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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.
Howeyver, 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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DOBMEHmMESE /T

EHOE 6 [0

EERGE
ORRAZKRERES KRR, IST CREST

ERICEETERVEH A X b

HE 6 EE L, HEREERICEEL £, BAZ0
BRI ML, ToETLEERALLEZVE
BELTEZRAEEZRD BT, T HIV/AIDS
W2ETd. HIVREDOHKER R Z AT 5 2D OHE
Wik THALET. BRERICERERD 2D TR
HYFEEA. UL, AIDS (BRESBEFSEMER)
1% 1980 D S AT CEATHER 2 FITTE Y, BA
THLREBEEFHEZEH LRI TVET.

ENLKBSVWRBEENVNZDD OIS AN

HIV it MBERE Y A L ADIBIRTS. HIV IZk
N DRI B L TN R BIEL, St 2 i
EEAVANATHEIELRHOENTVWET Y, HIV
PEEHIAZIE LRI 2 L e b osEh GEFH) A
Bz E S TUEY, BEFIES £ EREEICY
UTIESRICZ->TLEVWET. fIZAE, TERBZZUS

DHIV L, BT A XA NVAETEENE Z e D £TH
FRRERREHRTRD O /A,

1
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T EWHEEE IS HIZUETY, R AT I
BRE U 20 & IR A U S U, 35602 K o TR
TLUTULES DD 7. L2 LT
DRBGSEIZ D> T U E D & D7 o7 HIV Bk
BEA AIDS IROVET. TIH»o, HIVICEREL &
W LI E T8, AIDS % F8E L 723451 AIDS
BHE LI ET.

HIV MR 2 4 U TR L ET. flxE, 3§
WhEH IR T WY S TEFbLITE) LI
ENAERBOFRAEZ T2 2050 T2, HIV
JEHLE DRI U O # 2 RIS 5 Z & THIV
DAREPRI U ET. £z, DOEOEERLRELRD 1
DEUT, BEIALHEND -7 Z LIFFERICH U
WTT. 1970 RN S 1980 EREE T, MAkM
YD I BRI B R R SRR (I B & A
BEUEWRS) OBEFICL, AT E B MR
BINA - 78RBS LT W=D TTD, ZTOEIIMD
L oHELESDOTHY, HIVARALTWEL
T, &7z, HIVERESED S B, MTRIC K DS
ENHmBHLNTT. HIV IRMEZ T L, HERPIE
BRI HEBEWEBETEENTEY, IV -4
ZEAETICEMERD 2 W BEEFHOMRBEITR S
CREPEDPWMNLTLES 2B £T.

HIV/AIDS OFATIIMDBERIEIZ hR B & BP9 73
LEDOTY. LWVWHDH, ARPSIFBEE L DI LZR
WU, BEELEZDFR LT DI AR EFEEI
XNBZZERNRVDTT. DD, —HEIN RS
FEROZCBUTFVIERL 9. BRI EEE I
WD D 572D, HIV BROEZICET 224 6%
BHOMZT B LIFERICEL W L TY.
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DHETIE HIV/AIDS OfiEHER % a1 - a3 5
iz, BERBEN T ABAEZELEEBL TS
b, 3PHAEICHIVEREDOZE S LU AIDS FBEDR
ERRINTWET., 7L, AEE20OWEICED
< HIV BSERS XU AIDS BEHRIEIF S & & HAIZ
B35 HIV/AIDS DB %2 M5 IZEAR+9TT. |E
TN T WD HIV B & 1 BRI MR PRk 7
SOOI HIVBEFRE L THRESINAZH0T, Zh
FOLEIICBI B TRTOHIVBEEREZRLTWS
DIITREDHYETA (BREEDD L, —HOBEX
NEFEEZITIPRESNTWET) . £/, AIDS BEXK
WKL TE AW, 1999 F£2 Iz AIDS BE OREHIE
MET X 4, AIDS FWal HIV B2 2 s iz H
D AIDS BIROMEIZMAEEL LV E L. DXy, B
EHRESINTWVWS AIDS BF &, AIDS BEDOEH
T <, FAERNC HIV BEOZW 2 21T 72 Z L an
EUDPEATVERA.

FOE-BENSER D, BILETIZE TS HIV
BEEOESICET 27— X%, AO2ATET2 HIV
BREOEEEZHLEL IO RT —RTY. HRW
iz, B 1T BRI 51 B EIE O SREEROM T
O HIV BREEBOE OB 2 BET LI LN TE,
EHEMIZAOAD HIV BREREHETSTHZ 21T
BIITHZENARETT. L, ZOmETRYEH
EREBHTICE, TREROBETEEENK
U-AIREEA B WARICER LRI NIER D EEA. K
i, AEEEZFMIHIVBREMETSZ L 2EHW
WCERILIZSE A EmA H D, ZTOEENRKEVWEEILE
EZEFEANOFROBRBEEEHEGTIERL, VA2ELT
fRIRT 2 Z e DRERT—X D ET (£5 TRV
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4 1: BRICS T ZEME RO HIV REBEEE O#E
¥%. FEROMRINETTRONZMEREOEDE4 %
T 10 AR TRT. HIVREZ BN L $ 5800
FHPNB TR, BREIEF oM < R
VB,

FEIIEBWT, 2008 FEIZY — 2R/ Z 8D
BEEHAT 2 Z EAEETT.) [1]. HIV SRS
BHETNVAEFHAUCHET S Z XK ETT.

WETE D

HIV BB BT ? AIDS BERP LB E
NTWBE &, TOWEMBEZBERTLFELLT,
WEFEEE (backcalculation method) &I 5 55Et
ZRFEEVIMEINET[2,3]. TOREZERTVWEEX
Lxo. K21z, HIVEH, 5 AIDS FR £ TORSE:
HARFOEAMZERLET. M2A 0q1<, HIV &
Peig, T EEZRITIE, £EIPBESORERZ
RET AN =Rk > TAIDS 2FmLET. %
DAY — NFEREE (BE»SFRFE TORRE) ©
ERFEER () ZFALTERT 2R TEET.
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B HE

0.10
A
w(7) 0.08
B 1—f0’w<u>da

HIV AIDS 0.06 7
0.04 -
T T 0.021

0.00

X 2: HIV BEOBEMAE. A, HIV BEEL2 S5 AIDS #
RETOBERK. HIV EHEIC AIDS 2377 2 &k
B (NY—F) BRI OMREEER w(r) 2 M
LTERTE 5. B HIVEEN®S AIDS BRETO
ERIBOHEEREE (V14 TVDHEENELEZED).
EHIZH 10 EREZET 22 LA NT VS [4.

& 2B 0#1<, AIDS O REAMIZTE 10 FEETT.
MAREE LY, BERDES 2R —HORREED
BHEEL, BREOMEZEEST 2MEILEEKIN
TEE Uk 4.

B2 8T AIDS BEHEET ML THEL &
5. WHITHRE 1 ERO AIDS BE % o 2 L, AR
ZHATRALA S ¢ SEIRD ATDS BB % o, L UET. &
7=, WATEALA® 1 FELUNOHH O HIV BEERE by
&L, mATHB®R -1 FE» S t FHOME TOHH
HIV BgEEHE by E UET. WRATHVHBLTHS 14
PROETOD AIDS BE oy T 1 FHOHFHH HIV K
e h 2FALT

a1 = hiwg (1)

TEZONET. wy X OFEL#LPEEIZ AIDS &
FRELITHA. RIZ, a2 EXIE, 1FEHDHIV

5
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B hy IARER wy TIET S0, 2 FEH O HIV &
Y ho DMESR wg THRIET DD, TERINBDT

as = hiwi + hawg (2)

LRV ET. HEOE LHEIDWTE A wy 135
N—t Y NREETTDT, hy PHRMIZKE T N4
PIIET D0 BHNETA. AUZ L Z2EVERLEL X
S, ag td hy BESIZDUEWHER we THRIET DM,
hy DHESR w) TIIET D0, & 5\ IE 3 4 H D H
Yot hy DER wy TIIET 5D, 2T RTEXZED
TIN5

ag = hiws + howy + hawp (3)
L7 E9. FAERIC
a4 = hiws + haws + hawi + hawg (4)

b &9, BRI EZMAT W, HIVERERE
AIDS BEHOHIZIE LR O & 5 7% TANTF] ORFR
DBEOIBEY. —RET s L

t
ar =Y how - (5)
T=1

DEHAH (convolution) TERMB XN F T [5, 6].
BAIAB LN AL ¥ VIRARRRH B DIZ, ([
TOTHEFHEEREL VWD XD RMML72<u<ub %>
REHWMPHBDTU LD ? ZOMEMEIIHEE T 2 EUEIZ
LY RBHVET. WE, ETNVOFREEZENULEL
7R, EOEEHPEEN (BEINBE) T, ENAR
BHARZB»r2EZ TRV, LEETIE, =1 X&
ENWEI NG LEEIIRESI NS LET. DFD,
a TEICBRINSETYT. BRPE w, 13, BEOW

6
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F L EHONHEH DB LBELRT VT 4. LU
A, ZZTHELZVOIEREIZSI) 24 HIV B
EHEERT S b TY. BTDIZ, LEHoRNEAEKIZ
AIDS BEHE FHIT 2R TH B2 ICHEH 5T AIDS
BERIBET—XThY, DLAZTOHAELIEHS Iy
ZHID2WOT, ZORE THIE) 22tk
T FOREENREE» S, HEEEL WS HEI A
INBZ ok DT

772U, EETHEFRENEHS WL E, 1L
AEDBETHERZT TR, T4 XDEEFEFE
WEEINTEE L., WHEEREIS 5EHILVE
T ORI AIDS BEBD COBRERAEN
0, BAAARTTFHIERENE T 3] FkT
HNZ, DATOBOICERT 2 Z L BAETT. HEER
Fh 5 1E4D AIDS BEEK arr 1

t
Qg1 = Z hrwiy1—r + her1wo (6)

T=1

THEZONET. i B w DAt T TIHEBLICHEZ N
TWADT, 008 1 TER IZBRFOEIXN"Y TT. 5
2 IE g [ wp = 0 O)i%’é\ Iz &iﬁﬂﬁf‘ % i j— 2 E’ﬁé QAtt2
54

t
Qpro = Z hrwitoa—r + her1wi + hepowo (7)

T=1

LRVET. Tabb, FOLSRRTHEIERIR (%
IZho M5 hy ETHEINTVWADT) BAITHY, %
DD HTHE AIDS Z2FEL IV 5 HIV REEROD
TV EFMAL CERFHIPERRIGETY. 2720, B
QIHEMBEICET 2 BEHRITE oL RIFITHY, £h
SMEHTE ZHPOREE TUIMERTHIERT
EEXRA. TR, FFEERRZ EENL) ky
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HOAZEL THM RO TT. [, e s
LT, @ ir o BT B3 2 1A e o
T, BT AEHREAHEEENESEETHH I L
WATBEEL &9,

BRAEICHSTZETIVE

UL, BIEEOHEEIZHFEMNER S NADE, &
2 HIV/AIDS OFATHIH OB (Fiz 20 i) 12
RoENTEFE LA WS 0%, BEREAB IR E—
A (id) ICHED L WO HEIICHEH- 2R (5) Tl
BIREZLRT DDA D TURL R oD TY.
AR EEEICI U 1 DOEERKRE LT, 1997 55
HIV EHEDHLY 1 NV AL (ART) MR THER
Uiz e EF o g 3. EBREFIBEEIC X - T
BL, MR HELYERT 2 & AIDS 21F & A X H
FRUBWSOWETART IFERBLUE L. £7z, H
ARTiE AIDS O|EFIEICHET A ThNE Lz, 1999
FET, ¥—_A IV ATIIHFERE L IIEN 2 HE
DHYE Uz, BRI HIV BEREBOZN - 5% %
VI 7= B DRIZ AIDS 2 F49% U 7B iR & b L7z ]
PUTHIEEERETAZ IR TWELE. Ly
U, BBEIORE2ET LI LI U THEEKRESED? S
FHEAEFE 54, 1999 FLAREIZAFEIFELTNTL
FWEULE. DF Y, HATI1999 4% BIZRRTIZ
TRTO AIDS BEHZHETES 2R, R(B)IK
o WEREMT D2 LA FEMICATEEIZ R - 7
DTI (7, 11].

BIE, o &5 REEEICHNRLZET IV
LU THEHBIZHIEL IS EBATHWET. K31z
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AIDS B

B 3: HIV Bl e AIDS RHEZOES. BED
HIV/AIDS =41 5 > 228 1) 28587 — R ITHIV
BEOZWr & AIDS BROBEIPHEETHAVARAIET
Ve UTERARETH 5.

BEVAZET N E U TRERSGOMBIZHNINT 25
HEEBEBRLET. &Y A7 ET VIR ZEOEEFR
WECTHERINETH, EBLDohbdEI RV (Fl.
AIDS %) DA OERD 1 Rv b (FlLHIV 2W) %
FRFICNRIZTEHDT, BEYRAIBEELZAI
BEARYIRFEELRY, EWIBAICFHEINE
T2 . X3 Tk AIDS FHFICHA T HIV BE§E OB}
MEAT D eEZNE, HIV BHEH AIDS FEh g
Ny 1 EHUPEHE I NDVWERTHIEIC R LEZE T IV
(ERTREL D 9. ZNONTF—FARE3 DL
SR X NMIICDEET E B IENT — REF LR

") - 6+ p)n2) ®)

D XD Iz T, BRBERBRL 2 © HIV BEHE
h(z) DA RV NBEVR I 2ETMMETEET. 22
T, B 5 HIV 25 AIDS RO W B v
E TCOBWNCE S HHFEZFFEME (induction period)
CIERZ 2L ET. BHEu»S HIV S O®mEH

DHEEVAIZETFNVEEREOEFUTHEAINET. BXLH
BEREDPEELTADREEVEDBHEETMMET B3DILE
BT
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FONTNEL T3 L, FHMIREIE
F*(z) = 1 —exp(—(p/ + p)t) (9)

THAONEKT. F*(x) OWEMEEOEDE 7 &7
%k

¢
Ht = Z hTft*w'r (10)
T==1

L UTEMPAARMNESNET [9]. N — KON
BT I E A s hiuE, R (5) XIEREICR (10)
ZRMAUTHIVEBSRERD ) VN5 A M)y 2H#EE%
ETHZ 2 PAREE D £

WETE D th o T DR

WEFEIRIZREE I HIV/AIDS OEEHE TRV S
HZENFICD E LD, TOMEERERICRES
W72 B AR BDPMUDBIIETRATIZ S W T H RN DK
PHEOHERPENTHOZDIEREEINE L. &
LEEBEETHMEINZON, BETVA VR VAID
REPIZ & > THEL 2 0 VHERIRREE (BSE) 3 0T
RO - FHlE, BEFOEBEIIMEI  hOER
a4 7 )b b¥ a7 (vCID) DREEBOHEE
FIEOMZET L7z, AWRTIEEICEEZPLE LR
MEAETHAL, 1980-90 H4KD BSE O KB RIT D
#Zize b vCID BEZMHEBEIERKI LI & TH
S5NTWET. BSEHZETIE, WhY 5 EMKERD
WEIELERINE Uz, DL ¢ 12 HE o THRR
THEDEH b(a,t) EUATOLSIZETMEENEL
7= [10].

¢
b(a,t) 2/ MMa—(t—w),u)f(t —u)du  (11)

— 0

3 BTIREFRE BITENE T
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30
1 ---- 95% EIXMHE LR
g 5 — Lt
7 - 95% BRI FIR
9]
D 20
2
& 154 pe---
P
D
1 10
x
#
R I I Ry w
K N
O T L A e -nx|11:1|4|x|xs4
—5 0 5 10 15 20 25
Rt OB HB(HD

M 4: KAEBEORFBRELICHTT 2 2 REEEHRE
OETRISEE [11]. HEEORZ 0 1B L 721 2 R
T ML TR TO 2WRBED 5L, EFRRERLT
%D 2WBEPEI > TWEDEEZARLTWNWS,

ZZTHLD fITEREBT, Ma,t) EHEE L2 0EE
Zlt, At o ORPEH TS, EEMRICL>TIE A%
EHItDAIEETIRBHEODH L a DA
HETHHMIIRET 2R2BFOREY R FHEDHEIC
DR, TNENEHET IMEIEEZ FOCRE
INTEELE

5 1 DORBIFEIL, SEEERIBT DR
BRZNCN§ 2R BRI HEMRFRTT. 5
BYR O FIRBFH D & 2 IRERA O FIRIEL £ TORE
e % FyREMRE (serial interval) & BECY, FORER
BEMNs(t) THB L UET. FIFERFOBORELNL,
(1) BREIRDOFFE N 5 2 IR £ TORA & (i1)2 IR
PEDOBENSFERETORAD 2 ODOMTER SN
T, BEITEBREME (H) KErRYERA. 2T,
k(uw) Z{E% ORPEEDVPRFEEFZ w IZBWTEAET
QIRBROMEREETHDH L LET. FFEO z HElh
SRPEMENVER S, BRERIZ2MBLREEILES
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fehz/2b0 LET. 20k E, DTOBGELE
SET.

t
=35 [ st~ s+ udu (12)

i k(@)Y

T, k(i) &idi WO RHEIZ L o TEAIE N
T QR D v Rk U 9. R RIT R o8
fil B BT S I & o THEAHEIC R T B D L »
HEHWMAFONDZ WD T DT, s(t) DRMIZ
B3 EWAELsNE T, AR THINIE, BRI
W & B k(u) OHEERIBIZ BERE#HE LTHWS
Z L IAH[RET Y.

B4z, BRARPE (EE) OFFEHEEZ T 5
T AL & o THEE U 72 RENG HAE DR IZN 33
3 QYRS ORI BEHE 2R U 9 [11). FBA B
TAHEE4-6 HEOREMI R EL, 1HHZD T
20.6 %D 2WBHZRILUTWEEDEHESNEL
. Thbb, REEREFIL, HEALTTIRRESEN
HEUZERICEEIC G 2 Z e TEnE, B
BN IZAD7R < &6 60 %A LD 2 RBHEFIFT A L
NTELZEDOLH/INE Uiz, RAEIL 1970 £RE
TIZHREPSBHENE LD, REEROLINT
FEXh, EYadEe UTHW SN AR EE X
NTWET. 20K, 30 BAREOE WAL TR
Ba LAl eBRVDTHREND Y EFA. TORD,
FEO & R EMFBRENER I N E T
FNOMNEEBRET D _ECHXBELE DR 2IH
EEIRBERZEBET 2 TR L ZRENENLTH Y,
FOWEEIHEFHBEILE->TEXSNE I L 2IELR
TIENTEEL.
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BbHYIC

UEZZHEA LRI BT 20 TT D, BYYE
BEEICEEETUVNREL BZEBAD 122 LT, B
A Ry MHEBILERTERWVWER 2 HRICHEERM
FEHOVFE->TWBZLIZBRIEVWEEELVWERE
WE T, AIDS ORFITR A ETH, HIVICRET 3
[ZDR] IZIFLAEDBEICBWTERIZARSZ &M
TEETA. VIR MBEEETY A IS 25
AHRY, EPEMAEBEBUARABED 2 RBELHRY
TY. BBEOIFLALIZETCRAZVWIOHENEH
WOTED, BPEA RV NEFERE WS BEEARER T
RUMD2ER2BEADLDELZONVEBREETHY, *
DoHEBHAATHHETIHENHFETT. £/
ERERIAEETHY, BRBELAIMIIF—T
RWEE (ERPERERIZL - TERLHE) P
SRDBBRER L HBEEND 2BE, FREADERE
BEREEINRTARERDBIHEERY, 120 DDE
ERLRENEEmICIG L ZET ML FOEALEZT
o TWRRIT IR D EEA.

IREBABE S 10 2 WIERERICEER I LT
LBYSERERIZ, TOEFY VIHEIZDOWT IR
AUWEEBWET,

B ARIIBUIOMEARIE, EEFEHREZHEER
B4 (H26-T 1 R-#F-004), JSPSBHFE 26700028 5 £ O}

JST RISTEX RIZEAA / R— a3 VEED D ORE)
D EZTTHERLbNLELE. ZZIZEE N2 LET.
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