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Abstract

Underreporting of HIV/AIDS cases is a common problem in HIV
epidemiology which often skews epidemiologic projections on which public
health policy decisions are to be made. The problem is especially severe in the
cases of hard-to-reach populations (IDU's, sex workers, etc.), in low HIV
prevalence countries, or in early phases of an HIV epidemic. In this work, we
propose a simple mathematical model to compute the number of undetected
HIV-positives and the approximate magnitude of underreporting of HIV cases in
a society. The procedure is illustrated with the HIV data in Taiwan. The
method is also useful for future projections and public health policy planning,
given that the prevalence remains low.

We also make use of the generalized removal model for open populations to
estimate the number of HIV-infected individuals who frequents the gay saunas
in Taipei from the HIV serotesting data from the fall of 1999 to the first half of
2002. The result gives indication of the magnitude of HIV prevalence among

gay group in Taipei who are customers of gay saunas.



[1] ( )

[ 2]
[ 3]
generalized
removal model
, 1
N(t) (number of susceptid6k
X(t) (number of | ivir

undetected HIV+ individual s)



Y(t) (number of |l iving
detected HIV+ individual s)

Z(t) (number of AI DS pat.i
detected at AI DS sympt oms)

Wit) ---- (number of previc

patients)

u - - - - (mortality rate of susc
Ao- - ( + ,

removal rate of undetected HIV-positi
- - - - (r ermaotvealof known

HI V-positives)

fgo- - - - (mortality rate of AI DS
Kk (r hedade c tliiowmidreg ect ed

HI V- positives)

A (infection rate of

%) (recruitment rate of



N (t)y = 6N — uN _iN(M(T)
X (1) = AN (%) - BX - xX
Y '(t) = kX — g *Y

Z'(t) = (@ - u)X -1 oZ

W '(t) = (T *—pu)Y — I oW

[ 4]

( HAART)

N'(t)=(5 - )N — AX
X (1) = AX — (g + &)X
Y '(t) = kX — g *Y
Z'(t) = (g - p)X - HoZ
W '(t) = (F* - u)Y — FoW

! /7>/Uaﬁ0 >/l, ﬂ’>(/_l+’()

P(t) t



M(t) t

P'(t) = kX

M'(t) = (& - )X

, P(t) +M(tt)

X (t) = X e

. kX L
Y(t) — e—/l t[Yo + 0 — (e(ﬂ—kJr,u -t 1)]

A-k+u —n
Z(t):e—ﬁgt[zo n (ﬂ_ﬂ_)xo_(e(/l—k+ﬁo—ﬁ)t ~1)]
A=K+, —p
_ i kX e(ﬁrﬁ*)t 1 kX Ukt _q
W(t) = e ™ W, (" — m)[(Y - 0 —) + -
() W (&2 — )I( ke —ﬁ)( 7 @ ) (;t—k+ﬁ —ﬁ)(i—k+ﬁ0—ﬁ)]

kX _
P ) = P + 0 e(l—k—,u)t _1
="k T kT —I ]

M(t): MO + (/’l _ILI)X_O [e(ﬁ.—k—ﬁ)t _1]
A-K—-u

) Xo = X(O)aYo :Y(O)>ZO = Z(O),WO =W(0), Po = P(0), Mo =M(0)

X(t)
1984 2000 2969
P
1993
t =0, 1993 ,
1993



457 ,P(0) 4 , Y., M, Z, W,

2969
8 0 % 20-49 5
20- 24 0.9985-490. 982

0.00220- 49 5 0.990 Kapl an- Mei e
: (
2259H (mean surviYhalodi me)
*-z=1/11.90=0.086 ( 86 8)
5. 435 #n=1/5.45=0. 184

, 1984 2000
4 4 ,

Kapl an- Mei er 12. 20,



-u=1/12.20=0.084

, P M, K,
X(t) Pt )M(t),
nP'(t) Kk
nM'(t) 7 - p
k=@~ wP /M (1)
, P M, t 0 7(1993 2000,
centr al di ff eP ence,, AP =(P,,—-P_)/2

AM, =(M,,-M._)/2 AP  AM, , i =1,6(199999

) : AP [ AM, P'(t)/M (1) t =16, U

k =0.283 (2)P,i =0
7(19932000 KX, A-k-z
kX,=126 .2%k-z=0. 199 1993
X,=446, 2=0.571

Y(t), P(Ct), WM(Y,) Z(t)
ot 0 7, 2-6 P(t)

M( t) . R oM
M(t))Y(t) +

X(1)

X(t) Xo, ALK I X(t)



P(t)+ M(t),0 9( 1993

2002 ,
2674 4661
1984 2000 2001
37614 2000 3595
, 4. 7%

(

Hsi e h, Chen, and Lee 2000 Stat.

89

90 1-6 90 7 ~12
91 1-6



| =12 S P pe,
J N; ]
u; J M;
] -1
M, =u +U, +...+U_, N, -M, Pe;
u, ~Bin(N, -M,,pe’), Lo j&l(pej)uj (1-pe)) V™" ()
M, =M, +U,, j
Mj :¢5Mj_l +U;_,
¢ N, P
(N, P) =n(N,, N,.....N)n(p), T(P) = L4 4704 (P)
a empirical
P

”(Pl Nl""’ Ns’ Data) oC F)u'_*—”'-*—uS 72'1(1 _ pej )NJ'_Mj+1
j=

N

j

M (pey) " (1 - pe; )M
P,Data) = — ’

7Z'(NJ |N i1 N:—M . u N, -M,,
ZNj=maX{Nj,|,Mj+1}( Juj l)(pej) J(l_ pej) : :

j-1>

N =N, NN NN N; [N_;, p,Data
(N©O LN Gi bbs

Gi bbs s e{®uNénc e

N,,...N, p Gi bbs 9

10

2



P U(%,%Z) a
E(u E(u,)e
I
a P
etropolis-Hastin
Chen, Lee, Hsi eh & Ungchuasfk
Hsi eh, Chen & Lee(stat i n Med) (2000)
Pe; e Chen et al HsiI®%9)al
et . (2000, p, Be toap] a,p
empiric,al e :
P~U(%,%) , Pe’
: Gi bbs
potenti al scal e
(potenti al scal e)
~ ar(N .
Vér(Nj):nT_lW+%B
R
R
R Gi bbs

11



(1)
(2)
(3)

(4)

and

P=

min{l

Gi bbs

Geman and
Gel fand and
Casell a and
Spiegel halter (1996)

Metropolis-Hastings
a(é)) f(6) MH
0, 0"
9(4)) o,
Uu( 01) =
f (91* )9(91(0)) * 1)
) P >p o,
f(6,")9(6)
01(1) 91(0)
0" 1 (2)

(2)
01

12

Geman(1984)

SmMGitthisl 9 9 0)

Ge @n ¢ & SRLI9c9h2a)r d s o n

(3)
01(1')



5
1 2 500 ,
1 2 , , , 95 %
9 n p :
N,,N,,N,,N, :
NS ) NlaNz,N3aN4,N5
, N
N
N
500 , (P,P,,P,,P,P)=(0.15,0.225,0.12, 0.
95 %CI
95%CI upper
MD MAN D | ower bbaood(d
N1=21080.1699 . 41. 5 121. 4 395. 5
N2=25303.2%56.M0P9. 0178.3 477.09
N3=820M09 .3703 .84 . 2 217. 4 538.9
N4 =889 .356.89. 2270.5 607.16
N5 =8387M05 .4404 H3.5319.3 671.100
500 , (P,P,,P,,P,,P)=(0.15,0.225,0.12, 0.

95 %CI 95 %C
MD MAN D | ower bpperd bound
N1=25201.2340.W®5. 2153.8 448. 9
N2=80M07 .3000.&80. 0215.7 525. 8

13



HDV6 .349.8B83.1259.6 584.
PO5 .4100.85. 8313. 2 645.
BD]1 . 4348 .868. 0363. 0 702.

500 , (P,P,,P,,P,,PH)=(0.15,0.225,0.12, 0.

95 %CI 95 %C
MD MAN SD | ower bpped |[bound

=305 .2385.79. 0 190.5 501. 6
=83HD5..48.H2. 0 258.5 579.6
=430NV7 .4500.83. 4 306.5 635. 3
=45607 486 2 . &4 . 3 364. 4 693. 3
=448707 5403 .84 .8 417.9 748.0

500 , (P,P,,P,,P,,P)=(0.13,0.25,0.1, 0.
95 %Cl
95%CI upper
MD MAN SD | ower bbaoauodqd
= 210805 .1981.®4. 0108. 0 356. 05
=25107 .2938.740. 5166. 3 435. 8
=305 .2286.742. 2 213.5 490. 4
=383%106 .338.M0W6. 9261.6 555. 7
=38338&05.390.87. 0302.0 636. (7

500 , (P,P,,P,,P,,P)=(0.13,0.25,0.1, 0.

95 %CI 95 %C]|
MD MAN D | ower Wwppuerd  bound

=430%05 .337r 9.80. 2 298 .

215DP6 .2815.H/1. 9133.0 414,
3030 .25/ 3.hH7.6 194. 1 492,
304 .3027.74A7. 3 248. 7 547 .

8 608.

Oo1T W O1T =

14



IN5 = 448304 .4730 . %68 . 3 340. 0 682.

0.

500 , (p,P,,P,P,P)=(0.2123,0.25, 0.1,
95 %CI 95 %CI

MD MAN SD | ower bhpped pbound
N1=3820306.264.5H5. 9165.6 455. 8
N2=85904.3216.79. 8234.0 533.0
N3 =431 .3073.M07. 9293.0 585. 4
N4 =45H604 .42 6 .79 . 6 345. 7 643. 6
N5=44896 .4180 .86 . 7 389. 8 716. 7

500 , (P,P,,P,P,P)=(0.2,0.2,0.20.
95 %CI1 95 %C|

MD MAN D | ower bpperd|bound
NL=200{ 244.1 268 .90. 6 170.5 518.5pH
N=250{303.3 331.®88.3 230.1 605.7
N3=300{ 353.5 384 .1504. 6278. 9 677.8
NA=350{409.2 442 .1611.6331.1 756.09
No=380(463.6 500 .12 2. 8377.1 846. 7

500 , (P,P,P,PPH)=(0.2,0.2, 0.1,
95 %CI1I 95 %C|

MD MAN D | ower wppeird bound
N1=220307 .2864.8B4. 1 164.6 525.100
N2=250| 294.5 325.6 103.6 220.1 614.16
N3=300| 346.2 379.5 113.8 260.6 696. |1
NA=350| 402.9 440.5 124.1 314.4 788.0
N6=380| 456.6 499.1 135.5 366. 3 881. 3

500 , (P,P,,P,,P,,P)=(0.18,0.1,0.15,
95 %CI 95 %C

MD MAN S | ower bpped |bound
N1=22000.2620.84.6 138.3 428.0
N2 =254 .2777.%4.0 184.6 512.0
N3=330M®5.32831.%H1.7 234.2 589.6
N4=3%%99.3189.28. 0 291.8 668. 8

15

2

2,



2.2

IN5=380| 417.7 449.3 1079 338.1 755. D
89 1 91 6
5 e j g =1 e.:i
el
S P P, = pe,
N, j
u, J
1 2 3 4 5
u | 7 24 6 12109

e 632731397813

Gi bbs 9 : 5 :
: 1 8
6000 : Gi bbs
: : 3
5
1 2
95 %CI 95 %C
Medi aMean SD | ower Wwpmerd |[bound
N1} 108. 107.625. 7 56.0 156.

16




N 2 138. 135.926.9 77. 4 182.
N 3 153.951. 329. 4 87. 4 20 2.
N 4 177. 2A74. 233. 4 101. 7 233.
N5 215. 212. 41.4 125. 0 288.
Medi an , 4,
2007
(1993-2000: (Basic

Reproducti omlN@mmbBelt ¥V R(mean infection
HI V X
) 0.571, (mean detectia
3.55 58%

/
(generalized removal mo d
1999
89

17



a .

2001

18

30

90

12
197,

91

6



1. Balint, G.A. (1998)Situation anal ysi:
epidemic i n sub-EBashtar ahf rAf riWedad.,
J7612):684-686.

2. Barchielli, A., Buiatti, E.,cBaflanti
S. , and Lazzeri, V. (1995) Compl et ence
guality of AI DS death certificatei on |
study be€tweenJ. EpLb&pm/i BL3-7.
3.Wijngaarden, J. K. and Jager, H.ng. (1¢
HI'V prevalence: A comparison of extr.
I nfection rate and risk behavior wit|
Net her |l &wds . J. Ep@d¥ymi 645-52.

4 Ander son, R. M. , May , R. M. and MclLean
demographic consequences of ANaASune d
332 228-234.

5.de Arazoza, H., Lounes, R., Hoang, T

Model ing

19



HI'V epidemic under contact Uraoifng -
Theoretical

Medi cri2ne.67-274.
6. Lounes, R, and de Arazoza, H. CuDah) A
nati onal programmdAod. HWH kK AL DA3App/ . M
16143-154.
7 Hsieh, Y.-H. (2002) The changing fac

Thail and: Its i mplicati onBAMNMBPSHLE YV 1t |
537-540.

8 Hsieh, Y.-H., Lee, S.-M., Chen,e C. W. .
recent shanprease of HIV infecAliSHs i
163):426-428.

9Chen, C.W.S., Lee, S.-M., Hsieh9)VY.-H

A unified approach to estimating popu
modelCompu. Stat. PD&229AAG/ ysi s
10Hsieh, Y.-H., Chen, C.W. S., and Lee,
approach to estimating the number of
hi dden and el usi \&é ap o.plddeBalt 9 50-n3s1. 0 8 .
11Y. -H. Hsieh, H. de Arazoza, S. M. Lee
Estimating the number of Cubans i nf e
contact tradmnnegrdata. Bpl/i6die9mi6o8/3..

12Y. -H. Hsieh, H.C. Wang, S.J. Twu, an
underreporting in HIV cases in Tai wa

13Hsi eh Y. H. , Chen C. W. S. , Lee, S. M. , z

20



the recent sharp increase WA AH3I) det e
426-428.

14Chen, Y. -M. A., Chung, C.-L., WW1)S. - |
A Survey on the HIV-1, Syphilissand S
of Gay Saunas in Taiwan. 2001 Hocoeg Kon
Proceedings, pp. 128-150.

l15Casella, G. and E.|l. George, Emxmpe ain
Amer /i can St alt6/(slt9/9c2/)anm 67 - 17 4.

16Gel fand, A.E. and A.F. M. Smith, Samp
cal culmdangiignal densAmees, St a8bs¥99@Fs
398-4009.

17Geman, S. and D. Geman, Stochastic r
di stributions and the BayegsIiEaEn rTesatnaosr.
on Pat. Anal. An6@ (Macm.) [17mtle/7.41 .
18Gi |l ks, W. R., Richardson, S., and Sp

Mar kov chain Monte, CeEohdonn @Ghapmaoge

21



&
ej J
Ni
UJ— J
LocH(N’J

j=1

j (catch

") (pe))” (1- pep)™ T

u;[IN; =M, ~Bin(N, —M, pe)

M

j

j -1

22

j

effort)

1...,2s,



Mj=gM, +u,
¢
Eu, =N, pe,
Eu, =(N,(1- pe))¢ + B,) pe,
$=1,B,=0
a=EP= Eu,) ~1- E(u, [N))e,
N, E(u, |N))e,
Gr1-8
ue
P U(0,a) N, P

H(P | N1 geees NS, Data) oc PUitts H (1 — pej )Nj’MM
i1

N;-M u; =M
) (3" (pe)" (1- pey) M
Njt M uj M
2oy C oy (PR (1 pey)

N, - M, (truncate NB)

J ]

max{0,N;, =M} <N; =M ; <N;, - M,

23



Tabl e 1. Yearly number s of t he ac
asymptomatic HIV; i hhewniperssdgims | i vin
(Yi), the accumul ated AI DS cases det e
and Al DS patients detected at onset of
patients known before onset of AI DS |
Year(li'l Vi Wi

1984

1985
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1987 46 45 1 0 1
1988 74 68 2 0 2
1989 111 102 8 3 2
1990 144 128 11 2 3
1991 224 196 23 6 6
1992 345 306 38 8 7
1993 457 402 64 17 10
1994 600 499 99 32 23
1995 776 626 154 49 39
1996 980 736 228 77 75
1997 1253 949 306 105 101
1998 1555 1183 410 155 114
1999 1917 1483 521 227 144
2000 2343 1840 626 281 173
Tabl e 2. The rate of change
t=1 to 6 (1994-1999).

"Ap

AM

1994 159.5 45
1995 190 64.5
1996 238.5 76
1997 287.5 91
1998 332 107.5
1999 394 108
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Tabl e 3. The t heoretical numbers of
t=0 to 9 (1993-2002).

Yearx(tf)(tt)) + M(

1993 446 521
1994 544 704
1995 664 926
1996 810 1198
1997 989 15229
1998 1206 1933
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1999 1472 2428
2000 1796 3029
2001 2191 3764
2002 2674 4661
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