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SummaryA quantitative polymerase chain reaction-enzyme immunoassay (Q-PCR-EIA) was developed to measure the amount of human
papillomavirus (HPV) 16 DNA per genome equivalent in cervical scrapings. The quantitative approach was based on a combined compe titive
PCR for both HPV 16, using the general primer GP5+/6+ PCR, and β-globin DNA. The two competitive PCRs involve co-amplification of
target sequences and exogenously added DNA constructs carrying a rearranged 30 bp sequence in the probe-binding region. The accu racy
of quantification by combining the two competitive PCR assays was validated on mixtures of HPV 16 containing cervical cancer ce lls of CaSki
and SiHa cell lines. Comparison of this fully quantitative PCR assay with two semi-quantitative HPV PCR assays on a series of c rude cell
suspensions from HPV 16 containing cervical scrapings revealed remarkable differences in the calculated relative HPV load betwe en
samples. We found evidence that correction for both intertube variations in PCR efficiency and number of input cells/integrity of DNA
significantly influence the outcome of studies on viral DNA load in crude cell suspensions of cervical scrapings. Therefore, ac curate
measurements on viral DNA load in cervical scrapings require corrections for these phenomena, which can be achieved by applicat ion of this
fully quantitative approach.
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Table 1 Primer and probe sequence

Primer Target Sequence (5′–3′)

(bio)BGPCO3 β-globin ACACAACTGTGTTCACTAGC
BGPCO9 β-globin CTTGTGGCCGCAAATCAGCAGGTCTTCCGATGTCTGTTTGAGGTT
BGPCO8 β-globin TTGATACCAACCTGCCCAGG
BGPCO10 β-globin TCGGAAGACCTGCTGATTTGCGGCCACAAGCTGCCGTTACTGCCC
GP16.5 HPV 16 TTTGTTACTGTTGTTGATACTAC
GP8 HPV 16 CAAGACGAAGAATAACGGATGCCTTTTGAATATTTGTACTGCTG
(bio)GP6+ HPV 16 GAAAAATAAACTGTAAATCATATTC
GP9 HPV 16 ATCAAAAGGCATCCGTTATTCTTCGTCTTGAACTACATATAAAAA
GP5+ HPV 16 TTTGTTACTGTGGTAGATACTAC

Probes
WTBGPRO Endogenous β-globin ACTTCTCCTCAGGAGTCAGGTGCACCATGG
ICBGPRO β-globin internal construct CTTGTGGCCGCAAATCAGCAGGTCTTCCGA
WTHPV16PRO Endogenous HPV 16 GTCATTATGTGCTGCCATATCTACTTCAGA
ICHPV16PRO HPV 16 internal construct ATCAAAGGCATCCGTTATTCTTCGTCTTG

Underlined sequences represent the rearranged 30 base pairs probe binding sequence.

Table 2 Accuracy of quantification by Q-PCR-EIA

Mean copy number of HPV 16 per cell

No. of cells (total 105 Expected (min–max)a Calculated (mean ± s.d.)b

HPV 16 copies)*

200 CaSki + 0 SiHa 400–600 395 ± 168.5
195 CaSki + 500 SiHa 113–175.5 94 ± 26.6
150 CaSki + 5000 SiHa 12.6–27.2 11.5 ± 1.2
0 CaSki + 20 000 SiHa 1–10 3.6 ± 0.7

aBased on the assumption that 1 SiHa cell contains 1–10 copies of HPV 16 and 1 CaSki cell contains
400–600 copies of HPV 16 (Caballero et al, 1995). bThe determined values are averages of 3 independent
experiments.
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Figure 2 Competitive PCR results of endogenous HPV 16 target and HPV
16 internal construct. Lane 1: 10 pg pHPV 16 DNA + 102 copies of internal
construct; lane 2: 1 pg pHPV 16 DNA + 103 copies of internal construct; lane
3: 100 fg pHPV 16 DNA + 104 copies of internal construct; lane 4: 10 fg pHPV
16 DNA + 104 copies of internal construct; lane 5: 1 fg pHPV 16 DNA + 105

copies of internal construct. PCR products are shown after gel analysis (A),
and additional Southern blot hybridization of the PCR products with either a
specific oligoprobe for HPV 16 endogenous template (B) or HPV 16 internal
construct (C). PCR products were also differentiated in EIA using oligoprobes
for the target template (D) and internal construct (E) respectively
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Semi-quantitative, non-competitive PCR using external
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Figure 3 Analysis of HPV 16 and β-globin PCR-EIA. The ratio of optical
densities (ODs) from endogenous template to internal construct (ODET/ODIC)
is plotted on a log-scale against the concentration of the internal construct.
The median values and standard deviations are shown. (——) HPV 16, slope
P = –1.08 in the range of log values between –1 and +1; (- - - -) β-globin,
slope P = –0.89 in the range of log values between –1 and +1
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Figure 4 Comparison of the relative viral load between samples obtained
with quantitative PCR-EIA and two semi-quantitative approaches. Each
column on the x-axis represents an individual sample. Samples are ordered
according to increasing viral load values as calculated with the fully
quantitative Q-PCR-EIA. (A) Competitive GP5+/6+ PCR combined with
competitive β-globin PCR (Q-PCR-EIA); (B) competitive GP5+/6+ PCR
without correction for β-globin quantities; (C) semi-quantitative non-
competitive GP5+/6+ PCR
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Comparison between quantitative PCR and semi-
quantitative PCR assays on cervical scrapings
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