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ABSTRACT

Cancer screening programs from majority of the low- and middle-income countries (LMICs) report screening
coverage as the only performance indicator, and that too measured through population-based sample surveys.
Such information is unreliable and has very little value in assessing programmatic quality and impact. Regular
monitoring of key process and outcome indicators based on data collected through a robust information system is
essential to ensure quality of a screening programme. Fragmented health systems, limited resources and absence
of a culture of systematic evaluation are the major hindrances for most of the LMICs to build electronic infor-
mation systems to manage screening. The COVID-19 pandemic has created an impetus for the countries to
customize the freely available District Health Information Software (DHIS2) to collect electronic data to track the
outbreaks and manage containment measures. In the present article we present Bangladesh as an exemplar LMIC
that has a (DHIS2) based integrated health information system gradually upgraded to collect individual data of
the participants to the national cervical cancer screening program. Such efforts paid rich dividends as the
screening program was switched from opportunistic to a population-based one. Moreover, the electronic system
could report impact of the pandemic on cancer screening on a monthly basis. The aggregate number of women
screened in the year 2020 was 14.1% less compared to 2019. The monthly rate of screening during peak of the
outbreak was only 5.1% of the previous year. The rate rapidly recovered as the program intensified screening in
the hard-to-reach regions less affected by the pandemic and expanded the outreach services. Other LMICs may
emulate Bangladesh example. Customizing the information system developed for pandemic surveillance to
collect cancer screening data will help them build back the screening programs better.

1. Introduction

United Kingdom (UK) cancer screening programs were suspended in
March 2020. As a result, the screening invitations could not be sent on

The coronavirus 2019 (COVID-19) induced health crisis slowed
down or even suspended cancer screening activities in many countries
and also deferred subsequent diagnostic and treatment services. Only a
few high-income countries with effective screening registries have re-
ported impact of the pandemic on cancer screening activities with
quantitative estimates. Australian Breast cancer screening registry
indicated that around 145,000 fewer screening mammograms were
performed in January to June 2020 compared to the same period in
2018 (AIHW, 2020). The mid-June volumes of breast, colorectal and
cervical cancer screening in Australia in 2020 remained 29%-36% lower
than their pre-COVID-19 rates (Mast and Munoz del Rio, 2020). In the

time to nearly 3 million eligible people, creating a huge backlog. A 90%
drop in the monthly number of colonoscopies was reported from the UK
in April 2020 with a very significant increase in the colonoscopy waiting
time by August 2020 (Greenwood and Swanton, 2021).

Very little is known about the impact of COVID-19 on cancer
screening program in the low and middle income countries (LMICs),
essentially because of the limited capability of the programs to collect
data systematically. A recently published survey among the cancer
screening program managers from 17 countries reported that screening
was suspended for 30 days or longer in 13 (76.5%) countries and
diagnostic services for the screen positives were suspended in nearly half
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(N = 9; 52.9%) of them (Villain et al., 2021). Compared to the pre-
COVID days, the volume of cancer screening during August to
September 2020 (when the survey was performed) was reported to be
reduced by more than half by 11 of the 18 program managers. However,
this information was only based on their perceptions and not backed by
any real data. Ten participants expressed their intention to measure the
impact of COVID on cancer screening more objectively. However, they
were too busy mitigating the impact of the pandemic and all of them
except one did not consider publishing such data as their immediate
priority.

Cancer screening is a complex and resource-intensive public health
initiative. Population-based screening significantly reduces mortality
from breast, cervical, colorectal and lung cancers, when delivered
within the framework of an organized program (Jansen et al., 2020;
Zielonke et al., 2020; Fitzpatrick-Lewis et al., 2016). The benefits of
screening (including saving of resources) for these selected cancers
clearly outweigh the possible harms so long as quality is assured across
the entire continuum of services. Quality assurance of a screening pro-
gram requires systematic data collection from different service delivery
points to estimate the key performance indicators (KPIs).

In the present review article, we describe the pivotal role of
screening registries in implementing cancer screening programmes and
how the COVID-19 pandemic has created an opportunity for the LMICs
to build screening registries by leveraging the investments made to
improve electronic health information systems to monitor the outbreaks.
We have presented as a case study, how Bangladesh initiated the process
of building a screening registry to manage their national cervical cancer
screening programme in the pre-pandemic years, and used the same to
objectively assess the impact of the pandemic on the programme.

2. Role of cancer screening registry
2.1. Definition & organization of screening registry

Cancer screening registry is a team or an organization that collects,
utilizes and stores individual data in a centralized manner across the
screening process to be used for program implementation as well as
quality assurance (Anttila et al., 2015; Majek et al., 2019). The elec-
tronic database (also known as screening register) records contact and
demographic information of the participants, screening test results,
clinico-pathological information, and assigns a unique identifier to each
individual. A fully functional screening register collecting individual
level data can assess the process indicators (e.g., participation rate,
screen positivity, participation rate to further assessment etc.), outcome
indicators (e.g., precancer or cancer detection rates, positive predictive
value etc.) and impact (e.g., downstaging of cancers, mortality reduc-
tion). Linkage to other databases is essential to fulfill the greatest po-
tential of a screening register. Such databases may be a population
register to identify the eligible population and send individual in-
vitations or a population-based cancer registry (PBCR) to track the dis-
ease and/or mortality endpoints (Vale et al., 2019).

2.2. Challenges in establishing a screening registry

Though screening registry has a pivotal role in screening program
management and quality assurance, establishing such a facility requires
considerable organization of health systems. Significant investments are
needed to develop the electronic system and establish robust linkages
between the different service delivery points. Ideally, at least 10% of the
program budget should be allocated to implement quality assurance,
and a significant portion should be invested to support the screening
registry (Perry et al., 2013). The expenditure is likely to be higher in the
initial years. The information system needs to be compliant with na-
tional regulations and adequately address issues related to data privacy
and security. Because of all these challenges, utilization of screening
registries for program management has remained limited to the higher
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resourced countries.
3. Screening registries in limited resourced settings
3.1. Sub-optimal coverage and quality of cancer screening in the LMICs

Even though cancer screening is widely practiced in the LMICs, the
coverage and quality of screening services are highly variable and often
sub-optimal. Out of the 177 countries participating in a survey con-
ducted by the World Health Organization (WHO) in the year 2015, 76%
claimed to have breast cancer screening programs, and 79% to have
cervical cancer screening programs (WHO, 2015). Less than 10%
coverage for breast cancer screening was reported by 25% of the low-
income countries. Nearly half of the low-income countries reported
less than 10% coverage for cervical cancer. Many of the LMICs claiming
to have a screening program did not even have an operational action
plan or funding earmarked for implementation- the basic necessities to
deliver quality-assured screening. The 90-70-90 global target (90% of
the adolescent girls vaccinated against human Papillomavirus, 70% of
the age-eligible women screened with a high-performance test and 90%
of the precancers and cancers appropriately managed) stipulated by the
WHO for the year 2030 to eliminate cervical cancer underscores the
need to improve cancer screening in the LMICs, both in coverage and
quality (WHO, 2020a).

3.2. Lack of screening registry as a major obstacle to evaluate
programmes in the LMICs

Little efforts have been made till date to set up screening registries to
improve the organization and quality of cancer screening in the LMICs
and to monitor performance of the programmes. The performance in-
dicator that is ever reported from these countries is screening coverage,
which is almost always based on population surveys, and has poor
reliability (Gakidou et al., 2008). The WHO STEP survey performed on a
regular basis in each country aims to estimate cervical cancer screening
coverage by asking every adult woman whether she has had a screening
test for cervical cancer ever (WHO, 2021a). Accuracy of such self-
reported information is very much dependent on the literacy status of
the woman interviewed and her understanding of the screening process
and is subject to memory bias. Moreover, screening coverage alone has
very little value in understanding the performance and quality of a
program. For example, Brazil has been reporting a cervical cancer
screening coverage around 70% for many years without any appreciable
decline in cervical cancer mortality being observed in the country (Basu
et al., 2020). It is crucial to monitor other process and outcome in-
dicators of quality mentioned earlier, to ensure that the screening per-
formance is of adequate standard.

Some of the LMICs with relatively better organization of screening
program routinely maintains paper-based records and use them to
collect aggregate data periodically. The Ministry of Health of Morocco
successfully evaluated the opportunistic breast cancer screening pro-
gram in the country to demonstrate a reasonably high coverage of 63%
in the year 2015 (Basu et al., 2018). However, paper-based records and
collection of aggregate data do not permit tracking of the screen-positive
individuals to ensure their compliance to further management - a key
advantage of a screening registry maintaining individual records. The
low compliance (only 34%) of the screen-positive women to undergo
further assessment was responsible for the low detection rate of breast
cancers in the Moroccan program. Systematic collection and reporting of
individual data through a screening registry is essential to implement
and manage a screening program efficiently. Lack of a programmatic
mandate to implement quality assurance, fragmented health services
and non-availability of dedicated resources are the major hindrances for
the LMICs to establish screening registries.
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3.3. Learning from other health programmes

The culture of using digital technologies and mobile communications
to manage health programs is gradually being adopted by the resource-
constrained countries in the recent years. Increasing number of LMICs
are using individual-level electronic immunization registries (EIRs) to
replace the paper-based aggregate reporting systems for vaccination
programs or are adopting mHealth solutions on a range of maternal and
child health outcomes (Dolan et al., 2019; Feroz et al., 2017). It is time to
consider using similar technologies in managing and monitoring cancer
screening programs as well. The COVID-19 pandemic has created op-
portunities for translating several pandemic-control measures to the
benefit of cancer control; the investments made to improve health in-
formation systems is one such opportunity to be leveraged to build
screening registries in the LMICs (Ginsburg et al., 2021).

4. Customization of COVID-19 surveillance system for cancer
screening

4.1. Most LMICs have invested to build electronic surveillance system for
COVID

Despite the health systems worldwide being overwhelmed by the
COVID-19 outbreaks, the LMICs have shown great capacity to adapt and
transform in response to the pandemic with tailored and innovative
solutions and engaged communities (El Bcheraoui et al., 2020). Recog-
nizing that strengthening the health system would be as important as
focusing on vaccine, diagnostics and therapeutics to combat the
pandemic, most of the LMICs have made significant vertical investments
to improve health infrastructure and workforce, including that needed
for disease surveillance (Usher, 2021). A COVID-19 reporting and
monitoring system was rapidly set up at national and sub-national
levels, since collecting data on real-time basis was crucial to monitor
the outbreaks and provide valuable information for policy formulation,
evaluation and adjustment. The information system built within a short
period of time in resource constrained settings has already proven its
success in disease tracking and subsequent implementation of risk-
stratified isolation measures (Nachega et al., 2020).

4.2. Adopting COVID surveillance systems to set up screening registry

The experience and expertise to set up the COVID-19 surveillance
system may be applied to other health programs like monitoring cancer
screening. Mobile phone applications (apps) were successfully inte-
grated with electronic COVID-19 databases in the LMICs to collect and
utilize individual data for outbreak monitoring - a technology worth
exploring to set up cancer screening information system (Verhagen
et al., 2020). Recent data shows that cell phone penetration in the LMICs
has exceeded 90% and the mobile internet connectivity is around 40%,
and both the numbers are rising (Feroz et al., 2020). The vital records
systems have been strengthened in many LMICs to allow people register
births and deaths through smartphones during the outbreaks — a
development that can also be of great benefit to future screening reg-
istries in these countries (BBC News, 2021). It is not at all uncommon to
utilize the infrastructure created in response to a single disease for
broader health gains. Utilization of the GeneXpert platforms originally
procured for point-of-care tuberculosis testing to test for SARS-CoV-2
virus in many African nations is one such example. The governance
structure, surveillance capabilities and workforce created to fight Ebola
virus disease in DPR Congo were successfully applied in response to
COVID-19 (WHO, 2020b).

Many of the LMICs (e.g., Rwanda, Nigeria, Ethiopia, China, India)
developed their own system of collecting electronic data to track COVID-
19 and disseminating them publicly (RBC, 2021; NCDC, 2021; EPHI,
2021; COVID 19 India, 2021). The WHO supported many limited
resourced countries to strengthen their respective pandemic tracking
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and vaccine delivery systems by customizing the District Health Infor-
mation Software (DHIS2), a web-based health information system
originally developed by the University of Oslo, Norway (DHIS2, 2021;
WHO, 2021b). More than 73 LMICs worldwide already use this open-
source and free of charge integrated digital solution for collecting and
managing data from multiple health programs like HIV or tuberculosis
control, immunization, maternal and child health, adolescent health etc.
(WHO, 2021c¢). Similar customization of the software is feasible to
capture and manage cancer screening data. In fact, the “WHO cervical
cancer toolkit” (published in 2019) recommended using the (DHIS2)
platform to manage cervical cancer screening data, though the real-
world usage of (DHIS2) for this purpose has been very limited (WHO,
2019).

5. Customization of (DHIS2) to collect cancer screening data —
Bangladesh experience

Bangladesh launched the cervical cancer screening program in 2005
as a pilot and gradually scaled up the opportunistic program to all 64
districts by 2010 (Bhatla et al., 2021). In the year 2019, total 387,719
women aged between 30 and 60 years were screened with visual in-
spection with acetic acid (VIA) test and 4.1% of them tested positive.
The positive women are referred to any of the 25 colposcopy centers
across the country., The colposcopy clinic at the Bangabandhu Sheikh
Mujib Medical University (BSMMU) in Dhaka is the largest of all,
receiving around a quarter of all referrals generated across the country.

Bangladesh is one the few LMICs to take advantage of the freely
available software to build a national cancer screening information
system, and by doing so the country is in a position to measure the
impact of COVID-19 on cancer screening program. Tackling the
pandemic was an impetus for the national Government to ensure that
the last mile health facilities are covered by the new health information
system, which directly benefitted the screening program.

Supported by the United Nations International Children's Emergency
Fund (UNICEF), the Government of Bangladesh launched an initiative in
2010 to transition from paper-based system to the (DHIS2) platform to
collect and utilize routine health data from more than 13,000 commu-
nity health clinics spread across primary and secondary levels. By 2019
Bangladesh became the largest (DHIS2) deployer in the world, with 98%
of public health facilities covered by the new information system
(DGHS, 2021). A dedicated (DHIS2) module was developed to manage
data from the national cervical cancer screening program. A training of
trainers programs was introduced to train large number of data man-
agers on a continued basis. The system is being utilized to collect
aggregate cancer screening performance data (number of women
screened, number of women screened outside target age, screen posi-
tivity, treatment rate) on monthly basis from health facilities since 2013
(National Cervical and Breast Cancer Surveillance System, 2021; Nessa,
2018).

Bangladesh launched a pilot project in each division (region) of the
country in 2018 to switch from opportunistic to population-based cancer
screening. As part of the initiative, the (DHIS2) system was upgraded to
collect individual data. The unique number issued to every citizen by the
national Government is used as the unique identifier. The community
health workers (female welfare assistants or female health volunteers)
identify the eligible women through home visits, collect their address
and contact details in paper forms and invite them to be screened. The
data collected by the community workers is transferred to the online
system from the paper forms at the community clinics. Screening is
performed at the community clinics and the test results are also entered
in the same system. The information system has enabled the community
clinics to track the women non-compliant to screening. The pandemic
was an impetus for the Government to expand the information system to
the most distant primary care facilities, thus ensuring coverage of
maximum number of the population. This greatly benefitted the
screening programme as well. Further development of the system to link
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the colposcopy centers was initiated in 2019-20 but got delayed due to
the pandemic. The colposcopy clinic at BSMMU maintains its own
computerized record system and will continue to do so till the center is
linked to the (DHIS2) system in the near future.

6. COVID-19 impact on cervical cancer screening programme in
Bangladesh

6.1. Impact on cervical cancer screening

A nationwide lockdown was announced by the Government of
Bangladesh from 23 March to 30 May 2020. During this period both
screening and diagnostic services were suspended. We reviewed the
number of women undergoing screening at all the eight divisions of the
country by months for the calendar years 2018, 2019 and 2020.
Compared to the year 2018, the overall number of women screened was
3.3% higher in 2019 with variations ranging between —9.4% and +
10.1% across different divisions (Fig. 1). The aggregate number of
women screened in the year 2020 was 14.1% less compared to 2019. The
most significant decrease was noted in Dhaka (25.3%) and Chattogram
(37.7%) divisions, which were worst affected by the pandemic with
highest number of deaths in the country. The restrictions in movement
and limited access to the health facilities in these divisions continued
well beyond the formal withdrawal of the lockdown. The divisions in the
northern part of the country reported a significant overall increase in the
total number of women screened in 2020 compared to the previous year
due to two reasons. Firstly, the outbreaks were less severe in this pre-
dominantly rural region with many hard-to-reach areas. Secondly, the
program used campaign modes to screen large number of women in a
day at outreach clinics in the post-lockdown phase. The women
preferred to attend these special clinics organized close to their door-
steps rather than visiting regular health facilities. The community
mobilization efforts were intensified through the community workers in
the campaign areas. A change in the protocol for managing the VIA
positive women was made to incorporate ‘screen and treat’ approach.
The strategic decision to adopt single visit approach significantly
reduced the number of referrals to the colposcopy clinics. The (DHIS2)
system was able to capture data from all the outreach clinics.

The impact of the pandemic on monthly number of women screened
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compared to the previous years (2018 and 2019) is shown in Fig. 2. The
number of women screened during the pre-COVID months (January and
February) of 2020 was significantly higher compared to the previous
two years. This was because of increasing adoption of population-based
approach, in which the eligible women were systematically invited by
the community health workers to attend screening. There was a signif-
icant drop in the monthly number of women undergoing screening after
the COVID-19 outbreaks started in March and lockdown was imposed.
The number of women screened in April 2020 was only 5.1% of the total
number of women screened in the same month in the previous year. A
gradual recovery in the number of women screened was observed since
July 2020. Increase in the number of COVID infections in certain regions
in November 2021 again led to a downward trend in the number of
women screened in the subsequent month. The VIA positivity in the year
2020 ranged between 2.2% and 4.7% across the divisions, which was
not significantly different from that observed in earlier years (e.g., 3.3%
to 5.4% in 2019).

6.2. Impact on referral of screen-positive women

The number of screen-positive women undergoing colposcopy at
BSMMU colposcopy clinic also showed a drastic decline following the
announcement of lockdown (Table 1). Overall, the number of patients
undergoing colposcopy (first visit after a positive screening test) drop-
ped by 27% in 2020 compared to the previous year. A reduction in
referral to colposcopy was seen across all the divisions, ranging from
18% to 60%. The worst impact was seen during the period of May to
August 2020 as screening was drastically reduced in the previous
quarter due to lockdown.

7. Conclusions

Although the COVID-19 pandemic induced a significant decrease in
the number of screening tests, this effect was predominantly observed
during the lockdown period with a rapid recovery up to the level of the
previous years (2018 and 2019) in terms of the monthly number of
screening tests after four months. A short disruption in cervical cancer
screening should not lead to a significant increase of cervical cancer
incidence since the screening program is aimed at detecting
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Fig. 1. Number of women screened for cervical cancer in three consecutive years (2018,2019 and 2020) in different divisions of Bangladesh. The map shows
percentage change in the number of women screened between 2018 and 2019, and 2019 and 2020.

[* Percentage change in 2019 compared to 2018 (shown in blue). ** Percentage change in 2020 compared to 2019 (shown in red)]. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Number of women screened for cervical cancer in Bangladesh by months in 2018, 2019 and 2020; the bars show the number of COVID-19 cases detected by

months in 2020.

Table 1

Number of screen positive women referred from different divisions of
Bangladesh undergoing colposcopy at Bangabandhu Sheikh Mujib Medical
University in 2019 and 2020 (women undergoing repeat colposcopy or colpos-
copy after treatment were excluded).

Referred from Period of the year No. of women  Percentage change

(division) (months) undergoing between 2019 &
colposcopy at 2020
BSMMU
2019 2020
Barisal January-April 2 5 +150%
May-August 3 0 —100%
September-December 7 3 —57%
January-December 12 8 —33%
Chattogram January-April 55 49 -11%
May-August 56 7 —88%
September-December 88 39 —56%
January-December 199 95 —52%
Dhaka & January-April 315 329 +4%
Mymensingh May-August 244 76 —69%
September-December 335 328 —2%
January-December 894 733 —18%
Khulna January-April 16 13 —19%
May-august 9 1 —89%
September-December 17 3 —82%
January-December 42 17 —60%
Rajsahi January-April 8 7 —13%
May-August 4 0 —100%
September-December 10 2 —80%
January-December 22 9 —59%
Rangpur January-April 7 9 +29%
May-August 6 0 —100%
September-December 6 5 —-17%
January-December 19 14 —26%
Sylhet January-April 26 28 +8%
May-August 20 2 —90%
September-December 31 13 —58%
January-December 77 43 —44%
All divisions January-April 429 440 +3%
May-August 342 86 —75%
September-December 494 393 —20%
January-December 1265 919 —27%

precancerous lesions, a principle fulfilled as long as the access to treat-
ment is guaranteed, as in the case of the screen and treat approach
implemented in Bangladesh. The rapid recovery of screening activities
as well as the increase of screening tests in some regions of the country
highlight the benefits of expanding population-based screening accom-
panied by proper screening registration to allow individual tracking of
eligible populations to identify women overdue for screening.
Bangladesh aims to gradually expand the population-based approach
across the country and maintain the practice of screen and treat at least
in the hard-to-reach regions.

Bangladesh has demonstrated that setting up a screening information
system using the (DHIS2) technology is within reach of the LMICs. The
pandemic created a demand to bolster health information systems in the
country and the screening program reaped the benefit of it. Other LMICs
should explore the possibility. The relevance of an electronic informa-
tion system to manage and monitor screening programs will signifi-
cantly increase in the post-pandemic situation. Only a systematic
analysis of the pandemic impact will allow the program managers to
plan manpower and fiscal resources to ‘build back the system better’.
Having an information system capturing individual data will be very
useful to adjust to the new situation and continue with screening ac-
tivities as the outbreak waxes and wanes. However, implementation
research is necessary to understand the local barriers and facilitators and
also the effectiveness, acceptability, adoption, reach, cost and sustain-
ability of an information system in the local context. Concerns about
data privacy and data protection can be a major challenge that needs to
be addressed.

With advancement in digital technology and the countries getting
more conversant with adopting the technologic innovations, it is time
for every country to consider establishing a robust and effective infor-
mation system to manage the screening programs and monitor the same.
After all, what gets measured gets done.
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