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Introduction 
 
Cervical cancer is one of the most frequent ma-
lignant tumors and is among the most common 
causes of cancer-related mortality in women 
worldwide (1). Each year, there are more than 
half a million new cases diagnosed with cervical 
cancer and a woman dies from this malignancy 
every 2 minutes across the world (2). Although 
the morbidity and mortality of cervical cancer 

shows a steady decline among women living in 
developed countries, this gynecologic cancer re-
mains a leading cause of cancer-related death in a 
large number of countries in the world, notably 
in Africa, India and China (3, 4). Great strides 
have been made to achieve the ambitious goal of 
global elimination of cervical cancer as a public 
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health problem; however, significant challenges 
remain to be overcome (5-7). 
Although the exact pathogenesis of cervical can-
cer remains unclear (8), infection with human 
papillomavirus (HPV) has been proved to be the 
most important risk factor for cervical cancer 
(9,10). HPV is responsible for more than 90% 
cervical cancer (11). To date, more than 200 types 
of HPV have been identified, including approxi-
mately 40 causing reproductive tract infections 
and 14 causing cancers, and these cancer-causing 
HPV types are also known as high-risk HPV (12). 
Persistent high-risk HPV infections will develop 
histological low-grade squamous intraepithelial 
lesions (LSILs), followed by high-grade squa-
mous intraepithelial lesions (HSILs), and may 
finally progress into invasive cervical cancer 
(10,11). Early and precision identification of 
high-risk HPV is therefore of great significance 
to reduce the incidence of cervical cancer. 
Currently, cytology and HPV DNA test are the 
two most common approaches used for screen-
ing high-risk groups of cervical cancer (13). Cyto-
logical screening is sensitive to screen pre-
cancerous cervical lesions, which shows great 
values in reducing the morbidity and mortality of 
cervical cancer; however, the test may cause 
harms due to invasive procedures and misdiagno-
sis (14). Although HPV DNA test is highly sensi-
tive to identify high-risk groups of cervical can-
cer, this test alone fails to detect cervical cancer, 
since HPV infection is extremely common and 
mostly transient (15, 16). Aptima HPV E6/E7 
mRNA test, a novel qualitative nucleic acid am-
plification assay that detects E6/E7 mRNA col-
lectively from 14 high-risk HPV types, including 
HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, 
-58, -59, -66 and -68, has shown potential for 
identification of high-risk HPV (17). However, 
there is little knowledge on the effectiveness of 
HPV E6/E7 mRNA test for large-scale screening 
of cervical lesions among Chinese populations.  
The present study was designed with aims to ex-
amine the performance of Aptima HPV E6/E7 
mRNA test for the evaluation of cervical lesions 
in a large Chinese population, so as to provide 
more clinical evidence for the use of this new 

nucleic acid amplification assay for cervical can-
cer in clinical practices.  
 

Methods 
 
Study subjects 
During the period from Jul 2016 to Feb 2020, a 
total of 10,000 women at ages of 21 to 68 yr un-
derwent cervical cancer screening with liquid-
based cytology, HPV DNA test and Aptima 
HPV E6/E7 mRNA test in the Department of 
Gynecology of the Second Affiliated Hospital of 
Soochow University (Suzhou, China), and among 
them, 4,350 women simultaneously underwent 
colposcopy and biopsy, which were included in 
the analysis. HPV DNA test and Aptima HPV 
E6/E7 mRNA test were performed prior to cer-
vical biopsy, which served as a gold standard in 
this study. 
 
HPV DNA test 
HPV isolates were genotyped using the PCR-
reverse hybridization genotyping kit (Qiagen; 
Hiden, Germany). Such a kit is active to identify 
23 HPV genotypes, including 17 high-risk HPV 
genotypes (HPV-16, -18, -31, -33, -35, -39, -45, -
51, -52, -53, -56, -58, -59, -66, -68, -73 and -82) 
and 6 low-risk genotypes (HPV-11, -42, -43, -54, 
-81 and -83). Briefly, genomic DNA was extract-
ed from cervical epithelial cells and PCR assay 
was performed. The flow-through hybridization 
was performed on the gene chip, and finally the 
color was developed. 
 

Aptima HPV E6/E7 mRNA test 
High-risk HPV genotyping was performed using 
the Aptima HPV Assay (Gen Probe, Inc.; San 
Diego, CA, USA), which is used to quantitatively 
detect 14 high-risk HPV, including HPV-16, -18, 
-31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66 
and -68. The detection probe was specific for the 
E6/E7 mRNA of 14 high-risk HPV genotypes. 
If any type was detected, the result would be pos-
itive. All procedures were done in strict accord-
ance with the manufacturer’s instructions, and 
the test results were automatically interpreted ac-
cording to the copy number of E6/E7 mRNA 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 51, No.11, Nov 2022, pp.2549-2554  

2551                                                                                                      Available at:    http://ijph.tums.ac.ir 

and the clinical threshold. A test value of 0.5 and 
greater was defined positive, and the test value of 
< 0.5 defined negative. 
 
Colposcopy and histopathological examina-
tions 
If there were atypical squamous cells of undeter-
mined significance, higher cytological results, 
positive HPV DNA test or HPV E6/E7 mRNA 
test results, patients should undergo colposcopy 
plus cervical biopsy and pathological examina-
tions. The histopathological diagnosis results 
were divided into normal tissues and chronic cer-
vicitis, LSIL, HSIL, invasive cervical carcinoma. 
 
Ethical statement 
This study was approved by the Ethical Review 
Committee of the Second Affiliated Hospital of 
Soochow University (approval number: JD-LK-
2018-015-02). All procedures were done in ac-
cordance with the Declaration of Helsinki and 
international and national guideline.  
 
Data management and analysis 
All data were managed using the software Mi-
crosoft Excel 2010 (Microsoft; Redmond, WA, 
USA, and all statistical analyses were done with 
the statistical software SPSS 16.0 (SPSS, Inc.; 

Chicago, IL, USA). Difference of proportions 
was tested for statistical significance with chi-
square test, and a P-value of <0.05 was consid-
ered statistically significant.  
 

Results 
 
Among 4,350 subjects receiving colposcopy and 
biopsy, pathological examinations showed nor-
mal tissues and chronic cervicitis in 3,140 wom-
en, LSIL in 640 women, HSIL in 360 women, 
and invasive cervical carcinoma in 210 women. 
The overall detection of cervical lesions by HPV 
DNA test (46.67%) was higher than that 
(35.17%) by Aptima HPV E6/E7 mRNA test (χ2 
= 11.89, P<0.05). In addition, HPV DNA test 
showed a higher efficacy than Aptima HPV 
E6/E7 mRNA test for the detection of normal 
tissues and chronic cervicitis (38.21% vs. 22.93%; 
χ2 =17.28, P<0.05) and LSIL (71.88% vs. 
51.56%; χ2 = 5.59, P<0.05); however, HPV DNA 
test exhibited a significantly lower detection rate 
of HSIL (58.33% vs. 80.56%; χ2 = 4.19, P<0.05) 
and invasive cervical carcinoma (76.19% vs. 
90.47%; χ2 = 0.73, P>0.05) than Aptima HPV 
E6/E7 mRNA test (Table 1). 

 
Table 1: Comparison of HPV DNA test and Aptima HPV E6/E7 mRNA test for detection of cervical lesions with 

different degrees of severity 

 
To compare the clinical performance of Aptima 
HPV E6/E7 mRNA test and HPV DNA test, we 
estimated the sensitivity, specificity, negative pre-
diction rate and positive prediction rate of these 
two tests for detection of cervical lesions. The 
overall specificity of Aptima HPV E6/E7 mRNA 

test was significantly higher than HPV DNA test 
for detection of cervical lesions (P<0.05); howev-
er, the overall sensitivity, negative prediction rate 
and positive prediction rate were comparable be-
tween Aptima HPV E6/E7 mRNA test and 

Cervical lesion No. of 
subjects 

Positive HPV 
DNA test (%) 

Positive HPV E6/E7 
mRNA test (%) 

χ2 value P-value 

Normal tissues and chronic 
cervicitis 

3,140 1,200 (38.21) 720 (22.93) 17.28 < 0.05 

Low-grade squamous in-
traepithelial lesions 

640 460 (71.88) 330 (51.56) 5.59 < 0.05 

High-grade squamous in-
traepithelial lesions 

360 210 (58.33) 290 (80.56) 4.19 < 0.05 

Invasive cervical carcinoma 210 160 (76.19) 190 (90.47) 0.73 > 0.05 
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HPV DNA test for detection of cervical lesions (P>0.05) (Table 2). 
 
Table 2: Comparison of the performance of HPV DNA test and Aptima HPV E6/E7 mRNA test for detection of 

cervical lesions 

 

Diagnostic index HPV DNA test (%) Aptima HPV E6/E7 
mRNA test (%) 

χ2 value P-value 

Sensitivity 68.60 66.94. 0.092 > 0.05 
Specificity 61.78 77.07 5.307 < 0.05 
Positive prediction rate 40.89 52.94 2.89 > 0.05 
Negative prediction rate 83.62 85.51 0.157 > 0.05 

  

Discussion  
 
Cervical cancer is the most common malignant 
tumor in the female reproductive system (1). Alt-
hough the Global Cervical Cancer Elimination 
Initiative launched by WHO in 2018 has achieved 
great strides in elimination of cervical cancer as a 
global public health problem (18), this malignan-
cy remains a high burden in developing countries, 
where more than 85% of cervical cancer patients 
would die (4). In recent years, the incidence of 
this cancer seems to appear a rise in younger 
women (19). Effective cervical screening facili-
tates early detection of squamous intraepithelial 
lesions and therefore prevents the development 
of cervical cancer (16).  
Currently, multiple approaches have been em-
ployed for screening cervical cancer (16). Pap 
cytology screening is mainly based on smears; 
however, its sensitivity is relatively poor because 
the screening results are likely to be affected by 
multiple factors (15). Liquid-based cytology 
screening (Thinprep cytologic test, TCT), a more 
complete approach based on smear detections, 
stores the collected specimens in a container with 
cell preservation solutions, which reduces the 
false negative rate caused by smears; however, 
the inability to distinguish the structure of tissues 
limits its applications in clinical practices (15). 
Additionally, cytologists have subjective judg-
ments on abnormal cell states, leading to subjec-
tive diagnosis (15). HPV DNA test is becoming 
more and more popular; however, the test fails to 
determine whether cervical lesions have occurred, 
which may increase the probability of missed di-

agnosis if it is used as a tool for screening cervical 
cancer alone (15). Colposcopy is a clinical patho-
logical diagnosis. Clinicians observe the cervical 
transformation zone under direct vision of the 
colposcopy in abnormal areas, and cervical biop-
sy is performed if necessary. It is characterized by 
a high true positive rate; however, it is more suit-
able for observing the disease development in 
patients with cervical lesions rather than routine 
screening because of its invasiveness (15).  
Cervical cancer has been lined with persistent 
infections with high-risk HPV, which integrates 
viral oncogenes with the cervical basal cell ge-
nome (11). This causes the deletion of the E2 
fragment in the E region, leading to aberrant ex-
pression of E6 and E7 virus oncogenes (20). 
High E6/E7 mRNA expression interferes with 
the cell cycle, and the cell genome is unstable to 
produce E6 and E7 oncoproteins (21). HPV E6 
and E7 have been identified as the main onco-
gene proteins that induce cell proliferation and 
immortalization (22). Aptima HPV E6/E7 
mRNA test is an indicator of HPV virus carcino-
genic activity and a predictor of cervical epithelial 
cell carcinogenesis (15). HPV E6/E7 mRNA ex-
pression suggests that HPV is integrated into 
host cell DNA, and the uncontrolled transcrip-
tion of oncogenes leads to overexpression of E6 
and E7 oncoproteins. The initiation of malignant 
transformation of cells indicates that HPV onco-
gene E6/E7 is in the active stage of expression 
and promotes the cancerous progression of cer-
vical epithelial cells. Previous studies reported 
that HPV E6/E7 mRNA test might serve as a 
reliable test for both primary cervical cancer 
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screening and the triage of borderline cytological 
abnormalities (17); however, there is little 
knowledge on the performance of HPV E6/E7 
mRNA test in large-scale screening of cervical 
lesions among Chinese populations until now.  
In this study, we examined the performance of 
Aptima HPV E6/E7 mRNA test for the evalua-
tion of cervical lesions, and compared with HPV 
DNA test. We detected a gradual increase in the 
detection of cervical lesions with the disease se-
verity by using Aptima HPV E6/E7 mRNA test. 
HPV DNA test exhibited a higher detection rate 
of normal tissues and chronic cervicitis than Ap-
tima HPV E6/E7 mRNA test, which indicates 
that HPV DNA test detects a transient infection 
that has not been integrated into cells, leading to 
negative Aptima HPV E6/E7 mRNA test. This 
also suggests that the false positive rate of Apti-
ma HPV E6/E7 mRNA test is lower than that of 
HPV DNA test. In addition, Aptima HPV 
E6/E7 mRNA test showed a significantly higher 
detection rate of HSIL and a numberically greater 
detection rate of invasive cervical carcinoma than 
HPV DNA test. Overall, Aptima HPV E6/E7 
mRNA test showed significantly higher specifici-
ty, numberically greater positive and negative 
prediction rates and comparable sensitivity in de-
tection of clinical cervical lesions than HPV 
DNA test, indicating that Aptima HPV E6/E7 
mRNA test may be used for large-scale identifica-
tion of cervical lesions. Nevertheless, Aptima 
HPV E6/E7 mRNA test, which reduces the pan-
ic of patients suffering from transient HPV infec-
tions and the cost of further colposcopy as com-
pared with HPV DNA test, may serve as an addi-
tional test to currently commonly used HPV 
DNA test for screening cervical cancer.  
 

Conclusion 
 
Aptima HPV E6/E7 mRNA test gradually im-
proves the detection of cervical lesions with dis-
ease severity, and shows a higher specificity, posi-
tive and negative prediction rates and comparable 
sensitivity for detection of clinical cervical lesions 
as compared with HPV DNA test. Our data indi-

cate that Aptima HPV E6/E7 mRNA test may 
serve as an addition test to HPV DNA test for 
cervical screening in Chinese populations with a 
low missing diagnosis. Further multi-center, pro-
spective, diagnostic clinical trials to investigate 
the performance of Aptima HPV E6/E7 mRNA 
test for detection of cervical lesions seem justi-
fied.  
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