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Treatment of HIV-1-infected individuals with a combination of
anti-retroviral agents results in sustained suppression of HIV-1
replication, as evidenced by a reduction in plasma viral RNA to
levels below the limit of detection of available assays1,2.
However, even in patients whose plasma viral RNA levels have
been suppressed to below detectable levels for up to 30
months, replication-competent virus can routinely be recov-
ered from patient peripheral blood mononuclear cells3,4 and
from semen5. A reservoir of latently infected cells established
early in infection6 may be involved in the maintenance of viral
persistence despite highly active anti-retroviral therapy3–5.
However, whether virus replication persists in such patients is
unknown. HIV-1 cDNA episomes are labile products of virus in-
fection and indicative of recent infection events. Using epi-
some-specific PCR, we demonstrate here ongoing virus
replication in a large percentage of infected individuals on
highly active anti-retroviral therapy, despite sustained unde-
tectable levels of plasma viral RNA. The presence of a reservoir
of ‘covert’ virus replication in patients on highly active anti-
retroviral therapy has important implications for the clinical
management of HIV-1-infected individuals and for the devel-
opment of virus eradication strategies.

After HIV-1 infection of the cell, HIV-1 cDNA synthesis is initi-
ated in the cytoplasm and proceeds at the same time as viral
cDNA translocation to the host cell nucleus (Fig. 1a). Within
the nucleus, some linear full-length cDNA genomes circularize
to form episomes containing either one long-terminal repeat
(1-LTR circle) or two long-terminal repeats (2-LTR circle) (Fig.
1a). As HIV-1 lacks necessary factors for the maintenance of
episomal replication, these episomes may be labile and thus,

indicative of recent infection events. To specifically detect 2-
LTR circles, we used a PCR approach7 in which 5′ and 3′ primers
direct the amplification of viral sequences across the junction
that is formed after end-to-end 5′ and 3′ LTR ligation (Fig. 1b).
To facilitate the detection of rare viral episomes in a back-
ground of a large proportion of uninfected peripheral blood
mononuclear cells (PBMCs), we adapted a plasmid DNA isola-
tion procedure that allowed for the selective isolation of viral
episomes from genomic cellular DNA (Fig. 1c). Viral cDNA am-
plified from patient PBMC DNA by 2-LTR circle-specific
primers represented genuine 2-LTR circle junctions (Fig. 1d).

We initially assessed the stability of 2-LTR circle forms of viral
DNA in acutely infected cells in vitro. We infected CD4+ MT-4 T
cells and Jurkat-CCR5 cells with the X4 variant HIV-1LAI and the
R5 variant HIV-1ADA, respectively. We allowed synthesis of viral
cDNA to proceed for 24 hours and then restricted further
rounds of virus infection and cDNA synthesis by the addition of
reverse transcriptase inhibitors (Fig. 1). Within 24–48 hours
after the addition of the reverse transcriptase inhibitors, 2-LTR
circle numbers decreased by more than 90% in both HIV-1LAI-
and HIV-1ADA-infected cells (Fig. 2a). The copy numbers of other
viral DNA forms identified by the internal LTR primers (mostly
linear and integrated viral genomes) remained relatively con-
stant over the same interval (Fig. 2a). Thus, 2-LTR circles seem
to be labile intermediates in the virus lifecycle.

We next evaluated whether 2-LTR circles were labile in vivo.
We obtained PBMC samples from four HIV-1-infected individ-
uals who, after adjustment of their anti-retroviral regimens to
more potent combinations, showed steady decreases in plasma
viral RNA levels. There were considerable decreases in 2-LTR
circle copy numbers over the interval in which there was a
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rapid decrease in levels of plasma viral RNA (Fig. 2b). In con-
trast, when samples were analyzed in parallel with internal LTR
primers (Fig. 1b), HIV-1 cDNA levels fluctuated by no more
than 300% (Fig. 2b). These results indicate that 2-LTR circles
are labile, both in vitro and in vivo, relative to integrated viral
genomes.

We next determined whether 2-LTR HIV-1 episomes were
present in 63 patients who, throughout treatment with highly
active anti-retroviral therapy (HAART), had undetectable levels
of plasma viral RNA for sustained periods of time (Tables 1 and
2). Of these 63 patients, 50 (80%) had undetectable levels of
plasma viral RNA (assay limit of sensitivity, 400 copies/ml) for
12 months or longer (Table 2). Of these 50 patients, 24 (48%)
had undetectable levels of plasma viral RNA for 12 months or
more using an assay with sensitivity as low as 50 copies/ml. In
48 of the 63 patients (76%), 2-LTR circles were detected in their
PBMCs (Table 2). 2-LTR circle copy numbers ranged from less
than 1 copy per 1 x 106 PBMCs to 620 copies per 1 × 106 PBMCs.
There did not seem to be any substantial relationship between
the frequency of 2-LTR circles in patient PBMCs and the time
during which plasma viral RNA was undetectable (Fig. 3).
These data indicate that labile replication intermediates are
present in a substantial proportion of HIV-1 infected individu-

als who show sustained suppression of plasma viral RNA while
on HAART. 2-LTR circles were not detectable in PBMCs from 15
(24%) patients (Table 2). However, this may not indicate an ar-
rest of ongoing virus replication, because our assay does not ac-
count for extrachromosomal linear and 1-LTR circle forms of
viral cDNA.

To determine whether patients with 2-LTR circles also had
cells with replication-competent virus, we did high-input viral
co-culture assays on PBMCs from nine patients with 2-LTR cir-
cles and four patients without 2-LTR circles (Fig. 4).
Replication-competent virus could readily be isolated from
eight of the nine patients with 2-LTR circles. Virus could not be
isolated from patient W1, who had a very low circle copy num-
ber. Infectious virus could not be isolated from three patients
who lacked 2-LTR circles, even though co-culture was done on
4 × 107–6 × 107 CD8-depleted patient PBMCs. For patient L8,
who also lacked 2-LTR circles, only one of three cultures
yielded infectious virus (Fig. 4). These results indicate a correla-
tion between the presence of 2-LTR circles and cells with repli-
cation-competent virus. Plasma-based viral RNA assays
therefore fail to demonstrate the full extent of viral activity in
infected individuals who are being treated with HAART.

One important variable with a big effect on the decay charac-

Fig. 1 Detection of 2-LTR replication intermediates of HIV-1. a, cDNA in-
termediates in HIV-1 reverse transcription. Dashed lines, viral RNA; solid
lines, cDNA; *, primer binding site. Far left, subcellular location of the main
stages in reverse transcription (the exact boundaries are not yet defined).
After translocating to the nucleus, linear cDNA either undergoes integration
to form the provirus or circularizes to form episomes containing 1-LTR or 2-
LTRs. b, Strategy for 2-LTR-specific PCR amplification, with organization of
the LTRs at the circle junction and binding sites for 2-LTR circle-specific
primers. For amplification of all forms of viral cDNA, the 2-LTR circle-specific
primers were reversed in orientation, such that amplification is internal of the
LTR. c, Selective isolation of episomal forms of viral cDNA. Log dilutions of
HIV-1-infected MT-4 cells (CD4+ T-cell line) were adjusted to 1 × 106 total
cells by the addition of uninfected cells. Total cellular DNA and extrachro-
mosomal DNA were isolated and amplified with α-tubulin-specific primers21

and with 2-LTR-specific primers. The recovery of cellular DNA and 2-LTR cir-
cles was 0.6 and 32%, respectively, indicating selective enrichment for 2-LTR
circle forms of viral cDNA. d, 2-LTR circle junction sequences amplified from
extrachromosomal DNA of five HIV-1-infected individuals (left margin,
P1–P5) using 2-LTR circle-specific primers .
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teristics of viral compartments in patients on HAART is the pos-
sible contribution of a reservoir of ongoing virus replication.
Such a reservoir would be predicted to provide a continuous
source of infectious virus, which could sustain the pool of pro-
ductively and latently infected cells. We have used a new ap-
proach to demonstrate ongoing virus replication in a
substantial percentage of patients who have sustained unde-
tectable levels of plasma viral RNA. Our observations support
recent studies that presented evidence for ongoing virus repli-
cation in aviremic patients on the basis of viral sequence evolu-
tion8,9 and the presence of HIV-1-specific transcripts10.

Several characteristics of the reservoir in which virus replica-
tion continues in patients on HAART can be inferred from our
analyses. 2-LTR circles are formed only after completion of
viral cDNA synthesis and translocation of the viral cDNA to the
host cell nucleus11,12, and both processes occur only after infec-
tion of cycling but not resting T cells13,14 or peripheral blood
monocytes15. These extrachromosomal episomes in the host
cell nucleus are distinct from the extrachromosomal cytoplas-
mic cDNA intermediates that result from the restricted infec-
tion of resting CD4+ T cells12–14. CD8+ T cells contain proviral
DNA in AIDS patients16. We have made a preliminary analysis
of purified cells in two patients with readily detectable 2-LTR
circles (patients L7 and L19). 2-LTR circles were detected only
in purified CD4+ lymphocytes and not in
CD4– cells. Furthermore, 2-LTR circles were
detected in both CD4+/RO+ and CD4+/RO–

subpopulations (data not shown), which is
in agreement with studies indicating that
both naive and memory T cells are suscepti-
ble to HIV-1 infection in vitro17–19. One ques-
tion that emerges from our analysis is the
nature of the reservoir in which virus repli-
cation is ongoing. Although 2-LTR circles
were detected in patient PBMCs, it is un-
likely that this compartment was the source
of the infectious virus. Rather, CD4+ T cells
may have been infected during their passage
through extravascular tissues. At present,
we can only speculate on the tissue source
of infectious virus. For example, ‘sanctuary
sites’ may exist in some or all tissues where
virus replication can occur in an environ-
ment that is relatively inaccessible to anti-
retroviral agents.

Our study has implications for the devel-
opment of strategies to eradicate virus repli-
cation in HIV-1-infected individuals.
Although complete elimination of HIV-1
replication may be difficult with current
anti-retroviral regimens, our study, along
with other published observations9,20, indi-
cates that there do seem to be examples in
which even the most sensitive assays fail to
demonstrate ongoing replication in some
well-suppressed patients9,20. It is also likely
that, as more potent anti-retroviral thera-
peutics enter the clinic, ongoing or ‘covert’
virus replication may be arrested in more
patients. A better understanding of the na-
ture of the reservoir that sustains virus repli-
cation in aviremic patients on HAART may

lead to the development of more effective strategies for the ar-
rest of virus replication.

Methods
Study Populations. Patient samples were obtained from three centers:
the Division of Infectious Diseases and Immunology at UMass/Memorial
Health Care (Worcester, Massachusetts), the Chelsea and Westminster
Hospital (London, UK) and the UMass/Memorial pediatric HIV program
(Worcester, Massachusetts). All participants gave informed consent for
these studies. For evaluation of 2-LTR circle stability in vivo, PBMCs were
obtained from four HIV-1-infected individuals (patients Gu, Sm, Za and
Ha) who showed steady decreases in plasma viral RNA after adjustment of
anti-retroviral regimens to more potent combinations. Patient Gu, who
had been maintained on a two-drug reverse transcriptase inhibitor com-
bination, was subsequently changed (week 0) to a three-drug regimen
(ZDV/3TC/NFV). Patient Sm, who had been on a two-drug regimen
(ZDV/3TC) was changed at week 68 to ddI/EFV/NFV. Patient Za, who had
been on the four-drug regimen 3TC/D4T/ddI/NFV was adjusted (week 1)
to ZDV/ddC/NFV/RTV. Patient Ha, previously on the three-drug regimen
ZDV/ddI/NVP was subsequently adjusted (week 0) to D4T/3TC/NVP.
Drug name abbreviations: ZDV, zidovudine; 3TC, lamivudine; D4T, stavu-
dine; ddI, didanosine; NVP, nevirapine; RTV, ritonavir; EFV, efavirenz;
NFV, nelfinavir; ddC, zalcitabine.

Statistical Methods. The relationship between 2-LTR circle frequency and
either the duration of undetectable plasma viral RNA or the frequency of
positive virus co-cultures was examined using Spearman’s correlation coef-

Table 1 Characteristics of study subjects

Patient Drug regimen CD4 T Cells Patient Drug regimen CD4 T cells
number (cells/mm3) number (cells/mm3)

W1 RTV,ZDV,3TC 475 L2 3TC,D4T,RTV 852
W2 NFV,ZDV,3TC 827 L3 ZDV,3TC,IDV 448
W3 IDV,D4T,3TC 436 L4 ZDV,3TC,RTV 978
W4 IDV,D4T,3TC 505 L6 D4T,RTV,SQV 577
W5 IDV,D4T,3TC 248 L7 D4T,ddI,NVP 394
W7 SQV,D4T,3TC 443 L8 ZDV,3TC,NFV 173
W8 ddI,D4T 870 L9 3TC,D4T,EFV 482
W9 NFV,D4T,3TC 641 L11 ZDV,3TC,RTV 615
W10 IDV,ZDV,3TC 656 L12 3TC,D4T,RTV 389
W11 IDV,ZDV,3TC 344 L13 D4T,SQV,NFV 312
W12 ZDV,3TC,DLV 626 L14 3TC,D4T,IDV 375
W13 NFV,ZDV,3TC 699 L15 3TC,RTV, SQV,ABV 91
W14 NFV,D4T,3TC 685 L16 3TC,D4T,SQV,RTV 575
W15 NFV,3TC,NVP 866 L17 3TC,D4T,SQV 196
W16 RTV,D4T,3TC 572 L18 ZDV,3TC,IDV 175
W17 IDV,ZDV,3TC 364 L19 3TC,D4T,RTV,SQV 499
W18 IDV,ZDV,3TC 119 L22 ZDV,D4T,IDV 223
W19 SQV,ZDV,3TC 153 L23 3TC,ddC,IDV 534
W20 IDV,ZDV,3TC 360 L26 3TC,D4T,SQV,NFV 911
W21 NFV,D4T,3TC 208 L27 ZDV,3TC,IDV 185
W22 D4T,3TC 495 L28 D4T,ABV,EFV 80
W28 NFV,ddI,D4T 527 L29 ZDV,ddC,SQV,NFV 121
W30 D4T,3TC 575 L32 3TC,D4T,EFV 219
M1 NFV,D4T,NVP 287 L33 3TC, D4T,IDV 610
M3 IDV,ddI,NVP 440 L36 ddI, D4T, NFV 172
M4 IDV,ZDV,3TC 586 L37 ZDV,ddC,3TC,IDV 279
M6 NFV,ZDV,3TC 317 L41 ZDV,3TC,RTV 390
M7 NFV,3TC,NVP 175 L42 3TC,D4T,SQV 117
M8 IDV,ZDV,3TC,NVP 357 L46 3TC,D4T,NFV 180
M12 NFV,D4T,3TC 749
M13 ZDV,3TC,EFV 670
M14 IDV,ZDV,3TC 728
M15 IDV,ZDV,3TC 565
M16 NFV,3TC,NVP 403

CD4+ T-cell counts were determined at the time of 2-LTR circle measurement (Table 2). ZDV, zidovudine; 3TC,
lamivudine; D4T, Stavudine; ddI, Didanosine; NVP, Nevirapine; RTV, Ritonavir; EFV, Efavirenz; SQV, Saquinavir;
IDV, Indinavir, NFV, Nelfinavir; ddC, Zalcitabine; ABV, Abacavir.
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ficient. The mean frequency of positive co-cultures in individuals with and
without 2-LTR circles (Fig. 4) was further compared with a paired t-test.

Nucleic acid purification. Ficoll-purified PBMCs (2 × 106–40 × 106) were
collected by centrifugation at 1,300g for 2 min. Cell pellets were resus-
pended in buffer P1 and extrachromosomal DNA was purified by a
QIAprepTM spin miniprep kit (Qiagen, Valencia, California) using the modi-
fication for the isolation of low-copy-number plasmids as recommended
by the manufacturer. Chromosomal DNA was recovered from the sodium
acetate–SDS precipitate using DNAzol™ reagent (Life Technologies) ac-
cording to the manufacturer’s protocol. Total cellular DNA was purified
using an Isoquick™ nucleic acid extraction kit (ORCA Research, Bothell,
Washington).

Characterization of 2-LTR circle junctions. 2-LTR circle junctions were
amplified from 10–30 µl of extrachromosomal DNA in a 50-µl reaction
containing 1x HotStarTaq™ buffer, 200 nM nNTPs, 400 nM primers and
1.5 U HotStarTaq™ (Qiagen, Valencia, California). The reverse primer

(2n) was 5’–CAGATCTGGTCTAACCAGAGA–3’ and the forward primer
(4n) was 5’–GTAACTAGAGATCCCTCAGAC–3’, which annealed to nu-
cleotides 9,157–9,137 (HIV-1 LTR R region) and nucleotides 130–150
(HIV-1 LTR U5 region) of HIV-1LAI, respectively (GenBank accession num-
ber K02013). After an initial denaturation step (95 °C for 10 min), PCR
amplification proceeded for 45 cycles (95 °C for 30 s; 60 °C for 30 s; 72 °C
for 60 s) followed by a final extension (72 °C for 5 min). To control for the
effect of sequence polymorphisms at primer binding sites, amplification
was done with internal primers (2nr and 4nr) that were reversed in orien-
tation to those described above. Amplification with the internal LTR
primers proceeded for 35 cycles using conditions described above.
Polymorphisms in the region of the LTR that is recognized by the fluoro-
genic probe can affect annealing of the probe and potentially result in
‘false negatives’. To accommodate this, Taqman reaction products were
subsequently analyzed on agarose–TBE gels and stained with ethidium
bromide to ensure that those reactions did not contain episome-specific
PCR products. For quantification of 2-LTR circle frequency in patient
PBMCs, PCR reactions were done using an ABI prism 7700 sequence de-
tection system with the addition of 200 nM fluorogenic probe to the reac-
tion (5’–AGTGGCGAGCCCTCAGATGCTGC–3’), which anneals to
nucleotides 9,081–9,103 of HIV-1LAI. The oligonucleotide probe was mod-
ified with 6-FAM (6-carboxyfluorescein) reporter dye on the 5′ end and 6-
TAMRA (6-carboxytetramethylrhodamine) quencher dye on the 3′ end.
Copy number estimates of 2-LTR circles were determined either by ex-
trapolation from a plot of standards versus band intensity or by using the
ABI prism 7700 quantification software. For sequencing, 2-LTR circle junc-
tions were cloned into a TA cloning vector (Invitrogen, San Diego,
California) and analyzed on an ABI 377 DNA sequencer according to the
manufacturer’s protocol.

Fig. 2 Stability of 2-LTR circles in vitro and in vivo. a, Instability of 2-LTR
circle forms of viral cDNA in vitro. CD4+ MT-4 T cells or CD4+ Jurkat-CCR5 T
cells were infected with the X4 variant, HIV-1LAI or the R5 variant HIV-1ADA

and viral infection and cDNA synthesis were allowed to proceed for 24 h,
then further rounds of infection were then prevented by the addition of 5
µM ZDV or 1 µM Nevirapine, respectively; cells were then maintained in the
presence of these reverse transcriptase (RT) inhibitors. Upward arrows, sam-
pling intervals. Total cellular DNA was isolated (horizontal axis, time in

hours) and amplified with 2-LTR circle-specific primers and with internal
(LTR U5–R) primers (Fig. 1b). b, Instability of 2-LTR circle forms of viral
cDNA in vivo. PBMCs were obtained from four HIV-1-infected individuals
(patients Gu, Sm, Za and Ha) who, after adjustment of their anti-retroviral
regimens to more potent combinations, showed rapid decreases in plasma
viral RNA levels. The frequency of viral genomes was determined relative to
the amount of genomic cellular DNA (measured directly by absorbance at
260 nm); 100 ng cellular DNA represents approximately 1 × 106 PBMCs.

Fig. 3 Relationship between 2-LTR circle frequency and interval during
which plasma viral RNA was undetectable in plasma (fewer than 50
copies/ml). Data represent all 63 patients. Statistical analysis (rs = –0.143; P
= 0.26; Spearman’s rank correlation) indicates that within the time frame
of the analysis, there was no correlation between 2-LTR circle frequency
and duration of undetectable plasma viral RNA.
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Fig. 4 High-input virus co-culture assays for replication-
competent HIV-1. Virus co-culture results for replicate cul-
tures (each containing 1 × 107 CD8-depleted PBMCs): 
�, positive; �, negative. Treatment regimens, CD4+ T-cell
status and time of undetectable plasma viral RNA, Table 1.
There is significant correlation between the frequency of pos-
itive virus co-cultures and levels of 2-LTR circles (rs = 0.892,
Spearman’s rank correlation; P < 0.01; P < 0.02, paired 
t-test).

Virus co-culture assays. Patient PBMCs were separated by
Ficoll–Paque (Amersham–Pharmacia) and depleted of CD8+ T
lymphocytes using antibody-coated beads (Dynal, Oslo,
Norway). Cells were seeded in flasks in aliquots of 1 × 107

cells in RPMI 1640 medium supplemented with 10% fetal
calf serum and were activated by addition of 5 µg/ml phyto-
hemagglutinin for 12 h. CD8+-depleted PBMCs from HIV-1-seronegative
individuals were activated for 12 h with phytohemagglutinin and added
to flasks of patient PBMCs, in equal number, together with 20 IU/ml of
interleukin 2 (Genzyme, Cambridge, Massachusetts). At weekly inter-
vals, half of the culture supernatant was replaced with fresh medium

containing 20 IU/ml IL-2 and 1 × 107 freshly isolated, CD8-depleted and
phytohemagglutinin-activated donor PBMCs from HIV-1-seronegative
individuals. HIV-1 Gag p24 antigen in culture supernatants was evalu-
ated by enzyme-linked immunosorbent assay after 4 weeks (Beckman
Coulter, Fullerton, California).

Table 2 Analysis of 2-LTR circles in 63 aviremic patients

Patient Period of 2-LTR Circles PBMCs analyzedb Patient Period of 2-LTR Circles PBMCs analyzedb

number undetectable viral RNAa (copies/106 PBMC) (millions) number undetectable viral RNAa (copies/106 PBMC) (millions)
(months) (months)

W1 23 (14) 3 L2 8 (8) 5
W2 13 (13) <1 5.5 L3 12 (8) 10
W3 23 (14) 27 L4 21 (12) 180
W4 23 (12) 37 L6 10 (7) 0 4.0
W5 19 (11) 15 L7 11 (7) 610
W7 19 (13) 8 L8 17 (8) 0
W8 18 (15) <1 4.0 L9 8 (5) <1 2.2
W9 22 (11) 59 L11 19 (12) 84

W10 22 (15) <1 4.0 L12 19 (6) 7
W11 22 (15) 65 L13 15 (3) <1 7.8
W12 26 (16) 0 5.5 L14 14 (7) 116
W13 13 (13) 0 5.5 L15 30 (17) 0 1.5
W14 21 (15) 47 L16 12 (12) 4 8.1
W15 25 (12) 17 L17 15 (15) 14
W16 22 (14) 2 5.5 L18 16 (13) 0 10.2
W17 26 (15) 31 L19 15 (6) 620
W18 21 (16) 0 2.0 L22 14 (12) 6
W19 16 (10) 4 4.0 L23 14 (12) 0 4.8
W20 27 (15) 0 4.0 L26 17 (8) 36
W21 13 (13) 0 2.0 L27 17 (17) 0 3.2
W22 23 (15) 0 4.0 L28 8 (3) 275
W28 22 (8) 9 L29 21 (1) 3 2.0
W30 22 (17) 0 4.0 L32 7 (1) <1 10.0
M1 14 (9) 31 L33 16 (1) <1 14.4
M3 16 (7) 22 L36 14 (4) 2 5.6
M4 13 (ND) 264 L37 13 (7) 0 5.6
M6 24 (7) 63 L41 22 (1) 100
M7 11 (ND) 4 5.5 L42 18 (1) 0 2.0
M8 13 (2) 15 L46 7 (1) 4 20.0

M12 12 (7) 35
M13 10 (0) 67
M14 14 (14) 41
M15 10 (10) 82
M16 12 (8) 3 4.0

In all cases, maintenance of suppression of virus replication was confirmed by measurement of plasma viral RNA loads every 90–120 d. a Period for which plasma viral RNA was
below the level of detection using an assay with a sensitivity as low as 400 copies/ml. Numbers in parenthesis,  period for which viral RNA was below the level of detection using
an assay with a sensitivity as low as 50 copies/ml. 2-LTR circle copy numbers in most cases were determined in duplicate on independent PBMC samples. Values less than 1 indi-
cate that more than 1 × 106 PBMCs  were required for detection of 2-LTR circles. b Total number of PBMCs from which extrachromosomal DNA was isolated and analyzed for the
presence of 2-LTR circles. Except where indicated otherwise, quantitation was done on extrachromosomal DNA from 1 × 106 PBMCs. In all cases, 2-LTR circles were quantitated by
fluorescence-based PCR. Similar 2-LTR circle numbers were obtained when samples were quantified by comparison of PCR. band intensity to a standard dilution series of a 2-LTR
circle containing plasmid.
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