
CHAPTER I

INTRODUCTION

H u m a n  Im m u n o d e fic ie n c y  V iru s  (H IV ) is th e  c a u sa tiv e  a g e n t o f  A ID S  (A cq u ired  
Im m u n o d e fic ie n c y  S y n d ro m e). T h ere  are  tw o  ty p es  o f  H IV  re sp o n s ib le  fo r h u m an  
in fec tio n s: H IV -1  a n d  H IV -2 . T h e  tw o  ty p es  d iffe r  in  th e ir  v iru le n c e  an d  d issem in a tio n . 
M o s t re p o rte d  ca u se  o f  A ID S  a ro u n d  th e  w o rld  has b e e n  a ttr ib u te d  to  H IV -1 . T he v iru s 
d estro y s  a  c e r ta in  ty p e  o f  b lo o d  ce ll, k n o w n  as T -ce lls  o r  C D 4 , w h ic h  h e lp s  th e  b o d y  fig h ts  
o f f  in fec tio n . A  p e rso n  c a n  be  in fe c te d  w ith  H IV  fo r m a n y  y e a rs  b e fo re  an y  sy m p to m s 
o ccu r, an d  d u r in g  th is  tim e , an  in fec ted  p e rso n  c a n  u n k n o w in g ly  p a ss  th e  in fe c tio n  o n  to  
o th e rs . H IV  c a n  b e  tra n sm itte d  b y  sex u a l co n tac t, m o th e r- to -c h ild  tra n sm iss io n  (M T C T ) 
d u rin g  p re g n a n c y  d e liv e ry  o r b re a s t fe ed in g  and  b y  c o n ta c t w ith  in fe c te d  b lo o d  and  o th e r 
b o d y  flu id s.

In  re c e n t y ea rs , s ig n if ic a n t p ro g ress  has m ad e  in  th e  tre a tm e n t o f  H IV -1 in fec ted  
p a tien t, m a in ly  as  a  re su lt o f  th e  d e v e lo p m e n t an d  c lin ica l u se  o f  a n  in c re a s in g  n u m b er o f  
an tire tro v ira l d r u g s ( l ) .  C u rre n tly , 20  a n tire tro v ira l d ru g s  a p p ro v e d  b y  th e  บ .ร . F o o d  and  
D ru g  A d m in is tra tio n  (F D A ): 8 in  N u c leo s id e  A n a lo g  R e v e rse  T ra n sc ip ta se  In h ib ito rs  
(N R T Is) c la ss  (Z id o v u d in e , S tav u d in e , D id an o sin e , Z a lc ita b in e , A b a c a v ir , L am iv u d in e , 
E m tric tab in e , T e n o fo v ir ) , 3 in  N o n -N u c leo s id e  A n a lo g  R e v e rse  T ra n sc ip ta se  In h ib ito rs  
(N N R T Is) c la ss  (N e v ira p in e , D e la v ird in e , E fav iren z), 8 in  P ro te a se  in h ib ito rs  (P is) c lass 
(In d in av ir, R ito n a v ir , S aq u in av ir , N e lfin av ir , L o p in a v ir /R ito n a v ir , A tazan av ir, 
T ip ra n a v ir /R ito n a v ir , A m p re n a v ir)  an d  1 in  en try  in h ib ito r  (e n fu v ir tid e  o r  T 20X 2 ).

W ith  su c c e ss fu l H ig h ly  A c tiv e  A n ti-re tro v ira l T h e ra p y  (H A A R T ), v ira l load  
m easu rem en ts  h a v e  d ro p p e d  b e lo w  th e  lim it o f  d e te c tio n  o f  p re v io u s ly  av a ilab le  
co m m erc ia l a ssa y s  (< 5 0  to  < 5 0 0  H IV -1  R N A  co p ies /m l). T h is  d e g re e  o f  r e d u c tio n  in  H IV - 
1 v ira l load , a n d  th e  g e n e ra l c o n se n su s  th a t H A A R T  th e ra p y  sh o u ld  a im  to  su p p ress  H IV -1 
re p lic a tio n  as fu lly  as p o ss ib le  in  o rd e r  to  a tta in  d u rab le  v iro lo g ie  re sp o n se s , has p ro m p ted  
th e  n eed  fo r e v e n  m o re  se n s itiv e  v ira l lo ad  q u a n tif ic a tio n  a s s a y s ( l ) .
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H IV -1  la b o ra to ry  d ia g n o s is  is co m m itte d  to  th e  a p p lic a tio n  o f  m o le c u la r  b io lo g y  
te ch n iq u es  th a t, to g e th e r  w ith  c la ss ic a l se ro lo g ica l m e th o d s , re p re se n t a  u se fu l ap p ro ach  to  
the  co rrec t d ia g n o s is  an d  m o n ito r in g  o f  H IV -1 d isea se . T h e  q u a n tita tiv e  e v a lu a tio n  o f  
H IV -1 v ira l lo ad  in  p la sm a  is a  p iv o ta l m a rk e r fo r  th e  d ia g n o s is  a n d  p ro g n o s is  o f  H IV -1 
in fec tio n [3 , 4] s in ce  th is  p a ra m e te r  re fle c ts  d irec tly  v ira l re p lic a tio n  s ta tu s  an d  d isease  
ev o lu tio n [5 ]. In  a d d itio n , th e  v ira l lo ad  y ie ld s b a s ic  in fo rm a tio n  fo r th e rap y  m o n ito rin g  
a llo w in g  a  co n c re te  a n a ly s is  o f  t re a tm e n t fa ilu re  cau sed  b y  em e rg in g  re s is ta n c e  to  specific  
an ti-re tro v ira l c o m p o u n d s . M e a su rin g  H IV -1 R N A  in  p la sm a  o f  H IV -in fe c te d  in d iv id u a ls  
is an  im p o rta n t fo r  p re d ic to r  o f  d isea se  o u tco m e  an d  a m a rk e r  o f  a n ti-re tro v ira l d rug  
e ffic acy [6 - 8]. In  a d d itio n  to  C D 4 +  ce ll co u n t, th e  q u a n tita tiv e  a n a ly s is  o f  H IV -1 v ira l load  
y ie ld s in fo rm a tio n  th a t  p re d ic ts  th e  ra te  an d  sev e rity  o f  H IV -1  d ise a se  m o re  e ffec tiv e ly . 
T h e  cu rren t u ltim a te  g o a l o f  a n tire tro v ira l th e rap y  is to  co n tro l th e  p la sm a  H IV -1  R N A  
(v ira l lo ad ) d o w n  b e lo w  th e  lim it o f  d e tec tio n  as o f  50 c o p ie s /m l[2 ].

C o n se q u e n tly , th re e  c o m m e rc ia lly  av a ilab le  m e th o d s  h av e  b e e n  lic en sed  fo r 
titra tio n  o f  H IV -1  R N A  in  c lin ic a l sam p les , in c lu d in g  Q -N A S B A  (O rg a n o n  T ech n ica , 
R a le ig h -D u rh am , N C ), B a y e r  D ia g n o s tic s  ( fo rm erly  C h iro n  D ia g n o s tic s , E m ery v ille , 
C a lif.) an d  R o ch e  M o le c u la r  S y s tem s, Inc. (S o m erv ille , N .J .) , h av e  a d a p te d  th e ir  ex is tin g  
v ira l lo ad  a ssay s  to  p e rm it a  lo w e r  lim it o f  d e tec tio n  o f  50 H IV -1  R N A  c o p ie s /m l[9 ]. T h ese  
sy stem s h av e  b e e n  sh o w n  to  y ie ld  eq u iv a len t re su lts  in  co m p a ra tiv e  s tu d ies[5 ] an d  all are  
su itab le  fo r c lin ica l u se . H o w e v e r , all o f  th ese  c o m m erc ia l k its  a re  s till ex p e n s iv e  ($60  to  
$ 100  p e r te s t)  [9] a c tu a lly  l im itin g  fu ll la rg e -sca le  a p p lic a tio n  in  m o s t se ttin g s , d ev e lo p in g  
co u n trie s  in  p a rtic u la r , a n d  p ro m p tin g  th e  d e v e lo p m e n t o f  re lia b le  c o s t-e ffe c tiv e  in -h o u se  
a s sa y s [10, 11].

R ecen tly , re a l- tim e  P C R  in d ica ted  a n ew  d iag n o s tic  ro u te  fo r  se n s itiv e , sp ec if ic  and  
q u an tita tiv e  m a n a g e m e n t o f  v ira l an d  b ac te ria l in fec tio n [1 2 -1 4 ]. R ea l-tim e  rev e rse - 
tran sc rip ta se  (R T ) P C R  q u a n tita te d  th e  in itia l am o u n t o f  th e  te m p la te  m o s t sp ec ifica lly , 
sen s itiv e ly  an d  re p ro d u c ib ly , an d  is a  p re fe rab le  a lte rn a tiv e  to  o th e r  fo rm s  o f  q u an tita tiv e  
R T -P C R , w h ich  d e tec ts  th e  a m o u n t o f  final am p lified  p ro d u c t. R ea l- tim e  P C R  m o n ito rs  the  
f lu o rescen ce  em itted  d u rin g  th e  re a c tio n  as  an  in d ic a to r o f  a m p lic o n  p ro d u c tio n  d u rin g  
each  P C R  cycle  as  o p p o se d  to  th e  en d p o in t d e tec tio n  b y  co n v e n tio n a l q u a n tita tiv e  P C R  
m ethods.
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T he rea l-tim e  P C R  sy stem  is b a sed  o n  th e  d e tec tio n  and  q u an tita tio n  o f  a 
f lu o rescen t rep o rte r. T h is  s ig n a l in c rea se s  in  d ire c t p ro p o rtio n  to  the am o u n t o f  P C R  
p ro d u c t in  a  reac tio n . B y  re c o rd in g  th e  a m o u n t o f  f lu o re scen ce  em iss io n  at each  cy c le , it is 
p o ss ib le  to  m o n ito r  th e  P C R  re a c tio n  d u rin g  e x p o n en tia l p h a se  w h ere  the  firs t s ig n ifican t 
in c rease  in  the  a m o u n t o f  P C R  p ro d u c t co rre la tes  to  th e  in itia l a m o u n t o f  ta rg e t tem p la te .

W e have o p tim iz e d  an d  c lin ica lly  e v a lu a ted  a  s im p lif ie d  in -h o u se  O n e-S tep  R T  
R ea l-T im e P C R  sy stem . T h e  g o a l o f  th e  s tu d y  is  to  red u ce  th e  risk  o f  co n tam in a tio n  w h ich  
m ay  o ccu r d u rin g  th e  tra n s fe rr in g  step , to  sh o rten  th e  tim e  u sed  fo r an a ly sis  and  m ore  
im p o rtan tly  to  lo w er th e  o v e ra ll cost.
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