 3M ainagmeluzauwamsganiy uaon A\ iy +0.3 log Wugeehai 1 (seulBinauta
0.301 log, CFU/fi9830%) uazeiati 4 (szduuSinande 2.505 log, CFU/iadans) inanadavuaguen
VOULWAMIHINTY

a

4. M3UNNgamadl 28°C W 72 7ala (MW 2.4)

U

aa ' o A o & P2 Vo
NanadgauundlId 3M agﬂﬁiﬂ,u“ﬂB“IJL“ZIGlﬂﬂiﬂﬂuiu%nﬂizﬂumiﬂumau LA A AU £0.5 UaE

0.3 log10
0.600
0.500 — —#— Bias
0.400
0.300 - —&— Upper B-ETI
0.200
" 0.100 — —i— Lower B—E‘I‘I
20,000 ;
% o100 - = = =Upper AL
0.200 %90
-0300 - — — —=Lower AL
0.400 .
-0.500 — Upper AL
-0.600 -
Reference median Lower AL

a

M 2.1 Ngaungi 25°C L 48 LA

U
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ATINFBUANNYNABIYDIUHUNATDY Petrifilm™ Rapid

Yeast and Mold Count Plate

ngaN Asaing uasAmie

0.600
0.500 - ~—— Bias
0.400
0.300 —a— Upper -ET1
0.200
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. 0.000 —
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-0.200 6.000
-0.300 - = =Lower AL
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-0.600 . AL
Reference median omer
P ~ a o & I
HINN 2.2 wqmw{]u 25°C 1191 72 BIlaN
0.600
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, 0100 —#&— Lower B-ETI
£ 0.000 —
% 0100 = = =Upper AL
0200 % 6.000
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-0.500 — Uppes AL
-0.600
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< 4 - 3
HNUN 2.3 ‘Yl'quQN 28°C 1190 48 ‘ﬁ'ﬂﬂN
0.600
0.500 —+— Bias
0.400
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0.200
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

a J
JAIIEU

Toam W lununaseulisuiisunaiensihfmagudafuwuudasnamegaininn &
manuuanazasnazaeiuliiu £0.5 log, CFU daheauiuld® minmsnd 1 wanaaausau
Talafifaduarnlundoshuaiiommssningds sM Audsd1ds US FDA BAM figunnii 25°C uaz 28°C
0 48 war 72 Flad denuuandwiuliiiy 0.5 log, CFU/fiaddas Sedaheanduldmnginis
sM lFmonsuinamidaduil augiiamsldnumausiunagau sM RYM® seylitumzidonu 48 + 2
lus wadhiiulalaiilifawuliuuin 12 530 s 51l wazdh ldazanlumssuwaluiasU fians
sansavenanavanily 72 Hlwld middeiteiun 72 Hl Nonaneseunuidstiuunasey
sM RYM figauninil 25°C uaw 28°C 1wy 72 $ala wuiinnulalaiidaduaziiistiuanmsuy 48 #ala
(0.00 - 0.24 log, CFU/#8da03) 1INMINAFDUNNFDAWUNIMIUNUEUNATDU 3M RYM w72 il
ﬁqquﬁ 25°C Hamnulalatannanmsuniny 48 %’ﬂmasiwﬁﬂfﬂﬁ’lﬁagwwaaa (p < 0.05) Maluwe
Telaiifaduazniwsashishisnmsadanadiuldilonsy 48 s wdssnsaasanuldnne 72 $lug
dufigaunnii 28°C matuny 72 Hlwdhuulalaiinnnhmstinnu 48 Mlwaaeldfitaddyms
a8 (p > 0.05) FanaagUldhmavufigumgii 28°C 1y 48 #law aansnaunald Toslidastannuiuds
72 $ale deandasiumsinzes Hans uwazamz Mdaudadaduasnludoiuiluasnarmnisamids
uwdmuhdastnidafigunndl 25°C 1y 60 Halas Teazfiumswinuesdaduasndany lusnsinuidasas
Bird uazaniz” wuhmsldukunageu sM RYM anainnsimstailouausuieinilgamnii 25°C
wax 28°C 1w 48 #lus atindadnauasu 60 Falus Sunuiaduasn biviatu wasldaghanmanasey
NN Paired t-test anadauudaduazNMaukunadau sM RYM nuisads US FDA BAM
uanenuaen lilitedayneaia

managauanuiuduasiniiemenuduiussasailénnissdiuismadan wnsiiua
nsznufuANNY (Accuracy) Taaase® :nmwil 1 uaonlvithuhdayananagauradid sM nuideeds
fuwnsgasgamgifienuduiusiduduasannuesllufiemadody mnzedulssansanduiusuag
wWiasdu (r) Tndides 1 30 (0.9986 - 0.9995) daAAABNNUADNANIINTINTDUANNYNGBIUEY ADRIA
Developpement, 2014 fi3suiiiauds sM fuisnasu IS0 21527 lumsanaivdaduaznlusms
hualsl wazihsunszunumside uananiledulszanimsannas (Slope) AU 1 (0.995 - 1.056)
waae33 sM Tiwamsnageuiliisuniizsnds

Tuniddeiiiivue B Wiy so% mudamuuazes ISO 16140-2:2016 lasUndvauin
masaufufluanuuandnggaiisaniulduaiwammasauszuineidmadanduizadedamanivua
souamssaniUAuagugaETduadisands ssdumstuiiouadunidluems Usanadunid vie
mummé’amﬂ‘swaq@‘lﬁ'\nu(w) Tu ISO 16140-2:2016 MUUAYBUWANMSEBNSU (Acceptability limit,
AL) 28935m@an iy +0.5 log,, MI8BNIUNANATBULENIS 3M 9NTANNAUULSLTANNAAGN
(Upper and lower limits) 29472360 - ETT flisanuanuauwamssaniuiudazszaumstuiiau datily
M 2 drimue AL O\) Wiy £0.5 log,, Jehansananlah 38 sM Tinaiisuwhisarsdedmiumsnadau

o

TpEAIRNaNTamaINIsauMsIulaunnadaudaue 0.477 log, CFU/Naddns 84 5.572 log, CFU/

aa

a8dns (3 CFU/fadans o4 373,330 CFU/Hadans) mdne B-ETI agluzauwamszaniu (L)

22D

dl | | 4 ac =~ UV ad Y a v Gl
NLAUD LTU A = +0.3 %38 +0.4 logw ALUFNVNINATDUYDIITNNLFDNNUVITDNNNANNTO AN
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ATINFBUANNYNABIYDIUHUNATDY Petrifilm™ Rapid

ngoN Gaing wasAme
Yeast and Mold Count Plate

Tndidssfuanngady tufeismadeniianuuiuinniy Fuulsdemifugldlumsdadulafiasinizms
denlUlflasannsadenssduanuuainadisldmensmuuagnmssandy dnuszmanilsdiveszdu
matuilaufidrsd B-ETI aguansauamasansu flfdimnsadenldismudaniawsiiiee p-ETI
agfluzauwamssansuld wu lumddeil Wadwue X whiy £0.3 log,, iaamgii 25°C uay 28°C 1y
72 %7l 58 sM azliiuaiaunhiaenede (Mwi 2.2 way 2.4) Ltsiﬁqmwgﬁ 28°C 11U 48 $la9 35 3M
Tiuaiisunhissedaeniiuiissdumstuiiousasinegedl 1 uaz 4 (mwil 2.3) Tunaiigamgii 25°C
W 48 1l 53 sM Iuatiieuwihideedeniuissaumsiuiionaasdioted 2 waz 4 (Mwil 2.1)
uannneNuuiuudlFFaanansaganuiies (Precision) 18933madenannsu Aceuracy profile
fhamsfiansanziee B-ETI Aienunman B + T.S,\/1++ Faimahedenuuinasyuuadismadan
Nnmsnaaasdateimaneasanld Tasddimaudenianuiisaniasdm B-ETI aznte maulana
nnns W Accuracy profile wuii mildsainsadeduladanldismedanldmuuauiwamssansy
Afmuaussminsauiuiagussadianhllddudad

mMsnadauaNuduidunsenumsly Accuracy profile lkadaanansny da 35 sM lviua
WiBuinEshade snciudlammuue X whiu £0.3 log,, ignmnil 25°C ua 28°C 11U 48 #1laa 35 3M Tiiua
lifsuringsedeinszdumsiudauiiaduazs vliaaandastumanasauanaiuduasiiis sM
Tiuaifieun3iaseds iesan Accuracy profile Imamnagiiimahuanagauiiny Be luawan
#l@nda sM %mﬂagﬂuﬁawhﬁ Fuflusadueimsld Accuracy profile

GRNL

9

NNMIATINFBUANNYNGDILBIUKUNATDU 3M RYM ﬁqmwgﬁ 25°C waz 28°C WU 48 Wde
72 il MABH9B9 US FDA BAM dwiumsenamiBinadaduaznluniasiuman Tagldmsada
A% Accuracy profile Wu35 sM slﬁwmﬁauwiﬁ'%ﬁwﬁqﬁnnﬁzé’um‘sﬂuﬁjau diamvuazauwamseansy
WY +0.5 log,, 0y ISO 16140-2:2016 udiilavuazauamMseaNFULAUAIINAY £0.3 log,, 35 3M
flgamgfi 25°C uar 28°C i 72 Halw whiuilduaifisuniisedeinnssdumstuiion Fauusiu
nadau 3M RYM aansmhanldiuinnuiaduasalagliuaiisunnissnds US FDA BAM visiit
anwldldzaausunaday 3M RYM ufumsivua o uazuauiamssaniunasgldny dmiuszes
nmuazgamgiiimanzandumshisluldmansafinsanannsvl Accuracy profile figfldiarsan
anuiisswazanauiuld madnmilheliiiennisiensivainismadananldduamns aminsmh
e auiigitesiiumslldlumsanaseuanugndaadis nuasmauanauazmasunasinssany
muinguszandasnula

aamnsIndszna

PazauguuaaIns lukheihuazesasdnnguaatinennnhunlvenusiniisausmAdesiased
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Use of Accuracy Profile for Validation of
Petrifilm'™ Rapid Yeast and Mold
Count Plate for Enumeration of Yeast

and Mold in Beverage

Karuna Teerasamit Ladapan Saengklai and Nalinee Yoophet
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanon Road, Nonthaburi
11000, Thailand

ABSTRACT Validation of quantitative method in microbiology according to ISO 16140 - 2:2016 specifies
use of accuracy profile to compare the result of reference and alternative methods. The accuracy profile
was used to validate the Petrifilm™ Rapid Yeast and Mold Count Plate (3M RYM) by comparing yeast
and mold counts in liquid beverages with the US FDA BAM procedure recognized as reference method.
The test samples were naturally and artificially contaminated at low level (1 - 100 CFU/ml), medium
level (100 - 1,000 CFU/ml), and high level (>1,000 CFU/ml). When incubated at 25°C and 28°C for
48 h and 72 h, the results of the two methods showed relationship as linear and the Petrifilm sM RYM
gave Pearson’s correlation coefficient scores close to 1, i.e. 0.9986, 0.9988, 0.9995 and 0.9992, respectively.
The accuracy profile for validation of Petrifilm 3M RYM was accomplished by setting the f-expectation
tolerance intervals (B-ETI) at 80% (P%) and the acceptability limits, AL () at +0.3 and +0.5 log,,
CFU/ml. For a X of £0.5 log,,, the 3M method incubated at 25°C and 28°C for 48 h and 72 h, the -ETI
limits were within the acceptability limits at all contamination levels. When A was +0.3 log,,
only at 25°C and 28°C, 72 h that the B-ETI limits fell inside the acceptability limits at all contamination
levels. It can be concluded that the validity of Petrifilm sM RYM depends on defined % and acceptability
limits (\) specified by the users. Use of accuracy profile assists the users to choose an analytical method

appropriately.

Keywords: Accuracy profile, Validation, Petrifilm 3M RYM, Beverage
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ATINFBUANNYNABIYDILHUNATDY Petrifilm™ Rapid

N3O Aaing wasame
Yeast and Mold Count Plate

a

M9N7 2 MUEFGLaz28IE8 198 US FDA BAM wazd5 sM Naangil 25°C s 48 97l

U

g $1Ud f10619  AI9E1N AI0U1N  IRE1N AN AI0819 1R8N AI0UNN
nagoy i fio i3 fa iis e 7 i

US FDA 1 3 89 235 447 1340 3000 20100 360000

BAM 2 5 72 337 357 1293 3333 21167 440000

3 2 58 272 497 1373 3100 24667 373330

M 1 4 44 257 350 1180 3200 30900 210000

2 3 46 234 250 1510 2000 25100 380000

3 5 65 295 290 1300 3900 29000 550000

4 3 45 306 310 1510 2150 22000 300000

5 3 57 163 360 1360 3100 25500 470000

mlaadud Log,,

US FDA 1 0.477 1.949 2371 2,650 3.127 3.477 4303 5.556

BAM 2 0.699 1.857 2528 2.553 3.112 3.523 4326 5.643

3 0.301 1.763 2.435 2.696 3.138 3.491 4392 5.572

X, 0.477 1.857 2.435 2,650 3.127 3.491 4326 5.572

M 1 0.602 1.643 2.410 2544 3.072 3.505 4.490 5322

2 0.477 1.663 2369 2398 3.179 3.301 4.400 5.580

3 0.699 1.813 2.470 2.462 3.114 3.591 4.462 5.740

4 0.477 1.653 2.486 2.491 3.179 3332 4342 5.477

5 0.477 1.756 2212 2.556 3.134 3.491 4.407 5.672

Y, 0.477 1.663 2.410 2.491 3.134 3.491 4.407 5.580

S, 0.101 0.075 0.110 0.064 0.046 0.123 0.058 0.165

n 5 5 5 5 5 5 5 5

N 0.100

S, 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

n 3 3 3 3 3 3 3 3

S, 0.090

Y-X, 0.000  -0.195  -0.025  -0.159  0.006 0.000 0.081 0.008
s,/1+1/n 0.109
T(0.1,32)"" 1.3086
TS,/1+1/n 0143

U 0.143  -0.051 0118 -0.016  0.150 0.143 0.224 0.151

L -0.143 0338  -0.168  -0302  -0.137  -0.143  -0.062  -0.135

NI INIIINENENFASMIUNNE
Ui 59 20UN 3 NINHAN - NULNBY 2560




Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

a

M9 3 MNUEFGKaz28NIE8 1989 US FDA BAM wazi5 sM Naangil 25°C s 72 97l

U

EE SRR S A0 A0 MDY AIBENN AI0YNN AI0EN AIRPNN AR
naaoy i 2 i3 o fis e 7 s

US FDA 1 3 89 235 447 1340 3000 20100 360000

BAM 2 5 72 337 357 1293 3333 21167 440000

3 2 58 272 497 1373 3100 24667 373330

M 1 4 69 265 390 1180 3200 30900 220000

2 3 80 237 320 1510 2000 26300 390000

3 5 99 295 360 1320 4000 32700 560000

4 3 71 309 340 1510 2230 24200 330000

5 5 90 172 450 1410 3100 29700 470000

wlaadud log,,

US FDA 1 0.477 1.949 2371 2,650 3.127 3.477 4303 5.556

BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4326 5.643

3 0.301 1.763 2435 2.696 3.138 3.491 4392 5.572

X, 0.477 1.857 2435 2.650 3.127 3.491 4326 5.572

M 1 0.602 1.839 2423 2.591 3.072 3.505 4.490 5342

2 0.477 1.903 2375 2.505 3.179 3.301 4.420 5.591

3 0.699 1.996 2.470 2.556 3.121 3.602 4515 5.748

4 0.477 1.851 2.490 2.531 3.179 3.348 4384 5.519

5 0.699 1.954 2236 2.653 3.149 3.491 4.473 5.672

Y, 0.602 1.903 2423 2.556 3.149 3.491 4.473 5.591

Sui 0.111 0.067 0.101 0.057 0.045 0.123 0.053 0.156

N 5 5 5 5 5 5 5 5

S, 0.097

- 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

N 3 3 3 3 3 3 3 3

" 0.090

YoX, 0.125 0.046 0011  -0.094  0.022 0.000 0.147 0.019
S,/ 1+1/n 0.106
T(0.1,32) 1.3086
TS,/1+1/n 0138

U, 0.263 0.184 0.127 0.044 0.161 0.138 0.286 0.157

L 0014 -0.093  -0.150  -0232  -0.116  -0.138  0.009  -0.120
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ATINFBUANNYNABIYDILHUNATDY Petrifilm™ Rapid

N3O Aaing wasame
Yeast and Mold Count Plate

a

M9N7 4 MNUEFGKaz281I581989 US FDA BAM waz35 3M Naangil 28°C s 48 97l

U

k! RIS 001N AI0UN1N  AIPENN MBI AI081N  AI081N  AIREN ABYNd
nagoy i fi2 i3 4 #is e 7 W8

US FDA 1 3 89 235 447 1340 3000 20100 360000

BAM 2 5 7 337 357 1293 3333 21167 440000

3 2 58 272 497 1373 3100 24667 373330

M 1 2 50 195 340 1250 3700 28000 450000

2 6 65 283 280 1210 3600 25600 430000

3 1 71 239 340 1370 3200 27200 490000

4 2 51 237 310 1430 2730 22100 340000

5 3 84 237 320 1530 2600 28700 490000

mlauflum log,,

US FDA 1 0.477 1.949 2371 2.650 3.127 3.477 4303 5.556

BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4326 5.643

3 0.301 1.763 2.435 2.696 3.138 3.491 4392 5.572

X, 0.477 1.857 2.435 2.650 3.127 3.491 4326 5572

3M 1 0.301 1.699 2.290 2.531 3.097 3.568 4.447 5.653

2 0.778 1.813 2.452 2.447 3.083 3.556 4.408 5.633

3 0.000 1.851 2378 2.531 3.137 3.505 4.435 5.690

4 0.301 1.708 2375 2.491 3.155 3.436 4344 5.531

5 0.477 1.924 2375 2.505 3.185 3.415 4.458 5.690

Y, 0.301 1.813 2375 2.505 3.137 3.505 4.435 5.653

S 0.285 0.096 0.057 0.035 0.042 0.069 0.045 0.065

N 5 5 5 5 5 5 5 5

N 0.116

S 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

N 3 3 3 3 3 3 3 3

» 0.090

Y-X, -0.176  -0.044  -0060  -0.145  0.010 0.014 0.109 0.081
S,/1+1/n 0.127
T(0.1,32) 1.3086
TS,/1+1/n  o.166

U, 0010 0.122 0.107 0.021 0.176 0.180 0.275 0.247

L 0342 0211 -0226 0312 -0.157  -0.153  -0.057  -0.085
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a

M9 5 NUEFGKazN28NIE8 1989 US FDA BAM wazi5 sM Nagangil 28°C s 72 97l

U

El $1ud f10019 A0 AI0819 AN AI081N  AIRENN AIRUNN  IDY1d
naaoy i i 2 #i 3 fia fis fie 7 fis

US FDA 1 3 89 235 447 1340 3000 20100 360000

BAM 2 5 7 337 357 1293 3333 20167 440000

3 2 58 272 497 1373 3100 24667 373330

M 1 2 80 195 350 1250 3800 28100 450000

2 6 75 283 310 1210 3600 25600 430000

3 3 79 239 350 1390 3200 27200 490000

4 2 58 237 340 1430 2740 22100 340000

5 3 95 237 340 1540 2700 28800 490000

mlaadud log,,

US FDA 1 0.477 1.949 2371 2.650 3.127 3.477 4.303 5.556

BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4326 5.643

3 0.301 1.763 2435 2.696 3.138 3.491 4.392 5.572

X, 0.477 1.857 2.435 2.650 3.127 3.491 4326 5.572

M 1 0.301 1.903 2.290 2.544 3.097 3.580 4.449 5.653

2 0.778 1.875 2452 2.491 3.083 3.556 4.408 5.633

3 0.477 1.898 2.378 2.544 3.143 3.505 4435 5.690

4 0.301 1.763 2.375 2.531 3.155 3.438 4.344 5.531

5 0.477 1.978 2.375 2.531 3.188 3.431 4.459 5.690

Y, 0.477 1.898 2.375 2.531 3.143 3.505 4435 5.653

Suu 0.195 0.077 0.057 0.022 0.043 0.067 0.046 0.065

N 5 5 5 5 5 5 5 5

" 0.087

Suis 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

N 3 3 3 3 3 3 3 3

» 0.090

Y-X, 0.000 0.040 -0.060  -0.119 0.016 0.014 0.109 0.081
S,+/1+1/n 0.095
T(0.1,32) 1.3086
TS,/1+1/n 0125

U, 0.125 0.165 0.065 0.006 0.141 0.138 0.234 0.206

L, -0.125  -0.084  -0.184  -0244  -0.109  -0.111 0.016  -0.044
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n13Anw) Charge Variants lugn#izing
WWan1ssnwzie Ly lulaauaauauiuad

mg Capillary Isoelectric Focusing

Jwgen Adweriug  Fasal gaduledan  wasanedW agInediiun

FOUUTVING NININNMFNTNITUNNE DUUGFIIUUT WUNYS 11000

unanga  lwanavaslululaausausudvadluedisagyaniivarsuvuiiissnnlszaiuaneniu (charge
heterogeneity) ¥1n3iN5UagULUaIRIINNAGDANNAIENINYBNET NTBBNANT UaL/NIDNTEAUANANAY

v t2

fineliiAnduanes duiuannwaaseudaziudasil charge variants figaniaws Feldmsnmzionas
charge variants zavenluTulaauaauaudvadisfiodiZagd 14 damadiidunsisululszmalnademaia
Capillary Isoelectric Focusing uams@nwmaindianlnsillsunsuwunenlululaausauaudvadnnaiiadl
isoforms ﬁ”'q 3 WUUKAZATNIN isoforms YB9E15NIATFIU @) pl 28N isoforms ag'lu‘th 6 - 10 log pI 23NA%iia
basic waw acidic #in asflne 9.48 — 6.70 Waw 9.24 - 6.40 MNAGU UBNMINTWUNENS BT ANUAKHANhIAREATY
nnmal3eudieu isoforms daiuiigamail 37°C wu 5 Ju agdldhmateenlululasuaauauivadidnsa
Ussnaumstiunzifioudl charge variants ammumsnaspuiiaauds slsfioumaigmsinsanuuama

msdamumMaEhsziuaumnzasenlululaausausuduafgudu 9 SINTNANNMENNZRIENTITngAIEAF
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Charge Variants Analysis of Biotherapeutic Monoclonal Antibody Wichuda Jariyapan et al.

UNUI

Tululrauaauauduad (monoclonal antibody: mAb) finanilluensnmlsamamaluladzinmw
(Uuen Biotherapeutic products (BTP) Tumswaailanmalalutanazasniiuanadeny eanuuanaaving
azwuladaluana mAb lusndiFaguaaiiuszanuane i (charge variants)® Fuduwannmsinauaas
Laulﬂziﬁw%aﬂﬁﬁ’%mﬁu (enzymatic L&z nonenzymatic modifications) vanaUfizen 1y glycosylation,
glycation, deamidation, oxidation, disulfide bond formation W3amsUSuuasriinvaensaaziilui
Usmeaelusiu (C-/N-terminal amino acids modification) was peptide bond cleavage (Hunu
Faduanuuaneauaniiae (microheterogeneity) laganaiasewNUUIUMSHAN LUBaar5 oI LU uIUMS
{ 1] ¥ L = aaa 1 3 = 1 o = la( 4 H o =
naguaniaazuagnuaiinyasljisenmantu sandaiassninmanliudgnduazaasiiudnmnimviie
msdsuuasluenalustiu®
variants vgiiaanalinaldiianamurnudasany veriinaiansenuaalscansanyesen
dathluldunnusaseuaiuaniinueslusiuiiy aehalsias charge variants 28980 mAb fianuaaey
Vo ' o = { Y P
Tuwinfinadaanuaedinaznisaangnaneiinm madsuwlasdadrveassiioUszquuluianarives
< v v = I v a a 1 1 o = 4 AY v A& w (3’4)
wniagaznaudlaNaNUisuLUauazaRdNHadaANNAIAIZBIEIIBN ST U AN UNUUE UN T
= o ~ a do v ~t a a 1
Puzdgnnuen mAb dnszuwaumasndandudeu dlamadasuunninaspumnauanmsudelaidnea
lanndaumulinssmunasnuuuld Jagtuen mAb nlgludszmalnadusmhdmamuenndszmeeng o
nnnlssnulvgndmbeenlumlanuaslssnupnadnindamiiingaaiaade (biosimilars) inuihaen
Tuweduuanmiisainglsduazinim asnulunmsmuguammwndnduitidedeesdinsnsiaienziau
o ] [ a PR = a a =l =
charge variants 28487 mAb TINAUMINATIENMNITRAU ) MNAMIUFBULUSINIZLIUMSHENWIDLAUSTNEN
< o Y a d' 2 (=] 1 a 1 o 1 %
snLﬂunmmuma‘nﬂwLnﬂmstﬂaﬂmmaﬂuLaqa ?Nmaﬂ,mNamamsmaﬂmmmﬂs:@ UAUNTU BU NTHA
30z luladuil C - terminal 284 heavy chain sanagnalianysaRem ldimswaeuudasszg iiamsiuthng
(cyclization) 284 glutamine 1 N-terminal %'%aflﬂﬁﬁ%ﬁl’l oxidation tU8#1 methionine (¥4 methionine
sulfoxide M 14le basic variants §U acidic variants tHannMSHNINIManIalgaLan (sialic acid)
ludu Fe uazUfinsen deamidation wu nnsesziluwsamnniuiunsausaithson Wuau®™® dagiu

Y a

-7 o % % U -7 o = = Q‘
Huaauazmasglianuddynuanudunusyadlassaswluananulssdndnmunisaangndzed mAb
d! H 1l 1 Qn’ 1 J L4 4 L4 L4 4 o u = v
Zamsldsuudasdszyanalinsznudamssangndzate watiiasnntagiudeidayaduiinne Jedas
FAMNATINTDUANNFNTNDUDIA AN BN NUTE]

wailafifiUszansmwlumsanaienzdamulszq As dianlnslwsdauuuuatlas3™ (capillary
electrophoresis: CE) #4i@ isoelectric focusing (cIEF) logiiansanannem isoelectric point (pI) Fauanaiu
isoforms {19uuU acidic variants waz basic variants uanwila Minlutananan (main peak) NeUszgniy
audluanulnihuaseuiieu isoforms AUBMTINATTIUNIMTIANRUENBUEMUBY ) TogUszasdzes
MmAeliiadnwauansme charge variants 28981 mAb #fiada g Mindmnmhelulszmalng
v a o A o g ] v < P PR
mewmaila cIEF iaanadavivdunuanvazeaseniiulumuinaudalumstunzieouen waziiiadne
= = e v a v = L2 v a lﬂ' v v o 4 Yy >
wWisuiisuamansuzaulszguee mAb sliaadieadeniuensnds wialiladayadmiunisihse

yasnvthaia ldssmsulasuennawazlannns
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M3ANE Charge Variants Tugndringuivemssnwaiinlululasusausudvad Yo ATEEWUS UasAue

d13LAN

aseiuazasazasild duniie analytical grade 713\1 Anolyte (200 mM Phosphoric
Acid), Catholyte (300 mM Sodium Hydroxide), Chemical Mobilizer (350 mM Acetic Acid),
Cathodic Stabilizer (500 mM Arginine), Anodic Stabilizer (200 mM Iminodiacetic Acid), Urea
Solution (4.3 M Urea), 3 M Urea-cIEF Gel, Pharmalyte 3 - 10 carrier ampholytes (GE
Healthcare # 17 - 0456 - 01)

m%imﬁauazqﬂninf

3aedEnInsindgauuuunailaans 3u PA 800 Plus Pharmaceutical Analysis System
(Beckman Coulter, USA) Tagldsunsuuszanana 32 Karat Software version 9.1 patch waz PA 800 plus
Software version 1.1 patch l#uallaa3uuu neutral-coated 2watdusudgudnarmely 50 um
AMueIanae (L) 30.2 em u,azLﬂ‘éaﬁﬂmnﬁ@ﬂﬂﬁuumﬁﬁﬂ UV 280 nm dsazane cIEF gel

FIBENUAZAITNINIFIU
endringiitamssnmnazaglailalululasusauaufivedaiiuiy 14 Famsm (brands) Ae zile
A-N funsidsuiiamibeludsswmalnadmsunssnmlsesiinne g iy lsedada vzSuaiu
< o [l < [~ & Y [ Id 4
wzaldlvg nzGediadannn Tsadasnau Tsanszgnwguuazlsataantszamanay Wudu 1o 1
A & % = .. o A & v .. A o =1 Y a
guausnaaaady (Biosimilars) wazdn 13 sUatusnauwuy (originators) #E 1 #ilatuenaINdy
(reference product) 2e3ENAAIEAG FLASUNNEHEATINNENTNATFIUYEY mAD TN 14 #ile G198
NN UNITiaNauiawazi Hui 2 - 8°C
Tﬂiﬁuéﬁﬁqmmgm (cIEF peptide markers: pl 10.0, 9.5, 7.0, 5.5, 4.1 # A58481) AN
Beckman Coulter; USA

MIAIVNEIDE N UAZTITNINTFIY

araneMmainuazasnaspusshamsundaliianugndy 10 mg/mL 6in 10 pL adly
Waan micro tube NRaswEilurase #e 3 M urea-cIEF Gel U515 200 uL carrier ampholytes
U311935 12.0 uL cathodic stabilizer Y331#5 20.0 uL anodic stabilizer U33105 2.0 pL waz pI 110351U
2 %ila fifien pl Indideadudade iinas 2.0 uL wanlidhiulesld vortex mixer Uszana 15 3t udh
i luilluedasiiumdes 6,600 rpm Uszana 20 31t tilaliwasenmemalddawimsnagay

w3aulUsiuandawnnsgiu (cIEF peptide markers) logtliUn 3 M urea-cIEF Gel USaas
200 uL 1alu micro tube waLin pharmalyte 3 - 10 carrier ampholytes 133165 12.0 uL cathodic
stabilizer U331935 20.0 uL anodic stabilizer U3ne35 2.0 uL NnTuLd pl markers 10.0, 9.5, 7.0,
5.5 U8z 4.1 #iear 2.0 uL wanlidnu ilihlwedstlumissszana 20 3wit tial¥wasarme
welunauhlunageau
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Senedtethamuannziimwuadsil draveuallam3nie 4.3 M urea solution Tagldanueiy
50.0 psi 11U 3 W waTdFIBINTIAINGY 50.0 psi WU 2 T uFIIeEafata e NGy 25.0 psi
funan 99 3unit Mntudlumsusnanslaedne focusing step Tanueadng 25.0 KV ww 15 il uas
#umau mobilization step USuamuaadndiilu 30.0 kV wu 30 it Sedugamsuen wazdruailaans
FethnaNNeY 50.0 psi 2 i wazlianussdndanauiiy 15.0 kV iiaedsumsiamatanddall

Tusdudisien pl gannen pH asiivszauin Tusdudidien pI ehnh pH willszaau dianaaui
Tudsshumislafivssanuuuluanadlugud Tusduasugamaedeu o qailded pI udasnadidning-
Wlsunsudufiadeiienuminananumisdiuannmiildlumsiaaeud (migration time: MT) ANNGY (peak
height) uaziuilaiie (peak area) ‘7;11aﬂ5qﬂ%u1mﬁﬂﬁ°mmﬂ1wfﬁ%‘%ﬂgjﬂﬁqmmﬂuﬁwé’ﬂ (major peak/
main peak) %muﬂuiﬂiﬁuﬁﬁﬂ%mtumn*?;qﬂLLasﬁnazﬁﬁﬂﬁuﬂsznaumwﬁmmmﬁﬂixﬂaﬂuﬁaashq
ensilasfiniiogdhurnuasiiavdnaziien pH snhitevdnGaniiiu acidic peak uazluduasaiud
A pH gunifiananda basic peak lumsnsatenanvaizaslsiuasmuiumen pl 2a3618819a0
MT @@ pl u,a::§L%ﬂiﬂiﬂTsLLﬂiuwaqé’haEl'Nﬁamsﬁumsmmgmﬁﬁ@ﬁuﬂ Fudulumudammua
29981 (product specification) uaﬂﬁl’lﬂf}’lﬁ'ﬁ’l forced degradation 284 mAb 289EN%UAAA LA
Tosmsgulugaudl 37°C w1 - 5 Ju tilad@nwnulFauiauiumeds Taanndagaimsiensy 2

We

HAMSIATIER mAb W 14 #fiadae cIEF wu 30 wniiladidninsillsunsuuans isoforms
IBENUAazgile TumwsIn isoforms Hen pI Mw anaglugin 6 - 10 (N5 1) Wunguuasiie
ﬁﬁmmqq Snuiiauaza MT wandeiy (mMwi 1) Tmﬂéuﬂswﬂgﬁminﬁﬂszmm 20 iluauly
Wy fee mADb 7ila A lasdiadannyiiad charge variants Wi 3 sUuuY Aawiia basic way acidic
vanilennitavanduiiuiiafigiiqe Tae pI apsfieniia basic uaz acidic #in ogfluzie 9.48 - 6.70 uaz
9.24 - 6.40 MAEIGU (NTNT 2) WledaNziUSsuiisutuasNas U WU mAb nnenpeaiddninsillsunsy
aNfUNTINAIIUTENTIEY MansarslLUUMInIEEf i uasanugasiiaiisaaadaiy
FelauannamsilIauiieuaas mAb #iia I waz C Wumasa (mwﬁ 2) drumsdnu forced degrada-
tion 284 mAb #iia H waz I wuhanwazaaedidnlnsilsunsuueesiie I unneluandydadinuiu

NALNNINNTUIN (MWD 3)

MINN 1 @ pl 299678819 mAD 14 %l

products pl main peak
M 6 -7
CGHIKL 7-8
B DENJ 8-9
AF 9-10
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= P = —— .
i 1 BdnTnsillsunsuuesdiasa mAb 113 14 wile (#ila A-N)
@399 2 %@ pl 284 isoforms MnnAiA IEF 289670819 W 14 %ila
products pl basic peak main peak pl acidic peak
A 9.41 - 9.34 9.24 9.13 - 8.93
B 8.81 - 8.62 8.48 8.35 - 7.95
C 7.94 7.85 7.63 - 7.4
D 8.69 - 8.50 8.36 - 8.29 8.11 - 8.06
E 8.37 8.18 8.01 - 7.65
F 9.48 - 9.42 9.30 9.24 - 8.99
G 7.76 7.67 7.56
H 7.46 - 7.33 7.19 7.08 - 7.00
I 7.46 - 7.33 7.20 7.14 - 7.01
J 8.11 8.01 - 7.93 7.83 - 1.56
K 7.43 - 7.36 7.30 7.11 - 6.99
L 6.70 6.57-6.50 6.40
M 8.85-8.66 8.38 8.23
N 9.04 8.92 8.84-8.61
range 9.48-6.70 9.30-6.50 9.13-6.40
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pl9.5

Main peak

basic

acidic pl 5.5
W 1

Incubate 37°C 5 day

pl 9.5

Main peak

basic ol 5.5
acidic

%4

Wy

(r

Incubate 37°C 5 day

e il

(A) mAb H g1871984 (B)

mADb | TiaRdEARY

MW 3 anwazddnlnsilsunsuees mAb H 8181989 (A) wazziinnaiaads mAb I (B) watdhud
37 °C WU 5 U

a I
AU

fo89en mAb 10U 14 #ie (A-N) fandnw 13 siadusnsreduasnilaniiodiuen
adeadfiratunsidowianvihelulssmalngduiusnmlsesions g Wy lsedade vxSuduy
wzma ldlvg uzSafiadaeu Tsadasneau Tsanszgnwgu uazlsalasniszamantau Wudu

MsAnwiiiesd charge variants sremaiiadiEninslnidauuuuallamiaiia cIEF file
adauaNNgnaasua’’” wazlaldlumsienziaiiedn mAb nnriiacdaanIzdeiu wanmsieazi
mADb nﬂ"ﬁﬁﬂlﬁl charge variants sl isoforms ‘Vlgﬂ 3 wuu AerliaWanan 7ia basic wazyila acidic
variants uaaedeanuvanumszeslszguuluenazasen datiduanuuandaiieadnias (microhet-
erogeneity) S'z’;awulﬂ“lu‘[maqawaﬂﬂsﬁu Tumsieneilawin pI markers 2 %fio %aagﬂuﬁwﬂ'w pl 10.0
- 5.5 tilamamunem pl 24 isoforms MnlUsunINYeAIBIia IEF mufivanzaniuziiadad iso-
forms Hlauaaslsitiiui mAb ieunnyiiaillu basic variants (521991 1) fa & dianlnsfllsunswagszning
pI markers 7.0 - 10.0 (mwi 1) i 1 #lo#l pl 2asiandniiuriie acidic variant #a mAb #iia M

nnMaFuiisuivasinesgunu mAb nnadiadddnTnsillsunsuyes isoforms asanu
NINAITUVBITNBY FlFUaaHaIn mAD #ila I wez C Wudhedn (mmdl 2) wsavhdeduez
snaspuilasaieifiendnualasiy dasmnmndidninsillsunsuvesiathalasuudasnniia
v3auasenudarfuuanafy wiauandunnmanaspuasilimnuhienuiadndueduans®
swmamaiennlasaieindsuwladl Wy nnddunsaesiluiiuandndafamsiasuntamms
wiizasTuanandamawde wialussniemafudnndunannu luasinamsanagauanauuigniens
dulumunariuazmanmassumsssngnizasenanalinumaidauudail

ilaiFeuiieumsieszy isoforms 289 mAb MnMBTEBuEmATia EFY ' wy drad
E #fidnne IEF uandaiy wuhgluuuzesddnlnsillsunsy wosenuguasiiandnmiiouiuuas
aglus24 pI marker 8.4 - 10.0 ety uddanuuandimasumisiialEnivs asnuamsdnm
fifien MT Adulughanmignd weslisnnuiiaziie acidic variants annah %«ﬁﬂlﬁmnwmﬂmmq
wWu NNUHATeN deamidation poansaariilulaguimemeTiusiu (C-terminal) Waalimaenineg
nsaleezdn sienaiagansiuazmssuiifuasTUsiu (aggregation) 51 1‘1&INL&Q6°ZIB\‘18']‘§:1J“?I'§\‘IN’1
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tilenndsemalnefusenawasdinanuamenssuasaImsLazenIiaensaunsLdauen
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Tunndusthedamunninuiieitisanniulugiuues acidic variants (mwﬁ' 3) Lﬁaﬁmsmgmw‘iﬁu
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Charge Variants Analysis of Biotherapeutic
Monoclonal Antibody by Capillary

Isoelectric Focusing

Wichuda Jariyapan Titaporn Pootipinyowat and Saywarul Jadoonkittinan
Institute of Biological Product, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand.

ABSTRACT Monoclonal antibody molecules of therapeutic finished products could have variations
due to their charge variants. Changes of charge profile could alter drug stability, bioactivity and/or
induce harmful immunogenicity. Therefore, each batch should contain a consistent charge variant profile.
This study was conducted to analyse charge heterogeneity of 14 brands of therapeutic monoclonal
antibodies registered in Thailand using cIEF technique. The electropherogram results of all products
showed 3 isoforms and complied with their reference material isoforms. Their pI range was within 7 - 10,
while pI ranges of basic and acidic variants were 9.48 - 6.70 and 9.24 - 6.40, respectively. In addition, reference
product showed better stability than its biosimilars when compared to their isoforms after incubation
at 37 °C for 5 days. In conclusion, the therapeutic monoclonal antibodies registered in Thailand contained
charge variants according to their reference materials; however, quality monitoring of lots of those

therapeutic monoclonal antibody drug products should be considered including stability of biosimilars

Keywords: monoclonal antibodies, charge variants, biosimilars, capillary isoelectric focusing
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115U UA NN TIILAMLNINIINNITUS LAA
Uszaniuuasaulng

wdad naenaean*  aeeiad lsauwssainds  nsIdinn Sedwes
wumiod wenSwandic T Buassownad=  uaziadin wminlang e
* dninaumnuasANNYaaada 1T NININGMAATNISUNNEG OUUGIIUUY UUNYF 11000
> gueInenaansmIunng 12/1 031 nsningmansmsunng sunawios 31miaass 92000
wex guelinenanansmsunne 1 @Fenlnal nsuinenmansmsunng sunaunsy Smiadesln 50180
wees U INENAFSIITUNNET 11 gTugIeil naninenmansmsunng sunaiiian Jmingsugsei 84100

unAnga uaatiisn (Cadmium, Cd) dnwulusmsiisunnzile FeaswuUsnamiudeuuandrafudususiio
msuazszauiudlauludunedan msuslaeamsfluunsmdnuesmslesu cd ém%’uwuﬁ"ﬂﬂﬁlﬂgqué
wismhauluunasiisiuaaiioy Cd ﬁ'ﬂtﬂuaﬁﬁﬁamﬁﬂuquﬁ Tuidl w.e. 2553 wienu JECFA (the Joint
FAO/WHO Expert Committee on Food Additives) muuaa1nnlaannsannslasu Cd datiau
(provisional tolerable monthly intake, PTMI) winu 25 Tulasniudathwiingy 1 AlanSudaidion nuddoil
duiiumslugaedl w.a. 2554 - 2556 LilpUssiuANuEmEes Cd Mnmsvilaalszsiurasaulng uaziidaya
fduilagiudmiulfAnsondemvuamnaspuwaaiisusasamslulsana weziinsandfuudtamvue
WMAIIUsERINUsEmna i ey dmiuruaaulsziiumsledsuduia Cd se3d duplicate portion lagtiu
Aayamsuilag fhathemmsuazihiuslnevasaulngan 4 ma 10w 400 ASIEeN sTaznMAN 4 Ju T
UseannshAne 1,241 AU §8EN9813 1,600 §I8EN UAZIN 400 FBEY SeTziU3na Cd setaIas Graphite
Furnace Atomic Absorption Spectrophotometer waz Inductively Coupled Plasma Optical Emission
Spectrometer HamsAnuUSINar Cd waeh middle bound luams Wwazhay whiy 0.009 fiaaniudanlansy
War 7 x 107 HaAnsNARAAs auaey Usinamsuslaamanesuazingy Wiy 1,506 niudaAuday
uay 1,832 Naaansnanuaaiy muaayu Usinamslasudnia Cd wash middle bound MamMsu3laalszaiu
(mmmazﬁwﬁlu) apsaulng whiv 7.29 luTasndudathuing 1 Alansudatiou (hwindieds 58 Alansy)
Aafiupeas 29 e PTMI Seaguldnlasmwnuaulneiinnlaaadsdes Cd Aldsunnmauslaalszaiu
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waatiean (Cadmium, Cd) Lﬂu'lam:ﬁﬁwﬁLﬁm?iyumﬂﬁiiummmﬂﬁaﬂianLLazumaqwﬂugﬂ
afiuniduas Cd Lﬂuﬁmﬁlﬁazmﬂﬁw uiasUssnavzes Cd 1efiasansaasmenld cd Yuilau
Tudanadaniilasnnsssunduazianssuaasnyud iy masdezasganli gamvnssy wazuvas
inAsnIINEN 1 nsnsathinlisdemmannvasadu wu Tdnunesedauninlaned 1 ieanunay
NUAIMISAANTDU FISLANANNAITIIDINANTANTIWINTIT Hanled wanuUamDIAED (LaaLlen -
finifia wuaiaa?) teriiowaama wasdsldluagnscilsang Taeldfumngaduiinnsan ™ unaeuidiau
cd Tudunedan Téun ame du wasih Cd vudlauddvnldammasmedinnnauuani Tasfizazge
Cd Mannudiuazanlugiucg ) vesity wasdaiAudaiiy LL53wws‘fﬁﬁué’i’m’iuasﬁm‘fmﬂummi o9y
qa%u Cd Mndunnvidetastiuagiuvastads wu anuilunsa-ee (pH) Bundeiagludiu uassiiads
Feduiidunsaasriliiegaty Cd iadu

dmdunyedasldiu cd anmamela Ay du vialdsududamefionts dmduaumliasldsu
anmauslaaamnaifludulug dugiguyvinesladu cd whgaemediniudn dasmnlunguaswy
VS Cd e uazauiinouluuvasdisl Cd Wy wiless Tssnuuuawadunadn wazmstiand Aaxd
Tomald3u Cd ga® dwdudiinm cd Awvlummsiesnulinaiuandsiudaudanniuiusio
awnsuazsrdulutiouludanadon Tasmhllownshmnigaswy Cd ganhawnshwindladad 1o u
waaAmTINuN wazle Wigidnwy Cd guiluwindaiiy fimhdiu figiin vennntudinugdluidiath
dwiudladoiny cd geluedadludnd uasaswugeduludafionginn @ dnludafindoussdoinziaiiin
Wug gy viesunasn viessassh fe Uawidin woz ™ wannnildsmansaldsunaaiisnnnmausiduda
81T Y 1BAN 9a9RY wazwaain®

Cd gngasuthimennmsuilaalssnadosa: 5 Fanihmagadunnmamslafigad
Sanaz 40 - 60 dwmFumagadumeiavisiuiasinnlszanasosas 0.5 ° maiesuanennmslaiu Cd
dhgsumedivanatiads Wy s ssesne Jameitldiu Cd ang e ansivilae uazanmzma
Tnznms Fwuheuiimesauminaslddu cd mnnheulnd Cd asasauldlusime wasasiivsana
WaanABumNaIgRNnIuCY Cd ageduidsmeasgniudulsiu wu Sayfiu (albumin) uas
wialalslaiiu (metallothionein) vl Cd flanuduiiwipaas® isen Cd dmadadineUszan
10 - 30 U Cd fldFuasazaniilondodu uazgnivmnsumaldanameilaanzuazgans:® lalina
cd Tusumeiisnnaudegaingenaznalviiefivees Cd 2 Fuanausniivsuanhlasuransznuanning
Cd @8 viale (renal tubular) gnvane uasdilasu Cd L“fJunmmuﬂsz@ﬂ%ﬁmmﬂﬂﬂnaazmqmm
Bonlsaii 8la-5laC T a.4. 2012 wireu International Agency for Research on Cancer
(IARC) 901# Cd aglu Group 1 Aailluasnanzisalunyud (carcinogenic to human)“?

MsAnmAwInedananuiaUnizedle (renal dysfunction) tJu end-point WasaN
anuluiiy MIMIFNHILUY meta-analysis 2110 1ne) 299 dose-response IENINMITUDINYDN
B2-microglobulin (B2M) uazU3mnm Cd lutlaane leadandnmnguisennslunguay 50 Yniasnnni
Fowuanuduiussuiamaiintue BaM uazU3ina Cd Tuflaams uandlessdu Cd lulafianizaci
aziu Cd eanlulSinadionnt 5.24 lulasniuwes Cd densuadiafiu (ug of Cd/gram creatinine)
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wasi 5 - 95 Wadulng whiu 4.94 - 5.57 pg of Cd/gram creatinine Fufuszaufilaifianudunug
ixwdwmmﬁ'uﬁuwm BeM wazdSana Cd Tudaane ﬂmxnﬁumsﬁmimnﬁaﬂszﬁuﬁw (lower bound)
i 5 waddulng vasmslasududa Cd nnemsvaslsznnsnanualszanalde 0.8 pg/kg bw/day
%38 25 pg/kg bw/month Hueiidewansznuissanmsuslaatseaiy wazaiilausziuanms
lasu Cd annsuilanaimsyesnnguais sauﬁgﬁ@ﬁﬁ‘[ﬂﬂmmﬂuﬂ%mmqqLLa:;ﬁ;ﬁwqaﬂiiums
Uilneawnstitay (wu uslnaiiaaisa) gariu 1t @.6. 2010 ey The Joint FAO/WHO Expert
Committee on Food Additive (JECFA) #niana) PTWI (provisional tolerable weekly intake)
udrmwuamenuUasaselmiu PTMI (provisional tolerable monthly intake) fiszeu 25 lulasnsu
dathuiings 1 Alansudaliiau (ug/kg bw/month)"®
dnsululszndlnalaimsdnsnmslasularzanmsuslnae1mnsaaiu SeWie w.a. 2542 - 2544
#8798 Total diet Study wuhuUsanm Cd flasunnmsuslnaamswhiiv 17.24, 7.31 uay 4.82 lulasn3u
daaudaiu’® fegluszaviilasasuilafisuiumanuiaands dagiulssmalnedalifinguinsenugu
Usnar Cd Tuems® daiuiieduasasguilaalifasnds ausidedslddamlassmaysonmssindy
quéinsnenansmaunng 7 uis 3ulull wa. 2554 - 2556 lasiiiagussasdiilasafiuenudeses Cd
Tuamnsuasihauniivalnadssiiuraseulng wasidayaiiduiytudmduldansandvuamnasgu

cd Tuawmslulszne waziansandSuunmnasgprusznindsandaldminzauuazlaaasns’

msdnmildniiumslull w.a.2554 - 2556 Tagldnanisusaiiuenudssiifiuiisoniulussdu
ana’® anwazlessmaiuwuuysanmsszuinaingamnuazanulasadeeIms wazgudinenmans
msunndly 4 aa laun guiinenenaasmsunngdiFeddni uasassd aassll uasNEFIN gugInEl
A3 UAZEYNTINATIN

1. MsUseliumslasudued (exposure assessment) Cd NNaMNIUAINANFIUTEN UM
3 thufla Anmdayauinamsuiloe Fnwisina cd ddudeu wesdnansinamsldsududa dail

dawdl 1 AnwndayauSinamsudlaeamswesihin suiivlugl w.e. 2554 mafnnIdeillds

mafutayamsuilnaemanazinaudieds duplicate portion® ngmihvaneiasdnwidanlasnsdy
284y (simple random sampling) 1aetdanszauma NN 4 Ma loun nane ile aziuseniiaawiia
wosld sdudmiadanmens 2 dwia Tesdendmiaiiduiidwasgudinenamaasmaunndviadania
Tndides laun wuny3 aynssaann @eelni giesil uasnzdan gasoil 03 wasgnugiondl udazaania
Fonszdusune lasgudansunafiliudunuresaaiies 1 §1une uazwazuun 1 sune udduidan
sedushuauazuythudgIsidendu udasmthuduidanasidauinnu 25 afadau (mswi 1) 5 50
afGoudadinia meaz 100 aIFau INMUssnA 400 AIFau saznMMIANE 4 Ju Fediin
AaMwiazaNNlaanfeamsuasguainsnmansmawnndiiiludmunumasudazmanmhiiiiudays
maudlnaussfudateemauaz
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FUNTENATIN (BN UNUILZIN B.UNAUT 2.AYNTINATIY
FUUN  O.UNEN .ONND A.FYNTEHATIN
I = ) < £4 L o = ]
wila el Wae  a.durh a.dumuns a.geslva
FUUN  6L.YUAN B.1NAN e lnal
= I I <~ LY =
gnesNil Wioe  o.lwdies a.dies a.gviesil
FUUN  UIUAIEN (MUBNEN) A.AUBNEN B.MUBIRN 2.9185)1
G.I = I = < I I =
aziueanidenntie  wasnzdin e o.lwdies a.dies a.unIngdn
guun  uluumiv o.luugs 8.Tuugs 2.uasnEdn
805514l Wae  uluwiyad a.vannee 8.180e9 3.905501
FUUN  IUINNN 0NN a.UszAnddathey 2.905511
v 4 = < I 4 =
1éi gnugsotl ey egunse e.dies 2983511
FUUN  QLINDW B.UNET 9.§5184 5001
739 Wee vy 4 9.uAY B.1HBY 2.059

UL e vy 3 0.0neN 2./MeEen 9.05

aa o a a aa . . & g o a = a 1w
a1 5Us1namsuslneid duplicate portion Hudumsdsalsnamsuilnaasenaiu
9nRIGauNINleTNMs USinamsuilaeansamalanndayamsuilaanaangniuiinluwuutuin
Fayansuslaneims aundnluairGaunsinlasimsdeinsanieasidaaneiunenssmsnuilan
PINUNDIMITNDULALNAIUILNA USHIUMI5USIAAUNANNUSLAARSY wazwIuaNEnluasISaunIIN
uslnaamsuazinanlunaazie (Is\isamﬁﬂﬁmqﬁaﬂﬂiw 3 1) w%’auﬁqLﬁum’”ﬁazimwmmazﬁwﬁunﬂath
A v oA a Yo a Y a ' U v o J v el o v
naGauvilaa (Handiumsludiui 2) lasudazasiZouaslasunians dreas uazaunsoidu 9 tiald
Tumstuinusinamsuslaaomsuaziney
"iﬁmsﬁmamﬂ%mmmsu‘%‘[nﬂmﬂLmuﬁuﬁnﬁ'agamiu'%‘[nﬂmmi
d' ] %’ CY Y & “ w oy d' v a [ | C =3
- 25 lealasuvithauasinwiinavns i Wy “nsu” WiasnnazlvandnluasiEautiuin
minamsiivslaadiu “Ge” nndwhiwiinanmsnauuilaeaudisnwinaimsnasuilaaaz lauhwin
A a o o 1 % o a o a & & Y VoA &
215NUslneAasnIGar luuaaziaanmsmenUENZNHIUS LAD1INS luiiaty (ASNABAURBND) 53N 3 XD
azleUsinansuslneamsaaauaaiy (nSNABAUADIY)
95’ d' a %’ d' =) a %’ d' 61 1 @ I d! D=1 [ « £4 9
- 1o Ysunanhauasuunndsunanhan luwaeuiuneynes geazuunniduy “a1ea9
Tog 1 EaNENNU 160 Jadans wlaUSinamsuslnahandeaunely (19dansHaauAaIL)
' P~ = o & P o a =
dawi 2 Anwdayamsvuitouras Cd Tusmnsuazinan andiunmslul w.e. 2555 - 2556
dndnresasiFaunsinlasimsdastiudiradnarmsnnriianuilan eunduiinluwuuiuiindaya
M5USLNABIYIT WardaaNNAULe e aIeILHUMISLASENAIDENMNFATIUNSUSLAMITY ATIIATIEH

USuae Cd wass 8 uKe a9il
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MILOIBNAIDLN

- awns ediumslesnivensiuslaaly 1 i mudadiumsuslnaasedenuy (wihe n3y
doaudaiia) usvaliiuda@enty nntusinamns 3 de mudadrumsuiloaasidony udualw
Fhudadeniuinass aldifiu 1 dathwasewnsiaulneuslneasidanudasy (wihy nudanuaatiy)
SEHLLINANE 4 U N 400 AFIEFDU TINAIDLNBINIT 1,600 MIDEN

~shaw fudmethahnanediauss 1 §a9the SIaMNe 400 19ehe 0 400 RGN
Audnmethemensalunin (@unseluasnidudu 1 Tadsnsaadiethanay 1 305)

MSATIVIATIEA

whenufifnenIensy w4 mhsny ldud dingumwuazanulasafeems
audinenenaasmawwndidadlua gnugioil wazes Fwdasmhenuiimadhamasauamuiinnme
agluinamithwela wasdimsmuauammmwnngamanadau (batch) laun wuasd (blank) msven
(duplicate) u,azm‘nﬁumsazawmmgwu’luéﬁadwLﬁ"am % recovery

- Be5ed Cd Tuamsldis AOAC 999.10"® %38 In-house method based on AOAC
999.10 Failiadasademaiia microwave digestion JaU3anas Cd dhe GF-AAS n5a ICP-OES
Useansmneeddd 2aifnuaemsasiawy (LOD) faud 0.0002 - 0.012 Naaniudanlansy (mg/kg)
wardainueImsInEaSina (LOQ) MU 0.001 - 0.0625 mg/kg

- 53k Cd lnhawnl$id APHA® w38 In-house method based on APHA 653930
USuae Cd @ GF-AAS w3a ICP-OES Useaninwuadld deanazasnmsasirany (LOD) aue
0.0001 - 0.003 HaANTNADAAST (mg/L) uazdaNnnaeamsIadusna (LOQ) L6 0.0005 - 0.01 mg/L

MITENUNS

- i nzildmnt LOD azmenuliny

~ i nzildmnt LOQ azsenud Yasni LOQ

- mifiensildnhfuesgant LOQ asnsnumiiasany

ilasnnmsinmessiiiveslfiamshmihianaiensiensuidesliansien Performance
Characteristic fin@nyeneiy da @ LOD way LOQ FelFunmemsannaloslddaya 3 e laun

~ fhon (lower bound) fa HANNSATIIATLWRTAMAT LOD waz eeni LOQ azunu
MaaE “0”

- N8N (middle bound) Ad HAMINTIILATIE fflenannd LOD unueens “1/2 LOD?
wia menh LOQ unumeg “1/2 LOQ”

1
1o 1

- @1g9ga (upper bound) B WANTATIVINATIE fifidneing) LOD unuedhe « LOD”
wia menni LOQ unumme “ LOQ”

miliveliladayaihindsafiumslasududiaiiasauaguen LOD way LOQ fiuaneeiu

doudl 3 AnmuBinamslasududs cd nansuashaniusTnadsziu Usinamslasy

duid (exposure) MMsuazinanivslaalsziiveasauluudazaiizeu awnaldnngns
exposure = C x fc

exposure = USinamslasudued Cd anmsuslaaamnsviainauresauluudazasiGau

wihe lulasnsudenuaaiu (ug/person/day)
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Risk Assessment of Dietary Exposure to Cadmium Panawan Kluengklangdon et al.

C = Vnamsiudou cd lusmsieds 4 Suvdathanluudazeaiidau wie faansy
donlansn (mg/kg) vsaiadniudadns (mg/L) lagduam 3 wuu (lower bound, middle bound
wae upper bound)

fe = Usmmmsuslnammaniathanmas 4 Ju luudazeiidou mihe niudeaudsiu
(g/person/day) 38383803502 UMDI (mL/person/day)

fnumsldsuduiaadeil 3 szdu da o nane uazge TdnnuBinar Cd wie mudidnna
W 3 wuU (lower bound, middle bound @z upper bound) wazmsuslnataas Failunasmslasuduia
2 UWat A DINsUaInGN uaTINUSINaMslesuSuEs Cd 9899 2 uwas e pg/person/day Ud
Thinmseshmingiaasuassennsinedarhiu ss Alandu (ﬁmﬂfﬂﬁamﬁﬂé’?ﬁmq 5 Taull)e qeld
mslasuduia cd Tumbhelulasniudaihmings 1 dlansudasy (ug/ke bw/day) a1n§u@mﬁaﬂ 30 W
azlemslasuduaa Cd luming pg/kg bw/month

2. MSPBUNEENHALAMNLEES (Risk Characterization) tJuuuuiBamuua (deterministic)
WuanlaannsusziunslaSuduia (exposure) a9 Cd :namsuazinauiiuslnalszsiiu
wWisudsunuaenulasasszesansiaiidagumwayed (Heath-Based Guidance Value, HBGV)
49 JECFA lguszifiunnutasndones Cd wazmvuaaianulasasaflua Provisional tolerable

Y v

monthly intake (PTMI) vy 25 ug/kg bw/month Famnaldeail
risk (% of PTMI) = (exposure/PTMI) x 100

M risk WpININWIBNNY 100% wa9 PTMI waaanisana Cd flesuldaransamlne
naLdafas e la

M risk 30NN 100% 289 PTMI waaanvsana Cd nlesuaransamlvtnanatdadasamele

We

1. Mm3Usziiumslasuduns (Exposure assessment)
dudi 1 Usinamsuilnammsuazinga
UsinamsuilaaldnnduiinSinamsuilnmienasasumessandniitnlasims navwe 4 ma
nane wite azSusanideumiia uazld Mmeaaz 100 AFIE0U SINNINNG 200 AFIZDY TINTUAUUSEINS
A¥ 1,241 AU SLELNAANM 4 Tu TwamsAneai
Uinamsuslneemsuazinansasaulnanalssma wuuSinamsuslneemsaas iy
1,506 n3udaAuAaTY wazh 97.5 Wasidulnd whiu 2,534 nSudaauaaiy wazUSnauslnmnauiaae
Whiy 1,832 Haaansaanuaaiy uazi 97.5 WasEulng Whiu 3,601 iasansaaaudadiy (MINH 2)
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as1i 2 USinamsuslaramsuasinauesaulngannmsarna

nwn  YSinamsuslanainis* Usanamsuslamhaa:
me ASIGAY (NSNABAUADIN) (HaddmIaAuAaIN)
Mwmas  SD 975" @undy  SD 97.5"

waLiag

AN 50 1569 390 2381 2051 906 3546

ila 50 1419 330 1994 1656 575 2977

AzIUDDNRENLAUD 50 1606 463 2661 2210 992 3753

e 50 1355 448 2474 1330 561 2894
walszine (aias) 200 1487 421 2504 1812 850 3434
UATUUN

naN 50 1430 311 2021 1963 533 3257

Wila 50 1529 541 2918 1701 495 2903

AZIUDDNIALNLNILD 50 1710 430 2578 2247 843 3953

e 50 1435 418 2082 1496 466 2611
nalseine (laruun) 200 1526 444 2547 1852 662 3622
TINUALNDIUALTUUN

AaN 100 1499 358 2232 2007 741 3507

il 100 1474 449 2295 1678 534 2978

AzIUDDNRENLYD 100 1658 448 2597 2229 916 3936

e 100 1395 433 2408 1413 520 2766
walszmasIn 400 1506 433 2534 1832 761 3601
(aLHdILasTIUUN)

LEYRHTUT) U5 suslneomsuazinanyasuaazaSaulennnmmaszalsinamsuslon 4 Yu

dadmsanidiunean wuﬂ%mmmiﬁiﬂﬂﬁqmmiuamfwﬁlmmmmuwgqnhmmﬁm Y
WslnAemsaBINAY 1526 Waz 1487 NSNAaAUADIY MNEIAU wazi 97.5 Wasgulng uhiu 2547
waz 2504 niudaAuAasL muay USinaslaahaumaswhiu 1852 uaz 1812 adansdenuda’y
MUTISU wazt 97.5 WadiBulnd uhiu 3622 war 3434 Hadansaaauda’y MuaGy (5197 2)

dlafinsanmsuslaeansaaiiusnama (UM DILATLIATULN) wuhusinamsuslnamas
fgafe Mmanziusaniisamila savaeinda Mmanan wile uasld Ay 1658, 1499, 1474 waz 1395 NN
daaudaTu iy waxil 97.5 Wasidulnd egade measiusenidsuvila sosaania mald wile was
N84 AU 2597, 2408, 2295 WAL 2232 NINADAUADIY MNEIGU (5197 2)

daiansanmsuslaahauadasduseme (atiipanazazuun) wundsuansusine

WAsgNEn Aa MeesTupaniiennila 58989MAa MAnaN wile uazld iy 2229, 2007, 1678 was
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Risk Assessment of Dietary Exposure to Cadmium Panawan Kluengklangdon et al.

s =

1413 finddasdonudaiy muddy uaxi 97.5 WadiFulnd guge o manzusenidsamile seeaunia
MAanan Wil wazle Wnnu 3936, 3507, 2978 WAL 2766 NANANITHDAUADIU MNAIAU (m‘m‘ﬁ 2)

g 2 Usinamstudisuwss cd Tummsuazinas

Vsnamsdudian cd lanndadnamsuazhasiiunnmsuslnasdasieiiGauiis
TA59ANS 1Y 400 AFEBY FLELOMANEN 4 TU TINGIDENIBNNITNIFU 1,600 GBEN LALINAY 400 FDEN
HAMIATIVIATZART]

HadeziUSinm Cd Tusmsiade 4 Suratudazaditou 110U 400 AEau wuhialszmna
Taiwu Cd Tuanmns 1w 72 aideu aafludesas 18 Usinar Cd wasd lower bound, middle bound
18z upper bound YNAY 0.005, 0.009 WA 0.012 mg/kg MNAIAU (miwﬁ 3)

dafimsantsina cd Tusmsflunewe wuhwadisdsnu Cd sy 54 a5adou dedlu
sagay 27 wazweruunliny Cd Sy 18 a55eu Aaluseess 9 wu Cd Tuaswaruungen
waties Usina Cd wasi lower bound, middle bound uaz upper bound WALNBILINAY 0.004, 0.008
WAz 0.011 mg/kg MUANY LAZWATUUNWNAU 0.006, 0.010 WAL 0.013 mg/kg MUTGU (15197 3)

diafnsantsina cd Tusmsidluseme (wadisaazwesuun) wuhmanauazmemiie
asanu Cd Tuamnmnesidey meeziusanideamilaliny Cd luens 9wy 44 asidou Aadu
Sazay 44 warmalabiny Cd luewnshuu 28 asseu Aalusesar 28 USwm Cd Laﬁlﬂ‘ﬁ lower
bound, middle bound W@z upper bound MANANALIAWNAUIMNAIAY 0.009 mg/kg MAwila
WNAU 0.007, 0.010 Waz 0.013 mg/kg MUAAU MANLIUDDNIALIHUDLINIAY 0.003, 0.004 LHZ 0.005
mg/kg MUAIAU UaTMALALYINNY 0.003, 0.012 LAz 0.021 mg/kg Mua1au wulsaa Cd luaims
1Al middle bound gegade mald sasasnia mewmile Manare wazmaasiuaanidsnila
AU (NN 3)

uade e Sinamstudiou Cd Tuhauwesnidau 10 400 ASAE0U (10U 400 Graehe)
wuthandnlugllinu Cd wiawuSinaemann nadszmaasialiny Cd Sy 370 asidau day
$a8az 92.5 Usanae Cd wasf lower bound, middle bound uaz upper bound AU 4 x 10°, 7 x 10
ez 0.001 mg/L muaau (mswﬁ 4)

dafnsantsine Cd lwhandlusewe wuhwadawmsaliny Cd 31wy 194 aiGau
Aauseea: 97.0 wazaruunaIaldwy Cd uIU 176 A5Eeu Aaluseea: 8s.0 Usinm Cd
W@ae# lower bound, middle bound waz upper bound watisahiu linwy, 6 x 107 waz 0.001 mg/L
MNTITU UBABUUNNAY 7 x 107, 7 x 10 U8 0.001 mg/L MUY (M5197 4)

Wadisanysia cd lwhawidusaaa (UALUBDIUBLYATUUN) WUIIMANNUELAND
amaliny Cd NnesaBau maaziuesnisuniionsaliny Cd S 81 aiEeu Aallusasss 81.0
wazmaldasialiny Cd 51w 89 afrdau Aalludoeas 89.0 USia Cd Wwasi lower bound, middle
bound taz upper bound Manaenny lawy, 5 x 107 e 0.001 mg/L MUMGU MAwiBWINY
Tsiwu, 0.002 Uaz 0.003 mg/L MUMAU MANLIUBBNIREUNIIBINAY 8 x 107, 6 x 107 WAL 0.001 mg/L

MUMAU UazMALAINAY 6 x 107°, 1 x 107 Uaz 2 x 10~ mg/L Mmua1au (M5199 4)
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Panawan Kluengklangdon et al.
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g 3 UsinamslaSududa Cd mnowmsuazihauiiuslnalsesiy

wamsanmUSinamslesuduia Cd Mnevnsuasaulng deaasdi lower bound, middle
bound &z upper bound MUszmawhiy 7.8, 12.8 W8z 17.9 ng/person/day MUMAU LAALNBIYINU
5.7, 10.7 Wz 15.8 pg/person/day MNAIAU UAZWAZUUNIINIAU 9.9, 15.0 Wz 20.0 ug/person/day
Muaeu Mslasuduna Cd mﬂmmsm?}'ﬂmmuuwgwdﬂmmﬁm (N5 5)

dafinsanmslasudnda Cd Mnomsiliunema (wadiswwazazuun) femasi lower
bound, middle bound uaz upper bound MAnANIATIAUNANNAAY 11.9 ug/person/day
MaWiaiAU 9.9, 14.9 WAz 19.9 ug/person/day MUSIAU MANZIUDDNRENRLDINNY 5.5, 7.4 WY
9.4 pg/person/day MUAIAU UazMAlAWNU 3.8, 17.2 WAL 30.5 ug/person/day MUMAU MSLAIU
duila cd nmsuslneawnsiadeil middle bound Wugsga Ae mald seseunds mawiis manang
wazmMenzSuapntdsumniia muaey (a5197 5)

HansAnmUSinamslasuduis Cd nnmhanuasaulng iendsd lower bound, middle
bound Ua upper bound WUSLNAWNAY 0.1, 1.3 UAE 2.5 ug/person/day MNEINU LWALNBNYIINY
Tdwu, 1.2 wae 2.4 pg/person/day MUMAU UALLWATUUNINAY 0.2, 1.4 UWBE 2.6 ug/person/day
MUY M3 LasuaNed Cd mﬁ'ﬂmnﬁwﬁ'ummuwgﬂndmmﬁaqLﬁnﬁaﬂ (N5 5)

daiansanlasuduis cd mnhaufusene (wadlswsswaruun) fewasd lower
bound, middle bound waz upper bound NANANLYINY laiwu, 1.0 way 2.0 ug/person/day
mawiiawnnu ldwy, 2.5 uaz 5.0 pg/person/day MUAIAU MAALIUBBNRENVIIBYINNY 0.2, 1.4
uar 2.7 ug/person/day MNAINU UaTMALALYIAY 0.1, 0.2 WAz 0.3 ug/person/day MNAIAU
msléSuduia Cd wasnnihiui middle bound wugsga fio meawmiie savasnia mansuaanidsanila
MANAN WazMALY MNAIAU (m*m‘*?‘i 5)

mslasuduna Cd nmsuslantseniulegsindsinamslesududd Cd 2 uvas Aaannms
wilnaemsuaziney wuheulnelaSuduiamasd lower bound, middle bound uaz upper bound
Wssmawhiu 7.9, 14.1 waz 20.4 ug/person/day MNAIOU WWALNDININY 5.7, 11.9 Wz 18.2 ug/
person/day MNAIAU UALLUATUUNYININY 10.1, 16.4 WAL 22.6 pg/person/day MNAIOU NMILAU
duia Cd L«aﬁlﬂf\nﬂmmmazﬁwﬁumm%uwgqn’hmmﬁm (52199 5)

daiansanmslasuduis cd Mnomsuazihaniivslaatssaiudusemae (wafiasuas
guun) wuheulnglaSudnianiss lower bound, middle bound uaz upper bound MANTNINAY 11.9,
12.9 W8z 13.9 pg/person/day NIAU MALWUDLYINY 9.9, 17.4 WAz 24.9 ug/person/day
MuaIaU Maaziueanileunilowinnu 5.7, 8.8 uar 12.1 pg/person/day MUAIAU UazMALALNNU
3.9, 17.4 Wag 30.8 pg/person/day MuaInu MslasuduNa Cd 1R38INDINSUAZINANT middle
bound Wugga fia mawilauazmald sasaunia manans uazmaazupenideumiia muady (5 5)
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2. nMaduganumzAINLied (Risk Characterization) wuutBinvun (deterministic)
aulnalasuduna Cd nnsiuslaauseaiu (@msuazinan) aade? lower bound,
middle bound uaz upper bound YNUSZMALVNNY 0.14, 0.24 Uaz 0.35 pg/kg bw/day muaIaUu
%38 4.09, 7.29 WAL 10.55 ug/kg bw/month mumay wazdausasazaas PTMI AU 16, 29 uay
42 MUAU (MINN 6)
Y £ LY al o @ [~ U d' al'

Mslesuanng Cd nnmsuslaadssaiuzesaulneusiawe wuenaden lower bound,
middle bound waz upper bound WALHBWNAY 0.10, 0.21 Wdz 0.31 pg/kg bw/day MNMGU 1¥ID
2.95, 6.16 Waz 9.41 ug/kg bw/month MUMAU wazAnllusaeavyas PTMI wihnu 12, 25 wae 38
MUMAY LWABUUNINNY 0.17, 0.28 Uz 0.39 ng/kg bw/day MNSIAU 138 5.22, 8.48 Uaz 11.69 ug/kg
bw/month M0y wazdaiuspeazaas PTMI 4hnu 21, 34 waz 47 MNAOU (511 6)

Yo [ C% o’ o @ [d = v q'

mslasuduna Cd anmsuslaauszaiveesaulnadusema (wadiswwazsuun) wuaiase
# lower bound, middle bound waz upper bound MANANIINU 0.21, 0.22 Uaz 0.24 pg/kg bw/day
MUTAU 38 6.16, 6.67 Uar 7.19 pg/kg bw/month muaeu uazdatiusaeazyes PTMI whnu
25, 27 WAz 29 MUMAU MAWMUBLIINUY 0.17, 0.30 waz 0.43 pg/kg bw/day MuEIAU W3 5.12, 9.00
uaz 12.88 pg/kg bw/month muaeu wazdailusasazuas PTMI WU 20, 36 Wae 52 MNAIAU
MANZIUDDNRENLNLBNNY 0.10, 0.15 Waz 0.21 pg/kg bw/day MNAIAU ¥3D 2.95, 4.55 LAY 6.26
ng/kg bw/month mMumau wazAailusesazaas PTMI U 12, 18 Wae 25 MNEIAU ULALNA LG
WNAU 0.07, 0.30 Waz 0.53 pg/kg bw/day @wNaIOU ¥Ie 2.02, 9.00 War 15.93 ug/kg bw/month
Moy wazdauspaazaas PTMI wnnu 8, 36 Was 64 MNaIOU (M5199 6)

=2 a o a v v o o A vor a

Fosveanvazanudeelen losmwuuainulnegiastasanaann Cd Nlasuanmsuslag
Uszamiu esnnusunamslesuduna Cd eninal PTMI 1 JECFA mviual3

a 4
VI

msdalsunamsuslnaaiedd duplicate portion duthwinamsfigangnuslaamuanan
ihminamnanauuazudamsuilan Jeihlilddayauiinumsusineiinss wezddinm cd Tummsild
namsienziamsigngnuilnaaitludaziu mldusinamslaSudndaimuaiudummslasy
Furigaswasudazaiitou dwiuszeznmlunmssisag 4 Ju FwndseiansuiuSuasniiasdns
aufalan (WHO) uuzthszazianlumsansuuy duplicate portion 11 @aslivasndh 7 5ut” ilasan
Tﬂsqmsﬁﬁmmsﬁnwﬂﬁmamquﬁy’q 4 mevasdsznd ssaulszanadfinne muﬁﬂﬁtﬂumsysmms
sadugudIneeaasnsunng 7 uvs Faladimsimuuawumaljieou ausw wazilnljualvun
ﬁm%ﬁﬁauﬂﬁﬁaﬁq Tosaiiumsinses (pilot study) ‘ﬁaj"wfﬂqu‘% Tunmsiiudayamsuslan mstiu
fhaghaemsuazinga Lﬁaslﬁ'mmﬁnujmuaxqﬂaﬁﬂ wazhmsudlaliladimsiimanzansanngasuas
andasdmiuhlufialunnmadandu vennniidauasdiiiumsdhaannasidmihiasdasiamsausu
Thudmngnesifauiisnlasims Weldiuiinhminuslnauasnfudaildgndas dmiuisiensiitld
TumsmUsanm Cd Hudasainsaasaiened Cd Tuszdue q dasmnamsuazthansiuluaazwy
Usanamn sncuunasiiimstudion Cd msdnwilivansmihsnuiisiuasaienzilsine Cd duy
msUsziiutBinamslasuduianainanuemamasulaiiesnn LOD ws: LOQ fuandaiu naiile
AunmUSinauaadisy 3 526U @ (lower bound) na (middle bound) wazgd (upper bound)
G'f;qmmsamamquﬂ%mmmﬂé’%’ué’uﬁaﬁaxtﬁmmmﬂmmﬂﬁlauﬁmﬁmmn LOD waz LOQ fiuaneafiu
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nnmsanmlasuduis Cd nnmsuslneamsuassamnacms g Wy Usanaduidnemslasu
dudannmsuslaaawnslasld 2 35de dietary recall uaz food duplicate diet luglwajfieniads whiy
0.21 uaz 0.26 pug/kg bwsday Mumeu® Usznaimud Anwmslasudueameds Total diet Study
UMY 0.26 pg/kg bw/day® UszmedSues FnwnslaSuduianieda Total diet Study Tuglwaj
fieaahiu 0.16 pg/ke bwsday® wazUszmesiou mslasududa Cd TufInaifiendsegiu iy
0.93 pg/kg bw/week 1158 0.13 g kg bw/day® fanSsuiisumslasudnda Cd nmsuslnalszaiu
rosaulngluniised fsnaldsududa cd mnmsudlaatssiriuzaseulnemisi middle bound whity
0.24 pg/kg bw/day wuhssmaluwouadeaslasuduia Cd lduandnny waazlasuduna Cd gandh
dlafisufulssmanougla uazdwdudayalulsmalneiidnnmsldsududadeis Total diet Study
idla w.A. 2542 - 2544 WuISInm Cd Aildunnmsuilanemsuindy 0.29, 0.13 Wwas 0.08 pgrkg
bw/day"® (Aamhntindiads 58 Alandy) FuilailSeuiieudsnamsladuis Ccd Adnwaeds
duplicate portion Tupsaiinuda Total diet Study wui¥ w.d. 2542 Fenlngidsety udilasdodu
madnslugnmiuandiudulisuisunisasismsdnmlilddomy

nnmshmtinasloamasudesmazesamauaninduimgigauazangaceiu iy 1.2
oy 1.6 h muadu uwaswuhUFnn Cd dwuluhdueidaifisutuawns i middle bound Aade
uaneefulszInm 13 M wasiimgegeazuandeiulszana 78 wh dunamsldsududa cd
anmauslnasziiuzaseulneiuiduagiuiina cd fludevluawmsadiuwan asnnsne cd
wulhausannuasUiinamsuilaafliwandeiumnn

mwswaulngdlnafiasasadonn cd Alasuanmsuslaalszaiu (amsuazinan)
dissnU3ina cd fildsusnie PTMI # JECFA fwuals 25 pg/kg bw/month a1nmsss1a 400
pfdau wuhUsina Cd TuswnsaswugaiiisanseiiFauussunsiunhiiy Fulusmaivhlinsldsu
furfa Cd sasnidoutiugs wosnemsamsinfFauvdlaaluiuivasadedu fa fownsnzalunems
o1sivilae wu Uswiin vesuass Ynza wazlsy uaﬂmﬂﬁ?uﬁ'qﬁﬂmqﬂuamﬁﬂ Faanmamanil
Huundsiiny Cd g uanmniinguannuiidesduiaiy Cd uazauiiguyvdilomaldsu Cd diadudn
nnmamelauazdudameionis naildguilaadamemalamnmsiialimamsamshwinioniug
upaLge sl NeIuaN uazan ATiganmsgaduuasmsszan Cd Tusemele

GRNL

9

nmsUsziiuanudssess Cd nnsusilnadszarSurasaulngldisnisdrsralsunn
msuslnauaziiudaiiamsuazinananesiEauiuy duplicate portion ﬂizmﬂiﬁﬁﬂmfﬁumﬂ 4 MA
paeUszmdlng 598 400 aSAEU 9wu 1,241 ey wuheulneldsududa Cd wasdi middle bound
WNAU 14.1 pg/person/day %99 0.24 ug/kg bw/day %is 7.29 ug/kg bw/month (hwindszmng
Wan 58 nlandy) WanSeudsusumenulasasiedi JECFA fwua (PTMI 25 ug/kg bw/month)
aguldTagnmwnuudraulneldfududa cd nmsuslaalsziriuluszduiilasads Usina Cd
faulnelasudaiilusonas 20 vasmanulaaadeil JECFA dvua wastayamsuszifiuamuidssil
sansah llflsenaumsiinsanmuueanaspuwaadsnluaimsludssnd wazinsanUsuuinesgiu
seviUssmdlimanzauuazdaaans
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Risk Assessment of Dietary Exposure to

Cadmium in the Thai Population

Panawan Kluengklangdon* Laddawan Rojanapantip* Kannika Jittiyossara*
Nontarat Pornsapmanee** Pinnaree Chinwattanawong*** and Khemikar Hemloha*****
* Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000.
** Regional Medical Sciences Center 12/1 Trang, Amphoe Muang, Trang 92000

*** Regional Medical Sciences Center 1 Chiang Mai, Amphoe Maerim, Chiang Mai 50180

**++ Regional Medical Sciences Center 11 Surat Thani, Amphoe Muang, Surat Thani 84100, Thailand.

ABSTRACT Cadmium (Cd) is often found in almost foods and its contamination level depends on the
type of food and the contamination in environment. Food consumption is the main source of cadmium
intake for people who do not smoke or work in contaminated areas. The cadmium has been classified as
a human carcinogen. In 2010, the Joint FAO/WHO Expert Committee on Food Additives (JECFA) established
a provisional tolerable monthly intake (PTMI) on cadmium exposure of 25 pg/kg body weight/month.
This research had been carried out during 2011 - 2013 and aimed at assessing the risk of cadmium exposure
via food consumption among Thai population. The current results obtained can be served as a supportive
data for establishing Thai regulations as well as supporting improvement of the international standards.
In the step of exposure assessment of Cd by duplicate portion method, the food consumption data, sample
of food and water were collected from 400 households in four regions of Thailand for a period of
4 days. The total number of 1,241 people, 1,600 samples of food and 400 samples of water were
analyzed in this study. The Cd concentration was quantified by Graphite Furnace Atomic Absorption
Spectrophotometer and Inductively Coupled Plasma Optical Emission Spectrometer. The results showed
that the middle bound mean levels of cadmium found in food and water samples were 0.009 mg/kg
and 7 x 10" mg/L respectively and the mean intakes of food and water were 1,506 g/person/day and
1,832 mL/person/day, respectively. The middle bound mean dietary exposure across Thai consumers
was 7.29 ug/kg body weight/month (average body weight of 58 kg) which was equal to 29% of the
PTMI value. In conclusion, Thai consumers are still safe from cadmium exposure through food

consumption.

Keywords: risk assessment of cadmium, dietary exposure
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wandnzasgihelussasideundy Aldfumsifdadasduhaadalfaesd dwudideunnian 2555 d
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IﬁﬂlﬁlLﬁaﬂBaﬂL‘ﬂu]:iﬂﬁLﬁ(ﬂf\nﬂL‘%’rﬂh%ﬁtﬂﬁﬁ%ﬂﬁﬂﬁa’lﬂ (Aedes spp.) Humnnilse Taamms
atiw?iqqamﬂﬂ'm (Aedes agypti) uazenaIgdIu (Aedes albopictus) L%yab%'al,mﬁﬁ'@agﬂu genus
Flavivirus #04 Family Flaviviridae \luaymagunssnan drldeniudsznaulidredaluiuuay
Tus6u Teafianswugnssuilu Ribonucleic Acid (RNA) sedeunaUszana 11 kilobase (kb) #92z8309
Ts6iu 2 nan Aa nanlusiulasease (structural protein) § 3 #ila @a Capsid (C), Pre-Membrane
(PrM), uaz Envelope (E) a':mSﬂﬂdnwﬁqtﬂu‘[ﬂiﬁuﬁlﬂﬁémL?Ju‘[mqa%'w (nonstructural protein: NS)
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@8 DEN-1, DEN-2, DEN-3 waz DEN-4""

pxmanuediniiddpasgaodaliaesd Aaligs thafsus eauld endeu fiamudeasan
(Dengue Hemorrhagic Fever: DHF) Ll,ﬂﬂlJ'i’lEl‘ﬁﬁmﬂ’l‘i'gul,l,‘NE)’lﬁlLﬁﬂﬂTw%aﬂ (Dengue Shock
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wzma Mnnsnumsdnmudasliifuhiladuddyinlihinesinelsaguusuandieiuiuee
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h¥mesinansmeiugasiliilamatadamngs Tasmsdaidiaidis DEN-2 wia DEN-3 faasdes
flasiin DHF g4 uenanildawuhmsaidadiuasdaeius #a msdaide DEN-2 wismnmsdaia
DEN-1 fi8adesflaziia DHF wniige ilaifisudumasfieide DEN-2 wasanmsiaide DEN-3
waz DEN-4
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FUNNT 2 AWAFHIUNNTIAN 2555 DUFDUSUNAN 2559 INIUNVNG 1,284 G208 N 5 JanTaleun

wwoylan glovis 00 gashng wasiwasyusel uvivas 272, 148, 265, 414 WAz 185 GIBEN MNAIOU

msaadlseduashsameicemaiia Reverse-Transcriptase Polymerase Chain Reaction
(RT-PCR)

n3ann RNA 21awa1an

ann RNA ﬁ)ﬂ‘ljﬂ‘l}lﬁﬂ PureLink Viral RNA/DNA Kit (In vitrogen, USA) muﬁgumauwm
wassmAuthen nanlagde Ao o proteinase K (37 ul) uag lysis buffer (250 ul) asluluwaraan
(100 ul) winhlguly heating block figamnil 56°C 1L 15 Wit 1iaATUNA LHiX 96 - 100% ethanol
(300 ul) wanlviennu é‘iy'ﬂi'ﬁqmwgﬁﬁ'mmu 5 it Mnsuilaly column thudl 6,800 x g W 1 WAl
JaNMe wash buffer (500 pul) 2 ﬂ%ﬁ waennNLiy RNase-free water (40 pl) ﬁwlﬂ{']uﬁ 11,000 x g
W 1 i fussazars RNA i 4°C wazthluasiam@lsed viatiuii -70°C tiiedenzviaely

msnaTIzrdlsnall

1 RNA figfald (5 u) smwhmsiiinsnnusaud 1 lagld Universal outer primers: DUR
waz DUL (Gl’]i’N‘ﬁ 1)@ Iﬂﬂluwﬁmﬁﬁ%mﬂizﬂauﬁaﬂmsazmﬂ 5x OneStep RT-PCR buffer
U3nes 5 pl arsezare 10 mM ANTP U3ues 1 pl a1sazare 10 uM DUR primer 0.5 pl drsazans
10 uM DUL primer U33195 0.5 ul @98za18 RNase inhibitor U33105 1 pl (25 - 40 Units)
d13508za78 QIAGEN OneStep RT-PCR Enzyme mix U5316035 1 ul NN eaain s
awsﬁuqﬂssn (Px2 Thermal CyCler, Thermoelectron Corporation, USA) ﬁ@gﬂqmwgﬁ 50°C
U 30 W PUIU 1 59U Lﬁamﬁ'ﬂu RNA ({Ju ¢cDNA LLa:ﬁzumau denaturation ‘ﬁqmw{]ﬁ 94°C
WU 1 il dusau annealing ﬁqmwgﬁ 45°C W 1 17 9UAPY extension ﬁqmvagﬁ 72°C W1 1 Wi
e 40 sau Taglusauusniinnmiunay denaturation Wy 5 1 LLazsauqmﬁwmﬁunmﬁy’umau
extension (i 5 Wit NatuthuanEn PCR saudl 1 (1 ub) WiiNEIUsaUd 2 fae primers Ay
dadlsnaduasliSansd (anseid 1) Toaflunilsfisenvsznaudeansazars 10 x PCR buffer
Usuas 2.5 pl @15azae 5 uM Mixed inner primers 2.0 pl @1sazalg 10 mM dNTP U3nas 0.5 ul
dsazare 25 MgCl U3u1as 1 pl (25 - 40 Units) d199za18 QIAGEN Hot Star Taq DNA
polymerase 133195 0.125 ul waz DEPC-DW U515 17.88 pl LLE;”JﬁWL‘ﬁﬁLﬂ%ﬂﬂtﬁuﬂ%u1mﬂﬁﬁhﬁﬁﬁu
(Px2 Thermal CyCler, Thermoelectron corporation, USA) ﬁéﬂqmwnﬁ 95°C WU 15 N MU
1 989U Lﬁaﬂsz@i'umsﬁwmwauaulﬁﬁ Wartumay denaturation ﬁqm‘wgﬁ 94°C W 1 W7 Funau
annealing ﬁqm‘wgﬁ 62°C W 1 W7l 4uMBY extension ﬁqmwgﬁ 72°C W 1 Wil WY 40 S0
Toglusauusniinnandunay denaturation {u 5 Wi LLazsauqﬂﬁmLﬁmamﬂgumau extension flu
5 ¥ Wdnhnanda PCR sauil 2 Senziniinuadlsnadensdd Gel Electrophoresis Tagld 29 Agarose
AuaNAIE 0.5 ug/ml Ethidium bromide uain313guaneld UV transilluminator, Spectroline,
Spectronic corporation USA ) @'Z’;mumwawam PCR 284 DEN-1, DEN-2, DEN-3 w8z DEN-4 tynAu
504, 346, 196 Waz 143 base pairs (bp) MNEGU (MWH 1) ﬁgqué’hashqmuqmﬁmau (negative
control) Apfpthafilinansatiudumsanidehimeiiuay dIUMBENAMIVANTIALIN (positive control)
@#o DEN-1 (Hawaii strain), DEN-2 (Tr 1751 strain), DEN-3 (H 87 strain) waz DEN-4 (H 241
strain) Al@sumsstusyuNaNTIdEINenmaasn gy naadnemanimauwng
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M3N7 1 §IAUUEIBNA primer NlFATIRI@NzFINTINUGNIINEILTAERNIIINz TR aYile
#laneioremaiia RT-PCR

Outer primers

Primer Sequence ( 5 to 3") Position
E region

DUR GCT GTG TCA CCC AGA ATG GCC AT 2169-2192
DUL TGG CTG GTG CAC AGA CAATGGTT 1552-1574

Mixed inner primers

Type specific primers (E region)

DiL GGG GCT TCA ACA TCC CAA GAG 1574-1694
DiR GCT TAG TTT CAA AGC TTT TTC AC 2055-2077
D2L ATC CAG ATG TCA TCA GGA AAC 1744-1764
D2R CCG GCT CTA CTC CTA TGA TG 2070-2089
D3L CAA TGT GCT TGA ATA CCT TTG T 1829-1848
D3R GGA CAG GCT CCT CCT TCT TG 2005-2024
D4L GGA CAA CAG TGG TGA AAG TCA 1892-1911
D4R CGT TAC ACT GTT GGT ATT CTC A 2012-2034
e

o & o '
dayan luuasdiade

fmeggthemdsldideasanluiuiiwaguani 2 mvne 5 3wie laun Samiansalan gluve
WMysYsel gATARE WaTeN SENTNABUNNTIAY 2555 DNLABUSUNIAN 2559 MNUIUTNVING 1,284 GBEN
WUy 680 GIBEIN UASLNANN 604 (radN Hilangasud 1 Woude 83 U ananmuaiuiudl
dﬂld s A L Y A = 3
nanwwuhiftheasdeldideasenlull 2555, 2556, 2557, 2558 uaz 2559 NI 149, 488, 121, 337

WaT 189 518 MNAINU

Flsvaduaslhsawman
Aenziglanelussdiagnegthamuuineseuanda PCR sauii 2 #daiu DEN-1, DEN-2,
DEN-3 %358 DEN-4 ({al2uanandainny 504, 346, 196 %158 143 bp muaau (MW 1)
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143 bp

AN 1 MINTNTBUNIMINTIVIANHTe8T Gel Electrophoresis: nandnsaudl 2 Wuene
@28 20 Agarose NWaNGA 0.5 pg/ml Ethidium bromide waasaguameld UV
transilluminator; L1:100 bp DNA L2: Dengue marker HaKAAIUR 2 lWwauInga
DEN-1, DEN-2, DEN-3 waz DEN-4 anuausiunu L3: Negative control L4: DEN-1
(Hawaii strain) Ls: DEN-2 (Tr 1751 strain) Lé: DEN-3 (H 87 strain) L7: DEN-4
(H 241 strain)
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Dengue Virus Serotypes in Health Region 2 Chavalit Kiatvitchukul et al.

Dengue Virus Serotypes in Health Region 2
in BE 2555-2559

Chavalit Kiatvitchukul Vatcharin Srisakul and Jiraporn Srisakul
Regional Medical Sciences Center 2 Phitsanolok, Department of Medical Sciences, Amphoe Muang,
Phitsanolok 65000, Thailand

ABSTRACT Dengue infection still remains one of the major public health problems in Thailand.
Dengue virus, a causative pathogen, is classified into 4 serotypes: DEN-1, DEN-2, DEN-3 and DEN-4.
All serotypes, transmitted by Aedes mosquitoes, can cause disease in humans. This study was to
investigate serotypes of dengue virus circulating in Health Region 2. A total of 1,284 plasma samples
were collected from suspected cases with initial diagnosis as dengue infection during January 2012
until December 2016. Reverse transcriptase polymerase chain reaction (RT-PCR) was used to
determine serotypes of all specimens. Six hundred and ninety-six samples were found positive for
DEN-1, DEN-2, DEN-3 and DEN-4 at percentages of 11.5 (148 cases), 13.8 (177 cases), 21.5 (276
cases) and 7.4 (95 cases), respectively. All 4 serotypes could be demonstrated throughout each year with
higher rates ranging from May to July. Our findings also indicated that a group with a high percentage
of dengue infection was in the age group from 15 to 24 years. Our study suggested that all serotypes
of dengue virus could be transmitted within Health Region 2 with possibilities of severe symptoms
resulting from re-infection. Laboratory surveillance for dengue virus serotypes should be considered
to obtain important data for planning and preparedness of possible outbreaks that might occur in
Health Region 2.

Keywords: Dengue virus serotypes, RT-PCR technique
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