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Abstract

We reviewed the literature on the importance of selected anti‐high‐risk human

papillomavirus (HR‐HPV) antibodies (namely, 16/18 and early oncoproteins E6 and

E7) as potential serological markers for early detection of individuals at high risk of

cervical cancer. We searched for studies in PubMed and Embase databases

published from 2010 to 2020 on antibodies against HR‐HPV E6 and E7 early

proteins and cervical cancer. Pooled sensitivity and specificity for HPV16 and

HPV18 antibodies were calculated using a bivariate hierarchical random‐effects

model. A total of 69 articles were identified; we included three studies with 1550

participants. For the three HPV16/18 E6 and E7 antibody tests, enzyme‐linked

immunosorbent assay‐based assays had a sensitivity of 18% for detecting CIN2+
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(95% confidence interval [CI]: 15–21) and a specificity of 96% (95% CI: 92–98), for

slot‐blot, sensitivity was 28.9% (95% CI: 23.3–35.1) and specificity was 72% (95%

CI: 66.6–77.0) for detecting CIN2+, and for multiplex HPV serology assay based on a

glutathione S‐transferase, sensitivity was 16% (95% CI: 8.45–28.6) and specificity

was 98% (95% CI: 97–99) for detecting invasive cervical cancer. HR‐HPV16/18 E6

and E7 serological markers showed high specificity, but sensitivity was suboptimal

for the detection of cervical cancer in either population screening settings or as

point‐of‐care screening tests.

K E YWORD S

cervical cancer, E6 and E7 proteins antibody, human papillomavirus, sensitivity, specificity

1 | INTRODUCTION

In high‐income countries, organized and effective screening of

cervical cancer using Papanicolaou (pap) smears and more recently

human papillomavirus (HPV) DNA testing (self‐collected vaginal

sample) have contributed to a decline in incident cervical cancer

cases.1 However, in low‐ and middle‐income countries (LMICs),

despite efforts to implement organized cervical cancer screening with

cytology or HPV testing, coverage and uptake rates are very low,

with only about 30% of women having undergone opportunistic

cervical cancer screening.2–5 The great benefits and small harm of

pap screening have been well documented.6,7 However, some

sociocultural barriers (i.e., health‐seeking behaviors, an embarrass-

ment for pelvic examination by male providers, a perception that the

pap smear screening process is painful and can include bleeding with

a long turnaround time) exist around the genital examination, as

shown in a recent review.8 Therefore, conventional methods for

screening cervical cancer that involve genital examination could be

considered less desirable or acceptable to women. These include the

more current HPV DNA or messenger ribonucleic acid (mRNA) tests

that are favored over ThinPrep cytological test and cytology (Pap

tests).9

In all the aforementioned screening test scenarios, large

proportions of women who screen positive for being at high risk of

developing cervical cancer require recall and confirmatory diagnostic

testing, and then an additional recall to receive treatment. Visual

inspection of the cervix with acetic acid (VIA) is an alternative cervical

cancer “screen and treat” screening method that is deemed more

viable in LMIC, thus avoiding one recall step.10 However, studies in

LMIC have shown mixed results on the performance of VIA in these

settings.7,10,11 Besides, VIA has a problem of high false‐positive and

false‐negative results and depends on the operator's experience.12,13

As a result, the incidence rates of cervical cancer remain high in

LMIC,5 and reducing incidence rates of cervical cancers in these

settings remains a challenge. Hence, a novel efficient screening tool

that is less invasive and more acceptable to women is needed.

In May 2018, the General Director of the World Health

Organization (WHO) made a global call for action to eliminate

cervical cancer using novel technologies for the identification of

premalignant tumors at the earliest stage.14,15 The 90–70–90 global

cervical cancer elimination strategies call for 90% of girls to be fully

vaccinated by the HPV vaccine by the age of 15 years, 70% of

women should have been screened with high‐throughput tests by the

age of 35 years and again by the age of 45 years, and 90% of women

diagnosed with cervical cancer disease to be on treatment by the

year 2030.14

One of the promising strategies is the use of serum profiling

antibodies to HPV16 and HPV18 early oncoproteins E6 and E7 as

biomarkers for early detection of invasive cervical cancer (ICC).16 The

E6 protein binds to the E3 ubiquitin ligase E6‐associated protein and

to the tumor suppressor protein p53, which is involved in the control

of the cell growth process and apoptosis.17 The presence of E7 in

human cells prevents phosphorylation of the retinoblastoma protein

leading to uncontrolled cell proliferation.18 Out of the seven early

proteins, both E6/E7 oncoproteins are involved in the transformation

of cells, mitosis, and immortalization of cervical cancer cells,19 and

have shown the strongest associations with cervical cancer.20–23

Since several antibody‐based finger prick “point‐of‐care” tests are

now readily available for screening other infectious agents such as

HIV,24 which have a short turnaround time (<1 h), a yet‐to‐be‐

developed rapid antibody‐based HPV finger prick screening test for

detecting cervical cancer may be more acceptable than conventional

cervical cancer screening methodologies requiring a genital examina-

tion. If such a serological test can be carried out cheaply and has a

rapid turnaround time, then it could save time and avoid repeat

visits.25

However, the value of high‐risk HPV (HR‐HPV) E6 and E7

serology as an alternative, less‐invasive point‐of‐care screening tool

for detecting at‐risk individuals has not been fully investigated. In

addition, globally there are no currently developed and USA Food and

Drug Administration (FDA)‐approved serological markers for screen-

ing cervical cancer in the general population. Studies from the early

1990s26,27 showed some potential with sensitivities around

27%–41% and specificities around 99%–100%. We, therefore,

performed a systematic review aimed at assessing the utility of

HPV antibodies, especially of HR‐HPV16/18 E6 and E7 serological
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markers, in the detection of cervical cancer and cervical intraepithe-

lial neoplasia 2/3 (CIN2/3).

2 | METHODS

This systematic review and meta‐analysis were registered and

published with PROSPERO (CRD42020206036). In the Preferred

Reporting Items for Systematic Reviews and Meta‐Analyses (PRIS-

MA),28 guidelines were followed to evaluate the usefulness of

HPV16/18 E6 and E7 serological markers in the detection of CIN2/3

and cervical cancer.

2.1 | Search strategies

The search for studies was done in the following electronic databases

from the period 2010 to 2020: PubMed and Embase, using the

following searchwords “HPV,” “E6 and E7 protein,” “CIN2,”CIN3,” and

“cervical cancer”. We did not include high‐grade squamous intrae-

pithelial lesion (HSIL) in the search terms because HSIL is based on

cytology, while CIN2/3 are based on histology, which incorporates

HSIL. After title and abstract review, where possible full copies of the

text of appropriate published articles were obtained and assessed for

inclusion. Additional searches were done on the references of the

initial studies. Our review focused on HPV16 and HPV18 because

they are the most common serotypes and are found in 72% of

cervical cancer.29

2.2 | Criteria for study selection

The study selection involved exporting all identified studies (69)

combined in Mendeley into Covidence (https://www.covidence.

org/). Covidence is a useful web tool for screening and selecting

studies for conducting systematic reviews. For accuracy and

consistency, the two independent reviewers (M. G. S. and T. R.)

screened the full texts. Disagreements were resolved through

discussion; any unresolved disagreements were resolved by the

third reviewer (M. M.).

2.3 | Inclusion

Studies were selected if they were in English, cross‐sectional,

retrospective case–control, or prospective cohort (or nested

case–control). Cases were defined as ICC or CIN 2/3. We used

author‐defined definitions of controls, which broadly used similarly

aged women without HPV‐related conditions. Diagnostic accuracy‐

test studies in which the HPV16/18 E6 and E7 serological markers

were compared to a cytopathology or histopathology reference

standard were included.

2.4 | Exclusion

Studies with a sample size of less than 200 that could overestimate

the effect size30 (of the small studies excluded some used an HPV

E6/E7 mRNA marker and the others used a urine Trovagene HPV

test), conference papers, abstracts only, and reviews were excluded.

Also, studies that assessed the presence of HPV types in ICC or

CIN2/3 were excluded. Given the regular improvements in serologi-

cal techniques, studies were excluded if they were published before

the year 2010. We excluded only laboratory‐based studies (which did

not include controls) and those studies that focused on CIN1 (wrong

outcome). Any studies presenting HPV16/18 E6 and E7 DNA within

samples of the cervical biopsy were not included because we aimed

to assess the utility of anti‐HPV antibodies, especially of HR‐HPV16/

18 E6 and E7 in the serum of patients with ICC or CIN2/3. We

further excluded papers that were not on serological testing, that is,

the Onco E6 test because it detects the protein itself, whereas the

HPV E6/E7 mRNA tests detect the RNA encoding for the

oncoproteins. Our study focused on the test accuracy of HPVE6

and E7 oncoprotein antibodies.

2.5 | Participants

The population of interest were women with cervical cancer and

CIN2/3. Studies were included if they reported women with

cytologically/histologically confirmed cervical cancer or high‐risk

lesions (e.g., CIN2 and CIN3) in comparison to women with the

normal cervical tissue.

2.6 | Index test

The index test was HPV16/18 E6 and E7 and E4 protein serological

markers from the serum of the participants. Determination of the

threshold for positive or negative results was based on test cut‐off

values proposed by the manufacturer or the study authors based on

validated cut‐off points.

2.7 | Reference standard

The reference test was histopathologic confirmation of cervical

cancer or CIN2+ in paraffin‐embedded tissue sections or cytological

confirmation of CIN2/3 or cervical cancer. Methods of diagnosis

were noted.

2.8 | Study outcome

The outcome of the study was sensitivity, specificity, and diagnostic

odds ratios (DORs) for CIN2/3 and cervical cancer.
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2.9 | Data extraction

The two reviewers independently extracted data (M. G. S. and T. R.) for all

the papers meeting the inclusion and exclusion criteria. The following

information was extracted from the eligible studies: author; year of

publication; study location; sample size; the number of cases and controls,

cut‐offs, and test manufacturer. We extracted percentages of HPV16/18

E6 and E7 (antibodies seropositive) from precancers and cervical cancer

cases and controls according to predefined cut‐off values. We then

extracted frequencies for true positives (TP), false positives (FP), true

negatives (TN), and false negatives (FN) for HPV16 (E6 and E7) or HPV18

(E6 and E7) antibodies. In some of the studies, more than one HPV‐

type antigen was assessed on the same individuals participating in the

study. In such cases, each serological biomarker was considered an

independent study when extracting the data.

2.10 | Study quality assessment

Assessment of the quality of the studies was done using the Quality

Assessment of Diagnostic Accuracy Studies‐2 (QUADAS‐2) tool.31

Quality assessments of the studies were based on: a selection of

participants' characteristics; the number of included participants with

cervical cancer or CIN2+; description of the index test (HPV16/18 E6

and E7) serological markers and the reference test (histology or

cytology). The studies were grouped into high quality, low quality,

and unclear. Any disagreements were resolved through discussion

with the third reviewer (M. M.).

2.11 | Statistical analyses

To achieve our objective, we performed a descriptive analysis of different

serological markers by calculating the sensitivity and specificity, using the

TP, FP, TN, and FN results and their 95% confidence intervals (CIs). To

quantify pooled effects (Supporting Information: Figure S2), random‐

effects models for meta‐analysis were performed. Cochrane's Q‐statistic

test and the I2 tests were used to examine heterogeneity.

Second, we assessed the DOR for HPV16/18 E6 and E7 and other

seropositive E oncoprotein (E4) antibodies and for CIN2/3 and cervical

cancer from the different studies. Other studies have suggested that E4

plays an important role in the detection of cervical cancer when used in

combination with other markers.32 We pooled the sensitivity and

specificity for HPV16/18 E6 and E7 serological markers to detect

CIN2/3 and cervical cancer. Analysis by different serological screening

tests (enzyme‐linked immunosorbent assay [ELISA], multiplex HPV

serology assay based on a glutathione S‐transferase capture immunoassay

in combination with fluorescent beads [multiplex HPV serology immuno-

fluorescent assay] and immunoenzymatic assay [slot‐blot]) was performed

for comparison of pooled effects and heterogeneity. In the primary

studies, cases and controls were matched by age.

To estimate sensitivity and specificity, a bivariate random‐effects

model33 was applied using “Metandi” and “Midas” in STATA. Metandi

fits a two‐level mixed logistic regression model, with independent

binomial distributions for theTP and TN conditional on the sensitivity

and specificity in an individual study, and a bivariate hierarchical

normal model for the logit transformation of sensitivity and

specificity between studies. Midas calculates summary receiver‐

operating characteristics (SROC) (Supporting Information: Figure S3),

summary likelihood, and DOR. Hierarchical SROC (HSROC) was used

to account for the correlation between sensitivity and specificity

(Supporting Information: Figure S4). The HSROC accounts for

threshold effects and between‐ and within‐study variability.

Statistical significance was considered at a p value of 0.05, and all

analyses were performed using STATA version 16 and the Review

Manager (Version 5.3; Cochrane Collaboration). All statistical tests

were two‐sided.

3 | RESULTS

We first identified 69 records (papers) through PubMed library

searches and references (Figure 1). We retrieved 44 potential

papers after a screening of titles and abstracts. Twenty‐three

papers were eligible for inclusion in the systematic review. Out of

23 papers, only 3 papers were included with 1550 women. A total

of 11 HPV16/18 oncoprotein antibodies (studies) were obtained

from different serological test methods. Two‐thirds of the studies

were a case–control design and one study was a prospective

diagnostic accuracy study (Table 1). Assessment of the methodo-

logical quality of the individual studies was done using QUADAS‐

2 (Supporting Information: Figure S1 and Table 2).

There was a considerable degree of heterogeneity for sensitivity

between the studies for combined CIN2/3 and ICC, which fluctuated

between 0 and 0.40, while specificity was very good for most of the

biomarkers. Thus, we did not pool the studies (Figure 2A–C). For the

stratified analysis by tumor stage, sensitivity was very low for CIN2/

3, which ranged between 0 and 0.20 for the biomarkers, while

specificity was above 0.90 for most of the biomarkers. For ICC, the

sensitivity ranged between 0.20 and 0.40 and specificity ranged

between 0.96 and 0.97.

Different assays were used to characterize the association

between HPV E6 and E7 antibodies and cervical cancer. In the

studies that used ELISA, the pooled sensitivity was 18% (95% CI:

15–21) and specificity was 96% (95% CI: 92–98). For the studies

that used multiplex HPV serology assay, the pooled sensitivity

was 16% (95% CI: 8.45–28.6) and specificity was 98% (95% CI:

97–99) (Table 3). For the studies that used immunoenzymatic

assay (slot‐blot), the pooled sensitivity was 28.9% (95% CI:

23.3–35.1) and specificity was 72% (95% CI: 66.6–77.0) (Table 3).

The multiplex immunofluorescent assay had a DOR of 9.72 (95%

CI: 3.95–23.93), the ELISA had a DOR of 5.00 (95% CI: 2–11), and

immunoenzymatic assay had a DOR of 1.05 (95% CI: 0.72–1.52)

(Table 3).

Across the studies, HPV antibody sensitivity was low, ranging

from 4% to 40%, while the specificity was high, ranging from 61%

4 of 10 | SINGINI ET AL.



F IGURE 1 The Preferred Reporting Items for
Systematic Reviews and Meta‐Analyses diagram
of the studies in the systematic review of
HPV16 and HPV18 E6/E7 serological markers.
HPV, human papillomavirus.

TABLE 1 Summary of the three study characteristics included in the review: CIN2, CIN3, and ICC

No.

Study ID
(author
and year)

Study
reference
number Country Study design Index test

Reference
method

Sample
size

Median
age

CIN2+,
n (%) ICC, n (%)

1 Salazar‐Piña
(2016)20

d1 Mexico Diagnostic test
accuracy
study

HPV16 E4 and E7
immunoenzymatic
assay (slot‐blot)

Histo-
pathology

485 40.0 106 (29.9) 15 (3.1)

2 Jin (2018)34 d2 South
Korea

Case–control
study

HPV E6 and E7 (ELISA) Cytology 249 44.3 144 (57.8) ‐

3 Combes
(2014)35

d3 Algeria and
India

Case–control
study

HPV16 L1, E1,E2, E4,
E6, and E7

(multiplex HPV
serology
immunofluorescent
assay)

Cytology 816 50.9 ‐ 307 (37.6)

Abbreviations: CIN, cervical intraepithelial neoplasia; ELISA, enzyme‐linked immunosorbent assay; HPV, human papillomavirus; ICC, invasive cervical cancer.

to 99%. There was a considerable degree of heterogeneity

between the studies; thus, we did not pool the studies

(Figure 2). From the HSROC curve, HPV16 E6 antibody presence

appears to be a better marker compared to the other markers

(Figure 3).

4 | DISCUSSION

Antibodies to HPV oncoproteins have been suggested as important

serological markers in the detection of cervical cancer. Our systematic

review and meta‐analysis focused on the sensitivity and specificity of
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HPV16/18 early oncoprotein antibodies. Our main findings suggest

that HPV16 and HPV18 E6 and E7 antibodies have high specificity

but low sensitivity to detect cases with cervical cancer or CIN2/3

precancerous lesions. Another key finding is that there is scant

literature on E6/E7 as a biomarker for ICC and CIN2/3.

We found that HPV16 and HPV18 E6 and E7 antibodies have higher

specificity but lower sensitivity. Our estimates are similar to the estimates

pre‐2010 of Sun et al.36 in Brazil where they reported specificity of 99.5%

and sensitivity of 40.7% for HPV16 E6 or E7 (higher antibody titers).

Similarly, in Japan, the findings of Sasagawa et al.,27 using ELISA test with

E6 or E7 proteins as antigens, had first shown in 1992 that 27% of

cervical cancer and 19% of CIN3 were positive for anti‐HPV16 E6

antibody, while 33% in cervical cancer and 8% in CIN3 were positive for

anti‐HPV16 E7. Therefore, low sensitivity in these serological tests may

represent a lower immune response against HPV16/18 E6 or E7 protein

in many patients with these malignant lesions. Another explanation for

the low sensitivity of these assays might be due to low immune responses

against HPV16/18. The serological responses to HPV16/18 E6 and E7

are likely to be surrogate markers for cytotoxic immune responses by

cytotoxic T lymphocyte (CTL) targeting these proteins. Such CTLs

function to kill CIN or cancer cells positive with HPV16 or HPV18.37 In

addition, our findings showed that the HPV16 E6 antibody is a relatively

better serological marker compared to the other biomarkers. Similarly, a

recent systematic review and meta‐analysis on blood‐based biomarkers

of HPV‐associated cancer found HPV16 E6 antibodies to be a better

serology marker.38 Although HPV16 E6 was shown to be a better

biomarker, its sensitivity is still low for it to be used as a screening tool.

Thus, additional studies are needed for its validation with other

biomarkers.39

HPV16 E6 and E7 antibodies have been associated with the tumor

stage of cervical cancer.37,39–42 In our study, we found that the sensitivity

for CIN2/3 was lower compared to the sensitivity for ICC. Our findings

are in agreement with the findings of Park et al.,40 who reported that

seropositive HPV16 E6 and E7 antibodies were associated with the stage

of the tumor. Their findings showed that seropositivity for HPV16 E6 was

51% and 38% for HPV16 E7 in Stage II and HPV16 E6 (69%) and HPV16

E7 (56%) for Stage III/IV, respectively. In addition, in squamous carcinoma

seropositivity was 54% for HPV16 E6% and 32% for HPV16 E7.

However, a radioimmunoprecipitation assay (RIPA) was used making

comparison difficult between assays. Similarly, in Korea, Chee et al.,37

using RIPA, found that HPV16 E6 and E7 antibodies were associated with

the clinical stage of the tumor for HPV16 E6 (CIN [4.2%], Stage I

[12.5%], Stage IIa [35.7%], Stage IIb [100%], Stage III [100%]) and HPV16

E7 (CIN [4.2%], Stage I [43.8%], Stage IIa [57.1%], Stage IIb [60%], Stage

III [100%]).

The strengths of our systematic review and meta‐analysis include the

application of the standard systematic review protocol, using Covidence

software to screen the studies, involvement of second and third

F IGURE 2 Forest plots of sensitivity and specificity for different serological marker studies in the detection of CIN2/3 and ICC. (A) Forest
plots of sensitivity and specificity for different serological markers studies in the detection of combined CIN2/3 and ICC. (B) Forest plots of
sensitivity and specificity for different serological marker studies in the detection of CIN2/3. (C) Forest plots of sensitivity and specificity for
different serological marker studies in the detection of ICC. CI, confidence interval; CIN, cervical intraepithelial neoplasia; FN, false negative; FP,
false positive; HPV, human papillomavirus; ICC, invasive cervical cancer; TN, true negative; TP, true positive.
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reviewers at all stages of screening, and using QUADAS‐2 to assess the

quality of the studies' methodology. Our study had several limitations:

After all the exclusions, there were only a few studies included that

assessed the antibodies against HPV E6 and E7 oncoprotein for detection

of CIN2/3 and cervical cancer. There was a high level of heterogeneity

for the included studies; therefore, it was impossible to have pooled

estimates of all the studies. Due to the different assays used, we were

unable to pool all the studies together. In addition, due to the selection

bias that comes with case–control design, we were unable to pool the

studies together.43 Our systematic review andmeta‐analysis only covered

studies published in the last 10 years and might have missed studies

published in other languages, or that were not appearing during the

literature search.

This systematic review and meta‐analysis focused on the

utility (e.g., sensitivity and specificity) of HPV antibodies,

especially of HPV16/18 E6 and E7 serological markers in the

detection of ICC and CIN2/3. Recently, the WHO in their new

cervical cancer guidelines suggested HPV antibodies and onco-

proteins as possible future screening tests.44 If such a test could

be incorporated into population screening using point‐of‐care

TABLE 3 Bivariate meta‐analysis of different HPV16 and HPV18 serological markers: pooled sensitivity and specificity by assay type

Marker name
Study reference
number

Number
of studies Endpoint

Sensitivity
(95% CI)

Specificity
(95% CI) DOR (95% CI)

HPV serology (ELISA) HPV16 and HPV18
(E6 and E7)

d2a, d2b,
d2c, d2d

4 CIN2+ 18.0 (15–21) 96.0 (92.0–98.0) 5.00 (2.00–11.00)

HPV serology

(multiplex HPV serology
immunofluorescent
assay)

HPV16 and HPV18

E6, E7, and E4

d3a, d3b, d3c,

d3d, d3e

5 ICC 16.0 (8.45–28.6) 98.0 (97.0–99.0) 9.72 (3.95–23.93)

HPV serology
(immunoenzymatic

assay (slot‐blot))

HPV16 E7 and E4 d1a, d1b 2 CIN2+ 28.9 (23.3–35.1) 72.0 (66.6–77.0) 1.05 (0.72–1.52)

Abbreviations: CI, confidence interval; DOR, diagnostic odds ratio; ELISA, enzyme‐linked immunosorbent assay; HPV, human papillomavirus; ICC, invasive
cervical cancer.

F IGURE 3 Summary of the hierarchial
summary receiver‐operating characteristic plots
of sensitivity and specificity for HPV16 and
HPV18 protein serological markers, namely, E6,
E7, and E4. HPV, human papillomavirus.
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testing of appropriately aged nonvaccinated women (e.g., 30–65

years as recommended by cervical screening guidelines),44 it

would improve screening rates, reduce losses to follow‐up

(people, samples, and results) and ultimately lead to early

detection of the disease in limited‐resource settings. Individuals

who have been seropositive to both HPV E6/E7 antibodies are at

higher risk for cervical cancer,45 which makes them potentially

useful biomarker candidates for early detection of cervical

cancer.46 However, we found that evidence is still limited for

HPV antibodies to be translated into an effective detection tool

for cervical cancer detection. Further laboratory studies are

required on the development of more accurate HPV serological

biomarkers for them to be successfully translated into an

effective screening or point‐of‐care detection tool for cervical

cancer.

Our systematic review and meta‐analysis further add to the debate

that HPV16 and 18 E6 and E7 antibodies could be useful biomarkers for

the screening of cervical cancer. There seems very little improvement

over time in the utility of serological markers in detecting cervical cancer

or CIN3. Although the specificity of HPV serological markers is high, their

sensitivity is suboptimal for the detection of cervical cancer.
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