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Abstract
Objective: To test the performance of a new fixative for pap 
smear collection for liquid-based cervical cytology, CellPre-
serv® and compare it with the commercially available, Pre-
servCyt® used in the diagnosis and detection of human pap-
illomavirus (HPV). Methods: Seven hundred twenty five 
women participated in this study after signing an informed 
consent. The specimens were collected using a traditional 
device, agitated in PBS, and equally divided in both fixatives. 
The slides were prepared routinely, stained by Papanicolaou, 
examined blindly by 2 cytologists, and reviewed by one cy-
topathologist. To search for HPV, 1,000 μL from each fixative 
was taken and processed by polymerase chain reaction. Re-
sults: Considering the adequacy of samples, both fixatives 
had similar results – 0.33 and 0.32% of the cases unsatisfac-
tory for PreservCyt® and CellPreserv®, respectively. Consid-
ering the 701 satisfactory cases and comparing the new fixa-
tive to the traditional fixative, there was 99.3% concordance 
between both. The results regarding the HPV detection was 

100% concordant between the 2 fixatives. Conclusion: The 
new methanol-based fixative, CellPreserv®, is cheaper and 
equally efficient for treating cervical cancer screening and 
for HPV detection, and can be safely used by the health sys-
tem prevailing in low-income countries.

© 2018 S. Karger AG, Basel

Introduction

Cervical cancer is the third most frequent tumor-af-
fecting women in Brazil, with more than 16,000 cases es-
timated for 2016 and 5,430 deaths registered in 2013 
(inca.gov.br). 

Cervical cytology is the most important preventive test 
for cervical cancer, responsible for a dramatic decrease in 
mortality. 

There is discrepancy in published data, considering 
the superior efficiency of liquid based cytology (LBC) 
over the conventional cytology regarding the diagnosis of 
cervical epithelial abnormalities. While Siebers et al. [1] 
showed that there is no difference between the 2 methods, 
others describe better sensitivity and specificity of LBC 
[2–4]. 

D
ow

nl
oa

de
d 

by
: 

N
ag

oy
a 

U
ni

ve
rs

ity
   

   
   

   
   

   
   

   
   

   
   

   
  

13
3.

6.
82

.1
73

 -
 6

/1
9/

20
18

 1
1:

30
:3

6 
A

M



Leite/Silva/Naum/Canavez/Canavez/
Pimenta/Reis/Camara-Lopes

Acta Cytologica2
DOI: 10.1159/000489873

Studies have shown that LBC leads to standardization 
in transferring collected cells and allows uniform fixation 
of cells, preserving their morphology, reducing blood, in-
flammatory cells, and mucus responsible for obscuring 
evaluation. Most importantly, LBC leads to a decrease in 
the diagnosis of atypical squamous cells of undetermined 
significance (ASC-US) [5–7]. 

An additional advantage is the preservation of nucleic 
acids allowing additional molecular testing of human 
papillomavirus (HPV) and other pathogenic agents in the 
same collected sample [8, 9].

There are 2 main commercially available methanol-
based fixatives that have been used worldwide, Preserv-
Cyt® from Hologic® and SurePath® from BD Diagnos-
tics®, but they are too expensive to be implemented by the 
health system of underdeveloped or developing countries 
due to the differences in currency and import tax rates 
and costs.

The possibility to develop a low cost cytology fixative 
in countries with restricted budgets for the prevention of 
cervical cancer program may allow the spreading of the 
LBC technology.

Our aim was to test a new methanol-based fixative 
produced in the country (CellPreserv®) by Kolplast® and 
to compare it with the currently imported PreservCyt® 
produced by Hologic®. 

Methods

Our Institutional Board approved the study in April 2016 un-
der the protocol 051/16.

A total of 725 women voluntarily participated in this study after 
signing an informed consent. 

The inclusion criteria were healthy women, 18 years-old or old-
er, who spontaneously visited the outpatient care for cervical can-
cer prevention in a private Sao Paulo’s hospital from January to 
September 2016. 

The cervical smears were collected by a trained health profes-
sional using a traditional device that was vigorously agitated 
in 2 mL PBS and equally divided (1 mL each) in vials containing 
20 mL of PreservCyt® or CellPreserv®), the new fixative in test. 

Specimens were maintained at room temperature and sent to a 
central laboratory that processed all samples immediately. Before 
the preparation of slides for cytology evaluation, 1,000 μL was taken 
from each sample to search for HPV by polymerase chain reaction 
(PCR), using a protocol previously described [10]. The DNA was 
extracted with QIAamp DNA Blood mini kit (Qiagen). Amplifica-
tion of the L1 conserved region of HPV was performed with primers 
MY09/11 (MY11-Fam-GCMCAGGGWCATAAYAATGG;MY09-
CGTCCMAARGGAWACTGATC-Y = C + T/W = A + T/M = A + 
C/R = A + G) that detect 27 genotypes of high- (16, 18, 26, 31, 33, 35, 
39, 45, 51, 52, 55, 56, 58, 59, 68, MM4, MM7, e MM9) and low-risk 
(6, 11, 40, 42, 53, 54, 57, 66, e MM8) HPV. The PCR products were 

submitted to capillary electrophoresis in an ABI3730 Sanger se-
quencing equipment. Positivity was characterized by the presence 
of a 450 bp fragment using the Sanger method for identification of 
the virus subtype. 

Since our goal was to validate the fixative, the cytology slides 
were prepared routinely using the ThinPrep 2000 system LBC slide 
processor (Hologic® Inc.), and the usual membrane and slides 
from Thinprep®. The slides were stained by Papanicolaou and ex-
amined by 2 certified cytologists who were blinded and were re-
viewed by 1 experimented Cytopathologist using the 2014 Bethes-
da System for reporting cervical cytology [11]. 

We compared the results obtained by the 2 fixatives consider-
ing the adequacy category of satisfactory or unsatisfactory for eval-
uation, cytology result using Bethesda System, and HPV amplifica-
tion by PCR. 

Results

From 725 cases, 701 (96.7%) were satisfactory for cy-
tological analysis by both methods. The mean age of pa-
tients was 39.7 years, ranging from 18 to 77 years. 

The cytological diagnosis of specimens fixed with 
PreservCyt® and CellPreserv® is shown in Table 1. 

The adequacy of samples was considered satisfactory, 
satisfactory but limited, and unsatisfactory in 436 (60.1%), 
265 (36.6%) and 24 (3.3%), respectively, of samples fixed 
with PreservCyt® and 435 (60.0%), 267 (36.8%), 23 (3.2%) 
of samples fixed with CellPreserv®.

Comparing the diagnosis of both fixatives, they were 
concordant in 99.3% of the cases. CellPreserv® did not 
detect 3 cases of ASC-US (3 cases diagnosed as negative 
for malignancy) and 3 cases of Low-grade Squamous In-
traepithelial Lesion (LSIL; 2 cases diagnosed as ASC-US 
and 1 as negative for malignancy). Both fixatives detected 
all cases of high-grade squamous intraepithelial lesion 
(HSIL) [3].

Table 1. Comparison of cytology results from 701 satisfactory cas-
es from samples fixed in PreservCyt® and CellPreserv® solution

Results
CellPreserv®

PreservCyt®

negative ASC-US AGC LSIL HSIL ASC-H total

Negative 653 3 0 1 0 0 657
ASC-US 5 18 0 2 0 0 25
AGC 0 0 5 0 0 0 5
LSIL 0 0 0 10 0 0 10
HSIL 0 0 0 0 3 0 3
ASC-H 0 1 0 0 0 0 1

Total 658 22 5 13 3 0 701
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The results regarding the HPV detection was 100% 
concordant between the 2 fixatives. From 701 specimens 
tested by HPV, 36 (5.1%) were positive, and all cases were 
satisfactory for cytological evaluation by the 2 fixatives. 
From HPV positive cases, the cytological results are pre-
sented in Table 2. From 36 HPV positive cases, cytology 
was negative in 23 (63.9%) of cases using PreservCyt® 
and in 25 (69.4%) cases collected in CellPreserv®. The 
HPV genotypes in negative cytology were HPV6 [7], 
HPV18 [6], HPV16 [3], and 1 of each HPV11, HPV33, 
HPV45, HPV52, HPV58, HPV61, and HPVMM7. Con-
sidering the 13 HPV positive cases with abnormalities in 
cytology using Thinprep® fixative, the viral genotype was 
HPV58 [3], HPV16 [3], HPV18 [2], HPV70 [1], HPV39 
[1], and HPVMM7 [1]. In 2 cases, it was not possible to 
subtype the virus due to technical reasons. Considering 
viral subtype and cytology findings, HPV58 positive cas-
es were diagnosed as LSIL [2] and ASC-US [1]. HPV16 
were diagnosed as LSIL [2] and HSIL [1]. HPV18 was di-
agnosed as ASCUS and HSIL. HPV70 and MM7 were 
both diagnosed as ASC-US. The diagnosis was Atypical 
Glandular Cells for HPV39. 

Discussion

Expenses for the public health system are the main 
concern in the establishment of cervical cancer screening 
programs. Cost-effectiveness studies address that the bet-
ter performance of LBC reducing the number of false-
negative test results, and the number of unsatisfactory 
specimens may be interesting, allowing larger intervals 
for screening, from 3 to 5 years [12]. Low-income coun-
tries have, by definition, lower productivity and underde-
veloped industrialization, making it difficult to develop 
new methods that could be to be applied for cancer 
screening. Our goal with this study was the validation of 
a methanol-based new fixative for LBC produced in the 
country as a substitute of a traditional imported fixative 
for cervical cancer screening. The purpose is to turn the 

method economically affordable for underdeveloped or 
in developing countries, since the commercially available 
products are expensive due to the currency value and 
costs related to the import process. 

Considering the fixative PreservCyt® used in this vali-
dation study, the costs related to the fixative alone is 40% 
higher than that produced internally, turning the univer-
sal use of LBC by public prevention of cervical cancer pro-
gram economically unviable. 

Our results show that the performance of Cell
Preserve® is similar to that of the PreservCyt®, with con-
cordance higher than 99%. There were only 4 false-nega-
tive cases, representing 0.57%. One case was diagnosed as 
LSIL and 3 as ASC-US by PreservCyt®. Five (0.7%) cases 
were false-positive cases, all diagnosed as ASC-US in 
PreservCyt® fixative. 

Co-testing using the combination of Pap cytology plus 
HPV DNA testing is the preferred cervical cancer screen-
ing method for women who are 30–65 years old since it 
is cost effective and would be ideal for the large-scale 
healthcare public programs [13]. 

We have shown that HPV test was positive in a sig-
nificant number of negative cytology cases using both fix-
atives, 23 with PreservCyt® and 25 with CellPreserv®. 
The similar number means that both are similar in the 
preservation of the viral genome and have no PCR inter-
fering substances. This is one of the most important find-
ings of our study, since literature shows that this method 
is more effective in preventing cervical cancer and some 
countries are planning to substitute cytology for DNA 
HPV testing for cervical cancer screening programs.

One of the advantages of the method mentioned in this 
study is that the comparison of the result was made be-
tween patients in one group and not in between patients 
of 2 different groups. On the other hand, the previous col-
lection in PBS and posterior division between the 2 fixa-
tives would compromise the adequacy of the sample 
mainly related to a smaller number of cells. However, it 
seems that it was not the case, since we had a small num-
ber of unsatisfactory cases related to cellularity. In addi-
tion, PBS could influence the appearance of cells; al-
though it would be the same alteration in both split sam-
ples, it did not happen, being the cytological aspect 
preserved in all samples.

The majority of papers compare LBC with conven-
tional Papanicolaou smear [2, 4, 14]. There are few stud-
ies comparing different methods of LBC. Published stud-
ies have shown better performance of SurePath® over 
Thinprep® in the detection of significant lesions [15, 16]. 
However, ours is the first study addressing the perfor-

Table 2. Comparison of cytology results in 36 HPV positive cases 
from 725 cases collected

HPV positive cases

negative ASC-US AGC LSIL HSIL ASC-H

PreservCyt® 23 5 1 5 2 0
CellPreserv® 25 5 1 3 2 0
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mance of a new and cheaper fixative, thereby making this 
method affordable and universal in the treatment of LBC 
for low-income countries. 

A motif of criticism would be the absence of biopsy 
results that could be considered the gold standard for 
both fixatives. However, literature shows that there is no 
gold standard, and indeed, cytology, colposcopy, and his-
tology are all subjects to variable performance [17]. 

In summary, our study validates a new and cheaper 
fixative for LBC and HPV detection to be used by the pub-
lic health system for cervical cancer screening.
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