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Abstract

The aim of this study is to estimate the seroconversion date of the human
immunodeficiency virus(HIV) infection for the HIV infected patients in Korea. Data
are collected from two cohorts. The first cohort is a group of "seroprevalent”
patients who were seropositive and AIDS-free at entry. The other is a group of
"seroincident” patients who were initially seronegative but later converted to HIV
antibody-positive. The seroconversion dates of the seroincident cohort are available
while those of the seroprevalent cohort are not. Estimation of seroconversion date is
important because it can be used to calculate the incubation period of AIDS which 1is
defined as the elapsed time between the HIV infection and the development of AIDS.
In this paper, a Weibull regression model is fitted for the seroincident cohort using
information about the elapsed time since seroconversion and the CD4" cell count. The
seroconversion dates for the seroprevalent cohort are imputed on the basis of the
marker of maturity of HIV infection : percent of CD4" cell count.
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1980 d el AIDS A7 22 LAR o]FZ HIV/AIDSH oid Fue A3 d77t A
27tz &R ow ol2old gt EWE HIVY ZEZ4z2E HIV 279 983z 29 HA
Qe Aduwur ope} ALgstE Futolels Fotol webd dAsA dojd £ JoEE HIVE
o #atel & ol Hol A oEEly] HiME tugd QFA AL P Hdet AF
& "gAo) AZHAU. ANEFAA olgFd ATEL URE wIH FH& FHeE EuEA o
2old 93, ofxol} olEZFE FAHoE FE ATEL =EJY.  EHI FFAME

HIV/AIDS $A50] #8 A2E %ol 42 & 7] W&o HIVe Ad7 29 AIDSe| 57
ol B ATE JY3t7] oAU
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1985 oA Hx= AIDS B27F Rog o) o] I PRAY SHE HIV/AIDS <]
5 19973 765%l o= ). o] }AEL %% o3k HFH o2 gEritt Addte] o
2 dAZQ A5 E B39 29 HIV/AIDS #xte] A3+ HIVA ZEd Ade 3F
A 23 Qe AU ol$ =2 ojgt o] AUt AL R #FEHE AFAdA HIV FAA
AAA 7 dAdureS YegdE $AES “seroprevalent cohort’EF dtx, TEAIFAAME HIV &
AAAERE ARGl dTrt #HZo] FYHE DAAHAA PPz HiHsE FAAES
“seroincident cohort”@tar &t} ey HIV/AIDS #x£o] tjFF seroprevalent cohortel =25
HIV Z+gAd 38 AIDS7F 29 = s AlQG7A9 7]te 2 A o=e FHE7]Hincubation period)
S AgaA FAsEY Be AH o] AUt AE 9, o] =FdA EAsnA e gHE
Hol Hud AFAAME seroprevalent cohorte] #zE9 & 706" <AH W3l seroincident
cohortd] #ztE9] & 599 & F3r.

£ 3] seroincident cohortoll &3 HIV &S0 Wate A& ZAAIE &o}
o HIV 3“4]7“}9] A3 B3 7]§£ 5‘-/‘}3}“‘4 o] ¥ gk 7]%% 1 °
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°] % Hi:oﬂ Eﬂé}‘# seroconversion dater: UP‘] ‘ﬂii SA48So] BEE A
1ol Sdgtez Ao a8y AR AFEE Fol7] At Fd@&
AN Ao A 13 oo}l #ZH AFE seroincident cohortZ A9 3ot
AIDS9 2y #3 A3 EL TEstE AFHAA oln HIVe] HEE A5l
HIVel %2 Z95HE AFEE dolls Aol v$ ofdo. a2y AIDSY &
3l7] 93 E HIV ZEAHL Qojol 3tmz #Z317] AlZHEE A Ao A HIV 449
A Aoz HIV ZIFHIEAE FAHsE Aol TATH=Z vf¢ gujrt 24
A CD4' cell count® ¥ AE] A7} HIVY seroconversion & Al oz BE A3
ANZHe A Z3E marker M7t He RS o] &3t Weibull IARF S AFAIAG. o] &

o] 83}l seroprevalent cohort®] CD4' cell ccunt® SHAEIxl] e FEAZREH
seroconversion dateZ XA 71E WHE AAlstuA o oz e YxWHAA zelsfof &
AL ry L z%z‘sL)\]y]‘:_ Uzh‘;}oﬂj\-]g] ﬁe_\;'.ﬁg}, 242‘71‘/\]7} 28& o]_g.g],o:] ‘;qu%k_o_ 3]_-7
A sk E’S?}Oﬂ/ﬂ—f] BER I Aol dohe Aoty oAl #EHA, o] Aol HIV ZEAl
} seroincident cchort$}t seroprevalent cohortdlA S Lstti= 7FAdo] &g slr)
E3 TR wEAL 31sly] Y3te] Alcabes, Mu 7oz and Friedland (1994)o4 A &3
bootstrap W& A &3l FARY L HF3tn seroconversion dated WA A7l thF oA ¥
(multiple imputation method)& A <tslAtt, = RRALY (g5 g& 24 A2z HIVY #AE7|T
o] Bx g motalr] 93t seroconversion date®] WX ghel 5E A, 10 Y4, BE8H, 4%
BEY T, 0EHF, BT 9B5%A = FiHe Tkt
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e 2AEE BAE 1980d e Az BolF vFolud FHS THOE AFHOR WY

5jo} $kt}. Mu noz, Carey, Taylor, Chemiel, Kingsley, Raden and Hoover (1992)9] @T-olA =

seroprevalent cohort®] HIVZEA Mol #3 £4& Weibull 23S o839 AEsAT Mun
oz, Wang, Bass, Taylor, Kingsley, Chemiel and Polk (1989)% homosexual $4E¢ A& o
3le] HIV ZgolTRE AIDS w¥7tA ol 717t digh FHEAE 29}, =3 Alcabes, Mu

noz, Vlahov and Friedland (1994)= 7| =< Baltimore 9} Bronx¢ EF5 AIDSEAES A5
g o]g3ted HIV #9773} AIDS #E7|7+e FAste A4S Weibull SARZE 7122 3
o] ATttt B AT AE Alcabes et al. (1994)¢] AFA 74T Weibull | ARF L ©]
£3to] HIV 27108 FA8a g

Weibull JHAEHE o] 83 £ Y= Z7E HIVe ZAEd AlHe2RE
CD4" cell count®] HAE A 7L Weibull 28 3t 9 3}74] PPN
th. 94714 CD4" cell counts WY Aot delAe] A S
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AoEE Ak et
gko] YEel7] mfi ol
By E 923 marker2A4
] 40001591 7 $-ol = At 1500181 A= “H—?— i]“é”*ola‘r st 4 Qg a2y
() 5—_?_7} ] 9y ¥ gorg RES EHY doe= o 2 EAE CD4" cell count
AE A2 o) &atdcl. AAMZ CDA" cell countdE F712 ez FEgoz i HIVA ZE o
= s =

al HIV/AIDS #ae] A5E B 4A olslsly] skl Alcabes et al. (1994)9A e
Zo] HIV #E7I2He (2 DI 2ol =AT 5 Utk o7IA ke HEZ HIVY #E€
Aol = AARE Loz FHHFL B2 AR 2 AHS R seroconversion A4 ©
& 9t Hulgte stAlola, 4= HIV AP AN G2 AAE o|F 7Y AFe=2 &
= T ARz 9 1L-i seroconversion Al@e] @ Y& H2To Aot
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Possible (Seroconversion)  positive HIV ~ with measurement censoring
SC date g A A of covariate

(Z"g D

w = seroconversionA AHE HLoF FWHAL A=3E AHA7AY ARALORZ k& d
P
o T

[¢]
Abolel gte AW z & ALoE FUBEL BASE AWTE AIDSY S wEE w7



818 Seungyeoun Lee

o Alzto 2 HIVY ZEe] HAUAAT AIDS F4ol #5F0] HA @v Ades FELAT HeE A
re YERTH

e RgdA T & HIVY seroconversion /\] Houhy ZAug Azteldtn A9sti CD4'
cell count?] HAER] 9} 2 FRIFo] FoAHE vl T o 205 X diste] Weibull 3|1AR
g& s 2a ¥ T 9o A&2FsE voF Zo] Folxith

S(t |x) = exp[— (rH)°]
A7NA y=exp(Bo+ Bix1+ -+ Bpr) 2 FWF x),xp,,x,9 FFo)A a=0¢ 2N HE
Y5 (scale parameter)®] t<rojth. 9]¢ AN o ZRE HIVE seroconversion AP o ZHE 7

38 Azke o s 2ol dehd £ itk

t={—log[S(w [x)]1}° - exp(By+ Bix| + -+ + Bpx,)

Al

714 S(w |x)& seroconversion®] w ET Aol dAWS &FEolW By, Ly, ,8,% o =
seroincident cohortoll Al FHE + A EFEoY. A @EW  seroincident cohortoll A
Weibull 3ARZNA FAHE =R s HE LS o839 seroprevalent cohort®]
seroconversion date® W x|sh= WHE A<k}

Seroprevalent cohort®] #2529 4 Agol FHo2 #ZFF AAlM seroconversiondtE Al
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Zro] A (truncated)= o] # Qalux @ W dgy A=t
BIE ngste Aol 3)8-?5}‘4 Seroconversion date? AGAEFTFEXE= v} 237 7ol
Fol R

Sy = Plw <t kld<w k) =[S(w) — S(B)]/[S(d)— S(k)]

o714 d = seroprevalent cohort®} A &2l HIV A AANAM FANSAAY BAEH A H
oBRYH ANFgoz FHF #FH AFAAY FHAAZOZA seroconversiono] #EHE &
HA43he A7 YeElUH, vtdo] k= seroconversiono] #EE £ &= F YA RA AAFH
o2 AIDS #2171t Hxz BHaud 10859 9¥EREH A" ARE HE5Auk Seroprevalent
cohorte]l th@ seroconversion date®] WhX|gh& T3] ¢ 3] oA Aot AGFE S, 7 ¢
SREODE B2ty 7143 seroconversion dated] thxgte thgd o] vebd 4= Ut

t=(—log {S,[S(d) — S(AT+ S(RA})° - exp(By+ By + -+ Byx,)
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A 23 E, FARB S Ais:=

43} seroprevalent cohort?] seroconversion A 7-& o
«] NES 133ty 98+l bootstrap WH-E &3t
oA seroincident cohorto)d EES AFEsY 2z} TR
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23] seroprevalent cohortoll A A FEEH3 FTE|
o seroconversion dateZ X ¥ (multiple imputation)& &3tk o] E}%
x| Bl bootstrap® ¥ & $&3= Alcabes et al.(1994)8] =% HLFAed B
TAME o BHS ALY Icabes et al.(1994)| A 3k 40070} o] gtrth Cﬂ
B2 1000702 A #S 0}9?\‘4 o] A3+ seroincident cohort) A& 50719 EES A FE B}
I seroprevalent cohortdll A<= 1070e] EE & ATESH ZF TE didle] ddEFES =24 2
HA leo|l2 FZF3to] ZF gt dldte 1000709 xS AR 7] "WE ol
100070 8] FEoA F=AH X ghE o]&39d seroprevalent cohort9] seroconversion A]3 2]
X5 Heoetr] st EEE XY WENST FoA 5ZUF, 102945, 25845, T4, BE
A, WVEATS BEATE AT, 7t B FHE 100070 Az SIaFHS
B E TS FeATE o] B 9B5% AF 7 ek 100071 Wi T 25w A A
A gl s 975w A A5 A Fo] d

ek SAASE FHen o FHAE o
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3. ¥4 4%
gl s TR ARNA 1985de] H22 AIDS BA7F S5 o) FRE 19977

= el

7657 ¢ #x} %Oﬂ/‘i 599 ol x5S HIV AR AF7 SRS FAdukge
S R{eta ornZ oA AF e uvle} o] seroincident cohortElil ¥ £ ow Uy
T2 ¥F x7|5EH HIV A A7 Fgkgold oy A4 HIV 2

o 4 §1le. = 2 seroprevalent cohort#hil ¥ = it}

o] F0] 7l seroincident cohort At&Z %3td CD4" cell count® 3 AlE A7}
S =2HEY AHAHHE MBS dF3E marker7t HeXE Lol Y5t F
£ agRsith, AAFe=R o] g4 YT FAELS CD4' cell countE H]FE3T
o] YA AR E AT 6/Enitt wER g A2 dEd HA AR & 597)

Hoh 3R g2 22100t B8 o] ASE FYS $ANZREH #SHE HEAR)REZ AR 5
A A B 5 PAT CD4 cell counts] HAEIA L} HIV ZgAdoezRE Zise
AZFel AxEE I8 wdde S84 S aysA &3 221709 A8 E ol45d (18 29)F F
Ak (¥ 2)old Yeld wvie} Zo] CD4' cell count?] HAMEIA|E= HIVl ZEE o] F3HE
daE = AlZro]l & whet katAlvul ZastE Ago]l ok ol e Ao FATEHoE 9
o7t YEXE ABH oz doldr] Ao Lognormal, Gamma, LogisticZ?t Weibull 23 &}l A
AP AFsto % A3 Weibull EFoA Fog 482 Yl (& D2 288 4
43k Aitoln Aoz AW thgd Zr).

log T=6.1287—0.0172 CD4" % +0.5658 &
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Estimate (S.E.) p-value
Intercept 6.1287 (0.177) 0.0001
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o8 A fex &koemE CD4A' cell count®] ¥ AE] AL marker2 A3 HAT
ol MEAS 1123 bootstrap2 ©| &3 UF A LHE 8319, seroprevalent cohortoll Tl
g HIV Z29AHS A o2l FHARNE BX T 589+, 102+, 26884, &
Gk, AL, 0EAL, BEHFE gostn Z+ g diste B%AE TS FEAT.
F3 dAFME FAHE HIV ZFEAE S ol &3td AIDS FE7E FA3H3 volrt AIDSEHAL9
MEZES doldlaxt g
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