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Anti-dsDNA Junauaifidrdglun1s3dedelsa SLE 1150539 anti-dsDNA #1833 Crithidia luciliae
immunofluorescence test (CLIFT) wag line immunoblot assay (LIA) T4LoUuALauLasnann1snsIAILATE Wi
WANAIIAY msﬂﬂmummﬂiymmwa‘UiyLmummaamﬂaawmmaaqm wasfnwinanisidadelsadiona
Liaenndesiu lnefia1sana anti-nucleosome wag anti-histone 33us7e TneduAuNan1INTIINBIUHURNTS
foundslugUrsfiunmdasds SLE uazdsns1a anti-dsDNA 1938 CLIFT wag LIA Tuaq w.a. 2561-2566 $1u7u
1,799 519 LLazEUﬁumssLﬁauﬂﬂawmmamimnm 2 Flilaonndosturiedonadosiuuisdiusan 300 T8 i
anan1sIladelsn Anseideyanisalid Cohen’s kappa afifillanssaiun adiil Chi-square 38 Fisher’s exact
test WUI135 CLIFT way LIA danugennassiuliunais (kappa = 0.548) Lﬁaﬁﬂmmjuﬁﬁwa anti-dsDNA 1Juau
A8 LIA 1,436 518 WUIIAIIWU anti-nucleosome %38 anti-histone flonaurunaisiiagny anti-dsDNA g
38 CLIFT (p < 0.001) wsiminnstuegnouwddindna CLIFT iuuan miwuLLauﬁuaﬁﬁaaawﬁwlﬂmmsaﬁwLLuﬂ
#Uae SLE wag lupus nephritis (LN) ) IFmautule (o = 0.967 way 0.247 aud i) nsdlfinansaa anti dsDNA
maamaamﬂmamaamu CLIFT @1315a31uun SLE uay LN Médnauninegraddedida (o < 0.001) waziile
MTIVEDUNANTIAVDILAAIDINENTIUIENIS et uuinnudn waves CLIFT mmaﬂumuumﬂﬂw SLE waz LN 1ad
(p < 0.001 wae p = 0.048 MWL) veuzdt LIA Tlanunsasuunldegadaau (p = 0.748 way 0.095 augduv)
agUldiilonansan anti-dsDNA LHuauseds LIA vinwa anti-nucleosome %38 anti-histone Huuan aziilonia
U1unaneilazns1any anti-dsDNA #2338 CLIFT waznsal CLIFT Wuuinazanunsausd SLE uaz LN tddmauiu
WAINAHa anti-dsDNA A838 CLIFT ﬁLﬁumﬂaeuJ'LLﬁa laiddudnsdansiads LIA Lﬁa@mamaa anti-dsDNA, anti-
nucleosome waz anti-histone d3uiiiads SLE 8n uwmneienatreiiudszansamlumsiteds andldsne
NMIguAn wazaaatunitadelsald
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Abstract

Anti-dsDNA is an important immunologic criterion for diagnosing SLE. Crithidia l(uciliae immuno-
fluorescence test (CLIFT) and line immunoblot assay (LIA) detect anti-dsDNA by relying on different antigens
and principles. This study evaluated the concordance between the two methods, and studied the final
diagnosis when they disagreed, with consideration of whether anti-nucleosome and anti- histone were
relevant. Laboratory results of Khon Kaen Hospital patients were retrieved for those suspected of SLE and
whose anti-dsDNA tests were run for both CLIFT and via LIA, from 2018 to 2023. 1,799 cases in total. Of these
cases, 300 cases where the results of both tests either disagreed or did not fully agree were checked for
diagnosis in medical records and were analyzed using Cohen’s kappa, descriptive statistics and Chi-square
or Fisher’s exact test. From total 1,799 cases, there was moderate agreement between the two methods
(kappa = 0.548). From 1,436 cases with LIA-negative anti-dsDNA, detection of anti-nucleosome or anti-histone
was significantly related to anti-dsDNA detection by CLIFT (p < 0.001) with moderate chance. However, if
anti-dsDNA CLIFT was known positive (211 cases), detection of the two antibodies did not help identify SLE
or lupus nephritis (LN) better (p = 0.967 and 0.247 respectively). When CLIFT and LIA disagreed, CLIFT identified
SLE and LN significantly better (p < 0.001). Examining results of each method when the other was known
positive showed that CLIFT identified SLE (p < 0.001) and LN (p = 0.048) well, while LIA did not (p = 0.748
and 0.095 respectively). In conclusions, when anti-dsDNA is negative in LIA test, the presence of anti-
nucleosome or anti-histone implies moderate chance of positive anti-dsDNA if tested with CLIFT. And
positive anti-dsDNA CLIFT result can then identify SLE and LN better. However, if anti-dsDNA CLIFT is known
positive, further LIA test for anti-dsDNA, anti-nucleosome and anti-histone is not necessary for SLE diagnosis.

This approach may optimize diagnostic efficiency, reduce healthcare costs, and shorten time to diagnosis.
Keywords: Line immunoblot assay, Crithidia luciliae immunofluorescence test, Lupus nephritis, Systemic

lupus erythematosus disease, Anti-double-stranded DNA

*Corresponding author: t.wisansanee@gmail.com
Received date: October 28, 2025 Revised date: March 23, 2026 Accepted date: March 25, 2026

237



Journal of the Medical Technologist Association of Thailand UNAIUITY

Volume 54 No. 2 August 2026 Original Article

1. uni

Anti-double-stranded DNA (anti-dsDNA) iumilsluseufivediisnmziulse systemic lupus erythematosus
(SLE) IWEJLQW’]SIUQ"L'J’JEJﬁLﬂuiG]éJﬂLa‘U@“ﬂﬁ (lupus nephritis) FsfineSaninveslsafivinainnisd immune complex
WazaniilnawesdauazvielmiliiAnnizlndniau Tnsluguaedidu active SLE wag active lupus nephritis
ANUNTONTIVNY anti-dsDNA lﬂuisﬁuﬁqaw UBNANTSt@ANTARTINY anti-dsDNA adndlugdnelse autoimmune
rheumatic disease (ARD) #iindu W mixed connective tissue disease (MCTD), systemic sclerosis, Sjogren’s syndrome,
autoimmune myositis La¥ inflammatory arthritis oudusluauunifenansranulatng®

AUz lun15M519AANTDN antinuclear antibody (ANA) #1833 indirect immunofluorescence assay (IFA)
szyilunsdfigiaefionnsmseddniiasds SLE uazwunsindlufiaindsaves Hep-2 cells sULUU homogeneous
AITATA anti-dsDNA wseuwauRUefnedIulsEnauras dsDNA/histone complexes (nucleosome) samae® Tng
Iuﬁﬂw SLE uag active lupus nephritis @1113001593NV anti-nucleosome ey anti-histone iéﬂmaﬁuﬁq&ﬁ’m
wWuiu® 4 anti-nucleosome Fafiuslovilunisgreduungvag inactive SLE Faagluraslsaasunialiuans
o1MsiAdssgsTiazidu renal relapse lédnsny®

PNNUTNITINaBlsA SLE 989 European League Against Rheumatism (EULAR) kag The American College
of Rheumatology (ACR) U a.. 2019 lammualsinisnsiadnnsos ANA ¢eis IFA Taeld Hep-2 cells Wu substrate
antigen Aifinavanlamassaus 1 : 80 Fuld iJunawinisiad (entry criterion) dnsunisifadelsa SLE® Tng
anti-dsDNA unildluseufiveddumeiigninlvieglunguues immunologic criterion dmiuinausinisidads®”
SuTunTvee Systemic Lupus International Collaborating Clinics (SLICC) U a.¢1. 2012 sae®

197539 anti-dsDNA 71 luiesdfuRn1smsnisunmdiievheaivayunisidedelsa SLE fiva1eds 1gu
Crithidia luciliae immunofluorescence test (CLIFT) laglgnanns indirect immunofluorescence assay S?jdLﬂu
3@ (traditional method) 7 iin15181d elwsinda Crithidia (uciliae & i kinetoplast 7140w pure native
double-stranded DNA tadoulfuuusualariiions1adu anti-dsDNA vasiine Firedlindosnanssatingeoisamud
Tumsnnaienei ilegdygnansidesuamosensiFouadignanlifu anti-human IgG agduiiu anti-dsDNA 7
psr9mulud3ugvae uonanddsd immunoassay MfuIEvaden (altemative method) fignitmuntudnuaes
Tnedndnnrslunisnnadieneiiunneiaty 337 deuldluiesujs@nismisnisunng Idun enzyme-linked
immunosorbent assay (EIA), chemiluminescent immunoassay (CLIA) wag immunoblot L% line immunoblot
assay (LIA) s Tnefideaiauanussediuuuneidlunisnsia anti-dsDNA #ae3sniadeninenafiamusinizei
mnlanaiiuuinmsnsadudunieds CLIFT wasseunaneniu 1nen15ngiameds CLIFT Aasseaunaluds
U3ua (quantitative value) 3aifiafeUunas (semi-quantitative value) gag

AN5M579 anti-dsDNA #e33 CLIFT 1Judsfidaulash widlauTunnzAeudiegs lngdinudmigegsening
fovay 83.9-99.1%1° Tumsifiady SLE fidaiausuuglingiatinszideds CLIFT $aufuds BIA Wiethewfiuen
uenauIn (positive predictive value; PPV) 1’171@@5?]?14“‘” UONANHAUADAASDIVEINIIATIV anti-dsDNA #2835
immunoassay vane 9 ¥lafU3s CLIFT fismsnuiinuiriinnuaenndesiusgluseiutunasied (kappa statistic
0.47-0.63) Ine EIA fiaudenndaadiu CLIFT (8% EUROIMMUN, Germany) luseduuiunans (kappa = 0.47)
waz immunoblot fAudenndasiu CLIFT (§%e Bio-Rad Laboratories, Hercules CA) Tuszsutrunansssiuiy
(kappa = 0.55)'”

3% LIA (EUROIMMUN, Germany) 1 un13ns293insizsiuuui auduna luganaaouiinisld highly purified
native, double-stranded DNA fiafina1n salmon testes WZaUULWAY immunostrip wananfdedl nucleosome
Iag histone iﬁlﬂ/'?ﬁ extractable nuclear antigen (ENA) 8nua189ta tASDUUULKNY immunostrip L8R e
ATINMLBURUBRT IIZAoLBURUAINA A luATIRENAY

38 CLIFT war LIA 1uaufiau dsDNA uagndnnsnsindinsghiiuanenety nssieaunaves CLIFT fosende
mdindulavesinsadinsieyt (Ju subjective judgement) Tuwae?t LIA Wnseusssiuanudurssuauafiinty
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NnUFATeAlinauInlugULuUAUTINaseTUsLnsud S agU 3935 LIA aslinnsmenunanisnga anti-dsDNA
w¥oufunouAuafsunIEduAe anti-ENA lu immunostrip 1fiafy Fe3uds anti-nucleosome uag anti-histone
n1589R379 anti-dsDNA iieUsznaunsidadelsn SLE Mlsemenunavouury $11e3a CLIFT way LIA Tnaunndons
dmsradeiFlaiinils viedeiaaesiemiu Tusgivinsunameunmd dsanaldnanisamaiilinsediu warlu
msAnwreuwihininIsiaruEenAdasweIN13A5Ia anti-dsDNA #2833 immunoassay 3afuismadentuis

CLIFT e duisaufunfianudnnzgs dulngivdannisnsiaimssisasvevesinendlivaaeuunnaiaiui

1
=

Tlulsaneruraveunnu lnedeyan1siuSeuiousendngds LIA AU CLIFT eudasudrades lasin1s3deidad
fnquszasdifloUssiliunuaonndosanan1snan anti-dsDNA #e38 LIA U3% CLIFT sausiadinmwnnisnszang
Fressziulamesues anti-dsDNA Liesanddliifideyanisnsaany anti-dsDNA Aiszulamedang q isuiusa
N13953AMEIS LIA, Anwianudunususs anti-nucleosome wae anti-histone #BN15MTIINU anti-dsDNA #e735
CLIFT Tunsdifi LIA Tina anti-dsDNA luau, Anwwasen1sifiadelsn SLE way lupus nephritis Tunsdlfi3s CLIFT
Tnaduuinsueie wazAnwinanisitadelsa SLE uay lupus nephritis mam{{ﬂwﬁﬁmamimw anti-dsDNA i
aosiBlilaenndesiy ilelfausainansinnevihiausuazsduaiunsideds uaznsviunelsalufiens
a1msnadindely

2. TEAUaEITNS
2.1 #regililunisfne
Audutoyadoundilunsioutufinnansnsameiesufifinisvesiosadsudtiofunmdasds SLE dausdd
.61, 2561-2566 Tneiian13n 599 anti-dsDNA #2838 CLIFT uaz3s LIA Tag LIA finan1snsaavis anti-dsDNA, anti-
nucleosome uaz anti-histone 1w 1,799 318 Mwandeanisutenaguiegieddsil
2.1.1 nsUSEMIUAMUEBAAABIVBINITASIT anti-dsDNA A28 CLIFT way LIA I%ﬂa;uﬁ";aﬁiwaﬁgq 1,799
eald
2.1.2 M3fAN¥INIINILLAIVBITEAULANDIVDINANITATIA anti-dsDNA #2835 CLIFT 13suiieuiiu
LIA ldngusegnsiiinavedds CLIFT Wuuinuaziinalames S1uau 482 51
2.1.3 msfnwianuduiusues anti-nucleosome way anti-histone ABaN13MTIANY anti-dsDNA 728733
CLIFT 15l LIA T¥wa anti-dsDNA (Huau ijmﬁaasmﬁﬁmamimw anti-dsDNA 33 LIA Wuau 311U 1,436 518
2.1.4 n5ANIAMNFURUSUDY anti-nucleosome WLy anti-histone Aon153adelsa SLE wag lupus
nephritis Tunsdliis CLIFT Tinarfuuan T¥ngusog1eiifinan1snsan anti-dsDNA 35 LIA iduauus CLIFT Tina
Juuinleeiinalawesuaznanisitadelse Srumu 211 519
215 nnguiiegediuiu 1,799 918 denngudedsdeluiitodunanisidadelen Tnengudina
CLIFT ifuvanidenamensdififissnunalamessiuse elifideyalawmoiuszneunsinmei:
NANTITHAN13ATID anti-dsDNA #2835 CLIFT wae LIA laiaemndesdu fidwu 275 518 uvadu
- LIA Positive / CLIFT Negative 91312y 70 518 J§U3e 6 seitlifidoasunanisidedelsa Jalainan
AT WMRIINIU 64 T8
- LIA Negative / CLIFT Positive 91n31uau 237 310 finalawmassiuou 212 5 e 1 swiilidiideasy
nan153fedelsn Jekaithuiasent wdediuiu 211 518
naufifiug anti-dsDNA iuuanaenadosiusia 2 38 Tne CLFT Wiaduvanssdumnin 4+ fefisiuau 25 518

A

(n38l7 CLIFT T9iua 4+ waziduavaenndosdu LIA feidunnuadonndasfidaau elithundunanisidadelse)
swnguiegafiiludunanisidadelsadusiuau 300 e
1A59N193 98K UN195UT09Tu555UN193 T8l unywy Tsangruiaveuniy sWalasen1side KEXP66038

(5zuLaAEUlATINITIVY W.A. 2566-2568)
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2.2 M1INTIAATILH anti-dsDNA @875 Crithidia luciliae immunofluorescence test (CLIFT)

ATIVUATIZA anti-dsDNA ¢2838 CLIFT Imﬂ%@gmﬁﬂmﬁm%gﬂﬁﬁa EUROIMMUN (Germany) &sldduaiasau
Crithidia luciliae wapuuuwiualas deualadiiiensian anti-dsDNA lneide91985ud ey single dilution i
1 : 10 #e phosphate buffer saline (PBS)-Tween 20 \vduiiidenaudlmiufizerduduansaueufiau Tng
Ul (incubate) 14 30 w1t ieliuouAvediiainiiezdludsuiujisofusuamsaneufiauiindouuuusiualad
Sadsudiuiuesn anduduiien fluorescein-labelled anti-human IgG (goat) Lﬁaammmmmﬁmﬂﬁﬁ%mswdw
wouALlULAzLEUAUDA tneulidn 30 u1¥ uagd1sdIuAueen ATIATATIEINTISARAN DBLTALTULAIENG BY
qanssaurgeasagud lngsiesunaiuaunieuin uavdszifuszduanudureanisindngesisaiyud
(fluorescence intensity) 317 1+ 84 4+ nsdsrenunadulanesazioars@Sudu dilution 1 : 100, 1: 1,000 wag
1 : 10,000 wasifisvandulomesiudoiausuuzdiszyluienarsiiiuiien (Recommended semiquantitative
evaluation)

2.3 NISASIVNATIEA anti-dsDNA, anti-nucleosome a2 anti-histone #2835 line immunoblot assay

(LIA)

A5993ATERLeuAUERT MR85 LIA Tnedouuny immunostrip daadouneufiauviia nRNP/Sm, Sm,
SSA (Ro), Ro-52, SSB (La) Scl-70, Jo-1, centromere B, dsDNA, nucleosome, hlstone way RIB-P audumouly
Laﬂmimnummmaawmmmm%ﬂ A8 LIA ﬁmm EUROLINE ANA Profile 1 (IgG) %o EUROIMMUN (Germany)
Imamamqmamwsmmmﬂu single dilution 7 1:100 ¢ae sample buffer La18u (incubate) 30 Wit itelv
Lﬂ@ﬂgﬂiﬂ’]ﬁ“ﬂ’mumumLQULL@“LL@UWU@QML‘W’] s7imnineedludsy wavdredSudiuiveen Wuthen enzyme
conjugate GZNLIJu alkaline phosphatase-labelled anti-human IgG (goat) auld 30 w19l wazd1saIUAUEN ‘U‘umau
ammamumm%mmm Tein Nitro blue tetrazolium chloride/5-Bromo-4-chloro-3-indolylphosphate (NBT/BCIP)
au 10 Wil LLamngﬂimmamﬂau mniu%mﬂwuLLaumuammwaummﬂgﬂimﬂmaumLauu,ma wilail
i uliunLel immunostrip wazUsinguaualniiu ImamuiwmmmmmammuamLﬂmsuumﬂﬁgmmwimmaLUu
vanluguuuuis3una Melusunsudisagu EUROLIneScan s1891unaLiu negative, borderline, positive 1+,
positive 2+ Wag positive 3+ (strong positive) Gﬁazﬁaiumiﬁﬂmﬁhﬂﬁmwmwaﬁ]ulmma%

2.4 msiaszideyanieata

3N iiUsziiunudonndesuaINan13A3IY anti-dsDNA #2833 CLIFT waz LIA Tnewian percent
agreement Wwazaiii Cohen’s kappa (unweighted kappa) wag@n®¥1n15N52918A190952A UMD UDINANITATIY
anti-dsDNA #2835 CLIFT 91nnguda08197 I8an197529 anti-dsDNA #2835 LIA 1 uauuazuaniinnudues
UfA%e (intensity) seausa 9 loun borderline, 1+, 2+ uag 3+ ImsmmmﬁmmmmﬁmLuummgm

Tunseifl LIA Tika anti-dsDNA 1Huau finwianudusiuguss anti-nucleosome way anti-histone fUN157533
WU anti-dsDNA a2835 CLIFT wagfnw1Audunisueinan1snsia anti-nucleosome Wag anti-histone wiazy
sUku Aumsidadelsa SLE uag lupus nephritis Tunsdling CLFT Wnawduuandausne Tngldads chisquare
w3e Fisher’s exact test uazAnwinanisifiadelsanisnaiinvesdineiinan1sngaa anti-dsDNA vesvisaesisiill
gonndeatuy WeRnsananuduiusuenanisnsiavesraziiiunan1sitedelse lagldadf chi-square wie
Fisher’s exact test

3. WAN13IY
3.1 AMUADAAABIYBINIINTIA anti-dsDNA @135 CLIFT uaz LIA
NnnsauRumsdsutuiinnanisasiameiesujiRnmsvesiesnsdsudihes oy 1,799 510 funndasdelse
SLE wavdansa9 anti-dsDNA #3835 CLIFT uaznsiaweufiuefisning @nti-ENA) 135 LIA Faiinanisnsia anti-
dsDNA 7il&a1nn15057934ASEF UL immunostrip B2 L WUI1N150578 anti-dsDNA Tiedesisisesavuns
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AuABAAGET (% agreement) 82.9 TneflinduuszAnsuau (Cohen’s kappa) 0.548 (95% Cl: 0.502-0.594) &l
AMUARAAZDITEAUUINNAN BBIMLNQgIRa Landis kag Koch (a.a. 1977)' (Table 1)

Table 1 Concordance of anti-dsDNA detection by CLIFT and LIA.

LIA CLIFT Total
Positive Negative
Positive 293 70 363
Negative 237 1,199 1,436
Total 530 1,269 1,799

% agreement = 82.9

kappa = 0.548 (95% Cl: 0.502-0.594)

Abbreviations: anti-dsDNA, anti-double-stranded DNA; CLIFT, Crithidia luciliae
immunofluorescence test; LIA, line immunoblot assay

3.2 N15N55189RV95EAULALBSVRINANIINSID anti-dsDNA #2835 CLIFT wWisuwisunu LIA

lowesiiturestoyaiifinuuy exponential Fsuiuiu log scale (g1 10) iielilnziuvuiavadmdaduld
TnerfUaefifinanisnsaa anti-dsDNA ¢ed5 LIA iuauiazuin uaz CLIFT fifluvinuasiinalames S1uou 482 51e
WuinsaifinsIaliny anti-dsDNA #2833 LIA 38 CLIFT asaaldnaduuaniisssulamediads 110 Tnowulddaus
Tawmasszausi 4 fe 10 dv 100 wagsEAuUIUNaNeiegs (320 fis > 10,000) 43U anti-dsDNA fin5299833 LIA 7
Tvina borderline, positive ﬁﬁmﬁwﬁmaaﬂﬁﬁ%m 14, 2+ uag 3+ Won1adeds CLIFT fisvsulamediade 207,
359, 1,468 taz 9,899 AuasU (Table 2)

Table 2 Distribution of anti-dsDNA titers by CLIFT within each intensity level of LIA for the same cases.

anti-dsDNA titer by CLIFT anti-dsDNA grading by LIA (n; %)

Titer Log scale titer Negative Borderline 1+ 2+ 3+
1:10 1.0 50; 23.7 2; 10.5 7,127 0; 0.0 0; 0.0
1:32 1.5 25;11.8 0; 0.00 3; 5.5 3; 3.6 0; 0.0

1:100 2.0 66; 31.3 5;26.3 8; 14.5 5; 6.0 1,09
1:320 2.5 27;12.8 9;47.4 10; 18.2 14; 16.7 1;0.9
1:1000 3.0 27, 12.8 2; 10.5 19; 34.5 26; 31.0 14;12.4
1:3200 35 3; 1.4 1;5.3 2; 3.6 13; 155 8 7.1
1:10000 4.0 12, 5.7 0; 0.0 6; 10.9 21, 25.0 47;41.6
>1:10000 4.5 1;0.5 0; 0.0 0; 0.0 2;2.4 42; 37.2
Total (n = 482) 211; 100.0 19; 100.0 55; 100.0 84; 100.0 113; 100.0
Avg. Titer Log 2.04 2.32 2.55 3.17 4.00
(95% ClI) (1.92-2.15) (2.05-2.58) (2.34-2.79) (3.01-3.33) (3.89-4.09)
Avg. Titer* 110 207 359 1,468 9,899
(95% ClI) (84-143) (112-378) (221-610) (1,028-2,154) (7,720-12,295)

“Avg. Titer = 10/veTtertos
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3.3 AMUFUNUSYDY anti-nucleosome Wag anti-histone ABNT5ATIANU anti-dsDNA #2835 CLIFT

NNGUAIBEN 1,799 578 ffinan15n579 anti-dsDNA 11ase38 CLIFT uag LIA ﬁﬁﬂwﬁﬁma LIA Huau 1,436
318 1uﬁi’1uau§ f3IINYU anti-nucleosome 246 518 %ﬁﬂ&juﬁm’gﬁ]wu anti-nucleosome “ﬁ fnans73 CLIFT Juuan
140 579 Aodudesay 56.9 Turuzfisn 1,190 518 finsa9ldwu anti-nucleosome fiua CLIFT uuan 97 51
Anfudosas 8.2 Wonszviadnlaawas WuINIIRTIANU anti-nucleosome TAMUEURUSAUNITNTIINY anti-
dsDNA #8735 CLIFT agailtfadiny (p < 0.001) dm§un1sns79 anti-histone a52any 154 518 lngnguilngaany
anti-histone Sinansaa CLIFT Wuuan 74 510 Anfudosas 48.1 luvaeiian 1,282 s1eiinialainu anti-histone 3
wa CLIFT WJuuan 163 518 Amdudesaz 12.7 WeTnsziadnlaawaid wui1n1snsiany anti-histone i
AMUFUNUSAUNITNTIINY anti-dsDNA ¢me3s CLIFT ageditadAgyiauiu (p < 0.001) (Table 3)

Table 3 Comparison of anti-dsDNA detection by CLIFT among cases negative by LIA, stratified by anti-

nucleosome and anti-histone status.

Anti-dsDNA negative Result Cases (n/N; %) Anti-dsDNA positive xz df p-value
by LIA by CLIFT (n/N; %)
Pos 246/1,436; 17.1 140/246; 56.9 351.709 1 < 0.001
Anti-nucleosome
Neg 1,190/1,436; 82.9 97/1,190; 8.2
Pos 154/1,436; 10.7 74/154, 48.1 124.585 1 < 0.001
Anti-histone
Neg 1,282/1,436; 89.3 163/1,282; 12.7

3.4 ANUFUNUSVDS anti-nucleosome Wag anti-histone fan1531a38lsA SLE waz lupus nephritis

9n§U2e 211 518 ATNAN1575I anti-dsDNA LTuauseTs LIA uiiduuinde3s CLUFT Tnednalomeiuay
nansinadelsn Weusnfiansanani1smsIa anti-nucleosome uag anti-histone 4 Nl WUt

n3dlil anti-nucleosome LHuwanifissegnadiendl 74 s Amidudesay 35.1 Tudnuilfduiedlésumaiade
10U SLE 65 518 AnduSesas 87.8 LLaﬂuﬁTmauﬁyﬁﬁ{haﬁlﬁ%mﬁﬁaﬁfﬂdﬂLfJu lupus nephritis 38 518 AnLdy
Sowaz 60.3

nsdlfi anti-histone Wuvaniftssegafiondl 13 518 Aadufesay 6.2 lusruauidfiduae SLE 11 18 Andu
Sovay 84.6 LLasiuﬁﬂuauﬁﬁéﬂaaﬁlﬁ%’um'ﬁﬁﬁ]ﬁfad%ﬂu lupus nephritis 9 518 Anlduieeay 81.8

nsdifiifuuanyta anti-nucleosome ua anti-histone & 58 518 Aaifudesay 27.5 lus1urud e SLE
51 10 Andusesaz 87.9 LLaz‘luaﬁ’wmuﬂﬁﬁﬂaaﬁlé’%’unwﬁﬁ%ﬁadwL*flu lupus nephritis 30 918 AntduSoay 60.0

nsdifiuauite antinucleosome wag anti-histone 1 66 18 Aaudufovar 31.3 ludruudfiae SLE
59 18 Andusovay 89.4 LLaz‘Lué’wmuﬁﬁQ’ﬂwﬁlﬁ%’umﬁﬁaﬁai’nﬂu lupus nephritis 43 18 Andusesay 72.9

diofinseviadlaauns wuinnsdifinani1snsan anti-dsDNA Wuaudaeds LIA widuuindaeds CLIFT s
MTIINY anti-nucleosome wa anti-histone ULULAIG 9 ldlthluganuunnaisvesnanisidadelsa SLE uag
lupus nephritis agsliedIAYy (p = 0.967 WAy p = 0.247 AIUEFU) (Table 4)
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Table 4 SLE and lupus nephritis diagnosis by anti-nucleosome and anti-histone status in cases negative
for anti-dsDNA by LIA but positive by CLIFT.

LIA of 3 autoantibodies n; % SLE diagnosis Lupus nephritis diagnosis
(dsDNA/Nucleosome/Histone) Result n; % Result” n; %
SLE 65; 87.8 LN 38; 60.3
(-/+/-) 74;35.1 non-LN 25; 39.7
non-SLE 9;12.2
SLE 11, 84.6 LN 9;81.8
(-/-/+) 13; 6.2 non-LN 2;18.2
non-SLE 2,154
SLE 51; 87.9 LN 30; 60.0
(-/+/+4) 58; 27.5 non-LN 20; 40.0
non-SLE 7;12.1
SLE 59; 89.4 LN 43;72.9
(-/-/-) 66; 31.3 non-LN 16; 27.1
non-SLE 7;10.6
211, X%=0263,df = 3, X*= 4141, df = 3,

100.0 p =0.967

“Excluding cases with no definite diagnosis for LN (3 cases)

p =0.247

Abbreviations: SLE, systemic lupus erythematosus.

3.5 n153193wlsA SLE wag lupus nephritis ’Lugﬁ"ﬂwﬁﬁwamsm'sa anti-dsDNA #2835 CLIFT waz LIA
ligaanaseiu

nHan13Igadelsnve Uay 300 318 Tag 275 518 THaN1I0TI anti-dsDNA #3835 CLIFT wag LIA
liaonnd0al WuImans19 CLIFT danudunusiunanisitdadelsa SLE way lupus nephritis ag19ddedgy
(p < 0.001) TAEMINNTIUKANITATIV anti-dsDNA §2833 LIA 31uduuan nsasrafiugae33 CLIFT asgesdiuun
Qﬂwﬁmmﬂuiiﬂ SLE wax lupus nephritis Ladaiautuag1eiveddmdiowuiu (o < 0.001 waz p = 0.048
MuEU) wivinmsusads CLIFT 3uduuin msnsaauingeds UA ldannsadisdwungUasfienaifulsa SLE
waz lupus nephiritis "Lﬁﬁ'fmm]u%uashaﬁﬁsﬁwﬁ%y (p = 0.748 wag p = 0.095 MwAwU) (Table 5)

Table 5 Chi-square analysis of SLE and lupus nephritis diagnosis for cases in which anti-dsDNA LIA and

CLIFT test results disagree, and for cases in which one of the two is positive.

Anti-dsDNA detection SLE Diagnosis

2

Lupus nephritis Diagnosis

LIA CLIFT n/N; % X p-value n/N**; % xz p-value
Pos Neg 18/64; 28.1 3/17; 17.6

92.384 < 0.001 15.090 < 0.001
Neg Pos 186/211; 88.2 120/183; 65.6
Pos Neg 18/64; 28.1 3/17; 17.6

29.522 < 0.001 3.913 0.048
Pos Pos 23/25;92.0 11/23; 47.8
Neg Pos 186/211; 88.2 120/183; 65.6

0.327 0.748* 2.780 0.095
Pos Pos 23/25; 92.0 11/23;47.8

*Fisher’s Exact Test

**Excluding cases with no definite diagnosis for LN (4 case)
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FUhefiiinansaa anti-dsDNA ¢e35 CLIFT iuuan usd LIA Winaiduay Sngu non-SLE ¥eway 11.8 (25/211)
daulug Wu systemic autoimmune rheumatic disease (SARD) il adu ldud MCT D, systemic sclerosis, rheumatoid
arthritis, undifferentiated connective tissue disease wagil inflammatory rheumatic disease lawA peripheral
spondyloarthritis 13a autoimmune vasculitis Taun Microscopic polyangiitis (MPA), Wegener’s granulomatosis
15A immune-complex vasculitis L9wA urticarial vasculitis SRR membranoproliferative glomerulonephritis
waz AHA Tneilsafadounravia W syphilis, pulmonary tuberculosis, HIV UeNANG 89l thalassemia wag
hypothyroid 1 udu dauﬁﬂwﬁﬁwamm anti-dsDNA tfuuiniisaesds wuindl non-SLE Sevar 8 (2/25) laun
Sjogren’s syndrome uag urticarial vasculitis muﬂ&juﬁﬁwamm anti-dsDNA $28735 CLIFT Wuau usis LIA Toina
\Huuandl non-SLE $owar 71.9 (46/64) Fanuldvidlsandu ARD Tsafinide Taalauazlsaviindu o Aaunsanuld

audeyaitldnnnisAnwiduienuiloBuanyuuesyes LA 166 Fig. 1 uazileiFuanyumesuas CLIFT 16
Fig. 2

Anti-dsDNA detection
starting with LIA

Negative Positive

Negative_Nucleosome or

Histone

Negative Positive

Very unlikely Even chance of
positive CLIFT positive CLIFT Unlikely SLE (28.1%) Very likely SLE (92.0%)
(Nuc.: 8.2%, (Nuc.: 56.9%, Very unlikely LN (17.6%) Even chance LN (47.8%)
His.: 12.7%) His.: 48.1%)
Negative Positive

Very likely SLE (88.2%)
Likely LN (65.6%)

(No data collected)

Fig. 1 Summary of observations in this study with LIA as the starting point.
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Anti-dsDNA detection
starting with CLIFT

Negative Positive

\CLV

Positive Negative

Negative Positive

Unlikely SLE (28.1%)
Very unlikely LN (17.6%)

Very likely SLE (92.0%)
Even chance LN (47.8%)

(No data collected)

Nucleosome &
Histone

S R )

SLE 87.8% SLE 84.6% SLE 87.9% SLE 89.4%
LN 60.3% LN 81.8% LN 60.0% LN 72.9%

Very likely SLE (88.2%)
Likely LN (65.6%)

Fig. 2 Summary of observations in this study with CLIFT as the starting point.

4. 350l

nNsEvAUNgeuTuinian1snTIInNIiesUJURnseeieg 1995 Ui 1,799 51¢ Punndasdelsn SLE
WaZAINTI9 anti-dsDNA #2835 CLIFT wazns39 anti-ENA #2833 LIA i enadeumiweufivefsinie Jeflnaves
anti-dsDNA, anti-nucleosome wag anti-histone 531A28 WU31 CLIFT way LIA fau@enndadtiun1snsia anti-
dsDNA Aeutnsgededesay 82.9 IndiAsafun1s@nyiues Enocsson wazamy 7i51891uANNaDnARsT0Eaz
81.0"? usupnanaaInNsAnEIvEs Yang wazamy isnevuaudenndereudiisifedevas 53.8'7 duldes
mMsfneivaaeuds LIA saethendeidertuiunsinuade (EUROLINE) usins1935 CLIFT frethensnadiedy
Tnedl Crithidia (uciliae \uduansaueuiaumiiouiu Tuvasiins@nvives Mahir wazans Wuemsadasze
veuaeR s dudveirenfutunmsinunadd usifinnuaenadaganitAeiesay 86.1°9 Amuaenndesiiuansig
fufloraiilosnuansiads Wy ded1inuedis CLFT fidosordensdndulavesssrualaslunisasunadady
subjective judgement e1afiAaniuiuansnstuls ImsmwwnsaﬁﬁﬁmsﬁmﬁﬂqaaLiaLszJusz?LLUUﬁgﬁaﬁmﬂIuﬂﬁ
Faaulatnezlinaduuinvieau wenaninisdeondis LIA fivildienisdendaeile (Wuu manual) waxdeude
\wdesduluiRenafinaronuuswesjiseniiiniu Insamemndeudaeiionnafiaruuusunuludunouns
goudle

dlofinnsanAduUsyans Cohen’s kappa Wu31 CLIFT waw LIA fianuaenndesduiiunatdlunisnsa anti
dsDNA (kappa = 0.55) Seszunudenndeesiaedisibululuiimmadeiufumsinuues Cuomo wazna
(kappa = 0.55) finadeuluthenssdtetumsanwndainiaesds warldiidoaueuuslild immunoblot 1Ju3s
31 (supporting assay) Tunséifl CLIFT %130 immunoassay fidsauiilinadiuau™ eeslsfimumsanuiinuiy
ffU2e7TNan15m579 anti-dsDNA ¢85 CLIFT Wuauust LIA Tinaiduuin wagldunisidadeinlally SLE gefis
Souay 71.9 mﬁﬁﬁ]ﬁa;g”ﬂaEJﬂq’uﬁﬁqﬁaﬁaaawﬁ’smsﬂmimﬁ'wﬁ'ummimmﬁﬁﬂ (clinical criteria) WagNaNTs
mawwﬁaaﬂﬁﬁﬁmiqﬁﬁmﬁuﬁmwﬁmﬁu (immunology criteria) Usegnauriu munauinisifdadelsa SLE®

PINMIANINIINITANERIessERulnmesues anti-dsDNA isufiunan1snsiasieds LIA nuinsdiinansia
anti-dsDNA #2835 LIA 18uau 38 CLFT anansaliwaiduuinlédiilanosiads 110 Faduifuae SLE gefisievas
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88.2 dunsdiil LIA Tuaras (bordertine) uasiuvanfianudunesufisen 1+, 2+ wow 3+ lensadae CLIFT
fsgdulowmediadio 207, 359, 1,468 wag 9,899 Awd1U FeszfumnuduvesufAzerves LIA oraisuidulames
w93 CLIFT Ialsidiautin flesann CLIFT fnsnszanevesszdulawosilaiuiueu uiteyadorniulsslovilunig
¥ dilution w83 CLIFT ilevlawmeslunsdiinsunanuduesufisenves LA Tngldidusammundesiuiins
309198507 dilution wivleths iledseninihenilinaaey Wy minauduresufAtenves LA 8y 3+ A
\30919850Tun15m5298283% CLIFT awnzdt dilution 1 : 1,000 way 1 : 10,000 wievhnisveaeu Wudu

Tunsdlfinan13ns1a anti-dsDNA #2833 LIA Wuau nsfnuiauduiusaainisnsaamy anti-nucleosome
way anti-histone 91133 LIA fUNM5MSI9NY anti-dsDNA #2835 CLIFT wuinfilen1auiunansfiaensiany anti-
dsDNA #1833 CLIFT Faudfazifuiioslontatiunats Aurarduduuselovidmiulsznounisidadelsa SLE
1{10991NN19M539MU anti-dsDNA daifunildluinasin1sitads SLE ves ACR/EULAR 2019 Tasunngoraiarsan
dnaadaeds CLIFT iy SanisAnuniddomuinnan1snsia anti-dsONA idhuuandeds CLIFT Sanudusiusiy
n93%9dy SLE uay lupus nephritis agnsditedney asagnansely

TugfUhefifinan13ns79 anti-dsDNA Huausie3s LA wiiduuansaeds CLIFT msdnwinnuduiusvesnis
MTIANY anti-nucleosome %38 anti-histone UNTEUIUNTIRY SLE Uag lupus nephritis WUTIFULUUNITATI
WU anti-nucleosome %38 anti-histone laifianudunusiunisiiadelsa SLE wag lupus nephritis lngdnaiuves
neidadeluudazguuuuldunnseiu (p > 0.05) uagianlndlAesivdndiunisidadelagsiufesesas 88.2 uay
65.6 anuay agnelsfnnu Tunsdlfinsranuiamiz anti-nucleosome e SLE fivdu lupus nephritis gafis
$ouaw 60.3 WagMNNUT anti-nucleosome Waw anti-histone TEthedand Sosay 60.0 (Table 4) uAnA1ean
Toyalunsfnyives Yang uasany ‘17‘iLﬁaLLsmﬁmimLawwﬂﬁaaﬂaﬁ‘miﬁﬂwm%’jaﬁauh (70 Table 2 W9IN15ANE
fanann) wuilunsdliinansaa anti-dsDNA Wuau dadauwastitae lupus nephritis Tugftae SLE Tunsdlfinsrany
\amz anti-nucleosome Lilgsaguieaiiiesiosay 31.4 (22/70) warlunsdifinsaanuita anti-nucleosome wax
anti-histone flilsa¥oraz 40.0 (28/70)"” lngnsAnwisanaifiansuianiznareeds LIA Lifluanisnsia anti-
dsDNA #1835 CLIFT unuseneu uansliiiuinis CLIFT finasannuuanaislunsyuiuntsiiads lupus nephritis
Tngteduungdie lupus nephritis iﬁiuﬁmﬁauﬁqaﬂdﬂ

nSEITiATI9NULANNE anti-histone Windu nsAnwiadeiildansavsvenlenianisidade SLE uaz lupus
nephritis 1§ iosansuaunsdifomniinum vldnasdnuvesdndiumenuniinsdou

n3ETHANT3ATI9 anti-dsDNA #1833 LIA uay CLIFT lilaonadesiu nmsdnviiinuiman1snsaads CLFT &
mnuduusiunsITadelsn SLE wae Wupus nephritis 1 Fadululumaieafuiunsinudeuntiidiinuia
38 CLFT fianudnizlumsiiadelse SLE g9 uaswinnsiunanisnsianaeds CLIFT dnduuin msnsia
Winees LIA lsianansadiuungUae SLE uay lupus nephritis Tidmautu esannudadiunisitadelseill
unnan9nulian LIA aguinuseau ﬁgﬂﬁmmmaﬁmEwalwaL%mmﬁﬂﬁLﬁmﬁaaﬁ’ummmﬂ@mﬁm epitope V84
wouulugans Tnsueufiau dsDNA 18433 CLIFT Idarnnsldidelnsind Crithidia (uciliae 34t kinetoplast
Hu pure native dsDNA Ladeuuuusuglas wouftau dsDNA Aldiidnuasdunduignusssumd (hative form)
TUfilUsAu histone n3olusAuduUzUu® a1usaduiu anti-dsDNA 7k hish-avidity antibody Aivihlifinlsa
InglugUae SLE uag lupus nephritis 923l anti-dsDNA 71y high-avidity antibody ¥ia 16G fisnmzuazinay
ussweiusEmuAresU fisorssuinouRiauiuueufuefigetu dsONA vesfteiiilassairaduindeaga
5330979 1AnLdU immune complex avauiinawesfauasvislnhliAnmsdnavuedln®? fuunsnga anti-
dsDNA #7835 CLIFT @414 Fluorescein-labelled anti-hurnan IsG 1Hu secondary antibody lun13n5139U primary
antibody A@ anti-dsDNA v83U38 F9811150A53aNU high-avidity antibody vila G fvlnAalsale s wazd
Anuduiusiun1s3iade SLE way lupus nephritis 111n3133 LIA 7l highly purified native dsDNA fiaffaann
salmon testes LAABUUULKY immunostrip Felunszuaunisuan immunostrip A4Na17 mmm%’u dsDNA 83Uy
fiufnvFensauutia o19vilvindeaguas dsDNA AaneaLdiu single-stranded DNA (ssDNA) vidaidsannunadan
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162 uagiiovanldnsaaiinsgsienaviufAzenu anti-dsDNA wila low-avidity 7liguwiy Feenaliifinany
auwuaﬂu‘[m SLE uag lupus nephn’us(23

N3EAMNIIUNANITATID anti-dsDNA 35 LIA T18uuan msasiaifindieds CLIFT szgeduungdaofiidulsn
SLE wa lupus nephritis ldnaudu Tneidiefiansannan1snsia anti-dsDNA e LA Wiledisiieauaslinandy
van fgUaeildsunsideduindu SLE wissdosas 46.1 (41/89) uazdedasiiavasnsdnuidfdoyanis
fedelsnvasftaefifinansta anti-dsDNA Hiluauvewiaesislinsuynse Feliannsafumaiausimne
9341 uneeyunuldiag LA thagdamnudimzdilunisidedy SLE esniinavinuasuisiosay 53.9 (48/89)
Fadenndosfudetausuuy sefuuLATiINElon150923 anti-dsDNA fedsmadeniinaiduuin asfinima
Judusneds CLIFT desandmnudumnedulsa SLE ge®

dnfudaeildsunisideduindu non-SLE mifinwiinuiifiegiesay 11.8 veensdifingaany anti-dsDNA
#2835 CLIFT iigsagafion wazdesar 8 voensdilinaiduuiniaassds Tasdwlvgdudvaslungulse
autoimmune rheumatic disease, vasculitis kazananululsafnidonaslsaviindu Fsanmsdnunountidues
Eriksson wazaniz 1#518971n150539WU anti-dsDNA Aeufifiheaziiennisveslsainilenagsiiazsimunluidu SLE
1nnIMIATITnULELAUERT Iz YTindu® Tnstissraznatsenineludingaany anti-dsDNA Autudilsiuns
Afadeindu SLE enafianuuansneiy 2.2-6.6 WP Turuei Compagno uazAnLy "memumamiﬂﬂmw
Wu3138 CLIFT Sievihunenauin (PPV) fishdniunsitadelsa SLE 1lesangiae non-SLE wmamsmm anti-
dsDNA #2833 CLIFT fifluuandanuidssiiinsdmunluidulse SLE lusszina 5 920 dafu ufiinsnsaany
anti-dsDNA azetstanudssarmiihenmasuiulsaluiiu SLE 1§ usfituagiutladedude nsulanaiams
fnsansuiuormevneeddn nansianeieslfoRnsdu uasnmsiaaueinisesiseiiies

5. @3d

CLIFT aduisdaduuay LA Fadmduismadeon fanudenadesiudiunaislunisnsaa anti-dsDNA e
Wisuiflounsnsaany anti-dsONA Tunsdifiieeandisldnalidenndoiu nuimanisasis CLIFT Sanuduiussu
Han3TedelsA SLE uag lupus nephritis agnsiifadndy luvaeiinanisnsiasieds LA lifianuduiussang
agafifuddty warnsdifing v anti-dsDNA #1835 LIA ldnaiduau n1swu anti-nucleosome 138 anti-histone
Tomau1unansfiaznsIany anti-dsDNA ¢85 CLIFT uivinnsiuegnouudarindina anti-dsDNA iuuandeds
CLIFT JULUUNMSATIANY anti-nucleosome uag anti-histone liilugannuunndnsvesmanisiiadelsa SLE uay
lupus nephritis ae19iltEdRY

AALNaTNNTITeds SLE 789 ACR/EULAR 2019 nMSAS29nU anti-dsDNA daudumdislu Immunologic criterion
Fahanfuvsglonillunsfiansandmiuinasiviadusely usimniina anti-dsDNA #2635 CLIFT fduuinegudn
LisnHusiesdsnsisueufivedsinzsneds LIA tiieflazguaves anti-dsDNA, anti-nucleosome way anti-histone
dmsunsiteds SLE 8n lesniduisATnadunugainiinn endudesmsgranisasianoudvefdumzyin
Suflonanuldifiouszneunsifiade SLE

Nnoagunanan? ?’NLauaLﬂuLmeamidamm anti-dsDNA #1835 LIA waz CLIFT Lﬁaﬂsvﬂaumﬁﬁaﬁdﬁﬂ
SLE uaw lupus nephritis #4 Fig. 3 dmsunsdifizuduannds LIA uag Fig. 4 dmsunsdifiauduainds CLIFT

Wil WONAINN15ATIA anti-dsDNA wda newsin153dade SLE ves ACR/EULAR 2019 §aldrmunlyt anti-sm
Jukeufvensnudanieiisimziulse SLE wiiilesnnmsdnuvdfesnisiudsuiisunisasisueudiveiin
WFerudaedsiianeiu 1130929 anti-Sm Ssegusninieveuiunveanisinwiafed n1sAnwinaves anti-dsDNA
20U anti-sm o1aduussdiudmiunsinuadesly
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Anti-dsDNA detection
starting with LIA

Negative Positive

\'—'A/

Negative Positive

QFT/

Positive

Negative ”Nucleosome or

Histone

Unlikely SLE
Very unlikely LN

Very likely SLE
Even chance LN

(No supporting Positive

data)

Very likely SLE
Likely LN

(No supporting
data)

Fig. 3 Suggested flow for SLE and lupus nephritis diagnosis when starting anti-dsDNA detection with LIA.

Anti-dsDNA detection
starting with CLIFT

Unlikely SLE"
Unlikely LN"

Very likely SLE
Likely LN

“Partially determined, as data for negative LIA is missing

Fig. 4 Suggested flow for SLE and lupus nephritis diagnosis when starting anti-dsDNA detection with CLIFT.
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6. AnANIIUUTENA

AaizITBv0voUANANLNTIINNTITU5ITNNTITe UL YE Tsaweruravouunu 7ldngaunfiansuiuasls
Auuriilunsduiunuidedivdiqammumdnisesssunsideluayed vevouaalsmeuiavouuniudily
mweyesiiteddumsifuteyaniside uazveveunuyaainsngunumaluladansaumatagnsioans AW
nsafuayuarssAmazmInlunsAuAutoyaiomainisensall
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