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A B S T R A C T   

The COVID-19 pandemic has a major impact on a wide range of health outcomes. Disruptions of elective health 
services related to cervical screening, management of abnormal screening test results, and treatment of pre-
cancers, may lead to increases in cervical cancer incidence and exacerbate existing health disparities. Modeling 
studies suggest that a short delay of cervical screening in subjects with previously negative HPV results has minor 
effects on cancer outcomes, while delay of management and treatment can lead to larger increases in cervical 
cancer. Several approaches can mitigate the effects of disruption of cervical screening and management. HPV- 
based screening has higher accuracy compared to cytology, and a negative HPV result provides longer reas-
surance against cervical cancer; further, HPV testing can be conducted from self-collected specimens. Self- 
collection expands the reach of screening to underserved populations who currently do not participate in 
screening. Self-collection and can also provide alternative screening approaches during the pandemic because 
testing can be supported by telehealth and specimens collected in the home, substantially reducing patient- 
provider contact and risk of COVID-19 exposure, and also expanding the reach of catch-up services to address 
backlogs of screening tests that accumulated during the pandemic. Risk-based management allows prioritizing 
management of patients at highest risk of cervical cancer while extending screening intervals for those at lowest 
risk. The pandemic provides important lessons for how to make cervical screening more resilient to disruptions 
and how to reduce cervical cancer disparities that may be exacerbated due to disruptions of health services.   

1. Cervical cancer prevention approaches 

Almost all cervical cancers are caused by persistent infections with 
one of 12–14 carcinogenic human papillomavirus (HPV) types (Schiff-
man et al., 2016). While most HPV infections become undetectable after 
few months, some may persist and progress to cervical precancer. A 
subset of precancers will progress to invasive cancer if left untreated. 
Understanding the role of HPV in cervical carcinogenesis has led to 
development of important HPV-based prevention approaches. HPV 
vaccines were first introduced in the US in 2006. HPV vaccines should 
ideally be administered before onset of sexual activity to maximize the 
preventive effects. First generation vaccines targeted only the two most 
carcinogenic types, HPV16 and HPV18, which are responsible for about 
70% of cervical cancers. In 2014, a nonavalent HPV vaccine was 
introduced covering seven carcinogenic HPV genotypes (HPV16, 18, 31, 
33, 45, 52, 58), potentially preventing over 90% of cervical cancers. 

Vaccination is routinely recommended for ages 11–12, but may begin at 
age 9, and extended age ranges for catch-up vaccination have been 
approved (Meites et al., 2019). Birth cohorts who received routine HPV 
vaccinations at ages 11–12 only recently entered the age groups at 
which cervical screening is recommended. Studies have shown a strong 
decrease in HPV prevalence, specific to the types targeted by the vac-
cines, and to a lesser extent, of types partially covered through cross- 
protection in women who received the HPV vaccine. Additionally, 
reduction of vaccine types in unvaccinated women is suggestive of herd 
protection (Oliver et al., 2017). The first population-based studies have 
now shown reduced cervical cancer incidence among younger vacci-
nated women, but it will take decades for the full effect of vaccination to 
be realized over a wide age range of the screening population (Lei et al., 
2020). 

Therefore, screening continues to be an essential component of cer-
vical cancer prevention. Successful secondary prevention of cervical 

* Corresponding author at: Division of Cancer Epidemiology and Genetics, National Cancer Institute, 9609 Medical Center Drive, Room 6E-448, Bethesda, MD 
20892-9774, USA. 

E-mail address: wentzenn@mail.nih.gov (N. Wentzensen).  

Contents lists available at ScienceDirect 

Preventive Medicine 

journal homepage: www.elsevier.com/locate/ypmed 

https://doi.org/10.1016/j.ypmed.2021.106596 
Received 7 February 2021; Received in revised form 26 April 2021; Accepted 1 May 2021   

mailto:wentzenn@mail.nih.gov
www.sciencedirect.com/science/journal/00917435
https://www.elsevier.com/locate/ypmed
https://doi.org/10.1016/j.ypmed.2021.106596
https://doi.org/10.1016/j.ypmed.2021.106596
https://doi.org/10.1016/j.ypmed.2021.106596
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ypmed.2021.106596&domain=pdf


Preventive Medicine 151 (2021) 106596

2

cancer relies on a multi-step process, starting with screening of the 
target population, triage of screen-positives, colposcopy-biopsy to 
confirm the presence of cervical precancer, and treatment of precancers. 
Cervical screening using the Pap test, or cervical cytology, for decades 
had major impact on reducing cervical cancer incidence in countries 
with broad population coverage (Schiffman et al., 2016). However, 
cervical cytology suffers from low sensitivity and low reproducibility. 
HPV testing first received regulatory approval as a triage test for mini-
mally abnormal cytology results (2000), then as a screening co-test with 
cytology (2003), and more recently as a stand-alone test (2014) (Food 
and Drug Administration, 2019). HPV-based screening has higher 
sensitivity and reproducibility compared to cytology, making cervical 
screening more efficient (Kim et al., 2018; Melnikow et al., 2018). 
Currently, guidelines recommend three strategies for cervical screening: 
cytology alone, HPV-cytology co-testing, and HPV testing alone (Curry 
et al., 2018; Fontham et al., 2020). Women testing positive for HPV 
require additional triage tests to decide who needs to be referred for 
colposcopy and biopsy evaluation (Wentzensen et al., 2016). In the US, 
currently approved triage strategies include cytology, partial genotyp-
ing, extended genotyping, and dual stain cytology. With some excep-
tions, colposcopy with multiple biopsies is typically recommended for 
confirmation of cervical precancer before treatment (Wentzensen et al., 
2015; Wentzensen et al., 2017). 

Multi-step cervical cancer screening programs allow identification of 
the approximately 1% of women at highest risk of precancer who need 
treatment, while avoiding overtreatment of the majority of women who 
are at lower risk. However, a downside of multi-step programs is the 
need for multiple patient visits, including screening, colposcopy, treat-
ment, and surveillance. At each step, there is a risk of loss to follow-up 
due to patient-, provider-, or health system-related factors, and an un-
treated precancer may progress to cancer. 

2. Cervical cancer disparities 

2.1. Populations affected by cervical cancer disparities 

Despite overall declines in cervical cancer incidence and mortality in 
the U.S., over ten thousand cervical cancer cases and four thousand 
deaths still occur each year, with significant disparities observed by race 
and ethnicity, geographic region, and socioeconomic status (Collins 
et al., 2014; Downs et al., 2008). Improved access to cervical screening 
of underserved populations has somewhat reduced these disparities over 
time; however, they remain pervasive among many groups. To accu-
rately compare cervical cancer incidence and mortality rates between 
populations, it is important to account for hysterectomy, which is very 
common in the U.S. and varies significantly by race, ethnicity, and 
geographic region (e.g., more common in Blacks and in the Southern U. 
S.) (Clarke et al., 2019). Hysterectomy-corrected analyses have revealed 
racial and ethnic disparities in cervical cancer incidence and mortality, 
showing higher incidence in non-Hispanic Blacks (9.0 per 100,000) and 
Hispanics (7.6 per 100,000) compared to non-Hispanic Whites (5.4 per 
100,000) and Asian/Pacific Islanders (4.5 per 100,000) from 1999 to 
2015 (Islami et al., 2019) and higher corrected mortality in Blacks (10.1 
per 100,000) compared to Whites (4.7 per 100,000) from 2000 to 2012 
(Beavis et al., 2017). In addition to having higher incidence and mor-
tality rates, Non-Hispanic Blacks and Hispanics are also less likely to be 
diagnosed with localized disease and have worse survival compared to 
their non-Hispanic White and Asian/Pacific Islander counterparts 
(Coker et al., 2009; Eggleston et al., 2006; Islami et al., 2019). Higher 
cervical cancer incidence and mortality have also been reported among 
American Indian and Alaskan Native populations (U.S. Department of 
Health and Human Services, 2020), as well as Vietnamese Americans 
(Miller et al., 2008). 

Regional differences in cervical cancer incidence and mortality have 
also been observed. For example, women in rural and nonmetropolitan 
areas have higher incidence and mortality rates compared to those living 

in metropolitan areas, and those living in the South have higher inci-
dence and mortality compared to other U.S. regions (Henley et al., 2017; 
Lulu Yu and Mary, 2019; Singh, 2012). Evidence suggests that some 
observed racial/ethnic health disparities may be tied to specific 
geographic regions (Caldwell et al., 2016; Lulu Yu and Mary, 2019; 
Probst et al., 2004; Semrad et al., 2011; Yoo et al., 2017). Such examples 
include Blacks living in the South, Hispanic women living along the 
Texas-Mexico border (Fernandez et al., 2014), Whites living in Appa-
lachia (Wilson et al., 2016), and American Indians and Alaskan Natives 
living in the Northern Plains (Espey et al., 2005). 

Many of the observed racial/ethnic and regional disparities are 
linked to social determinants of health such as poverty, lack of insurance 
coverage, and poor access to care. Underlying factors that affect 
healthcare access include misconceptions about risk of cervical cancer 
and the importance of screening among patients, frequent changing of 
screening guidelines creating confusion among patients and providers, 
patient fear and mistrust of the healthcare system, different cultural 
beliefs, transportation issues, and lack of insurance (Freeman, 2005; 
Nolan et al., 2014). Moreover, healthcare providers' unconscious bias 
and racism have been shown to negatively impact Black patients' receipt 
of screening and follow-up care (Nolan et al., 2014). In many settings, 
lack of healthcare providers remains a major challenge. As of 2010, 49% 
of US counties lacked an obstetrician-gynecologist, and most of these 
counties were in rural areas (ACOG Committee Opinion No. 586, 2014). 
Black and Hispanic individuals are also more likely to live in commu-
nities without access to an obstetrician-gynecologist (Hung et al., 2017). 
A recent meta-analysis summarized multiple factors contributing to 
reduced cervical cancer screening access in rural areas, including 
limited availability of healthcare providers qualified for cervical 
screening, high clinician turnover, long waiting periods, inflexible clinic 
hours, and lack of transportation among others (Majid et al., 2019). 

Comorbid conditions, such as obesity, are more common in minority 
populations and can adversely affect cervical cancer outcomes. Obesity 
has been associated with increased cervical cancer incidence and mor-
tality (Bhaskaran et al., 2014; Calle et al., 2003; Clarke et al., 2018). 
Obese patients are less likely to participate in cervical cancer screening 
compared to normal weight patients, and are also less likely to be offered 
cervical cancer screening by providers (Adams et al., 1993; Maruthur 
et al., 2009; Wee et al., 2000). Providers have reported that cervical 
cancer screening and management are more challenging in obese 
compared to normal weight patients (Clarke et al., 2020), and epide-
miologic data from a large well-screened population suggest that up to 
20% of cervical cancers diagnosed in obese women may be attributed to 
missed detection and treatment of cervical precancers (Clarke et al., 
2018). In this study, there were no differences in stage at diagnosis by 
body mass index. 

2.2. Disparities across the range of cervical cancer prevention 

Underlying causes of cervical cancer disparities are multi-factorial 
and impact all steps of the process from primary and secondary pre-
vention approaches to treatment. A meta-analysis of over three million 
people in the U.S. showed that racial and ethnic minority adolescents 
were more likely to initiate the HPV vaccine, but less likely to receive all 
three doses compared to Whites (Spencer et al., 2019). While higher 
rates of HPV vaccine initiation were found among adolescents living 
below the federal poverty level, adolescents living outside of Metro-
politan Areas (Walker et al., 2019), and in the Southern U.S. have lower 
HPV vaccination rates (Centers for Disease Control and Prevention, 
2020b). While school-based vaccination programs could address some of 
these disparities, only few schools have health centers that may provide 
vaccination and children attending schools with vaccination programs 
have vaccination rates similar to the general population (Oliver et al., 
2019). 

Effective secondary prevention of cervical cancer requires 
population-based screening, timely follow-up of screen-positives, and 
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treatment of precancerous lesions. Failure at any of these steps puts 
individuals at risk of developing cancer. Lower rates of cervical 
screening are observed among certain Asian populations, Hispanics, and 
among foreign-born individuals, particularly those that immigrated to 
the U.S. within 10 years. Screening rates are also lower in women with 
lower educational attainment, and those who are uninsured (Saslow 
et al., 2012). Women in rural areas who may have limited access to 
healthcare are also less likely to be up-to-date with cervical cancer 
screening (Datta et al., 2006; Horner-Johnson et al., 2015). Healthcare 
providers play an important role in overcoming cancer prevention bar-
riers. Lack of language concordance and cultural sensitivity has been 
noted as a barrier to cervical cancer screening among Black, Hispanic, 
and rural populations (Majid et al., 2019). Provider competence and 
sensitivity is of particular importance for sexual minority populations 
(Watts et al., 2009). 

Although differences in screening may account for a large proportion 
of cervical cancer disparities, differences in receipt of follow-up diag-
nostic procedures and treatment play an important role as well. For 
example, while non-Hispanic Blacks have higher cervical cancer inci-
dence and mortality compared to non-Hispanic Whites, several studies 
have shown similar screening rates between these two groups (Eggleston 
et al., 2007; Saslow et al., 2012). In data from the Breast Cervical Cancer 
Early Detection Program, Blacks were less likely to be followed up after 
abnormal screening results compared to other racial or ethnic groups 
(Benard et al., 2005). The goal of the National Cancer Institute's 
Population-based Research to Optimize the Screening PRocess 
(PROSPR) Network is to evaluate multilevel variation in screening and 
follow-up for several cancer sites. The PROSPR Network reported that in 
a multimodal microsimulation study (Rutter et al., 2018), colposcopy 
delays led to a lower lifetime benefit of screening with 1.4% fewer 
cancers prevented at about 90 days, and that minority, lower socio-
economic status, and uninsured women are less likely to complete 
timely follow-up after an abnormal screening result (Doubeni et al., 
2018). Differences in insurance coverage may play a major role, 
particularly among low-income populations who cannot afford to pay 
out-of-pocket costs. The Affordable Care Act requires that screening for 
cervical cancer be provided without cost-sharing; however, coverage 
does not extend to diagnostic follow-up tests resulting from abnormal 
screening results, or treatment of precancer or cancer. Medicare Part B 
covers cervical cytology at no cost, but patients have to pay some, or all 
of the costs associated with diagnostic follow-up after abnormal 
screening results (U.S. Centers for Medicare & Medicaid Services., 
2021). 

Disparities in cervical cancer mortality and survival may also be 
explained by differences in cervical cancer treatment. Limited findings 
have suggested that Blacks are less likely to receive appropriate treat-
ment for cervical cancer compared to Whites. Reasons for disparities are 
multi-factorial, and include differences in the prevalence of comorbid-
ities, patient refusal, factors that influence physician recommendations, 
structural barriers such as insurance coverage, and clinical setting 
(Shavers and Brown, 2002). Differences in treatment have also been 
reported for other minorities including Hispanics and American Indians 
(Gilliland et al., 1998). Racial and ethnic differences in cervical cancer 
treatment are likely to be exacerbated in rural and other medically un-
derserved and impoverished settings (Freeman, 2005). 

3. Impact of COVID-19 on cervical screening and management, 
and potential widening of disparities 

The COVID-19 pandemic has led to a substantial reduction in pre-
ventive healthcare, including HPV vaccinations and cervical cancer 
screenings. Stay-at-home orders or advisories were implemented in a 
rolling manner throughout the spring, summer, fall and winter of 2020 
in response to waves of COVID-19 infections and hospitalizations 
(Moreland et al., 2020). Preventive services, including adolescent vac-
cinations and cancer screenings, were frequently curtailed during stay- 

at-home restrictions. Early reports suggest that HPV vaccinations 
dropped by >70% in March 2020, and HPV vaccinations remained 
25–50% below baseline levels in June, with a cumulative deficit of over 
1 million doses (Hart, 2020). Data from the Epic Health Research 
Network, which includes 60 healthcare organizations representing 306 
hospitals in 28 states covering 9.8 million patients, compared cervical 
cancer screening in January through June of 2020 to average monthly 
screening numbers in 2017–2019. Cervical cancer screening dropped by 
94% following the national emergency declaration, and even after stay- 
at-home orders were lifted, screening remained 35% below historical 
averages. An estimated 40,000 cervical cancer screenings were missed 
within this network between March and June 2020 (Mast and Munoz del 
Rio, 2020). Very limited data are available to assess the continued 
impact of COVID-19 on cancer screenings over the fall and winter of 
2020. Although COVID-19 infection rates climbed to historically high 
levels in many parts of the US during these months, elective medical 
services, including cancer screenings, often remained available. Data 
from Southern California indicate approximately 25% fewer cervical 
cancer screenings were performed from June through September 2020 
compared to previous years. These data indicate decreased utilization of 
preventive services, though the relative contributions of limited visit 
availability and patient reluctance to attend routine medical care during 
the pandemic are not clearly defined (Miller et al., 2021). Data from 
federally qualified health center systems indicates that 90% suspended 
cervical cancer screening at least once during 2020 (Fisher-Borne Prev 
Med). 

At the same time that the healthcare industry has been strained by 
caring for COVID-19 patients, it has suffered substantial financial losses, 
particularly due to reduction of elective procedures and routine care. 
The American Hospital Association estimates the total losses to hospitals 
and health systems in 2020 exceeded $323.1 billion (Tribble, 2020). 
Revenue loss has led to reductions in the clinical workforce, which, 
combined with workplace safety requirements, has led to limited 
appointment availability for cervical cancer screening. Early in the 
pandemic, reductions in volume of outpatient and elective procedures 
resulted in furloughs, layoffs, and closures of medical practices (Rubin, 
2020). Approximately 1.5 million healthcare jobs were temporarily 
terminated in March and April, and while many services have returned, 
the healthcare industry employed 527,000 fewer people in November 
2020 than in February 2020 (Bureau of Labor Statistics, 2021). Many 
layoffs and furloughs were concentrated among nurses, case workers, 
and other staff, and less frequently included physicians (Song et al., 
2020). Pandemic-related changes led to an estimated loss of approxi-
mately 20,000 medical practices across the US (The Physicians Foun-
dation, 2020). Among medical practices that remain open, workplace 
safety requirements for personal protective equipment and physical 
distancing limit the numbers of in-person visits that can be offered each 
day (Centers for Disease Control and Prevention, 2020a). On average 
during the pandemic, in-person clinic visit volume was reduced by 44% 
across practices, and 60–80% of tests or procedures were deferred (Song 
et al., 2020). As of November 2020, clinicians report that patient and 
procedure volumes remain 30% below pandemic levels, which has led to 
closure or merger of 7% of medical practices (Primary Care Collabora-
tive, 2020). 

Patient fears of presenting for medical care also play a role in the 
reduction of elective health services. Early in the pandemic, as emer-
gency rooms filled with COVID patients, overall emergency room visits 
decreased as patients with other conditions remained at home (Fran-
chini et al., 2020). This led to more severe presentations of life- 
threatening conditions, including cardiac arrests, appendicitis, and 
cancer (Baldi and Savastano, 2020; Sutcuoglu et al., 2020; Wang et al., 
2020). While the impact of patient fears on cervical cancer screenings 
are not well documented, data on other elective services indicated that 
approximately half of patients may choose to delay care (Chang et al., 
2020). A national survey of 1114 patients indicated that 40% of patients 
delayed care due to financial barriers including lack of insurance, high 
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co-payments or deductibles, and depletion of health savings accounts 
(Rubin, 2020). An additional 25% of patients reported staying home “so 
as not to be a bother” to their physicians as they assumed primary care 
practices were overwhelmed with COVID patients. Physicians are 
beginning to see the negative impact of foregoing care. A survey of 580 
primary care clinicians conducted in October 2020 found that a majority 
noted worsened health burdens among their patients due to delaying 
care (Primary Care Collaborative, 2020). Delays in accessing care may 
be particularly exacerbated in communities with high burdens of 
COVID-19. 

Individuals who are most affected by the pandemic are likely to be 
those who already experience social and healthcare-related inequities. 
These inequities disproportionately affect minority and low-income 
communities. Like cervical cancer, COVID-19 incidence and mortality 
are highest among low-income and rural communities, as well as Black, 
indigenous, and people of color (Moore et al., 2020). Pandemic-related 
disruptions in preventive services may widen existing cancer disparities 
(Ku and Brantley, 2020; Singh and Jemal, 2017). For example, poverty 
has been exacerbated by the pandemic, with 5.7 million more Americans 
unemployed in December 2020 compared to February 2020 (Bureau of 
Labor Statistics, 2021). Unemployment rates and income losses have 
been widespread, and most pronounced among Blacks, Hispanics, and 
Asians, as well as those with less than a high school degree. 

Individuals living in rural communities also face distinct challenges 
during the COVID-19 pandemic that may put them at increased risk for 
developing cervical cancer. Rural women were more likely to face 
financial barriers to gynecologic care prior to the pandemic (ACOG 
Committee Opinion No. 586, 2014), and the rural unemployment rate in 
June 2020 remained nearly double that of February 2020 (Housing 
Assistance Council, 2020). In addition, rural communities were already 
suffering from hospital closures and lack of gynecologic care access prior 
to the pandemic, which were compounded by recent COVID-19-related 
closures and personnel layoffs (Melvin et al., 2020). 

Further, comorbidities like obesity, a newly recognized cervical 
cancer disparity (Clarke et al., 2018), increases the risk of severe illness 
and death from COVID-19 infection and is more common in Non- 
Hispanic Black and Hispanic individuals, and rural communities. 

4. Impact of delays in cervical screening and management on 
cervical cancer rates 

A major concern regarding delays in cervical screening, manage-
ment, and treatment is that precancers are not detected, or are not 
adequately treated, and may progress to invasive cancer. However, it 
will take some time to directly observe the impact of pandemic-related 
care disruptions on various health outcomes, including cancer 
incidence. 

In lieu of directly observed data, analyses based on disease models 
can provide immediate estimates of the impact that COVID-19 has on 
delays (defined as complete disruption of services) of cervical screening 
and resulting cervical cancer cases. A comparative model-based analysis 
using three independent NCI Cancer Intervention and Surveillance 
Modeling Network (CISNET)-cervical models consistently showed that 
COVID-19-related disruptions would result in a small net increase in 
cervical cancer cases by 2027 (Burger et al., 2020). The estimated in-
crease is greater for women screened with cytology alone compared to 
co-testing. Most of the additional cervical cancer cases would occur due 
to disruptions in surveillance, colposcopies, or excisional treatment 
rather than extended intervals in primary screening. According to the 
models, delays in screening will only have a small effect on stage at 
cervical cancer diagnosis. The increase in cancer incidence directly re-
lates to the length of the care delays. While a 6-month delay would lead 
to an increase of 5 cancer cases per 1 million women screened (74% 
related to delays in post-screening care), a 24-month delay would lead to 
an increase of 38 cancer cases per 1 million women screening (42% 
related to delays in post-screening care). These estimates demonstrate 

that, in the setting of limited in person appointments, providing man-
agement and treatment for women with abnormal screening results is a 
high priority while screening can be safely deferred for several months 
among women with a previous negative HPV tests or co-tests. 

5. Lessons from the pandemic: How to improve resilience and 
equity in cervical cancer screening 

The COVID-19 pandemic has led to delays of care due to disruption 
of health services, social distancing measures, and financial and social 
hardships affecting large parts of the population. Underserved pop-
ulations are disproportionally affected by these factors and it is expected 
that cervical cancer disparities will be further exacerbated without 
focused mitigation efforts. Addressing cervical cancer disparities has 
long been a focus of several areas of research. Some important de-
velopments described in the following sections can improve resilience of 
cervical screening programs and increase health equity. Many of these 
developments were underway before the pandemic and it is important to 
continue to pursue and accelerate these efforts because they can 
immediately improve access to high-quality screening, follow-up, and 
treatment (Table 1). 

The President's Cancer Panel launched an effort to evaluate the 
impact of the pandemic on breast, cervical, colorectal, and lung cancer 
screening. Stakeholder meetings on cervical cancer screening identified 
several priorities to mitigate the pandemic's effects on cervical screening 
(President’s Cancer Panel, 2020). A critical tool for rapidly addressing 
missed cervical cancer screenings will be implementing HPV-based 
screening and self-sampling, since HPV self-sampling can extend the 
reach of screening and provides an alternative to clinic or office visits 
during the pandemic. Risk-based management can be used to prioritize 
clinical management of individuals at highest risk of cancer, while 
delaying clinic visits in those at low risk. Developing infrastructure and 
access to telehealth can improve and extend availability of high-quality 
cancer screening via HPV self-sampling while reducing clinic volumes 
and risk of SARS-CoV-2 exposure. 

5.1. HPV-based screening and self-sampling 

Two approaches to HPV screening are currently recommended in the 
US, HPV-cytology co-testing and screening using HPV alone (Curry 
et al., 2018; Fontham et al., 2020). Both co-testing and HPV alone 
provide greater long-term reassurance against risk of cervical cancer 
compared to cytology and thus can be used to extend screening intervals 
in women testing negative, reducing the overall number of in-person 
interactions during the COVID-19 pandemic and beyond. The reassur-
ance of a negative HPV test is very similar to that of a negative co-test 
(Gage et al., 2014; Wentzensen and Clarke, 2021). It is important to 
note that adding cytology to HPV testing leads to a very limited increase 
of sensitivity at the cost of much higher test positivity which can lead to 
unnecessary repeat testing, colposcopies, and treatment, especially if 
clinicians are using older management guidelines. 

An important benefit of HPV-alone testing is that, unlike cytology or 
co-testing, it can be performed on self-collected samples, providing a 
safe and effective alternative to clinic-based screening. Large meta- 
analyses have demonstrated similar accuracy of PCR-based HPV 
testing from self-collected and clinician-collected samples (Arbyn et al., 
2018). HPV self-sampling is part of international organized screening 
programs to increase participation of non-responders (Polman et al., 
2019; Saville et al., 2018). Offering self-sampling can ensure the 
continuation of cervical cancer screening during the COVID-19 
pandemic without compromising safety and efficacy. HPV self- 
sampling also provides a mechanism for clinics to address backlogs of 
patients needing screening in settings where visit volume may be con-
strained even after the immediate threat of the pandemic has passed. 
Moreover, self-sampling has the potential to expand screening coverage 
to underscreened and unscreened populations that currently, as a result 
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of the pandemic or otherwise, face barriers related to access to care. 
Expediting introduction of HPV self-sampling in the U.S. is important to 
avoid widening cancer disparities. While HPV self-sampling could 
rapidly expand cervical cancer screening without requiring in-person 
services, it does not address any barriers to screening related to 
coverage by health insurance or local/federal programs. 

HPV-positive individuals represent approximately 10% of the 
screening population, therefore self-sampling can reduce the number of 
patients requiring in-person visits by 90% compared to a screening 
system based on provider-collected specimens. An important focus of 
research is on finding triage markers that can be evaluated in self- 
collected specimens. Current triage relies on cytology, which requires 
a provider-collected specimen. New technologies like host and viral 
methylation have shown promise as alternative triage strategies that can 
be tested from self-collected primary screening samples. 

Currently, there are notable disparities regarding screening ap-
proaches offered to different populations. Black and Hispanic women 
are more likely than white women to be screened with cervical cytology 
alone than with HPV alone or co-testing (MacLaughlin et al., 2019). 
Since a negative cervical cytology result provides less reassurance 
against the development of cancer than HPV testing or co-testing (Castle 
et al., 2018), screening needs to be repeated more often to provide 
equivalent protection (Curry et al., 2018). Thus, screening with cervical 
cytology alone may increase risk of cancer development when screening 
is disrupted like during the COVID pandemic. Increased use of HPV 
testing in screening among patients with limited screening access will 
help identify patients at risk for cancer who require more frequent 
screening, allowing scarce resources to be focused on those most at risk. 

5.2. Risk-based screening and management 

Several new guidelines for cervical cancer screening and manage-
ment of abnormal results were released between 2018 and 2020, 
including revised screening guidelines (Curry et al., 2018; Fontham 
et al., 2020) and updated management guidelines (Perkins et al., 2020). 
Screening with HPV testing alone was recommended as an option for 
screening by the US Preventive Services Task Force in 2018 (Curry et al., 
2018), and as the preferred option for screening by the American Cancer 
Society in 2020 (Fontham et al., 2020). The 2019 consensus guidelines 
for managing abnormal cervical cancer screening tests represent a major 
transition from algorithm-based guidelines to a risk-based approach. 
Patients are managed based on risk estimates derived from their current 
screening results and past history of normal or abnormal HPV test re-
sults, cytologic, and histologic findings. The guidelines use risk 

estimates derived from large screening studies and clinical action 
thresholds that are set by expert consensus to recommend that patients 
undergo treatment, colposcopy, follow-up at 1- or 3-year intervals, or 
return to routine screening at 5-year intervals. The new management 
guidelines are designed to streamline care, which can benefit patients 
during the pandemic. The guidelines focus on HPV testing as a mainstay 
of screening and management. Risk-based management recommenda-
tions can expedite diagnosis and treatment for high-risk patients, while 
decreasing unnecessary procedures for low-risk patients (Perkins et al., 
2020). 

Risk-based guidelines can be used to determine which patients 
should be prioritized for care, which is critical to avoid delays in diag-
nosis among patients at highest risk for precancer and cancer, reduce the 
number of in-person visits among lower-risk patients to limit SARS-CoV- 
2 exposure, and to address the limited capacity for elective health ser-
vices during the pandemic (Fig. 1). The 2019 risk-based management 
guidelines provide individualized, precise estimates of the likelihood of 
precancer (Egemen et al., 2020). Applying these guidelines streamlines 
care and minimizes in person visits while maximizing cancer prevention. 
Examples include setting a risk threshold for providing in person care, 
where high-risk patients in follow-up for abnormalities are seen, but 
low-risk patients participating in routine screening are deferred, or 
creating an ordered list of patients, from highest to lowest risk, to 
determine prioritization of in person visits. The risk threshold for 
inviting patients to in-person screening and management can be adapted 
based on the community risk of acquiring SARS-CoV-2 infections, which 
can rapidly change. Frequent change of address is an issue with some 
hard-to-reach populations. Some of the difficulties with obtaining 
adequate follow-up in these circumstances may be mitigated by com-
munity navigators (Nelson et al., 2020). 

5.3. Telehealth 

Telehealth fills a crucial need for healthcare provision during the 
pandemic, and there may be important roles for telehealth in future 
clinical care (Monaghesh and Hajizadeh, 2020). Though telehealth has 
been in use for several years, laws requiring that patients and providers 
be in the same state or in specific clinical locations as well as lack of 
adequate reimbursement have inhibited adoption (Smith et al., 2020). 
During the pandemic, widespread restrictions of in-person services led 
to a rapid rise in telehealth. A survey conducted in May 2020 found that 
approximately 70% of patients were comfortable with phone or video 
visits, while 14% reported technology issues such as limited data plans, 
and 14% preferred in person visits (Primary Care Collaborative, 2020). 

Table 1 
Opportunities to improve resilience in cervical screening and management with a focus on disruptions caused by the pandemic.  

Measure General characteristics Utility during pandemic Current availability Requirements 

HPV screening Compared to cytology, better 
reassurance for screen- 
negatives; allows safely 
extending intervals 

Patients with a history of negative 
HPV screens can safely delay 
screening visits for several months 

HPV screening is recommended by 
major guidelines organizations 

More widespread adoption of HPV 
screening is needed for underserved 
populations 

Self-sampling for 
HPV screening 

Extends screening coverage; 
extends range of providers who 
can offer screening 

Reduces need to attend in person 
clinic visits, reduces need for patient- 
provider physical contact; can be 
supported by telehealth 

When using PCR-based tests, self- 
sampling is equivalent to provider 
sampling; self-sampling is part of 
some international screening 
programs 

Regulatory approval is needed; 
implementation will require access to self- 
sampling kits; systems for returning 
samples and ensuring follow up after 
abnormal results 

Risk-based 
screening and 
management 

Better allocation of services 
based on risk; improved 
detection of precancer while 
reducing unnecessary 
colposcopies 

Safely reduce clinic visits among 
lowest risk group; prioritize services 
for highest risk groups 

Risk-based screening and 
management guidelines have been 
widely endorsed in the US 

Risk-based screening and management 
needs to be widely adopted; widespread 
access to health decision support tools will 
facilitate adoption 

Telehealth Extends reach of consultations; 
increases convenience of clinic 
visits; increases access to 
specialty consultation 

Allows consultations without COVID 
exposure; reduces need to attend 
clinics, patient- provider contact; 
allows to identify patients who do 
require in person visits 

Telehealth availability is 
increasing; is currently reimbursed 
in the US comparable to in-person 
visits due to special pandemic- 
related legislation 

Coverage of both audio and video visits is 
necessary to provide equity to those with 
limited internet access/data plans and 
limited technology skills; extension of 
insurance coverage beyond the pandemic 
will encourage expansion and innovation  
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Telehealth has been proposed as a means to improve rural patient 
healthcare access and care quality (Greenwood-Ericksen and Findley, 
2020). However, a national survey of employer-based insurance noted a 
higher use of in-person and lower use of telemedicine in areas with 
lower income and higher proportions of Black and Hispanic residents 
(Eberly et al., 2020), indicating potential challenges to adoption in some 
communities. 

Telehealth has particular relevance to cervical cancer screening. Self- 
collected HPV samples can facilitate continued screening during care 
disruptions and can also be used to accelerate catch-up screening as we 
move out of pandemic-related crisis care. Patients can be supported via 
telehealth to collect self-samples safely in their homes, and screening 
results can be discussed in subsequent virtual visits. This will reserve the 
limited in person visits for those needing colposcopy or treatment. Data 
examining cancer screening in federally qualified health center pop-
ulations during the COVID pandemic found substantial disruptions to 
cervical, breast, and lung cancer screening, but fewer disruptions to 
colon cancer screening using at home fecal immunochemical testing 
(Fisher-Borne Prev Med). Continuation of legislation and reimburse-
ment policies that facilitate telemedicine beyond the COVID pandemic 
are needed to expand telemedicine infrastructure and clinician training 
in best practices around delivery of these services (Rubin, 2020). Tele-
health policies should include support of audio-only as well as video 
visits and ensure adequate broadband coverage to maintain access 
among certain groups including the elderly, low-income, Black and 
Hispanic populations (Hirko et al., 2020). 

6. Conclusion 

The COVID-19 pandemic has presented major challenges to societies 
world-wide, with health systems particularly affected. Evaluation and 
treatment of COVID patients combined with the need to reduce clinical 
services to comply with social distancing measures has led to major 
temporary reductions of elective health services. In many places, stresses 
on healthcare systems have further exposed inefficiencies, lack of 
healthcare access, and health disparities. Implementation of healthcare 
strategies is more challenging in the US system, which is decentralized 
and screens opportunistically, compared to organized screening pro-
grams. Important factors that could improve implementation include 
uniform guidelines that are supported by professional societies, and 
reimbursement that is tied to providing care according to guidelines. 

The COVID-19 pandemic may not be our worst or only pandemic this 
century. It is important to learn from the current experience and build 
resilience into cervical cancer prevention systems to minimize the im-
pacts of future disruptions in care (Steben et al., 2020). Knowledge of 

HPV natural history and carcinogenesis form the scientific underpinning 
of a functional, resilient system (Schiffman, 1994). One key component 
of this system will be ensuring access to screening with HPV testing for 
all eligible individuals. A negative screen using HPV testing is associated 
with a lower risk of developing precancer or cancer over the next 5–10 
years compared to cytology alone and allows to safely delay screening in 
individuals with previously negative screening results for some time. 
Maximizing screening participation and ensuring follow-up of abnormal 
results are crucial to reducing cervical cancer rates overall as well as 
disparities related to income, location, and race/ethnicity (Castle et al., 
2017; Musselwhite et al., 2016). HPV self-sampling obviates the need for 
an in person visit and can be safely continued during disruptions of in- 
person care (Cohen et al., 2020) and to facilitate catch-up of missed 
screenings. When screening results are abnormal, risk-based manage-
ment guidelines are designed to expedite diagnosis and treatment for 
high-risk patients while reducing unnecessary procedures in low-risk 
patients (Perkins et al., 2020). When in-person care is limited, risk- 
based management can identify both high-risk patients who need in- 
person services and low-risk patients who can safely defer in-person 
care. Therefore, facilitating transition to newer, more efficient guide-
lines is crucial when developing prevention systems that are resilient to 
future disruptions in care. 
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