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Cervical cancer is the fourth leading cause of cancer in women. Most of the cervical cancers are 

human papillomavirus (HPV) induced.  It takes years for an HPV infection to develop cervical 

cancer, which makes screening a useful tool. This review shows an overview of the current and 

the renewed screening for cervical carcinoma´s in the Netherlands with attention to their 

relevance in the future, in vaccinated populations. 

The current screening is cytological screening; it detects abnormalities in the cervical cells and 

has prevented many cervical cancers. Cytological screening has low sensitivity and therefor it is 

going to be replaced by HPV-testing.  HPV screening detects the presence of viral DNA and has 

high sensitivity. However, not all HPV infections will lead to cervical cancer. Triage testing can 

reduce the low specificity. Cytology as follow up will increase the specificity but lowers the 

sensitivity. Therefore, new methods for primary and triage testing are of interest. In this review 

the methods of p16 INK4a- Ki -67 and DNA methylation are pointed out as promising. For 

screening to be effective high levels of participants are needed, to increase the amount of 

participants self-sampling is offered. This test is also interesting for developmental countries. 

Vaccination is as well interesting for developing and developed countries, it will prevent HPV 

induced cervical cancer. The current vaccination is against the two most common HPV types 

which count for 70% of all cervical cancers. It remains important to screen. Vaccination in 

combination with screening will reduce the incidence of cervical cancer. However, more research 

is needed to optimize cervical cancer prevention, and screening. 
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HPV induced cervical cancer 
Cervical cancer is the fourth leading cause of cancer in women in 2012, according to Globocan

2
. The 

majority of cervical cancers (99,7%)  are caused by the human papilloma viruses (HPV) (Dannecker 

C, 2004). There are 150 types of HPV, the high-risk HPV (hrHPV) has the most potential to induce 

cervical cancer. The two most common HPV types in cervical cancer, are HPV16 and HPV18 and they 

count for three quarter of the HPV induced cervical cancers (Kirschner B, 2012).  

Virus transmission occurs mostly by sexual contact. HPV will infect the squamous epithelial cells of 

the cervix and replicate in their nucleus. The exact entry of the HPV is not clear yet, studies point to 

attaching of HPV by cell surface molecules and entry via endocytosis. The virus will uncoat in the 

cells and transport its genome to the nucleus of the host cell where it integrates into the host genome 

(Graham SV, 2010). 

 

 
Figure 1: HPV genome (Lie AK 2008) 

 

HPV is a small virus, but has a sophisticated design. The virus is non-enveloped with icosahedral 

symmetry. The genome is 8kb of double stranded circular DNA, all HPVs have the same compounds 

shown in figure 1 (Lie AK 2008). There are early genes (E) and late genes (L). The early genes encode 

proteins for interruption of the host cell cycle; by viral DNA replication and RNA transcription 

initiation. Replication of the viral DNA is done by proteins encoded by E1 and E2. E2 also modulates 

viral RNA transcription(Lie AK 2008). 

E5, E6 and E7 are oncoproteins, they are involved in tumor cell growth. E5 gives disruption to the 

normal function of cellular growth factor receptors (Liao S.J. 2013). E6 promotes tumor progression 

by degradation of p53. P53 is a tumor suppressor gene, it has regulating functions in the cell cycle, for 

example induction of apoptosis. E7 binds and inactivates retinoblastoma (Rb) proteins. Rb is also a 

tumor suppressor gene, one of its functions is to inhibit the cell cycle progression. E2 decreases 

expression of E6/E7 and loss of E2 is the first stage in transformation (Gök M, 2010). 

Preparing the viral release from the host genome is done by E4. The late genes are structural genes, 

which will lead to transmission and survival. L1 is the major and L2 the minor structural compound. 

(Zheng ZM, 2006; Lie AK, 2008). 
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Not all HPV infections and not all HPV types will lead to cervical cancer. Low risk types can lead for 

example to warts. This is because of the low risk HPV types have differences in the E6 and E7. If E6 

and E7 are not efficient in interfering of p53 and pRb, invasive cancer will not be developed (Tjalma 

WA, 2013) 

Cervical cancer 

After HPV integration in the genome the cervical cells change through several steps. First the cervix 

has some abnormal cells in the upper layers, this is called cervical intraepithelial neoplasia 1 (CIN1). 

CIN1 is a low grade squamous intraepithelial lesion (LSIL). Squamous cells are flat scale like cells of 

the upper cell layers. Most of CIN1 lesions will not evolve in cervical cancer, because the infection of 

the virus is often transient (Tjalma WA; 2013). After CIN1 there is more dysplastic cells in CIN2, 

followed by CIN3, who has the most dysplastic cells and the biggest change to develop cancer. CIN2 

and 3 are both high grade squamous intraepithelial lesions (HSIL). CIN3 is the penultimate stadium, 

afterwards invasive cancers can be developed (figure 2) (Petry KU, 2013). 

Most of the carcinomas are squamous intraepithelial lesions, but some of them are adenocarcinomas. 

Adenocarcinomas are also associated with HPV infection, however they have glandular cells as origin 

(Chansaenroj J, 2013; Kirschner B, 2012). In the ‘50 and ‘60 of the last century 5% of the cervical 

cancer cases were adenocarcinomas. In the ’70 this was 20-25% of the invasive cervical cancer cases 

(Smith HO 2000). At this moment, adenocarcinomas count for 20% of the cervical cancers (Lee YY, 

2011). The proportion of adenocarcinomas is increased in contrast to the decrease of squamous 

cervical cell carcinoma’s (Lee YY, 2011). Reason for the increase in proportion of adenocarcinomas is 

difficulties in detection of this type of cervical cancer. Therefore adenocarcinomas might have a worse 

survival rate (Lee YY, 2011).   

 

 

 

 

Figure 2: Different stadia of cervix from normal, proceeding to invasive cancer 

(Gonzalez MA, 2005; Bratcher JJ, 2008) 
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Screening is an effective way to prevent cervical carcinoma, because there are years of time between 

the start of HPV infection and the onset of cancer. Multiple countries already have screening 

procedures. The current screening is about to get renewed in the Netherlands, instead of detection of 

abnormal cells with cytology, virus DNA is going to be detected (Figure 3). Moreover an introduction 

of the self-test for non-attenders to test at home will be introduced. At last in the future, the screening 

populations will be vaccinated, since vaccine against high-risk types of HPV is in use for a couple of 

years now
1
. The vaccination might influence the current screening methods.  

The aim of this review is to compare the current screening with the renewed screening for cervical 

carcinoma's, with attention to their future relevance in vaccinated populations and their application in 

developing countries. 

 

Comparison of the current and renewed screening 

Primary Testing 

Screening gives the opportunity for early detection of cervical lesions. Therefor treatment or surgery 

can be started in early stages. Therefore, screening can prevent development of cervical cancer and 

their associated deaths (Dannecker C, 2004). Women who do not participate in cervical cancer 

screening have 2.5times higher risk of cervical cancer and twice the risk of dying from this cancer 

(Leniz J, 2013). The current most common method of cervical cancer screening is the cytology test.  

This method is used in multiple countries, including the Netherlands. Thanks to this screening the 

probability to detect and cure women with a cervical carcinoma has increased.   

The cytology test examines the presence of abnormalities and lesions in the cervix by taking cells from 

the cervix. The examination of abnormal cells can be done in two manners, by the conventional 

method or the liquid cytology method. In the conventional cytology cells are smeared over a glass 

slide and are analyzed at the clinic. With liquid cytology method the cells are stored in liquid and 

analyzed in a laboratory at a later moment (Ronco G, 2007). 
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The cytology tests have no optimal sensitivity.  The meta-analyis of Koliopoulos showed a sensitivity 

of 72,7% for Atypical Squamous Cells of Undetermined Significance (ASCUS) (Koliopoulos G, 

2007). The sensitivity rates for cytology tests, observed by multiple researches differ from each other. 

This is due to the used populations but also to skills of the examiners, which makes it less reproducible 

and less sensitive (Wu R, 2012; Arbyn M, 2004). However, also the time between the study and the 

last screen has influence to the prevalence and the sensitivity, an unscreened population will have 

higher prevalence (Mayrand M, 2006).  

 

In 2016, cytology will be replaced by high risk HPV-testing (hrHPV-test) in the Netherlands
1
. The 

HPV-test is used to show the presence or absence of specific pieces of DNA. Multiple DNA detection 

methods are developed. Common examples are southernblot hybridization (Arbyn M, 2004), 

polymerase chain reaction (PCR) and  PCR  in combination with a matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) (Belinson JL, 2012). 

 

The most common hrHPV test is Hybrid Capture 2 (HC2). HC2 detects 13 types of high-risk HPV 

without cross reaction taken into account (Terry G, 2001).  Specimens are collected by the Hybrid 

Capture Cervical Sampler, cervical biopsies and with brushes used for cytology testing. If the sample 

contains HPV DNA, probes bind to this DNA and form a DNA-probe hybrid. The hybrids bind to 

hybrid-specific-antibodies, which are conjugated with alkaline phosphatase molecules.  These 

antibodies are detected by chemiluminsecent substrate which are cleaved by alkaline phosphatase with 

light emission as result. When the amount of light passes a certain threshold this indicates the presence 

of HPV DNA (Qureshi MN, 2005; Eperon I, 2013).  

 

Table 1 : Sensitivity and specificity of HPV and cytology testing in women of 18-70 years old  and of 

self-samples in all ages.  

 

 

 

 

 

 

 

 

 

HPV testing solves the problem of the low sensitivity of cytologcal testing (table 1) (Koliopoulos G, 

2007). Great amount of studies show higher sensitivity for HPV-tests than for cytology tests (Cuzick J, 

2008;Koliopoulos G, 2007; Zhao FH: 2012).The increased detection is for abnormal cells and pre-

invasive lesions, but also earlier detection of CIN3 is observed (Zorzi M, 2013; Malila N 2013; 

Mayrand MH, 2006; Leinonen MK, 2012). High sensitivity and early detection lead to better 

screening results. 

The greater sensitivity of HPV testing can be explained by the differences in methods. Cytological 

screens for abnormal looking cells and is done by specialists. HPV-test shows the presence or absence 

of HPV DNA, which is more absolute and leads to earlier diagnosis. Therefore, higher sensitivity is 

shown for HPV-testing compared to cytology. In addition the most effect, in gain of sensitivity, is for 

adenocarcinomas. Cytology tests have poor detection for adenocarcinomas since they have a different 

Article Technique  Sensitivity  Specificity  

Koliopoulos G, 

2007 
Cytology test: 

PAP-test 

72,7% (for ASCUS) 91,9 % (for ASCUS) 

Koliopoulos G, 

2007 
HPV-test:  

 HC2 

90 % 86.5 % 

Zhao FH 2012 
 

Self-sampling 
HC2 

86.1-86.2% 79.5-80.7% 
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cytology than the most frequent squamous cervical cancer (Korhonen MO,1980; Ronco G,2013). This 

type of cervical cancer occurs mostly in young women.   

 

Besides adenocarcinoma, detection with HPV testing shows an overall increase of detection for young 

women of 25 till 34 years old (Zorzi M,2013).  Young women mostly have low grade squamous intra-

epithalial lesions (LSIL) which have smaller chances to become cervical cancer than HSIL. Additional 

recent infections are most transient. Together it results in lower specificity of HPV in compare of 

cytology tests (Verdoodt F, 2013; Tjalma WA 2013). A bit lowered specificity for HPV-tests is shown 

in table 1 (Koliopoulos G, 2007). Several studies show lower specificity for HPV-testing(Zhao FH: 

2012). This review uses the article of Koliopoulos because it shows both sensitivity and specificity of 

both cytological and HPV screening. It also has criteria for the used articles in their meta-analyis. The 

selected for types of participants, type of interventions and verification of disease status (Koliopoulos 

G, 2007).   

 

The low specificity of HPV testing leads to overdiagnosis (Rijkaart DC, 2011; Malila NM 2013). The 

overdiagnosis is unpleasant for the ‘false positive’ women as they might get stressed, but also for the 

gynecologist who has an overload of colposcopy examination. This problem is reduced by 

prolongation of the interval of screening which leads to less detection of recent infections. While, 

negative HPV tests will give longer duration of protection, because of the long interval between 

infection and cervical cancer (Kitchener HC, 2011).A five year HPV-screening is proven to be saver 

than a three year cytology screen (Ronco G, 2013; Kitchener HC,2011).   

Triage 
Of all women with a positive HPV-test not all will develop cervical cancer. A vast amount of women, 

tested positive for the virus, will not develop cervical cancer. To reduce the amount of these 'false 

positives' women, a follow up test is needed (Pacchiarotti A, 2013). Follow up test should not test the 

presence of the virus, but map out the presence of lesions and cancer in the cervix and their state, this 

is called triage. 

 

Cytology can be used in triage testing as follow up of HPV-testing. The current proposed triage with 

cytology is shown in figure 3. If the HPV test is positive, but cytology is negative then the cytological 

test will be repeated after six months. If the HPV test and cytology are both positive, there is probably 

a high-grade lesion present. Double positive patients can be referred to a gynecologist who will 

perform colposcopy (Ronco G, 2006), see figure 3. Because of this extra test less false positive 

patients will be referred to the gynecologist (table 2) (Berkhof  J, 2010;  Malila NM, 2013) this is 

especial profitable in countries with high cytological abnormalities and high colposcopy rates (Rijkaart 

DC, 2011).  

 

The sensitivity of triage is influenced by both HPV testing and cytology. Triage shows higher 

detection than cytology alone (Berkhof J, 2010) and will increase detection of CIN lesions (Ronco G, 

2013; Kitchener HC, 2011).With reduction of cervical cancers with triage compared to cytology alone, 

as result (table 2)(Berkhof J, 2010). However, cytology has a low sensitivity which lowers the 

sensitivity of triage, compared to primary HPV testing. The chance for false negative screens is 

increased compared to primary HPV testing. Therefore repeat cytology is used after six months in the 

Netherlands to increase the sensitivity. 

Besides, cytology testing is done by an examiner, the fact that only HPV positive women are revered 

can influence the outcome of the cytology test (Rijkaart DC, 2012). This has influence on the 

sensitivity and false positives and needs to be further investigated. 
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Table 2: Effect of triage or combination of HPV and cytology on the amount of cancers, the 

number of detected CIN2 and the CIN2 with colposcopy referral, compared with current 5 year 

cytology screening in the Netherlands. Data from Berkhofs meta-analysis 2010. 

 

Renewed way to provide screening: self-sampling 
Despite the reduction in mortality of cervical cancer, women still die from this cancer, also in counties 

with organized screening programs. This is partially due to imperfections in screening, but mainly to 

non-attendees. Non-attendees provide about 60% of the cases in cervical cancer (Dannecker C, 2004).  

An opportunity to reach out to these women is introduction of a self-sampling method. The same 

primary test can be used, but the sampling collection is done by the women them self. 

 

In the Netherlands this self-test is going to be introduced for women who have trouble with being 

clinically tested (Meijer CJ, 2012). Reasons for not attending the screening program are for example 

religion, bad experience with sex or a lack of time. Taking the self-sample can be done at home 

without a doctor, this makes self-testing a potential solution to increase the number of participations 

and therefor effect of screening (Taylor D, 2013). 

 

The sensitivity of screening, for example HPV testing, should be remained if the samples are collected 

by self-sampling. The samples should contain enough and representative materials, for the screening 

test (Wu R, 2012). Collecting enough DNA material is easier than collection of enough cells for 

cytological testing. Zhao et all shows  high sensitivity and specificity of HPV-tests after self-sampling. 

Sensitivity of 86,2% for CIN2 and 86,1% for CIN 3 and a specificity of 80,7% for CIN2 and 79,5% 

for CIN3  is shown (table 1)(Zhao FH: 2012). Hillemans et al also showed remained high sensitivity if 

samples were taken with a cytobrush (Hillemanns P, 1999). This is not the case for all techniques of 

self-sampling, sampling with a tampon, lavage or dragon swab lower the sensitivity of the following 

test (Dannecker C, 2004). 

   

Self-sampling is done by women them self, which makes usability of importance. Self-sampling is 

considered as easier to use and less painful than clinical testing (Dannecker C, 2004; Szarewski A, 

2007).  In the study of Forrest et all, every participants did not have attended screening before, but 

were willing to try the self-test. 65% of them would definitely use the self-test if it was offered in the 

national screening program (Forrest S, 2004). The efficacy of screening will be raised if self-screening 

is added to the program (Gök  M, 2012). Anhang showed that women who were willing to go to the 

clinic preferred clinical testing above the self-test (68%) (Anhang R, 2005). This can indicate that self-

testing is of most interest for women who do not attend clinical screening. One problem shown in 

Screening 

technique  

Interval Amount of cancers Number of 

CIN2 

detected 

CIN2 with 

colposcopy 

referral 

HPV with 

cytology triage  

5 year Reduction of 23% 

for cancers 

31% 

increase  

21% 

decrease 

HPV with 

Cytology 

5 years Reduction of 26 % 

for cancers 

34% 

increase  

30% 

decrease  

Cytology with 

HPV triage  

5 years Reduction of 3% for 

cancers  

1% increase  10% 

decrease 



9 
 

these studies is that participants were sometimes unsure if they were doing the sampling properly 

(Forrest S, 2004). 

 

Self-sampling can raise the amount of attendees, but awareness has also a major impact.  Women in 

New York were interviewed about their awareness of HPV in 2005.  More than half (61%) of the 

participants knew about the causative role of HPV in cervical cancer (Anhang R,  2005). Recently in 

South Africa a study showed that 53,3% of the participatants knew about cervical cancer and the 

screening method and 60% had  heard of HPV(Hoque MO, 2008). These studies show that more 

awareness is needed, because awareness can increase participation for screening. 

Future Screening: 

Possibilities to improve primary screening and triage 

There are still improvements needed for cervical cancer screening.  Cytology has low sensitivity and 

HPV test have low specificity.  Moreover the exact long term benefits of HPV testing are unknown 

since many studies use the same participants for testing and for control, there for no long term effects 

(Ronco 2006).  

 

In the renewed screening DNA HPV testing is used, but HPV-testing can also be done with mRNA-

based screening. The mRNA-based HPV-test detects the presence or absence of E6 and E7 mRNA. As 

told before, E6 and E7 are onco-proteins of high-risk HPVs and are only present when there is an HPV 

infection. This mRNA based HPV test for E6 and E7 correlates with the grade of the lesion, this in 

contrast to HPV-tests. (Lie AK, 2008) Not only E6 and E7 also several mRNA sequences can be tested 

at the same time. The 5-type tests for five mRNA sequences. The 5-type mRNA is less sensitive than 

the DNA HPV-tests, this can be due to the lower stability of mRNA in compare to DNA (Verdoodt F,  

2013). Despite the low sensitivity this method is still interesting for improvement because it detects 

the functional elements of the virus and the state of lesions. 

 

Cytology is not the only way to detect cancer factors.  Alternative methods are interesting for triage or 

replacement of the current primary methods. One of them is P16 INK4a staining, P16ink4a is a cylcin 

dependent kinase inhibitor. Over expression of p16 INK4a has strong association with cervical lesions 

(Ikenberg H, 2013). The mechanism behind this is the inactivation of Rb by the oncoprotein E7, which 

results in an up-regulation of p16ink4a.  

P16 INK4a is over-expressed in the HSIL states but can also occur in healthy cells, which are in cell 

arrest (Bergeron C, 2010). An option is to combine p16 INK4a staining with the staining of KI-67, a 

protein who is necessary for cellular proliferation (Cuzick J, 2012). This combination gives less false 

positive test, which will increase the specificity, see table 3 (Schmidt D, 2011). Moreover P16 INK4a/ 

Ki-67 have higher sensitivity for CIN2+. It will give less 'false positives', because it differentiates 

between the severities of the lesions(Ikenberg H, 2013). P16 INK4a is an interesting method for 

further development.  

P16 INK4a staining is also more sensitive than cytology testing, see table 3 (Calvacante ML,2012). 

Because the staining of cells with p16 ink4a overexpression are easily detected, which gives this 

staining a higher reproducibility than the current  cytology (Bergeron 2010).  Furthermore P16 INK4a 

is a protein and therefore more stable than mRNA of E6 and E7 (Pacchiarotti A 2013). 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ikenberg%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24096620
http://www.ncbi.nlm.nih.gov/pubmed?term=Ikenberg%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24096620
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Table 3 Sensitivity and specificity, for expression of P16 INK4a and Ki-67 screening in women older 

than 18 years(Schmidt D, 2011) 

Test Sensitivity (%) Specificity (%) 

P16 INK4a 92,9 63.4 

P16 INK4a/  

Ki-67 

92,9 80.6 

 

DNA methylation 

Another interesting manner to screen is to identify cancer-specific methylated genes promoters in 

cervical cells (Eijsink JJ, 2011). DNA methylation is seen in multipe cancers (Verma M, 2013).  If 

DNA is methylated, proteins might not be able to bind to them; this can lead to silencing of the genes. 

In other cases different proteins bind to the DNA with silencing as result too (Hoque MO, 2008). 

Methylation of especially CpG islands results in silencing of the involved genes (Cuzick J, 2012). 

Thus, methylation of DNA has an influence on the gene transcription without changing the DNA 

sequences; this is called epigenetic modification (Hoque MO, 2008).  

 

Methylation can be tested with for example bisulfite and PCR. Cervical samples can be taken for 

example by self-sampling (Cuzick J, 2012). Specific parts of the genome can be replicated with 

designed markers and the use of PCR. Adding sodium bisulfite will convert non-methylated cytosine 

into urasil, but methylated cytosine remains the same. After this quantitative methylation-specific PCR 

(qMSP) can be used to show the differences between different genes (figure 4) (Lindsey JL, 2005). 

 

 
Figure 4: The method of methylation testing with sodium bisulphite (Lindsey JL, 2005) 

 

Multiple studies looked for markers to identify methylation in cervical cancer. Markers can be tumor 

suppressor genes, genes that are methylated in other cancers. They can be identified in genome-wide 

studies (Lai HC, 2008). Some markers are mainly silenced in high-grade lesions, this has positive 

influence on their specificity (Lai HC, 2008). Markers can also be specific for adenocarcinomas; this is 

in benefit compared to cytological screening.   
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The level of sensitivity depends on the used markers. Different kinds of markers can be used and 

combined. Combinations of markers may increase the sensitivity for HSIL (Lai HC, 2008).  Eijsink et 

all showed high sensitivity for CIN2+ and CIN3+ patients namely respectively 71% and 84% when 

methylation markers performed as triage (Eijsink JJH, 2011).  Also the fact that new markers can be 

designed makes this technique of high potential for improving the current methods (Eijsink JJ, 2011).  

 

Methylation tests are of interest for triage, because it detects later events in the carcinogenic process, it 

is specific for high grade lesions and therefore increases specificity. Moreover, methylation tests detect 

adenocarcinomas and can be used in with self-sampling, in contrast to cytological tests (Lai HC, 2008; 

Cuzick J, 2012).  

Screening in vaccinated populations 

Women will benefit from human papilloma vaccination, because it prevents development of cervical 

cancer. HPV vaccines that prevent infection of HPV are called prophylactic vaccines (Gertig DM 

2013; Mahdavi A, 2005). Prophylactic vaccines induce the stimulation of production of neutralizing 

antibodies against the pathogen before the infection is present (Mahdavi A, 2006). Prophylactic 

vaccines usually exist of empty capsid particles. The highly conserved major capsid protein, L1, is the 

most common used in vaccines and can be cloned by microorganisms. When L1 particles are together 

they assemble to virus-like particles (VLP) (Kirnbauer R, 1992). L1 VLP evokes high titers of serum-

neutralizing antibodies in humans and this gives protection against viral challenges. The neutralizing 

antibodies are produced by the local plasma cells or are transported from the plasma into the genital 

secretion (Mahdavi A, 2005). 

 

HPV vaccination has a high efficiency of almost 100%, for the types against which vaccinated.  The 

introduced vaccination in the Netherlands is Cervarix it protects against HPV16 and HPV18. Cervarix 

is also offered in more than 100 countries worldwide (Malik H, 2013; Szarewski A, 2011). It reduces 

the amount of cervical cancers with 62% (Kitchener HC, 2011). Moreover, because vaccinated women 

will not develop cervical cancer, the colposcopy rates will go down.  

 

Studies do not agree about the toleration of the vaccine. According to Mahdavi et all the vaccines are 

considered safe and well tolerated (Mahdavi A, 2005 ). However Wilyman shows negative influences 

on womens health. Wilyman points out to a few side-effects associated to vaccination, most of them 

are discomfort of performing infection and rashes (Wilyman J, 2013). 

Additionally, not much is known about the long term effects of vaccination because inadequate 

controls are added and vaccination is introduced since a few years which is too short to see the long 

term effects. Finally, the duration of the effects of vaccination are not certain, the prediction is at least 

5 years of protection (Wilyman J, 2013). However, duration data are limit and more data should be 

collected (Drolet M, 2013).   

The bivalent vaccination gives protection against HPV16 and HPV18, but there are other HPV types 

who induce cervical cancer. HPV16 and HPV18 count for 70% of the cervical cancers, there is no 

protection for the remaining 30%, although there might be some cross protection. (Kitchener HC, 

2011; Wilyman J, 2013). The amount of unprotected women is even higher, considering the non-

attendees and the fact that prophylactic vaccines don't have a curing effect on present infections 

(Szarewski A ,2011).  
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All of this makes it hard to predict the real effects of vaccinating on screening.  It is of importance to 

keep screening also in vaccinated populations but screening might have influences from the 

vaccination.  

 

Screening has good efficiency and detects cervical cancer in an early stage. Although vaccination will 

reduce the efficiency of screening, with bivalent vaccination four screens remains cost efficient 

(Kitchener HC, 2011, Coupe VM, 2012). Another vaccination is Gardasil, this vaccination protects 

against HPV16, HPV18 but also HPV6 and HPV11 who are responsible for some genital warts. In the 

future development of broader spectrum vaccines will result in even less cost effectiveness (Coupe 

VM, 2012). In addition, in a vaccinated population less people will develop cervical cancer, therefor 

the prevalence goes down. Because of the low prevalence, abnormalities in the cervix might be 

interpreted as positive which can lead to a higher amount of false positives with cytological 

screening(Franco EL, 2006). 

 

Next to this there might be social influences and effects. The vaccination does not influence persistent 

infections; therefor vaccination has to be done before onset of sexuality (Szarewski A 2011). In the 

Netherlands girls of 13 year are vaccinated, the vaccine works to about 18 years. This will remedy 

infection in those years but not the years after. Many girls are not sexual active in this period but may 

risk side effects of the infections and possible long term effects.  

Besides parents might have troubles with sending their daughters to a vaccine for a ‘sexual transmitted 

viral infection’. Vaccination also might have an impact on sexual and screening behavior; vaccinated 

women might have the feeling that they have less risk for sexual transmitted diseases (Malik H, 2013, 

Cuzick J, 2008).  Therefore more awareness and education is needed.  

Application in developing countries 
In developing countries there are high rates of HPV infections, but low recourses (figure 5).  In the 

future, a further increase of HPV infections is expected in these countries (Leniz J, 2013). In 

perspective almost 85% of new cases of cervical cancer worldwide occur in developing countries
2
. 

This leads to half of the total cervical cancer related deaths (Lorenzi AT, 2013).  

.  

 

 

Figure 5: worldwide cervical cancer incidence in 2012. Age-standarised rates per 100.000. 

(Globocan 2012) 
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Cervical cancer prevention programs have already reduced the mortality of cervical cancer in 

developed countries. But in developing countries lower amounts of women attend screening, if 

screening is available, compared to the developed countries (Leniz J, 2013). This can be due to costs, 

amounts of resources, infrastructure or awareness ( Cuzick J, 2008; Wu R, 2012). The self-sampler is 

useful for developed countries to raise the screening participation; however this method is also 

valuable for developing countries. 

Having self-samplers in developing countries can counter some of these problems, but the actual tests 

and their analysis have to change. For example, HPV tests collection can be done in liquid transport 

media, like phosphate-buffered saline (PBS). PBS has to be kept cold; this can be problematic for low 

developed countries. Dry swabs might be more practical for self-sampling, they are easy to use, less 

expensive and dry swabs can be stored at room temperature. Eperon et al showed no significant 

difference in specificity or sensitivity for wet and dry sampling (Eperon I, 2013).  

After the self-test, there should be an HPV-test as discussed before. In developed countries triage is 

recommended and if tested positive, colposcopy is used as follow up (Franco EL 2006; Ronco G, 

2008). In developing countries a poor infrastructure can lead to problems. Instead of triage and 

colposcopy, visual inspection with acetic acid (VIA) can be used as follow up for HPV-tests. With 

VIA abnormal cells are painted white by the acetic acid, there for it is easy to see lesions and they can 

be cut out immediately. The downside is that not all tissue might be painted white, which results in 

remaining’s of cervical cancer and low sensitivity. The measured sensitivity of VIA is between 50,3% 

and 55,7% for  CIN 2 and 3 respectively (Cuzick J, 2008; Zhao FH, 2012). 

Overall the self-sampling HPV test, with VIA as follow up has a lower sensitivity, however it it will 

give an increase in coverage of screening programs, which beats out the disadvantage of low 

sensitivity (Belinson JL, 2012). 

The cervical cancer rates in developing countries are the greatest (figure 5); therefor vaccination can 

be a godsend.  But some adaptations have to be made. The current vaccination exists of 3 injections 

which is disadvantageous given the poor infrastructure in developing countries.  

Not all women will benefit from vaccination, because it should be injected before sexual activity, 

while the current vaccines are not therapeutically (Szarewski A, 2011). The exact duration is unknown 

for the vaccines but in the future one vaccination triplet might protect for a lifetime (Drolet M, 2013). 

In the current vaccines HPV16 and HPV18 are used, in the future broader vaccines might be in use. 

Broader vaccines will protect a higher percentage of women. Moreover, HPV types vary in different 

geographical areas. Chansaenroj et al recommends addition of HPV52 and HPV58 in the vaccines to 

improve them for Asian countries(Chansaenroj J, 2013). 

Conclusion 

This review showed an overview of the current screening and the renewed screening for cervical 

carcinoma´s with attention to their future relevance in vaccinated populations and their application in 

developing countries. 

Vaccination will prevent HPV induced cervical cancer. Vaccination protects against the two most 

common HPV-types, however the remaining HPV types count for 30% of the cervical cancers, 

therefor screening is still needed. Screening is a useful tool because of the time in between HPV 

infection and onset of cancer. Unfortunately with vaccination, screening is less effective. 

 

Cytology screening has low sensitivity, HPV-testing has higher sensitivity but has low specificity. To 

prevent overdiagnosis with HPV-testing follow ups are needed. Triage with cytology will decrease the 
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‘false positives’ but lowers the sensitivity. In my opinion research for new methods are needed. In this 

review the methods of p16 INK4a and methylation are pointed out as promising. Those methods are 

sensitive for HSIL and therefore give less 'false positives'. Moreover p16INK4a has higher sensitive 

than the conventional cytology and with methylation testing new markers can be designed which gives 

chance of improvenment.  

 

Self-sampling will also improve the amount of participants and therefore the amount of infections. The 

self-sampling are interesting for developmental countries. Moreover, more awareness is needed which 

will also increase the participants of screening. 

 

Vaccination in combination with screening will reduce the incidence of cervical cancer. However, it is 

important to keep improve the methods of screening methods and vaccination. Also research is needed 

of the duration of the vaccines. Screening and vaccination should be applicable in developmental 

countries because cervical cancer is common in those countries. 
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