Indian Journal of Basic and Applied Medical Research; December 2015: Vol.-5, Issue- 1, P. 833 - 842

Original article

Determination of the accuracy of the diagnostic ability of HPV testing

with that of cytohistological examination in screening programme

Dr. Honey Kumar

Assistant Professor, Department of Pathology,Sambhram Institute of Medical Sciences and Research, Kolar Gold Fields,
Karnataka - 563115.

Date of receiving - 1st November 2015

Date of Revised-4th December 2015

Date of Acceptance-19th December 2015

Abstract

Introduction: Globally, cervical cancer ranks third among malignancies affecting women. Human papillomavirus (HPV) is a
prominent causative agent. The correlation between HPV infection and cervical cancer is robust, necessitating accurate screening
methods. Current techniques, such as colposcopy, face limitations. Therefore, evaluating the diagnostic accuracy of HPV testing
against cytohistological examination is crucial for effective cervical cancer prevention.

Aims and Objective:This study aimed to evaluate the diagnostic accuracy of HPV testing in detecting cervical cancer compared
to cytohistological examination.

Method: The study collected data from 200 cervical samples through HPV testing and cytohistological examination. Polymerase
chain reaction (PCR) techniques were predominantly used for HPV testing. Samples underwent on-site adequacy assessment and
were preserved in liquid-based cytology mediums. Sensitivity, specificity, Positive Predictive Value PPV, and Negative
Predictive Value NPV were calculated to evaluate HPV testing accuracy.

Results: The study provides crucial numerical insights into demographic characteristics, blood test results, and patient history.
Cytological findings showed a High-Grade Squamous Intraepithelial Lesion (HSIL) in 3.5%, Atypical Squamous Cells, cannot
exclude HSIL (ASC-H) in 7.5%, Low-Grade Squamous Intraepithelial Lesion (LSIL) in 30%, Atypical Squamous Cells of
Undetermined Significance (ASC-US) in 16%, Atypical Glandular Cells (AGC) in 6%, and Negative for Intraepithelial Lesion or
Malignancy (NILM) in 4% of patients. PCR testing for HPV showed significant associations with cytohistological examination
(p=0.0495). HPV testing exhibited sensitivity (81.3%), specificity (62.1%), NPV (62.1%), PPV (81.3%), and overall accuracy
(75%).

Conclusion: The study has concluded that the On-site HPV PCR Testing had shown an accuracy of 75%, suggesting a
moderately effective performance in detecting HPV infection.
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Introduction

Globally, cervical cancer ranks third among malignant neoplasms that affect women. In North America, the most
prevalenthuman papillomavirus is the organism that causes Sexually Transmitted Infections (STIs) (HPV) [1]. The
correlation among HPV infection and invasive cervical cancer was robust, constant, and specific. It exists

independently of other established risk variables, which are now regarded as secondary causative determinants [2].
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The correlation is far stronger than the link between lung cancer & HPV-related cervical cancer cigarettes, as well as
other proven causes of cancer. Latent and subclinical sexually transmitted virus infection cannot be detected by
clinical examination. When acetic acid solution is used together with colposcopy, HPV-induced cervical lesions
become evident [3]. Colposcopy is an expensive and time-consuming technique that is ineffective as a screening
method. Of the women having abnormal smears, up to 3% may have high-grade lesions additionally evade
identification with colposcopy-directed biopsies. Colposcopy-directed biopsies may also be unable to identify
micro-invasive carcinoma and high-grade lesions [4].

Microscopy

Koilocytes show that exfoliated cells & biopsy specimens had a prolific HPV infection. They are squamous cell
types with enhanced cytoplasmic density around them and perinuclear clearance. Nucleus Productive HPV infection
is characterized by atypia (enlargement), hyperchromasia, uneven membranes, and double nucleation within the
superficial & intermediate cells. The previously described changes are often less evident (e.g., equivocal), which
contributes to their generally low intra- and inter observer repeatability when used to diagnose HPV infection.
Additionally, compared to the molecular techniques discussed below, the sensitivity of infection identification is
lower. Pap smears are used on a regular basis as part of current screening regimens of cervical cancer prevention to
detect women who may have precursor cervical lesions and cancer [5].

Electron microscopy

For productive HPV infections, non enveloped icosahedral virus particles can be seen, however electron microscopy
cannot be used for typing. Additionally, since High-risk HPV strains are mostly responsible for ineffective
precancerous HPV infections, our method is unable to identify them. Since HPV needs cell differentiation to
complete the cycle of replication, it cannot be separated in cell culture [6].

Insitu  hybridization

The hybridization sensitivity and specificity of the filter in situ for DNA are lacking.

HPV-DNA identification in biopsies is correlated with histopathology using hybridization in place. The presence of
HPV-induced cytocytohistological ambiguous lesions in biopsies can be verified by in situ hybridization [7].
DNA-based signal amplification assays: By multiplying a detected signal without altering the original concentration
of nucleic acids in samples, Compared to direct methods, Lower DNA quantities may be detected using the Hybrid
Capture system signal-amplification tests. The Gene Corporation of the United States' Hybrid Capture II (HC-2)
signal amplification assay is the sole method for HPV detection in exfoliated cells that has the US Food & Drug
Administration's(FDA)approval [8].

Using genomic amplification to identify and type HPV

The most effective method for epidemiological research on HPV infection and cervical cancer is PCR. Nucleic acid
amplification methods often have an analytical sensitivity that is lower than HC-2. The gold standard test in HPV
studies these days is PCR. PCR has helped to identify the natural history for HPV infection more precisely [9].

HPV serology

While serology may identify people who have had HPV infections in the past or present, Women who test positive

for HPV-16 have a significantly reduced chance of developing CIN than women whose HPV-DNA is detected. The
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most popular and well-researched serological test uses particles that resemble viruses, virus like particle (VLPs)
[10].

For many years, conventional cytology was the primary method for screening for cervical cancer. When paired In
nations that it has been consistently used with extensive test coverage as well as frequency, this strategy has
considerably decreased incidence and death with colposcopic examination of women that receive a positive cytology
result or cytohistological evaluation. However, in nations with low or middle incomes (LMICs), cytology-based
screening programs has seldom proved successful in reducing the incidence of cervical cancer [11]. This is primarily
because of the challenges associated with achieving high coverage and completing the intricate traditional screening
process, which includes gathering samples, performing cytology, communicating screening results, carrying out a
colposcopy if required and treating female patients whose lesions have been confirmed cytohistologically.
Furthermore, the quality of screening in cytology is dependent on the subjective interpretation of results, which
necessitates ongoing education and oversight of cytologists [12].

HPV testing against cytology is advised over cervical cancer screening according to ( World Health Organisation )
WHO guideline to the identification and treatment of cervical pre-cancer wounds across cervical cancer prevention
because HPV testing has been shown to be highly effective at both detecting precancerous lesions and preventing
cervical cancer. Despite this, cytology is still commonly utilized, especially in Latin America where there is still no
data about its efficacy in large screening populations [13].

Method

Research Design

The study was conducted in a hospital in India which was conducted from January 2014 to July 2014.
Cytohistological examination was done in Pathology Department of the hospital. The study obtained data regarding
Human Papillomavirus (HPV) testing and cytohistological examination from a screening program. The study
received 200 cervical samples. Most HPV tests were performed using polymerase chain reaction (PCR) techniques,
with on-site adequacy assessment. Samples were collected using cervical swabs and preserved in liquid-based
cytology mediums. The samples were processed and stained for cytohistological examination using hematoxylin and
eosin (H&E) stain. Pathologists interpreted all cytohistological slides and HPV test results. The files were reviewed
to identify all HPV tests and corresponding cytohistological examinations performed within the study period. Each
sample was proceessed through both the PCR Testing On-site Kit and another by cytohistological examination for
its confirmation. Clinical follow-up data were collected from medical records and laboratory information systems.
The original interpretations by the pathologists were used without re-reviewing the cases. Analysis was conducted to
determine the correlation between HPV testing results and cytohistological findings. The study also calculated
Sensitivity, Specificity, PPV and NPV to assess the accuracy of HPV testing compared to cytohistological
examination in the screening program.

Inclusion Criteria

This study included female participants aged 30 years and above who have provided with informed consent for HPV

testing and cytohistological examination of cervical samples. Participants with no history of hysterectomy, cervical
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cancer, or previous treatment for cervical lesions were eligible. Complete demographic information, blood test
results, and medical history were required for inclusion.

Exclusion Criteria

participants who did not provide informed consent for HPV testing and cytohistological examination, those with a
history of hysterectomy, and those with a history of cervical cancer or previous treatment for cervical lesions were
excluded. Incomplete demographic information, blood test results, or medical history also led to exclusion.
Statistical Analysis

Descriptive statistics were utilized to summarize demographic data, blood test results, and medical history.
Sensitivity, specificity, PPV, and NPV were calculated to assess the diagnostic accuracy of HPV testing compared to
cytohistological examination. The association between HPV testing results and cytohistological findings was
evaluated using the Chi-square test. Statistical significance was set at p < 0.05.

Result

The study found an average age of 45.2 years, with a mean Body Mass Index (BMI) of 27.5 kg/m2. Blood test
results indicate typical levels, including Hemoglobin at 13.8 g/dL, White Blood Cell Count (WBC) at 6.5 x10%/uL,
and Platelet Count at 250 x10%uL, among others. Patient history highlights prevalence rates, such as 40% for
hypertension and 25% for diabetes, alongside lifestyle factors like smoking status and physical activity levels. The
data offer a detailed snapshot of the study population's characteristics, facilitating insights into potential correlations
between these factors and health outcomes under investigation.

Table 1: Demographic, blood result and history of the patients in this study

Characteristic Value
Demographic Profile

Age (years) 45.2+12.3
BMI (kg/m2) 27.5+4.2
Blood Test Results

Hemoglobin (g/dL) 13.8+1.5
WBC(x10%uL) 6.5+1.8
Platelet Count (x10%/uL) 250+50
Fasting Blood Glucose (mg/dL) 105420
Total Cholesterol (mg/dL) 190435
LDL (Low  densit lipoprotein)
Cholesterol (mg/dL) ' " 113230
HDL( High density lipoprotein)
Cholesterol (mg/dL) 20410
Triglycerides (mg/dL) 150+60
History

Hypertension
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Yes 80 (40%)
No 120 (60%)
Diabetes

Yes 50 (25%)
No 150 (75%)
Family History of Heart Disease

Yes 70 (35%)
No 130 (65%)
Physical Activity (Regular Exercise)

Yes 90 (45%)
No 110 (55%)
Medication Use

Yes 120 (60%)
No 80 (40%)

Figure 1: Cytological examination of the sample using H&E

Figure 2 shows that there are 7 patients with HSIL, accounting for 3.5% of the total patients. Atypical Squamous
Cells, cannot ASC-H were observed in 15 patients, making up 7.5% of the

total. LSIL is the most prevalent category (Significantly more than others), with 60 patients,

representing 30% of the total. ASC-US were found in 32 patients, which is 16% of the total. AGC were noted in 12
patients, accounting for 6%. Finally, 8 patients had NILM results, representing 4% of the total patient population.
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Cytological Classification of the cases

C - I - —

HSIL ASC-H LSIL ASC-US AGC NILM

*x P<0.05 (significant) B Percentage of total patients

Figure 2: Cytological classification of the cases with their respective percentage of patients

HSIL - High-grade Squamous Intraepithelial Lesion; ASC-H - Atypical Squamous Cells — cannot exclude HSIL;
LSIL - Low-grade Squamous Intraepithelial Lesion; ASC-US - Atypical Squamous Cells of Undetermined
Significance; AGC - Atypical Glandular Cells; NILM - Negative for Intraepithelial Lesion or Malignancy

In Table 2, the results of PCR HPV are compared with cytohistological confirmation for 200 cervical samples. Out
of the 134 samples identified as HPV positive through PCR testing, 109 were also confirmed as positive through
cytohistological examination, representing true positives. However, 25 of these samples tested positive for HPV but
were negative upon cytohistological examination, indicating false positives. Among the 66 samples identified as
HPV negative through PCR testing, 41 were confirmed as negative through cytohistological examination,
representing true negatives. 25 samples tested negative for HPV through PCR but were positive upon
cytohistological examination, constituting false negatives. Overall association was found to be significant between
HPV Testing and cytological examination.

Table 2: True Positive, True Negative, False Positive and False Negative of PCR Testing

PCR Testing
Cytological Confirmation (n=200)
HPYV Positive HPYV Negative Total P-value
Positive (n=134) 109 25 134
0.0495
Negative n = 66) 25 41 66

Figure 3 shows the Sensitivity, Specificity, NPV, PPV, Accuracy of the HPV Testing for the PCR testing method
used in detecting HPV infection. Sensitivity, indicating the proportion of true positives correctly identified by the
test, is observed at 81.3%. Specificity, reflecting the proportion of true negatives correctly identified by the test, is
slightly lower at 62.1%. The NPV, representing the probability of correctly identifying a negative result, aligns with
the specificity at 62.1%. Conversely, the PPV which measures the probability of correctly identifying a positive
result, matches the sensitivity at 81.3%. The overall accuracy of the PCR testing method stands at 75%, indicating

the proportion of correct identifications across both positive and negative results. These metrics collectively suggest
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a moderately effective performance of the PCR testing method in HPV detection, with notable strengths in

sensitivity and PPV.
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Figure 3: Sensitivity, Specificity, NPV, PPV, Accuracy of the HPV Testing

Discussion

High-risk HPV must result in high-grade (grade 2 or higher, or CIN2+) infection resulting from cervical
intraepithelial neoplasia. Lately, rapid and simple HPV DNA tests that may be used in environments with low
resources have been made accessible. With regard to CIN2+ and CIN3+ detection, some HPV detection kits
provides respectable sensitivity and specificity; however, sensitivity was decreased when Vaginal samples that were
self-collected were used. In populations with higher HPV prevalence, including women living with HIV, the
specificity is lower [14].

Using two urine collection techniques, the sensitivity In order to identify cervical intraepithelial neoplasia grade 2+,
called CIN2+, a urine test is used to detect high-grade cervical precancer test for the HPV was evaluated [15]. HPV
testing through urine collected with a device which was shown to be more sensitive for CIN2+ identification than
traditional urine collection in colposcopy participants. Urine collected with a (First void urine) FVU device will be
tested for HPV in the general population to determine its clinical performance overall acceptability as a substitute
for standard cervical screening [16].

This population-based study's objectives were to investigate women who had tested positive for HPV or acetic acid,
visual inspection with acetic acid ( VIA) during visual inspection using colposcopy. Colposcopy was effective in
detecting cervical neoplasias overall, however it was not very good at accurately classifying the degree of
abnormality [17].

In nations with low or middle incomes, especially those in Africa, cervical cancer continues to be a serious hazard to
women. Vaginal sample collection by the patient holds potential benefits over traditional physician sampling. In
order to guide self-sampling's use in primary care as the African context, we set out to evaluate its accuracy in
comparison to clinician sampling. In the African setting, self-sampling and clinician sampling accord somewhat to
significantly [18]. Point-of-care diagnostics may be especially well-suited for use in nations with low or middle
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incomes for the main screening of cervical cancer. When employing self-sampling, populations that are at risk
deserve particular consideration. Protocols for screening should be laid down clearly as screening strategies,
specially self collected kits are the target for modern day screening program for HPV [19].

Obstacles encompass the availability of services, dependence on cervical samples obtained by medical professionals,
and patients' inclination about the gender of the provider. The study set out to evaluate the viability, acceptability,
and effectiveness of many self-collected vaginal sample procedures for the diagnosis of HPV in Indian women [20].
The performance, acceptability, and viability of self collected sample is suitable for females in India [21].
Worldwide, Cervical Cytology continues to be often utilized as the first method of cervical cancer screening. As
stated by WHO standards, primary HPV testing should take the place of cytology in order to achieve the eradication
of cervical cancer [22]. Female aged 30-64 enrolled in the ESTAMPA study with cervical intraepithelial neoplasia
(CIN) grade 3 or more (CIN3+), we evaluated the efficacy of cytology and high-risk HPV testing. The poor and very
variable cytology accuracy makes it imperative to move to a more comprehensive & repeatable HPV-based cervical
exam in order to guarantee that Latin America makes progress toward the global objectives for the eradication of
cervical cancer [23].

Cervical cytology is still often utilized as the world's initial method for screening for cervical cancer. In order to
completely eradicate cervical cancer, WHO recommendations suggest substituting primary testing for cytology with
HPV. In female participants in the ESTAMPA study, ages 30-64, we assessed the efficacy of detecting CIN grade 3
or over (CIN3+) using cytology and high-risk HPV testing, or cervical precancer [24]. To assure progress towards
the global objectives for the eradication of Latin American cervical cancer making the switch to the more consistent
and repeatable HPV-based cervical screening method is highly encouraged according of the restricted and highly
variable dependability of cytology [25].

Conclusion

The study has concluded that the on-site HPV PCR Testing had shown an accuracy of 75%, suggesting a moderately
effective performance in detecting HPV infection, with notable strengths in sensitivity and PPV. Patient history
revealed prevalent conditions such as hypertension (40%) and diabetes (25%), alongside lifestyle factors like
smoking status and physical activity levels. Moreover, the PCR testing method demonstrated a sensitivity of 81.3%
and a specificity of 62.1%, with a matching PPV and NPV at 81.3% and 62.1%, respectively. The evaluation of PCR
testing for HPV detection opens avenues for refining screening protocols and enhancing diagnostic accuracy in
cervical cancer prevention. The study also sets a precedent for further research into correlations between lifestyle
factors, medical history, and health outcomes, potentially leading to more effective preventive strategies and

treatment modalities.
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