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ABSTRACT 

The study aims to compare different screening methods that are currently being 
used to confirm a cervical intraepithelial lesion (CIN) underlying the inherent 
advantages of the varied examination procedures. In this study we are looking at 
the quality contrast of the different paraclinical examinations relative to the cost, 
invasiveness and cultural acceptance of such procedures. Every year, more than 
100,000 women in EU countries are diagnosed with cervix uteri cancers (CCU). 
This type of cancer can be prevented if precancerous cells are detected and treated. 
HPV is found in over 90% of cervix uteri cancers. In Europe, more than half of the 
countries have implemented screening programs for cervical cancer, and most 
European countries now have national HPV vaccination programs, however target 
populations vary depending on the epidemiological evidence and the budgetary 
level of each countries health system.  

In this study we evaluated and compared the current and modern techniques 
used for cervix cellular diagnostics. Also, this study helps improve the 
understanding on the economic and social implications of screening among female 
population and the impact it has on healthcare system relieving. Romania recorded 
an incidence of 22.6 cases of cervix uteri cancers / 100.000 women (age 
standardized rate), and a mortality of 9.6 / 100.000, ranking second highest in the 
EU zone. 
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INTRODUCTION 

Cervical cancer is among the most preventable cancers. Pre-cancerous lesions 
can easily be detected through screening before they become cancerous. When 
screening detects pre-cancerous lesions, these can be treated and thus the cancer can 
be avoided. 
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Human papillomavirus (HPV) is the essential driver of cervical malignant 
growth. More than 3/4 of sexually active women get it in the span of their lives. The 
prevalence of HPV increases with severity of the lesion. There are over 200 types 
of HPV with potential for induction of cellular transformations, but two of these 
strains, HPV-16 and 18, the two vaccine-preventable types contribute to over 70% 
of all cervical cancer cases, between 41%-67% of high-grade cervical lesions and 
16-32% of low-grade cervical lesions. After HPV-16/18, the six most common HPV 
types are the same in all world regions, namely 31, 33, 35, 45, 52 and 58; these 
account for an additional 20% of cervical cancers worldwide. The HPV vaccine is 
almost 100% effective in preventing the persistent HPV infections that cause 
cervical cancer [1], [2]. 

screening, there have been other attempts to update and develop new screenings 
methods as minimally invasive as possible that would bring benefits to different 
economic regions of the world. 

BURDEN OF HPV RELATED DISEASE 

About 604,127 new cervical cancer cases are diagnosed annually globally 
(estimates for 2020) ranking in 3rd place as the most common cancer site in females. 
It is established that well-organised cervical screening programs or widespread 
good quality cytology can reduce cervical cancer incidence and mortality [3]. 

Screening methodologies contrast between nations. Some countries have 
population-based programs where in each round of screening women in the target 
population are individually identified and invited to attend screening. This type of 
program can be implemented nationwide or only in specific regions of the country 
[2]. 

As the European Guidelines recommend, a program with an organized 
population-based nature may substantially improve the accessibility and equity of 
screening access while simultaneously improving effectiveness and cost-
effectiveness. The vital elements to be determined inside such a program are the 
target age, screening spans, and screening algorithm. The latter alludes to the 
essential screening test and the ensuing administration of results at each progression 
of the algorithm [4]. 

SCREENING OF CERVICAL TISSUE  

Conventionally cervical cancers are diagnosed by visual inspection with acetic 
acid (VIA), HPV testing, polar probe, Pap smear (PAP) and colposcopy. However, 
these methods are not providing high sensitivity and specificity; furthermore, the 
diagnostic potential is highly subjective as it depends on the skills and experience 
of the persons who were analyzing the samples (Figure 1). Although biopsy and 
resulting histopathology are considered as the gold standard strategy for cancer 
diagnosis, it is an intrusive technique and has numerous impediments particularly 
for mass screening of patients with multiple suspicious lesions. In this context, 
extensive studies are under progress in the development of real-time, non-invasive 
and cost-effective molecular diagnostic modality using various techniques [5]. 
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Present studies are centered around concurrent multispectral analysis which 
provides higher sensitive and accurate diagnosis.

 
Fig. 1. Comparative effectiveness methods (CEM) system for cervix diagnostic  

Diffuse Reflectance Spectroscopy 

Steady-state reflectance spectroscopy (RSp) is a technique where light after 
multiple scattering in the tissue is collected and studied for qualitative and 
quantitative information. A study of reflectance spectroscopy involving 324 sites of 
164 precancerous patients carried out by Mirabal et al. has found the discrimination 
ability between squamous normal and high-grade squamous intraepithelial lesions 
with sensitivity and specificity of 72% and 83% respectively. In spite of the fact 
that DRS has many advantages, even the slightest error like probe-to-tissue pressure 
can alter the accuracy of the spectra [6]. 

Surface-Enhanced Raman Spectroscopy (SERS) 

Since the Raman effect is a weak phenomenon, researchers around the globe 
have tried to enhance the weak effect. One such novel technique is enhancing the 
Raman signals by nanoparticles known as SERS. The aid of multivariate statistical 
analysis is inevitable to glean meaningful inferences from the enormous data set 
obtained from these spectroscopic studies [6]. 

Spectro-cytology by label-free surface-enhanced Raman fingerprints and 
chemometrics 

Varsha Karunakaran et al. explored a spectroscopic modality in which different 
spectral fingerprints were obtained by utilizing label-free ultrasensitive surface-
enhanced Raman scattering (SERS) technique on exfoliated cell samples of the 
cervix. Three different approaches i.e. single-cell, cell-pellet and extracted DNA 
from oncology clinic as confirmed by Pap test and HPV PCR were employed. Gold 
nanoparticles as the SERS substrate favored the increment of Raman intensity 
exhibited signature identity for Amide III/Nucleobases and carotenoid/glycogen 



140 

respectively for establishing the empirical discrimination. Moreover, all the spectral 
invention was subjected to chemometrics including Support Vector Machine 
(SVM) which furnished an average diagnostic accuracy of 94%, 74% and 92% of 
the three grades (LSIL, HSIL, Cervical Cancer) [7]. 

Cervical cancer has been well studied by conventional Raman spectroscopy in 
the past several years for differentiating normal and abnormal subjects using blood 
serum, cells, tissues, in vivo etc. When contrasted with the regular Raman 
spectroscopy, SERS is a ultrasensitive strategy requiring less acquisition time, 
better signal-to-noise ratio, increased fold intensity, specificity and Raman cross 
section. Employing SERS in exfoliated cell samples for cervical cancer detection 
will provide direct understanding into the cause of abnormalities offering some 
unmistakable advantages over different procedures like less time preparing the 
samples and minimal influence of water bands [7], [8]. 

Raman spectroscopic detection of high-grade cervical cytology 

In a study done by Jing Wang et al., 210 ten tissue sections from 210 patients 
(Among them, 60 were diagnosed as cervicitis, 30 as CIN I, 30 as CIN II, 30 as CIN 
III, 30 as cervical squamous cell carcinoma, and 30 were diagnosed as cervical 
adenocarcinoma by pathological diagnosis) which yielded 157 spectra of CIN I 
tissue, 138 of CIN II tissue, 155 of CIN III tissue, 166 of cervical squamous cell 
carcinoma tissue, and 201 of cervical adenocarcinoma tissue, totaling 1110 spectra 
[8]. The spectra was analyzed and interpreted then using the SVM algorithm to 
build an efficient diagnosis model to classify the six tissues. 

The main Raman characteristic peaks of the cervical tissues were summarized, 
and the differences of biochemical components of the 6 types of cervical tissues 
were analyzed. After rehashed tests, the characterization impact was improved. The 
accuracy of the cervical tissues was 85.7% which indicated that Raman 
spectroscopy combined with support vector machine could be used to successfully 
classify the different types of samples [7], [8]. 

Rapid screening using Raman spectroscopy based on GA-SVM 

In a study conducted by Chen Chen et al., 196 HPV negative secretion samples 
and 58 HPV positive samples were analyzed using Raman spectroscopy and 
multivariate statistical analysis.  

By using  algorithms for noise reduction, the background of the Raman spectras 
were normalized and the processed spectras were used to build a model for analysis 
(The airPLS-PLS-GA-SVM hybrid model process) which further improved the 
accuracy and quality of the data extracted. 

Because this technology has the advantages of being fast, noninvasive, and low 
cost, it has broad application prospects. The accuracy of using airPLS-PLS-GA-
SVM to diagnose cervical diseases was up to 98.6%, which indicates the great 
potential of using Raman spectroscopy to screen cervical diseases and prevent 
cervical cancer in the future [8]. 

 



Section BIOTECHNOLOGIES

141 

SOCIAL AND ECONOMIC CONCERNS

In low and middle-income countries (LMICs), where cervical cancer burden is 
highest, screening coverage is much lower. In these settings, low Pap screening 
accessibility (due to limited resources, infrastructure, and trained personnel) and 
poor sensitivity of the existing low-cost cervical cancer screening option, visual 
inspection with acetic acid (VIA), are boundaries to effective screening [9]. 

Primary HPV screening has advantages over Pap that can benefit both high and 
low-income settings. HPV testing has higher sensitivity than Pap to detect cervical 
pre-cancers, allowing broadened screening intervals, and HPV testing requires less 
training for sample collection. Figure 1 

Some studies proposed HPV tests using self-collected samples which were 
shown to have comparable sensitivity to clinician-collected samples for detecting 
cervical intraepithelial neoplasia grade 2 or higher (CIN2+), making HPV self-
sampling (HPV-SS) a feasible screening option. Women of different ages, 
ethnicities, and nationalities reported HPV-SS to be highly acceptable [9]. 

Cervical cancer remains a significant public health problem in Romania. It 
ranks third in the country after breast and colorectal cancer. Unfortunately, the first 
attempt of campaign vaccination in Romania proved short to deliver.  

 

  

Fig. 2. HPV information - responses of a survey conducted online a) periodic 
evaluations of cervix lesions, b) methods used for screening, c) vaccination data 

for 21-30 ages groups  

In a survey conducted online, 116 of 126 (92.1%) participants responded that 
they did not get any HPV vaccines (Figure 2) even though most of them talked 
about it with their medical practitioners. Furthermore, our survey found that 82.5% 
of the participants did not get any form of cervical examination (Figure 2). The 
highest rate of respondents was in the age group of 21-30 (75 of 126 or 59.5%). 

DISCUSSION 

The lack of cost-effectiveness studies outside of Western Europe, especially in 
LMICs, that include data on real-world implementation scenarios, represents an 
important gap in the literature. Future cost-effectiveness studies within screening 
programs should model the impact of new triage strategies, the development of 
HPV-SS outreach materials, and increasing HPV vaccination rates [9]. 

The research community is in pursuit of molecular fingerprinting which 
differentiates samples between different biological conditions with emphasis on 
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real-time, minimal invasiveness and high-thorough analysis. One such analysis is 
that of the SERS combined with multivariate statistical analysis which proves to be 
a high specificity, low-cost analysis which could be employed in all types of 
economical regions. 

Furthermore there is also the need of educating the population about the 
dangers of HPV. Comparative studies have shown that vaccination and regular 
screening against HPV even though imply national programs which require some 
additional spending, on the long run surpass the cost of treating the possible cervical 
cancer patients. 
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