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Abstract

:

Objective: Human papillomaviruses (HPVs) are DNA viruses, of which over 120 types have been identified. The main screening methods for HPV-DNA include the hybrid capture II (HC-II) and polymerase chain reaction (PCR) assays. Liquid-based cytology (LBC) is a high-quality technique developed to improve the diagnostic reliability of traditional Papanicolaou tests (Pap tests). However, relatively few studies have compared the efficacy of PCR and HC-II assays using cervicovaginal LBC specimens. In this study, we conducted a comparative analysis with results derived from the HC-II assay to assess whether a PCR-based assay using a novel carboxyfluorescein (FAM)-labeled primer could be applied to cervicovaginal LBC specimens. Methods and Results: We analyzed 59 specimens diagnosed as atypical squamous cells of undetermined significance (ASCUS) by Pap tests. After extracting DNA from cervicovaginal LBC specimens, we performed PCR using a FAM-labeled consensus primer, and then conducted fragment analysis to confirm the results. The value of the kappa statistic measuring the agreement between the PCR and HC-II results was 0.8557, or “almost perfect agreement.” Conclusion: Our novel HPV-PCR assay can be successfully applied to cervicovaginal LBC specimens for the detection of HPV subtypes.
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1. Introduction


Human papillomaviruses (HPVs) are DNA viruses, of which over 120 types have been identified. HPVs are categorized into non-oncogenic, low-risk types (types 6 and 11), and oncogenic, high-risk types (types 16, 18, 31, 33, 35, 52, 58, and others) [1,2,3]. Condyloma acuminata (genital warts) are caused by low-risk HPV subtypes (6 and 11) and have a low risk of progression to malignancy [4,5]. In contrast, high-risk HPVs are known to induce cervical intraepithelial neoplasia, which can develop into invasive cancer [1,2,3]. The rate of progression to malignancy is approximately 10‒20%. In particular, HPV 16 and 18 have been reported to be detected in approximately 70% of cervical cancer cases [6,7,8,9].



Approximately 300,000 deaths from cervical cancer are reported globally every year, making it the second most lethal cancer in women [10,11]. Regular Papanicolaou tests (Pap tests) are vital to detect precancerous lesions and prevent their progression into cervical cancer. However, despite the numerous studies that have demonstrated that Pap testing has drastically reduced the incidence of cervical cancer, the diagnostic sensitivity of Pap tests for detecting cervical intraepithelial neoplasia above grade 2 (CIN2+) is relatively poor and is estimated to be only 53‒65% [12,13,14,15]. However, HPV-DNA testing has been reported to have a diagnostic sensitivity of greater than 90% for CIN2+ lesions [15,16,17]. Accordingly, it has been anticipated that early diagnosis of cervical cancer can be greatly improved by using both Pap tests and HPV-DNA tests. However, combining these two tests has been shown to improve detection sensitivity by only 5%, compared with the sensitivity of the HPV-DNA test alone [18]. Therefore, European countries have begun to adopt the practice of performing HPV-DNA testing first, followed by Pap tests only if the DNA test result is positive.



The hybrid capture II (HC-II; QIAGEN, Valencia, CA, USA) technique involves the hybridization of the HPV-DNA specimen with an RNA probe cocktail and capturing the resulting DNA-RNA hybrid onto the surface of a microplate well coated with antibodies specific to the DNA-RNA hybrids, which yields a chemiluminescent readout. As this method does not involve the amplification of HPV-DNA and instead combines the HC-II method with chemiluminescence, it has a high sensitivity for the detection of HPV-DNA. This method has also been proven with respect to its clinical specificity and sensitivity, and is therefore widely used in Japan as well [19]. HC-II is performed for atypical squamous cells of undetermined significance (ASCUS) cases in Pap tests. In recent years, PCR-based genotyping analysis has also been adopted as a screening method to detect HPV-DNA [20,21]. Although PCR amplification greatly increases the signal sensitivity for HPV-DNA, the excessive amplification can lead to unnecessary medical tests and treatments. Therefore, there is such a problem in clinical application of highly sensitive HPV-PCR. Although comparisons of the HPV-DNA detection rates between PCR and HC-II assays have shown that PCR has a greater detection rate, most studies have reported that PCR results are largely in agreement with HC-II results [22,23,24]. On the other hand, there have been reports that the results from PCR and HC-II are not consistent [25]. In addition, many countries have begun to recognize the usefulness of liquid-based cytology (LBC) specimen collection, which was developed to improve the homogeneity of Pap test specimens and the standardization of results [26,27]. However, only a few studies have assessed whether the results derived from PCR assays on cervicovaginal LBC specimens agree with HC-II results. Furthermore, to our knowledge, no studies have compared the HPV-DNA detection rates of PCR assays involving a carboxyfluorescein-labeled primer with those of HC-II assays.



Since it is widely known that HPV affects cell morphology, HPV infection in ASCUS was examined using HC-II and PCR. In this study, we describe a procedure for HPV-DNA detection using PCR with a novel carboxyfluorescein-labeled primer. We conducted fragment analysis using a high-sensitivity capillary sequencer to confirm the PCR results. To assess whether this PCR-based technique for HPV screening can be applied to the detection of HPV-DNA from specimens collected through cervicovaginal LBC, we also performed a comparative analysis with results from HC-II assays.




2. Methods and Materials


2.1. Samples


The study included a total of 59 patients diagnosed with indeterminate ASCUS by Pap tests using cervicovaginal LBC specimens from Saijo Central Hospital (Saijo, Japan) and who underwent the HC-II test.



Pap tests were screened by one cytotechnologist in routine medical examination. A total of 59 LBC specimens were collected between July 2018 and January 2019. LBC samples for Pap tests were usually collected with a brush, or cotton swabs were used for pregnant women.



All samples underwent HC-II testing by an outsourcing company (BML, Tokyo, Japan). The cervicovaginal samples were collected with a Cervex-Brush® (Rovers Medical Devices B.V., Lekstraat, The Netherlands), then fixed in a BD SurePath™ collection vial (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) for Pap staining. The specimens used for HC-II included one residual clinical sample from a Pap test collected through cervicovaginal LBC and 58 new samples taken with swabs (10 cases) or brushes (48 cases). Resampling of HC-II analysis was performed within about 1 month of diagnosing ASCUS.



Comprehensive informed consent was obtained for all subjects in the form of opt-out in the Saijo Central Hospital, and the study was approved by the ethics committee of the Saijo Central Hospital (approval date: 23 February 2018). All procedures were performed in accordance with the Helsinki Declaration




2.2. HPV Detection by PCR


2.2.1. DNA Extraction


DNA was extracted from 2 mL of preservation liquid from the BD SurePath™ collection vial using a QIAamp DNA Micro Kit (QIAGEN, Valencia, CA, USA). The DNA concentration was assessed using a NanoDrop spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).




2.2.2. PCR


We performed PCR using the TaKaRa Taq™ (Takara Bio, Tokyo, Japan). The primers were designed to target the E6 and E7 genes of HPV. We used the forward primer: 5′-TGTCAAAAACCGTTGTGTCC-3′, to detect high-risk HPV types (types 16, 18, 31, 33, 35, 52b, and 58), and the forward primer (5′-TGCTAATTCGGTGCTACCTG-3′) for detecting low-risk HPV types (types 6 and 11). A carboxyfluorescein (FAM)-labeled consensus primer (5′-GAGCTGTCGCTTAATTGCTC-3′) was inserted into both forward primers. PCR was performed using the following conditions: denaturation at 94 °C for 30 s, annealing at 55 °C for 1 min, and elongation at 72 °C for 30 s, for a total of 40 cycles.




2.2.3. Fragment Analysis


We performed capillary electrophoresis on PCR products using the ABI PRISM® 3130xl Genetic Analyzer (Applied Biosystems, Foster, CA, USA) and analyzed the data using the ABI PRISM® GeneMapper Software Version 3.0 (Applied Biosystems). We defined a specimen to be HPV-positive when a peak corresponding to a band size of 228 to 268 bp was detected (Figure 1).





2.3. Statistical Analysis


We used the kappa statistic categorization system described by Landis et al. [28] as a reference and defined values of 0.81‒1.00 to be “almost perfect agreement,” 0.61‒0.80 to be “substantial agreement,” 0.41‒0.60 to be “moderate agreement,” 0.21‒0.40 to be “fair agreement,” 0.00‒0.20 to be “slight agreement,” and <0.00 to be “poor agreement”.





3. Results


The mean age of the patients was 44.4 years (Table 1). High-risk HPV subtypes were detected in 7 of 59 patients (11.9%) using the PCR assay and in 9 of 59 patients (15.3%) using the HC-II assay. Low-risk HPV-DNA was detected in 3.4% of the cases (2/59) by PCR assays (the HC-II assay only detects high-risk subtypes), and both assays produced negative results for the remaining 50 patients.



When the results from both assays were compared by age groups, the detection rates for high-risk HPV in specimens collected from patients in their twenties were 28.6% (2/7) and 33.3% (3/9) using PCR and HC-II, respectively; 42.9% (3/7) and 44.4% (4/9) for specimens collected from patients in their thirties; and 28.6% (2/7) and 22.2% (2/9) for patients in their forties. We did not detect any high-risk HPV subtypes in the specimens collected from patients in their fifties to eighties (Table 1).



Overall, the detection results of high-risk HPV subtypes produced by PCR and HC-II assays were in agreement for 96.6% cases (57/59); the agreement for the positive results was 77.8% (7/9); and the agreement for the negative results was 100% (50/50) (Table 2). The value of the kappa statistic measuring the agreement between the PCR and HC-II results was 0.8557 or “almost perfect agreement.”




4. Discussion


In this study, we determined that the detection of high-risk HPV-DNA using PCR and HC-II assays yielded results that were in complete agreement in 96.6% of the cases. In addition, the kappa statistic of 0.8557 confirmed the “almost perfect agreement” of the two assays. The value of the kappa statistic can be applied to the evaluation of data categorized into two or more categories, but it is difficult to use it for interpretation of comparisons with other studies with different proportions of subjects in a category. Previous studies have reported that the agreement between PCR and HC-II results for HPV-DNA detection is over 80% [23,24,29]. The results from our study exhibited a higher agreement than did those reported by Tsiodras et al. (ê = 0.691) [22] and Kulmala et al. (ê = 0.669) [23] in Europe, as well as Peyton et al. (ê = 0.63) [24] in Central America. The HPV subtypes targeted by the HC-II assay in the current study include the same 13 high-risk types assessed by Kulmala et al. [23] and Peyton et al. [24], namely: HPVs 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 [30]. However, the HC-II assay performed by Tsiodras et al. [22] included five low-risk HPV types (HPVs 6, 11, 42, 43, and 44). Using the HC-II assay, HPV-DNA was detected in 33.7% of cases (509/1511) by Kulmala et al. [23], 12.5% (26/208) by Peyton et al. [24], and 20.4% (260/1270) by Tsiodras et al. [22]. Peyton et al. [24] also performed PCR on 20 types of HPV in addition to the 13 high-risk types cited above and produced positive detection results for these subtypes as well. The HPV subtypes detected by PCR in the studies by Tsiodras et al. and Kulmala et al. also covered a variety of HPVs. While we targeted seven types of high-risk HPV in our PCR assay, Tsiodras et al. [22] targeted 22 types, and Kulmala et al. [23] targeted 12 types (Table 3). PCR assays detected HPV-DNA in 36.6% of cases (553/1511) in the study by Kulmala et al. [23], 24.5% (51/208) by Peyton et al. [24], and 31.3% (397/1270) by Tsiodras et al. [22]. We hypothesize that the different subtypes targeted in each study influenced the rates of agreement between the results produced by PCR and HC-II (Tsiodras et al. ê = 0.691, Kulmala et al. ê = 0.669, Peyton et al. ê = 0.63). In addition, the sample size of our HPV-DNA positive cases was small. The agreement of 78% for the positive results is likely unstable (Table 2). Therefore, the true agreement for the positive results may be lower than 78%. The validation guidelines for candidate HPV assays proposed by Meijer et al. [31] suggest that the sensitivity of the candidate test for ≥CIN2 should be at least 90% of the sensitivity of the HC-II; at the same time, the specificity of the candidate test should be at least 98% of the specificity of HC-II. In this study, the sensitivity of PCR was 78% of that of HC-II, and the specificity was 100% of that of HC-II. Therefore, our HPV-PCR may not be a candidate test for ≥CIN2. However, the value of the kappa statistic measuring the agreement between the PCR and HC-II results was 0.8557 or “almost perfect agreement.” Thus, it is necessary to conduct further analysis for ≥CIN2.



In our study, we found two cases where the PCR produced a negative result, whereas the HC-II assay yielded a positive result. This was probably because the HC-II test detects HPV subtypes (39, 45, 51, 56, 59, 68) that were not targets of our PCR assay. In Japan, HPV subtypes are detected in the order of 52, 16, 58, 56, 51, and 18 in CIN1 patients and healthy persons [32]. However, although we targeted fewer HPV types than the other PCR-based studies performed previously, our data showed a 96.6% (57/59) agreement score between the PCR and HC-II results. In our study, all of the specimens that were found to be HPV-positive by PCR (types 16, 18, 31, 33, 35, 52, and 58) were also found to be positive by HC-II testing. The PCR test developed by Tsiodras et al. [22] was able to detect four additional types of HPV compared to the HC-II assay, and an additional seven types could only be analyzed by PCR. However, Kulmala et al. [23] reported only one type of HPV that could only be analyzed by PCR. Thus, the high rate of agreement in our results may be attributed to the fact that we have not included the HPV types that can be detected only by PCR in our study. In addition, we surmise that the presence of HPV types that are particularly common in Japan (types 52 and 58) may have partially influenced the high rate of agreement in our results [33,34].



It should be noted that each of the reports that have been discussed thus far had different parameters and clinical characteristics with respect to sample selection. Tsiodras et al. [22] analyzed 1270 specimens from women who had Pap test results ranging from normal to cancerous. Kulmala et al. [23] analyzed 1511 specimens from gynecological patients (including patients with sexually transmitted diseases (STDs)) and those who had reported in for screening. Peyton et al. [24] selected 208 specimens that, aside from 10 with small irregularities, were found to be normal. Of the specimens selected by Tsiodras et al., 81% (1029/1270) were assessed as normal by Pap tests. Among the cases evaluated as normal, HPV-DNA was detected in 17.98% of the samples (185/1029) by PCR assays, while HC-II tests yielded positive results for 10.20% of cases (105/1029) [22]. Given that these studies largely targeted specimens that did not show any abnormalities in Pap tests, we surmise that their results may have included temporary HPV infections; thus, the viral load and sensitivity of methods for HPV-DNA may have contributed to the lower agreement scores. We suggest that when comparing agreement scores for different screening methods for HPV-DNA, it is important to take into consideration which HPV types have been targeted and any regional variances, as well as accounting for different clinical characteristics.



In our study, we showed 100% (50/50) agreement between the negative results detected by both PCR and HC-II. Generally, PCR has a higher sensitivity and can detect as little as 10 copies of HPV-DNA in a single sample [35,36]. HC-II was developed based on the principles of Southern blotting and is the most widely used assay in clinical settings, with a DNA detection rate of 290 copies in one sample [37]. As such, the high sensitivity of PCR might increase the number of false positives. However, we did not obtain any cases where a specimen was given a positive result for a high-risk HPV type by PCR and not by HC-II. For specimens where both procedures gave a negative result, we can thus rule out infection with HPV types detectable by the two methods (types 16, 18, 31, 33, 35, 52, and 58). It is, however, possible that the negative results included cases where there was a non-zero number of DNA copies representing HPV types not targeted by our PCR test, but which also fell below the 290-copy detection threshold for HC-II.



With respect to analytical sensitivity, it is debatable whether the presence of extremely low levels of HPV-DNA has any clinical relevance. Of the patients who tested positive for high-risk HPV types, 70% were diagnosed with ASCUS according to Pap tests and were infected with other HPVs other than 16 or 18, putting them at a lower risk for CIN2 [38]. Furthermore, many cases of HPV infection in female patients under the age of thirty are temporary, with only a few patients developing any symptoms; even those who have progressed to CIN2 may recover completely in two to three years [39]. For such patients, it is possible that a high-sensitivity screening method may result in unnecessary interventions. In many cases of cervical cancer, immunological surveillance mechanisms are engaged and result in HPV elimination. The activation of cellular immune defenses against the E6 and E7 proteins is particularly important for such immunological surveillance and is influenced by factors such as the individual’s immune function and the environment [40]. In this context, the detection of minute levels of high-risk HPV types (including type 16) may also better inform patient monitoring and provide grounds for intervention. At the other end of the age spectrum, in patients over fifty years of age with ASCUS Pap test diagnoses, it has been reported that the probability of false negatives for CIN2+ from the HC-II assay increases with age [41], suggesting that it may be more effective to screen older patients through PCR rather than HC-II.



In our research, we detected two incidences of low-risk HPV-DNA (3.4%) using a PCR-based test. This is comparable to the results of Beyazit et al. [42], where 2 out of 33 cases (6.1%) were detected in a study targeting HPV types 6 and 11 in ASCUS specimens. Similarly, a report by Castle et al. [4] observed that the rates of singular infection by HPV types 6, 11, and 42 was less than 2% (in specimens for which Pap test results ranged from negative to squamous intraepithelial lesions and atypical glandular cells). The HPV subtypes 6 and 11 were not found to be correlated with precancerous cervical lesions within three years of detection [4], although low-risk HPV types have been identified in over 90% of cases reporting genital growths, specifically condyloma acuminata [5]. To follow up on the two cases where low-risk HPV was detected, we conducted colposcopy examinations of the patients. One of the examinations revealed the presence of a white external pudendal protrusion. Although we did not conduct further pathological examination of this tissue, we suspected it to be a genital growth resulting from HPV type 6 or 11. Genital growths are one of the most common forms of STDs and are characterized by cellular changes such as koilocytosis, which often accompany HPV infection. Thus, cases where koilocytosis was present were automatically determined to be abnormal in Pap tests. In such cases, HPV screening that includes only selected subtypes of high-risk HPV cannot determine whether the cellular abnormality originates from low-risk HPV subtypes or from other high-risk HPV subtypes that are not targeted by the screening test. PCR-based assays, using primers containing HPV types 6 and 11, are an effective method for differentiating between low-risk HPV types and other high-risk HPV types that are not targeted by the conventional screening tests. They also allow for more accurate data to be acquired, which can inform patient monitoring. We suggest that PCR-based assays targeting HPV types 6 and 11 can provide important information in cases where genital growths are apparent.




5. Conclusions


The detection results from our HPV-PCR using a FAM-labeled primer demonstrated almost perfect agreement with the results generated from HC-II assays, suggesting that our HPV-PCR can be successfully applied to specimens collected through cervicovaginal LBC. Our novel HPV-PCR also detected DNA from both high-risk and low-risk HPV types. While the HC-II method requires no special apparatus or equipment, our HPV-PCR is equally convenient, and can be easily performed in a clinical laboratory.
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Figure 1. Criteria for fragment analysis. (a) Negative case, no peak at the expected fragment size of 228–268 bp; the 170-bp peak is a nonspecific peak for the human genome (b) Positive case, a peak is detected from the PCR product, representing a fragment of 228–268 bp in size. 
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Table 1. Patient ages and human papillomavirus (HPV) detection results produced by hybrid capture II (HC-I)I assay and PCR.
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	Age (Years)
	n (%)
	PCR+ (High-Risk)
	PCR+ (Low-Risk)
	HC-II+





	20–29
	4 (6.8%)
	2 (28.6%)
	0
	3 (33.3%)



	30–39
	22 (37.3%)
	3 (42.9%)
	1 (50.0%)
	4 (44.4%)



	40–49
	15 (25.4%)
	2 (28.6%)
	0
	2 (22.2%)



	50–59
	11 (18.6%)
	0
	0
	0



	60–69
	5 (8.5%)
	0
	1 (50.0%)
	0



	70–79
	1 (1.7%)
	0
	0
	0



	80–89
	1 (1.7%)
	0
	0
	0



	Total
	59
	7
	2
	9



	Range
	22–80
	24–47
	30–69
	24–47



	Mean
	44.4
	35.1
	49.5
	34.6



	Median
	45
	35
	49.5
	35







n: number of cases.
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Table 2. Comparing high-risk HPV-DNA detection results from PCR and HC-II assays.
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HC-II

	
Total




	
+

	
−






	
PCR

	
+

	
7

	
0

	
7




	
(78%)

	
(0%)




	
−

	
2

	
50

	
52




	
(22%)

	
(100%)




	
Total

	
9

	
50

	
59
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Table 3. HPV subtypes detected in published studies using PCR-based tests.
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	Author
	Year
	n
	Details of HPV Subtypes





	Tsiodras S et al. [22]
	2010
	1270
	6, 11, 13, 16, 18, 30, 31, 32, 33, 35, 39, 40, 43, 45, 51, 52, 54, 55, 56, 58, 59, 66



	Kulmala SM et al. [23]
	2004
	1511
	16, 18, 31, 33, 35, 39, 45, 51, 52, 54, 56, 58



	Peyton CL et al. [24]
	1998
	208
	16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68

(+20 subtypes: detail omission)
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