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An efficient method for the isolation of human immunodeficiency virus type 1 (HIV-1) nucleic acids from dry
cervical swabs was developed. HIV-1 gag and env were detected in 96% (25 of 26) and 81% (21 of 26),
respectively, of the samples tested by PCR from HIV-1-seropositive women in a Kenyan cohort study. Eighty-
eight percent of the swabs (22 of 25) were positive for gag RNA, and 85% (17 of 20) were positive for env RNA.
Fewer than 1,000 copies of HIV-1 gag RNA were detected in four swabs in which a competitive quantitative PCR
assay was used. The method described here may be useful for both qualitative and quantitative analyses of HIV
RNA in mucosal secretions as well as amplification and cloning of full-length viral genes for functional studies.

Human immunodeficiency virus type 1 (HIV-1) has been
detected in cervical and vaginal secretions by several methods,
including viral culture, antigen detection, and nucleic acid am-
plification by PCR. HIV-1 has been cultured from approxi-
mately one-third of cervical or cervicovaginal samples obtained
from infected women (4, 6, 19, 20), and virus was cultured from
four of four cervical biopsy specimens (15). HIV-1 Gag protein
was detected by indirect immunofluorescence in CD4" lym-
phocytes in cervicovaginal secretions in two-thirds (9 of 14) of
infected women (18). More recently, HIV-1 DNA has been
detected in 10 to 48% of cervical and vaginal swabs or lavage
fluids following PCR amplification (2, 3, 5, 6, 8, 21). In cervical
biopsy specimens examined by in situ hybridization following
PCR or reverse transcriptase-PCR (RT-PCR), all of 21 spec-
imens from lesions observed by colposcopic examination in
adult women were positive for HIV-1 DNA and RNA (10).
These data suggest that HIV-infected cells and virions at the
cervix are shed in genital secretions. However, there are very
little data available on the amount of HIV RNA present in
cervical secretions, although one report detected greater than
1,000 copies of RNA per ml of cell-free cervicovaginal secre-
tions (17). To determine the frequency with which HIV RNA
is shed from the cervix, we developed an RT-PCR method for
the detection of HIV-1 gag and env RNAs in cervical swab
specimens.

Because dry swabs (as opposed to swabs placed in transport
medium or to cervicovaginal lavages) are frequently a readily
available source for analysis of genital secretions, we devel-
oped a method by which HIV-1 RNA and DNA are directly
purified from dry-swab samples. Cervical secretions were col-
lected from HIV-1-infected women in Nairobi, Kenya, during
1991 and 1992. The samples were frozen at —70°C in cryovials,
shipped to Seattle on dry ice, and stored at —70°C until lysis in
1995 to 1997. Because the swabs were not stored in freezing
medium, we assumed that most cells present would lyse upon
thawing. Lysis solution was therefore added directly to the
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swabs in the cryovials to isolate all nucleic acids present. Just
prior to thawing, 1 ml of guanidinium solution L6 (described by
Boom et al. [1]) was added to the vials in which the swabs were
shipped. After a 10-min incubation at room temperature with
occasional inversion, the solution was transferred to a mi-
crofuge tube and the swab was discarded. Debris was removed
by centrifugation for 2 min at 8,000 X g in an Eppendorf
centrifuge, and the supernatant was transferred to a new tube.
Forty microliters of either silica coarse (see Boom et al. [1]) or
QIAEX (Qiagen) beads was added to each sample, followed by
incubation at room temperature for 10 min with occasional
inversion. The samples were then vortexed and centrifuged at
8,000 X g for 30 s, and the supernatant was discarded. The
pelleted resin was washed twice with 1 ml of L2 (1) and twice
with 1 ml of 70% ethanol. The resin was then air dried for 10
to 15 min to remove any traces of ethanol, and the nucleic acids
were eluted twice at 56°C for 5 min with 50 pl of diethylpyro-
carbonate (DEPC)-treated H,O (eluates were pooled for a
total of 100 wl per sample). A 20-ul aliquot was frozen at
—20°C for analysis of DNA in the sample, and the remaining
80 pl of the sample was treated with 2 U of RQ1 RNase-free
DNase I (Promega) at 37°C for 30 min, followed by phenol-
chloroform and chloroform extractions. The DNase I-treated
RNA was then precipitated with 0.3 M sodium acetate and
ethanol in the presence of 20 wg of glycogen (Boehringer
Mannheim) at —20°C overnight, spun at 12,000 X g for 30 min
at 4°C, and washed with 70% ethanol. The RNA pellet was air
dried and resuspended in 30 wl of DEPC-treated H,O.
Reverse transcription was performed with the RNA samples
in the presence of antisense primers for gag (GAG04 [13, 14])
and env (envl12 [11, 16]) simultaneously. Two identical 20-ul
cDNA reaction mixtures were prepared with 5 ul of each
Dnase I-treated RNA sample (equivalent to 13% of the swab),
but RT (superscript II; Gibco/BRL) was added to only one
reaction mixture. The minus-RT reaction mixture was used to
verify complete digestion of DNA in the test sample. An ad-
ditional minus-RT mock cDNA reaction was performed with 5
wl of the 20-pl aliquot which had not been treated with DNase
I (equivalent to 5% of the swab) in order to determine whether
DNA could be detected from the swabs. Following reverse
transcription, 4 pl of each reaction mixture was separately
amplified in nested PCR for gag (round 1, GAG04 and GAGO06
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TABLE 1. Detection of gag and env sequences in cervical swabs
Gag detection Env detection
Sample Untreated DNase® Untreated DNase“ CD4 count
(-RT) +RT —RT (=RT) +RT —RT
HIV-seropositive women
YO117 — + — + + - NT
YO121 - + - - - - 944
YO137 — + — + + - 140
YO174 — + — + + — 168
YO175 — + - - + - NT
YO182 - + - - + - NT
YO183 - - - - - - NT
YO184 + + - - + — 109
YO189 + + — + + - 155
YO215 + + - - NT NT 379
YO235 + - - + NT NT NT
YO236 + + - + + — 49
YO240 + + - + NT NT 262
YO247 + + - - + - NT
YO252 + + — + + - 169
YO253 + + - - NT NT 104
YO264 + + - + NT NT 348
YO274 + + - NT + — 482
YO275 + - - NT - - 213
YO278 + + + NT + — NT
YO287 + + - + + + NT
YO291 + + - + + - 294
YO298 + + — + + - 462
Y0299 + + - + + - 266
YO317 + + — - + - 692
YO321 - + - + + - 495
Total(+)” 18/26 23/26 1/26 14/23 18/21 1/21
HIV-seronegative women
YO161 — - - - - - NT
YO163 - - - - - - NT
YO164 - - - - - - NT
YO169 - - - - - - NT
YO171 - - - - - — NT
YO173 - - - - - - NT
YO178 - - - - - — NT
YO179 - - - - - - NT
Total(+)" 0/8 0/8 0/8 0/8 0/8 0/8

“ DNase, DNasel treatment of sample prior to reverse transcription; NT, not tested.

b Total(+), number of positive samples/number of samples tested.

[13, 14]; round 2, Gagl and Gag2 [9]) or env (round 1, env12
and env13; round 2, env9 and env10 [11, 16]). All PCRs were
set up in our P-FREE laboratory (12), which is physically
separated from any potential PCR product, plasmid, or phage
contamination.

To determine the efficiency of RNA recovery by this isola-
tion method, we spiked samples at the lysis step with a com-
petitive gag RNA containing a deletion of 70 nucleotides (nt;
similar to that used by Piatak et al. [13, 14]). The efficiency of
RNA recovery was high, as judged by the fact that competitor
RNA could still be detected by the RT-PCR method when as
few as 100 copies were added to a swab at the time of lysis
(data not shown). By the protocol described above, and assum-
ing 100% recovery of the RNA, the cDNA synthesis reaction
mixture would include 13 copies in the RT reaction mixture
and approximately 3 copies of the spiked competitor would be
present in the PCR (100 copies/100 .l X 80 wl/30 pl X 5 ul X
4 wl/20 pl = 3 copies). Thus, at least one-third of the spiked
RNA was recovered from the swab sample.

A total of 34 swabs were tested for gag and env nucleic acids.

These included 8 samples from HIV-seronegative women
tested in parallel with samples from 26 seropositive women,
and the laboratory investigator was blinded as to the serostatus
of the subject. A reaction was scored positive when a fragment
of the predicted size was detected on an ethidium bromide-
stained agarose gel. The results are shown in Table 1. To
distinguish between DNA and RNA present in the samples
prior to DNase I treatment, PCRs were performed in the
absence of RT on nucleic acid isolated directly from the swabs
(Table 1 [untreated]). No HIV-1-specific PCR products were
detected in 8 cervical swabs from HIV-seronegative women
taken from the same Kenyan cohort and extracted at the same
time as samples from HIV-seropositive women (Table 1).
Among HIV-positive women, gag and env DNAs were detected
in 69% (18 of 26) and 61% (14 of 23), respectively, of the
samples. These percentages of samples that were DNA posi-
tive were higher in the present study than in previous studies
from our group (2, 5, 6) and may reflect that as a result of
purification and concentration, a larger proportion of the swab
(1.25 versus 0.4%) was tested in the present analysis. Several
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FIG. 1. An ecthidium bromide-stained 3% agarose gel of the competitive
RT-PCR for YO189. The numbers of competitor RNA molecules added to the
initial RT reaction are indicated.

swabs were positive for only gag (n = 4) or only env DNA (n =
4). Such sporadic detection of HIV gene products could sug-
gest that very low copy numbers of proviruses are present in
these swabs.

To detect RNA, samples were first treated with DNase I,
and complete digestion of DNA was verified by performing
PCR in the absence of RT. Two samples remained positive for
DNA (YO278 for gag and YO287 for env) and, hence, could
not be specifically evaluated for RNA. Therefore, excluding
those samples, gag and env RNAs were detected in 88% (22 of
25) and in 85% (17 of 20) of samples from HIV-seropositive
women. None of the seronegative women was positive for HIV
RNA. Several samples were positive for gag or env RNA but
negative for DNA in the untreated fraction. Because we did
not separate cells from free virus prior to nucleic acid extrac-
tion, we cannot determine whether the HIV RNA detected
was from virions or from a few infected cells actively expressing
multiple viral transcripts. Combining the DNA and RNA data,
96% (25 of 26) of the swabs tested positive for gag nucleic acid
and 81% (21 of 26, including samples not tested [Table 1,
untreated or DNase treated]) were positive for env. Thus, our
results indicate that HIV-1 is present and is expressed in cer-
vical secretions in a majority of infected women.

To determine the quantity of RNA in dry swab samples, four
RNAs from positive samples were subjected to a quantitative
competitive RT-PCR method as previously reported (7), but
with nested-PCRs as described above. Briefly, in vitro-tran-
scribed competitor RNA (a 550-nt transcript containing a 70-nt
internal deletion of nt 966 to 1,027 of the wild-type sequence as
described in reference 7) was quantitated by spectrophotome-
try, and 5-pl aliquots of dilutions containing the indicated copy
numbers were frozen at —70°C until use in PCR tubes, to
which the test samples were directly added. Addition of the gag
competitor RNA during the RT reaction, followed by nested
PCR, revealed fewer than 1,000 copies of RNA per swab.
Figure 1 illustrates the results for one subject, YO189. The
wild-type and competitor bands are indicated, and the inter-
mediate-size band is of unknown origin but appears with com-
petitor alone, suggesting that it is an artifact of the amplifica-
tion of competitor. Each swab was extracted into a final volume
of 100 pl of H,O. Eighty microliters was DNase I treated and
resuspended in a final volume of 30 pl. Therefore, the 1.5 pl of
test sample RNA added to each competitor PCR tube trans-
lates to 1/25 of the swab sample (1.5/30 X 80% = 4%). The
intensity of the wild-type gag product was equivalent to that of
the competitor RNA between 10 and 33 copies, indicating the
presence of 10 to 33 copies of gag RNA in the 1.5 pl tested.
Thus, the initial swab contained 250 (10 copies/0.04 swab) to
825 (33 copies/0.04 swab) copies of gag RNA. Similar results
were obtained for Y0252, YO298, and Y0299 (data not
shown). Because we did not distinguish between RNA present
in virions or RNA present in cells, these copy numbers could
correspond to free virus and/or cell-associated RNA.

In conclusion, we have described an efficient and sensitive
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method for the isolation of HIV-1 nucleic acids, including
RNA, from dry cervical swabs. By this method, the selective
use of DNase I and RT treatment can be used to distinguish
between RNA and DNA in a single sample. We have found
that the majority of infected women have HIV-1 nucleic acids
in their cervical secretions. Moreover, we could amplify a
1.2-kb fragment representing the majority of the coding se-
quences for the extracellular glycoprotein, suggesting that this
method could be used to clone and analyze full-length viral
genes in swab samples. The HIV-1-seropositive women in this
study had CD4 cell counts ranging from 50 to 950, with 7 of the
18 women tested having counts of fewer than 200. Thus, these
women represented a spectrum of HIV infection, suggesting
that this method may be applicable for analysis of women at all
stages of disease. Because so few samples were negative by this
method, we cannot determine any correlation between a pos-
itive reaction and the clinical status of the subject. These issues
will likely require a large cohort study by the quantitative
method. Because dry cervical swabs can be obtained relatively
easily during routine physical examination, this method will be
particularly useful for archived samples as well as samples
collected in field settings with limited access to laboratory
equipment.
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