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Abstract: Sensitivity of cervical cytology is suboptimal, especially in developing countries such as Mexico, despite 
available guidelines aimed at improving this. When obtaining cervical samples, whether the samples are taken from 
the transformation zone and whether abnormal cells are missing must be considered. Cervical secretions (CS) are 
always present in variable proportions, and when cleaning the cervix, better samples may be obtained. In this study, 
we analyzed samples obtained with or without cleaning the cervix, and compared their contents in order to deter-
mine the sensitivity and specificity of these two methods. Methods: Of 500 patients who underwent cytology and 
colposcopy, 271 (54.2%) required a second opinion due to a diagnosis of cervical intraepithelial neoplasia (CIN). CS 
was removed and compared with the clean, second sample (SS) using in both liquid-based cytology. The quality of 
samples according to the Bethesda System, the presence of CIN, and inflammatory reactions were recorded. The 
sensitivity and specificity were calculated using biopsy as the gold standard. Results: The SS resulted in a higher pro-
portion of adequate samples being obtained (97.6% vs. 44.8%), and in increased sensitivity (88.2% vs. 58.8%). CIN 
was detected in the SS 26% more often than in the CS (34 vs. 27 samples), whereas inflammatory reactions were 
noted more often in the CS (91.4% vs. 74%). Conclusion: Cervical sampling including CS results in lower sensitivity 
and CIN detection rates, and in more inflammatory reactions. By excluding CS from cervical samples, the sensitivity 
could be improved and the false negative rate could be reduced.

Keywords: Cervical mucus, liquid-based cytology, sampling studies, cervical cytology

Introduction

Cervical cytology as screening method is well-
known to have an average sensitivity of 60% 
[1]; however, the corresponding rate in Mexico 
is reportedly only between 40-54% [2]. The 
samples should be obtained by trained person-
nel, including gynecologists, and ideally, the 
sample should be taken from the transforma-
tion zone (TZ) [2, 3]. The methods for obtaining 
samples have been described elsewhere [4-8]. 
In these text books and manuals, how to use 
the relevant instruments, how to best prepare 
the sample in the slide or in the preservative 
fluid for liquid-based cytology (LBC), and how to 
obtain the sample from the cervical orifice and 
the TZ, receive the most attention [2-10]. The 
cervix in most women is coated with mucus or 
secretions of varying appearances, ranging 

from very scant to abundant. The composition 
of these secretions is reflected in the cytology 
specimens, and conventional cytology slides 
are usually abundant in inflammatory material. 
The practice guidelines from the American 
Society for Colposcopy and Cervical Pathology 
[9], The National Health Service Cancer 
Screening Programmes NHSCSP Publication 
23, Taking Samples for Cervical Screening. A 
Resource Pack for Trainers. Available from URL: 
http://www.cancerscreening.nhs.uk/cervical/
publications/nhscsp23.pdf. And the Hong Kong 
Society of cytology cervical cytology practice 
guideline group 2002 Users’ Guidelines for 
obtaining Optimal Cervical Smear. www. 
cytolgy.org.hk/.../Final%20Draft2.pdf. Davey et 
al. [10] and the Clinical and Laboratory 
Standards Institute [11] only recommend that 
the secretion is removed gently, but do not pro-
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sion procedure conization for cervical intraepi-
thelial neoplasia (CIN). The laboratory is a pri-
vate practice, serving a low-risk population in 
Mexico City, Mexico. The age of the study cohort 
ranged from 17-67 years, with an average age 
of 33 years. Most patients were middle-class 
Caucasian or Hispanic women. 

All patients provided informed consent, and an 
external ethical committee approved the study 
protocol. 

Methods

Existent cervical secretions were removed by 
gently rolling a cytobrush (Figures 1, 2), start-
ing in the peripheral zone of the cervix, and con-
tinuing in the area of major thickness of the 
mucus, and then rolling the brush with a 
360-degree circular movement to the fornix; 
care was taken to avoid touching the surface of 
the cervix so that only the secretion was col-
lected, and no cells from the epithelia. In 
patients with abundant CS, this procedure was 
repeated until the surface of the cervix was 
clean but still moist. The first sample, CS, was 
processed in liquid-based solution (Liqui-
PREP™; LGM International Inc., Melbourne, FL, 
USA). The SS was obtained from the transfor-
mation zone using a cervical cytobrush or 
broom depending of the nature of the TZ. In 
cases of atrophy or if the SQCJ was not visible 
in endocervical canal with a very small orifice, 
two devices were used: a small dental brush for 
the endocervix and a broom for the exocervix. 
Subsequently, the SS was processed, replace 
with liquid-based solution (LBS). All slides were 
independently reviewed by 2 experts (JJCV and 
JBP). The following parameters were recorded 
in all samples according to TBS: the quality of 
the samples, as determined by the presence of 
either normal or metaplastic endocervical cells; 
whether the samples were considered ade-
quate samples (ASs); and the presence of 
inflammatory reactions, which were catego-
rized as mild, moderate, or severe. All 271 
patients referred to the laboratory for a second 
opinion had previous CIN detected 1 to 6 
months earlier. In the majority of cases, photo-
graphs were obtained to allow evaluation and 
comparison with the actual colposcopy. A biop-
sy was performed in 140 cases, in which ace-
towhite imaging was seen; of these, 24 cases 
had a previous positive biopsy. In cases where 
the previous colposcopy was clearly overdiag-

vide any further details on how to perform the 
procedure. Kotaska et al. [12] and Obwegeser 
et al. [13] reported that cleaning the cervix with 
oversized swabs provided more adequate sam-
ples, whereas Hans et al. [14] did not find any 
differences between removing the cervical 
secretions (CS) or not in their comparative 
study. However, none of these studies analyzed 
the content of the CS in order to clarify whether 
there is a real reason to perform cervical clean-
ing or not. The Bethesda system (TBS) [15] 
states that a sample is considered inadequate 
if more than 75% of the cells on a slide are 
inflammatory cells, which would obscure the 
epithelial cells; and this is expected in the CS.

We have recently performed a survey in which 
we questioned colposcopists and gynecolo-
gists attending international colposcopy meet-
ings (n ~ 50) on how they sample the cervix for 
a cytology specimen. The results showed that 
the CS is often removed and discarded if found 
in substantial quantity (unpublished data). CS 
is the result of exfoliated cells from the cervix 
and vaginal wall, and contains inflammatory 
cells and bacteria in addition to the mucus 
secreted from the endocervical glands, which 
are normally found in the cervical orifice. If the 
CS is removed with an oversized or normal-
sized cotton swab, it is likely that the swab 
touches the cervical surface and may result in 
some CIN cells being removed; and these would 
hence not be present in the clean, second sam-
ple (SS). In this study, we compared the CS 
removed without touching the cervical surface 
to the SS to evaluate the adequacy of both 
samples, and to obtain and compare their sen-
sitivity, specificity, and positive and negative 
predictive values.

Materials and methods

Subjects

Out of 500 consecutive patients who attended 
our laboratory for cytology and colposcopy 
between June 2005 and March 2007, 271 
(54.2%) required a second opinion due to a 
positive result from a previous cytology, colpos-
copy, or biopsy. Two hundred (40%) patients 
underwent screening in our laboratory for the 
first time, 26 (5.2%) patients undergoing follow-
up had previous normal cytology and colposco-
py results from our laboratory, and 3 patients 
had previously undergone loop electrical exci-
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Figure 1. Procedure for removing the cervical mucus. A. View of the mucus on the cervical surface. B-D. The brush is 
rolled gently without touching the cervical surface. B. Endocervical cytobrush with the cleaned-out mucus. F. Sche-
matic of the procedure for removing cervical mucus. E. An example of the amout of mucus retired.

Figure 2. Examples of different cervix, both with large ectopia, abundant mucus, with the brush, showing how to 
clean it getting the mucus to the top in (A) and left in (B).

nosed, in cases with the same image of meta-
plasia or ectopia in the actual colposcopy, or in 
cases with a simultaneous previous normal 
cytology or biopsy report, no additional biop-
sies were performed. All cases with abnormal 
previous cytology, regardless of the colposcopy 
diagnosis, underwent biopsy. All biopsy sam-
ples were stained with hematoxylin and eosin 
as per standard protocol and analyzed by 
immunohistochemical staining for cyclin-
dependent kinase inhibitor 2A (p16 clone J6; 
Cell Marke, CA, USA), using the CIN classifica-
tion [16]. In cytology cases of atypical squa-
mous cells of undetermined significance (ASC-

US) or in which a high-grade squamous intraep-
ithelial lesion could not be excluded (ASC-H), 
additional slides were analyzed for p16 expres-
sion to confirm or rule out CIN. The reference 
standard for the positive true diagnosis was the 
combined results of the biopsy and p16 stain-
ing, whereas a true negative diagnosis was 
based on negative results for CIN in the biopsy 
[16] and negative p16 staining [17, 18]. Cases 
in which biopsy was not performed were con-
sidered as true negative based on a previous 
and actual negative cytology or previous col-
poscopy results that were considered obviously 
mistaken.
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ed in 5.4% (27/500) of CS compared to in 6.8% 
(34/500) of SS (P = 0.0001; Table 2). All CIN-
positive cases detected in the CS samples and 
SS were confirmed by biopsy and p16 immuno-
histochemical staining, and were considered 
true positive cases. One positive case detected 
in the CS was not detected in the SS. This case 

Statistical analysis

The results are expressed in percentages and 
frequencies for all parameters. The sensitivity, 
specificity, positive and negative prognostic val-
ues, and their 95% confidence intervals were 
obtained using SPSS v.19 (SPSS Inc., Chicago, 

Figure 3. Dysplastic cells of the same patient, in (A) from the Cs, with more inflammatory cells, and the nucleus of 
the atypical cells are note clearly seen. In (B) the atypia is more clearly defined, less inflammatory cells on SS. (40×).

Table 1. Sample characteristic and kind of inflammation detected in the histophatologycal analyze in 
CS and SS respectively

Cervical secretion (CS) Second sample (SS) P-value
Sample characteristic Adequate 224 (44.8%) 488 (97.6%) 0.0001

Not adequate 276 (55.2%) 12 (2.4%)
Inflammation Mild 43 (8.6%) 130 (26%) 0.0001

Moderate 280 (56%) 369 (73.8%)
Severe 177 (35.4%) 1 (0.2%)

All values are presented as n (%).

Table 2. Frequencies of histophatologycal diagnosis in CS and 
SS procedures

Cervical secretion (CS) Second sample (SS) Biopsy
N = 500 N = 500 N = 140

Normal 473 (94.6) 466 (93.2) -
Metaplasia - - 106 (75.6)
CIN1 16 (3.2) 21 (4.2) 25 (17.8)
CIN2 2 (0.4) 6 (1.2) 5 (3.6)
CIN3 2 (0.4) 2 (0.4) 2 (1.5)
CxCa 1 (0.2) 1 (0.2) 2 (1.5)
ASC-US 6 (1.2) 3 (0.6) -
ASC-H - 1 (0.2) -
All values are presented as n (%). Abbreviations: CIN, cervical intraepithelial 
neoplasia; CxCa, cervical cancer; ASC-US, atypical squamous cells of 
undetermined significance; ASC-H, atypical squamous cells in which a high-
grade squamous intraepithelial lesion could not be excluded.

IL, USA) after adjusting for a prev-
alence of CIN of 6%. The statisti-
cal analyses were performed 
using the Chi square test, Fisher’s 
exact test, or Phi coefficient. A 
P-value < 0.05 was considered 
statistical significant. 

Results

Of the 500 cases, ASs were found 
in 48.8% (224/500) of CS sam-
ples, compared to in 97.6% 
(488/500) of the SS (P = 0.0001). 
The inflammatory reaction was 
moderate-to-severe in 92.4% 
(457/500) and 74% (370/500) of 
CS and SS, respectively (P = 
0.0001 Table 1). CIN was detect-
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was diagnosed as vaginal condyloma, and the 
biopsy showed characteristic papillary and 
koilocytic changes. The types of diagnosed CIN 
were divided as shown in Table 2. The sensitivi-
ties for CS and SS were 58.8% and 88.2%, 
respectively; and the corresponding specifici-
ties were 99.7% and 100%, respectively. The 
positive predictive values for the CS and SS 
were 95% and 100%, respectively; and the neg-
ative predictive values for CS and SS were 
97.07% and 99.14%, respectively (Table 3). The 
false negative rate was lower in the SS (Figure 
4).

Discussion

According to the TBS classification [15], our 
results demonstrate that a clean, second sam-
ple resulted in 117% (224 vs. 488 cases) more 
ASs compared to samples obtained without 
cleaning the cervix, with 7 more cases of CIN 
detected in the SS, as confirmed with biopsy. 
Moreover, a higher rate of inflammatory reac-
tion was found to be present in the CS com-
pared to the SS, whereas more epithelial cells 

with clear nuclear details were present in the 
SS compared with the CS (Figure 2), likely owing 
to the fact that these are living cells that are 
attached to the cervical surface, and if these 
are actively removed, their cytological charac-
teristics will be more well-preserved at the time 
of fixation (Figure 3). 

Obwegeser et al. [13] reported that cleaning 
the cervix with a cotton swab prior to sample 
collection may be responsible for the similar 
results obtained by conventional cytology and 
LBS. Kotaska et al. [12] specifically analyzed 
the difference between cleaning or not cleaning 
the cervix with an oversized cotton swab in the 
same population by comparing recent samples 
in which the cervix was cleaned, with their pre-
vious historical cytology results and with the 
average rates of cytology diagnoses in British 
Columbia, Canada. They found that after the 
cervix had been swabbed, more ASs were 
obtained but less CIN cases were detected, 
and concluded that this was likely attributable 
to the age of the participants, as well as the 
possibility that some cases of CIN had cleared 

Table 3. Comparison of sensitivity and specificity of CS and SS procedures

Sensitivity (95% CI) Specificity (95% CI) Positive 
predictive value

Negative 
predictive value

Positive predictive 
value*

Negative predictive 
value*

CS 58.8% (0.588 ± 0.165) 99.7% (0.997 ± 5.07e-3) 95.2% 97% 79% 96%

SS 88.2% (0.882 ± 0.108) 100% (1 ± 0) 100% 99.1% 100% 95%
*Adjusted to cervical intraepithelial neoplasia prevalence in Mexico (6%). Abbreviations: CS, cervical secretion; SS, second sample; CI, confidence interval.

Figure 4. A. False negative frequency in the cervical secretion (CS) samples and clean, second samples (SS). B. 
False positive frequency in CS samples. There were no false positive results in the SS.
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tive results by 50%, but this is time consuming 
and was not recommended by the authors. 
Both samples were taken in the same fashion, 
using a wooden-tipped spatula, and the differ-
ent results were attributed to the first slide 
being more exfoliated and containing more 
superficial cells, whereas “deeper” cells could 
be found in the second sample; however, no 
mention was made for the rate of inflammatory 
reactions in these two samples. If the cervix is 
adequately visualized and the sample is taken 
from the surface of the cervix or from the cervi-
cal oz, then why are 40% of samples consid-
ered inadequate? This could be justified in part 
by the presence of an atrophic cervix, a small 
TZ, or by the squamocolumnar junction not 
being visible. In our study, the only positive 
case detected in the CS not detected in the SS 
was a lesion in the vaginal wall that was not 
accessible to the instrument for sampling the 
cervix in the SS. Conversely, the CS was in con-
tact with the vaginal wall and contained diag-
nostic cells in this case, and the biopsy found a 
typical condyloma with koilocytes. This condi-
tion is rare and was detected from a thorough 
inspection of the vagina when sampling the 
cervix.

In conclusion, it is currently not clear for the 
physicians and personnel who are involved in 
sampling the cervix what the optimal way to 
handle CS is. Based on our results herein, we 
believe that cervical samples containing CS are 
not optimal, as the rate of ASs is low. On the 
other hand, samples obtained after cervical 
cleaning were found to be superior, with the 
sensitivity for CIN detection being 50% higher 
than for CS. Thus, gently removing the CS with-
out touching the cervical surface should be rec-
ommended in any procedure for obtaining a 
cervical cytology sample. 

Disclosure of conflict of interest

None.

Address correspondence to: José de Jesús Curiel-
Valdés, Hamburgo # 304 Col. Juarez, México D.F. CP 
06600 Mexico. Tel: +52 55 52114339; Fax: +52 55 
52860275; E-mail: josecurielvaldes@hotmail.com

References

[1]	 Wright TC. Cervical cancer screening in the 
21st century, is it time to retire PAP Smear? 
Clin Obstet Gynecol 2007; 50: 313-323.

when the second study was being conducted. 
On the other hand, another study by Hans et al. 
[14] compared the results of cleaning or not 
cleaning the cervical surface, and did not 
detect any differences. Accordingly, the authors 
concluded that the cervix should be wiped at 
the discretion of the clinician. 

To date, no analysis on what the mucus con-
tains from the cervix has been performed. 
Removing the secretions without touching the 
cervix has been shown to preserve important 
diagnostic cells in the cervix, which may be 
removed using a swab, especially if the lesion is 
small. Based on our findings, removing the CS 
is a key feature to ensure higher detection rates 
of CIN. If the sensitivity, which is currently esti-
mated to be approximately 60% [1], is directly 
related to the quality of the sample, it could be 
raised to more than 80% by cleaning the cervix 
as described herein; this is especially impor-
tant in developing countries where the sensitiv-
ity is reported to be even lower than 60% [2]. 

In our study, colposcopy was used to detect 
small lesions, which were confirmed by cytology 
and diagnosed by biopsy. Some cases appeared 
very clean even if the surface was covered with 
abundant transparent mucous; and hence, at 
first sight, some gynecologists or colposcopists 
may decide not to clean the surface. However, 
when the cervix is cleaned using a cytobrush, 
the abundance of the mucus becomes appar-
ent, and these CS samples were found to have 
less epithelial cells and more inflammatory 
reactions than the samples obtained from the 
cleaned cervix. If not cleaned, the mucus may 
prevent the instrument from obtaining cells 
from the cervical surface.

The results of the present study raise an impor-
tant question: could the sensitivity of cytology, 
especially for false-negative cases, be due to 
CS being the only sampled material? Koss [19] 
answers this question by referring to some very 
early papers, including Sedlis et al. [20] and 
Shulman et al. [21] who examined two samples 
obtained simultaneously and studied using the 
same cytology procedure. These studies found 
that at least 33% and 50% of cells were not 
present on one of the samples for carcinoma in 
situ and slight-to-moderate dysplasia, respec-
tively, and the false negative rate was estimat-
ed as 25%. Taking two simultaneous samples 
would reduce the risk of obtaining false nega-

mailto:josecurielvaldes@hotmail.com


Improving cytology sensitivity

5901	 Int J Clin Exp Pathol 2014;7(9):5895-5901

[13]	 Obwegeser JH, Brack S. Does liquid-based 
technology really improve detection of cervical 
neoplasia? A prospective, randomized trial 
comparing the ThinPrep Pap Test with the con-
ventional Pap Test, including follow-up of HSIL 
cases. Acta Cytol 2001; 45: 709-14.

[14]	 Hans N, Cave A, Szafran O, Johnson G, Glass A, 
Spooner GR, Klemka P, Schipper S. 
Papanicolaou Smears: to swab or not to swab. 
Can Fam Physician 2007; 53: 1328-1329.

[15]	 Solomon D and Nayar R. El sistema Bethesda 
para informar la citología cervical. Argentina: 
Ediciones Journal Junin; 2005.

[16]	 Richart RM. A modified terminology for cervical 
intraepithelial neoplasia. Obstet Ginecol 1990; 
75: 131-133.

[17]	 Klaes R, Brenner A, Friedrich T, Ridder R, 
Herrington S, Jenkins D, Kurman RJ, Schmidt 
D, Stoles M, von Knebel Doeberitz M. P16 
INK4a Immunohhistochemestry impreoves in-
terobserver agreement in the diagnosis of cer-
vical intraepithelial neoplasia. Am J Surg Path 
2002; 26: 1389-1399. 

[18]	 Curiel-Valdes JJ. Diez años de p16 en biopsia 
de cérvix ¿vale la pena su uso rutinario? 
Patología Rev Latinoam 2012; 50: 293-304.

[19]	 Koss LG. Koss’ Diagnostic cytology and its his-
topathological basis. 5th ed. Philadelphia: 
Lippincot Wiliams & Wilkins; 2006. Ch. 11, pp. 
368-369.

[20]	 Sedlis A, Walters AT, Balin H, Hontz A, Lo Sciuto 
L. Evaluation of two simultaneously obtained 
cervical cytology smears. Acta Cytol 1974; 18: 
291-296.

[21]	 Shulman JJ, Hontz A, Sedlis A, Walters AT, Balin 
H, and LoScuito L. The Pap smear: take two. 
Am J Obstet Gynecol 1975; 121: 1024-1028.

[2]	 Curiel-Valdés JJ. Citologia vaginal: la importan-
cia de la zona de transformación y como ob-
tener una muestra adecuada. Gac Méd Méx 
2002; 138: 259-266.

[3]	 Curiel-Valdés JJ. Improving cytology samples 
from the uterine cervix: a simple visual 
Instruction. J Lower Gen Tract Dis 2004; 8: 43-
47.

[4]	 Apgar B, Brotzman GL, Spitzer M. Colposcopía 
principios y práctica. México: McGraw Hill; 
2003. Ch. 5, pp. 130.

[5]	 Berek J Ginecologia de Novak. 13th edition. 
México: McGraw Hill; 2006. Ch. 16, pp. 385-
393. 

[6]	 Baliga BS. Principles and practice of colposco-
py. 1st edition. New Delhi: Jaypee Brothers and 
McGraw Hill; 2004. Ch. 3, pp. 17-18.

[7]	 Burghardt E. Colposcopy and Cervical 
Pathology, Text Book and Atlas. 2nd edition. 
New York: Thieme Medical Publishers; 1991. 
Ch. 9, pp. 127-130.

[8]	 De Palo G, Chanene W, Dexeus S. Patología y 
tratamiento del tracto genital inferior. 
Barcelona: Masson; 2000. Ch. 1, pp. 14-15.

[9]	 Cox JT. ASCCP practice guidelines: manage-
ment issues related to quality of the smear. J 
Low Gen Tract Dis 1997; 2: 100-106.

[10]	 Davey DD, Cox JT, Austin RM, Birdsong G, 
Colgan TJ, Howell LP, Husain M, Darragh TM. 
Cervical cytology specimen adequacy: patient 
management guidelines and optimizing speci-
men collection. J Low Gen Tract Dis 2008; 12: 
71-81.

[11]	 Clinical and Laboratory Standards Institute. 
Cervicovaginal cytology based on the 
Papanicolaou technique: approved guideline - 
third edition. Pennsylvania: CLSI; 2008.

[12]	 Kotaska AJ, Matisic JP. Cervical cleaning im-
proves Pap smear quality. CMAJ 2003; 169: 
666-669. 


