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Abstract
Introduction: Papanicolaou smear is a widely used method for diagnosing precancerous and cancerous lesions, estimating hormonal status 

and the presence of possible infections, and is the only method used in cervical cancer screening programs. Since the number of samples to be 
evaluated in these national programs is very large, it is necessary to reduce as much as possible the time allocated in processing the smears that will 
be evaluated. For that, we tested a quick, modified Papanicolaou staining method (Paper).

Materials and methods: Qualitative and quantitative experimental research was carried out on 70 biological products harvested on 
liquid medium, respectively cervical-vaginal cell samples. The samples were divided into 2 groups. Group A: Papanicolaou stain (PAP), applied 
on conventional smears and group B: modified Papanicolaou stain (Paper), applied directly to sediments obtained after centrifugation, in a test 
tube, without prior display on slides. The final smears were obtained by the method of cytology in liquid medium, in monolayer (liquid-based 
cytology, LBC). The two types of approaches were compared qualitatively and quantitatively. Also, the two methods were analysed by comparing 
the final execution times. The quality of staining was initially classified as optimal, good and poor, with subsequent reclassification to adequate and 
inadequate for evaluation. The data was entered into Microsoft Excel and further statistical analysis was performed using the software IBM SPSS 
Statistical Analysis Software Release 30.0.0. Cytological interpretation was performed according to TBS 2014 recommendations.

Results: All cellular details described by TBS were noted in the Paper method compared to PAP (p < 0,001). As a percentage, the average of 
the remaining sediment, ready to be used in the work procedure, it was 70%. Conclusions. Staining directly in the test tube is a new, effective and 
innovative method that reduces the use of reagents and the time allocated to the procedure, generating performance in the diagnosis of cervical 
cancer. Thus, in just 3 minutes, a macroscopically stained sample can be obtained, from which multiple smears can be performed, the loss of 
cellularity being relatively small, the artifacts that appeared due to delayed fixation are eliminated. A smaller amount of dye solutions and fixing 
solutions is also used and contamination of cell solutions avoids contamination from nearby biological products. The disadvantages of the method 
would be the total exhaustion of the harvested material and its limitation only to cytopathological reassessment, useful for screening.
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Introduction

Papanicolaou smear is a method that uses polychrome dye, and 
is widely used for diagnosing precancerous and cancerous lesions, 
estimating hormonal status, and status of cervical infections 
[1,2]. Papanicolaou smear is relatively economical and effective, 
which has allowed the detection of cervical cancer in high-income 
countries, dramatically lowering the mortality rate and is still 
the basis of the screening protocol, in cervical cancer screening 
and prevention programs worldwide [3-5]. In the cytopathology 
laboratory, cytological smears are usually performed on several 
slides, which are subsequently fixed in specific fixative solutions 
and then stained by successive immersion in specific dyes, water 
baths and dehydration solutions. During the staining process that 
lasts about 36 minutes, until conventional smears are obtained, a 
number of artifacts can also appear, due to faulty techniques, such 
as: delayed processing can lead to degeneration of the smear image 
with loss of cell morphology and a lot of bacteria in the background 
smear; delayed fixation can lead to air-drying artifacts (pale nuclei, 
lack of differential cytoplasmic staining, cytoplasmic and nuclear 
eosinophilia); contamination from other smears and cells from 
smears to spill onto other slides (all staining and fixing solutions 
used should be filtered daily using filter paper) [6-15].

Unfortunately, many laboratories are faced with the problem 
of the time allocated to processing the slides before they are 
microscopically evaluated, since the Papanicolaou smear technique 
involves allocating a relatively high time of performance, through 
the times allocated to each specific dye, or washing, moisturizing 
and dehydrating with alcohols of different concentrations, the use 
of glassware and other consumables that all add up. This highlights 
the need to look for faster, simpler and cheaper alternatives for 
diagnosing cervical cancer through exfoliative cytology.

From the 1950s to the present, changes in conventional 
Papanicolaou staining have been developed in its various 
components, stages and staining times. Haematoxylin, a nuclear 
dye, underwent substantial modifications on the same chemical 
basis, preventing the use of other plant derivatives for this purpose 
[16-18]. Thus, we set out to validate the use of a much faster, test-
tube staining that would comply with the same high performance 
required for evaluation and interpretation by staining cell nuclei 
and cytoplasmic components without errors. This is a challenge for 
research in laboratories where the volume of biological products 
to be analysed is high, requiring innovation techniques that benefit 
public health. We will also include the ready-stained sediment 
in the cytoproct, according to the method approached by us and 
described in a previous work [19].

Material and Methods

Experimental research was performed at the Centre for Research 
and Development of the Morphological and Genetic Studies of 
Malignant Pathology (CEDMOG), during 2024. The samples were 
derived from external clinics or from health networks and micro 
networks transmitted by agreement with the institution. The study 

included all cervical smears that met the sampling quality criteria 
described in the institution’s Manual of Technical Competence 
and Standard Procedures, the Manual of Standard Operating 
Procedures, and also included the pre-analytical considerations 
required by the Bethesda System (TBS) 2014. Data collection and 
sample processing are described below.

Pre-analytical stage

Qualitative and quantitative experimental research was carried 
out on 70 biological products obtained by exfoliation, represented 
by cervical-vaginal secretions. The samples were collected on a 
liquid medium, in healthcare centres, with an Ayre spatula and 
yoctometre brush (cervix brush) by obstetricians. All smears 
were immediately fixed in alcohol-based fixing solution (Sure 
Path, 10ml) and sent to the Cytology laboratory, where they were 
received, coded and pre-processed. The entry code of each sample 
was recorded in the register of case records.

Analytical stage

The samples were processed by 2 different staining methods, the 
first being a standardized method, currently used in current practice 
in cytology laboratories, and the next one method underwent 
changes in pre- staining processing, but also with strategies to 
eliminate and reduce reagents and execution times of the 70 
samples, 3 were removed from the study due to paucicellularity, 
measured with the Cyto-Fast System for vaginalis liquids sampling, 
with 67 samples remaining in the study, considered compliant for 
evaluation. Also, for the application of specific stains, directly in the 
test tube or on smears, it was necessary to prepare the sediment 
consisting of the cells of interest beforehand. The selection was 
made based on the analysis in terms of cell density, so that the 
analysed samples were divided into 4 groups: a. hypocellular, b.cu 
optimal cellularity, c. weak cellular samples and d. haemorrhagic 
samples. The 4 types of products were balanced in terms of cell 
density, either by reducing cellularity, by adding additional fixative 
solution, or by lysis of red blood cells in haemorrhagic samples. 
For haemorrhagic products, glacial acetic acid 100% (Merck, 
Darmstadt, Germany) was used to determine targeted cytolysis of 
red blood cells, without altering inflammatory cells, epithelial cells 
or vaginal flora. 

Subsequently, all the samples remaining in the study were 
centrifuged at 2000 rpm for 10 minutes with the Hettich 32A liquid 
media centrifuge. The entire sediment was divided into three equal 
parts, and noted as follows: group A and B. Group A, was subjected 
to Pap smear, applied on conventional smears, spread and fixed in 
advance. Group B involved staining the cell sediment directly in 
the test tube, based on the dyes from the Papanicolaou kit (Merck, 
lot 2024, Darmstadt, Germany), with reduced exposure times to 
alcohol. The times allocated differ very little from those noted in 
the classic staining technique, on smears, but they were adapted 
according to the dyes used.

For group A (PAP), the basic procedure for Papanicolaou smear 
staining was applied, which includes
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12 immersion steps, which take place, in total, in about 50 
minutes. This measured time also included the initial centrifugation 
of the biological product, to obtain the study sediment. The stages 
of the staining technique were: fixing the smear with 95% ethanol 
for 15 minutes; rinsing in tap water, 1 minute; adding Harris 
Haematoxylin dye for 3-4 minutes; it is then differentiated into 
0.5% aqueous hydrochloric acid for approximately 10 seconds, 
after which it is rinsed in tap water, 2 minutes; immersion of the 
preparation in 95% ethanol 10 dips, 2 minutes; then immersed 
in OG-6 (the first acidic counterstain, is a cytoplasmic stain, 
which stains matured and keratinized cells, the target structures 
are stained orange in different intensities), dye solution for 1.5 
minutes; ethanol 95% 10 dips, 2 minutes; eosin dye bath - EA-50 
(Eosin Azure : the second counterstain, a polychrome mixture of 
eosin, light green and Bismarck brown) for 3 minutes; immersion 
in ethanol 95% 10 dips, 2 baths, 2 minutes; immersion in 100% 
ethanol for 1 minute; clarification in 2 xylene baths, 2 minutes each; 
then the slat is mounted, with permanent mounting medium for 2 
minutes.

For group B (Paper), the steps of the test-tube staining 
procedure, with Papanicolaou smear, were: centrifugation of the 
sample at 1000 rpm/5 minutes; dehydration stage with 70% 
ethyl alcohol, immediately followed by centrifugation 1000 rpm/5 
minutes; addition of 2ml of Harris Haematoxylin dye for 2 minutes, 
followed by a dye removal step and at the same time rehydration 
with 10 ml 50% ethanol, for 1 minute; spin1000 rpm/5 minutes; 
addition of a mixture of OG- 6 and EA 50 dyes, in a ratio of 1:2, for 
3 minutes; wash 2 times with 5 ml 50% ethanol and spin 1000 
rpm/5 minutes. After the final centrifugation and removal of 
the supernatant, approximately 0.2 ml of sediment is obtained, 
macroscopically visibly stained, sufficient for performing several 
cytological smears. For the qualitative evaluation of the coloration, 
it was only necessary to display 2 smears of each sediment, the rest 
was kept in the refrigerator, at 4oC, for subsequent smears. The 
smears thus obtained were air-dried and permanently mounted 
with mounting medium. Each reading was taken on 2 smears, the 
number of intact cells attached to each glass slide being counted 
using a Zeiss Primo Star optical microscope, with 10x, 20x and 40x 

objectives, respectively. Cell counting was performed as a whole, on 
each coloured specimen, and the background was evaluated for its 
colour, and the edges of the coloured pill were examined for colour 
and integrity.

Post-analytical stage

The results were recorded in the service report register, 
after validation by the laboratory staff (cytotechnologists and 
cytopathologists). Subsequently, they were delivered to patients 
(through the coordinators of the health networks) within the 
stipulated deadlines.

Statistical analysis

The data was entered into Microsoft Excel and further statistical 
analysis was performed using the software IBM SPSS Statistical 
Analysis Software Release 30.0.0.

All diagnostic test parameters were used to assess the diagnostic 
concordance between conventional staining and the PapR method. 
Thus, for the calculation of these parameters, the optimal certainty 
test and the data obtained from the application of the standard PAP 
smear were used as a comparison protocol. In order to numerically 
quantify the cytological qualitative assessment, the parameters 
used in the statistical calculations were obtained by the prior 
calculation of the degree of suitability for interpretation (DSI).

Results

After the first centrifugation of the biological products, an 
average of 1.5 ml of sediment was obtained. After determining cell 
density, the balancing was chieved as follows: was suspended the 
pellet in the preservative solution to obtain an unclear solution. 
For a. isocellular sample or practically lack of pellet, b. cellular 
sample, c. very cellular sample and sg. hematic sample (treated 
in the same way, to obtain a not so dense solution), but not before 
the lysis of red blood cells is induced (Table 1). What could not be 
done, however, was the balancing of cell types (the device detects 
all cell types, either inflammatory cells or squamous cells, without 
differentiating between them). 

Table 1: Initial classification of samples according to cell density.

Density group Volume balancing   Description 

  Sample quantity Stickeur solution  

Group a (3/67) 200 µl 50 µl Hypocellular samples

Group b (25/67) 150 µl 100 µl Cellular samples

Group c (23/67) 50 µl 200 µl Very cellular samples

Group sg (16/67) 50 µl 200 µl Hematic samples

Qualitative analysis (clarity and intensity of staining, as 
well as preservation of cellular and nuclear characteristics) was 
performed using the stain quality index, the Bethesda System, and 
the quality program for external cytology evaluation. The quality of 

staining was classified as optimal, good and poor, with subsequent 
reclassification to adequate and unsuitable for evaluation. Thus, for 
PAP, the Degree of Suitability for Interpretation (DSI) = 0,86 (with 
an ideal of 1), and for PapR (DSI) = 0,81.

http://dx.doi.org/10.33552/ABEB.2025.08.000679
http://dx.doi.org/10.33552/ABEB.2025.08.000679
http://dx.doi.org/10.33552/ABEB.2024.07.000674


Archives in Biomedical Engineering & Biotechnology                                                                                                       Volume 8-Issue 1

Citation:  Ana Maria Cretu*, Nicolau Anca Antonela, Liliana Seicaru, Miruna Cristian and Tase Geta Manuela. Development of a New 
Tehnique in Cytology, Protocol for Direct Staining in the Test Tube of Cervico-Vaginal and Samples. Arch Biomed Eng & Biotechnol. 
8(1): 2025. ABEB.MS.ID.000679. DOI: 10.33552/ABEB.2025.08.000679.

Page 4 of 7

The cytological evaluation included the evaluation from a 
morphological and chromatic point of view, based on the ticking 
of the criteria required to be considered suitable smears for 
interpretation: aspects of cell morphology, general presentation 
of staining, aspects of the chromatic pattern, nuclear staining 
and continuity of the cell and nuclear membrane, including the 

background of the smear and the presence of intact vaginal 
flora. In order to numerically quantify the cytological qualitative 
assessment, the parameters used in the statistical calculations 
were obtained by the prior calculation of the degree of suitability 
for interpretation (DSI) (Table 2).

Table 2: Qualitative cytological evaluation.

Cytomorphological 
evaluation criteria

Morphological General presence Model
Smear 
back-

ground

Presence of intact vaginal

integrity
(presence of the 3 
colors specific to 

the dyes in the kit)
Cromatic flora

Test 
PAP PapR 

(DSI)
PAP 

PapR  (DSI)
PAP 

PapR (DSI)
PAP PapR 

(DSI)
PAP 

PapR (DSI)
(DSI) (DSI) (DSI) (DSI) (DSI)

Suitable for 58/67 
(0,86)

54/67 
(0,81)

61/67 
(0,92)

60/67 
(0,89)

52/67 
(0,78) 56/67 (0,84) 64/67 (0,95) 61/67 

(0,91)
49/67 
(0,73)

56/67 
(0,84)interpretation

Not suitable for inter-
pretation

Sep-67 13/67 
(0,19)

Jun-67 Jul-67 15/67 
(0,22)

11/67 (0,16) Mar-67 Jun-67 18/67 
(0,27)

11/67 
(0,16)(0,14) (0,08) (0,11) (0,05) (0,09)

Best 1 1 1 1 1 1 1 1 1 1

Morphological integrity refers to keeping cell membranes 
intact in the absence of cytolysis. The cell morphology was assessed 
according to the degree of privatisation of the cell cytoplasm’s 
and the arrangement of the cells in overlapping piles. In order to 
assess the general presentation of the stains, the presence of the 
three basic colours highlighted by the conventional PAP staining 
was used as a reference criterion, namely: purple (for nuclei and 
nucleoli), orange (for keratinization and keratohyalin drops) 

and blue-green (cytoplasm of metaplastic cells). In the Paper, the 
presence of all three colours was noted. The chromatic model 
involved noting the presence of cytoplasmic amphophilic and 
polychromatophilia specific to vaginal secretions associated with 
specific or non-specific inflammation or infection, as well as the 
presence of intracytoplasmic glycogen in intermediate squamous 
cells (Figure 1).

Figure 1: Qualitative comparison (two cases) - evaluation from morphological and chromatic point of view, in PAP (a.) and PapR (b.), ob. 
20x, 40x.
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Cytological interpretation was performed according to TBS 
2014 recommendations. As for the cytological details, they were 
identified on both investigated methods. All cellular characteristics 
(cytological and nuclear) corresponding to the findings on the PAP 
smears were also found on the Paper smears. Thus, diagnoses of 
non- neoplastic smears (with normal cytology, NLIM), infectious 
and/or inflammatory smears (with reactive cytology), smears with 
squamous epithelial cell abnormalities (ASCUS, ASCH and LSIL) and 

smears with glandular atypia of undetermined significance (AGC-
NOS) were noted. There were no cases of squamous cell carcinoma 
or adenocarcinoma.

The changes occurred in the Paper staining technique or in 
the smear display stage, did not distort, modify or suppress the 
cytological details so as to alter the diagnoses previously given 
and considered to be diagnoses of certainty. This is evidenced by 
photomicrographs (Figure 2).

Figure 2: Koylocyte cells, indicators of a low-grade intraepithelial lesion (LSIL), on the superficial cell (A.- PAP) and on the intermediate cell 
(B.- PapR), sample from the same case / ob.40x.

In order to assess the clarity of the cytoplasm, it was taken into 
account the observance of the colour intensity characteristic of each 
cell type (superficial squamous cells have eosinophilic cytoplasm, 
coloured in pale pink, intermediate squamous cells have basophilic 
cytoplasm, coloured pale blue, basal and parabasal cells have 
basophilic-slightly capnophilic cytoplasm, intense, metaplastic cells 
have capnophilic cytoplasm, intense), the presence of keratohyalin 
droplets and glycogen which demonstrates optimal absorption 
of dyes. The presence of intracytoplasmic glycogen, keratohyalin 

drops, and colour intensity in the cytoplasm provide additional 
information on hormonal status, and the presence of intact vaginal 
flora is also important in the final diagnosis. In the figure 3, we can 
note all the three characteristics mentioned.

The assessment of the clarity of the nuclear chromatin was made 
by noting the presence or absence of nucleoli, and of the optically 
empty spaces and of the obvious, slightly thickened nuclear contour 
(nuclear integrity). An opaque nucleus, it was considered “faintly” 
coloured (Figure 3).

Figure 3: Evaluation of hormonal status (A) and appreciation of unaltered bacterial flora (B).
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All cellular details described by TBS were noted in the Paper 
method compared to PAP (p < 0,001). Also, Paper staining had a 
sensitivity of 85,67 and a specificity of 14,32, a positive predictive 
value (PPV) of 92, a negative predictive value (NPV) of 81, a false 
negative rate of 6,56%, and a false positive rate of 2,68%, all data 
are percentage, calculated with a 95% confidence interval. We also 

compared the two staining methods by Cohen’s d calculation, which 
characterizes the effect size by correlating the mean difference 
with the variability, similar to a signal-to-noise ratio. A large Cohen 
d indicates that the mean difference is large compared to the 
variability. Cohen suggested that the d-values of 0.4 represent a 
small difference between the two methods (Figure 4).

Figure 4: Statistical correlation between the two methods compared.

Finally, after finishing the staining in the test tube, the samples 
were analyzed quantitatively (how much sediment remained after 
staining in the test tube – if an average of 1,5 ml was used before 
staining, at the end of staining an average of 1,05 ml remained in 
group B. As a percentage, the average of the remaining sediment, 

ready to be used in the work procedure, is 70%. Thus, for 23 
samples the remaining sediment was 1,1 ml, for 15 samples/1.3 ml 
and for 29 samples/0,9 ml. Also, the number of smears that can be 
spread on the slides depends on the remaining quantity (Figure 5).

Figure 5: Sample evaluated before (a) and after (b) PapR staining. Display of the ready-made-colored product, by centrifugation in liquid 
medium (c).
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The sample thus obtained, being fixed, has stability of up to 7 
days, if it is kept in the refrigerator at 4oC. Samples are stored longer 
if stored in dark bottles with an airtight cork to prevent evaporation. 
Haematoxylin retains relatively constant staining characteristics, 
while the OG 6 and EA 50 reagents lose their strength more quickly, 
about after 7 days (the cells become pale, poorly stained, although 
they retain their morphological integrity).

Conclusion

Direct test-tube staining (Paper) is a new, effective and 
innovative method that reduces the use of reagents and the time 
allocated to the procedure, generating performance in the diagnosis 
of cervical cancer. If for the basic staining procedure, by the classical 
Pap method, approximately 50 minutes is allocated, including the 
initial centrifugation of the biological product to obtain the study 
sediment, in the case of staining in the Paper test tube, the procedure 
time is reduced to 3 minutes (94% less than in the PAP method). 
The loss of cellularity is relatively small, contributing to this the 
stages of cell density balancing, which includes the elimination of 
red blood cells by cell lysis, in the case of haemorrhagic products.

Thus, in 3 minutes a macroscopically coloured sample can 
be obtained, from which multiple smears can be performed 
(approximately 10-30 smears, the number varies depending on 
the amount of product taken, but also depending on the particular 
cellularity of each product). In this way, rapid, multiple smears 
can be obtained, which can be accessed as needed and considered 
satisfactory for interpretation, which provide reliable results on 
a possible malignancy (by observing cytoplasmic and nuclear 
characteristics), but also on hormonal status and vaginal flora. 
Paper staining can be used as an alternative to the conventional Pap 
smear used in cervical-vaginal exfoliative cytology, as an equally 
efficient method of processing the biological samples, but much 
faster, with obtaining multiple and similar smears, thus ensuring 
faster conditions for reading and interpreting the smears, especially 
useful in the case of screening that involves a large volume of 
samples and requires results and diagnoses in a shorter time.

Other advantages of this method would be: elimination of 
possible artifacts that may occur due to delayed fixation, sealing 
of solutions in the dye battery and using a large amount of dye 
and fixation solutions, avoiding contamination with cells from 
other neighbouring biological products, frequent washing after 
each use of immersion vats that include significant loss of time. 
The disadvantages of the method would be the total exhaustion of 
the harvested material and its limitation only to cytopathological 
revaluation. 
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