
Reverse Transcriptase Fidelity and HIV-1 Variation 

M a r k  A. LVa~nberg et al. (1 )  hypothes~ze 
that increased reverse transcrlptase (RT)  
f ~ d e l ~ t y  may account for the slowed emer- 
gence of epitope variants observed in pa- 
tients treated with ( -)2',3'-dideoxy-3'- 
thiacytidine (3TC) and the failure to detect 
secondary drug-resistant variants during 
growth of 3TC-resistant human immunode- 
ficiency virus-type 1 (HIV-1) in culture. A 
relatively simple model of virus population 
dynamics (2-4) permits an indirect test of 
this hypothesis. The  model shows that de- 
layed variation of 3TC-resistant HIV-1 is 
likely a result of decreased fitness rather 
than enhanced fidelitv. 

Coffin argues coniinciilgly (4)  that the 
proportion of variant genomes (P,,) in a 
large, rapidly replicating population of 
HIV-1 in vivo 1.5) is reasonably modeled as 
a function of virus mutation ;ate ( p ) ,  fit- 
ness of the variant relative to that of wild- 
type (s), and number of replication cycles 
(n) .  O n  the basis of half-life values (tl12) 
reported by Wainberg et al. ( I ) ,  the fitness 
gained from loss of neutralizable epitopes in 

individuals treated with azidothymidine 
(AZT) is calculated to be 100%, or s = 2.0 
(6). When applied to the model of Coffin, 
this increased fitness predicts a rapid accu- 
mulation of epitope variants with tlIz = 14 
cycles = 5.2 weeks (Fig. l A ,  thick solid 
line). Thus, the model closely approximates 
the 5.6-week tlIz measured by Wainberg et 
al. The model also ~rovides a good fit to the 

u 

data from the report (1)  for AZT resistance 
in culture when s = 7.5 (Fig. 1B, thick solid 
line). 

A t  these high s values, reductions In 
mutation rate are expected to minimally 
delav the emergence of HIV-1 variants. If 
one Lakes the Gguable assumption that R T  
fidelitv is rate-limiting for virus mutation 
(7), a threefold decrease in mutation rate 
[as predicted from the report (1 )]  will result 
in only a 3- to 4-day delay in epitope loss in 
vivo (Fio. l A ,  thin dashed line) and about - 
a 2-day delay In AZT resistance in culture 
(Fig. lB, t h ~ n  dashed line). Even large re- 
ductions In mutation rate are predicted to 
only modestly affect the timing of variant 
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Fig. 1. Predicted effects of mutation rate (I*) and relatve ftness (s) on HV-1 varation. (A) Emergence of 
epltope varlants in vivo. Thick. solld n e ,  model of data from the report by Wainberg et a/. (1) for 
AZT-treated ndviduals (t, = 14 replicaton cycles - 5.2 weeks). Thin, dashed, and dotted n e s ,  
effects of changng mutaton rate while hodng relative fitness constant (s = 2.0). Thick, dashed lines, 
model of data from the report (?)for 3TC-treated ndivduals (t,,, = 108 repicaton cycles - 40 weeks). 
Population size = 101° virions with replicaton cycle = 2.6 days (5); wild-type mutation rate = 3 X 10-5 
per nucleotde per cycle (10); 3TC-resistant mutation rate = 1 x per nucleotide per cycle (?) .  
Cunles are essentially the same, staring with either zero or lo5 preexisting variants in the population 
(data not shown). (8) Emergence of AZT-resstant (AZTR) variants In culture. Filled and open circles, 
data from the report (I) for wild-type (HxB2) and 3TC-resistant (HxB2-MI 84V) HIV-I , respectively [figure 
1 In ( I ) ] .  Thck, s o d  n e ,  model of wild-type data. Thn, dashed. and dotted lines, effects of changing 
mutaton rate while holding relative fitness constant (s = 7.5). Popuaton size = lo6 vrions; repcation 
cycle = 3.5 days ( ? I ) ;  wild-type and 3TC-resistant mutatlon rates as above. Modeled s value of 7.5 
represents the average fitness gain during the course of the multistep drug selection protocol ( 7 ) .  Sghtly 
better fit of the wild-type data IS obtalned f one assumes that AZT-resstant mutants preexist In the 
starting virus population (data not shown). All curves were generated for single-locus varants using the 
equation 

(S - ~,)M,- - I  + p:W,-; 
P,. = sM,-, - W,-, 

where P," IS the proportion of variant genomes In the population (ordnate) at replicat~on cycle n 
(abscissa), s is the fitness of the variant genome relative to that of wild-type, I*iand p,are the fotward and 
reverse mutation rates, respectively (assumed here to be equal) and M,-, and W,-, are the number of 
variant and wd-type genomes, respectively, at cycle n-1 (2-4). 

emergence (Fig. 1, A and B, thin dotted 
lines). Assuming that all virions achieve 
similar fitness gains from neutralization es- 
cape and AZT resistance, then the delays 
observed by Wainberg et al. for 3TC-resis- 
tant HIV-1 cannot be explained by a simple 
decrease in virus mutation rate. 

These modeling results strongly suggest 
that other rate-limiting steps are involved. 
Calculations based on  growth competition 
experiments (8 )  reveal a reduced fitness of 
3TC-resistant mutants relative to wild- 
type HIV-1 (s = 0.91 and 0.73 for the 
M184V and MI841 mutants, respectively). 
Although a 9% reduction in relative 
fitness (s = 0.91) may not seem significant 
(1 ), its impact on  the composition of a 
virus population after multiple cycles of 
replication is potentially enormous (3 ,  4 ) .  
This may contribute, in part, to the 
observed delays, in epitope loss in vivo and 
outgrowth of drug-resistant variants in 
culture. Thus, a more realistic scenario for 
epitope loss in 3TC-treated patients is 
modeled assuming that 3 T C  reduces 
overall viral fitness within the host (Fig. 
l A ,  thick dashed line). In the culture 
experiments ( I ) ,  population size is also a 
potentially important consideration. If fit- 
ness is further reduced during the drug- 
selection protocol, the size of the virus 
population may become diminishingly 
small (relative to mutation rate), and the 
probability of selecting drug-resistant vari- 
ants will decrease. 

This analysis reaffirms several impor- 
tant points previously emphasized by Cof- 
fin (3 ,  4 )  and others (9) .  The  frequency of 
genetic variants arising in a n  HIV-1 pop- 
ulation is influenced by tnany factors. 
These include mutation rate, fitness, pop- 
ulation size, the number of replication cy- 
cles, competition, and random sampling. 
Although high retroviral mutation rates 
presumably facilitate variation by contin- 
uously generating pools of mutant ge- 
nomes ( 7 ) ,  the overall composition of a 
large, rapidly replicating HIV-1 popula- 
tion is likely determined primarily by rel- 
ative fitness and not mutation rate. 

Bradley D. Pres ton  
P r o ~ a r n  in Human Molecular 

Biology and Genetics, 
Department of Blochemistry and 

Department of Radiation Oncology, 
Eccles Institute of Huinan Genetics, 

University of Lrtah, 
Salt Lake City, L'T 841 12, LrS4 

REFERENCES 

I .  M. A Wainberg et a/ . ,  Science 271, 1282 ( I  996). 
2 E. Batscheet. E .  Domngo, C. Weissmann, Gene 1 

27 (1976). 
3 ,  J, M. Coff~n, n Appl~ed Virology Research, vol. 2 ,  

Virus Variability. Epidemiology, and Control, E 

228 SCIEXCE VOL. 275 12 JANUARY 1997 



Kurstak, R. G. Marusyk, F A. Murphy, M H. V Van 
Regenmortel, Eds. (Plenum, New York, 1990), p.  11. 

4. J. M. Coffn, Science 267, 483 (1995). 
5. A S. Perelson, A. U. Neumann, M Markowltz. J M 

Leonard. D D. Ho, ibid. 271, 1582 (1996). 
6, J, Goudsm~t. A De Ronde. D D Ho, A. S Perelson, 

J. I/iioi. 70. 5662 11 9961. 
7. B. D. Preston and J. P, bougherty, Trends Microbioi. 

4, 16 (1996). 
8. B. A. Larder. S. D Kemp, P. R Harr~qan. Science 

269, 696 (1 995). 
9 E. Domnao and J J. Holland. in The Fdoiutionan/ 

Biology o j  \Viruses, S S Morse, Ed (Raven, ~ e h  
York. 1994), p. 161 

10. L. M Mansky and H M Temin, J. Virol 69. 5037 
(1 995). 

11. D. S. Dimtrov e ta i  , ibid. 67, 21 82 (1993) 

14 August 1996, accepted 21 August 1996 

Wainberg et al. (1 ) found increased fidelity 
for lamivudine (3TC)-resistant HIV-1 RT 
mutants harboring a methionine-to-valine 
substitution at codon 184 (M 184V). They 
postulated that increased RT fidelity of 
M184V variants might have clinical impli- 
cations by delaylng the generation of dou- 
ble-resistant viruses during treatment of 
3TC-resistant viruses with additional drugs. 

To investigate whether the observed dif- 
ferences in fidelity measured for the 184Val 
RT enzyme in cell-free nucleotide insertion 
experiments is effective in vitro, we per- 
formed selection experiments in cell culture 
with the wild-type (184Met) and 3TC-re- 
slstant (184Ile and 184Val) viruses. The 
selection experiments were performed ei- 
ther with nevirapine, delavirdine, or ritona- 
vir (2) .  In all of these experiments, viruses 
with reduced susceptibility to the second 
drug were selected without the loss of the 
184 genotype. For instance, genotypic anal- 
ysis of nev~rapine-resistant viruses after five 
cell culture passages revealed the presence 
of the Y181C nevirapine resistance muta- 
tion (3). These results indicate that in- 
creased fidelity could not prevent or signif- 
icantly delay the generation of additional 
mutations. 

We also analyzed four patients who re- 
ceived zidovudine-lamivudine combination 
therapy after 1 year of 3TC monotherapy. At 
the start of combination theram, the virus , ,  

population of all patients harbored the 
184Val variant. Genotypic analysis of the 
RT gene obtained after 1 year of combina- 
tion therapy revealed the presence of all 
known zidovudi~le resistance mutations (4). 

We conclude from these in vitro and in 
vivo data that increased RT fidelity of the 
184Val variant is not sufficient to prevent 
the generation of double-resistant HIV-1 
viruses. Consistent with this idea, Coffin 
(5) suggested that, after sufficient number 
of replication cycles, differences in fidelity 
are less crucial for the appearance of muta- 
tions than difference in viral fitness. Fur- 
ther clinical research is necessary to evalu- 
ate whether increased enzyme fidelity may 

have ilnplicatiolls for the strategy during 
combination therapy. 
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Wainberg et al. state that enhanced fidelity 
of nucleotide insertion by the 3TC-selected 
mutant HIV-1 RT (which contains the 184 
Met +Val amino ac~d  mutation) represents 
the molecular basis for the sustained (par- 
tial) suppression of plasma viral burden in 
HIV-1-infected indiv~duals treated with 
3TC, despite the development of virus resis- 
tance to the compound (1 ). In support of 
their hypothesis, they fou~ld that 184 Met 
+ Val RT mutant HIV grown in cell cul- 
ture in the presence of several nucleoside 
RT inhibitors (NRTIs), the protease inh~b- 
itor saquinavir, and several non-nucleoside 
RT inhibitors (NNRTIs) did not select for 
variants displaying resistance to these com- 
pounds (1 ). The latter observation could be 
ascribed to increased fidelity of the 184 Met 
-+ Val RT, resulting in a markedly lower 
flexibility of the mutant virus to efficiently 
escape drug pressure, or to a potential in- 
compatibility of the 184 Met -+ Val RT 
mutation with any other mutation selected 
for by either NRTIs or NNRTIs. 

In attempting to clarifjj these issues, we 
tried to obtain resistance to 3TC with a 
number of HIV-1 strains containing the 
NNRTI-specific mutations (103 Lys -+ 
Asn, 106 Val + Ala, 138 Glu + Lys, and 

181 Tyr + Cys) in their RT genes. In all 
cases, we found a drug dose-dependent 
emergence of virus within 13 to 36 days 
after 3TC treatment, virus that conta~ned, 
in addition to the preexisting NNRTI-spe- 
cific mutation, the 184 Met + Ile mutation 
in its RT. Our data show that a mutation at 
the 184-amino acid position of RT is com- 
patible with the NNRTI-spec~fic muta- 
tions, and thus, potential incompat~bility 
among the different mutations cannot ex- 
plain the lack of resistance of the 184 Met 
+ Val RT mutant virus to NNRTIs, as 
observed by Wainberg et al. (1 ). 

When we characterized the mutant virus 
strains (that originated from the wild-type 
HIV-1 or 184-Val RT mutant virus strains, 
and were exposed to the NNRTIs) for the 
presence of amino acid changes in their RT, 
we found that (i) in all cases, the 184-Val 
~nutation was retained during the NNRTI 
resistance selection piocess in the absence of 
3TC, and (ii) the NNRTI-specific amino 
acid changes (2)  were found in both the 
wild-type and 184-Val RT mutant viruses. 
Thus, the 184-Val RT mutant virus acquired 
the NNRTI-specific mutations in its RT 
(Table I ) ,  retained pronounced resistance to 
3TC, and became resistant to the NNRTIs. 
This resistance to the NNRTIs depended on 
the nature and location of the amino acid 
mutation in the RT and did not markedly 
differ from the resistance profile of the cor- 
responding single-mutant virus strains that 
did not contaln the 184-Val mutation ( 3 ) ,  

Because our data did not support sequen- 
tial chemotherapy of 3TC and NNRTIs as a 
strategy to delay the development of drug 
resistance in HIV-1, are combined a variety 
of NNRTIs with 3TC at different drug con- 
centrations in a concomitant treatment 
schedule. T h ~ s  therapy afforded a marked 
delay of virus-induced cytopathicity at drug 
concentrations that were at least 10- to 
50-fold lower than those required for the 
individual drugs to prevent virus replica- 
tion. For example, 3TC given at 0.02 or 
0.05 pg/ml as a single drug prevented virus 
emergence for only 4 to 6 days, whereas the 
concomitant presence of 3TC with an 
NNRTI such as BHAP, TSAO-m3T, or 
MKC-442 (0.02 or 0.04 p,g/ml) delayed the 
emergence of virus-induced cytopathicity 
for 19 to more than 52 days, or even cleared 
the virus from the infected cell cultures (4); 
the latter NNRTIs were able to delay virus 
appearance for only 6 to 15 days when used 
as single agents (4,  5).  

Because we have also demonstrated 
that combinations of 3TC-TP and various 
NNRTIs merely have an additive inhibitory 
effect on HIV-1 RT activity (4),  we believe 
that the pronounced antiviral efficacy of 
the concomitant combination of 3TC and 
NNRTIs may be attributed to the efficient 
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Table 1. Emergence of wild-type HV-1 (I,) and mc~tani HV-1/184-Val strains it? CEM cell cultures in the 
presence of a variety of NNRTls. 

Initial 
HIV-I \hid type HIV-I 184-Val 

Compound conceli- 
tration Virus Mutations break- break- Mutatons 
ji~.g;ml) in the RT tllrough* in the RT 

Pyridinone L-697,661 0.25 5 13) none 5 13) 184-Val 
Nevirapine 0.5 20 (1 4) 106-Aa 23 (1 1) 184-Val + 188-Cys! 

WTD + 190-Ala/WTD 
Delavirdine (BHAP U-90152) 0.5 I NA:; 34 (32) 184-Val + 236-Leu 
8-Chloro-TBO 0.1 I NA 30 (25) 184-Val + 106-lle 
Loviride la-APA) 0.1 23 11 1) 1 81 - ~ y s  23 (1 8) 1 8 4 - ~ a l  + 181 - ~ y s  
Quinoxane HBY 097 0.005 33 (21) 101 -Gu  N.A. 
TSAO-m3T 0.5 16(11! 138-Lys 1317) 184-Val + 

1 38-Lys; WTB 
Thiocarboxanilide UC-781 0.01 20 (1 I )  106-Aa/ 18 (1 4) 184-Val + 181 -Cys 

WTS 
MKC-442 (I-EBU) 0.05 23 (1 I )  181 -Cys 25 (14) 184-Val + 188-His 

0.25 NA 48 (35) 184-Val + 188-His 

Hgh multiplicity of infecton of HI\/-1(lB) and HV-1!18L-Va \>]as subjected to several passages in 5 - m  CEM cell 
cutbres (-3.5 X 10Qel ls per m i i t e r j  In the presence of f~xed concentrations of NNRTs n 25-cmi culture flasks to 
prodlice mutant vrbs strains that *idere able to grov; in the presence of the indvidua compolinds. n i t a  vrus Input into 
each cell cutlire conssted of 750 (i. of fresh sbpernatant that was obtained from an HI\/-1-infected cell clit l ire \>]hen 
the virus was most abbndantly present (-4 days after infection). Passages *idere performed every 3 to 4 days throbgh 
theaddition of 9.5 to 1.0 m of the nfected cutlire slipernatants to 5 m of aslispension containng 3.5 X ?a5 unnfected 
CEM cells per m i t e r .  'Data indicate the mean day reqbred for development of 50% cytopathicity (after initiaton 
of the experment). Values in parentheses represent the f~rst day of m'croscop~cally vis b e  vrus breakthrobgh. 
tVrbs breakthrough \>]as completely suppressed n the presence of the drugs, even after fbrther slibclilt'vation of the 
cell cutbres in the absence of the drbgs. INA,  not applicable. 01 88-Cys:L'iT. 19;-AlafWT, 138-Lys:WT, and 
106-Ala!WT represent mxtlires of \,;id-type &VT) virus and HV-1 strans containing a mutation n ther RT at the 
indcated amno ac~d  positon. 

complementary suppression of the NNRTI- 
and 3TC-specific resistance mutations by 
3TC and NNRTIs, respectively. Myers et i l l .  

(6) and Gulick et al. (7) found a profound 
suppression of viral replication and efficient 
suppression of resistance when HIV-1-pos- 
itive individuals were concomitantly treat- 
ed by a drug "cocktail" containing AZT and 
ddI and nevirapine, or AZT and 3TC and 
indinavir, respecti~~ely (6, 7). 

Given the enormous virus replication 
dynamics, virus plasma load and virus turn- 
over in vivo (a) ,  it is expected that muta- 
tions that may arise during such an inten- 
sive virus replication may easily counteract 
any potential decreased mutation rate that 
results from the higher fidelity of the mu- 
tant RT. Our results caution against strate- 
gies aimed at the accumulation of drug re- 
sistance mutations in the HIV-1 RT ge- 
nome through the administration of single 
co~npounds in a sequential therapeutic 
treatment schedule. Such sequentially ac- 
quired mutations \vould make the virus eas- 
ily and highly resistant to multiple drugs. 
Our observations strongly argue for the use 
of a combination of different HIV inhibi- 
tors such as 3TC and NNRTIs to suppress 
virus replication and to delay the emer- 
gence of drug-resistant \.irus in HIV-1-in- 
fected individuals. From a cornparative side- 
by-side study of nine different NNRTIs (4), 
the quinoxaline HBY 097 and the thiocar- 
boxanilide KC-781 emerged as prime can- 

didate drugs to be included in a concomi- 
tant cornbination strategy with 3TC. 
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Response: Keulen et al. and Balzarini et al. 
demonstrate that NNRTI-resistant variants 
of the 3TC-resistant HIV (with the M184V 
alteration) can be generated under in vitro 
drug selection conditions. In our report, we 
demonstrated that the fidelity of 3TC-se- 
lected RT containing the M184V substitu- 
tion was increased as measured in cell-free 
experiments (1) .  We also showed that vi- 
ruses containing the M184V alteration u 

could not easily be selected for resistance 
against a variety of compounds including 
the non-nucleoside inhibitors, nevirapine 
and delavirdine, and the protease inhibitor, 
saquinavir. Those experiments were per- 
formed with relatively steep increases in 
drug concentratiol?~, so as to maximize po- 
tential differences in behavior between 
wild-type and mutated recombinant viruses. 
More recent studies in the laboratorv of one 
of us (Z) ,  using less stringent selection con- 
ditions (akin to those used by Balzarini et 
al.) than those initially used by us, have led 
to the appearance of HIV variants that 
display resistance against nevirapine or 
delavirdine in studies ~erformed with 
184V-containing viruses. These findings 
are consistent with results described in the 
comments: namely, viruses containing the 
184V substitution can apparently undergo 
further mutation so as to become resistant 
to NNRTI and probably to protease inhib- 
itors as well. 

One possible reason that delayed kinet- 
ics of virus breakthrough, resulting from an 
increase in RT fidelity, is not easily dem- 
onstrated in cell culture under certain se- 
lection conditions is that increased fidelity 
lnav result in a significant decrease in num- 
bers of lethal muyations that are then gen- 
erated during viral replication. To test this, 
one of us (M.A.W,) measured the TCIDSO: 
~ 2 4  ratios of HXB2-derived wild-tv~e virus , L 

&ring 10 successive rounds of selection in 
the presence of AZT or 3TC. The ratio 
remained around -0,4 for AZT-selected 
viruses even after 10 cycles, while those 
undergoing 3TC-selection gradually in- 
creased by about 15-fold to about 6.5. This 
result confir~ns that a greater proportion of 
virion particles released from cells infected 
with M184V variant are viable (and there- 
fore infectious), as compared with virion 
particles produced by infection with wild- 
type virus. Even though 184V-containing 
HIV should generate a less diverse popula- 
tion than would wild-type HIV, presence of 
viable, infectious virus in increased num- 
bers might facilitate selection under condi- 
tions of selection pressure from a drug. 

We did not argue (1 ) that the increase in 
RT fidelity associated with the 184V sub- 
stitution precludes further mutagenesis. The 
notion that an increase in RT fidelity may 
have clinical importance will require anal- 
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ysis of viral variability in patients undergo- 
ing treatment with drugs such as 3TC. Such 
studies should be performed on patients 
with relatively high CD4 T cell counts, in 
contrast to those ~erformed bv Keulen et al.. 
because the fideiity hypothesis invokes a 
role for the immune system in dimunition 
of viral burden (1 ,  3) .  Conceivably, other 
mutations that confer an even greater in- 
crease in fidelity than that conferred by 
M184V might be selected by other drugs, 
Combinations of drugs and mutations that 
significantly increase RT  fidelity could form 
a basis for future chemotherapeutic strategy. 

Preston has attempted to model the im- 
pact of polymerase fidelity on the rate of 
epitope loss and appearance of drug-resis- 
tant variants, He models virus population 
dynamics using experimental values for fit- 
ness and fidelitv determined for the M184V 
variant. The data available are insufficient 
to generate a model of virus population 
dynamics that can appreciate the role of 
polymerase fidelity on viral variation, 

1) Mutation rates. To  model the rate of 
generation of viral variants for two viruses 
u 

that differ in their polymerase fidelities, one 
would need the mutation rates for both 
viruses: the wild-type and the variant virus. 
The number utilized by Preston for wild- 
type virus, 3 X 10-' per nucleotide per viral 
replication cycle, is valid (4). The use of 1 
x per nucleotide per cycle as the 
mutation rate for 3TC-resistant virus, how- 
ever, is not. We stated, based on in vitro 
measurements, that the RT  of 3TC-resistant 
HIV displays a 2- to 16-fold decrease in the 
efficiency of misinsertion of deoxynucle- 
otide triphosphates, depending on the type 
of misinsertion involved ( I ) ,  The threefold 
increase in fidelitv that we found for M184V 
RT is an average' rate of formation of mis- 
pairs. HIV-1 RT can create mutations 

through multiple types of errors: misinser- 
tions, mispair extensions, and slippage-me- 
diated errors, Our measurements auantitat- 
ed only one of these components, the mis- 
insertion. Thus, the differences in the over- 
all error rates can be vastly different 
between the two viruses and need to be 
quantitated by single cycle infectious exper- 
iments, as we had originally stated ( I ) ,  One 
cannot substitute the average misinsertion 
efficiency for the in vivo mutation rate. 

2 )  Replication rates and fitness. Preston 
argues that the reason for slow emergence of 
variants is likely explained by a lower fit- 
ness of M184V virus. While fitness may be 
a factor (5), the argument is flawed. As 
cited above, the measurements of TCIDjo: 
p24 ratios reveal that the decreased muta- 
tion rate increases the proportion of viable 
virus particles in a population. These results 
point to a key impact of increased fidelity 
on the bioloev of HI\/ and reveal  itf falls in u, 

the methods currently used to measure fit- 
ness, Preston uses a value of 0,91 for 
M184V on the basis of the competition 
between wild-tvne and M184V viruses 15). , L , , 

Those experiments were based on mixed 
infections of wild-tv~e and M184V viruses , 
followed by several serial passages and mea- 
suring the amount of each virus at each - 
point. While the genotyping shows that the 
wild-type virus constitutes two-thirds of the 
virus population in the dish after 11 pass- 
ages, it is not clear what portion of it is 
viable. Also, the curves plotting the propor- 
tions of the MI84 and V184 genotypes in 
the mixture [figure 1B in (5)] reveal that 
the mutant genotype may be slowly on the 
rise, accompanied by a consistent drop in 
the proportion of the wild-type genomes. 
Whether further passages will result in the 
dominance of the M184V variant remains 
to be seen. A recent study shows that the 

fitness measurements of M 184V in different 
cell types yield dramatically different results 
(6). Therefore, it seems improper to apply 
the fitness values derived from experiments 
performed with one cell line (IvIT-4 cells) 
to the events occurring in another cell type 
(PBMCs). Furthermore, attempts to mea- 
sure fitness (5 ,  6 )  have used HXB2HIV-1, 
which contains a deletion in the nef gene 
(7). In view of the fact that NEF can influ- 
ence HIV replication and fitness, it is de- 
sirable to repeat these experiments with a 
clinical isolate or at least with an isolate 
without any lesions in essential genes. 

Thus, it appears that the two important 
values required to model the iinpact of fi- 
delity on virus mutation rate-virus repli- 
cation fidelity alid virus fitness-are cur- 
rently not available. Therefore, both the 
modeling and the conclusions drawn from it 
are premature. 
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