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nsUsziliuanuduiusvainsnageulsaugwaat lulauuszning
yanaaaulsa In-house I-ELISA uazyanagaulsan1enIsAnaels Kappa Statistic

Comparative Evaluation of Bovine Brucellosis Detection between

In-house I-ELISA and Commercial Brucellosis Antibody Test using Kappa Statistic

NOAINT Wenesand  giunsal urutes

Kridakorn Vongtongsalee” Tapakorn Chamchoy

Abstract

Brucella abortus, the causative agent of Bovine Brucellosis, causes economic impact in Dairy Cattle
herds. National Institute of Animal Health (NIAH), Thailand, has developed In-house indirect
Enzyme-linked Immunosorbent Assay (I-ELISA), to detect antibodies specific to the antigen of
Brucella spp. in serum and milk samples for Brucellosis diagnosis in Thailand. This study aims to evaluate
the agreement beyond chance of disease detections between in-house I-ELISA and commercial ELISA
kits using Kappa Statistics. To evaluate, we tested 306 serum samples and 180 milk samples from dairy
cattle that had been submitted to the NIAH, from 2016 to 2019. The results showed that the agreement
from serum samples was 93.4% and kappa was 0.86 (95% confidence interval [Cl]: 0.81-0.92).
The agreement from milk samples was 97.78% and kappa was 0.94 (95% Cl: 0.89-0.99). This study indicated
that the test results from serum and milk samples evaluated by in-house I-ELISA had an excellent
agreement beyond chance with the commercial ELISA kit under passive surveillance conditions. Thus,
in-house I-ELISA can be used for Brucellosis diagnosis and monitoring programs from serum and milk

samples within the country.

Keywords: Bovine Brucellosis, In-house I-ELISA, Commercial ELISA kit, Kappa Statistic
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UNANED

Brucella abortus \Juieddgivhlfiaalsaugeaatlula wasdeliAnnanssnudeiasugialulauy
anduguaindniuisndlaiamganaaaulsa In-house Indirect Enzyme-linked Immunosorbent Assay
(In-house 1-ELISA) wiieldnsramusuiveniidausinzseweuiauvonie Brucella spp. nfegnadsy
wazuy wagldlunsematiadelsavgwaannielulsing miﬁﬂmﬁﬁi’mqﬂizmﬁlﬁaﬂszLﬁummaamé’aa
VINANINAFBULIAYEA In-house -ELISA fuyanaaeulsAUIwaaInIanIsAMmgaia Kappa lngvinn1snageu
freg19B3udIuan 306 F0ga wazthunsiuau 180 Megie Mnlausfidsmafianugunindeiuiennd
Tuln.A. 2559-2562 nan1svaaeulsnaniieg19dsu wuindinugenadediu 93.14% uaya Kappa dA1 0.86
(95% confidence interval [Cl]: 0.81-0.92) namsnageulsnainietnsiug wuindauaenndesiu 97.78%
wazA1 Kappa &A1 0.94 (95% Cl: 0.89-0.99) %ﬂﬁ@ﬂﬂﬂ;mwmaaukﬂugmam In-house I-ELISA uaganaaaulsa

nan1smianuaenndesluseiuuin saunsaldyaneaay In-house I-ELISA unldlunsnsiaidadeuay
Annsaslsaugwaanniegsdsukaziudlugdlaniglulsemela

AdAey: Tsaugiwaatlulauy In-house FELISA ganaaeulsan1ensan ELISA @i Kappa
UNin

lsaugiwaan (Brucellosis) LfJuImo’?miaﬁﬁwé’igiué’milﬁmqﬂéhsm:u Aaanide Brucella spp. Fadu
HeuvaiiBounsuaviineliiialsaldiiluauuardnd Tsaugwaaluladiusnniawmgudnunainde Brucella
abortus (B. abortus) SrelmAndymedisnludnifeglutisengladute lnglulamadeindoorlnan
nsuiszeyineveInIsate wusnAavisedungndniau dslulamediinyiliduniu dwalirdafidne
mswa:uamﬁnsﬁqdﬂﬁﬁmamwumqmwgﬁmﬂuasmmﬂ (Ahmed et al., 2016) Ingile 8. abortus @113
frenenrunasRnndndenaeauariiug Vilkauaansofelsaldainmsduialnddatudniniande
shumslé’%’m%al,%’wq'umLLwaImsta vsoUdlnatunRvkazaandeiandn iiinsludewde (Atlri et al,
2011; Galinska & Zagérski, 2013) 31n318UN TN weINsiinlsauggaartulsemelng wuitlud 2551
Ffanindease NUBNTIANUYNTEAUTIEA 3.3% warlusedurisugasdis 24.1% Uittapalapong et al., 2008)
Tud 2557 dardanigyauys d8nsAnuYnsEAuNIsy 30.43% (Wongsawang et al., 2014) uaylul 2561 Janin
dssum ddnmnugnseaunIsy 2.6% (Colombe et al., 2018)

Hagtuandugunimdniuisndliliisnismaasulsan1adsuinemariiiioniinseideds
Lﬁaé’mﬂsaqLLazﬁué'J’umaIiﬂugLsuaaﬂuIﬂ 1AuA Rose Bengal Test (RBT), Complement Fixation Test (CFT),
Milk Ring Test (MRT) wag Indirect Enzyme-linked Immunosorbent Assay (I-ELISA) sulldfsmsimnemide
wuaiideanifeidontoasiamds LﬁaLﬁﬂszﬁfaLLazmmmmiizmmaﬂsmgLﬁzjaaﬂuiﬂummmmmsmmaau
IsAuagvnanednivae (test-and-slaughter) LﬁaWUﬂ’liLﬁ@IiﬂiuQ\‘iﬁmi (World Organisation for Animal Health
[OIE], 2019) nglafinmsitmunyemaaeulsa In-house FELISA tieldnsiamusuivefifinnudumesonoufiou
veaile Brucella spp. Mnfegsdsunastinuy doldluusslonilunisasaitadelsnnelulsyng wasdums
anUFnalunsdntonpmaaotlsanenisdn lnsgamagoulse In-house HELISA Aldianndull wanlaelduoufiou
YUn smooth lipopolysaccharide (S-LPS) 370 Brucella abortus strain 99 mﬂmsﬁﬂw%ﬁaﬁwmﬁqmmaau
In-house HELISA reumihiiwuindlevnaeulsadedsulauasnsede wuigamageudamuluazanuding
WU 99.37% wag 99.89% auaRu wle percent positivity (PP) w1nniwseawiniu 40% dslduadinin



dloA PP 30% Fanuinyanaasuiianiulinagaiudinizyiniu 99.37% uaz 96.28% m1uafu
(Chaichanasiriwithaya et al., 2001) uaziilenaaoulsaseiegadiulauaznsylo wuiyanaaouiidianla
99.36% (95% Cl: 98.49-100.00%) ANUTWNE 99.88% (95% Cl: 99.79-99.77%) A1MINUYNADI 99.85% WAz
Kappa A1 0.98 wazilewFeudisuiuds CFT wuindiauldusing (Relative sensitivity) 99.02% (95% ClI;
97.92-100.00%) AHd W1 dNImNG (Relative specificity) 98.54% (95% Cl: 98.30-98.78%) A1AnsNARIdIing
(Relative accuracy) 98.56% wazA1 Kappa &A1 0.80 (Ekgatat et al., 2008) ‘uaﬂ%ﬁﬂﬁéﬁﬁ@uiﬂ‘g@%ﬂﬁ@ﬂiﬂiﬁ
anansoldvaaouioganinuld iesnnamsnfuiedniudldhouarnniiniinafudonion @
Hlunsveaeulse uazannsnananueSeslulauufiegluszerliuild Sadunsussifiunadiuyamaaeulsa
ymamsddundausn

nsliymnnaeuiinantueanglulssmmbunsatuayunsifowasnsimunelulssma annisfieis
msthiduaranaldirglunmsindogamaaeuaininesana agslsfimanssaninmuessamaaoudldinmu
Jupsiaedosdimuiieudssiugamageunamsiinsldnulaeiill Weliuamameaeudulumunasgu
1Ny, 10402-2561 (Atinanuannsgiududinunskazevnawisnd, 2561) uasiluilveniulusedussmineUssma
paAsnstugnslsaugsaaniisinuslasesdnisgunindnilan msfnwiiiadisuifisuanuaonadosmestanms
neasulsaugeaaTluduuasiuuainnsageulsadegemaaeuiianituguamdn udiiaundutuyn
nadoulsaniensa lagleisnisaia Kappa (McHugh, 2012; Carpentier et al., 2017) Imﬁﬁfmqﬂizmﬁﬁmﬁu
arushilalunsldgemnaeulsn FELISA flantuguamdniwimnflivinsiuuiudelivawuganaaoulse
mensfTithanesUsgme

gUnIalLazIsNg

AN g lunisAnen
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=

lsaugwaaninguafifuiuinen aarduaunmdaiuviend Sagninusnuluduaduiigamall -20 °C Tnswuaiu
M0g19BTUANT N.A1. 2559-2562 UL 306 F39E19 Uawsneeatuuany w.a. 2561-2562 §1uu 180 fognd
A y a < < PR [ 1 d' 1 gj = = & ]
eunstuanagnaunaugl 1500 xg LUunian 30 Wil Weiivdiwresvategdunanavilengnaudaludiu
vo3lUsAuLIY (Whey protein)

ASLA3UNADYN

Wshegaiildlunsmeaeunniiensdieansavats Usznause 0.05% Tween® 20, 50:50 v/v 483 0.015M
EDTA : 0.015M EGTA Tu PBS, pH 7.2 = 0.2 Tnesegedsuldsnsidu 1:200 daushograildsnsidau 1:1
el AuTigamgiies

Y W

FFumuAuBwanlaengualauiuive aatuguamd@aiuiend Usenausmiediu 3 wie loun Strong
positive control serum (C++), Weak positive control serum (C+), Negative control serum (C-)
WnnAuANTmanlagngulauiuIne anrduaunindniuisnd Usenausieuium 3 ¥iia laun Strong

positive control whey (C++), Weak positive control whey (C+), Negative control whey (C-)

YANAEY In-house |-ELISA
WYeuRlau S-LPS 91 B. abortus strain 99 Al#a1nNSesENse3I3n1s Hot Phenol-Water Extraction
(Nielsen et al., 1996) 1LAABUUULNEN polystyrene plate 96 VU gl S-LPS 50 pL wauiu Coating buffer



(1 pg/mL Tu Carbonate buffer; pH 9.6 + 0.05) iuastuustazvauluyiinas 100 pL 90ty incubate fignmnd
37 °C1funan 1 92l viseflgaumndl 4 °C Wuan 18 s Aeuthanldlsdramande Washing buffer (0.05%
Tween® 20 1w 0.01 M PBS, pH 7.2 + 0.2) U31%15 300 L 311w 3 50U iushessiildndenliadumandivhnng
\nFeunauRiouliud viquaz 100 L (duplicate) incubate Tigamgieudiunm 30 wid ndudranande
Washing buffer U311%5 300 pL 9717u 3 59U LA Recombinant Protein G-Peroxidase (HRP-rec-Protein G)
conjugate %quag 100 pL incubate figamgiivioadunan 30 uit Weasunan dramansie Washing buffer
U31195 300 pL §1W3u 3 58U 1in substrate (ABTS 4 mg/mL waufiu 30% H O, uaz Citrate buffer) wguaz
100 pL incubate Tufifin figamaiivieadunan 10 wifl Weasunan fiu Stopping solution (1% SDS) nquas
100 pL 81uA1 optical density (OD) fewp3es8IuNa ELISA Reader (Thermo Scientific, USA) fienauen
AALLEN 414 nm Taermuae Percent Positivity (PP) wnnninvwewindu 40% tiulanaiduuan

. Auade 0D value vasdzaes
Percent Positivity (PP) = 100 X

Auadeves OD value vesnumuuan

YANAFAULIANINITAN

yannaoulsAN1sNNSA IDEXX (IDEXX Laboratories, USA) #ildlunisinun @ 2 wila 1duA (1) IDEXX
Brucellosis Serum Antibody Test I4lun1snsaaseg1edsu Selmnusimzsiode Brucella spp. Tisrielsely
U?jﬁmf laun B. abortus wag B. melitensis wag (2) IDEXX Brucella abortus Antibody Test Kit/Bovine Milk
T¥lunisasafegaiuuaniesefuasdniunsuddanusunedede 8. abortus udthen oD
filfanmsnaasuluduiumiel Sample to Positive (S/P)% wazuUanalasldinamifisnsdeainguan
(IDEXX Laboratories, USA) #ail YANAaay IDEXX Brucellosis Serum Antibody Test A1 S/P% weoanin
Wsawiiu 110 Tinaau S/P% 81319 110 s 120 inaasde uway S/P% w1nndt 120 Winauin uasyanaaey
IDEXX Brucella abortus Antibody Test Kit/Bovine Milk §if1 S/P% weenin 60 liinaau S/P% (;?GLLWI 60 %ulﬂ
Tiiwauan

0D vasiiaeha — 0D wasimAumuay

Sample to Positive (S/P) % = 100 X - -
0D vwesfruauuin — OD vesfmiuauau
N133LATIZVNE

wansnuivesiogsduuazihuslailinavinuazavannsnageulsaugisanideganaaoulsa
In-house -ELISA e spmaaaulsnnienisén nadeuasdenadasowmanIsnaaousi 2 wlislusogadsuuay
YIEeIN9E8R Cohen’s kappa statistic (Cohen, 1960; Carpentier et al., 2017) FIUERIFEAT kappa
Inelglusunsu Stata (Stata/IC V.15.0 College station, TX) lneA kappa fNT1 0.40 TAnuaenndewn
A1 kappa 8gsening 0.41 s 0.74 fianuaenndemeldied wag A1 kappa faust 0.75 Tulufinnudenndos
Aun (Fleiss et al., 2003)

Observed agreement — Agreement expected by chance alone

Kappa (K) =
ppa (K) Total potential agreement — Agreement expected by chance alone



NaLkazIasal

NMsnaaeUlIAUIAIINAIRE9TTH 306 Magdlagldyanadeunsaesuiin laun In-house -ELISA uay

YAnAaeulsANIaN13A1 IDEXX Brucellosis Serum Antibody Test wudnlvinauinaseiu 130 fege Wikaay
M3INU 155 fog1a (AN5199 1)

M19°99 1 HamMvadeulsAUITaaIINAIeL T SHlALYANAdOU In-house -ELISA uagyanagaulsa IDEXX Brucellosis Serum

Antibody Test
IDEXX Serum Brucellosis
NAN1SNAEDU Antibody test FUIUA2DE9
WauIn HWAaU
NAUIN 130 17 147
In-house I-ELISA

NAaU q 155 159

FIUIUAIDEN 134 172 306

nmsnageulsAviwaaaIndeg1aiiuy 180 deealagldyanaaeunsaessia laun In-house -ELISA

wazgAnAaaulsANIaNISAN IDEXX Brucella abortus Antibody Test Kit/Bovine Milk wuitlinauinaseiu 44
#ees Tkaaunseiu 132 Mg (5197 2)

A9 2 HanIvageulsaugwaaIINdIegndlagyanaaey In-house -ELISA uazyanagaulsa IDEXX Brucella abortus
Antibody Test Kit/Bovine Milk

IDEXX Brucella abortus Antibody

WNANISNAGBU Test Kit/Bovine Milk AMUIUA2DE9
NauIN Haau
NaUIN a4 2 a6
In-house I-ELISA
Naau 2 132 134
FMUIUA2DEN9 a6 134 180

HanMsegaulsAreanaaaulsAUIaaT In-house -ELISA vasan1uguamdniianatiuyanagaey
Isanensalaglifiege@isunazinunlinaiidonnaasiuyindu 93.14% waz 97.78% n1ua1su A1 kappa

NFENITAVINAY 0.86 (95% Cl: 0.81-0.92) Warinuayiiiu 0.94 (95% Cl: 0.89-0.99) Han1snAdaUiiA
aenndadlusedufiunn (kappa = 0.75) (5747 3)

M19199 3 wARIANANIABAAILAZAT kappa YBeYANARULsA In-house -ELISA warynnaaaulsAnIaNIsAN IDEXX

In-house VS IDEXX

Sample

0,
Agreement% Kappa* 95% Confident Interval
Serum 93.14% 0.86 0.81-0.92
Milk 97.78% 0.94 0.89-0.99

* Kappa < 0.4 = Poor, 0.41-0.75 = Fair to Good, > 0.75 = Excellent



ammsﬁﬂmfwuiwmsmaaiﬂ,imgmﬁaawimai%ﬁaasmﬁy’qmﬂ%%’mLLazﬁmﬂﬁmmmaamﬂé’aﬂLLam’w kappa
fifun Tneilen kappa dmsunsmageusiegedsuiiu 0.83 wazshegianiuuriniu 0.94 sﬁaLTJumsaﬁuayu
nsldauganaaey In-house -ELISA vasaantuguamdniuisnadstinsldnunidussornamiugs Ingld
thyamageulsn In-house FELISA wldmsrasiuduismedsuinetdu q ledud RBT, CFT uaz MRT Lileudiy
aail erdnng wazauusiuglumsidadelsa (OIE, 2019) lilemsenuauuaz desfulsaugiwaamulouny
voansuUadni Frarndoyadaus® wa. 2557 f3 2561 wuharunmedsuedsaugeanvedtaunlulsemelne
fuwnliuanawiclussiuniunazseduses (Vongtongsalee et al., 2021)

nsldyanegey In-house -ELISA ﬁamﬁ’uqmmwé’mimmamémﬁuLaa‘f':l,‘f]uﬂﬁaﬁ’uawLLazﬁwmmi
Weluvszwmiothuldlunisasalsrnniedsdsunasiuulfodsdussansam s 9nnisinwves
Vanzini et al. (2001) wuihnsveaeudiedteiiuadieds ELISA Sawilaiis 98.1% Fannnd133 MRT i
AnulaLies 72.2% é’m%fumﬁﬁaéfaLLazﬁmﬂsaﬂ,imgL%aawﬁ’mﬁaaﬂwﬁmmﬁu anusoriliieuazsiaging
naiiufegdsy Tnsannsnfumegnniuuandmursvesusazvhiy vilfazainluninihs iisaldly
syaunsy wagdsanansnananunsealulaunluszegliuudnme Lazainns@nwives Wang et al. (2020)
ildegnathurandsuuraanyhnmsmaaeulsaugieandeds -ELISA nutmganageuiimilinaranusiniy
87.2% uaw 92.0% muEy uananinudmanismeaeulsanIniedsiuuuasdsulinanismnaoui
dennanaty LngliAnAuaennans 88.4% (95% Cl: 82.3-92.7) wazilA kappa witiu 0.75 agnslsAnudsll
Jodinfoaunsaiviegaldnnzlaudlussegliug wasynvagouanalinauinans (false positive) laluszey
nsasrunhwdowieidofnsuudnay (Vanzini et al., 2001; Cadmus et al., 2008)

wamsfnwluadsiliinsmeseuiesnsdsuuasihuaildannismmadeiu (Passive Surveillance)
vilvimmaaeulsaddufeaenanaluyaiedimmlddatieseiivesUfiins ilomueuanuuyssu
florafintu Wy AnunruarannmesioEsTidmn steznatlunnfviediuiiedmste Wudu esn
Hadewarienaiinanszudenansmegeulsa dsfoindutiadeiinunulioinlunisnsinmnsanauuy
1395U (Nsubuga et al., 2006) ﬁaﬁ?uﬁﬂéfaﬂi’fﬁaashﬁi”[ﬁ’fmaauaeﬂuﬁauiﬁu‘[,uﬂﬁmaaukﬂLﬁmﬁu e lirler
fegnanfinunmuarUinadimnzaslunsussiiunannuaenndesvesyamaaoulsald

Tutlqtiu gavaaeulse ELISA tonsiaidadelsaugiwaaiuldtoldiuogunsuaelufesufoninag
yialan Seganeaeuimariusianailussarudimeiuandneiy Sellomalidanuaonadoswemaninga
Tsaunnsafudlowlunaaeulseluiiuifdanugnuedsauandieiulussdusg 1 (Fadeel et al., 2011) fatu
madenldgemaaoulseliinnzautiuaounsaivedsameluiuiifeirudniuiiasfesfeismmmnuedse
srprhaenIsinide warnisaiagiduiusielse ufeanumsninsssuinvedsalunguuseans dadu
tafefidsmademiluazaudunzvosemaaeuilld (Sim and Wright, 2005) el Aufiiaamnvedisash
oasesinnsanliyannaeulsavarsvdauldlunsnsieitedelse leifiaugniosutiugvemanisngin
(Sharma et al., 2008) waziinsUszifiunaginyemageulsregsioides ilelinisnaitedelsnaenados
fuanunsalvadlsaniglulseine

GELY

nNsUTEuMUEDNAADILAYAY Kappa Guanwamimw%ﬁaﬁakmgwammﬂ&hazm%%’mmzﬁmm
WuUigAMAEDY In-house -ELISA finisaniduguaindeiuisnfldndauasiauntunlvinansnaaeulsai
aenndosiuganaaeulsamisnisilusgdviun Ssaansathuldmaunuiionisasaifadouazdanses
Tsaugwaalugdamelulssmaniegisdsunasdunlald
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NnMsangnuIdididedninsesnunmiegsdmsalivingan luewpndealdisfnuuuuihse s
13930 (Active Surveillance) liemuAuAMANaIBg NLarantediniTeInuLUTUTINYesiegwildlunis
Anwsialy

ANRNSSUUTZNIA

o v v v ¢

ANzEIvevaUAN WIvtiiUAdn]

9

g1 Uadnidainluiuivadndun 1 wasidmdiingugiauiu

9 Y

e aotuguamdniuiand Temdslusiunisiiuieguasnsnsaiddelsaniaiesujuinig uazve
YDUANS EAN.EY LU LoNVimS wazan.qy.1591 adeius Aduivineuasliduuzd vlinddelidnsaganed

LONAD19D9

AUNNUNINTTIUAUA LN YATUAYINIUNIYIA. (2561). HINTTINTUANYAT UNY. 10402-2561 N3TugnslsAUzivan. https://
www.acfs.go.th/standard/download/DIAGNOSIS-OF-BRUCELLOSIS. pdf

Ahmed, W., Zheng, K., & Liu, Z. F. (2016). Establishment of Chronic Infection: Brucella’s Stealth Strategy. Frontiers Cellular
and Infection Microbiology, 6, 30. http://doi.org/10.3389/fcimb.2016.00030

Atluri, V. L., Xavier, M. N., de Jong, M. F., den Hartigh, A. B., & Tsolis, R. M. (2011). Interactions of the human pathogenic
Brucella species with their hosts. Annual Review of Microbiology, 65(1), 523-541. https://doi.org/10.1146/
annurev-micro-090110-102905

Cadmus, S. I. B., Adesokan, H. K., & Stack, J. (2008). The use of the milk ring test and rose bengal test in brucellosis control
and eradication in Nigeria. Journal of the South African Veterinary Association, 79(3), 113-115. http://doi.org/
10.4102/jsava.v79i3.256

Carpentier, M., Combescure, C., Merlini, L., & Perneger, T. V. (2017). Kappa statistic to measure agreement beyond chance
in free-response assessments. BMC Medical Research Methodology, 17(1), Article 62. https://doi.org/10.1186/
$12874-017-0340-6

Chaichanasiriwithaya, W., Kanitpun, R., Ekgatat, M., Thammasart, S., & Wongkasemiit, S. (2001, October 24-26). Development
of ELISA to diagnosis of bovine brucellosis [Paper presentation]. Thai Veterinary Medical Association 27th Conference
of Veterinary Sciences, Bangkok, Thailand.

Cohen, J. (1960). A coefficient of agreement for nominal scales. Educational and Psychological Measurement, 20, 37-46.
https://doi.org/10.1177/001316446002000104

Colombe, S., Watanapalachaigoolc, E., Ekgatat, M., Ko, A. I., & Hinjoy, S. (2018). Cross-sectional study of brucellosis and
Q fever in Thailand among livestock in two districts at the Thai-Cambodian border, Sa Kaeo province. One Health,
6, 37-40. http://doi.org/10.1016/j.onehlt.2018.10.001

Ekgatat, M., Thammasart, S., Kanitpun, R., Wongkasemijit, S., Nokdhes, C., & Trenuntawan, U. (2008). Indirect enzyme-linked
immunosorbent assay test kit development for specific antibody detection against Brucella abortus in cattle.
Kasetsart Journal (Natural Science), 42, 95-100. https.//www.thaiscience.info/journals/Article/TKIN/10506896.pdf

Fadeel, M. A,, Hoffmaster, A. R., Shi, J., Pimentel, G., & Stoddard, R. A. (2011). Comparison of four commercial IgM and
IgG ELISA kits for diagnosing brucellosis. Journal of Medlical Microbiology, 60(12), 1767-1773. https://doi.org/10.1099/
jmm.0.033381-0

Fleiss, J. L., Levin, B., & Paik, M. C. (2003). The measurement of interrater agreement. In D. J. Balding, N. A. C. Cressie, N.
. Fisher, I. M. Johnstone, J. B. Kadane, L. M. Ryan, D. W. Scott, A. F. M. Smith & J. L. Teugels (Eds.), Statistical
methods for rates and proportions. (3rd ed., pp. 598-626). John Wiley & Sons. https://doi.org/10.1002/0471445428



Galinska, E. M., & Zagorski, J. (2013). Brucellosis in humans—-etiology, diagnostics, clinical forms. Annals of Agricultural
Environmental Medicine, 20(2), 233-238. http://www.aaem.pl/Brucellosis-in-humans-etiology-diagnostics-
clinical-forms,71918,0,2.html

Jittapalapong, S., Inpankaew, T., Sangwaranond, A., Phasuk, C., Pinyopanuwat, N., Chimnoi, W., Kengradomkij, C., Sununta,
C., & Arunwipat, P. (2008). Current status of Brucellosis in dairy cows of Chiang Rai Province, Thailand. Kasetsart
Journal (Natural Science), 42, 67-70. https://www.thaiscience.info/journals/Article/TKIN/10506890.pdf

McHugh, M. L. (2012). Interrater reliability: the kappa statistic. Biochemia. Medica, 22(3), 276-282.

Nielsen, K., Gall, D., Jolley, M., Leishman, G., Balsevicius, S., Smith, P., Nicoletti, P., & Thomas, F. (1996). A homogeneous
fluorescence polarization assay for detection of antibody to Brucella abortus. Journal of Immunological Methods,
195(1-2), 161-168. https://doi.org/10.1016/0022-1759(96)00116-0

Nsubuga, P., White, M.E., Thacker, S.B., Anderson, M. A., Blount, S. B., Broome, C. V., Chiller, T. M., Espitia, V., Imtiaz, R.,
Sosin, D., Stroup, D. F., Tauxe, R. V., Vijayaraghavan, M., & Trostle. M. (2006). Public Health Surveillance: A Tool for
Targeting and Monitoring Interventions. In D. T. Jamison, J. G. Breman, A. R. Measham, G. Alleyne, M. Claeson, D.
B. Evans, P. Jha, A. Mills, & P. Musgrove (Eds.), Disease Control Priorities in Developing Countries (2nd ed., pp.
997-1015). The World Bank and Oxford University Press.

Sharma, R., Chisnall, C., & Cooke, R. P. D. (2008). Evaluation of in-house and commercial immunoassays for the sero-
diagnosis of brucellosis in a non-endemic low prevalence population. Journal of Infection, 56(2), 108-113. https://
doi.org/10.1016/j.jinf.2007.10.010

Sim, J., & Wright, C. C. (2005). The kappa statistic in reliability studies: use, interpretation, and sample size requirements.
Physical Therapy, 85(3), 257-268. https://doi.org/10.1093/ptj/85.3.257

Vanzini, V. R., Aguirre, N. P., Valentini, B. S., Torioni de Echaide, S., Lugaresi, C. I, Marchesino, M. D., & Nielsen, K. (2001).
Comparison of an indirect ELISA with the Brucella milk ring test for detection of antibodies to Brucella abortus
in bulk milk samples. Veterinary Microbiology, 82(1), 55-60. https://doi.org/10.1016/50378-1135(01)00370-4

Vongtongsalee, K., Chamchoy, T., Kanitpun, R., Ramrin, L., Kunchit, P., Tumcha, P., Raxsajit, S., Termprayoon, C., & Ekgatat,
M. (2021, 28 June-2 July). Seroprevalence of Brucellosis among Livestock during 2014 to 2018 in Thailand. [Paper
presentation]. International Symposium on Sustainable Animal Production and Health: Current Status and Way
Forward. International Atomic Energy Agency, Vienna, Austria.

Wang, Y., Robertson, I. D., Cheng, S., Wang, Y., Hou, L., Wang, G., Wu, X., Li, X., Chen, Y., & Guo, A. (2020). Evaluation of a
milk ELISA as an alternative to a serum ELISA in the determination of the prevalence and incidence of brucellosis
in dairy herds in Hubei Province, China. Preventive Veterinary Medicine, 182, Article 105086. https://doi.org/10.
1016/j.prevetmed.2020.105086

Wongsawang, W., Sanyutitham, S., & Nakthong, C. (2014). Seroprevalence of Brucella spp. Infection in beef cattle in
Sai-Yok district, Kanchanaburi province. Journal of Applied Animal Science, 7(1), 27-32. https://www.thaiscience.
info/journals/Article/JAAS/10934741 . pdf

World Organisation for Animal Health. (2019). Bovine Brucellosis (Brucella abortus, B. melitensis and B. suis) (infection
with B. abortus, B. melitensis and B. suis). https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/
3.01.04 BRUCELLOSIS.pdf



LAY UNNT DAz U NANARDIIUIUTDUNNIDIINN15ASIAUSE LT
WU URAN5M14 ISO/IEC 17025:2005 Vaan 1 UUEUANENILIIYA
5219190 2548-2561

Trend of Nonconformities and Factors Affecting the Number of Nonconformities
from Laboratory Assessment According to ISO/IEC 17025:2005 of
National Institute of Animal Health during 2005-2018

ATIng yyraussw* gl lwumilvd  auseyn ynkau

Peerawit Bunpangban* Chayanee Jenpanich Pamornya Buthasane

Abstract

Nonconformities (NCs) from laboratory assessment indicate the ability to achieve the development
of a quality system. This study aims to know trend of NCs and factors affecting the number of NCs to be
employed in order to plan the prevention of repeated NCs and to develop and improve the laboratory
quality system. NCs from laboratory assessment of seven laboratories and three supporting groups of
National Institute of Animal Health had been collected during 2005-2018. Frequency distribution of NCs
against ISO/IEC 17025:2005 of both management and technical requirements were performed. Trend of
NCs was analyzed by comparing the difference in the number of NCs among four implementation periods
using ANOVA or Kruskal-Wallis test and trendline chart was created. Then factors associated with
requirements and number of NCs in laboratory were analyzed by Fisher’s exact test. The results showed
a total of 583 NCs were detected. They were divided into 237 management NCs and 346 technical NCs.
The most common management NC was related to clause 4.13 control of records at 40.08% (95/237).
Moreover, the most common technical NCs were associated with clause 5.2 personnel at 22.54% (78/346)
and clause 5.5 equipment at 22.54% (78/346). Trend of NCs according to overall requirements and
management NCs were both decreased whereas technical NCs was not different during implementation
period. The NCs trend of sub-clauses for both management and technical requirements in clause 4.1
organization, 4.2 management system, 4.3 document control and 5.5 equipment were decreased. Clauses
4.2 and 4.3 were factors associated with the number of nonconformities (p-value = 0.029). Therefore,
there should be measures to raise awareness of staffs about the importance of implementing the quality
system. Moreover, the study of NCs trend should be continuously performed to plan for effective

prevention of NCs.

Keywords: ISO/IEC 17025:2005, Nonconformities, Factor, Trend, Laboratory
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wnewe - vianedia ldwudeunnsea
A15197 2 wanIS U UNNTBIRIWIINISIEWING WA, 2548-2561 (n = 346)
) . .
daunnsag 5 o0 6 o W @ 9 1 9 = % o o = 398
51 vhly - 2 - - - - .o .o . 058(2/346)
52 yAans 0 3 3 10 8 13 7 4 3 2 5 3 5 2 2254(78/346)
53 anuiiuarnnig windeu 5 2 1 7 1 9 1 2 6 2 1 5 - 1 1243(43/346)
54 Fnedeunazminsivdeummlliliazes’ 6 3 3 11 4 11 11 1 3 1 3 2 5 1 1879 (65/346)
5.5 L?ﬁ'aaﬁa 6 6 4 10 9 8 9 5 6 4 6 3 2 - 2254(78/346)
56 mnuaounaulaueInsin - -1 1 - 1 5 1 3 4 - 3 - 1 578(20/346)
5.7 n13tneeens - - - - - e e e e e e e e 0 (0/346)
5.8 A1TIANITAIDENNAZDU -1 - 7 - 10 6 2 1 1 4 2 - 2 10.40(36/346)
5.9 m3UsziuAuNINEANSNAEDU - - 2 1 1 3 2 4 - - - - 1 1 434(15/346)
5.10 AIIIEIUNANISNAGDU - - 2 - 1 1 - 2 - 1 1 - 1 - 260(9/346)
39U 27 15 18 47 24 56 41 21 22 15 20 18 14 8 100 (346/346)

wnewn - vaneda ldwudeunnses

OA 16 avURA 2

13



14

UUAlHNIIUINTBUNNSDY

INNTRATIERNUI Tounnsesiidnmiinsuanuaswuuniuarliund Tnedeunnsesmudornualy
AT warteriungaadunIsUImswazaIuITInITURTenuNIsRINRIRUUUNG Fadlovedeudiuadn
ANOVA wudaunwsesiifimnuunndiaseninesseznaidniunis de Jeunniosmiudarivualuningy
(p-value = 0.018) wardounnsasnuda 5.5 w3asdle (p-value = 0.013) (57471 3)

dudeyatounnsesifinsuanuamuulaiung fun deunnsessamsnunsuims dounnsessiusuisinig
wazmudamuungesfunIsUSIMSHATAUITINIsUIde iethu vedeudieadn Kruskal-Wallis test
nudaunnsesfiauuansisseninsssesiaiduiiung fe deunnsesmndiunsuims (p-value = 0.021)
YDUNNTBINUUD 4.1 83ANTT (p-value = 0.022) 98 4.2 T¥UUNITUIITIU (p-value = 0.010) uay U9 4.3 N3
AIUALLBNENT (p-value = 0.039) (M57971 4)

7115199 3 NSUSIUTIBUTIUIUTBUNNT DINTNTHINLITLUUUNATEIIN9TLLIANGWAUNT W.A. 2548-2561 Ingltania ANOVA

52’18317; 1 53&1317; 2 52’18317; 3 szaz‘ﬁ a4
Jaunwsas (2548-2550) (2551-2553) (2554-2557) (2558-2561)
(NC) NC Mean NC Mean NC Mean NC Mean prvalue
(d0) #SD (d0) 45D Ch)) +SD C)) #SD
YDUNNTDIAY 176 58.67 173 57.67 142 35.50 92 23 0.018
TomruAlUN TN +18.58 +17.04 +13.82 +6.38
{9 5.5 \3esile 16 5.33 27 9 24 6 11 2.75 0.013
+1.15 +1.00 +2.16 +2.50

A15197 4 AsSeuiisuduiutaunnsaeninisuankaanuuliun@seninessasianaiiunis we. 2548-2561 lagldana
Kruskal-Wallis test

seoeii 1 soydl 2 stz 3 sueil 4
dounwiag (2548-2550) (2551-2553) (2554-2557) (2558-2561)
(NO) NC Median NC Median NC Median NC Median prvalue
(19) (IQR) (1) (IQR) Ch)) (IQR) (9) (IQR)
SWEUNITUIINT 116 32 a6 16 43 11 32 8 0.021
(31.50,42.50) (14.00,17.00) (8.25,13.50) (6.75,9.25)
4.1 89ANTS 6 2 0 0 2 0 0 0 0.022
(2.00,2.00) (0,0) (0,0.50) (0,0)
4.2 STUUNISUTINTIUY 56 17 8 2 0 0 0 0 0.010
(17.00,19.50) (1.00,4.00) (0,0) (0,0)
4.3 ﬂ’]ﬁﬂ’J‘UﬂuL@ﬂﬁ’]i 18 3 6 2 2 0 1 0 0.039
(2.00,8.50) (2.00,2.00) (0,0.50) (0,0.25)

dlothdaunnsesiiamuunnsediuannmssi 3 was 4 1adansn nuuwltudeunnsewmudaivun
Tunwsamanas (U 1) Fsaonadosriunisfinuiues Vongsheree et al (2018) Asenuinvios Jifin1silasu
ns¥usenduszesnauuarnudounnsesanas uenan nuwwltudounnsessudunsuImsanatuiy
(U7 2) Tuwazditeunmsessudminmshifiairuunnsnassrinszeznaduiuns whinsldunsiuses
Wusseznaiuu %ﬁﬂﬁqﬂawﬂsﬁmié’aamﬁﬂw wazUsvaunsadlusyuuamnn wiflveutnglmifivenssuses
wisanniu Tenaflaynudounnsesianniu seihldteunniessaudimnnsldanas



Soleneideunniesmteimungesiunsuimsuazsnuinms wuirdwnliuanas ludo 4.1 osdnns
fo 4.2 syuumsUimsm 4o 4.3 msmuauenans wazde 5.5 wiedle Fuanduzuil 3-6 auddy Tag
Forhmuagessunisuimsinudsnanlinaunnssiuienis ensuaiay wasamz (2556) Minsdnwisies
URTRNINIASES NI 73 us sene e, 2551-2554 wuuwliudeunmsadudermuadanarifiuty asena
Fuldlg msfnwedsiifisunuiosjiinstiesnt ifemndumsnunadeunmiosminiesufjoainig aav,
diesuiaden Snisypainsisunuiisme wnzantuUinunuaslifinmadsuuaann Jeiltinsdea
MinweuarUszaunsallunsn v uiusEUUANAMANEENETIUNY dIutaiungaeiwiIrIng wuw iy
Younnsesanaailes 1 4o e fo 5.5 wedesile sradululiiyeansldfuniseunuasiimnumsgnnluns
fanaindesiloliaenndosmutaiiuun fddeunniesnudervuagesdunisuimsuasfiuivinis
Fodu 1 lufanuuanssseninsseznanduiunig

90
° R? = 0.673 60
gg ° 50 @ R® = 0.900
260 [ L 3 Py D 40
z 0 @ ® vl e .-
£ o e gz 0
< 30 ® ".-.," ‘g 20 "... o
5 20 g -"'. 5 1 @ .. ... ......... o
210 28 e 6o,
0 0
g ® H F ® ¥ 8 9 g 3 & % 8 8 8 &
« & & 8« & & & 9 & &« &« & & & & Q
UM 1 wunldudeunwsomuderimvualun ey w.e. 2548-2561 JU 2 wnliudounnsoesiudunsuinis w.e. 2548-2561
3
25
| R? = 0.558 'Y
3 20 - 2 _
2 0.0 0 ° = g R? = 0.889
® . LG g
LS = 15 .
~ (74
3 B
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2 .
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Lo Lo Lo Lo L L L L L Lo 8] Lo Lo Lo 0 58
N N N N N N N N N N N N N N N N
UM 3 unldudounnsosniude 4.1 03ANTT WA, 2548-2561 3UN 4 wnliudeunnsesnu 4o 4.2 seUUNSUIMSIY
W.A. 2548-2561
12
16 10 ® R’ = 0.722
14 ¢ ® e o
=12 R? = 0.967 S N PRI o
=) . o ettt e,
=2 10 pes . .
: = 6 @-® ¢ ®
g 8k c ¢ ¢ °
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S 4 . @ 0.,
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.A. 2548-2561
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AaNnudunussEnInslademudamnuaiuinuiudaunnsasluiesufjinnis

INMTIATIERmAINaesiwIndeunnses nudeyaiinisuanuaawuulaiund Feldedsegudu
Anans Faviiu 51 nenunguiiiideunnissnnnindsisesiu 3 wesufoinng uaznguiddeunnseatosnin
vidowhiuasisegiu 4 iesUfiRnng ilefiaseilagltadi Fisher’s exact test wuiladefimnudiiusiudiuom
Founnsesegalifuddymneadn (p-value = 0.029) 2 Jade (151971 5) WA sTUUMSUIMSIIU (e 4.2) wax
msmuAsenans (e 4.3) viesnananlsidlenudeunniesmude 4.2 vse 4o 4.3 axvilrilonanudeunmses
FunsUImsLagAILATINSTINILIN MsAnwinunsdaiienansinsufifnuiadutedeste 4.2
liasudluuishanssy denndestunisinuivesasdnd viluna wazamy (2559) idnudadeiidnasoduou
YBUNWIBINULINTFIN ISO 15190:2003 Tnenuinnislaifienansisufuinudamaliviosufufinistasutounnses
Srunuannuiu daumsnuteunmsesunmsmunuenans (e 4.3) maldienasitlifinisnuny e1adwali
fnmsuftRnuliiaenndesmudeimunduy q Wesnnyndedmuadesiienansiigndesiiuiiieduwuimisly
nMsujuRu

M19°9% 5 wanspnuduiussenineladumudeivuniudiuiudeunnseduiosdiRinisingldatia Fisher’s exact test (n=7)

o y o we y
uBIlfuRnT (Weg)

oy ”15"”“/1".1'““ fidaunwsaaunnnin fidaunwsastiaaninuse p-value
YauNnIaY AdisegIu (%) wiriuanalsegu (%)

(n=23) (n=4)

STUUMTUIMNTNU (T0 4.2) Ny 3(42.86) 0(0) 0.029
Tainu 0(0) 4 (57.14)

nsAuAenas (Te 4.3) Ny 3 (42.86) 0(0) 0.029
laiwu 0(0) 4 (57.14)

a5d
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