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Abstract 

Introduction: Cervical cancer is the second most common cancer among Indian women and the fourth most frequent 

cancer in women across the globe. Though effective screening programmes are available, its role in effective prevention 

in a developing country like ours still remains an unanswered question and the probable reason behind this could be the 

difficulty in adopting liquid-based cytology (LBC) as the main screening program ahead of conventional pap smear 

(CPS). Aims and Objectives: This study was performed with an objective to analyse and interpret the samples by both 

CPS and LBC and to compare the both so as to find out the possibility of implementing LBC in a rural teaching institute 

of Tamilnadu like ours. Materials and methods: This was a prospective observational study which includes sample of 

100 women who have attended the gynaecological outpatient department (OPD) of Vinayaka Missions Kirupananda, 

Variyar Medical College and Hospitals, Salem, Tamil Nadu. The slides were interpreted by two independent 

cytopathologists based on The Bethesda System and the results were analysed statistically. Results: The youngest patient 

was 19 years and the oldest was 68 years old. The most common age group in the study is 4th decade. The commonest 

clinical presentation was discharge per vaginum (PV). Screening time was less with LBC which also showed cleaner 

background compared to CPS. Other parameters like organisms and epithelial cell abnormalities were detected in both 

CPS and LBC. Conclusion: Even though LBC was few steps above CPS while considering the smear background and 

time taken to screen the slides, CPS still remains the better among the two in our setup taking into consideration the cost 

efficacy it provides which is the main factor for the population in our rural setup. 
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Introduction 

Cervical cancer is a public health problem in 

developing countries like India, which alone accounts 

for one quarter of the worldwide burden of cervical 

cancer [1, 2]. As per World Health Organization, more 

than 30000 women die of cervical cancer each year and 

the alarming fact is nine out of ten women who die are 

in poor countries, which means some of the most 

vulnerable women are dying unnecessarily because 

each death can be prevented [3].  

 

The idea of screening for early detection of cancer was 

accepted in the 1920s after the development of 

exfoliative cytological techniques initiated through the 

work of Babes [4] and Papanicolaou [5].  
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In 1941 George Papanicolaou demonstrated a test for 

the early detection of cervical cancer, contributing 

towards the creation of screening programs [6,7]. The 

first cervical cancer screening clinics were established 

in the 1940s [8]. The pap test is considered by many to 

be the most cost-effective cancer reduction program 

ever devised [9]. However, limitations of CPS such as 

suboptimal smears with insufficient squamous cells, 

presence of obscuring blood, dense inflammation and 

thick smears with overlapping epithelial cells reduce its 

sensitivity to as low as 50% with rise in false negativity 

rate ranging between 14% and 33% [10,11,12]. Liquid 

based cytology which is widely practiced in the 

developed countries was developed to improve the 

diagnostic reliability of Pap smears by reducing the 

number of inadequate smears and false negativity rate 

as well as allowing some important tests like Human 

papilloma virus testing to be carried out [10,13]. 
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Although there is sufficient western literature on LBC, 

the studies from India comparing CPS and LBC 

techniques are sparse. Moreover, there have been 

conflicting results with regard to the quality of LBC 

results [14,15]. Also to the best of author’s knowledge 

the comparison study between CPS and LBC 

techniques in a rural setup of Tamilnadu like ours are 

very scant. Hence this study was undertaken to evaluate 

the samples using both CPS and LBC and thereby 

analyse and compare the findings of both to find out the 

limitations and advantages of CPS and LBC 

respectively so as to find out the productive gain of 

LBC in our hospital. One of the mainstays of this study 

is to find out whether the cost efficacy provided by CPS 

is superior to the advantages of LBC or vice-versa. 

Materials and Methods 

Study place: The study is conducted in Department of 

Pathology, Vinayaka Missions Kirupananda Variyar 

Medical College, Salem, Tamil Nadu. 

Study type: This is a prospective study. 

Study duration: The study duration was until the 

desired sample size of 100 is reached. 

 

Inclusion criteria: A total of 100 samples of CPS and 

LBC that were received in Department of Pathology. 

All the women in the reproductive age group as well as 

perimenopausal group were included. 

Exclusion criteria: All the women who were 

unmarried or not co-operative. 

Study conduct: The study was a prospective study. 

 

Sample size: This study included 100 samples, one for 

CPS and one for LBC, that were received in the 

department of pathology with detailed clinical 

information from the randomly selected patients who 

have attended the gynaecology OPD of our hospital, 

with various complaints. The CPS smears were 

subjected to routine standardised processing and 

staining as per the protocol. The LBC samples were 

processed as per the protocol of the company that 

provided the kit. Many parameters were analysed on 

both the samples using microscope based on The 

Bethesda System and the observations were interpreted 

by two independent cytopathologists and recorded. 

 

Statistical analysis: Data’s were collected and 

analysed. 

Results 

A total of 100 samples were studied in detail. The youngest and the oldest patient in our study were 19 and 68 years 

respectively. The most common age group for whom the smear was taken belong to the fourth decade comprising of 38 

out of 100 cases, followed closely by less than 30 year age group that includes 31 out of 100 cases. (Table-1) The mean 

and the median age of our study were 37 and 36 years respectively.  

 

     Table-1: Age group 

Age group Percentage (n=100) 

< 30 31 

31-40 38 

41-50 21 

>50 10 

The patients presented with various clinical presentations among which the most common presentation was discharge per 

vaginum (46%) followed by lower abdominal pain (42%). Some of them presented with irregular menses as well as some 

with post coital bleeding (Table-2). 

 

     Table-2: Clinical presentation 

Clinical manifestation Percentage (n=100) 

Discharge PV 46 

Lower abdominal pain 42 

Post coital bleeding 11 

Irregular menstruation 21 

A total of seven parameters were compared between CPS and LBC (Table-3) so as to find the better one for our setup. 

The first parameter was the time taken to screen the entire slide. Though it is subjective the average screening time for a 

CPS smeared slide was 6 to 7 minutes whereas the same for LBC smeared slide was 3 to 4 minutes thereby proving that 

CPS is more time consuming than LBC and this advantage of LBC will be very useful particularly during mass screening 

programs.   
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As far as the adequacy of smears are considered there is no much significant difference between the two in our study as 

only 5 out of 100 cases were unsatisfactory for evaluation in CPS and 3 out of 100 cases in LBC preparation. This very 

minimal difference can be attributed to the sampling technique also.  The most common reason for unsatisfactory smear 

is insufficient cell count in both CPS and LBC and then only the inflammation and haemorrhage obscuring the epithelial 

cells come to the picture. By taking into account the inflammatory background, again CPS and LBC did not show much 

difference as shown in the Table-3. Both CPS and LBC picked up the organisms well and the shift in flora was seen in 6 

out of 100 CPS cases whereas LBC did pick up only 5 out of 100 cases.  

 

The same thing applies for candidial forms also because CPS picked up candida in hyphae forms in 3 slides in slight 

contrast to LBC which picked up only 2 cases. Finally the most important thing, the epithelial cell abnormalities were 

compared between the two and to our surprise CPS was better than LBC but in a very mild manner. LBC picked up a 

total of 8 cases whereas CPS picked up 9 cases. Again this can be due to insufficient sample or non-representation of that 

area because of the sampling technique or may be due to more number of younger females (<45 years) screened. Also the 

fragile nature of atypical cells would have made them get easily destroyed during LBC processing which can also be 

attributed to the low atypical cell pick up of LBC. 

 

Table-3: Comparison of parameters between CPS and LBC 

Parameters  CPS LBC 

Screening time  6 – 7 minutes 3 – 4 minutes 

Satisfactory smear  95/100 97/100 

Unsatisfactory smear  05/100 03/100 

Inflammatory background  77/100 72/100 

Organisms Shift in vaginal flora 06/100 05/100 

Candidial forms 03/100 02/100 

 

Epithelial cell 

abnormalities 

LSIL 03/100 03/100 

ASCU-S 04/100 03/100 

HSIL 01/100 01/100 

ASC-H 01/100 01/100 

 
Microscopic images 

                                   

 Fig-1: CPS – Inflammatory smear (H&E)          Fig-2: LBC – NILM (clean background) 

 

                                  

                         Fig-3: CPS - Candida organism (H&E)                 Fig-4: LBC – Candida organism 
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Fig 5: CPS – Bacterial vaginosis-clue cells (H&E) 

Discussion 

Cancer is one of the leading causes of adult deaths worldwide and around 8 million people die of cancer every year [1]. 

Cervical cancer is one of the leading causes of cancer mortality accounting for nearly 17% of all cancer deaths among 

women aged between 30 and 69 years. It is estimated that cervical cancer will occur in approximately 1 in 53 Indian 

women during their lifetime compared with 1 in 100 women in more developed regions of the world [2]. Cervical cancer 

is the second most common cancer among women in India [16]. Prevention and early diagnosis are major factors in 

reducing morbidity and mortality resulting from neoplasia. [17]. Cytologic screening programs have led to a large decline 

in cervical cancer incidence and mortality in developed countries. However it remains largely uncontrolled in high risk 

developing countries because of ineffective or no screening [18]. In fact around 80% of the cases occur in developing 

countries and just 20% in developed countries [19].  

 

The reasons for this high burden of cervical cancer in India is due to poor living standards, high HPV prevalence and of 

course due to lack of screening [20]. There are few statements stating that the major registries have shown a decreasing 

trend of cervical cancer, however the decrease was very small. In India, an organized mass screening program for early 

detection of cervical cancer is not in practice; hence this decrease cannot be attributed to screening [21]. There is a study 

which says that cervical cancer incidence rates are an underestimate for India possibly due to an under diagnosis of 

cervical cancer cases in rural areas and among impoverished women and also due to non-inclusion of subclinical cervical 

cancers in routine hysterectomy specimens not subjected to histopathology, which is a common practice in many parts of 

India [22]. Pap smear is a very important and useful method for cervical cancer screening. Globally, efforts to prevent the 

disease include screening women using Pap smears and treating precancerous lesions. Impressive results have been 

achieved in reducing cervical cancer incidence and mortality in some developed countries by Pap smear screening. 

Cervical cancer incidence can be reduced by as much as 90% where screening quality and coverage are high [23].  

 

However, in developing countries – where approximately 80% of all new cases occur – many women have never had a 

Pap smear. Proper implementation of screening programs is essential to reduce the incidence and mortality of cervical 

cancer in India. Periodic screening (irrespective of the method used) and follow-up evaluation of women 30 years of age 

or more are acceptable and are the cost-effective approaches to prevent cervical cancer. A Pap smear is a cytological test 

designed to detect abnormal cervical cells. The low sensitivity of a single Pap test makes it necessary to screen women 

relatively frequently, every 3–5 years [24]. The conventional papanicolaou smear (CPS) has been the mainstay of 

screening for cervical cancer and its precursor lesions for approximately 50 years without major changes in the 

techniques related to preparation and interpretation. Despite its success as a preventive screening tool for cervical cancer, 

CPS has its limitations [25]. Conventional cytology (CC) is a very good method for cervical cancer screening as it needs 

non-expensive equipment for processing and evaluation, which is suitable for the developing countries that have a very 

limited resource. Several studies reported the advantage of LBC over CC and suggested to convert from CC to LBC. 

However, there are various studies that have indicated the similar sensitivity and specificity of these two methods. 

Besides the advantages of LBC like reducing the obscuration and smaller area to be evaluated, the most striking benefit 

of LBC is the ability to perform further tests such as HPV testing from the residual specimen. Currently, LBC is cheaper 

than in the past and hence it is possible to be used as a routine service in developing country [26]. A decline in the 

incidence and mortality caused by cervical cancer has been observed in the past few decades as a result of screening by 

cytology. In recent years, the accuracy of the conventional Pap smear has come under a great deal of scrutiny [27]. 

Liquid-based cytology (LBC) was introduced in mid-1990s as an alternative technique to process cervical samples. Since 

then a lot of countries in the Western world has switched from conventional Pap smear method to LBC, although amid 

contrasting results from various studies comparing the benefits of LBC with CPS [28]. 
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We compared the parameters we had derived from our study with some standard studies and analysed it statistically. In 

the present study the most common age group that have undergone the testing was 4th decade which is comparable with 

Hawaldar [29] and Sherwani [10] whereas the study by Garg [27] showed less than 30 years age group as the most 

common (Table-4). 

 

      Table-4: Age incidence 

Age group Hawaldar R 2016 [29] Garg V 2016 [27] Sherwani RK 2007 [10] Present study 

< 30 28.9 56.96 31.26 31 

31-40 37.6 33.90 48.13 38 

41-50 16.3 9.14 11.86 21 

>50 4.3 --- 8.75 10 

The most common clinical presentation of discharge PV (46%) was comparable with the studies by Garg and Sherwani 

(Table-5). 

 

     Table-5: Clinical presentation 

 Garg V 2016 [27] Sherwani RK 2007 [10] Present study 

Discharge PV 48.40 42.5 46 

Lower abdominal pain 32.90 27.5 42 

Post coital bleeding 3.00 --- 11 

Irregular menstruation --- 23.8 21 

The time taken to screen the entire CPS slide was more compared to the same in a LBC slide and the results were 

comparable with other studies like Sharma J [30] and Singh VB [28] that also have shown LBC to be superior to CPS in 

time consumed for screening (Table-6). 

 

      Table-6: Screening time – CPS vs LBC 

 Sharma J 2016 [30] Singh VB 2015 [28] Present study 

CPS 4 mins 5-6 mins 6-7 mins 

LBC 2 mins 2.5-3 mins 3-4 mins 

Many studies were comparable with the present study as far as the unsatisfactory rate is considered and all the studies 

unanimously showed less number of unsatisfactory smears in LBC than in CPS (Table-7). The most common reason for 

the unsatisfactory smear is insufficient cell count in both CPS and LBC and the same is comparable with studies by 

Singh VB, Gupta N [31], Jeong H [32] (Table-8). The second common reason for unsatisfactory smear in present study is 

inflammatory cells obscuring the epithelial cell morphology.  

 

      Table-7: Unsatisfactory rate – CPS vs LBC 

 CPS LBC 

Sharma J 2016 [30] 8% 7 

Singh VB 2015 [28] 4.3 1.7 

Gupta N 2016 [31] 10.5 1.2 

Sherwani RK 2007 [10] 5 3.7 

Jeong H 2017 [32] 3.31 1.26 

Nishio H 2018 [33] 0.3 0 

Costa MOLP 2015 [34] 4.4 1.7 

Present study 5% 3% 

 

      Table-8: Insufficient cell count as a reason for unsatisfactory smear – CPS vs LBC 

 CPS LBC 

Singh VB 2015 [28] 37.2 58.8 

Gupta N 2016 [31] 31.4 29.3 
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Jeong H 2017 [32] 37.2 58.8 

Present study 41.3 61.4 

The percentage of slides that showed inflammation is 77% in CPS and 72% in LBC. The studies by Sharma J, Garg V 

and Costa (Table-9) all showed similar results thereby making LBS to be superior to CPS as far as the background is 

considered as dense inflammation may sometimes be the reason for unsatisfactory smear because it can obscure the cell 

morphology. 

 

      Table-9: Inflammation seen – CPS vs LBC 

 CPS LBC 

Sharma J 2016 [30] 96% 92 

Garg V 2016 [28] 85.54 46.5 

Costa MOLP 2015 [34] 58.5% 46.5 

Present Study 77 72 

 

      Table-10: Normal study – CPS vs LBC 

 Singh VB 2015 [28] Sherwani RK 2007 [10] Costa MOLP 2015 [34] Present study 

CPS 54.3 85 34.7 86 

LBC 63.9 73.8 48.8 80 

Coming onto the presence of organisms CPS picked up six cases of bacterial vaginosis and three cases of candida in 

contrast to LBC which was able to pick up only five and two cases of bacterial vaginosis and candida respectively. The 

results are comparable with Sharma J and Garg V whose studies also show CPS to be slightly superior in picking up the 

organisms (Table-11).  

 

       Table-11: Organisms present – CPS vs LBC 

  Sharma J 2016 [30] Garg V 2016 [28] Present study 

BV CPS 29 12.1 06 

LBC 28 11.2 05 

Candida CPS 12 2.8 03 

LBC 09 1.2 02 

The last of the parameter epithelial cell abnormalities also did not do great favour for LBC because again CPS was 

slightly superior to LBC which showed epithelial abnormality in total of 8 cases in contrast to CPS which showed the 

same in 9 cases. This is in contrast to some studies which showed LBC slightly better (Table-12). 

 

     Table-12: Epithelial cell abnormalities – CPS vs LBC 

  Sharma J 2016 [30] Sherwani RK 2007 [10] Nishio H 2018 

[33] 

Present study 

LSIL CPS 0.71 10.6 9.3 3 

LBC 0.71 18.2 13.1 3 

ASCUS CPS 0.71 --- 14.5 4 

LBC --- --- 11.5 3 

HSIL CPS 0.71 0.6 46.9 1 

LBC 0.71 4.3 44.9 1 

ASC-H CPS 0.71 --- 8.0 1 

LBC --- --- 11.9 1 

Limitations: Since sample was taken twice from the same patient for two different techniques, the sample amount 

available for both the techniques was low in some cases. Some patients were not co-operative for the sample to be taken 

for the second time.  

Conclusion  
In our study LBC offered some advantages like lesser 

screening time and cleaner background compared to 
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CPS and LBC in general provides us with the 

opportunity to prepare duplicate slides, cell-block 

preparations from residual sample as well as HPV 

testing option. But still CPS provides one important 

advantage of cost efficacy which is a very important 

factor in a set up like ours. In addition to that, the 

detection rate of organisms or epithelial cell 

abnormality also remained same between the two. 

Above all we should keep in mind that there is no 

synchronised initiative from public health authorities 

for prevention and control of cancer cervix in India 

which show alarming statistics. Therefore our main aim 

should be towards creating awareness among the rural 

setup like ours and high cost of LBC will be a main 

hindrance for it. So to conclude, even though LBC is 

slightly superior to CPS as far as the quality of smear is 

concerned, taking into consideration the similar 

detection rate of other parameters in addition to the cost 

efficacy CPS provides, it is better to continue with CPS 

as our setup is a rural setup with low resource setting. 

What this study adds to existing 

knowledge? 

This study cast light on the importance of creating 

awareness among rural population about cancer cervix 

as well as the effective screening programme (CPS) that 

is available at an affordable cost. Also to the best of 

author’s knowledge this study was the first of its kind in 

such a rural setup of Tamilnadu. 
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