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Specimen-to-specimen carryover during ThinPrep slide preparation was evaluated by comparing human
papillomavirus genotypes detected prior and subsequent to the ThinPrep processing of 121 PreservCyt sam-
ples. Overall, 52 samples generated concordant genotypes and 38 had additional and 21 had fewer genotypes
postprocessing. PreservCyt samples should be aliquoted for PCR testing prior to ThinPrep processing.

Liquid-based cytology is becoming increasingly utilized
across laboratories as an alternative to conventional cytoprepa-
ration methodology (Pap smear). Compared to the Pap smear,
liquid-based cytology has been associated with improved spec-
imen adequacy and consistency and is a more effective means
of detecting atypical cells, cervical cancer, and precursor le-
sions (2). In addition, the collection of cells in a liquid-based
medium enables adjunctive testing of the same specimen for
human papillomavirus (HPV), thereby providing the capacity
for improved cytological assessment (1, 5). This, in turn, may
provide the opportunity for improved triage and management
of patients with cervical abnormalities, as well as for determin-
ing HPV type-specific persistent infection, which is a signifi-
cant risk factor for the development of high-grade cervical
disease.

One system for preparing a cell monolayer for Pap smear
analysis utilizes cervical cells collected in PreservCyt solution
(Cytyc Corporation, Boxborough, MA) and the ThinPrep 2000
System (TP2000). PreservCyt solution can be first used to ob-
tain a cell monolayer for cytological analysis and the residual
material for molecule-based assays for the detection of nucleic
acids from a variety of infectious disease agents, including
HPV (4). Increasingly, highly sensitive target amplification as-
says such as PCR are being used for testing of samples first
processed for cytology. However, there are concerns regarding
the possibility of vial-to-vial carryover of HPV during sample
processing for cytology. Therefore, if sensitive target amplifi-
cation methods are used for the triage of samples that have
already been processed for cytology by the ThinPrep System,
there is the possibility of false-positive results.

In this study, 121 consecutively presenting participants en-
rolled in a cross-sectional study of HPV prevalence in anal
ThinPrep specimens collected for anal cytology in two ongoing
cohort studies, the Health in Men and positive Health studies

of human immunodeficiency virus (HIV)-negative and HIV-
positive men who have sex with men (MSM) in Sydney, Aus-
tralia, were utilized. The study was approved by the human
research ethics committee of the University of New South
Wales.

Anal samples were collected by a trained nurse using a
sterile swab moistened with saline. The swab was inserted 3 to
5 cm into the anus, rotated for 1 min, and then slowly removed
and rinsed into ThinPrep vials containing 20 ml PreservCyt
fixative solution (Cytyc). One milliliter of each collected
PreservCyt sample was aliquoted with an individual sterile pipette
and sent to the molecular microbiology laboratory of the Royal
Women’s Hospital, Melbourne, Australia, and the remainder was
sent to the routine cytology laboratory for preparation of Thin-
Prep slides. The slides were prepared with a TP2000 (Cytyc)
instrument and a dedicated filter for each sample, as rec-
ommended by the manufacturer. The residual PreservCyt
sample was then forwarded to the Royal Women’s Hospital
for postprocessing sample evaluation.

Testing to detect and determine HPV genotype profiles was
performed with the Roche LINEAR ARRAY (LA) HPV
genotyping test (Roche Molecular Systems, Alameda, CA) on
aliquots collected prior and subsequent to cytology processing.

Cellular and viral DNA was extracted from PreservCyt spec-
imens with the automated MagNA Pure LC (MP) isolation
and purification system (Roche Molecular Systems) by a
modified protocol (8). Briefly, 1-ml aliquots of PreservCyt
specimens were centrifuged at 13,000 � g for 20 min prior to
supernatant discarding and resuspension of cell pellets in
200 �l of sterile phosphate-buffered saline, followed by ex-
tracted by MP with the DNA-I isolation kit into a final
volume of 100 �l.

The LA HPV genotyping test included PCR amplification of
target DNA, followed by hybridization with a reverse line blot
system for the simultaneous detection of up to 37 anogenital
HPV genotypes (i.e., genotypes 6, 11, 16, 18, 26, 31, 33, 35, 39,
40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69,
70, 71, 72, 73, 81, 82, 83, 84, IS39, and CP6108) (11). The LA
HPV genotyping test amplifies a 450-bp region within the HPV
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L1 gene by using a pool of biotinylated PGMY primers. It also
incorporates the amplification of a region within the �-globin
gene as an internal control. PCR was performed with a reac-
tion volume of 100 �l and 50 �l of MP-extracted DNA (equiv-
alent to 500 �l of the original specimen) (8). Denatured PCR
amplicons were hybridized and detected by the recommended
LA HPV genotyping protocol, with the modification of using
an orbital microplate shaker and a dry-air incubator at 53°C in
place of the shaking water bath (7, 10).

The LA HPV genotyping test strips were manually inter-
preted by using the HPV reference guide provided and classi-

fied high-risk (HR) positive if at least 1 of 13 HR-HPV geno-
types (i.e., 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, or 68) was
detected. HPV genotype differences were identified by com-
paring the bands detected on the LA from pre- and postsam-
pling reactions, as shown in a representative group of eight
samples (Fig. 1).

Of the 242 pre- and post-TP2000 processed samples, 5 were
negative for �-globin. Three of these five samples tested negative
for �-globin prior, but not subsequent, to TP2000 processing, with
another sample negative for �-globin both pre- and postprocess-
ing. The three samples with discordant �-globin results were also
negative for any HPV genotype prior to ThinPrep processing;
however, all became �-globin positive and HPV positive subse-
quent to processing.

Of 121 sample pairs, 52 (43%) had concordant results, with
4 sample pairs negative for HPV both pre- and postprocessing
and 48 samples having the same HPV genotype profile pre-
and postprocessing (Fig. 2). Sixty-nine (57%) sample pairs had
different results pre- and post-ThinPrep processing, with the
majority (38/69 [55%]) identified as having an increased num-
ber of HPV genotypes following processing. No preference for
particular HPV genotypes was seen. Subsequent to processing,
21 sample pairs had fewer HPV genotypes, while 10 pairs were
identified with the same number of genotypes, though with a
different HPV genotype composition. Changes in HR-HPV
types were detected among 39 sample pairs, with nine patient
results changing from HR-HPV negative to positive and two
samples changing from HR-HPV positive to negative.

In recent years, utilization of liquid-based cytology as an
alternative method to conventional Pap smear preparation has
become more broadly applied. This method has been shown to
produce a single cell layer which not only allows for better
viewing of cell morphology but can also accommodate the
utilization of the residual cells within the vial for adjunct test-
ing such as detection of HPV.

FIG. 1. Representative cohort of samples showing the differences
seen with the banding pattern observed pre- and post-ThinPrep pro-
cessing.

FIG. 2. Overall HPV genotyping results from pre- and post-TP2000 processed samples.
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Most laboratories utilizing a TP2000 processor to prepare
slides would process multiple samples during each working
shift. Although the filters used are single use, the filter cap is
not changed and the technician preparing the slides does not
routinely change gloves between samples. As a result, there is
a possibility of transfer of residual material from a previously
processed sample to the next samples. With highly sensitive
amplification methods being utilized commonly in laborato-
ries, such cross-contamination may cause false positivity and
may therefore have implications for treatment regimens or
patient follow-up.

MSM are at a greatly increased risk of HPV-related ano-
genital disease, including anal dysplasia, anal cancer, and ano-
genital warts. In the largest study to date, the U.S. EXPLORE
Study, the prevalence of anal HPV infection in HIV-negative
MSM was 57% by PCR. In addition, within this present study
population, the prevalence of HR genotypes was 26%, with
45% of the participants infected with multiple HPV types (data
not shown). Therefore, anal samples from MSM populations
provide an ideal cohort, with a high prevalence of HPV geno-
types for the evaluation of cross-contamination during the
preparation of slides for cytology.

Our data demonstrate that such cross-contamination can
occur during slide preparation on the TP2000 processor; ad-
ditional or different HPV genotypes were detected in the post-
versus pre-ThinPrep samples in as many as 40% of the sam-
ples. Among these, 11 samples would have had a result of HR
HPV presence changed, which incidentally may have altered
the management of those patients had HPV triage been uti-
lized. Assay reproducibility was not assessed in this study;
however, previous studies have demonstrated excellent repro-
ducibility for the detection of HPV genotypes by LA HPV
genotyping (6–9) and would not attribute the observed changes
to assay variability.

In addition, this study also showed that in 21 of 121 samples,
fewer HPV genotypes were detected, which suggests that cells
infected with such HPV genotypes (i.e., no difference between
low-risk and HR types were seen) were depleted during prepa-
ration of the ThinPrep slide and hence not present in the
aliquot taken for HPV genotyping. The potential for samples
with a low viral load to generate false-negative outcomes has
been demonstrated when tested utilizing hybrid capture. In a
recent study, it was shown that samples with small lesions could
lead to a lower number of abnormal cells collected (3). Com-
paring the difference between detection of additional types
(31.4%; n � 38) and loss of types (17.4%; n � 21) with the

two-tailed Fisher exact test showed a statistically significant
difference (P � 0.016) between the detection of additional
types and the loss of types.

This study demonstrates that HPV specimen depletion and
carryover can occur during slide preparation on the TP2000
processor, resulting in the generation of false-negative and/or
-positive results, particularly if the residual material is tested
with a target amplification test. In order to avoid such false
results, we recommend that cytology laboratories remove a
1-ml aliquot in a mode that does not contaminate the sample
and prior to preparing the ThinPrep slide. This will allow for
the aliquot to be tested for HPV should the need arise. Alter-
natively, steps could be implemented in order to reduce the
rate of false positivity, such as changing gloves and decontam-
inating the filter cap between preparations. A separate study is
needed to evaluate the effectiveness of such methods in reduc-
ing specimen carryover.
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