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DNA Amplification for Direct Detection of HIV-1 in 
DNA of Peripheral Blood Mononuclear Cells 

By means of a selective DNA amplification technique called polymerase chain reaction, 
proviral sequences of the human immunodeficiency virus (HIV-1) were identified 
directly in DNA isolated from peripheral blood mononuclear cells (PBMCs) of 
persons seropositive but not in DNA isolated from PBMCs of persons seronegative for 
the virus. Primer pairs from multiple regions of the H N - 1  genome were used to 
achieve maximum sensitivity of provirus detection. HIV-1 sequences were detected in 
100% of DNA specimens from seropositive, homosexual men from whom the virus 
was isolated by coculture, but in none of the DNA specimens from a control group of 
seronegative, virus culturenegative persons. However, H N -  1 sequences were detect- 
ed in 64% of DNA specimens from seropositive, virus culturenegative homosexual 
men. This method of DNA amplification made it possible to obtain results within 3 
days, whereas virus isolation takes up to 3 to 4 weeks. The method may therefore be 
used to complement or replace virus isolation as a routine means of determining H N -  
1 infection. 

A LTHOUGH SEROLOGIC ASSAYS IDEN- 

tify persons with prior exposure to 
human immunodeficiency virus 

( H N - l ) ,  they do not specifically determine 
current infection; this requires isolating the 
virus from an HIV-1-seropositive person. 
HIV- 1 isolation involves prolonged coculti- 
vation of peripheral blood mononuclear 
cells (PBMCs) with phytohemagglutinin 
(PHA)-stimulated lymphocytes from an un- 
infected donor or with a susceptible unin- 
fected indicator cell line (1). The procedure 
takes up to 3 to 4 weeks and lacks sensitivity 
in that viruses cannot be consistently isolat- 
ed from persons with documented infec- 
tions (2-4). 

The objective of this study was to directly 
determine the presence of HIV-1 genetic 
information in the DNA from PBMCs of a 
patient and to correlate this with the ability 
to isolate virus from the same patient. The 
number of peripheral blood lymphocytes 
expressing viral RNA, as detected by in situ 
hybridization (5), in an infected person is 
less than 1 in 10,000 cells; therefore, we 
used a DNA amplification technique (6- 

amplified region; a specific restriction endo- 
nuclease was then used to cleave the result- 
ant hybrid to yield an HIV-1 diagnostic 
fragment (8). This PCR technique takes less 
than 3 days to complete. 

We tested three groups of patients (Table 
1) for the presence of HIV-1 proviral DNA 
in their PBMCs. Those in group A (n = 11) 
were randomly selected seropositive and vi- 
rus culture-positive homosexual men from 
California (12); those in group B (n = 11) 
were randomly selected seropositive and vi- 
rus culture-negative homosexual men from 
California (12). Lymphocytes and sera from 
persons in these two groups were collected 
between April 1984 and July 1985. Persons 
in group C (n = 13) were randomly selected 
negative controls who were seronegative 
blood donors from the Atlanta area, and 
their lymphocytes and sera were collected 
between January 1985 and July 1985. 

H N - 1  proviral sequences present in the 
PBMCs of the persons in groups A through 
C were amplified by means of primer pairs 

I]), the chain reaction (PCR), C.-Y. OU, S. W. Mitchell, J. W. Krebs, P. Feorino, D. 
Warfield, G. Schochetman, AIDS Program, Center for 

to amplify specific regions of HIV-1 provi- Infectious Diseases, Centers for Disease Control. Public 
ruses present either as the free episomal Health Service, U.S. Department of Health and h m a n  

Services, Atlanta, GA 30333. form or as the integrated form in patients' S. Kwok, D. H. Mack, J. J. Sninskv, Department of 
chromosomal DNA. The amplified viral Diagnostics Research, Cems Corporation, Emeqwille, 

DNA could be detected by hyb;idization of CA 94608. 

a 32~-labeled DNA probe to a portion of the *To whom correspondence should be addressed. 
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representing the long terminal repeat (LTR) 
(SK 29 and SK 30),,gag (SK 38 and SK 
39), and mv (SK 68 and SK 69 and CO 1 
and CO 2) regions of the HIV-1 genome 
(Table 2). Since HIV-1 shows marked ge- 
nomic heterogeneity (13-17), primer pairs 
and probes were derived from highly con- 
served regions of the viral genome (8). 

For the results with the single primer pair 
SK 68 and SK 69 (SK 68/69), we used 1 pg 
of cellular DNA. This DNA was am lified 
for 35 cycles, hybridized with the 'P-la- 
beled probe, and digested with Hae III (Fig. 
1). The appearance of a diagnostic fragment 
10 bases in length in the autoradiogram 

(30% polyacrylamide gel) indicated the 
presence of HIV-1 proviral sequences in 
PBMCs. All DNA samples (11 out of 11) 
from the persons in group A generated the 
10-base oligomer, whereas none of the 
DNA samples from the persons in group C 
produced the diagnostic oligomer. Of par- 
ticular interest was the identification of 
HIV-1 sequences in 5 (46%) of 11 DNA 
samples from the persons in group B. DNA 
samples 62,67, and 70 showed faint oligo- 
mer bands, but these were approximately 
11100 of the intensity of the oligomer bands 
in groups A and B. In addition, similar faint 
bands were also observed in negative control 

Table 1. Correlation of results obtained with the PCR technique by virus culture in seropositive and 
seronegative persons (21). For group C, seronegative and virus culture-negative persons, all samples 
(40 to 51 and 63) proved to be negative with all four primer pairs. 

DNA samples 40 and 49; therefore, 62,67, 
and 70 were considered negative. 

The same DNA samples were h t h e r  
analyzed with three other primer pairs and 
probes to minimke problems that might 
arise from sequence variation in any particu- 
lar genomic region. Such variation would 
result in (i) inefficient primer or probe b id -  
ing, (ii) elimination of specific restriction 
endonuclease sites, or (iii) both of these 
problems. As shown in Table 1, the use of 
all four primer pairs revealed HIV-1 DNA 
in all of the seropositive, virus cultum- 
positive samples, 7 (64%) of 11 of the 
seropositive, virus Culture-negative samples, 
and 0 of 13 of the seronegative, virus cul- 
ture-negative samples. Compared with the 
single primer pair (SK 68/69), the use of 
multiple primers enabled us to identify two 

samples 
Primer pairs 

Clinical 

GroupA: ScmpaSdi9Cand * &rc*9C 
Asymptomatic +++t +++ +++ ++ 
Asymptomatic +++ +++ +++ ++ 
Asymptomatic +++ +++ +++ 

+++ +++ ++ B 6 
LAS +++ - 
LAS +++ +++ +++ - 
ARC + ++ + + m 
Asymptomatic +++ +++ +++ + 
Asymptomatic +++ +++ +++ ++ 
LAS +++ +++ +++ + 
ARC 
Hemat. ab. 

Group B: SrropmitiPc and* n r l r n ~ f l h  
60 Asymptomatic + + ++ ++ - 
61 LAS ++ ++ - + 
62 Asymptomatic - - - - 
64 Asymptomatic - - - - 
65 AmmDtomatic - - - ++ 
66 &tomatic - - ++ - 
67 Asymptomatic - - - - 
68 Asymptomatic ++ - ++ - 
69 Asymptomatic - - ++ - 
70 Asymptomatic - - - - 
71 ' Asymptomatic - - ++ ++ 
*W, lymphadenopathy syndrome; ARC, AIDS-related compla; hemat. ab., hematologic abnormality 
(23). tLabcls + + t , + +, +, and - denote high-level, intermediate-level, low-level, and negative, respectively, for 
the relative intens~ties of the diagnostic band observed in the autoradiogams. 

Table 2. Sequences of oligonudeotide primer pairs and probes and their locations in the HIV-1 genome. 

Fig. 1. (A to C) Representative DNA amplifica- 
tion analysis of peripheral blood lymphocyte 
DNA from HIV-l-seropositive and seronegative 
persons (see Table 1). DNA samples were ampli- 
fied for 35 rounds with the primer pair SK68169 
(Table 2) representing a conserved gp41 region, 
restricted with BstN I and fi-actionated in a 30% 
polyaaylamide gel. The detailed experimental 
procedures are described in (21). 

Primer or 
probe 

Sequence 
(5'-3') 

Location 
in HIV-I* 

Primer 
Primer 
Probe 
Primer 
Primer 
Probe 
Primer 
Primer 
Probe 
Primer 
Primer 
Probe 

ACCAGAGTCACACAACAGACGGGCACACACTACT 
ATAATCCACCTATCCCAGTAGGAGAAAT 

ATrnGGGA'ITAAATAAAATAGTMGAATGTATAGCC 
AGCAGCAGGAAGCACTATGG 

LTR 501-518 
LTR 589-605 
LTR 552-585 
,gw 1551-1578 
~ a g  1638-1665 
8~1595 -1635  
cnv 7801-7820 
cnv 7922-7942 
cn9 7841-7875 
en9 7855-7874 
en9 7970-7989 
MII, 7895-7934 

+HN-1 isolate ARV-2 (24), GenBank accession number K02007. 
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additional (61 and 65) HIV-1-positive per- Third, these persons may not have har- Darrow,Ann. Intern. Med. 103,662 (1985). 

sons from the seropositive, virus culture- bored HIV-1 proviruses. The lack of HW-1  13' ii:'f$t)r *". '"' S f l  82' 

negative group. proviral sequences that react with our 14, B. H. Hahn et d . ,  Science 232, 1548 (1986). 
A positive reaction does not necessarily probes in the PBMCs of these people could 15. J. M. Coffin, Cell 46, 1 (1986). 

indicate that the HIV-1 proviruses detected have resulted from their originally having 16. B. R. et ibid. 453 637 
17. S. Benn et al., Science 230, 949 (1985). 

could replicate in the patient's lymphocytes been exposed to noninfectious HIV-1 anti- 18, R, L, Willey et &,, Proc, Natl, Acad, Sd,  U.SA, 83, 
or in tissue culture. This may have been the gens or from their successful elimination of 5038 (1986). 
case with the seven PCR-positive persons in the virus from their PBMCs. Interestingly, a 19. J. M. Jason et al., J. Am. Ned. Assoc. 255, 212 

(1986). group B (Table 1). The inability to recover high proportion of sex partners of seroposi- 20, J ,  Q, Mok et al,, Lancet 1987-1, 1164 (1987), 
virus from these persons could have been tive persons who have had unprotected sex 21. sera and PBMC~ were collected and processed as 
due to defective proviruses. The presence of appear to have remained seronegative (19). previously described (3, 4 )  as was the isolation of 

defective integrated proviruses of HIV-1 The PCR technique described here may :zt ~ ~ ~ a ~ ~ ~ a ~ ~ { ; i ~ ~ d ~ ~ ~ ~ e ~ ~ ~ ~  
was reported previously (1 8). Defective pro- prove usehl in determining whether the enzyme-linked immunosorbent assay (ELISA) and 
virus would be detected by the PCR tech- seropositive persons have detectable levels of subsequently confirmed by Western blot testing (3). 

The presence of HIV-1 in PBMCs was monitored nique provided the region targeted for am- HIV- 1 proviruses and whether their sex by the appearance of reverse transcriptase activiv in 
plification was preserved. partners were subsequently infected even PBMCs cocultivated with PHA-stimulated lympho- 

cytes from healthy seronegative donors (1). The There are three possible explanations for though the partners remain seronegative. PCR mixture pg of PBMC 
the identification of persons who were sero- An analogous situation existed with infants DNA, 100 pmol each ofprimers ( ~ ~ b l ~  2), 10 m~ 
positive but both virus culture-negative and born to seropositive mothers (20). Some of each of four deovribonucleoside triphosphates, 10 

mM tris-HCI, pH 7.5, 50 mM NaCI, 10 mM PCR-negative. First, these persons may have these infants lost their maternal HIV-1 anti- MgC12, and 0,6 unit of thermoresistant DNA poly- 
contained an insufficient number of provirus bodies and remained asymptomatic, where- merase of T ~ C W U S  aquaticus. The amplification was 
copies (that is, very few infected lympho- as the others developed their own HIV-1 carriedout as describedby R. Saikietal. (Science, in 

press) with an automated temperature device (Ce- cytes) to be directly detected by the PCR antibodies and acquired immune deficiency ,,), After the amplification steps, one.tenth of the 
technique described here. It might be possi- syndrome (AIDS) or AIDS-related complex reaction mixture was removed, the NaCl concentra- 

ble to increase the sensitivity of detection by (ARC). The results presented in this report :::zz ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ $ t h ~ ~ 2 ~ ~ a b ~ ~ ~ ~ ~ ~  
using additional cycles or by using RNA demonstrate the potential utility of the PCR ,ine ,iphosphate end.labeled probe ( ~ ~ b l ~  2) at 
instead of chromosomal DNA as the origi- technique in complementing or replacing 56°C for an hour. Hybridization of the labeled 

nal template. The viral RNA would be virus isolation as a routine means of deter- 
d ~ ~ ~ ~ t S ~ ~ ~ , " S ~ ~ ~ ~  

converted to complementary DNA with re- mining the presence of HIV-1. selective restriction enzyme digestion (6). The re- 
verse transcriptase and then subjected to striction enzymes used for primer pairs SK29130, 

DNA amplification. The increased sensitiv- SK38139, SK68169, and C0112 were H i d  I, BstN 
REFERENCES AND NOTES I, Hae 111, and Hha I, respectively. Restricted 

ity from the higher number of 
1. P. M. Feorino et al., Science 225, 69 (1984). 

samples were analyzed on a 30% polyacrplamide gel. 
virus-specific RNA molecules than proviral 2. E. D. Gomperts et J . ,  ~lood 65, 1549 (1987). 
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