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Plasma Viral Load, CD4+ Cell Counts, 
and HIV-1 Production by Cells 

R e c e n t  papers have reported large amounts 
of human iimunodeficiency vlrus (HIV) 
particles circulating in the  blood of infecteLl 
uatients (1-3). In  the total blood volume. ~, 

the nunlber of virions can equal 10"artl- 
cles per milliliter, or a n  estimated 1 0 W I V  
partlcles per lnilllliter ( 1 ,  2 ) .  In  his article, 
John hi.  Coffin refers (4 ,  p. 483) to a n  
"extra~r~l inar l ly  large number of repllcatlon 
cycles that occur durulg [HIV] infection of 
a si~lgle ~n~lividual." But retro\;lrus-i~~fected 
cells, 111 general, produce large alnounts of 
progen\- virions, and most of these viruses 
are not infectious (9) .  Thus,  the  importance 
of the uuantitv of virus. hoth infectious and 
uninfectious, circulating in the  blood 
should not  be 01-erem~hasized. T h e  ~l los t  
important question raised from these papers 
is how many cells in the hodv are needed to 
produce the  hillion 1-irus particles ohserved 
in the svmutomatic ~ a t i e n t s .  

T o  aklress this iss;le, we cultivateLl for up 
to 3 days human T cells of the HUT78  line 
that nere chronicall\- infected n i th  the HIV- 
I,,, strain. This virus strain replicates xvith 
~uoderate kinetics in this T cell line. W e  
monitored viahle cell number with the use of 
trypan blue d\-e exclusion and ileterinined 
the percent of productlvel\- infected cells 
with the use of indirect i~nmunofl~~orescence 
assa\-s (IFA) o n  fixed cells (6) .  Amounts of 
virus rvere measureLl by branched D N A  n i t h  
the use of a ltit pro\-ided by Chiron Corpo- 
ration (Emeryville, California). 

T h e  H U T 7 8  T cells expressed HIV pro- 
teirs as LletecteLl by IFA. After initla1 

PBblCs ~vitl1 either the  highl\- cytopath~c 
HIV-lSF,, strain or a molecular clone of 
the  less cytopathlc HIV-I,,, strain. Cell  
culture iluiLls ne re  challged daily. O n  the  
fifth day, ~ v h e n  reverse transcriptase activ- 
ity (-4C@,C00 cpm/ml) in the  cell culture 
f l ~ ~ i ~ l s  was high, the  supernatants ne re  col- 
lected, filtered, and assayed for vlral R N A  
wit11 the  use of the  branched D N A  tech- 
n ~ y u e .  T h e  infected PBblCs were 
trypsin~zed to re1no1.e and 1nactlvate cell- 
associateLl virus ( 7 ) ,  monitored for cell 
\ , ~ a h ~ l ~ t y  and expression of vlral prote i~ls  
as detected by IFA, and plated as ~ n f e c -  
tious centers o n  PHA-stimulated nornlal 
PBL'ICs. T h e  L l i l~~ t ions  involved L l~~p l i ca te  
cultures receiving 1000, 500, 100, 50, and 
10 cells per well. A t  each d ~ l u t i o n  of cells, 
we perforlued the  trypsiniiation procedure 
to eliminate any virus spread tha t  might 
have occurred during the  dilution. 

W e  found that  1C to 15% of the  PBblC 
sho\veLl HIV protein expression by both  
assa\-s. Viral R N A  production in 2 ml of 
culture fluid indicated the  release of ap- 
proximately 125 to 200 particles per cell 
in 24 hours (Table  I ) ,  n.hich is similar to  
our result with the  HUT78 cells. Studies 
hy Dinutrov z t  n l . ,  n h i c h  used cultured 
HIV-1-infected CEh/i cells (8), showed 
that  a t  t he  time of peak 1-irus procluction 
10C0 particles ne re  released by a n  lnfected 
cell. These data and ours delnonstrate the  
large capacity for virus release by one  111- 
fecteil cell and suggest tha t  only about 10 

tr\-psiniiation to remove virions associated 
~vitl1 the  cell surface ( 7 ) ,  m.e measured 1-irus Tab'e I. rep'1cat1on I n  perlphera 

:nononuclear cells. Data obtaned from vra  RNA proLluction by 2 nlillion of these cells cul- measurements I n  ml  of fluid after culture of 
tured in 2 rnl of medium. Within  24 l ~ o ~ ~ r s ,  105 PBMC for 24 hours, ~~~b~~ of 
we detected ahout 120 million 1-iral R N A  reeasng vlrus are estimated from percent \/labill- 
genome copies \vhich nleans that virus pro- ty. data from nfectious center, and ~mmunofluo- 
dLlctioll by 2 x cells is about 30 virions rescence assays. Computatons do not Include 

per cell (that is, two RNA molecLlles per cells that may have dled after virus release !for 
example, wlth H V i  jF33). 

\,irion). After 48 hours the  amount of virus 
production rose to 4C0 inillion R N A  mole- 

Vlral RNA 
cules, or about 10C particles per cell. C e s  genome Vlral 

Because the initial studies 011 virus pro- reeaslng copes parices 
ductlon used a n  estahlished transformed T I s o l a t e  HV-1 Per per cell 
cell line (HUT78) ,  we also exalnined \,inls ml~lter 
production by infected peripheral blood 
mononuclear cells (PBh/iC), the major tar- 

SF33 1.4 X lo '  32 X l o G  228 
SF2 2 . 4 X l O ~ 0 ~ 1 0 "  125 

get of HIV. W e  acutely infecteLl cultured 

million cells n-ould be needed to lnaintaln 
the  hillloll 1-lrus uarticles observed in the  
i~lasma of some suhlects ( 1  , 2 ) .  Possibly 
even fewer cells are required, glven the  

u 

lnnits of the  111 vltro studles conducted. 
These findi~lgs on free virus production do 

not include the number of v~rons that remain 
cell-assoclateLl. Such viruses ~uus t  be in much 
greater number than the free \,lrus released, as 
they are easlly detected as budding partlcles by 
electron m~croscop\-, and as they can spread 
1CC- to 10CC-fold more effect~r-ely than can 
free \;lrus 18). These observations underline 
the importance of combating the cellular 
source of HIV and not just de novo illfection 
I.\- ~ t s  1-iral progen\- (9). 

Finally, the ilu~nediate rlse in the  CD4' 
cell counts after antlretrovlral therapy lnay 
reflect a response to the drug Itself and not  
to a drue-induced orotection from CD4' 
cell deatc ,  as h\-potileslzed in  other studies 
( 1 ,  2) .  Records from one  inLliv~dual provide 
val~lable data. Within  30  minutes after a 
needle stick injury, this person \vas given 3 '  
a:ido-3 Lleoxyth\-midine (AZT)  prophylaxis 
( 12CC mg/day for 2 days, 1000 mg/day for 12 
days, and then 500 mg/day for 2 rveelts). H e  
has been shown not  to he infected. Total 
lymphoc\-te and CD4- and CD8.- cell 
counts Lvere conducted o n  a regular hasis 
and examlneLl in relationship to the pre- 
and post-drug therapy measures. Within  48 
hours after A Z T  treatment, both lympho- 
cyte and CD4- cell counts rose substantial- 
ly from the haseline amount (Fig. 1) .  They 
increased by 3C% hy day 12 and remained 
a t  this high count throughout the course of 
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Fig. 1. Lymphocyte counts durlny and after pro- 
phylactlc treatment of a healthy individual wlth 
AZT after an H V  needle stick Injury. Zero repre- 
sents tlme perlod just before lnitiatlon of therapy. 
The y axls on the left shows a total lymphocyte 
count; they axis on the rlght shows a count for 
speciflc cell types. 
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treatment. CD8' T cells did not  increase 
substantially, likely reflecting the stable dis- 
trihution of C D 4  to CDS cells in this iniji- 
vidual. W h e n  A Z T  tlierapy stopped, tlie 
Iympl-iocyte and CD4.' cell counts returned 
to the nornial sange. T h e  source of the cells 
is not  known. Hov-el-er, the rapid increase 
in CD4-  cells and their lilernory subset 
( C D 4 i R O )  suggests a margillation effect or 
redistr~hutiol-i ot already formed cells. Be- 
cause A Z T  treatment nlas no t  con t im~ed  
after 1 month, \ve do  not  kl-iou rvhetlier 
suc1-i therapy ~vould ha\-e mailitained such a 
l i g h  concentration of I y m p l ~ o c ~ t e s  for a 
longer lleriod: Most important, tlie cellular 
reslxxise that we observed to the  treatnient 
challenges current interpretations of the ef- 
fect of A Z T  (and i~erliaps other ;inti\-iral 
drugs) o n  the number of lymphacytes 111 

treated patients. 
011s studies suggebt experimental con- 

trols that should he considered n h e n  evalu- 
ating antlretro\~lral therapy in HIV-~nfected 
inill\.lduals. A Ice-fold reduction in virus 
particles per lliilliliter oliserveLi iiuri~ig anti- 
retroviral therapy ( 1 ,  2)  ni~glit  represent the 
arrest of v~rus  replication h\- on[\- 10 niillion 
cells. Llore t1ial-i 299 hillion cells in the host 
are infected by tlie virus (12) ,  SO c o l l t r ~ l  of 
HI\' infection ~vould require much greater 
reduct~on in virus load. hlorcover, measur- 
ing C D 4 +  cell counts as an  indication of 
dntlretro~.iral efflcacy ( 1  1 ) may not account 
for the cellular respo~ise of tlie liost to the 
a n t i ~ ~ r a l  dr l~g alone. Before advocatillg an- 
tiretro~.iral tlierap~es, a clear assessnlelit of 
their etfect on  parameters inill~enclng the 
clinical course of the disease slioulil be pro- 
videil. X major target in therap\- sliould he 
the source of the v~rus-the virus-infected 
cell-and not o11l\- its proci~~ct \  (9), so that 
significant effects on viral load anil clinical 
outcome miglit he ac111e1-ecl. 
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R~jl~ni~si.: As slio~vn by the experiments pre- 
senteil ti7 Levy et a/., lC\irions is not \-cry 
much virus (about a microgram, in h c t ) .  This 
lllucli virus can easily he lnade in a day in a 
cell culture af ~l io~les t  proporti~in, and ~ t s  pro- 
duction shoulcl hardly strain tlie resources of a 
1 - 11-kilogram patient. Tlie importance of the 
nrus  loail IS only as a relative liieasure of 
activity in an infecteil mdividual kom one 
time point to the nest. It IS the n~imher of 
infected calls and the kinetics ot  infectLon 
that are important. The actual an-ioulit of 
vlrus observed 111 blooci is relateci to the bal- 
ance of production, transit f-om tlie site of 
p r ~ ~ i ~ ~ c t ~ o ~ ~ ,  a~nd decay or clear,ince. The  f ~ n a l  
value coulil 1-e anytli~ng measural~le n.~thout 
changing i~liporta~nt conclusions for ~lnder- 
stanililig HIY pathogeliesis. 

Althougli, as concludeii Levy o t  a/., the 
amount of virus detected coziid lie maile bv 
relatively fen  cells, it cannot be cc~ncliided 
tliat it IS made by a feiv cells. A n  lnfectc~l 
patlent 1s not a well-stirred s\-stem like a cell 
culture: The  i ~ l ~ p o r t a ~ i t  sites of replicat~on are 

the lymyh~~ret~cular  tlssues (in I\-mph nodes, 
spleen, tonsils, gut, skin, and elsewhere), 
\vliicli are not in free equilibrium with blood. 
C31-ily a fiaction of the  virus 111aJe at  these sites 
c;ln get to the blood, and n e  have no idea 
~ v h a t  this fraction is and therefore h,xce n o  
\\.a\- of using the virus 1o;iii to directly calcu- 
late tlie numher of infected cells. As I pointed 
out in mv ,wticle, an  im~~ort; i l l t  assumation in 
the use of v in~s  loail measure~~ients for this 
mlruose 1s that not tliat the fraction of 1-irus 
L L 

released into blood he large or s~liall, only that 
it be constalit over tlie period of observation. 
l,Xrliile I believe this assumption to he correct, 
I also consider it of f~rs t  iniportance that it be 
tested. 

Althougli the case history regarding 111- 
creased CL34+ cell coulnts ohserved after AZT 
treatlnent is interesting, it does not hear on  
the kinetic studies ( I )  cited by Levy zc itl. 

hecause lieitlier of these stuilies used AZT. As 
I have polnteil out (Z), a strength of tlie 
cornlimed stuLlies and those of some other 
groups (3) is that t-he use of multiple corn- 
p~un i l s  makes tlie occurrence of artifacts re- 
sultllin f r ~ n i  ~ l ~ i k n ~ \ v n  S L L ~ ~  effects unlikely. 
U~iless Le\,\- et al. nere to postulate that nu- 
cleoside analogs, nonnucleoside reverse tran- 
scriptase inhibitors, anil protease inhihitors all 
share tlie property of CLJ4+ cell enliance- 
ment, or perhaps that all drugs liave thls 
property, this observation has no rele\~ance to 
the situation. 
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