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Resume: Estimating the number of HIV-infected individuals in Japan using a

~ mathematical model

Hiroshi Nishiura & Keisuke Ejima
Graduate School of Medicine
The University of Tokyo

Resume of forthcoming article
As the original study is expected to be printed elsewhere, here we provide a Resume of

our presented study for this report.

Background

Although the increase in the number of AIDS cases among Japanese had been
considered slowing, the numbers of HIV and AIDS cases had continue to be the largest
ever recorded in the last decade. The number of people with HIV/AIDS in Japan is still
believed to continue to grow, and the previous underestimates might originate from the
analyses based on invalid mathematical & statistical estimations.

Methods to reconstruct past HIV infection patterns and project AIDS incidence
have been primarily based on backcalculation applied to AIDS incidence data using
information on the incubation period distribution and model for the epidemic curve of
HIV. Further, dynamic model of the AIDS epidemic has helped in understanding the
essential components of the epidemic, in the evaluation of control measures and so forth.
However, there are several sources of uncertainty in the fitted models and estimates
based on them, including uncertainty about the form of the epidemic curves of HIV
infection and distribution of the incubation period (i.e., the effect of antiretroviral
therapy) and uncertainty about the substantial delays in diagnosis and reporting.

This study was aimed to develop the estimation method, which can reasonably
resolve the problems in uncertainties, based on a multistate model using the number of

AIDS diagnosis (without information of previous diagnosis) and HIV detection data.

Method

Basic model structure

We applied a three-stage multistate model to HIV/AIDS surveillance data. Movements
towards the right represent disease progression. Movement downwards represents the
diagnosis (first positive test). Similar models have been applied to different conditions

of statistical records elsewhere.
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Available data

HIV/AIDS surveillance record in Japan: Bimonthly (1984 -2000) or quarterly (2001-
present) numbers of HIV infection and AIDS diagnosis are obtained. Among AIDS
diagnosis, information with regard to previous HIV diagnosis is not available. Reporting
interval in surveillance system is revised due to the different law (AIDS Prevention Law
1989-1999 and the National Epidemiological Surveillance of Infectious Diseases from
Mar. 1999). Registration system of AIDS excluded those who were diagnosed as
HIV-infected after the revision.

For simplicity, we assume the same diagnosis rates for different stages of
infection. We obtained the maximum likelihood estimates of unknown parameters
including the HIV incidence and the rate of dianosis. Using covariance matrix and
performing the simulations, we obtained the variation of the maximum likelihood
estimates according to asymptotic theory. As in a parametric bootstrap, we used the
resampled estimates to generate new predictions. This also enabled us to validate the

uncertainties in the duration of incubation period.

Results

Estimated numbers of HIV-infected in each stage were obtained. Total number of
individuals who are living with HIV/AIDS as of April 2014 was estimated as the order
of 25000. Prediction of the total number of new AIDS diagnoses is presented in
graphical form. Incidence of AIDS is still expected to increase in Japan. As a visual
confirmation of the goodness-of-fit, observed and expected cumulative numbers of HIV

infections and AIDS cases are also validated.

Discussion

Without previous information of HIV-diagnosis, we obtained estimates based on
surveillance based records. 95%CI was derived from Bootstrap method. Although the
total number is rather small compared to other industrialized countries, the number of
HIV/AIDS in Japan is still steadily increasing. Our proposed method requires smaller
amount of input data and less unrealistic assumptions as compared to existing models,

and the model has been flexibly time inhomogeneous.
Address for correspondence:

Department of Global Health Policy
Graduate School of Medicine
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DDBEEmRARCE/ Y

EHOF 6O

FayE 13
OFRFRAREAEREZRMER IST CREST

ERICHSETERWRS T X2 b

HEE 6 ERIE, HAEEICEEL X T, BAZO
ERZEIC AP, To2EeT NV EERMLLZVE
BELCEZNAZED EWFE9. ZHIXHIV/AIDS
MEETY. HIVBREOFRAFH [ ZEET 5 72DDHE
MEEZHNALET. BERNICBERMEYRD 201 TiE
HHETA. UL, AIDS (BRMGRERSEBRE)
1 1980 R o AR THTIHLARZHEITTH Y, EA
THRBEEERzEH LT TVET.

ENLKSVWEREN VDDA SEW

HIV it bERE Y AV ADIEHTY. HIV ik
N DSBS U TENEREL, S % il
EBIANATHE I eAMoNTWET Y, HIV
A R IR LR 2 2 ¢ bosuESn (BEHTH) A
BIRICE D TUE Y, BEH IS X RRGEC
ULTHEBICZ>TLEVWET. Iz, TAREZUS

DHIV L, BHTIA X9 NVALIENEZ 2235 D 55,
ZTRREXRZEHTRH A,

1

35



T EWVWIEEZR LK EIZUE A, ABEEEIIERIC
BEEL W AR IZHEEL, BEICL > TIIIE
TULTLES ZeWH 0 ET. RERAEZEI LT
DBPHEIZ D> TUE S & 5757 HIV BHOIR
BE% AIDS LIV R Y. TTH S, HIVICBRELULH
TR LN FE T, AIDS 234K L 72 & 1% AIDS
BELNUET.

HIV ZMEREEE N LU TEBLET. FlxiE,
%¢%%ﬂﬁkk%@ﬁ@mb@éTibbﬂ%)t@
EN23HBOHMAE2T I £94, HIV
BREVAA L BOFEHBEZBEMNHEYTS I L THIV
DEBEVEMLLUET. £z, DVEORERLESRD 1
D2 LT, BELA XFHELDo7-Z LIFFTHEBIZHF L
WTF. 1970 FREHA S 1980 EREE T, MAR
EWD IR ZEE 2R TRA (Bl 5 &1
BEE L E#WRER) OBRFICHL, kMASTE S MK
DA HEHEE L TWDTTH, ZOEiIMMmo
bR SHHBHLAEZEDTHY, HIVARALTWEL
7o. 7z, HIVERER2ERD S B, MITRAIZ L DS
ENHRHLWNTT. HIV I 1T TR, BROE
DWEREZEBENVBETEENTEY, 2V F—A
EHEATTICEERD D WIZEEMOEREET D
ERRBBIILTUE S Zehh 0 T

HIV/AIDS D¥AT A D ESUEIZ R 2 2 5% 27
LDTT. LWSDh, MRS SIRELRE L DY SR
WL, BRELEZDFR LD T BRREFEEIC
TNHZENRVDTY. TD7d, — IR
HEIEOZ I BOE DAL £ T, RO 7
W B B 728, HIV EROEZICET 5 246%
BHOMZT B I IFFERIZE LWL TY.
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DHHETIE HIV/AIDS OfiaHER % £33 5
7=z, BEBEENTA AGAEERXEMBL TH
v, 3»HEIHIV BEODHS X O AIDS FAEDH
ERZINTWET. 72770, ARESOREICED
< HIV B ES L O AIDS BERIIE A & b HAIC
B} 3 HIV/AIDS OLAEZMBIZIEA+HTT. W
ENT WA HIV RS L B FN 7 MR ki 72
COBRIZHIVBEAHE L THREEINALZLDT, ZTh
FOAEICBT B TRTOHIVEBRERERLTWS
DUITEDHYEEA (BRBREDS L, —HOBME
NEZELEIPREINTWET) . £/, AIDS BHEH
WBILTE &L, 1999 % IZ AIDS B O
HIRETE N, AIDS FJHTIC HIV B s B s i
D AIDS HIROMEIIMER LMD E L. DED, B
ERESINT WS AIDS B&E 2 1%, AIDS BEDO L
T4 <, FAEHNIZ HIV BROBE 2 X172 2 &30
FZELUPEATVERA.

ZFHESBENOEZRS L, BILEFIZH TS HIV
BYEOEIGIZET 27— &%, AOLMEIZET 5 HIV
BREDHNEGEHLES IO RTF— X TYT. HHW
Wik, M1IZHRIZET 2MNEDLREERDOET
O HIV EREBOEEOHBS 2 AT LI LW TE,
EENICAOAO HIV BRERZHET S5 L1
BT HZEWABETT. UL, ZOmECREEH
EEERT A2, TXEROBETCEAEITE
ULZTREMEABVAKERL AT E8A. &
12, AMEEE RPN HIVBREZRET 22 L2 HY
ZHRIMIZ SR A EALH D, ZTOEENKREWGEITE
KEIRAOFORREEEETIIRL, YAZEULT
MRIRT A Z LR EERT— XD ET (5 THRV
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(HSS) PEERE <—HONEEE

2.5

2.0

1.5 2T e

1.0 *

0.5 «*

0.0 ———r—r—r—r-—r—""—"T"—"T"T""T""—"T"—"T"""T"—TT T
1987 1992 1997 2002 2007 - 2012

X 1: BRICS T 28 0EFO HIV REEHEISDH#
#%. FHOBMETTRONIMEGEOEDEE %
Lk 10 AR TRYT. HIVRE 2 HH L 3 380
FEHNWDB T NIE, BISEIZZOMEAIICR HEE S
75,

] IIZBWT, 2008 FFLHIZY — 7 EEZH-7-Z & D
BEREHET 2 Z LAREETT.) [1). HIV EEERIT
BEETVEZMALULTHETZZLHRBETT.

WETE DREH

HIV BB 40 7 AIDS BERLVEHERE X
NTWs &, TOHEMBELEBRT 5FRLLT,
WiEtE % (backcalculation method) & MEIEN 5 st
FHFEFFHINET[2,3]. TOFREEZRTVEE
UxS. 2z, HIV R 5 AIDS #55 £ T O —R%E
HAFOHEAKZRRLUET. K 2A 0, HIVE
Pt T EHEZBRITIE, @ENRRBORERZ
WHKIFET BN —FIZE>TAIDS 2FmL 9. *
DAY — FIIERIAM (RGeS FW £ TORRE) O
MEREEERw() 2MALTERT AP TEET.
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B HE

0.10
A
w(z) 0.08 1
g 1—f’w<a)do
o 0.06
HIV AIDS
0.04
e = 0.02 1
0.00 T T T T T T T T 1 1 ©v & ¢ 111117
0 5 10 15

BRI (4

X 2: HIV RO BAR. A, HIV BHED 5 AIDS %
8 E TOEARK. HIV BHZIZ AIDS %= HiKE T 5 Gk
R (N —N) GERPBEOMREERR w(r) 274
UTERTE 5. B. HIV BE0 5 AIDS HIwE TO
BRI OMERBEE (V1 TADHEEMELEZED) .
SEHHICH 10 FR 2 ET 5 Z e BHoNT WS [4].

2B 0#<, AIDS OEREARMIZFS 10 FFRETY.
MAEFEERE, BRERHIHES »R—HOREED
FEHR % 2, BRI R T T 2N SHERS 0
TEE L7 [4).

RN T AIDS BEHEZETMMELLTAEL &
5. VATEIRAHE 1 ERID AIDS BERZ o) & L, Efk
IZRATRR R t IRD AIDS BEMZ a0y E UET. £
7=, WATERAE 1 ELHNOFHH O HIV BREEHE b
&L, WfTHeE: - 1FEE2 5 tFHOME TOHM
HIV BRERE hy E UET. WMATHEBLTLS 14
DHED ETO AIDS BEK oy 1 1 FHOFHH HIV &
BeFh 2HALT

a1 = hiwo (1)

THEZONET. wo BT EHDYEEIT AIDS %2
FREUETA. IR, ald2FRE, 1EEDHIVE

5
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%%ﬁqﬁ@%w{@%ﬁ?é#,ZEE®%ﬁHRW§
%% ho 73‘%-’—_% wo "C%Ej—éﬁ‘, Ti"%éj’bé DT

as = hiwt + howg (2)

LD Ed. AUEOE1EBIIODWTEZIEw 3K
N=t Y  NEETTDT, h PAESICKETNIEMAEZ
PIAETHHhLHNERTA. ALI e E2EVRLEL &
I, az 1E hy BESITAURVIER w) THRIET 2 2,
ho HHER w TRIET 2%, H5BWVWIE 3 FHOHBR
Y hy DHER wo TRIET B0, 2TRTEZRZHOD
NN o

a3z = hiwo + hgwi + hswy (3)
kb E9. FARRIC
a4 = hiws + howo +'hgw1 + hawyg (4)

L 9. BRI EAAT NI, HIV ERERE
AIDS BEHOBIZIZ ERD X 57 TANF] OFG
BEROSIBLET. —bdse

t “
ay = Z hrwi—r (5)
T=1 ‘

DB AIAH (convolution) TELR TN E T [5, 6].
BARAARLND I ¥ VIRATRDH D DI, b
THOIFFHBEE WS K50 MEL72< R vZ>
RATNWHBDOTUL &S ? TOHAIIHEE T SHEIC
LY HDET. WE, ETVORERBEENALEL
7, EOEBHBEM (BEINDE) T, LnhAR
BREBD»E2EZTCLEI V., ZEETIE, =14 X8
BEVDWINS LHEEIIRESNDSELET. DFD,
a WEIZBERINAETT. BREM W, &, BEOM

6
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G S BEHD AN D B L ELPTWTT 4. DL
%, ZZTHELZVOREEICZE T 54 HIV B
FREEWRT S h T, B 512, LEOoRIIAKIZ
AIDS BEHE FHUT 2R TH 2 12HB0 59 AIDS
BERIBRT—2ThH0, BULAZTORETILHD hy
ZHID 7200 T, ZoRE FICHES) 2k F
3. TORBENRE, S, WEHEIEE WD HAEVHEA
INBZ Lo L5TY.

772U, G#ETHEEESERAI N E, 1L
A EDGETHER T TR, T4 XDEHELFE
PEBINTEE L. EEER»S 5 FBRIOWVE
TOREIANARIZ AIDS BEHDP EORERIAEH
500, BIARARTTFUNEBINET 3. kT
Bk, AT 0@ ICERT S LAABETY. HER
ZH 5 140 AIDS BEB a1 1

A
ai41 = Z hrwir1—7 + hypwo (6)

T=1

TEZLNET. by dw DL ¢ T TRERICHEE SN
TWADT, AADE 1 EEIZEBERMOMEIX»N D TF. 5
2B wy =0 DB AITIIEHTEET. 2E % a40
i

t

A2 = Z hrwito—r + hipiwr + ht+2wo (7
T=1

Y FET. Tabb, FOoXk5XTE1EBIX Bk
IZhog 6 by FTHEINTWADT) BEHITH D, *
D5 HTHKE AIDS % FFEH T 12V 2 HIV BEERD
TV EMEAL CERFHUPERTETT. 2720, B
QIHBELRIZEAT 2BRITE -SRI TED, Th
LA TE ZHPFEDORKE TUPERFRDERT
TEWA. TOD, BRI EHRE] Sy

7
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MOAMZELTESZOTT. FRkc, BirIEr
LT, MEMEEIRBOE ORI BT A B AE RO
T, BET A EEIAEEES S BB THII LR
BZ2THBEEL XS,

BREEICNIGT 3 ETIVE

UL, BEOHEICEHENERINAZDOE, £
2 HIV/AIDS OFATHEAD R (F iz 20 ) 2
BonTEE Lk 2W30s, BREMAIMIE—
A (11d) KRS LW RIS 723 (5) T8
REREPLRTEDICA N TR Bo7dTY.
FAEARIZILZ 1 DOFEELRHRE LT, 1997 F0 5
HIV BESEDH Y 1 )V AEE (ART) 2R THEKR
L e onxd. BREBIIEEIC L > TIE
BL, MERICIEEZERT 5 & AIDS 213 A EH
FLEWS SWETART BEELE LK. £72, H
ARTlE AIDS OFEHIEIZWET A THONE L7z, 1999
FEET, =15V ATIIRERSE LRI 5 FlE
MHHDFE Uz @EICHIVEERREODZE - 2%
1F 72 BRI ATDS % J69 U 72 BRI TRRRAYE(L L 72 )
CUTHEICHERSE T Z Itk TWE LA, Ly
L, BHEEOHRELX2ET LI LIC] LU THKRESE,»S
REEHEFE S, 1999 FUABEICFEGIELFEILENTL
FWE L DD, BARTE 1099 4% BRI
TARTO AIDS BEHzHETC 2R, X (5) 2
o 7 R A T B 2 & DSEEREIC R AT BRI 7 o 7
DOTY [7, 11].

BE, FEZ D & D RBIEE TG L 7€ T vk
ZUCHEMBEIZREBLELD EBATHET. M3
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HIV 2

HIV KBl

AIDS 2%

B 3: HIV BeRghr & AIDS REZHOFES. HAED
HIV/AIDS ¥ —~_A 5 v 2B} 3885 — XIT HIV
DB W & AIDS RO BW A HETH VA ET
NEe UTERAIBETH B.

BEVAZETNVE UTURERS ORBEICHIET 25
EEAERLUET. BAY X7 ETIVIIRKEZ O EFR
WETEASINE TS, BLoddEIV (F.
AIDS #J%) UANDEH D1 XV~ (FLHIV ¥ %
FARICNRIZTE2HDT, BHEAEVAIPFEELZAK
XEARY IBFEELRY, EWIBEICHHINE
3 2. 3Tk AIDS FF I A T HIV EEOBW
AT B & EXNT, HIV B AIDS FEHh 0T
N 1AL PIRE SN AR WETHIECRIELZE TV
fEDSTREL 2 D £9. ZTHOHNT—FB-3D LS
R & NIHNTIZ S BET E B INENY - RETF VI
M) — (4 onta) ®
Doz T, BRERERL » O HIV B3E
R(z) DARYVNEEV R EETMELTEET. 22
T, RS HIV 2#i0 AIDS HfRO W T Nh R WA
E TOPBWNCET 2R % FEHAM (induction period)
LIERZ XU EY. BRE O S HIV BEOREH

DAY AL EFAREROESNTHEAINET. BEYLE
BELEPEALTADHEZEVWESBHE2ETF LT 3DIIE
BWTE
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TFhhTt\wikedae, FEHMIT
F*(x) = 1 —exp(—(p' + p)t) 9)

THERSNET. F*(z) DREWMEDEN % f3 LT
5

t
Hy = ZhTft*—T (10)
T=1

EUTEAMRARPELNET 9. NTF— Ok
BT BEHE 2B s, R (5) L EBIZR (10)
ZFALUTHIVBRERD ) VT A M) v I HER
EET A EAAREL LD £9.

WETHE DD T DHLR

WEMEIEIZIREE I HIV/AIDS OB ZEWZE TRV 51
BLENRETRD E LA, TOMEREEICKES
B2 BARAADPMMOBRFEFTATIZS VT HEFHN DK
RUEEROHEERERFROZDITEAINE U, &
LEHEETOMENLOH, BRI VALY R I 0
BPRIZ X - THEL 27 VRIRE (BSE) 3 O¥ifT
BREOS - FRlE, BRFOERIIEI L FORE
784V 7z Y a7 (vCID) OREEROHTE
RIEDOMZET L. FERTIEEICEEZPLE LK
M ETHAL, 1980-90 R D BSE O KIHEFEIT D
BITE b vOID BERALEE SR Ll & TH
SN TWEY. BSEFILTIE, WO 5 EHEFEO
BEEAERENE L. 53 HA ¢ 12 Hib o TR
TBEDER b(a,t) FUTDOESICEFMEIhEL
7= [10].

t
m@ﬂ=/ Ma—(t—u)u)ft—wdu (1)
N BHETRIELHFLBRIENET.

10
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30
1 - D5 % SRR I L BR
Q%_ R —
b b -~ 95 % ISR T IR
Y
@D 20
2
Vs
%15 -
2
oo
10
A
4
B 54 AU S
% H
[ S — S P
o +rrr-rr-TrrTrTtT T T T L T T T T T T T T 1 1 1
-5 0 5 10 15 20 25
FIEH OB A (E)

X 4: KRRAEBEORFBERILICTT 2 2 RBREFRE
DA HISERE [11). HEEHIOREZ] 0 IZFB L 72 Rl % R
T, ML TR TO 2IRBED S B, BRRENLT
%D 2 IREBFEPEZ > TWEDHEEHRLTWS,

ZZTHUED fIXEBREFET, Ma,t) FHEE L 0E
G t, His o DRRGEEERTY. HEMFEITLI->TIENZ
TOItDAKET DRBHEDDH L a DAITK
B35 HBIIKGET 2RBFORRE) X I H5HOREIC
SRL, TNTNEMEET HMEVEEE PR E
INTEELL.

b5 1 DDOFKBIMEL, SBEEEICEITDRE
BRZNTE T M RO ERRZETT. HD
BYIR DO FFERZ D S 2 IREEReE DRIRIEZ £ TORE
REIfEIFR % FRE0E (serial interval) X FECY, Z DRER
BEMNs(t) THHLUET. FIREFHROMORLIL,
(i) BPFEDORRE P & 2 R E TORZ & (i1)2 IRE
BEORENSHKFETORAD 2 2O TEZ SN
T, BEIXEBRPME () EPrRDETA. 2IT,
k(u) ZME % DBREDFRERHL w ITBWTEABT
QWBROMHEREETHL L LET. FFED z BRIH
SRPMEIER I, BRPERT 2REREEZLES

11
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BH2BZHLOLLET. Z0OLE, UTOBERIE
LNET.

j{:j{:j/ Fltry — (b +w))du (12)

i k(i)
ZZT, k() ldi 2 W BRIFIZ I > TEATH TN
e 2 REBREDZ L A ERL T, BEERT RO
fE B AES I L > THIHICERIEZON LW
BB/ ONDIZLNHOETDT, s(t) DAMIC
BT 3BmAEsNET. fFARMTHNE, ERiF
WEHEIZ X B k(u) DIEERIEIZRERRE LTHWS
ZENHEETT.
B4z, BARKE OE) OREHEEEHHT 5
2 & o THERE L 72 RAVE B O RIRBRIF LI 3
%2 SR OMHSEE 2 R L X7 [11]. FBEHHE
T 5 I 4-6 D HORBPEARLEL, 1HH720T
20.6 %D 2WBRELI LTV DEHEINEL
7. $hbb, RAEREZ, FKELTTSHhRESH
HB U2 BRI RS 5 2 et TE T, B
%Km¢a<a%m%u¢®2m@x%%%iéza
PTEBLOLEEINE L. RS 1070 R Z
T RS SIME NE LS, REMADY ZhT
RSN, EWREL LTRSS TS
MTmiT.%wﬁ,wﬁﬁ%ﬁwﬁmﬁﬁm%%%
Wik L2 £ DRV DTRIEN S ) $ A, TORD,
ERHO S B B SRS BRI NI T,
ThOMEEERT 5 L THN MBI OMA F 0¥
AR 2 T B TRy 7 AREIEITH D,
ZOWEEPHHEIL Lo TEXSNB I L £ LS
TIeMNTEELRE. '
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BHYiC

BAEZ ZHBA U7 gEic @ 2 0T A%, RRYYE
BEZEERET VEBREL2BHD 1D LT, &
Pt Ry MHDEBICBETELRVER R N RITHEERM
BEHVFZE > TR I LIZBAIE WL EVWER
WET. AIDS ORFFIZR X £9H5, HIVICERT S
[ZDR) XIFEAEDHERIIBWTERIZARSZ &H
TEEEA. VIR MPIRETY A VITERT S5
AHRY, BOHEMEBEUZRKAED 2 IMERERY
TT. BREDIFLALIZHTRALW SHENEHA
WOTTA, BHA Ry b ERIFE WD BIEATRE R A
RY MO 2HEABESLE L0V ERYEHMTHY, =
DR BHAARTHHAT 2HEVHFETT. 72
FRERIIAELTH Y, BREMSHEAMIE—T
mWNEES (ERPEBEBICI > TERSLHA) ©f
S ORBEHRLMBEMEL D DHE, REAOEKIN
BERENKT Z2BERH BHARY, 1D20LDDE
BB ERAIE IS NIG U2 E T Vb FDEREST
o TWHRITNIERD EEA.

REILABE S A0 H 5 VIRFERICEERI LT
BYEENRIZ, TOETV VIHAEICOWT IR
ALV EBWET.

BE ARMIBTIMANRR, BEEFEREHAER
B4 (H26-T1 X-#F-004), JSPSRIFE 26700028 & L

JST RISTEX [RIZEHAi1 /) R—> 3 VEERD D DORIEF
DA TITRbhE Uiz, T ZICEHWELET.
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