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CHAPTER I I I

LITERATURE REVIEW

H u m a n  Im m u n o d e fic ie n c y  v iru s  ty p e  1 an d  2 (H IV -1  a n d  H IV -2 )  is th e  cau sa tiv e  
ag en ts  o f  A ID S  (A c q u ire d  Im m u n o d e fic ie n c y  S y n d ro m e). In  1983 , th e re  w ere  tw o  rep o rts  
o f  re c o v e ry  o f  a  v iru s  c o n ta in in g  re v e rse  tran sc rip ta se  en z y m e  (R T ) fro m  ly m p h  node  o f  a 
m an  w ith  p e rs is te n t ly m p h a d e n o p a th y  sy n d ro m e  (L A S ) b y  M o n ta g n ie r  e t a l  and  the  
iso la tio n  o f  H T L V  fro m  in d iv id u a ls  w ith  A ID S  b y  G a llo  e t a . /(1 5 , 16) L a te r  in  1983,
M o n ta g n ie r  an d  c o lle a g u e s  sh o w e d  th a t  th e  iso la ted  v iru s  th e y  iso la ted , w h ic h  w as la te r 
c a lled  L A V  ( ly m p h o d e n o p a th y -a s so c ia te d  v iru s) , (1 7 ) c o u ld  p ro d u c tiv e ly  rep lica te  in  
C D 4 +  ly m p h o c y te . In  1984 , G a llo  a n d  co lleag u es  c h a ra c te r iz e d  H T L V -III , w h ich  w as 
iso la ted  fro m  p e rip h e ra l b lo o d  m o n o n u c le a r  ce ll (P B M C s) o f  A ID S  p a tien ts (1 8 ). A lso , 
L ev y  an d  c o lle a g u e s  re p o rte d  a  re tro v iru se s  n a m e d  th e  A ID S -a sso c ia te d  re tro v iru ses  
(A R V ) iso la te d  fro m  A ID S  p a tie n ts  in  1984(19). T h e  th re e  p ro to ty p e  v iru se s  (L A V , 
H T L V -III, an d  A R V ) w ere  re c o g n iz e d  as m em b ers  o f  th e  sa m e  g ro u p  o f  re tro v iru se s  in  
L e n tiv ir id a e  fam ily .

H IV -1 , H IV -2  a re  m e m b e r  g en u s  L en tiv ir in ae  o f  fa m ily  R e tro v ir id a e . T h ey  are 
en v e lo p ed  p lu s -s tra n d  R N A  v iru se s , w ith  a  d ia m e te r  o f  a b o u t 110 n m . In fe c tio u s  p artic les  
co n ta in  tw o  id e n tic a l c o p ie s  o f  s in g le -s tra n d  R N A  o f  a b o u t 9 - 1 0  k ilo b a se s . T h ese  are  
su rro u n d ed  b y  s tru c tu ra l p ro te in s  th a t  fo rm  th e  n u c le o c a p s id  a n d  th e  m a tr ix  sh e ll, to  w h ich  
a  lip id  en v e lo p e  d e r iv e d  fro m  th e  h o s t ce ll m em b ran e  a re  in se r te d  in  th is  en v e lo p e . O ne 
fea tu re  th a t d is tin g u ish e s  th e  len tiv iru se s  fro m  o th e r re tro v iru se s  is th e  rem ark ed  
c o m p lex ity  o f  th e ir  v ira l g en o m es . M o s t re tro v iru se s  th a t a re  c a p a b le  o f  re p lic a tio n  co n ta in  
o n ly  th re e  s tru c tu ra l g en es- n am e ly , g a g , p o l,  an d  env (20 ). T h e  g a g  an d  en v  genes en co d e  
th e  co re  n u c le o c a p s id  p o ly p e p tid e s  an d  su rface -co a t p ro te in s  o f  th e  v iru s , resp ec tiv e ly , 
w h ereas  th e  p o l  g en e  g iv es  rise  to  th e  v ira l rev e rse  tra n sc r ip ta se  a n d  o th e r essen tia l 
en zy m es. T h e re  a re  s ix  a d d itio n a l re g u la to ry  g en es- vif, vpu , vp r , ta t, rev , an d  nef. It is the 
d is tin c t b u t c o n c e rte d  a c tio n  o f  th e se  ad d itio n a l g en es th a t p ro b a b ly  u n d e rlie  th e  p ro fo u n d  
p a th o g e n ic ity  o f  H I V - 1.
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A  g ro u p  o f  re la te d  v iru se s  c a lled  s im ia n  im m u n o d e fic ie n c y  v iru se s  (S IV ) na tu ra lly  
in fec t v a rio u s  sp ec ie s  o f  O ld  W o rld  m o n k e y s  an d  th e  c h im p a n z e e s . T h ese  p rim ate  
len tiv iru se s  a re  c a te g o r iz e d  in to  f iv e  m a jo r  lin eag es . L in eag e  1 c o n ta in s  v a rio u s  iso la tes  o f  
H IV -1  w h ic h  a re  su b c la s s if ie d  in to  th re e  g ro u p , n a m e ly  M  (m a in ), o  (o u tlie r) , and  N (21 ). 
T he e x tra o rd in a ry  v a r ia b ility  o f  H IV , d u e  to  ra p id  m u ta tio n  a n d  reco m b in a tio n , has led  to  
th e  d e v e lo p m e n t an d  g e o g rap h ica l d is tr ib u tio n  o f  v a rio u s  d is tin c tiv e  c lad es , o r sub types, o f  
v iru se s(7 , 22). H IV -1  g ro u p  M  is d iv id ed  in to  su b ty p es  A  to  K . Iso la te s  o f  g roup  o  d iffe r 
as m u c h  fro m  e a c h  o th e r  as  do  v iru se s  fro m  d iffe re n t su b ty p e s  o f  g ro u p s  M , b u t th e ir  
lim ited  n u m b e r h a s  so  fa r  p re c lu d e d  a  d e fin itio n  o f  d is tin c t su b ty p e s . G ro u p  N  v iru ses have  
b een  iso la te d  fro m  o n ly  tw o  in d iv id u a ls  fro m  C am ero o n (2 3 ). F iv e  su b ty p e s  o f  H IV -1 (A  to 
E ) h av e  b e e n  d e fin ed . H IV -1  su b ty p e  B v iru se s  w ere  re sp o n s ib le  fo r  th e  firs t ep id em ic  in  
N o rth  A m erica , E u ro p e , A u s tra lia , an d  th e  m e tro p o lita n  c e n te r  o f  o th e r co n tin en ts  in  the 
la te  1970s an d  e a r ly  1980s. S u b ty p e  F h as  b e e n  fo u n d  in  B ra z il a n d  R o m an ia , and  G  is 
p re v a le n t in  R u ss ia . A lm o s t a ll H IV -1  su b ty p es  are  fo u n d  in  A fr ic a , w ith  sub types A , c, 
an d  D  b e in g  th e  m o s t p re v a le n t in  th a t co n tin en t. S u b ty p e  c is a lso  rap id ly  sp readed  
w o rld w id e  an d  m o s t g lo b a lly  p re v a le n t su b ty p e ,(2 4 ) w h e re a s  g ro u p  o  v iru se s  are rare ly  
iso la ted  an d  a lm o s t e x c lu s iv e ly  re s tr ic te d  to  p e rso n  o r ig in a tin g  fro m  C am ero o n , G abon , 
an d  G u in ea . T h re e  m a jo r  H IV -1  su b ty p es  a re  d o m in a n t in  A s ia  (C , C R F _ 0 1 A E  and  B). 
S u b ty p e  c is th e  m o s t c o m m o n  fro m  in  Ind ia . In  S o u th e a s t A s ia n  co u n trie s  su ch  as 
T h a ilan d , C a m b o d ia , B u rm a , an d  V ie tn a m , th e  c irc u la tin g  re c o m b in a n t from : C R F 0 1 _ A E  
d o m in a te s , a lth o u g h  su b ty p e  B an d  c are  fa irly  c o m m o n . S u b ty p e  B p red o m in a tes  in 
Jap an , T a iw an , an d  th e  P h ilip p in e s , a lth o u g h  C R F  0 1 A E  h as  recen tly  beco m e m ore 
p rev a len t in  th e  P h ilip p in e s . In  C h in a , d iv e rse  H IV -1  s tra in s  h av e  b e e n  id en tified . S ub type  
B , c, C R F 0 1 _ A E , an d  C R F 0 8  B C  are  c irc u la tin g  in  in d iv id u a ls  w h o  acq u ired  H IV  
in fec tio n  se x u a lly , w h e re a s  su b ty p es  C R F 0 8 _ B C  (m o re  th a n  8 0 % ) an d  C R F 0 7 _ B C  have  
b een  d e te c te d  in  in je c tin g  d ru g  u se rs . B u t in  th e  H IV  e p id e m ic  in  p a id  b lo o d  donors in  
H en an  an d  H u b e i p ro v in c e s , H IV -1  su b ty p e  B is m o st c o m m o n . A c tiv e  reco m b in a tio n  is 
u n d e rw ay  in  th e  re g io n , a n d  n e w  fo rm s o f  H IV -1  in te rsu b ty p e  C /B  an d  C /B  /E  
re c o m b in a n ts  w ith  d if fe re n t re c o m b in a tio n  b re a k p o in ts  h a v e  re c e n tly  b e e n  rep o rted  from  
cen tra l B u rm a  a n d  fro m  C h in a (2 4 ).
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T h e  tra n sm is s io n  o f  H IV  u su a lly  req u ire s  tra n s fe r  o f  b o d ily  flu id s. T he m o st 
im p o rta n t o f  th e se  a re  b lo o d , sem en , an d  v a g in a l s e c re tio n s  th a t  c o n ta in  th e  v iru s , o r  m ay  
p e rm it th e  tra n s fe r  o f  c e lls , e sp ec ia lly  m ac ro p h ag es , c o n ta in in g  v iru s (2 5 ) . In  g en era l, H IV  
is tra n sm itte d  b e tw e e n  h u m an s  in  th e re  w ays(26 ).

1. S ex u a l tran sm iss io n : sex u a l co n tac t w ith  an  in fe c te d  p e rso n
m a le  to  m ale  
m a le  to  fem ale

- fem a le  to  m ale

2. B lo o d -b o rn e  tran sm iss io n : ex p o su re  to  in fe c te d  b lo o d  o r  b lo o d  c o m p o n e n t from  
an  H IV -in fe c te d  d o n o r

B lo o d  tra n sfu s io n  
S h a red  in je c tio n  eq u ip m en t

3. V e rtic a l tra n sm iss io n
- p e r in a ta lly  fro m  a n  in fec ted  m o th e r to  h e r  c h ild
- p o s tp a r tu m  fro m  n u rs in g  m o th e r (p re su m a b ly  th ro u g h  b re a s t feed ing )

S ex u a l tra n sm iss io n  acc o u n ts  fo r th e  m a jo r ity  (7 5 % ) o f  c a se s  o f  H IV  In fec tio n  
w o rld w id e . T h e  n u m b e r  u n p ro te c te d  sex u a l co n tac ts , th e  s tag e  o f  in fe c tio n  (w h ich  m ay  
d ic ta te  th e  v ira l lo ad ) a n d  th e  ex is ten ce  o f  g en ita l u lc e ra tio n  m a y  a ll in c rea se  the  risk  o f  
tra n sm iss io n  an d  th u s  p lay  im p o rtan t ro le  in  th e  sex u a l sp re a d  o f  H IV .

In fe c tio n  ty p ic a lly  b eg in s  w h en  an  H IV  p a rtic le  e n c o u n te rs  a  ce ll w ith  a su rface  
m o lecu le  c a lle d  c lu s te r  d e s ig n a tio n  4 (C D 4). C e lls  w ith  th is  m o le c u le  a re  k n o w n  as C D 4 
p o s itiv e  (C D 4 + ) ce lls . O ne o r m o re  o f  th e  v iru s gp  120 m o le c u le s  b in d s  tig h tly  to  C D 4 
m o lecu le (s )  o n  th e  ce ll su rface (2 7 , 28). T h e  m em b ra n e  o f  th e  v iru s  a n d  ce ll fuse , p ro cess 
th a t p ro b a b ly  in v o lv e s  b o th  gp41 an d  a  seco n d  “ fu s io n  c o fa c to r” m o le c u le  o n  th e  cell 
su rface , k n o w n  as ch em o k in e  re c e p to r ,(29 , 30) a lth o u g h  C D 4 +  T  c e lls  ap p e a r to  be  the  
m a in  ta rg e t o f  H IV , o th e r  im m u n e  sy stem  ce lls  w ith  C D 4  m o le c u le s  o n  th e ir  su rface  are 
in fec ted  as w e ll. T h ese  in c lu d e  m o n o cy te s , m a c ro p h a g e s , L a n g e rh a n s  ce lls  o f  th e  skin , 
fo llicu la r d e n d ritic  ce lls  in  th e  ly m p h  n o d e , a lv e o la r  m a c ro p h a g e s  in  th e  lu n g , re tina l ce lls , 
and  ce lls  o f  th e  u te rin e  ce rv ix . In  ad d itio n , H IV  m ay  in fe c t m ic ro g ia l c e lls  in  th e  b ra in
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A fte r  a t ta c h m e n t an d  in te rn a liz a tio n  o f  H IV , th e  H IV  v ir io n  is  p a r tia lly  u n co a ted  in  
p re p a ra tio n  fo r  re p lic a tio n  p h ase  o f  its  life  cyc le (3 4 ). V ira l re p lic a tio n  in  cy to p lasm ic  
c o m p a rtm e n t re ta in s  n u c le o c a p s id  p ro te in s  w ith  th e  g e n e ra tio n  o f  a  c o m p le m e n ta ry  D N A  
(cD N A ) co p y  o f  th e  v ira l R N A  w h ich  is m ed ia ted  by  th e  re v e rse  tra n sc rip ta se  (R T ) 
en zy m e  e n c o d e d  b y  H IV . S ix  o f  th e  n in e  an tire tro v ira l d ru g s  a p p ro v e d  in  th e  U n ite d  S ta tes 
fo r th e  tre a tm e n t o f  p e o p le  w ith  H IV  in fe c tio n  (A Z T , d d c ,  d d l,  d 4 T , 3 T C  an d  n ev irap in e ) 
w o rk  b y  in te rfe r in g  w ith  th is  stag e  o f  th e  v ira l life  cy c le (3 5 ). S e c o n d -s tra n d  D N A  sy n th esis  
is a lso  c o n tro lle d  b y  th e  re v e rse  tra n sc rip ta se  b u t p ro ceed s  o n ly  a f te r  th e  a c tio n  o f  a  seco n d  
p o l  g en e  p ro d u c t, r ib o n u c lé a se  H  w h ic h  p a rtia lly  d eg rad es th e  o r ig in a l R N A  tem p la te . T he 
n ew ly  m ad e  H IV  D N A  m o v es  to  th e  ce ll n u c leu s , w h e re  it  is  sp lic e d  in to  th e  h o s t D N A  
w ith  th e  h e lp  o f  H IV  in te rg rase . O n ce  in co rp o ra ted  in to  th e  c e ll g e n o m e , H IV  D N A  is 
ca lled  a  “p ro v iru s” (36 , 37).

F o r a  p ro v iru s  to  p ro d u ce  n e w  v iru ses , the  sp ec ia l L T R  se q u e n c e  co n ta in s  the 
ap p ro p ria te  p ro m o te r , e n h a n c e r, an d  o th e r s ig n a ls  req u ired  fo r  t ra n sc r ip tio n  o f  g enes by  th e  
h o s t R N A  p o ly m e ra se  11(36, 38). S o m e o f  th e  R N A  w ill b e  u se d  to  fo rm  th e  gene tic  
m a te ria l o f  n e w  v ira l p a rtic le s  an d  so m e w ill be  u sed  to  d ire c t  th e  tra n s la tio n  o f  H IV  
s tru c tu ra l p ro te in s  o r  re g u la to ry  p ro te in s , w h ich  w o rk  to  c o n tro l v ira l re p lic a tio n . T h e  n ew  
v irio n s  are  p ro d u c e d  fro m  m u ltip le  co p ies  o f  th e  v ira l p ro te in s . T h e se  p ro te in s  are fo rm  as 
large  p re c u rso rs  - lo n g  c h a in  p ro te in  m o lecu le s , w h ich  a re  th e n  sp e c if ic a lly  c leav ed  to  
b eco m e  th e  e n z y m e s  a n d  s tru c tu ra l p ro te in s  o f  th e  n ew  v ir io n s .

T h e  a s se m b ly  o f  a  n e w  v iru s  p a rtic le  b eg in s  w ith  tw o  o f  p re c u rso r  p ro te in s 
co llec tin g  a t th e  e d g e  o f  th e  ce ll, w h e re  th ey  jo in  to g e th e r a n d  a tta c h  th e m se lv e s  to  th e  h o st 
cell m em b ran e . T h e y  b e g in  to  fo rm  a  sp h erica l s tru c tu re , w h ic h  b u lg e s  o u tw a rd s  from  the  
cell m em b ran e  a n d  d ra w s  tw o  stran d s  o f  v ira l. R N A  in to  it. A n  e n z y m e  c a lled  th e  fina l 
s teps o f  p ro te in  c le a v a g e  as fo llo w s: firs t, it cu ts i ts e lf  free  f ro m  th e  p o ly p ro te in  m o lecu le ; 
then , th e  p ro te a se  w o rk s  to  c leav e  a ll th e  o th e r v ira l c o m p o n e n ts  fro m  th e  cycle . E ig h t 
d rugs (In d in a v 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)  h a v e  b e e n  ap p ro v ed (2 ). T h e  re m a in in g  p ro te in  se g m e n ts  m ak e  up  the

which may not bear CD4 surface proteins(31-33). Cell-to-cell spread o f HIV also can occur
through the CD4-mediated fusion o f an infection cell with an uninfected cell. Following
fusion, the HIV RNA, protein, and enzymes are released into the target cell.
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p ro te in  c o a t th a t su rro u n d s  th e  R N A  an d  th e  v ira l e n z y m e s , fo rm in g  th e  in n e r ‘c a p s id ’, a t 
th e  co re  o f  th e  v iru s  p a r tic le . A  th ird  s tru c tu ra l p ro te in , th e  e n v e lo p e  g ly co p ro te in s , w h ich  
to g e th e r  w ith  e le m e n ts  fro m  th e  h o s t ce ll m em b ran e , to ta lly  e n c lo se  th e  n e w  v iru s  partic le , 
w h ic h  le a v e s  th e  c e ll  in  p ro c e ss  k n o w n  as b u d d in g (3 5 ).

The Immunopathogenesis of HIV Infection

T h e  ra te  o f  p ro g re s s io n  o f  H IV  d isease  m a y  b e  su b s ta n tia lly  d iffe re n t am o n g  H IV - 
in fec ted  in d iv id u a ls . F o llo w in g  in fec tio n  o f  th e  h o s t w ith  a n y  v iru s , th e  d e lic a ted  ba lance  
b e tw e e n  v iru s  re p lic a tio n  a n d  im m u n e  re sp o n se  to  th e  v iru s  d e te rm in es  b o th  th e  ou tcom e 
o f  th e  in fe c tio n , i.e . th e  p e rs is ten ce  v e rsu s  e lim in a tio n  o f  th e  v iru s  a n d  d iffe re n t ra tes o f  
d isea se  p ro g re s s io n (3 9 , 40 ).

i) Clinical Course of HIV Infection.

T h e  c lin ic a l c o u rse  o f  H IV  in fec tio n  g en e ra lly  in c lu d e s  th ree  p h a se s  o r  
s ta g e s -p r im a ry  in fe c tio n , c lin ica l la ten cy  an d  A ID S . S u c h  a  co u rse  o f  in fec tio n  is 
c h a ra c te r is tic  o f  th e  so -c a ll ty p ica l p ro g re sso rs  w h e n  re p re se n t th e  m a jo rity  o f  H IV - 
in fe c tio n  in d iv id u a ls . T h e  n a tu ra l h is to ry  o f  H IV  in  A s ia  v a r ie s  fro m  w h a t h as  b een  seen  in  
o th e r p a r ts  o f  th e  w o rld . In  A sia , p ro g re ss io n  fro m  H IV  in fe c tio n  to  A ID S  is fa s te r th an  in  
the  W est: 6 .9  y e a rs  in  a  T h a i co h o rt and  7 .9  y ea rs  in  an  In d ia n  s tu d y , co m p ared  w ith  10 
y ears  o r  m o re  in  m o s t p re -H A A R T  w este rn  co h o rts(2 4 ).

ii) Primary Infection

A p p ro x im a te ly  th re e  to  s ix  w eek s  a fte r  in itia l in fe c tio n , 5 0 -7 0 %  o f  H IV - 
in fec ted  in d iv id u a ls  d e v e lo p  an  acu te  m o n o n u c le o s is - lik e  sy n d ro m e . T h is  p erio d  is 
a s so c ia te d  w ith  h ig h  lev e ls  o f  v irem ia , an d  w ith in  o n e  w e e k  to  th re e  m o u n ts  there  is an  
an tib o d ie s  re sp o n se  to  H IV . T h is  im m u n ity  is a p p a re n tly  in a d e q u a te  to  su p p ress  v ira l 
re p lic a tio n  c o m p le te ly , s in ce  H IV  ex p re ss io n  p e rs is ts  in  ly m p h  n o d es  e v e n  w h en  p lasm a 
v ire m ia  is d iff ic u lt to  d e tec t. D e tec tab le  v ire m ia  d ec lin e s  m a rk e d ly  o r  d isap p ea rs  w eeks to 
m o u n ts  a fte r  th e  a c u te  sy n d ro m e  su b sid es. A lth o u g h  a  su b s ta n tia l p e rc e n ta g e  o f  pa tien ts 
w ith  H IV  in fe c tio n  d o  n o t h av e  a c lin ica lly  re c o g n iz a b le  acu te  sy n d ro m e  a fte r  p rim ary  
in fec tio n , th e  e v e n ts  d e sc r ib e d  abo v e  p ro b ab ly  o c c u r  e v e n  in  th e  ab se n c e  o f  sym p to m s.
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iii) Clinical Latency

M o st p a tie n ts  h av e  a  p e rio d  o f  “c lin ica l la te n tly ”  th a t  la s ts  fo r  y e a rs  a fte r  p rim ary  
in fec tio n , v ira l d is tr ib u tio n , th e  ap p ea ran ce  o f  H IV -sp e c if ic  im m u n ity , a n d  th e  ap p a ren t 
c u rta ilm e n t o f  v ira l re p lic a tio n . D u rin g  th is  p e rio d  v ir tu a lly  a ll p a tie n ts  h av e  a  g radual 
d e te rio ra tio n  o f  th e ir  im m u n e  sy stem , m an ifes ted  p a r tic u la r ly  b y  th e  d e p le tio n  o f  C D 4 +  T  
cells . A lth o u g h  th is  d e p le tio n  m ay  o ccu r ev en  w ith o u t la rg e  in c re a se s  in  p la sm a  
c o n cen tra tio n s  o f  v iru s  (a s  m a n ife s te d  b y  p24  an tig en em ia , v ira l  R N A  le v e ls  o r  cu ltu rab le  
v iru s) , v ira l re p lic a tio n  in  ly m p h o id  o rgans, to g e th e r  w ith  th e  sp e c tru m  o f  im m u n o lo g ic  
ev en ts  th a t a re  d ire c tly  o r  in d irec tly  tr ig g e red  b y  th e  v iru s , m a y  c o n tr ib u te  to  it. T h u s , H IV  
d isea se  is  c le a r ly  p ro g re s s iv e  d u rin g  th e  so -ca lled  la ten t p e rio d .

iv) AIDS-Deflning Illness

A ID S -d e fin in g  illn e ss  o r  c lin ica lly  ap p a ren t d ise a se  is  th e  in e v ita b le  o u tco m e  o f  
the  p ro g re ss iv e  d e te r io ra tio n  o f  th e  im m u n e  sy stem  th a t  o c c u rs  in  m o s t p a tie n ts  w ith  H IV  
in fec tio n . E x c e p tio n s  to  th e  d ire c t co rre la tio n  b e tw e e n  d e te r io ra tin g  im m u n e  fu n c tio n  an d  
c lin ica lly  a p p a re n t d ise a se  a re  th e  p ro g ress iv e  g e n e ra liz e d  ly m p h a d e n o p a th y ; K a p o s i’s 
sa rco m a , w h ic h  c a n  o c c u r  b e fo re  th e  o n se t o f  sev e r im m u n o su p p re s s io n ; a n d  n eu ro lo g ic  
d isease  th a t  m a y  re f le c t  d ire c t o r  in d irec t e ffec ts  o f  th e  v iru s  o r  its  p ro d u c ts  o n  n eu ro n s. 
T h e  p ro fo u n d  im m u n o su p p re ss io n  th a t occu rs  d u rin g  th is  p h a se  o f  H IV  in fe c tio n  is th e  en d  
stag e  o f  th e  im m u n o p a to g e n ic  ev en ts  th a t b eg an  a t th e  tim e  o f  p r im a ry  in fec tio n , and  
co n tin u ed  fo r y e a rs  th ro u g h  th e  c lin ica lly  la ten t b u t m ic ro b io lo g ic a lly  ac tiv e  s tag es o f  
in fec tion .

v) Typical Progressors

T h e  m a jo r ity  (7 0 -8 0 % ) o f  H IV -in fec ted  in d iv id u a ls  b e lo n g  to  th e  g ro u p  o f  ty p ica l 
p ro g resso rs . F o llo w in g  p r im a ry  in fec tio n , as m e n tio n e d  a b o v e , ty p ic a l p ro g re sso rs  
ex p e rien ce  a  lo n g  p e r io d  (u p  to  s ix  to  e ig h t y ea rs) o f  c l in ic a l la te n c y . D e sp ite  th e  lack  o f  
sy m p to m s, H IV  d ise a se  is  ac tiv e  as is in d ica ted  by  th e  p e rs is te n t re p lic a tio n  o f  v iru s  an d  by  
th e  p ro g re ss iv e  lo ss  o f  C D 4 +  T -ce lls . In d iv id u a ls  w ith  C D 4 +  T -c e lls  co u n ts  >  500  p er 
cu m in 3 g e n e ra lly  re m a in  free  o f  sy m p to m s, w h e rea s  th e  a p p e a ra n c e  o f  co n s titu tio n a l 
sy m p to m s is g e n e ra lly  m o re  fre q u e n t in  in d iv id u a ls  w ith  C D 4 +  T -c e ll co u n ts  b e lo w  500
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p e r  c u m m 3. E x c e p tio n s  to  th is  p a ra d ig m  are  su b jec ts  w ith  C D 4 +  T -c e ll c o u n ts  h ig h e r th an  
500  p e r  c u m m 3 w h o  p ro g re s s iv e  g en e ra liz ed  ly m p h o a d e n o p a th y , K a p o s i’s sa rco m a , o r 
n e u ro lo g ic  d isea se s . P ro g re s s io n  to  c lin ica lly  a p p a ren t d ise a se  o r  A ID S -d e fin in g  illn ess 
g en e ra lly  o c c u rs  w ith in  e ig h t to  te n  y ea rs  in  ty p ica l p ro g re s so rs . T h e n  C D 4 +  t-ce ll co u n ts  
are b e lo w  2 0 0  p e r  cu m m 3 , th e  c lin ica l p ic tu re  m ay  b e  c h a ra c te r iz e d  by  severe  and  
p e rs is te n t c o n s titu tio n a l s ig n s  an d  sy m p to m s; a t th is  lev e l o f  C D 4 +  T -c e lls , th e re  is an  
in c rea sed  su sc e p tib ility  to  o p p o rtu n is tic  in fec tio n s  o r  n e o p la sm s .

vi) Rapid Progressors

A  s ig n if ic a n t p e rc e n ta g e  (1 0 -1 2 % ) o f  H IV -in fe c te d  in d iv id u a ls  ex p e rien ce  an  
u n u su a lly  ra p id  p ro g re s s io n  to  A ID S  w ith  tw o  th ree  y e a rs  o f  p r im a ry  in fec tio n . R ap id  
p ro g re sso rs  m a y  e x p e rie n c e  a  p ro lo n g  acu te  v ira l sy n d ro m e  a n d  th e  p e r io d  o f  tru e  c lin ica l 
la ten cy  m a y  b e  a b se n t o r  v e ry  b rie f. D o w n re g u la tio n  o f  th e  in it ia l  b u rs t o f  v ire m ia  m ay  n o t 
be  v e ry  e ff ic ie n t in  ra p id  p ro g re sso rs ; e v e n  a fte r  th e  in itia l d e c re a se , th e  lev e ls  o f  v irem ia  
m ay  rise  ra p id ly . In e ff ic ie n t co n tro l o f  th e  in itia l b u rs t o f  v ire m ia  a n d  ra p id  rise  in  v irem ia  
w ith in  th e  f irs t o r  se c o n d  y eas a fte r  p rim ary  in fe c tio n  re f le c t  a  p o o r  co n tro l o f  H IV  
in fec tio n  by  th e  im m u n e  sy stem . In  th is  reg a rd , a  d e lay  in  th e  a p p e a ra n c e  o f  th e  p rim ary  
im m u n e  re sp o n se  o r  a  ra p id  d isap p ea ran ce  i f  c e rta in  im m u n e  fu n c tio n s  d u rin g  th e  ea rly  
s tag es o f  th e  c h ro n ic  p h a se  o f  in fe c tio n  m ay  be  d e te c te d  in  ra p id  p ro g re sso rs .

vii) Long-Term Nonprogressors

A  sm a ll p e rc e n ta g e  (le ss  th a n  5 %  o n  th e  b a s is  o f  d if fe re n t c o h o rts )  o f  H IV - 
in fec ted  in d iv id u a ls  d o es  n o t e x p e rie n c e  p ro g re ss io n  o f  d ise a se  fo r  an  e x te n d e d  p e rio d  o f  
tim e. L o n g -te rm  n o n p ro g re sso rs  b y  so m e  d e fin itio n s  h a v e  C D 4 +  T -ce ll co u n ts  th a t are 
w ith in  th e  n o rm a l ra n g e  are  s tab le  o v e r  tim e ; in  ad d itio n , th e y  g e n e ra lly  h av e  lo w  levels  o f  
v iro lo g ie  p a ra m e te rs  an d  p re se rv a tio n  o f  ly m p h o id  tis su e  a rc h ite c tu re  an d  im m u n e  
fu n c tio n . F ro m  a  c lin ic a l s ta n d p o in t, lo n g -te rm  n o n p ro g re sso rs  a re  a sy m p to m a tic ; it seem s 
th a t in  th e se  in d iv id u a ls , H IV  in fe c tio n  has b een  a r re s te d  w ith  re g a rd  to  d isease  
p ro g re ss io n . It is u n k n o w n  w h e th e r  lo n g -te rm  n o n p ro g re sso rs  h a v e  e x p e r ie n c e d  a  p rim ary  
in fec tio n  s im ila r  to  th a t  o f  o th e r g ro u p s  o f  H IV -in fe c ted  in d iv id u a ls , i.e. a s so c ia te d  w ith  an  
acu te  v ira l sy n d ro m e  a n d  b u rs t o f  v irem ia .
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viii) Long-Term Survivors

In  a  sm a ll p e rc e n ta g e  o f  su b jec ts  w h o  e x p e rie n c e  p ro g re ss io n  o f  H IV  d isease  
w ith in  a  p e r io d  o f  tim e  s im ila r  to  ty p ica l p ro g re sso rs , b o th  c lin ica l an d  lab o ra to ry  
p a ra m e te rs , a l th o u g h  a b n o rm a l, re m a in  s tab le  fo r  a n  e x te n d e d  p e rio d  o f  tim e. T he 
m ec h a n ism s, e i th e r  v iro lo g y  o r  im m u n o lo g ic , th a t a re  re sp o n s ib le  fo r  p rev en tin g  fu rth e r 
p ro g re ss io n  o f  H IV  d ise a se  a re  u n c le a r  a t p re se n t; th e  p o ss ib ility  th a t  ch an g es  in  v iru s  
g en o ty p e  a n d /o r  p h e n o ty p e , as  w e ll as the  p o ss ib ility  th a t  p re se rv a tio n  o f  c e rta in  H IV - 
sp ec ific  im m u n e  re sp o n se  a re  in v o lv ed , is b e in g  in v es tig a ted .

T h e  a v e ra g e  tim e  b e tw e e n  in fec tio n  an d  d e v e lo p m e n t o f  A ID S  is ab o u t 11 years, 
b u t a p p ro x im a te ly  2 0 %  o f  in fe c te d  in d iv id u a ls  p ro g re ss  ra p id ly  to  A ID S  w ith in  five  years. 
A n o th e r  12%  o f  in fe c te d  in d iv id u a ls  rem a in  free  o f  A ID S  fo r u p  to  20  years. V ira l 
re p lic a tio n  in  ly m p h o c y te s , a p p ro x im a te ly  10 b i llio n  o r  so  v iru s  p a rtic le s  a  d ay , is 
a sso c ia ted  w ith  th e  d e fe a t  o f  im m u n e  system . H IV  k ills  th e  ce lls , w h ic h  is w h y  h ig h  level 
o f  v iru s  in  b lo o d  c a u se s  a d v a n c e  im m u n o su p p re ss io n  an d  A ID S . T h is  d e fe a t o f  th e  im m u n e  
a sso c ia ted  w ith  lo w  C D 4  T -c e ll lev e ls . T h is d e fe a t o f  th e  im m u n e  sy stem  is a sso c ia ted  w ith  
th e  d e v e lo p m e n t o f  c o n d itio n s  lik e  cy to m eg a lo v iru s  in fe c tio n  o f  th e  re tin a , P n eu m ocystis  
ca rin ii in fe c tio n  o f  th e  lu n g , o r  tu m o rs  like  K a p o s i’s sa rc o m a  o r  n o n  H o d g k in ’s lym phom a.

U n tre a te d  h u m a n  im m u n o d e fic ie n c y  v iru s  ty p e  1 (H IV -1 ) in fe c tio n  is ch a rac te riz ed  
by  an  ea rly  a cu te  p h a se  w ith  h ig h  lev e ls  o f  v ire m ia  th a t le ad s  to  a  c lin ica lly  a sy m p to m atic  
p h ase  o f  v a r ia b le  d u ra tio n , fo llo w e d  by  im m u n o d e fic ien cy (4 1 ). T h ro u g h o u t in fec tio n  an  
e x tra o rd in a rily  la rg e  n u m b e r  o f  v ira l re p lic a tio n  cy c le s  o ccu rs , an d  th is  h ig h  rep lica tiv e  
cap ac ity  o f  H I V - 1 le ad s  to  b o th  v a r ie d  genetic  p o o ls  an d  h ig h  v ira l lo ad s(4 2 ). T he ab so lu te  
level o f  s te a d y -s ta te  p la sm a  v ire m ia  (v ira l lo ad ) is a  s tro n g  p re d ic to r  o f  th e  ra te  o f  d isease  
p ro g re ss io n  a n d  in  c o m b in a tio n  w ith  C D 4  T  ce lls  co u n ts , h as  g re a t p ro g n o s tic  value . T he  
b ase -lin e  H IV -1  R N A  c o n c e n tra tio n s  are  h ig h ly  p re d ic tiv e  o f  p ro g n o s is . T h ese  is a  s tro n g  
tim e  d e p e n d e n t p ro g n o s is  re la tio n  b e tw een  H IV -1  R N A  an d  o u t co m e  an d  red u ce  
co n c e n tra tio n s  o f  H IV -1  R N A , in  re sp o n se  to  a n tire tro v ira l th e ra p y , a re  p red ic tiv e  o f  
im p ro v ed  p ro g n o s is (7 ) . P la sm a  v ira l load  is w id e ly  u se d  to  m o n ito r  an tire tro v ira l d rug  
th e rap y  an d  is m o re  v a lu a b le  as  a  m a rk e r  o f  an tiv ira l d ru g  e ff ic a cy  th a n  ch an g es  in  C D 4  T  
cell c o u n ts (4 3 -4 5 ).
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Figure 1 Hypothetical course of HIV infection in adults

A s H IV  in fe c tio n  p ro g resses , th e  v ira l lo ad  level a g a in  b e g in s  to  rise  (see  F ig u re  I). 
S tu d ies  h av e  re c e n tly  in d ica ted  th a t a  h ig h  lev e l o f  H IV -1 R N A  in  th e  p la sm a  a t b ase lin e  is 
th e  m o s t p o w e rfu l p re d ic to r  o f  p ro g re ss io n  to  A ID S . A  s tu d y  u s in g  th e  C h iro n  b D N A  assay  
sh o w ed  th a t p a tie n ts  w ith  a  b ase lin e  o f  > 1 0 0 ,0 0 0  eq /m L  w e re  10-11 tim es  m o re  like ly  to  
p ro g re ss  to  A ID S  w ith in  fiv e  y ears(4 6 ). L ik ew ise , s tu d ies  u s in g  th e  R o c h e  M o n ito r  assay  
sh o w ed  th a t in d iv id u a ls  w ith  a  b ase lin e  o f  > 2 5 0 ,0 0 0  c o p ie s /m l h a d  a  fre q u e n c y  o f  d isease  
p ro g re ss io n  o f  60  p e rc e n t o r  g rea te r(4 7 ). In  a d d itio n  to  p re d ic tin g  r isk  o f  d isease  
p ro g re ss io n , v ira l lo ad  te s tin g  m ay  be  u se fu l in  p red ic tin g  r isk  o f  tra n sm iss io n . S tud ies 
h av e  in d ica ted  th a t  m o th e rs  w ith  h ig h e r lev e ls  o f  H IV  R N A  in  p la sm a  are  m o re  likely  to  
tra n sm it th e  v iru s  to  th e ir  in fan ts(4 8 , 49). In  th e  e ra  o f  a n tire tro v ira l th e ra p y , p la sm a  H IV -1 
R N A  lev e l o r  v ira l lo ad  is one  o f  the  m o st im p o rts  m o n ito r in g  la b o ra to ry  to  a ssess  the 
re sp o n se  to  th e  tre a tm e n t o r in d ica ted  by  th e  lev e l is b e lo w  50 c o p ie s /m l.

Im p o rta n t le sso n s  h av e  b een  le a rn ed  in  T h a ila n d  a b o u t p ro v id in g  n a tio n a l level 
access  to  a n tire tro v ira l p ro g ram m es fo r p eo p le  liv in g  w ith  H IV /A ID S . S evera l 
p re re q u is ite s  a n d  a c tio n s  are  n eed ed  in  p a ra lle l to  en su re  e f f ic ie n t a c c e ss  to  H A A R T : (i) 
co m m itte d  le a d e rsh ip  a t th e  p o licy  level; (ii) s ig n if ic a n t re d u c tio n s  in  A R V  co sts; (iii) 
s tren g th en in g  o f  th e  h e a lth  ca re  sy stem  an d  in fra s tru c tu re ; ( iv )  e x p a n d e d  ab ility  o f  care 
p ro v id e rs  to  m a n a g e  H IV  care  th ro u g h  tra in in g  to  im p ro v e  a ttitu d e s  a n d  b u ild  k n o w led g e  
an d  sk ill in  t re a tm e n t o f  p a tien ts  w ith  H A A R T ; (v ) re d u c e d  c o s t  fo r  tre a tm e n t m o n ito rin g , 
e sp ec ia lly  C D 4 +  c o u n ts  and  v ira l lo ad s (v i) c o m p re h e n s iv e  p a tie n t ed u ca tio n  on  the
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p rin c ip le s  o f  H A A R T , a d h e re n c e , an d  its  to x ic ity ; (v ii)  in v o lv e m e n t o f  th e  co m m u n ity  
(n o n -p ro fit o rg a n iz a tio n s  a n d  p e o p le  liv in g  w ith  H IV /A ID S  g ro u p s) in  th e  p ro cess ; (v iii)  
lo ca lly  re le v a n t c lin ic a l re se a rch — eg, H IV -N A T  a t th e  T R C -A R C  h a s  b e e n  d o in g  m an y  
c lin ica l tr ia ls , w h ic h  n o t o n ly  c o n trib u te  to  re g io n -sp ec if ic  H IV  ca re , b u t p ro v id e  H A A R T  
access  fo r  o v e r  1500  p a tie n ts ; an d  (ix ) g a in in g  su p p le m e n ta l in te rn a tio n a l fu n d in g  
su p p o rt— eg, fro m  th e  G lo b a l F u n d  fo r A ID S , T u b e rcu lo s is  a n d  M a la ria .(2 4 )

F o r  th is  re a so n , th e re  a re  m an y  ap p ro ach es  an d  a ssa y s  av a ilab le  fo r q u an tify in g  
H IV -1 R N A . T h e  th re e  m o s t w id e ly  u sed  co m m erc ia l a ssay s  a re  d e sc rib ed  here , w ith  
a tte n tio n  to  a sp e c ts  o f  e a c h  a ssay  th a t m ay  fav o r its  u se  in  d if fe re n t c lin ica l s itu a tio n s.

T h e  H IV -1  Q u a n t ip le x  (b D N A ) A ssa y

T h e  Q u a n tip le x  H IV -1  R N A  assay  (C h iro n  D ia g n o s tic s , N o rw o o d , M A ) is a 
b ran ch ed  D N A  (b D N A ) sa n d w ic h  m e th o d  w h ich  q u an tif ie s  p la sm a  H IV -1 R N A  b y  
am p lify in g  th e  s ig n a l ra th e r  th an  th e  ta rg e t n u c le ic  a c id .(50"52) T h e  b D N A  assay  d o se  no t 
req u ire  v ira l R N A  p u r if ic a tio n  o r  P C R  am p lif ic a tio n  steps. In s tead , v ir io n  are  c o n cen tra ted  
by  h ig h  sp e e d  c e n tr ifu g a tio n  an d  d is ru p ted  b y  d e te rg en t an d  p ro te in a se  K  to  re lease  v ira l 
R N A . T h is  ly sa te  is th e  in c u b a te d  w ith  tw o  se ts o f  o lig o n u c le o tid e s . T h e  f irs t se t cap tu res  
v ira l R N A , h y b r id iz in g  to  b o th  co n se rv ed  reg io n s o f  th e  H IV -1  p o l  gen e  an d  to  
o lig o n u c le o tid e s  b o u n d  to  m ic ro w e ll. T h e  seco n d  se t o f  o lig o n u c le o tid e s  p ro v id es  signal 
am p lif ic a tio n . T h is  se t c o n s is ts  o f  fo u r co m p o n en ts : o lig o n u c le o tid e s  w ith  h o m o lo g y  to  
b o th  th e  ta rg e t R N A  a n d  to  p re a m p lif ie r  o lig o n u c le o tid e s ; a n d  o lig o n u c le o tid e  p ro b es  
b o u n d  to  a lk a lin e  p h o sp h a ta se  (A P ). E a c h  o f  th ese  c o m p o n e n ts  h y b rid iz e d  to  a t th e  
m u ltip le  s ites . In  th is  w ay , th e  sig n a l is am p lified  w ith o u t c o p y in g  th e  ta rg e t R N A . 
D e tec tio n  is a c c o m p lish e d  by  c h em ilu m in escen ce  u s in g  an  A P -sp e c if ic  su b stra te . T he 
am o u n t o f  lig h t d e te c te d  is d irec tly  p ro p o rtio n a l to  the  a m o u n t o f  b o u n d  n u c le ic  ac id . T he 
ab so lu te  q u a n tity  o f  H I V - 1 R N A  is d e te rm in ed  from  an  e x te rn a l s ta n d a rd  cu rv e  b e in g  ru n  
on  th e  sam e p la te .

A n  im p o rta n t a d v a n ta g e  o f  sig n a l am p lif ic a tio n  is th e  a v o id a n c e  o f  q u a n tif ic a tio n  
erro rs  in h e re n t in  e x tra c tio n  a n d  am p lif ic a tio n  o f  th e  ta rg e t n u c le o tid e  seq u en ce . In  
co m p ara tiv e  s tu d ie s  w ith  a ssay s  b a se d  on  ta rg e t a m p lif ic a tio n , th e  re p ro d u c ib ility  o f  the  
Q u an tip lex  H IV -1  R N A  assay  is o ften  su p e rio r ,(5 , 5 3 -5 5 )e sp e c ia lly  in  the  low  en d  o f
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d y n am ic  ran g e . In  a d d itio n , p la sm a  su b stan ces  an d  a n tic o a g u la n ts  su c h  as  h e p a rin  th a t m ay  
im p a ir  R T -P C R  d o  n o t ad v e rse ly  a ffec t th e  b D N A  assay . T h e  b D N A  a ssay  o lig o n u c leo tid e  
p ro b es  b in d  eq u a lly  to  H IV -1  g ro u p  M  su b ty p es  A -F  a llo w in g  v ira l lo ad  m easu rem en ts  o f  
d iv e rse  H IV -1  s tra in s . T h e  d isad v an tag es  o f  th e  b D N A  a ssa y  a re  th e  a b sen ce  o f  an  in terna l 
q u a n tita tio n  s ta n d a rd  fo r  e a c h  sam ple  an d  th e  re q u ire m e n t o f  a  re la tiv e ly  la rg e  sam ple  
v o lu m e  (a t le a s t 1 m l o f  p la sm a) w h ich  m ay  p o se  a  p ro b le m  w h e n  sa m p le  v o lu m e  is 
lim ited , su c h  as  in  p e d ia tr ic  sp ec im ens.

The AMPLICOR HIV-1 MONITOR Assay

T h e  A M P L IC O R  H IV -1 M O N IT O R  a ssa y  (R T -P C R , R o c h e  D iag n o stic , 
C o rp o ra tio n , B ra n c h b u ra , N J) is th e  o n ly  F D A - a p p ro v e d  H IV -1  R N A  q u a n tif ic a tio n  assay . 
It is b a se d  o n  re v e rse  tra n sc r ip tio n  (R T ) o f  th e  ta rg e t H IV -1  R N A  an d  p o ly m era se  ch a in  
re a c tio n  (P C R ) a m p lif ic a tio n  o f  th e  re su ltin g  cD N A . V ira l R N A  is  e x tra c te d  from  e ith e r 
ac id  c itra te  d e x tro se  (A C D ) o r E D T A  a n tic o a g u la te d  p la sm a  w ith  g u an id in e  
iso th io cy an a te . N u c le ic  ac id  fro m  th e  re la tiv e ly  im p u re  ly sa te  is  p re c ip ita te d  w ith  
iso p ro p an o l. R e v e rse  tra n sc r ip tio n  an d  P C R  am p lif ic a tio n  o c c u r  in  a  s in g le  s tep  u sin g  the 
th e rm o s ta b le  re c o m b in a n t en zy m e  Therm us th erm o p h ilu s  D N A  p o ly m e ra se  (rT th  p o l)  
w h ic h  h as  b o th  R T  a n d  D N A  p o ly m era se  ac tiv ity . S e g m e n ts  o f  th e  v ira l cD N A  are  
am p lif ied  e x p o n e n tia lly  to  a  h ig h  co p y  n u m b er (a m p lic o n )  w ith  re p e a te d  cy c le s  o f  h ea tin g  
an u  c o o lin g  in  th e  p re se n c e  o f  b io tin y la ted  o lig o n u c le o tid e  p r im e r  sp ec if ic  to  co n se rv ed  
reg io n  o f  H IV -1  g ag , rT th  p o l ,  d e o x y n u c leo tid e  tr ip h o sp h a te s , a n d  ap p ro p ria te  b u ffe r 
co m p o n en ts . A m p lic o n s  a re  d en a tu red  an d  s in g le -s tra n d e d  D N A  is b o u n d  to  m ic ro w ells  
co a ted  w ith  H IV -1  sp ec if ic  o lig o n u c leo tid e  p ro b es . A n  a v id in -h o rse ra d ish  p e ro x id ase  
(H R P ) c o n ju g a te  is ad d e d  to  b in d  to  th e  b io tin - la b e le d  a m p lic o n . T h e  a m o u n t o f  av id in - 
H R P  b o u n d  a m p lic o n  is d e te rm in ed  a fte r  th e  a d d itio n  o f  a n  H R P -sp e c if ic  co lo rim e tric  
substra te .

T h e  A M P L IC O R  H IV -1  M O N IT O R  a ssay  u ses  a n  in te rn a l q u a n tif ic a tio n  s tan d ard  
at a k n o w n  c o n c e n tra tio n  th a t is ad d ed  to  each  sam p le  b e fo re  e x tra c tio n , b o th  to  q u an tify  
th e  sam p le  H IV -1  R N A  an d  to  co m p en sa te  fo r p la sm a  in h ib ito ry  fac to rs  a ffec tin g  
ex tra c tio n  an d  a m p lif ic a tio n . T h e  q u a n tif ic a tio n  s ta n d a rd  c o n s is ts  o f  R N A  tran sc rib ed  in 
v itro  th a t is id e n tic a l in  s ize  to  th e  ta rg e t a m p lic o n  an d  u se s  th e  sam e  H IV -1 gag  p rim er 
b in d in g  s ites , g e n e ra tin g  an  am p lico n  th a t is a lso  c a p tu re d  o n  th e  m ic ro tite r  w ell. A
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c o lo r im e tr ic  re a d o u t o ccu rs  th ro u g h  a n  en zy m e-lin k ed  d e te c tio n  sy s te m , d iffe re n tia tin g  th e  
in te rn a l s ta n d a rd  a n d  ta rg e t am p lico n s .

The NucliSens HIV-1 Assay

T h e  N u c liS e n s  H IV -1  Q T  a ssay  is b ased  on  ta rg e t a m p lif ic a tio n  u s in g  N A S B A  
(N u c le ic  A c id  S eq u en ce  B a se d  A m p lif ic a tio n ) te c h n o lo g y  (O rg a n o n  T e k n iik a , D uram , 
N C ). T h e  N A S B A  a ssay  se le c tiv e ly  a n d  d irec tly  am p lifie s  H IV -1  R N A  w ith o u t P C R  in  a 
one  s tep  sa n d w ic h  h y b rid iz a tio n  p ro ced u re  u sin g  tw o  o lig o n u c le o tid e  p rim ers , th ree  
e n zy m es , n u c le o s id e  tr ip h o sp h a te s  an d  ap p ro p ria te  b u ffe r .34 F irs t,  h ig h ly  p u rif ie d  R N A  is 
e x tra c te d  u s in g  g u an id in e  th io cy an a te  an d  s ilico n  d io x id e  p a r tic le s . T h e  R N A  is am p lified  
b y  re p e a te d  cy c le s  o f  sy n th e s is  and  tra n sc r ip tio n  o f  a  d o u b le -s tra n d e d  D N A  in te rm ed ia te . 
A n  o lig o n u c le o tid e  p r im e r  ( P I )  sp ec ific  to  a  reg io n  in  H IV -1  g ag  is  u se d  to  sy n th esize  
cD N A  fro m  th e  sp e c im e n  R N A  tem p la te  u s in g  A v ian  M y e o b la s to s is  V iru s  (A M V ) reverse  
tran sc rip ta se . T h e  R N A  stran d  is d eg rad ed  b y  R N ase  H , a llo w in g  th e  o lig o n u c leo tid e  
p r im e r  P 2  to  b in d  an d  in itia te  seco n d -s tran d  D N A  sy n th e s is . A n ti-se n se  R N A  is th en  
tra n sc r ib e d  o f f  th e  d o u b le -s tra n d e d  D N A  v ia  T 7  p o ly m e ra se  p ro m o te r  (o rig in a lly  
in co rp o ra ted  b y  P I ) .  T h is  cy c le  is re p e a te d  re su ltin g  in  e x p o n e n tia l a m p lif ic a tio n  (1 m illio n  
to  1 b illio n -fo ld )  u n d e r  iso th e rm a l co n d itio n s . T h e  a m o u n t o f  n u c le ic  a c id  is d e te rm in ed  
d irec tly  b y  c h e m ilu m in e sc e n c e , w h ic h  is ch a rac te riz ed  b y  v e ry  h ig h  se n s itiv ity  an d  a  b ro ad  
d y n am ic  ran g e . Q u a n tita tio n  o f  H IV -1 v ira l lo ad  is a c c o m p lish e d  b y  c o -a m p lif ic a tiu n  o f  
th ree  in te rn a l R N A  q u a n tita tio n  s tan d ard s  specific  fo r H IV -1  g a g  a n d  p a r t  o f  p o l.

T h e  ad v a n ta g e s  o f  H IV -1 q u a n tif ic a tio n  by  the  N u c liS e n se  H IV -1  Q T  a ssay  are th a t 
re la tiv e ly  sm a ll p la sm a  sam p le  v o lu m e  is u sed  (0.1 m l is s ta n d a rd , a lth o u g h  th e  assay  can 
a c co m m o d a te  a  w id e  ran g e  o f  sam p le  v o lu m es  (0 .01 -2.0  m l) , a n d  th e re  is a  la rg e  dynam ic  
ran g e  (8 0 -1 ,0 0 0 ,0 0 0  R N A  c o p ie s /m l) .(5 6 )  T h e  reac tio n  is ra p id  (9 0  m in u te s ) , tak es p lace  
in  a  s in g le  tu b e , and  d o es  n o t req u ire  th e rm a l cycle . In  a d d itio n , th e  e x tra c te d  R N A  p ro d u c t 
is re la tiv e ly  p u re  an d  free  o f  in te rfe rin g  su b stan ces  th a t in h ib it  P C R  a m p lif ic a tio n , such  as 
th o se  in  h e p a rin iz e d  b lo o d  p la sm a  o r sem in a l p la sm a(5 7 ). F o r  th is  re a so n , th e  N u c liS en s  
H IV -1 Q T  a ssay  is c o m m o n ly  u sed  fo r d e te rm in in g  v ira l lo a d  in  m a n y  ty p e s  o f  tissu es  in  
w h ich  in te rfe rin g  su b s ta n c e s  m ay  be  p resen t.

D esp ite  th e  re d u c tio n  in  cas t o f  an ti-H IV  d rug , h o w e v e r , th e  c o s t o f  H IV  v ira l load  
te s t still rem a in s  ex p en s iv e . T h is  b rin g s  up  th e  re sea rch  o b je c tiv e  to  d e v e lo p  th e  m e th o d  to 
m easu re  H IV  R N A  lo ad  b y  in  h o u se  m ethod . R ea l-tim e  P C R  a p p lic a tio n  in  m o st se tting
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an d  p ro m p tin g  fo r  q u a n ti ta t io n  th e  d e v e lo p m e n t o f  re lia b le  c o s t-e f fe c tiv e  o f  H IV -1 R N A  in 
p la sm a  c o m p a re  w ith  c o m m e rc ia l k it  an d  in -h o u se  a ssay s(lO ).

Performance characteristics of assay for HIV viral load

Sensitivity: T h e  a ssa y  sen s itiv ity  is d e fin ed  as lo w e s t lev e l o f  H IV  R N A  th a t can  be 
d e tec ted  9 5 %  o f  th e  tim e . T h is  s ta tis tica l m e th o d  o f  a s se s s in g  se n s itiv ity  is g en e ra lly  
co n s id e red  to  b e  th e  s ta n d a rd  to  d e te rm in e  th e  lo w er q u a n tita tiv e  “ lim it o f  d e tec tio n  
(L o D )” fo r q u a n tita tiv e  H IV  R N A  assay . T h ere  are c u rre n tly  fo u r  F D A -a p p ro v e d  assays 
fo r m e a su rin g  H IV -1  v ira l  lo ad : B ay e r V E R S A N T  ® H IV -1  R N A  3 .0  A ssa y  (b D N A ), 
R o ch e  A m p lic o r  H IV -1  M O N IT O R ®  T es t v e rs io n  1.0 a n d  1.5 (P C R ), an d  th e  b io  M erieu x  
N u c lise n s  ™  H IV -1  Q I T est. A cc o rd in g  to  p ack ag e  in se r t, th e  se n s itiv ity  c la im  o f  the  
B ay e r b D N A  is 75 c o p ie s /m l, th e  R o ch e  P C R  a ssay  is  50  c o p ie s /m l, an d  th e  b io  M erieu x  
N A S B A  a ssay  is  176 c o p ie s /m l(5 8 ) . C lin ica lly , th e  goal o f  th e ra p y  is  to  su p p re ss  v ira l load  
to  b e lo w  th e  L oD .

Accuracy: T h e  a s sa y  a c c u ra c y  is re fe rs  to  the  a b ility  o f  th e  a ssay  to  d e te rm in e  the  
tru e  v a lu e  o f  a n  a n a ly z e . V a ry  d iff ic u lt to  e s tab lish  “ g o ld ” s ta n d a rd  fo r v ira l lo ad  (V L ). 
C a lib ra tio n  o f  a ssa y s  to  c o m m o n  stan d ard  sh o u ld  re su lt in  c o n s is te n c y  o f  q u an tif ic a tio n  
b e tw een  assay s .

Precision or reproducibility: th e  rep ro d u c ib ility  o f  a n  a s sa y  is d e fin ed  by  cap ac ity  
to  ach iev e  v e ry  s im ila r  v ira l q u a n tif ic a tio n  v a lu es  re g a rd le s s  o f  th e  lab o ra to ry , day  
o p e ra to r, and  in s tru m e n t o r  k it  lo t. D e te rm in es  th e  ch an g e  in  v ira l  lo ad  th a t is s ta tis tica lly  
s ig n ifican t.

Specificity: H ig h  sp e c if ic ity  m ean s th a t H IV -n e g a tiv e  sa m p le s  w ill n o t be p o sitiv e  
in  a  v ira l lo ad  te s t  fo r  H IV .

Linearity: th e  lin e a r ity  is re fe rrin g  to  w h ich  th e  a ssa y  s ta n d a rd  cu rv e  ap p ro x im a tes  
a  s tra ig h t line . U se d  to  d e te rm in e  th e  lin ea r ran g e  o f  th e  a ssay . L in e a r ity  is a  m easu re  o f  
h o w  a c c u ra te ly  th e  a s sa y  m e a su re s  ch an g es  in  v ira l load  th ro u g h o u t its  d y n am ic  rang.

Dynamic range: th e  d y n a m ic  ran g e  o f  an  a ssay  is d e f in e d  as th e  q u an tita tiv e  o v er 
w h ich  th e  a ssa y  c a n  re lia b le  re p o rt resu lt. S in ce  v ira l lev e ls  a re  o b ta in e d  at v a ry in g  tim e  
p o in ts  d u rin g  tre a tm e n t re g im e n s , it is e ssen tia l th a t th e  a ssa y  b e  ab le  to  accu ra te ly  fo llo w  
ch an g e  in  H IV  R N A  a c ro ss  th e  w id e  ran g e  o f  c lin ic a lly  e x p e c te d  v a lu e s . T he bD N A  
m e th o d o lo g y  u ti l iz e d  a s in g le  a ssay  to  span  th e  en tire  d y n a m ic  ra n g e  o f  75 to  5 00 ,000  
co p ies /m l. B y  c o m p a r iso n , th e  P C R  m e th o d o lo g y  u sed  tw o  se p a ra te  a ssay s  fin ed  th a t an
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u ltra se n s itiv e  v e rs io n  th a t  h as  a  d y n am ic  ran g e  o f  50 to  750,000 co p ie s /m l an d  a  s tan d ard  
v e rs io n  th a t  h a s  a n  o v e r  la p p in g  d y n am ic  ran g  o f  400 to  750,000 co p ie s /m l.

Principle of "real-time" PCR

T h e  a p p lic a tio n  o f  f lu o re sc e n t te c h n iq u e s  to  th e  R T -P C R , to g e th e r  w ith  su itab le  
in s tru m e n ta tio n  c ap ab le  o f  c o m b in in g  im p lica tio n , d e te c tio n  a n d  q u a n tif ic a tio n , has led  to  
th e  d e v e lo p m e n t o f  k in e tic  R T -P C R  m e th o d o lo g ie s  th a t a re  re v o lu tio n iz in g  th e  p o ss ib ilitie s  
fo r q u a n tita tiv e  n u c le ic  a c id s(5 9 ). T w o  im p o rtan t fin d in g s  le d  to  th e  d isc o v e ry  o f  rea l-tim e  
P C R . F irs t, th e  f in d in g  th a t th e  T a q  p o ly m e ra se  p o s se s se s  a  5 ’ — ►  3 ’ ex o n u c lease  
ac tiv ity (6 0 ). S eco n d , th e  c o n s tru c tio n  o f  d u a l- lab e led  o lig o n u c le o tid e  p ro b e , w h ich  on ly

em its  a  f lu o re sc e n t s ig n a l u p o n  c leav ag e  o f  th e  p ro b e , b a se d  o n  th e  F R E T  (F lu o rescen ce  
R eso n an ce  E n e rg y  T ra n sfe r)  p rin c ip le . T h ere  are  fo u r c o m p e tin g  in s tru m e n ts  o n  m ark e t; all 
fo u r a re  ru n  as  c lo se d -tu b e  sy s tem s an d  q u a n tif ic a tio n  re q u ire s  n o  p o s t-a m p lif ic a tio n  
m a n ip u la tio n  . T h is  av o id s  p ro b le m s  o f  d a ta  a c q u is itio n  a n d  a n a ly s is  an d  m in im izes  h an d s- 
o n  tim e . T h e  en tire  p ro c e ss , s ta rtin g  a t R T  an d  e n d in g  w ith  fu ll q u an tif ic a tio n , is 
au to m a ted , w h ic h  m a k e s  th e se  in s tru m en ts  id ea lly  su it  h ig h -th ro u g h p u t sc reen in g  
a m p lif ic a t io n ^  1).

T h e  A B I p r ism  7 7 0 0  (P e rk in -E lm e r-A p p lied  B io sy s te m s , F o s te r  C ity , C A , U S A ) 
co n ta in s  a  b u ilt- in  th e rm a l c y c le r  w ith  9 6 -w e ll p o s itio n s , a n d  is ab le  to  d e tec t flu o rescen ce  
b e tw een  500  n m  an d  6 6 0  nm . F lu o re sc e n c e  is in d u ced  d u r in g  th e  R T -P C R  by  d is trib u tin g  
lase r lig h t to  a ll 96  sam p le s  c o n ta in  in  th in -w a lle d  re a c tio n  tu b e s  v ia  a  m u ltip le x e d  a rray  o f  
o p tica l fib e rs . T h e  re su ltin g  f lu o re sc e n t e m iss io n  re tu rn s  v ia  th e  fib e rs  an d  is d irec ted  to  a 
sp e c tro g ra p h  w ith  a  c h a rg e -co u p led  d ev ice  (C C D ) c am era . B e c a u se  e a c h  w e ll is irrad ia ted  
seq u en ce  c a n  b e  u se d  fo r sp ec tra l re so lu tio n  o f  the  f lu o re sc e n t lig h t. T h is  in s tru m en t can  be 
u sed  fo r a ssay s  b a se d  o n  D N A -b in d in g  d yes, m o le c u la r  b e a c o n s  an d  h y b rid iz a tio n  p robes. 
R T -P C R  re a c tio n s  ty p ic a lly  tak e  2 h o u rs  to  co m p le te . I ts  d e sc r ip tio n  b y  th e  m an u fac tu re r  
as a  re a l- tim e  te c h n iq u e  is n o t q u ite  c o rrec t as, u n lik e  c o m p le tin g  sy s tem s, th e  p ro g ress  o f  
the R T -P C R  re a c tio n  can  b e  a n a ly z e d  o n ly  a fte r  th e  a m p lif ic a tio n  co m p le tes .

T h e  c o m p u te r  so ftw a re  c o n s tru c ts  a m p lif ic a tio n  p lo ts  u s in g  th e  flu o rescen t 
em iss io n  d a ta  th a t  a re  c o lle c te d  d u rin g  th e  P C R  a m p lif ic a tio n . T h e  A R n v a lu e s  are p lo tted  
versus th e  cy c le  n u m b er. T h e  m e a su re m e n ts  fro m  cy c le  3 u n til 15 a re  co n s id e red  as the 
base lin e . D u rin g  th e  ea rly  c y c le s  o f  th e  P C R  a m p lif ic a tio n , th e  A R n s tay s  in  th e  base line .
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A n  a rb itra ry  th re sh o ld  is c h o se n  b a sed  o n  th e  v a r ia b ility  o f  th e  b a se lin e , u su a lly  d e te rm in ed  
as 10 X th e  S D  o f  th e  b a se lin e  b e in g  se t from  c y c le  3 to  15. T h is  c a n  b e  m an u a lly  ch an g ed  
fo r e a c h  in d iv id u a l e x p e rim e n t i f  necessa ry . T h re sh o ld  cy c le  (C t)  v a lu e s  a re  th e n  ca lcu la ted  
b y  d e te rm in in g  th e  p o in t  a t w h ich  th e  f lu o rescen ce  e x ceed s  th is  c h o se n  th re sh o ld  lim it. C t 
is re p o rte d  as  th e  cy c le  n u m b e r a t th is  po in t. T h e re fo re , C t v a lu e s  d e c re a se  lin ea rly  w ith  
in c re a s in g  in p u t ta rg e t q u an tity . T h is  c an  be u se d  as a  q u a n tita tiv e  m e a su re m e n t o f  th e  
in p u t ta rg e t.

T h e  h ig h  sp e c if ic ity  o f  th is  m eth o d  is d u e  to  a  c o m p le m e n ta ry  b e tw e e n  th e  se t o f  
p r im e rs , th e  in te rn a l p ro b e  an d  th e  ta rge t. T he f lu o re sc e n t s ig n a l w ill o n ly  b e  g en era ted  i f  
th e  p ro b e  is a n n e a le d  to  th e  ta rg e t seq u en ce  d u rin g  th e  P C R  am p lif ic a tio n .

T h e  L ig h tc y c le r  (R o ch e  M o lecu la r  B io ch em ica ls , B a c h rin g e r  M a n n h e im , G erm an y ) 
p e rfo rm s  th e  R T -P C R  in  sm a ll-v o lu m e  g lass  c a p illa ry  tu b e s  c o n ta in  w ith in  a  ro to r-lik e  
ca ro u se l th a t a re  h e a te d  an d  co o led  in  an  a irs tream (6 2 ). T h e  ca ro u se l is ro ta te d  p a st a  b lue  
lig h t-e m ittin g  d io d e , an d  f lu o re scen t is read  by  th re e  p h o to d e te c tio n  d io d e s  w ith  d iffe ren t 
w a v e le n g th  f ilte rs  th a t  a l lo w  th e  u se  o f  sp ec tra lly  d is tin c t f lu o re sc e n c e  p ro b es(6 3 ). T he 
p e rfo rm a n c e  o f  th e  L ig h tc y c le r  in  te rm s o f  se n s itiv ity  an d  sp e c if ic ity  is eq u a l to  th a t o f  
T aq m an (6 4 ). In  a d d itio n  to  b e in g  ab le  to  u se  a ssay s  b a se d  o n  D N A -b in d in g  dyes,

h y d ro ly s is  p ro b e  an d  m o le c u la r  b eaco n s, it can  b e  u se d  fo r d u a l h y b r id iz a tio n  p ro b es. U p  
to  32  re a c tio n s  a re  ty p ic a lly  c a rried  ou t in  5 -20  p i  v o lu m e s(6 5 )  a n d  R T -P C R  reac tio n  is 
c o m p le te d  in  le ss  th a n  20  m in (66 ). T he L ig h tcy c le r  is a  tru ly  re a l- tim e  te ch n iq u e , an d  the

f lu o re scen ce  re a d in g s  ta k e n  a t ev e ry  cycle  o f  th e  P C R  re a c tio n  a re  d isp la y e d  im m ed ia te ly  
a fte r  e a c h  m e a su re m e n t, a llo w in g  am p lif ic a tio n  ru n s  to  be  te rm in a te d  o r e x ten d ed  as 
ap p ro p ria te  d u r in g  in d iv id u a l runs.

T h e  iC y c le r  iQ  fro m  B io ra d  In stru m en ts  is a n o th e r  o p tio n  fo r th e  re a l- tim e  P C R . It 
is an  o p tic a l m o d u le  th a t  c a n  be  co n n ec ted  in  the  th e rm a l c y c le r  a n d  re a d s  th e  flu o rescen ce  
d u rin g  th e  P C R  e x p o n e n tia l p h ase . T he re a l- tim e  a n a ly s is  c a n  b e  v ie w e d  d u rin g  
m e asu rem en t. A c c o rd in g  to  th e  m a n u fa c tu re r’s sp e c if ic a tio n s , th e  iC y c le r  is ab le  to  
m u ltip le x  fo u r  d iffe re n t f lu o p h o re s  p e r sam ple  tu b e . M o re o v e r , 96  sa m p le s  can  be track ed  
s im u lta n e o u s ly  th a t  p ro v id e s  a  m u ch  q u ick e r assay .



20

A  n e w  o p tio n  is th e  M x 4 0 0 0 ™  M u ltip lex  fro m  S tra tag en e . T h e  m a n u fac tu re r  
c la im s th a t th e ir  se q u e n c e  d e te c to r  is ab le  to  d e tec t m u ltip le  f lu o re sc e n t P C R  ch em istrie s , 
in c lu d in g  T a q M a n  p ro b e s , s in g le  d y e  p rim ers , m o le c u la r  b e a c o n s , e tc . T h e  d e sig n  o f  the  
sam p le  b lo c k  a c c o m m o d a te s  sam p les  in  a v a r ie ty  o f  fo rm a ts  (9 6 -w e ll p la te s , 8-s trip s  tu b es , 
o r  in d iv id u a l tu b es) . T h e  lig h t so u rce  fo r  th e  M x 4 0 0 0  sy s tem  is a  q u a rtz  tu n g s te n  h a lo g en  
lam p  th a t g en e ra te s  a  b ro a d  ex c ita tio n  ran g e  o f  350  to  7 5 0 n m . T h e  sy s te m  g en era te s  real 
tim e  am p lif ic a tio n  p lo ts  th a t  can  b e  v ie w e d  as a  P C R  ru n  p ro g re ss .

Techniques for real-time PCR

T h ere  a re  c u rre n tly  five  co m p e tin g  te ch n iq u es  a v a ila b le  fo r  d e te c tio n  o f  am p lified  
p ro d u c t w ith  th e  sam e  sen s itiv ity (6 7 ). T h ey  use  f lu o re sc e n t d y es  a n d  co m b in e  the  
p ro g re sse s  o f  a m p lif ic a tio n  an d  d e te c tio n  o f  an  R N A  ta rg e t to  p e rm it th e  m o n ito rin g  o f  
P C R  reac tio n s  in  re a l- tim e  d u rin g  th e  P C R . T h e ir  se n s itiv ity  e lim in a te s  th e  n eed  fo r 
seco n d -ro u n d  a m p lif ic a tio n  an d  d ec rea ses  o p p o rtu n itie s  fo r  g e n e ra tin g  fa lse -p o sitiv e  
re su lts (68 ). T h e  s im p le s t m e th o d  u ses  f lu o re scen t d y es  th a t  b in d  sp e c if ic a lly  to  d o u b le - 
S tranded-D N A . T h e  o th e r  fo u r  re ly  o n  th e  h y b rid iz a tio n  o f  f lu o re sc e n c e -la b e le d  p ro b es  to  
th e  c o rre c t a m p lic o n s . T h ese  m e th o d s  d iffe r  in  th e ir  sp e c if ic ity , a lth o u g h  a t la te r 
am p lif ic a tio n  c y c le s  a ll c a n  sh o w  a rtifa c ts  th a t do  n o t c o rre la te  w ith  sp ec if ic  p ro d u c t 
accu m u la tio n . A s a m p lic o n  d e te c tio n  in  th e  m o le c u la r  b e a c o n , h y d ro ly s is , h y b rid iza tio n  
and  sco rp io n  p ro b e  a ssay s  d e p e n d  o n  su ccessfu l o b v ia te  th e  n e e d  fo r p o s t-P C R  S o u th ern  
an a ly sis  o r  s e q u e n c in g  to  co n firm  th e  id en tity  o f  th e  a m p lic o n . C u rre n tly  th e re  is a  ran g e  o f  
d iffe ren t p o ss ib ilitie s  in  c h em is tr ie s  av a ilab le  fo r  re a l- tim e  P C R . T h e y  are:

D N A -b in d in g  d y e s

T h is  m e th o d  in v o lv e s  d e te c tio n  o f  th e  b in d in g  o f  a  f lu o re sc e n t d y e  (S Y B R  G reen ) 
to  D N A (6 9 ). T h e  u n b o u n d  d y e  ex h ib its  little  f lo rescen ce  in  so lu tio n , b u t d u rin g  e lo n g a tio n  
in c reas in g  a m o u n ts  o f  d y e  b in d  to  th e  n a scen t d o u b le -s tra n d e d  D N A . W h e n  m o n ito red  in  
rea l-tim e , th is  re su lts  in  an  in c rea se  in  th e  flu o re scen ce  s ig n a l th a t can  be  o b se rv e d  d u rin g  
the  p o ly m e riz a tio n  s tep , an d  fa lls  o f f  w h en  th e  D N A  is d e n a tu re d . C o n seq u en tly , 
f lu o rescen ce  m e a su re m e n t a t th e  en d  o f  e lo n g a tio n  step  in  ev e ry  P C R  cy c le  a re  p e rfo rm ed  
to  m o n ito r  th e  in c re a s in g  a m o u n t o f  am p lif ied  D N A . T h is  m e th o d  o b v ia te s  th e  n eed  fo r 
ta rg e t-sp ec ific  f lo re sc e n t p ro b e , b u t its sp ec if ic ity  is d e te rm in e d  e n tire ly  by  its  p rim ers . A s
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th e  p re se n c e  o f  an y  d o u b le -s tra n d e d  D N A  g en e ra te s  f lu o re sc e n c e , th is  a ssay  is n o t m ore  
sp ec ific  th a n  c o n v e n tio n a l R T -P C R . H o w ev e r, ad d itio n a l sp e c if ic ity  an d  R T -P C R  p ro d u c t 
v e r if ic a tio n  c a n  b e  a c h ie v e d  b y  p lo ttin g  f lu o re scen ce  as a  fu n c tio n  o f  tem p era tu re  to  
g en e ra te  a  m e ltin g  cu rv e  o f  th e  am p lico n (7 0 ). T h is  is  d o n e  b y  s lo w ly  in c reas in g  the  
te m p e ra tu re  ab o v e  th e  T m o f  th e  am p lico n  an d  m e a su rin g  th e  f lu o re sc e n c e . A s th e  T m o f  
th e  a m p lic o n  d e p e n d  o n  m ark ed ly  o n  its n u c le o tid e  c o m p o s itio n , it  is  p o ss ib le  to  iden tify  
the  s ig n a l o b ta in  fro m  th e  c o rrec t p ro d u c t. O n ce  th e  m e ltin g  c u rv e s  a re  e s tab lish ed  y o u  can  
se t th e  so ftw a re  to  a c q u ire  flu o re scen ce  ab o v e  th e  p r im e r  d im e rs ’m e ltin g  tem p e ra tu re  b u t 
b e lo w  th a t o f  th e  p ro d u c t. A lso  a  ca re fu l o p tim iz a tio n  o f  th e  re a c tio n  can  red u ce  the 
fo rm a tio n  o f  p r im e r  d im e rs  to  a  leve l th a t is o n ly  im p o rta n t fo r  v e ry  lo w  c o p y  d e tec tion .
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F ig u r e  2 D N A -b in d in g  d y e s  a s sa y

H y d ro ly s is  p r o b e s

T h e  T a q m a n  a ssay  (P e rk in -E lm e r-A p p lied  B io sy s te m s)  u tiliz e s  th e  5 ’-n u c lease  
ac tiv ity  o f  th e  D N A  p o ly m era se  to  h y d ro ly se  a  h y b rid iz a tio n  p ro b e  b o u n d  to  its  ta rg e t 
am p lico n . It u su a lly  u tiliz e s  e ith e r Taq  o r  Tth p o ly m e ra se  b u t an y  en zy m e w ith  an  
eq u iv a len t 5 ’-n u c lea se  ac tiv ity  p ro p e rtie s  (e .g . Tf[) can  b e  u se d (7 1 ) . A fte r  the  reverse  
tra n sc r ip tio n  step , su c c e ss fu l q u a n tif ic a tio n  req u ire s  th e  a n n e a lin g  o f  th re e  o lig o n u c leo tid es  
to  th e  D N A . T w o  te m p la te -sp e c if ic  p rim ers  d e fin e  th e  e n d p o in ts  o f  th e  am p lico n  and  
p ro v id e  th e  f irs t leve l o f  sp ec ific ity . T h e  ad d itio n a l sp e c if ic ity  o f  th is  a ssay  is p ro v id ed  by 
the u se  o f  a th ird  o lig o n u c le o tid e  p ro b e  th a t h y b rid iz e s  to  th e  a m p lic o n  d u rin g  the
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a n n e a lin g /e x te n s io n  p h a se  o f  th e  P C R . T h e  p ro b e  co n ta in s  a  f lu o re sc e n t rep o rte r dye a t its 
5 ’ e n d  su c h  as  F A M  (6 -ca rb o x y flu o resce in ), o r  a  T E T  ( te tra c h lo ro -6 -ca rboxyfluo resce in ), 
JO E (2 ,7 ,-d im e th o x y -4 ,5 -d ic h lo ro -6 -c a rb o x y flu o re sc e in ) , H E X  (h ex ach o lo ro -6 - 
c a rb o x y flu o re sc e in )  a n d  V IC , th e  e m iss io n  sp ec tru m  o f  w h ic h  is  q u en ch ed  by  a  seco n d  
flu o re sc e n t dye  a t its  3 ’ e n d  su ch  as T A M R A  (6-ca rb o x y te tram e th y lrh o d am in e ). I f  no  
a m p lic o n  c o m p le m e n ta ry  to  th e  p ro b e  is a m p lif ie d  d u rin g  th e  P C R , th e  p ro b e  rem ains 
u n b o u n d . A s th e  5 ’-e x o n u c le a se e  ac tiv ity  o f  Taq  an d  Tth  p o ly m e ra se  is d o u b le -s tran d - 
sp ec if ic (7 2 ), u n b o u n d  p ro b e s  re m a in  in ta c t an d  no  re p o r te r  flu o re scen ce  is detected . 
C o n v e rse ly , i f  th e  c o rre c t a m p lic o n  h as  b e e n  am p lif ied , th e  p ro b e  c a n  hy b rid ize  to  th a t 
a m p lic o n  a fte r  th e  d é n a tu ra tio n  step . It rem a in s  h y b rid iz e d  w h ile  th e  p o ly m erase  ex ten d s 
th e  p r im e rs  u n til it re a c h e s  th e  h y b rid ized  p ro b e . W h en  it d isp la c e s  its 5 ’ end  to  ho ld  it in  a 
fo rk ed  s tru c tu re , th e  en zy m e  c o n tin u es  to  m o v e  fro m  th e  n o w  free  e n d  to  th e  b ifu rca tio n  o f  
d u p lex , w h e re  c lea v a g e  ta k e s  p lace (7 3 ). T h is  sep a ra te s  th e  re p o rte r  a n d  q u en ch e r dyes and  
re lea se s  q u e n c h in g  o f  re p o rte r  flu o re scen ce  em iss io n (7 4 ). T h e  la rg e s t f lu o rescen ce  signal is 
o b ta in e d  w h e n  th e  tw o  lab e ls  a re  a t th e  ex trem e  5 ’ an d  3 ’ o f  p ro b e , p ro b ab ly  b ecause  o f  
m o re  e ff ic ie n t c leav ag e  b y  th e  p o ly m era se (7 5 ). T h e  in c rea se  in  flu o re scen ce  is m easu red  
cycle  by  cy c le  a n d  is  a  d ire c t c o n seq u en ce  o f  th e  a m p lif ic a tio n  p ro cess . A s  th e  po ly m erase  
w ill c leav e  th e  p ro b e  o n ly  w h ile  it  rem a in s  h y b rid iz e d  to  its  c o m p lem en ta ry  strand , th e  
te m p e ra tu re  co n d itio n s  o f  th e  p o ly m e riz a tio n  p h ase  o f  th e  P C R  m u s t be  ad ju sted  to  en su re  
p ro b e  b in d in g . M o s t p ro b e s  h av e  a T m o f  a ro u n d  70  °C; th e re fo re , th e  T aq m an  system  uses 
a  c o m b in e d  an n e a lin g  a n d  p o ly m e riz a tio n  s tep  a t 6 0 -6 2  °c. T h is  en su res  th a t the p robe  
rem a in s  b o u n d  to  its  ta rg e t d u rin g  th e  p rim e r ex te n s io n  step . It a lso  en su re s  m ax im u m  5 ’-3 ’ 
ex o n u c le a se  a c tiv ity  o f  th e  Taq  an d  Tth D N A  p o ly m erase .
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Figure 3 TaqMan probe assay 

Hybridization probes

T h is  m e th o d  u se s  tw o  h y b rid iza tio n  p ro b es to  m a x im iz e  sp ec ific ity . O ne o f  the 
p ro b es  ca rries  a t its  3 ’ en d  a  f lu o re sce in  donor, w h ic h  e m its  g re e n  flu o re sc e n t lig h t w h en  
ex c ite d  by  th e  L ig h tc y c le r’s lig h t source . Its e m iss io n  sp e c tru m  o v e rla p s  th e  ex c ita tio n  
sp ec tru m  o f  a n  a c c e p to r  f lu o ro p h o re  th a t is a ttach ed  to  th e  5 ’ e n d  o f  th e  seco n d  p ro b e . T h is 
p ro b e  m u s t b e  b lo c k e d  a t  its  3 ’ en d  to  p rev en t its e x te n s io n  d u rin g  th e  an n ea lin g  step . 
E x c ita tio n  o f  th e  d o n o r  re su lts  in  f lu o rescen ce  re so n a n c e  e n e rg y  tra n s fe r  to  th e  accep to r 
an d  th e  e m iss io n  o f  red  f lu o re sc e n t light. In  so lu tio n , th e  tw o  d y es  a re  ap art, an d  b ecau se  
th e  en e rg y  tra n s fe r  d ep en d s  o n  the  spacing  b e tw e e n  tw o  dye  m o lecu le s  and  on ly  
b a c k g ro u n d  f lu o re sc e n c e  is e m itte d  by the  donor. A fte r  d é n a tu ra tio n  step , b o th  p ro b es 
h y b rid ize  to  th e ir  ta rg e t seq u en ce  in  a  h ead -to -ta il a rra n g e m e n t d u rin g  th e  an n ea lin g  step . 
T h is  b rin g s  th e  tw o  dyes in  c lo se  p ro x im ity  to  one  a n o th e r  a n d  th e  f lu o re sc e in  can  tran sfe r  
its en e rg y  a t h ig h  e ffic ien cy . T h e  in ten sity  o f  the  lig h t o f  lo n g e r  w a v e le n g th  em itted  by  the  
seco n d  dye is m e a su re d  w ith  in c rea s in g  am o u n ts  o f  m e a su re d  f lu o re sc e n c e  p ro p o rtio n a l to 
th e  am o u n t o f  D N A  sy n th e s iz e d  d u rin g  the  P C R  reac tio n . A  f lu o re sc e n t s ig n a l is d e tec ted  
o n ly  as re su lts  o f  tw o  in d e p e n d e n t p ro b es h y b rid ize  to  th e ir  c o rre c t ta rg e t seq u en ce . T h is 
in c reases  sp e c if ic ity  a n d  g en e ra te s  ad d itio n a l flex ib ility  fo r p ro b e  d e sig n . F u rth e rm o re , as
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th e  p ro b es  a re  n o t h y d ro ly zed , flu o rescen ce  is re v e rs ib le  a n d  a llo w s  th e  g en e ra tio n  o f  
m e ltin g  cu rv es.
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F ig u r e  4 H y b r id iz a t io n  a s sa y

M o le c u la r  b e a c o n

M o le c u la r  b e a c o n  (S tra tag en e ) is D N A  h y b rid iz a tio n  p ro b e  th a t  fo rm  a  s tem -an d - 
loop  stru c tu re ; th e  lo o p  p o r tio n  o f  th e  m o lecu le  is c o m p le m e n ta ry  to  th e  ta rg e t n u c le ic  acid  
m o lecu le  and  th e  s tem  is fo rm ed  by  th e  a n n ea lin g  o f  c o m p le m e n ta ry  a rm  seq u en ce  on  life 
ends o f  th e  p ro b e  seq u en ce (7 6 ). A  f lu o re sc e n t m a rk e r  is  a tta c h e d  to  th e  e n d  o f  o n e  a rm  and  
a  q u e n c h e r is a tta c h e d  to  th e  en d  o f  th e  o th e r arm . T h e  q u e n c h e r  is a  n o n -flu o re scen t 
ch ro m o sp h e re s  th a t d is s ip a te s  th e  e n e rg y  th a t  it rece iv e s  f ro m  th e  f lu o ro p h o re  as heat. In  
so lu tio n , free  m o le c u la r  b e a c o n  a d o p t a  h a irp in  s tru c tu re  a n d  th e  s tem  k eep s  th e  a rm s in  
c lo se  p ro x im ity , re su ltin g  in  e ff ic ie n t q u en ch in g  o f  th e  f lu ro p h o re . W h e n  m o le c u la r  b eaco n  
en co u n te r  a  c o m p le m e n ta ry  ta rg e t a t th e  a n n e a lin g  te m p e ra tu re , th e y  u n d e rg o  a 
co n fo rm a tio n a l tra n s itio n  th a t  fo rces  th e  s tem  ap a rt an d  re su lts  in  th e  fo rm a tio n  o f  a 
p ro b e /ta rg e t h y b rid  th a t  is lo n g e r  an d  m o re  s tab le  th a n  th e  s tem (7 7 ). T h is  sepa ra te s  the  
f lu o ro p h o re  an d  th e  q u e n c h e r , le ad in g  to  th e  re s to ra tio n  o f  f lu o re sc e n c e  w h ic h  can  be 
d e tec ted . W h e re a s  an y  free  m o le c u la r  b e a c o n  re m a in s  c lo se  a n d  n o n -f lu o re sc e n c e . I f  the 
ta rg e t D N A  se q u e n c e  d o se  n o t ex a c tly  m a tch es  th e  m o le c u la r  s e q u e n c e , h y b rid iz a tio n  and  
f lu o rescen ce  w ill n o t o ccu r. T h is  is b e c a u se  th e  th e rm o d y n a m ic  p ro p e rtie s  o f  th e  m o lecu la r  
b eaco n  fav o rs th e  fo rm a tio n  o f  a  h a irp in  ra th e r  th a n  c o n tin u e  to  h y b rid iz e  to  a less  th an
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p e rfe c tly  m a tc h e d  ta rg e t seq u en ce .

Figure 5 The molecular beacons assay.

Scorpion probes

A  S c o rp io n  c o n s is ts  o f  a  sp ec ific  p ro b e  se q u e n c e  th a t  is h e ld  in  a  h a irp in  loop  
c o n fig u ra tio n  b y  c o m p le m e n ta ry  s tem  seq u en ce  o n  e ith e r  en d . A  f lu o ro p h o re  is  a ttach ed  to  
th e  5' en d  g iv in g  a  f lu o re sc e n t s ig n a l th a t  is q u e n c h e d  in  th e  h a irp in  lo o p  c o n fig u ra tio n  b y  a 
m o ie ty  jo in e d  to  th e  3 'end . T h e  h a irp in  lo o p  is lin k e d  to  th e  5' e n d  o f  a  p rim er. A fte r 
ex te n s io n  o f  th e  S c o rp io n  p rim er, d u rin g  a m p lif ic a tio n , th e  sp e c if ic  p ro b e  seq u en ce  is ab le  
to  b in d  to  its  c o m p le m e n t w ith in  th e  sam e  s tra n d  o f  D N A . T h is  h y b rid iz a tio n  ev en t opens 
th e  h a irp in  lo o p  so  th a t flu o re scen ce  is no  lo n g e r  q u e n c h e d  an d  a n  in c rea se  in  signal is 
o b se rv ed . A  P C R  s to p p e r  b e tw e e n  th e  p r im e r  an d  th e  s tem  se q u e n c e  p re v e n ts  read -th ro u g h  
o f  th e  h a irp in  lo o p , w h ic h  co u ld  lead  to  th e  o p e n in g  o f  th e  h a irp in  lo o p  in  th e  absence  o f  
th e  sp ec ific  ta rg e t seq u en ce . T h e  u n im o le c u la r  n a tu re  o f  th e  h y b r id iz a tio n  ev en t g ives rise  
to  s ig n ific a n t a d v a n ta g e s  o v e r h o m o g e n e o u s  p ro b e  sy s te m s . U n lik e  M o le c u la r  B eaco n  and  
D o u b le -D y e  O lig o n u c le o tid e s  a ssay s  (fo r  w h ic h  S c o rp io n s  c a n  b e  u se d  as an  a lte rn a tiv e  
te ch n o lo g y ), S c o rp io n  a ssay s  do  n o t req u ire  a  se p a ra te  p ro b e .
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F ig u r e  6 S c o r p io n  p r o b e  a s s a y

F o r q u a n tita te d  H IV  R N A  v ira l load , R N A  c a n n o t se rv e  as  a  te m p la te  for P C R . T he 
f irs t s tep  in  a n  R T  P C R  a ssay  is th e  rev erse  tra n sc r ip tio n  o f  th e  R N A  tem p la te  in to  cD N A , 
fo llo w ed  b y  its  e x p o n e n tia l am p lif ic a tio n  in  a  P C R  re a c tio n . U su a lly , th is  in v o lv es  th e  use 
o f  d e d ic a te d  R N A - a n d  D N A -d e p e n d e n t D N A  p o ly m e ra se  in  sep a ra te  (tw o -en zy m e /tw o  
tu b e ) rea c tio n . S e p a ra tio n  o f  R T  an d  P C R  step  h as  th e  a d v a n ta g e  o f  g en e ra tin g  a  stab le  
cD N A  p o o l th a t  c a n  be  s to re d  v ir tu a lly  in d e fin ite ly  b u t h ig h  r isk  o f  c o n ta m in a tio n  an d  uses 
lo n g  tim e  to  c a lc u la te . A lte rn a tiv e ly , a  sin g le  p o ly m e ra se  ab le  to  fu n c tio n  b o th  as an  R N A - 
an d  D N A -d e p e n d e n t D N A  p o ly m era se  can  be u se d  in  a n  o n e  en zy m e /o n e  tu b e  reac tio n  
(o n e -s tep  R T -P C R ).

T h e  c o n c e n tra tio n  o f  H IV -1 R N A  in  th e  p la sm a  o f  H IV  in fec ted  in d iv id u a ls  is an 
im p o rtan t p re d ic to r  o f  d ise a se  o u tco m e  and  a  m a rk e r  o f  a n tire tro v ira l d ru g  e ffic acy .(6) O f  
the  F o o d  an d  D ru g  A d m in is tra tio n  (F D A )-ap p ro v ed  te s ts  fo r  H IV -1  R N A  in  p la sm a , the 
m o st s e n s itiv e  h av e  d e te c tio n  lim its  o f  50  c o p ie s /m l(7 8 )  an d  tre a tm e n t is g en e ra lly  
co n s id e red  in itia lly  su c c e ss fu l i f  th e  level o f  v ire m ia  c a n  b e  re d u c e d  to  b e lo w  th is  level. 
H o w ev e r, re d u c tio n  o f  th e  H IV -1  R N A  lo ad  to  50  c o p ie s /m l d o e s  n o t g u a ran tee  lo n g -te rm  
su ccess, a n d  a  re b o u n d  o f  d ru g  re s is tan ce  can  o c c u r(7 9 ). M o re  se n s itiv e  assay s  fo r H IV -1 
R N A  are  n e e d e d  to  d e te c t, q u an tify , and  ch a ra c te riz e  p e rs is te n t v ire m ia  in  p a tien ts  w h o  are
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rece iv in g  a n tire tro v ira l th e ra p y  an d  w h o se  p la sm a  H IV -1 R N A  lev e ls  are  su p p re ssed  to  
less th a n  50  to  75 co p ie s /m l(4 1 ).

M o re  re c e n tly , R ea l-tim e  q u an tita tiv e  R T -P C R  fo r th e  d e te c tio n  o f  H IV -2  R N A  in  
p la sm a  w as d e v e lo p e d . T h e  e ffic acy  o f  th e  a ssay  w as d e te rm in e d  in itia lly  u s in g  seria l 
d ilu tio n s  o f  th e  H IV -2  N IH Z  stan d ard  an d  T a q M a n  system . T h e  C t-v a lu e  w as d e te rm in ed  
in  s ix  in d e p e n d e n t a ssay s  o f  se ria l d ilu tio n s  o f  th e  H IV -2  N IH Z  s ta n d a rd  m ad e  in  d ie thy l 
p y ro c a rb o n a te  (D E P C )-tre a te d  w ate r. T h e  sen sitiv e  o f  th e  a ssay  w as  50%  a t 50 v irus 
p a rtic le s /m l in p u t an d  100%  a t all h ig h e r in p u t sam p les ( 102-1 0 6 v iru s  p artic les/m l). 
T h e  d e te c tio n  lim it o f  th e  a ssay  w as th e re fo re  se t a t 102 v iru s  p a r tic le s /m l, a lthough  
sam p les  w ith  50  v iru s  p a rtic le s /m l are d e tec ted  reg u la rly  a t C t-v a lu e s  ab o v e  40 . T h e  linear 
ran g e  o f  th e  a s sa y  w as a t le a s t 4 logs w ith  a  S p ea rm an  re g re ss io n  c o e ff ic ie n t o f  0 .99  and  
th e  in te r-a s sa y  v a r ia b il i ty  b a se d  o n  th e  d ilu tio n  series C t-v a lu e  ra n g e d  fro m  2%  a t 106 
v iru s  p a r tic le s /m l to  7 .5 % a t th e  d e te c tio n  lim it (102 v iru s  p a rtic le s /m l) . th e  in tra -assay  
v a riab ility  w a s  d e te rm in e d  b y  p ro c e ss in g  32  sam p les  o f  104 p a rtic le s /m l an d  p ro v ed  to  be 
2 .5 % (8 0 ).

In  2 0 0 2 , re a l- tim e  q u a n tita tiv e  P C R  m e th o d  fo r m e a su rin g  th e  H IV -2  R N A  w as 
d ev e lo p ed  o n  L ig h tC y c le  sy stem . T h e  s to ck  o f  H IV -2  s tra in  N IH Z , w h ic h  w as co u n ted  by  
e lec tro n  m ic ro sc o p y , w as  as th e  s tan d ard . S ev era l p r im e r  se ts  ta rg e tin g  th e  h ig h ly  
c o n se rv ed  g a g  re g io n  w ere  ev a lu a ted . T h e  sen sitiv ity  o f  a ssay  w as 10 0 % a t a  v ira l load  o f  
250  co p ie s /m l a n d  6 6 %  a t a  v ira l load  o f  125 co p ies /m l. T h e re  are  c o rre la tio n  b e tw een  the  
C D 4+ -ce ll c o u n t, th e  c lin ic a l s tage , an d  th e  p la sm a  R N A  lev e l. T h e  la s t fa c to r  seem s to  be 
a  g o o d  in d ic a to r  o f  c lin ic a l s ta tu s , m ak in g  it th e  m ark e r o f  ch o ice  fo r  p ro sp ec tiv e  fo llo w -u p  
and  m o n ito r in g  o f  t re a tm e n t. In  co n tras t, w h ile  th e  p ro v ira l D N A  lev e l c o rre la te s  w ith  the 
C D 4+ -ce ll, it d o e s  n o t co rre la te  w ith  th e  c lin ica l s ta tu s(8 1 ).

In  2 0 0 3 , th e  q u a n tif ic a tio n  o f  H IV -1  R N A  co n c e n tra tio n s  d o w n  to  1 co p y /m l o f  
p la sm a  w as d e v e lo p e d  o n  A B I 7 700  S eq u en ce  D e tec tio n  S y stem  (A p p lie d  B io sy stem s). 
T h is a ssay  w ith  s in g le -c o p y  sen s itiv ity  (th e  s in g le -co p y  assay ) g e n e ra te s  a rep ro d u c ib le  
lin ea r re g re s s io n  p lo t o f  in p u t co p y  n u m b er v e rsu s  th re sh o ld  cy c le  by  u s in g  H IV -1 R N A  
tran sc rip ts  a t c o p y  n u m b e rs  ran g in g  fro m  1 to  106 p e r re a c tio n  m ix tu re . T h e  s in g le -co p y  
assay  w as c o m p a re d  to  th e  U ltra sen s itiv e  A M P L IC O R  H IV -1  M O N IT O R  assay  and  a 
m ore  se n s itiv e  m o d if ic a tio n  o f  th e  u ltra sen s itiv e  a ssay  b y  re p e a te d ly  te s tin g  a low -copy-
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n u m b e r p a n e l c o n ta in in g  2 0 0  to  0 .781 cop ies o f  H IV -1  R N A  p e r  m l o f  p la sm a . T h is 
c o m p a riso n  sh o w ed  th a t  th e  s in g le -co p y  assay  h ad  a  g re a te r  se n s itiv ity  th a n  th e  o th e r 
a ssay s  a n d  w as th e  o n ly  a ssa y  th a t  d e tec ted  H IV -1 R N A  a t le v e ls  as  lo w  as 0.781 
co p ie s /m l. T e s tin g  o f  p la sm a  sam p le s  from  15 p a tien ts  w h o  w e re  re c e iv in g  an tire tro v ira l 
th e ra p y  a n d  w h o  h a d  < 75  H IV -1  R N A  co p ies/m l re v e a le d  p e rs is te n t v ire m ia  in  all 15 
p a tie n ts , w ith  H IV -1  R N A  lev e ls  ran g in g  from  1 to  32  c o p ie s /m l (m e d ia n , 13 co p ies /m l). 
T h e  g re a te r  s e n s itiv ity  o f  th e  s in g le -co p y  assay  sh o u ld  a llo w  b e tte r  c h a ra c te riz a tio n  o f  
p e rs is te n t v ire m ia  in  p a tie n ts  w h o  a re  rece iv in g  a n tire tro v ira l th e ra p y  a n d  w h o se  H IV -1 
R N A  lev e ls  a re  su p p re s se d  to  b e lo w  th e  d e tec tio n  l im its  o f  p re se n t a ssay s , a lth o u g h  
se n s itiv ity  is  m a x im u m  w ith  7 m l o f  p lasm a(4 1 ).

In  2 0 0 4 , q u a n tita tiv e  d e te c tio n  o f  H IV -1 v ira l lo a d  b y  S Y B R  g re e n  rea l- tim e  R T - 
P C R  te c h n iq u e  in  H IV -1  se ro p o s itiv e  p a tien ts  w as  d e v e lo p e d , th e  re su lt  d e m o n stra te d  th a t 
th is  te c h n iq u e  d e te c te d  50  H IV -1  R N A  co p ies /m l o f  p la sm a . M o re o v e r , C o m p ariso n  o f  
re a l- tim e  R T -P C R  w ith  th e  b -D N A  tech n iq u e  co n s id e red  w id e ly  a  re fe re n c e  te c h n iq u e  for 
H IV -1  R N A  v ira l lo ad  m easu rem en t. T h e  p a ra lle l q u a n tita tiv e  a n a ly s is  o f  H IV -1 p o s itiv e  
sam p le s  sh o w e d  a  h ig h  c o rre la tio n  (r  = 0 .9 0 8 ) b e tw e e n  th e  tw o  m e th o d s . A lth o u g h  b -D N A  
an d  th e  re a l- tim e -b a se d  m e th o d  gave  s im ila r se n s itiv ity , th e  a ssay  d e te im in e d  
q u a n tita tiv e ly  H IV -1  R N A  co p ies  in  4  o u t o f  16 sam p le s  sh o w n  as u n d e te c ta b le  b y  b -D N A . 
T h e  S Y B R  g re e n  re a l- tim e  R T -P C R  rep resen ts  a  g o o d  a lte rn a tiv e  to  b -D N A  assay  in  H IV - 
1 v ira l lo ad  d e te rm in a tio n  e sp e c ia lly  d u rin g  th e  m o n ito r in g  o f  H A A R T  tre a tm e n t/12).

W e h av e  o p tim iz e d  an d  c lin ica lly  ev a lu a ted  a s im p lif ie d  in -h o u se  rea l tim e  R T - 
P C R  sy stem . T h e  go a l o f  th e  s tu d y  is to  red u ce  th e  risk  o f  c o n ta m 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  s tep , to  sh o rte n  th e  tim e u sed  fo r a n a ly s is  a n d  m o re  im p o rtan tly  to  
lo w er th e  o v e ra ll cost.


	CHAPTER III LITERATURE REVIEW
	The Immunopathogenesis of HIV Infection
	The HIV-1 Quantiplex (bDNA) Assay
	The AMPLICOR HIV-1 MONITOR Assay
	The NucliSens HIV-1 Assay
	Performance characteristics of assay for HIV viral load
	Principle of "real-time" PCR
	Techniques for real-time PCR


