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Quality Evaluation of the Performance Study of Diagnostic Tests Using STARD Checklist and
Meta-Analysis for the Pooled Sensitivity and Specificity of Third Generation Anti-HCV EIA Tests

Sollip Kim, M.D.!, Heung-Bum Oh, M.D.!, Chung-Hwan Cha, M.D.!, Sung-Eun Choi, M.A.!, Hong-yup An, Ph.D.%,
and Kwan Jeh Lee, Ph.D.2

Department of Laboratory Medicine, Asan Medical Center and University of Ulsan College of Medicine', Seoul;
Department of Statistics, Dongguk University?, Seoul, Korea

Background : The third generation anti-hepatitis C virus (HCV) enzyme immunoassay (EIA) is now
in use for screening HCV infection. The aim of this study was to pool the data on the sensitivity and
specificity of third generation anti-HCV EIA tests after evaluating the quality of the studies using Stan-
dards for Reporting of Diagnostic Accuracy studies (STARD) checklist.

Methods : We searched MEDLINE and PubMed databases using keywords about the accuracy
of diagnostic tests for HCV infections. Methodological quality was assessed by two persons with a
modified STARD checklist. A heterogeneity test was performed, and in case heterogeneity was pre-
sent, a sub-group analysis was done. Fixed-effects model was used to obtain pool sensitivity and
specificity with 95% confidence intervals (Cl).

Results : A total of 41 studies from 16 papers were selected. The quality score ranged from 6 to 13
(median 10.5); Inter-observer agreement was 93.62% (k=0.69); and 41 studies revealed heterogeneity.
We performed a sub-group analysis with only 28 studies from 13 papers that were evaluated to be of
high quality. A subgroup using polymerase chain reaction as the reference test revealed homogeneity
and was calculated the pooled sensitivity and specificity of 99.92% (Cl 99.77-100.07%) and 99.66%
(C1 99.45-99.86%) respectively. Studies on test kits with an increased reactivity to the core region

also showed homogeneity in sensitivity and the pooled sensitivity was 99.78% (Cl 99.53-100.03%).

Conclusions : For the first time in Korea, the diagnostic accuracy of test kits was evaluated by meta-
analysis using STARD checklist. The methodology shown in this study should help extending labo-
ratory medicine to an evidence-based medicine. (Korean J Lab Med 2006;26: 307-15)
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Excel (version 2003, Microsoft, Redmond, WA, USA)
(version 9.1, Cary, NC, USA)E AH:3Ith A S =3}
L AFES /o2 EFTIE (pooled sensitivity) 9 EHE0]
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Pooled specificity = STN,/ Zn( TN+FP)
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Table 1. AgAPE 9] Fgwo] et A7) B g /A 918 Wds STARD A%
T2 FA) P2 # ck: = 2
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A& 2 At E=Rolu BAS B, Az e JewE 5 B *e?;‘ b oz AF7e] AEEE HlY)

A b 35 i Al ek AR(E371E, AL7E ARFH Y Al7] XP* oA B3 A5 FE2HE F)

FxEEFLAAY 7 FEEFAA e ARREEFAAE T o184 W7

A 8 AR EH@ AR(EE s AL AR ek FaE Aot AR A A|A])
9 ‘“d <], cutoff gk, Axel Aol et A
10 & st AFHE fMsker AEvF R B FAosdeA AH
11 ug@(bllndness) o 5ol gk A

248k 728 12 AL E ALElY sk W EZATE A6 Q8 229 SAY (), 95% confidence interval)
13 A Zﬁﬁd*éé A2k Wl g A

A% ez 14 AR AF7E SAHR=A N e AR AES E 2d @A E X))
15 Folzke] A, Q-eHA SA(dl. vol, A, S2e] WS, FNHEs ARl A g, A7 5)
16 ZFIEL OEA Feld 5 B ol indextestsh FREEFANE WAL WA A9} T ol ol tig Ao
(FAME AH-S FH)

ENEE 17 Indextest} ZZEE7AZES] A7k Zpole} T Alo] 9] X gol theh A
18 EAZACIAN Be| FHE BEol g3 AB(EHZ0) YE A4 TE ANPL 7))
19 Ang ¥ YR
20 AME o2 A, ofuiet A §lo1X A3 outlier 5 oEA A sHATT sk AH

37} 21 A1 F2k A7 adverse effect
22 AAAPE o] Aol BAF BEAEE =H(o, 95% confidence interval)
23 Zroizte] I, AL B 713 Atol o] AL o] HolHEE ALt
24 Arre] AL =4

I3 25 ApzEsel d4H 484 g B

Table 2. Studies including only the sensitivity of third generation anti-HCV EIA tests
Studies Refe- Sample Spectrum of patients Reference Test assay TP FN FP TN Sgr}sr SPe,C"

rence size standard tivity  ficity

Ré (1) [7 22 HCV patients confirmed PCR Detect-HCV 3.0 20 2 - - 90.9 -
Ré (2) by PCR Wiener anti-HCV 22 o - - 1000 -
Ré (3) Saronno Equipar anti-HCV 21 1 - - 95.5 -
Ré (4) Murex anti-HCV 4.0 22 0 - - 1000 -
Ré (5) Fuijirebio Serodia-anti-HCV 22 o - - 1000 -
Berger (1) [8] 45 Positive or borderline PCR Abbott HCV EIA 3.0 24 o - - 1000 -
Berger (2) samples by Abbott Murex anti-HCV 24 o - - 1000 -
Berger (3) HCVEIA20 Innotest anti-HCV |lI 24 o - - 1000 -
Berger (4) Roche Cobas Core anti-HCV EIA 24 o - - 1000 -
Courouce (1) [9] 309 HCV patients confirmed  Chiron RIBA Abbott HCV EIA 3.0 307 2 - - 994 -
Courouce (2) by Chiron RIBA3.0SIA 3.0 SIA and Innotest anti-HCV I 296 13 - - 95.8 -
Courouce (3) and PCR PCR Murex anti-HCV ver Il 308 1 - - 99.7 -
Courouce (4) Sanofi Monolisa new Ag 309 o - - 1000 -
Courouce (5) Ortho HCV 3.0 308 1 - - 99.7 -
Courouce (6) Sorin ETI-Ab-HCV 301 8 - - 97.4 -
Courouce (7) UBI anti-HCV 4.0 301 8 - - 97.4 -
screening’ 2¢O 2 AT - 2337, “hepatitis C antibodies” 2 18279 AAFEZ 238Ut Ortho HCV 3.0% (Ortho

9} “sensitivity and specificity” &2 73 744 3517, “he-
patitis C antibodies” ¢} “diagnostic accuracy” Z3o.& 7ML
7S 1424_, PubMed (1989-2006.3) ¢l "HCV EIA"Z 43t
Aol o|S ANH FASH 12}e] BT R BE3

i

& T HET 43 AFH R 167]9] F3o] A=t
o] T WAETE ZAT o] 374[7-9], Bolw=yt 4% £
o] 47§[10-13], RIFES} Hole RFE 43 #do] 9%t
[14-22](Table 2-4).

Diagnostics, Amersham, UK) 83]; Abbott HCV EIA 3.0°
(Abbott Diagnostic, Abbott Park, IL, USA) 63]; Abbott
ARCHITECT Anti-HCV® (Abbott Diagnostic), Cobas Core
Anti-HCV EIA® (Roche Diagnostics, Basel, Switzerland),
Murex Anti-HCV® (Murex Diagnostics, Dartford, UK) 43];
Abbott AxSYM HCV version 3.0° (Abbott Diagnostic), In-
notest Anti-HCV III® (Innogenetics, Zwijnaarde, Belgium) 2
3]; Abbott IMX HCV version 3.0° (Abbott Diagnostic), Mo-
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Table 3. Studies including only the specificity of third generation anti-HCV EIA tests
Studies Refe- Sample Spectrum of patients Reference Test assay TP FN FP Sensi- Speci-
rence size standard tivity ~ ficity
Hennig (1)  [10] 4383 LLow risk blood Abbott Matrix Abbott AXSYM HCV ver 3.0 - - 7 4374 - 9938
Hennig (2) donors HCV 2.0 Abbott IMXHCV ver 3.0 - - 1 4380 - 100.0
Hennig (3) Abbott HCV EIA 3.0 - - 9 4372 - 9938
Jonus (1) [11] 3811 LLow risk blood Chiron RIBA Abbott Modified Architect - - 3 3808 - 999
donors 3.0SIA anti-HCV
Jonus (2) Abbott Current Architect anti-HCV =~ - - 9 3802 - 998
Jonus (3) 1984 Hospitalized or Abbott Current Architect anti-HCV =~ - - 15 1918 - 992
diagnostic patients
Jonus (4) (random selection) Abbott Modified Architect anti-HCV =~ - - 11 1922 - 994
Zachary (1) [12] 2020 Routine samplesto  Deciscan, RIBA,  Biorad Monolisa anti-HCV Plus - - 7 1931 - 996
virology laboratory INNO-LIA on the Evolis automate
Zachary (2) Abbott AXSYM HCV ver 3.0 - - 16 1922 - 992
Lee (3) [138] 9936 Commercial Chiron RIBA 3.0 Ortho HCV 3.0 - - 16 9846 - 998
blood donors SIA and PCR
Table 4. Studies including both the sensitivity and specificity of third generation anti-HCV EIA tests
Studies Refe- Sample Spectrum of patients Reference standard Test assay TP FN FP TN S?GSI_ S.pPTCI_
rence size tivity  ficity
Vrielink (1) [14] 1923 403 Blood donors, PCR AbbottHCVEIA30 398 0 3 1051 1000 997
Vrielink (2) 212 non-A, non-B Murex antiHCV VK47 397 1 7 1047 997 993
Vrielink (3) hepatitis patients, Ortho HCV 3.0 398 0 1 1053 1000 99.9
253 multi-transfused
patients and 1055
blood donors
Abdel-Hamid  [15] 1134 Community-based Chiron RIBA3.0SIA  Abbott HCV EIA 3.0 97 1 2 1023 990 9938
longitudinal sample
Ismail [16] 495 Suspicious hepatitis Chiron RIBA 3.0 SIA Ortho/ECi 175 0 6 311 1000 98.1
patients and chart review
Huber [17] 1090 Suspicious hepatitis PCR Roche Cobas Core 107 7 30 946 939 969
patients anti-HCV EIA
Prince (1) [18] 301 Blood donor (ALT Chiron RIBA 2 Abbott HCV EIA 3.0 54 0 2 245 1000 99.2
Prince (2) >100 IU/L) or Abbott Matrix Ortho HCV 3.0 54 0 8 239 1000 96.8
HCV 2.0 or PCR
Kodama [19] 600 298 HCV patients RIBA, PCR and Ortho HCV 3.0 284 0 A1 315 1000 997
and 302 normal people chart review
Stuyver [20] 68  Hemodialysed patients PCR Ortho HCV 3.0 23 0 0 45 100.0 100.0
Lavanchy (1) [21] 2545 400 HCV patients, INNO-LIPAHCV Ab Il Roche Cobas Core 506 2 6 2028 996 997
2000 routine samples anti-HCV EIA
and 134 tricky panels
Lavanchy (2) 2500 400 HCV patients, Abbott Matrix HCV Roche Cobas Core 401 0 O 2099 100.0 100.0
2000 blood donors, anti-HCV EIA
100 tricky panels
Lavanchy (3) 2545 INNO-LIPA HCV Ab Il Ortho HCV 3.0 506 6 6 2022 988 99.7
Lavanchy (4) 2500 Murex anti-HCV 499 9 1 2033 982 100.0
Marcellin [22] 45 Blood donors Ortho RIBA 3 and PCR Ortho HCV 3.0 12 0 0 33 100.0 100.0
(increased ALT)
nolisa Anti-HCV Plus version 2° (Bio-Rad, Marnes-La-Co- diagnostics Pasteur, Marnes la Coquette, France), Equipar
quette, France), Ortho Vitros ECi Anti-HCV® (Ortho Diag- Anti-HCV® (Saronno (Va), Italy), ETI-Ab-HCV® (Sorin
nostic Systems, NJ, USA), Murex Anti-HCV VK 47° (Mu- Biomedica, Saluggia, Italy), UBI Anti-HCV 4.0° (United Bio-
rex Diagnostics), Detect-HCV 3.0% (Biochem Immuno Systems medical, Hauppauge, NY, USA), Wiener Anti-HCV® (Wiener
Inc., Montreal, Quebec, Canada), Serodia-Anti-HCV® (Fujire- Lab., 2000 Rosario, Argentina)©] 13]% A5 3]t

bio Inc., Tokyo, Japan), Sanofi Monolisa New Ag® (Sanofi
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o] s 48 3 A3 239 (particle agglutination

)
oA YA S A4AHE G A A microparticle enzyme immunoassay),

s

gpepakst A YA ZAAH chemiluminescent microparticle
immunoassay) < WHE Ay &F EIA WHS o]&s
ATEY AFolE o]dA AR FHHAHRIAE QeAF
3049, P<005: & =A% 12080, P<0.05). THA] NS3 9

W[5, 12, 21](Ortho HCV 3.0%, Murex

|—|O

HA gl et A H7kE & 2d UHEE QEAF
131.22, olx= QEAZ 44749, P<005E Neld o Table 6. Pooled sensitivity and specificity of third generation anti-
TE9 0]?‘7H 1S o = ASdeh AA 167 £ F 41709 A HCV EIA tests grouped according to the type of reference test
o Number of ~ Total H Est
Table 5. Inter-observer agreement (%) and kappa statistics of Reference journals  number omo- St'maéels
modified STARD checklist test (studiies) of patients 95"V (95% Cl)
ltem Inter-observer agreement (%) Kappa statistics PCR
Sensitivity 3(8) 2036 Yes 99.92%

1 . 7

5 gg gg 8 72 (P=1.0) (99.77-100.07%)

35 ’ OOl 1 ' Specificity 2(4) 1991 Yes 99.66%

6 100 1 (P=1.0) (99.45-99.86%)

7 100 1 Abbreviation: Cl, confidence interval.

8 100 05
12 gggg 8'84 Table 7. Pooled sensitivity and specificity of third generation anti-
1 66'67 053 HCV EIA tests grouped according to the region of index test
12 80 0.44 Region of Number of ~ Total Hormo- Etimates

13 53.33 -0.30 increased journals  number geneity (95% Cl)

14 100 1 reactivity (studies) of patients

15 100 1

16 100 1 NS3

17 100 05 Sensitivity 8(12) 9161 No 99.33%

18 100 05 (P<0.05) (99.00-99.66%)
19 86.67 059 Specificity ~ 10(13) 25895 No 99.77%
20 93.33 0.81 (P<0.05)  (99.71-99.83%)
21 100 05 Core
22 100 1 Sensitivity 3(5) 7013 Yes 99.78%
23 100 05 (P=0.79)  (99.53-100.03%)
24 100 1 Specificity 2(3) 6968 No 99.75%
o5 100 1 (P<0.05)  (99.61-99.89%)
Mean 93 .62 0.69

Abbreviation: Cl, confidence interval.
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Fig. 1. Estimates from the studies of sensitivity and specificity of third generation anti-HCV EIA tests. Points indicate estimates of sensitivi-
ty (A) and specificity (B). Vertical lines are 95% confidence intervals for estimates.
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