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Abstract

The development of a decision tree model using Rapid Antigen Tests (RAT) combined with clinical
data aims to determine the sensitivity and specificity of SARS-CoV-2 detection through the RAT method and
compare with Realtime RT-PCR method. This study also seeks to assess the sensitivity and specificity of the
decision tree model. The findings indicate that the RAT for detecting the antigens of the 2019 coronavirus has
a sensitivity of 91.14% (CI 88.48 - 95.45), specificity of 99.21% (Cl 98.10 - 99.64), positive predictive value of
97.75% (Cl 95.77 - 98.81), negative predictive value of 96.74% (Cl 95.64 - 97.79), and accuracy of 97.00%
(Cl1 96.03 - 97.79).

The study evaluates the performance of three classification algorithms using decision tree techniques:
J48, ID3, and CART. The results indicate that the most suitable primary model for application is the J48
classifier combined with the SMOTE technique, yielding a sensitivity of 96.1%, specificity of 99.2%, and
accuracy of 98.5% after pruning to reduce model complexity. This model produced eight classification rules.
When the final model was evaluated against blind data, it achieved sensitivity, specificity, and accuracy rates
of 96.2%, 98.7%, and 97.4%, respectively. Therefore, RAT is an efficient method of detecting antigens of
coronavirus due to its quick results and suitability for highly affected areas. Additionally, the integration of
clinical data with RAT analysis can improve the screening process and increase the sensitivity and accuracy

of the test results.
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Smﬁzﬁﬁmqﬂmaau RAT wuinlinauinzaandad 31wIu 391 aaat19 Aatdudasas 97.75 uazlinaay
FOAAREI S 1,128 et Aailusonas 96.74 119 nuwaunligaandes $1uan 9 uaz waaUligaandad
F1uIn 38 G189 wanIaTIATeTERAIBTanasay RAT §au'la (Sensitivity) Anas 1wz (Specificity)
Anvihwnerauan (PPV) Arviwskasy (NPV) uazAnaugndas (Accuracy) 189MInTiailaszy Aa 91.14 (Cl
88.48 - 95.45), 99.21 (Cl 98.10 - 99.64), 97.75 (Cl 95.77 - 98.81), 96.74 (Cl 95.64 - 97.79) L.az 97.00 (Cl 96.03 -

97.79) MUMAL MNNNINAFOUNLHNAAUA T8882 3.26 WazNaUINUaa 088z 2.25 LRAIAIANTIN 3

@131971 3 aauaaIRanaSeufisusznitinsamliensimmaiunnssnhiialaliu 2019 (Realtime
RT-PCR) uazmianaiiansruanitanhiialalsur 2019 (RAT)

Realtime RT-PCR
Rapid Antigen Test (RAT)

Positive Negative Total
Positive 391 9 400
Negative 38 1,128 1,166
Sensitivity (95% Cl) 91.14 (Cl 88.48 - 95.45)
Specificity (95% Cl) 99.20 (CI 98.10 - 99.64)
PPV (95% CI) 97.75 (Cl 95.77 - 98.81)
NPV (95% Cl) 96.74 (Cl 95.64 - 97.68)
Accuracy (95% ClI) 97.00 (Cl 96.03 - 97.79)

namaUTouifisoanahuazanudunizaanisamalienziganasey RAT laousniiasziany
72961 Ct @A Ct < 20.00, Ct 20.00 - 25.00, Ct 25.01 - 30.00 LAz Ct > 30.00 ugasa1a21u 12 lunsasa
1AL 100.0% (CI 98.83 - 100.00%), 100.0% (CI 98.41 - 100.0%), 84.34% (CI 74.84 -91.82%) WAz
19.35% (Cl 7.44 - 42.18%) MURIAU FIUAANNTUNIZVEINMIATIATILALauAlan I Talalsun 2019 fien
Wi 99.21% (Cl 98.10 - 99.64%) lunnﬁwm Cycle Threshold LEAIFIANTIN 4
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nanTtlIsusua Y waNauan (PPV) drvinuanaay (NPV) LLa:@hmwgﬂ@Taa (Accuracy) U84
naTalienziuendianliialaliu 2019 drsganasey RAT lasusniiamzianagasen Ct wilauiing
VTG % WUINAIIUIBREaLIN (PPV) maamimaﬁl,mﬁzﬁ"qw@aau RAT YiNNU 91.51% (CI 84.49 -
96.04%), 96.04% (Cl 92.61 - 98.17%), 88.61% (Cl 79.47 - 94.66%) Uaz 40.00% (Cl 16.34 - 67.71%) aUS1AL
fnTua1iIwrenaay (NPV) §611Y11D 100.00% (Cl 99.67 - 100.00%), 100.00% (Cl 99.67 - 100.00%),
98.86% (Cl 98.06 - 99.39%) Laz 97.83% (Cl 96.82 - 98.59%) AN&1AL Lmzmmmgﬂﬁaa (Accuracy) 184013
aTIeTzRTANaFay RAT Sduviniy 99.27% (Cl 98.62 - 99.67%), 99.34% (Cl 98.74 - 99.70 %), 98.20%
(CI 97.28 - 98.87%) Uaz 97.09% (CI 95.96 - 97.98%) ANUEIGL UEAIGIANTINN 4

A a a ° A & A o
AN 4 ANIILRAINANISUITIUNIUAMNY DURZAMUT AL VBINIIATINATIZHALOUAIR IFLALIMN 2019

@T’mg@]maau RAT lagusnitaashanasisan Ct

Realtime RT-PCR

Rapid

Test Ct <20.00 Ct 20.00 — 25.00 Ct 25.01 — 30.00 Ct > 30.00

Antigen Positive Negative Total Positive Negative Total Positive Negative Total Positive Negative Total

Positive 97 9 106 218 9 227 70 9 79 6 9 15

Negative 0 1,128 1,128 0 1,128 1,128 13 1,128 1,141 25 1,128 1,153

Total 97 1,137 1,234 218 1,137 1,355 83 1,137 1,220 31 1,137 1,168
e 19.35 %

Sensitivity 100.00 % 100.00 % 84.34 %

(95% ClI) (Cl1 98.83 — 100.00%) (C1 98.41 — 100.00%) (Cl 74.84 — 91.82%) (Cl 7.44 — 42.18%)

Specificity 99.21% 99.21% 99.21% 99.21%

(95% ClI) (Cl1 98.10 — 99.64%) (C1 98.10 — 99.64%) (Cl1 98.10 — 99.64%) (Cl1 98.10 — 99.64%)

PPV 91.51% 96.04% 88.61% 40.00%

(95% ClI) (Cl 84.49 — 96.04%) (C192.61 — 98.17%) (Cl 79.47 — 94.66%) (Cl 16.34 — 67.71%)

NPV 100.00% 100.00% 98.86% 97.83%

(95% ClI) (Cl 99.67 — 100.00%) (C1 99.67 — 100.00%) (Cl 98.06 — 99.39%) (Cl 96.82 — 98.59%)

Accuracy 99.27% 99.34% 98.20% 97.09%

(95% ClI) (Cl 98.62 — 99.67%) (C1 98.74 — 99.70 %) (Cl 97.28 — 98.87%) (Cl 95.96 — 97.98%)

namsansUszansnmaasarsunnluduuuuanmssunudngauns 3 5% leun J48, ID3 uaz
CART ﬁalumjuﬁﬁms SMOTE uazls SMOTE wuiianuhiagszning 0.942 - 0.961 anudumizagzning
0.981 - 0.992 mwgﬂﬁaaagji:wj’m 0.979 - 0.985 fNYINWIBKALIN (PPV) 88321319 0.970 - 0.977 evinuiey
Na (NPV) 88331919 0.988 - 0.993 Arudilansn (AUC) 88321919 0.962 - 0.977 URZAIAINNTIIFNQA
(F-measure) 8¢3z%#314 0.976 - 0.984 LEAIFINNTIN 5
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AN 5 ANTILRAINANNTIATIZRUTLANTAINVDIAI3 L UNANAT ID3, J48 ey CART

Model Sensitivity Specificity PPV NPV AUC Accuracy F-measure
ID3 0.942 0.981 0.974 0.990 0.962 0.982 0.977
ID3+SMOTE 0.949 0.983 0.971 0.989  0.966 0.980 0.977
J48 0.954 0.981 0.975  0.991 0.968 0.983 0.978
J48+SMOTE 0.961 0.992 0.977 0.993 0.977 0.985 0.984
CART 0.952 0.984 0.972 0.990 0.968 0.981 0.978
CART+SMOTE 0.950 0.982 0.970 0.988  0.966 0.979 0.976

namMIanswUIndszannnaesiasuunduLuLIInmsesnuUingaudwd (Primary Model)
fnazuinmaianldude a5 uunda85T J48 Taunu SMOTE Gelddanalaosas 96.1 ausume
FBUAZ 99.2 LATANNYNABITBLAT 98.5 I@m‘mapﬁ{fﬂvlﬁﬁﬁmm”mmﬁaLﬁaa@mm%wﬁawaw‘ﬁuwiﬂsﬂ:ﬁ”
Confidence Factor = 0.10 minNumobj = 5 wuirdsuwinlunsnue 8 lu LLam@”\‘ig‘ﬂﬁ 2 Tagannnisaaudsna
WMaannuTudousasdanLy wuinaianela anasuwng LAZANONABITBLAT 95.4, 98.9 UAT 97.2
mudey uazmunsnagingmadaaulald 8 ng ddt

npl 1 dgsuuiniemaduaa sansnwngldidlamalinanisasiadas Rapid Antigen Test
(RAT) il Wauan (Positive)

npf 2 Fuuimslidermsivee weedld musavhuneldinilamalinamsasadiy Rapid
Antigen Test (RAT) 1w wauan (Positive)

nofi 3 dsuuimrlidernsiduae uazlaiilld uaziwasiaswiawiny 103 aTIdauwd a1
e laindlemalinanisasnadae Rapid Antigen Test (RAT) L4 naau (Negative)

npf 4 fiuuimslddenmaiuae wazlddla uazwasannnd 103 Aot uazszaUeandian
Umpiia desninwiainiudess: 97.5 wazanusulafingns dagninniawiniu 97 Sasuasdsan o
Muneldindlemalitan1saTadis Rapid Antigen Test (RAT) 1w naay (Negative)

ngil 5 deFuuimsliderninduee walufld uasiwasuinndn 103 asidewdl uazszavoandian
Umeii tesniwiarinnudess: 97.5 uazanusulafiasns innin 97 Safiwasisen wazammniinie sioe
AdMIaWiNnL 36.0 asriTalBea anuTavnwelainilemaliian1In313678 Rapid Antigen Test (RAT)
1w waau (Negative)

ngfi 6 ffiuuinslidenmaivae wazlddlad uazBwasunnnd 103 ARG uazszAURENGIA
Umeiia esnimiainiudesss 97.5 uazanueulafings sannin 97 daswasdsan uazgnninIy
11NN11 36.0 asawalos aunsarwelaindlanalinanisasiadis Rapid Antigen Test (RAT) tu
HWaUuIN (Positive)

ngil 7 deFuuimsliferninduee walufld uasiwasuinnin 103 asidewdl uazszduoandian
Umpfia snninesss 97.5 uatasniniarinnutess: 97.6 mansarimgldndlamaliuanmsariadase

Rapid Antigen Test (RAT) 1w Wauan (Positive)
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ngfi 8 dsuinmshifiermaiuae uadlaifld uaswasunniy 103 AT uazszaUeandian
Ussiia innninfesas 97.6 swnsarinmeleinilenmaliuanisasradas Rapid Antigen Test (RAT) 1du
WRAL (Negative)

namIdaziludszEninwaasaiaduunduunugaying (Final Model) nugaya Blind Data 1u2%
3888z 10 289103 (N=156) NMFAeNzAasasazanul AN WazANYNad Ao 96.2, 98.7
WaE 97.4 MURIAL LLa@]\‘l@T\TEﬂﬁ 3

Sore Throat

TN

=No =VYes

7 .

Fever Pasitive (630.0/8.0)
=No ="es

Pulze Positive (21.0)

Negative (1344.0/56.0) % 02 SAT

/\

=475 =875

Dias_P % 02 SAT

NG

=47 =97 =478 =876

-~ ™ -~ S

Negative (99.0/5.0) BT (oC) Pasitive (11.0/2.0) Negative (89.0/3.0)

\
/

Negative (8.0) Fositive (3.0/2 0)

Rapid Antigen Test (Positive) N=78 Rapid Antigen Test (Negative) N=78

m- [

Specificity = 0.987

Accuracy = 0.974

3N 3 Naﬂﬁ‘il,ﬂi']zﬁﬂ'nugﬂﬁawaaﬁ";i‘huuﬂluﬁmmuq@ﬁm (Final Model)

91n3% J48 37uNU SMOTE ﬁ‘[ﬁ‘ﬁayja Blind Data $1wiu3aeaz 10 vesdayarisnua (N=156)
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a '3
717

mﬁifmfﬁﬂunﬁﬁnm’lumjuﬁuaahafﬁﬂmu 1,566 118 lagidunsansluiuiianamn e e
azInaan Gﬁaﬂs:nauvl,ﬂ@ﬁﬂﬂﬁjuﬁ'samaﬁﬁﬂsﬁﬁlnﬁw%aﬁuw”a;jﬁm%avl's%'ﬂﬂlim 2019 n&im”’saamﬁt,%
Juuimidmiunsaagunwiewdrinnu @uneludszimauazuendszing uaznadiuuinuuy
Active Case Finding /Sentinel Surveillance 374 f4n ﬁj NA20879 ﬁ N uigauRIBLIA (Patient Under
Investigation; PUI) n3finmanahiuazanuiunizssinmiaraniuandiausashiialalsun 2019 danga
nasay RAT lauliganasay Standard Q COVID-19 Ag lanu3sm SD Biosensor (ugiia szyiasazaw’
AU LLa:mwgn@Tmmmﬂgﬂmaa‘uLfimﬁmuﬁ'uiﬁmimmgm flo 86.4 (Cl 78.5 - 92.2), 99.6 (Cl 97.9
- 100.0) uaz 91.2 (76.3 - 98.1) g1 089N LETAN BT RINALIN (Ct < 30) LAZHAAY (Ct ¥INN31 40) 91N
miﬁnmmﬁaﬁwuiﬁaUa:mm"bLLa:mmgné’awaamimmmLLauﬁLawaa"LﬁaTﬂIsm 2019 d187a
naxou RAT lasldganasay Standard Q COVID-19 Ag Lﬁ'uga‘fu fa Asauazal1wli 91.14 (Cl 88.48 -
95.45) LLazmmgn@Taa 97.00 (Cl 96.03 - 97.79) uasasazanuiltniziia1anadifa 99.20 (Cl 98.10 - 99.64)
%aLﬁmfumnmi'ﬁ'u‘%ﬁw;\Tmﬁw’q@maauﬁmﬂﬁaﬂﬂéjm”aa:i'mmma,wmﬁmﬁm FavirlAman1sdszdnla
FOAANDIN Lﬁaamﬂmiﬁnmﬂig\a1"1;\4}”‘35@ﬁ']ﬂﬁﬁﬂmluv{uﬁquﬂmaaIsﬂguﬁu%a:Jaz 10 Sogaanaasny
NANN3FN®1289 Chaimayo C LWazAte[14] ﬁ'ﬁwmsﬁﬂmlu@fﬂaﬂﬁmﬁ'ﬂmiﬁ@L§a1ﬂ3@-19 wazgfihananainiy
MIAA B4 LINENLNAATNT NIINNAMIUAT I1WIU 454 68t Anuimianamuaniieusashsalalsn
2019 #1835 Rapid Antigen Test lasldganasau Standard Q COVID-19 Ag fidrau'lhiasa: 98.3 Faiia
gaﬂi‘funiﬁmﬁi:qmﬂﬁﬁ'ﬂgﬂam LELATBEATANNIUNIZAARS A 98.7[14]

M3AnE# nuRssussTasaIImLeuianzaslisalalsn 2019 Fuganasay RAT $1u3n 38 11
Aadudosas 3.3 Tanuinerethamanit 460 Ct a9 N Gene 91NMIATIATLATIEWY Realtime RT-PCR ol
Tuz24 28.53 - 38.01 TemannRoInUNANIANE1VE9 Amer RM hRZATUE[15] fiwudn e Ct wnndn 30 wiaT
aglutg Ct 28-35 wudnduiredfivsinoweasalsatanun swliisswedmsumsiufAzendege
nasgau RAT Sfidmaauﬂuwamﬂmnﬁuﬁ'ﬁas'”mﬁ'"l.sjgnﬁﬁ #2887190338289N13L383719 ®I081992LNAIN
;j%’uu‘%msﬁl,‘%'wﬁ@L%aluszuzl,t,sﬂ[s] lasanmsdineuad Amer RM wazAmiz[15] WuiIn13asadiganasay
RAT luﬂﬁju@Taamaﬁﬂ'\ivlsjﬁé'ﬂwmzmﬂﬁvﬁ'vﬂwﬂmsﬁ@L%ﬂifu Hlasrelimavasnmiasianansesduuanle
l8g uazwUImasanfomiuaaslwiui 5-7 azvhlinamimeseudisganasey RAT danalluniiasa
3Lﬂﬁ:ﬁlﬁu§a°’§u[15}

nmsinmassiinunauanlasuaasanamuendiansaslasalalsun 2019 FBTANAFU RAT
$1uam 9 7o darduesar 2.3 Fawudn 9 dragnedl H6n Ctaas N Gene 1INNNIATIATLATIHRGY Realtime
RT-PCR %1nN91 40 uazwuindanagnesiuin 1 1e femanumsaadalslulasa (Human rhinovirus) s
WANN13 PCR G9saaafaunan1s@nusnaas Hase R. uazame[16] Avnn13éns wuinnisdaide Human
rhinovirus/enterovirus 8aN30vlWLAAUZASE Cross reaction NUN13@319 SAR-CoV-2 61835 Rapid Antigen

Test uazviliAadunauintaanld{16]
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nnmsansasItazfinldin mﬁ”aﬂa:mm%mmqﬂmaau RAT aziidnaaadiila N Gene J¢n Ct
11NN 25 lagwuin lumjuﬁ'ﬁamaﬁﬁm Ct ayflwﬁw 25.01 - 30.00 Laz Ct #71NN31 30.00 AzdaN3peazaA
Vl'maa?;ﬂmaau RAT i1l 84.34 uaz 19.35 anuadey dadudnfiiasnindszansniniiosdnisemisuas
DNiNAUa b fe unninIavinnuIesas 85.0 “EdLLﬁ@]GiﬁLﬁu’i’]"q&]ﬂ@ﬁﬂuﬁ’]ﬁ%ﬂ@i’ﬁ]%’]LLauaLﬁ]WUade’J%’ﬁ
Talsu1 2019 v#ia Rapid Antigen Test ﬁ]zﬁmmmm:auﬁ'unwﬁwvlﬂlfmusluﬂéju@Taamaﬁﬁm Ctuad N
Gene %2811 25.00 Gﬁaaaﬂﬂﬁaaﬁuwamsﬁﬂmﬁmumﬁwquw@aau"nﬁm RAT azﬁﬂizﬁwﬁmwgaq@ﬁ
Ct #aen3n 25.00[7]

Udnimwsainsamamuaudiauzaslalaunliia 2019 Nunudayanadfindioitdulidadula
wud1 35 J48 3qunu SMOTE lutaa lddianulazanasnnizgiga lasldanwmzainiinisadiin
9 318N1Y %@ﬁmwgﬂﬁawaamiﬁﬂmU%’aﬂa: 98.5 maanéwﬂﬁagaé’aaﬂwvﬁ%m DIRAARDINUNIANENDS
Zoabi Y Uasamue[17] Awuinmsld Machine learning Tumsvnuenisaaitelada-19 dgamsuaasnisnanin
5 318117 aNNIalARaNIYwEaLuazAuIuNIzuas Machine learning data LYinnu¥asas 87.30 Waz
71.89 anuday asnussananadladmnindidulidadula annsdnmasailunldausy Rapid
Antigen Test S%a8ufiN1HN1ITLIIINAMLNTTUNITOIMITUAZHINANFAN BNz uwr Iluvasn1TLRa
Uszansnnlumssansesmsaaitot s ﬁeaﬁtmsﬁnmftﬁiaﬁwﬁ'@’l,umsﬁw"l,ﬂslfﬁﬁwM%’umjuﬂimmﬁ
l&5usadutosnunisaadelalsulasa 2019 Lﬁadmnﬂi:%‘n%mwmaﬁﬂ%umwzﬁqUaﬁmwgmmﬂuad
2INNIUAZEINTUEAI[18]

msfinsaisi wodnsldinadia SMOTE lumsTymdeyai lisugamunsauiuyszinsnwlia
LR SagoandedlUiunns@nEues Ahmad uazame 7U Pal M uazame Ainwuinsldinadia SMOTE
°ﬁ'aULﬁuUszﬁﬂﬁmem‘"ﬁLLuuﬁmmmgﬂﬁaﬁaﬂa: 5.48 1§z 11.70 AMUR1AL[19-20]

miaTamnaudianvaslaliuwn iz 2019 Snudayanadindsitaulidadula uananazlsien
ﬂ'smvl:auazﬂmm‘mwwzﬁga ﬂ“’dmminﬂizmqﬂ@ﬂ"ﬁumma‘lumsﬁ@maamsﬁ@L‘%‘yaqu”ﬁimj luauaa'le was

Iemiuaygunisdadulaminisuwndwiamaifiadondmdmydaly

naanssudszne

HIdpvevauqmiuInIsguigunndanduat anadin Janiazay’ ﬁlﬁmwawmw:ﬂumﬂﬁu
mmawﬁayahmﬁﬁ'ﬂﬂ%ﬁ ma‘*uauqmwmU?ﬁﬁﬁﬁugﬁﬁuﬁuﬁﬂmixﬁmeﬂaﬁuaﬂmaqa AUSRRITANRAS
WP INUIRDULIAIT VOVBLIA T HA.A3.AARANG WOIUTY ﬁlﬁmwagmiﬁ:ﬂumﬂﬁaa@Tmmj’éﬁu data

mining LLQ:‘Uﬂ“llﬂ'Uan%@qﬂﬁ‘%%ﬂﬁiﬁﬁﬂﬁnﬂﬂm:ﬁ%L'J‘liﬁ’]ﬁ@lg NAINYIRDULTADT
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