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^ non lincar nn)del n developed for an epldennc with conlaû rr.ciug. a.d its dymmic
is studicd. \lt presenr ùe dah for ùe Cùban HMAIDS epidemic .nd tt the ûon ]lncd
model, \re obtaù cslimates for the sire oflhe Cubrn HIV epldenic, ând for rhe nern tinie
for dele.tirg a person thalis intectÈd ùith Hlv

rcra,r&:HMAIDS epidemicr contà.t tiacingi epidenic coûrolidereminnli. nodel.

l. Intmduction

The tirst AIDS case was dirgnoscd in Cubâ in April oT 1986. This signâlled the stall of
rhe AIDS cpidemic in the countr). Some HTV seroposirives h becn dctccted at the end
of 1985. Errlicr the Cùban Govemment had starled taking prevenlive meisures lo lry to
coDtaiù the possible outbreak of the epidemic. Among these nreisùre! wrs â lol bm
on thc import of blood. and blood byproducts. Once the 66t cases were confirmed, a
prcg.Nmme hased on the experience wjth other sexuitlly trân$nitted diseâses was nrrted.
This programmc hrid âmong other neasures.lhe tracing of sexualcontact! ofknown HIV
seropositrves (HIV+). ro prevent rhe spreading of the virus. When â persor is detcctcd
as livin8 with HIV aù epidemiological interview is caffied out by ûe Epidemiolog]
Depafnent of his municipalily or by his làmily doctor (parmer norilicatior). After this
inreniew the Epidemnnogy Deprinment tries lo iocaæ the sexual partners of the person
through the neiwork of thc Herllh System. The person living \rith HIV usu3lly does not
panicipare in this process. though ùey nonnally help in noliliing their present p lne$.
Trying to locate the sexurl pdncrs is n lery complex job ltnd one lhât in some cases
takes a lot of time. This task is onc of high level of pdority lbr the Heâllh S_vstenl, and it
is som€rhing rhat is ir constaDt supcrvision to try to derer,'nine how eilèctive it is fu the
prevenlion of rhe spread of HIV A ll data uscd is for thc pcnod 1 986 2000.

Thc numbcr of  AIDS cases in  Cuba is  l284wi th l l8 femalesrnd966rnâles.Of the
nâlcs 79 l% lrc homo-bisexuah (we consjder the group ofhomo bisexuals to bc tbrmed
b) homolexuals rnd bisexuals). Itere have been 874 dearhs due to AIDS. Through the
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programme a rd.rl oT 3131 HIv+ indilidurls hrlc bcen tbund. 730 lèmaies and 2501
males. Of lhe malcs 8.1 ,lt are homÈbisexuals. T.tblc I givcs tbc new cases detecled hy

,{s we can see. the cpidemic is a snall one. with a populîtun of âround I I millions we

ha\€ a cumuladve incidencc râre ibr AIDS of l16 7 per nillion (7.7 per milll,n per year).

One of the characterisrics of rhe Cuban progranrme for the HIV/AIDS epidcmic is that
there is an active search ofscroposidves through rhe sexual contacrs ofknown Hlv'in1ècted
persons: 307. oT the sercpositi!êc have been fbund through contad nâcing. Thc rest of the
infècted persons are found through â blind search of blood dono|s. pregnant women,
persons wilh olher sexually transnittcd diseâses. elc. Non-parametric estination of tbe
mcin time ittrkcs 1(r iind a sex ual patlner nolilicd by âseroposilive through contact tracing
hâs been found t(' be 54 3 months. with a standârd dclirrion (rr{1631 (Fig. t).

Conract tr.cing hâs been used as â melhod t() control cndemic contâgious diseases
(Hethcote 4 da. 1982i Hethcote & Yorke, 1984). Whilc there is slill a debate aboùt
contact lmcing fù thc HIV iftèction (April & Théloz, 1995; Rulherford & woo. 1988)
the rcsurgence of infectious tuberculosis and outbrcrks of drug rcsislxnt tuberculosis
secondary ro HIV induced inmunodepression is forcing mlny public heâlth departnentt to
re examine this pdicy (Altman. 1997:CDC. l99l). A nn)dclofthc HIV cpidemic allowing
for contact tracing would hclp e'r'ltluate the efièct ofthis metbod ofcontrol oD thc size ofùe
Hlv epidemic. ând give some ideâ as lo ùe effectiveness ofthe Health Slstcn in tinding

Our obiecrive is to model thc contâct lracing âspect of the Hlv detectnrn system.
to try to obtrin some infornration thât could be uselul to the Health System in Cuba in
evâlurling thc wây rhe programme is working. The axthors ha\€ studied othermodcls wrth
lhis objcctile in nind in Lounes & de Arazod (1999). Arazoza "r dl (2000). Thcsc were
esscnliâlly linerr nodels. we will now introduce non linearity 1() model contact trâcing.
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Frc L Kaplan Meier for conlacr tracing

2. The model

As we noled, rhe Cuban programme to control the HIV/AIDS epidenic is b.tsed in the
âctile seàrch ofpersons infeclcd with HIV long betbre they show an) signs ofAIDS. Our
obiective is not to model how new infections by HIV are genemted. but how the HIV-
infcctrd pcr$ns are detecred. We willconsiderthe lbliowing vanables:

(l) xt). the nunberofHlV infected persons thât donolknow lhey are infected at rimù

(2) I(l). the numbcr ofHlV infecled person! that know thcy ârc infccled at time t.
(3) Z(/). the numbcr of penons with AIDS at time I,

with the following consl.tnt coeiTcients:

(l) N, sexually âctilc populâtion.
(2) (|, the rare of recruitment oT new Hlv infècted persons, infected by x.
(31 d , rbc râre ofrecruitrncnt ol new HIV iniècted persons. infected by f.
(4) tr, thc râre âtshich thc unknown HIV inlêcted persons are detected by lhc slsten,

independendy of other se()posilivcs ('rândon' search).
(5) ir, the râte ât which unkno*n HMnlècted persons ar€ derected by the systcm,

through contâcr rlacrng.
(6) ,, the ratc âr which the HIV positives dcvclop AIDS,
(7) /1. the mortalit) rate ofthe sexually activc popuhltun,
(8) /1', the monrlity rare ofthe population with AIDS.
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and we consider the lysrcn only in lhe region, = {x > 0. v > 0. Z > 0}. It is clcâr
lhât 2 is positively invariant undcr thù llow induced by (1).

We ]nâkc four comments about (1):

(l) ln (1) there are rwo wâys individuals go fionl utrtnoùn HIV infected (X) 1(]
'knosn HIV infected (v). One is through the non linear ternl lrxv:thjs is the pan
we .onsidcr to nodel cortact tracing; thc individuâl is ibund rhroùgh his contâcts
with persons thrt âre known to live wilh HMhe othcr wây thcy cân be delected is
ttuough the tenn trX and this term models â11lhe other'random'wrls ol searching
fbr seropositives. IL is inportant to note thal 1/ lL can be viewed as the nc.rn tine
liom inlèction to dcr.clion lirr {he penons tbund not dùough contact traciùg.

(21 The termt2xf nn)dcls contact râcing. The way itis taken indicaies th,ltthc process
is onù that goes on for â long dme and this is the case the nean tjme t(' find r
conl.tcl is 54 3 nonths (Fig. l).I1 we consider that the mean time liom dete.ùon 1()
AIDS is 86 8 monrhs (Fig. 2) wc crn see thar. in the mean. conlrcts are found for
more than hâlfthetinle lhat a person is liling wirhHIV befbre developing AIDS. To

consider one or more classes in the model. one class whcrc conhcts ffe fbund and
ânother (berore AIDSI where contacts lrc no longer found. would complicate the
nodel. and ir is not cleâr that il u,ould give more informâtrcn on thc dynamics of the
epidenic. Of course variations are high: sonc pcrs('ns hâvc vcr) few contacts and
are easy !o locate. others have a lÂrge numher înd somc lrc impossible to locÂte.
Sone persons hNc â lol ot' 'casual contâcts and they do not rcmcmber enough
inlbrmatior on thesc contacts to make i1 possible to find them. Others have less
conlircls but with ! bctlcr knowledge of their full nâme and sone tinres lddresses
thât m*e it possible f(r thc Heâlth System lo lind them. Some contacts. evcn ifthey
ltre liJund. refuse to hc lcstcd lirr HMn general. of more ihan l5 000 conricls. 80S.
hâvc bccn fbund and tesr€d. In generlll we try. as ? lirst approximation, to 6nd our
whrt is the value oftr. rnd rrhât is the general effèct ofit in the tine a person Uving
$ith HIV is delected. The tenn ltxy musl be laten as an approxlmatlon of,t 'lorc
general lcrm t:(X. l) lhat could bc slLrdied in the tuture.

(3) We assume thrit lhe known Hlv infected pcr$ns ârc infèctious. but at a much lorer

rate than thosc that do not know they ar. infcclcd. In this case o will be taken as a

(.1) The passage !r) AIDS is ûrodelled ill a lirear wat. This .ould bc nmdelled in a more
general way. but for lhe Cuban case the belt fit to an incub|tion curve is slill ar
exponential. Thiscânbe seeninFig.3 which -cive! usthecuDùlative hâzârd tunctjon
ibr the rime ro AIDS âs â straighr line. This coresponds to an exponenti.tl nodel.
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FrG 2. Kâplm Nlcicrlor incub.ùn lron delecrn'r

trc.l CLnuhh\e h,ad tun.r,on tonn.ùbarion pcdod

The systemhas two cqùilibria one at Po : (0.0.0) which is the no epidenric case, ard
P* = (J(* . y* . Z*) thc endemic equilibnun. where

'  
d v  d \ t  ô r , o \ l  f

|  =  '  -  : a  y ' -  '  
7  =  t x  ) .  r . 2 r

( r L " . l  1 2 (  u v )  p

$ , i t h  d  :  a N  h - ] , ,  y  = l J + t l .

a @
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The endemic equilibriun is feasible (i.e. P. € 2) ifand only if

(3)

The Jncobirù natrix of ihe lircar rpp.oxirnâtion oT the systen in a neighbourhood of ân
eqtrilibnum l)oinl P = (I. v, Z) is gilen by

l o - b Y  a ' N  b X  0  \'  - ,  - ^ l v  o  It , y  y . 7 \ = l \  a r y  I
\  p  p  p /

There is one eigcnvalue ir = {'. that is alwr}s striclly ncgrlivc. lhrl is associated
with rhe variable Z. wc conclude thal to study the ltability of the eqùilibria oi sysrem (1)
we can resrict ourseives to the stud-! of the equilibria ofthe lystem

dX
r - u \ I  

o \ l  _ r /  - / /  f l X  I X Y

, l v
.  I  \ - V /  / a l Y  ( . 1  1 .  l { l

inrhere- l ion2' :  {1X,y) X >0, r  > 0l  c,  7] ' is posir i le ly invrr imt under the f low
induced by (5).

we denote J I thc .jâcobian matrix for the sysrcm (5) thrl is lbrmed by ùe lirst two row!
and colunxN of the mrlrix J(x. I. Z). we also denolc 00 = 10.0) ând 0" = 1,X'. v').

3. Local stability of 0o âtrd q'

3.1 lr l sklbilir'fot th" point Qa

Thejacobian mânix at the poinl Oo is given by

. r , tour:  ( l  " 'N).
\.Kr ,/ 

|

Oo. and therefore P0, is locally asymptolicrlly stablc (I..t.s. for short) if and only if the
trâce oT Jr is strictly ncgative and its detern n{nt strictly posilivc, i.c.

O o  L a . s .  ( -  o  / < 0  a n d  - ( o / + l r d ' N ) > 0 .

3.2 Local stabilù:^ for th? point Q'

0'. and rherefore P-, is La.s. if and onlt if the lrxce of Jr (0*) is striclly negative and its

deteflninanl slrictl) posilive. i.e.

O '  1 . a . s .  r +  o  y * k z l X * -  v - ) < 0  â n d  o y i k s ' N  > 0 .  ( 6 )

Rri[rARK: O0 l.a.s. implies that either 0* does nol cxisl in oùr domâin, and this is the
casei l ( /  "a 'N)(d+rr)  < 0 or  0.  ex is ts .  and th is  is  thc crsc i f  l ,  aN < 0and
o + tr < 0. but O' is uns(âble.

Let ùs suppose that d/ + trd'N > 0, then 00 n unstable and from (3) aùd (a). 0'
ex isrs i fand only i f l  a 'N > 0 ând o + t r  > 0.

( o ) , + d N k l ) ( n + t r ) > 0

( d r , + a N t r ) ( r ,  d N ) > 0 .
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,1. Globàl stâbility of Oo and 0*

Lets:(.x.vl * f i. then $ t.stx. r)x ] + + {s(r, r)r '} k.eps rhe s ne si-sn in
,'. andusing the Dulac criteria we corclude thal lhere ârc no periodic orbits in the set.

1.1 GlobdL stdbilib.. af Qi

00is1.â.s. i fandonly i fd  <, / , \n ldy+kp'N < 0.  we know thùn that  i f  0-ex is ts .0.

Ler Y bc thc funclion deiined on ,' bl

V(X .  Y )  €  r ' .  Y (X .  f ) :  ) ,X  +a 'N I

Then V is ! Llrtunov iunction lor the ponrt 00 on ,':

V (x .  r )  €  r ' .  V ' (X ,Y t :X ( .o /+c � 'N lL+ t : (d 'N  r ) f ) .

Let-\ ' '  :  l (x. y) € D' v (x, r) :  01.,\r 'L : {(0. y). y > 0}.1nd -\r ' ,  = {(x, y.). x >
0). wher y'exists, for the lâst set.

LÈMMA 1 (1) l ld N ),  < 0. thenl =.\ i  and ?'contr iDs only ( /r .
(2) Ifd'N y > 0. lhen ,\. = .\''r .l -\! ând r' conrrins 0{randO+.

f / ù , ï .  I o .  l  n \

LENlN{a 2 lf ..'N - y < 0, thcn 00 is gkrbâll} âsymptotically stable (g.â.s.lor shon) in
'D'�.

P/ool ln Lenma l, if (1 N - ), < 0. then r; (x. y) < 0 and y'1,{. y) = 0 <+ (X. y) E
-\i. Along the à\is {X : 01. x' > 0. we conclude that the largest invariant sùbset in.\. is
the lingleton {Ool ard fronr l-asalle's invariant principle we conclxde thàr 01r is g.a.s. in
D .

L!.M\ ' IA3IfdN ),  > 0 then d + l r  < 0 and 0'  erdsls.

P r u d  S u p p o s c o + t r  > 0 . l h e n w e h a v e  k t < o  < O < y  < a ' N .

o ) ,  +  a ' N k \  <  0  1 . . . +  o .  L (  r r )  < 0 +  / r L  <  r '

o  \  o  \ \
L /  - { r l l - - - l  0 ) , ,  o v

/  \  v l
, ,nJ rhi '  (onrrrdi ,r .  rhe h)I ' . rh. . i . .

L E N r N { A 4  l f d ' N  } ,  >  0 . l h e n  0 0 i s g . a . s . i n  D r  : [ 0 . X r ]  x  l 0 . y ' l \ { 0 t } .

P r o o J  V ' ( X . y )  < 0 < +  v  <  r . . O n t h e l i n e { I  =  y + 1 .  y '  <  0 r + - T  <  X * r n d
this limits ttê invariant region in which y < 0. Then y is still â Lyapuno! function on
,r and verilies y = 0 on Nr | ,1. On the âxis 1X = 0], X' > 0. ând we concludc ihrt
the largest invarianr subset of rr is the singleron {00} and agrin from Lasalle s invrriant
principle we ger thal 0o is g.a.s. in rr.
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lf o + riL < 0, i! Dr the basin of Oo or is the hîsin of Oo l.trger? Tbe ans$er is i'r the
follo$ing proposition.

PRoPosllroN I Ifû'N I > 0. then the basin ofâttraction of 0o is a dângle lonned
by the axes ând a line thrt gocs lhrough the poxrt O' and hâs lklpe

û + k\  f  a ' , ! i r  I
I  . i .  l

. ( d . v  / r  I  J . v  I

Prool Q. is a srddlc point with a stable and rù unsràblc mnniibld bolh of dimension
one. Let.i.t be the negrli,re eigenvalue and t' lhe eigensprce rs$cirtcd lo ir and lv" lhe
manilold that is tangent to 0* + À' at each poinl E' is the strâighl linc wilh slope

o+k t  I  ( l 'N r r  .  I
" @ N  y )  l y  " ' N - " t l

and this numberis negati!c. This means rhat rhere i! â triangular region fo.m€d by the axes
and tJ thât ibrms the b.ain ol 0o A rajectory that stâtls in this region cnnnot leave the
rcgioD bccausc the \'€ctor field at thc âxcs poinls inwards andjt cannotcross lt'. Therelbre
this region is in!àriânr Ând all trujecto.ics slârting inside the region mult havc Oo lrs it

!
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4.2 Globdl st,ibiLib* 4 Q'

ln the case where the point 0' is tèasible the phise portrrir lbr lhe slstem fornred by

lhe first lùo equation! of (l) is divided inlo three cases according to thc ulue of o. We

consider the cùrves Cl whcrc X' = 0 and C: where v' : 0 in thc rcgion 1?:

(1) o < 0. In this câsc the two curves CL and C2 divide ùc qu.tdrânl into lbur regn)ns

rs dcnoted in fig. ,1. Thc union oT regiors ll. lll and IV (dcnotcd by .S) fomts
â posiliyely invariant donr.tin. E\ery trajectory stating in this region srays in the
region ùd cvery trajecbry starling ât â point (ro..ro) € .S is contained in âcompact
set detennincd by the boundarlr of.ç xnd the line -' = !0. Therefore, aDy trrjectory

thât enters S stâys ir it, and the ,) limit set of any trajeciory in.S is thc point 0'
lthere are no other stable critical points and there are no limit cyclet). A titjectory

that stafts in I mLrst enter.S. ar x'is ncgrtile in I mdthe lectorfield is lransvcrsâl in

the boundary of.S. ln this case ihen lll trâiectories enter S and they hÂve as o lirnil

set the point 0*. Then the poin! O' is globally srable.
(21 o = 0 (Fig. 5). In this case the curve Cr is â lcrticâl line and is a rajecror) of thù

systen (in realily. rhree tnjectories, two half lines aid the point 0*). This divides
the phase plane inlo t$ro pins that are positively in!âriânl. If a lrrjectory staûs ir I.

then X is decreasing rnd v i s increasing: thi! implies thatthe lrijcclory entersregion
II rt r point (Jr. _rr). rs thc llow is transversal along Cr. We can theù build a rectangle
by tâk i 'g  the rectangle fomcd bt  the points { ( i0 .  - fo) ,  ( . r r , . }L) .  û?. I r ) ,  ( r2.  l0)1.
where r, is any value 0 < rr < X". The trâjectory stays inside this rectangle.

therefore its dlimil let is thc point O". A similar anallsis can be done if the

trajectory stârts aI a point in III orIV
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It ll

z t ) = Q  
J , ' , e r ' ' ' ( x ( t + ) ' ( r ) ) d r + z u r ) .  

" '  t  0  :  / > / 0 .
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(3) o > 0. As rhe phase poftrait indicatcs (Fig. 6). if a mjeclory stirts al a poirt (.r0, l'0 )
in I lhen it must cross into region lI at â poinl (rr,Ir)i then il goes inlo lll â1a point
(-rr. _f2) fronr there it goes irto region IV !t (-rr. ]r) and lrom therc bâck to region
L Thi! estlblishes â circulÂr llow The trajector] stlys insidc a rect!ùgle oTvertices

{( . r r .  io) .  ( rL.  t2) ,  ( r r .  )  r ) .  ( r r .  to) l  and as there are no cbsed orh i ts  thc d l in i t  set
is the point O'.

From the analysis ofthese lhree câses we obtain the lollosing theorem.

THEoREM I In the system (5), ifthe equilibnum poinr 0'erisrs in lhe positive quad.ant
ând il is locallt stible then it is globally isyûprolicâll] srable.

From this result we can now look into the global stability ofthe point P* in slsren (1).

T H E o R E r v r 2 l n s y s t e m ( l ) , i f t h c c q u i l i b r i u m p o i n t P * e ) d s t s i n t h e r e g i o n D a n d i l i s
locall] srable then it is globrlly asynprolicâlly slable.

P/o., The pnn rests on the globalstabiliiy ofthc toint 0' for thc systcn (l).lntegrating

the lasr equaton in (l) we obtain
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U Â :

B \  L  H o p r r J l  .  r u l e ,  : f  l i m  Y , I )  -  l  
r  

J n d  l r n  t  . / ,  y 0  r h .  n

,  p , )  / '  Y  / , r  F ( Y o  , ' )

tL' t1'

As rhc poinr O* is globally rsynprorically stable in the syltem (5). rhen X0 = -X' and
fo : f* and \!c have

Ê tx"  + y ' . l
l i m  7 . t \  _  7 '

p

Nolv le t  (X( / ) ,  I (1) .  Zt ) )  be a solut ion of  ( l ) .  ThÈn

(_x() ,  ) i  ( i) ,  Z(t) l  \X' .  y'  ,  Z' l  -  < X0) - x" -
+  r ( )  Y ' - +  z l l )  z "  -

and this tends to 0.

5. Àpplicârion to the Cubân HMAIDS datâ

we will use rhe model (l) to iit the data lor ihe known HIV positlles rnd AIDS cases in
Cubâ. We use the tbllowing v.tlues tbr rhe paraneters:
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I

X(0) = 230. esùnâled tiom the nunber ofHlv positives that were found âfter 1986
ând were already infectcd rl thrl lime,
v(0) = 94. number ofHIV positives that were alive ât the end of 1986.
Z(0) = 3, number ofAIDS cascs rhrl were alive at the end o11986,

|l = 00053, yearly nortaliry rlite lbr ùe HIV+ cases fbr 199l-1997. (S.D. =

0 00254), computed from the lunbcr ofdenth tbr HIV infècted persons not relrted
to AIDS,

/r' € [0 66. 0 85 ]. obtained fronr thc 95 E coniidence inlerval ibr the nledian of the
survivallime ro AIDS.
dN :0 5594 is obtâined from parameler I in Arâzorâ etd1. (2000).

we fit the model to thc data to obtain values fo. (1 .lr. t, and , by minimizing a relative
er|or function. As trrdilionâl optimization methods failed to wo|k propcrl) we used a
genetic algcithm approâch. To compute stardard errort for the pardnrelers. 300 liriing
runs were mâde using diferent v3lues lbr il and t' taken randomly from their conlidence
inierval.

We obtâin the values shown in Table 2 (a'=, ûr.
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0.05t9 0.0355
0 37,11 0 039 79
0 000022? 0 000 0l:167
0 10788 0.00167i

Flc 7. Cnbm HIV cDldcùc

ln Fig. 7 (kno\rn Hlv) and Fig. 8 (AIDS) we cân see the data and the cune given by the
model using the nean value for thc pùâmeters.

6. Discussion

Ftum the valucs we have obtained. we can see that l, is thc p.|rlmeter thrt vrries ùe nlosl
(relatively). The v.rlùe of rhe equilibrium point P' is very sensitive to these vffixlions.
as t, appears in the denominator of (2). If we take a value for i, in the uppcr bâll ol
the confidence inlcrval. tbr example /rr : 0.000085. we get lhe endemic point Pï =
( 4 8 7 . 2 6 6 5 . 4 2 0 ) . b u t i f w e t a k e t h e m e a n v a l u e w e g e t P i : ( 1 9 9 6 .  1 1 0 5 0 ,  1 8 7 2 ) .  T h i s
gives us an epidenric thât cân go lion a rate of324 per million to one of 1356 per million.
Points Pi and Pj are in the region 2. and as conditions siven in (6) are satisfied the,"" are
globally isynptotically stable lbllowing Theorem 2.

Point Pi gir€s us â totrl of 324 per nillion as the râte ol persons living with Hlv/All)S
at the equilibrium. and 38 per millbn living wilh AIDS. The level lbund ibr the nunber
ofunknown HIV inlècted persoDs (487) is consisrent wilh the one ibund in Arazoza dr.rl.
(2000) whcrc it uas lound thal the numbcr of unknown HMnlèctcd pcrsons lbr the year
1997 wâs in thc inæn'al 1342,4861.
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FIG 8 Cùhn AIDS epidenic.

kr ma]- be considered as thc inverse of the average time fron infection to delection
for â pùnon rhâr is detected not throtrgh contact tracing but t}rough orc ofthe 'blind or
'rrndom types ol search for seropositivcs. In this case,lbr an optimal value of tr, the vâltrc
we get is 34 months or 2.85 year!. ln AraToza srdl. (2000) r sirnilar coefiicient was found

but including also contâcttracing. and altha!time wc ohtâincd â vrlue of26 tno hsor2.2
yeaN tbr the aleragc line beNeen infection and dcteclion. We can see here that conta.t
aacing is an impolÎant elenent in the control of ihe epi.lcnic r,'ithout contacl tmcing
a perlon infected wilh HIV is not aware of his infcction for âlmost three yearsi conucl
tracing helps reduce this time by 23?..

Parameter lr is crucill for the size of the epidemici the Health Slstcm should continue
to improve the efliciency ofcontict tncing.

The resulrs obtained fron the nodel give indications that any seafch mcthod that is
bâsed on rârgeting a grcup thâ1 hlts been in contact with persons lhat cany the human
inmunodeliciency vims is fir lnore imporant in the control of lhe epidemic thân â nerhod
rhrt i s directcd lo the general popuhrion. Special emphasis shouldbe devoted t{) inslrumenl
such scârch nethods ifthe HIV/AIDS is ro be contolled.
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