
Page 1/14

Integrated PCR testing and extended window
contact tracing system for COVID-19 to improve
comprehensiveness and speed
Joren Raymenants  (  joren.raymenants@kuleuven.be )

KU Leuven https://orcid.org/0000-0001-6441-1843
Caspar Geenen 

KU Leuven https://orcid.org/0000-0002-2778-6344
Jonathan Thibaut 

KU Leuven https://orcid.org/0000-0003-2239-5237
Sarah Gorissen 

KU Leuven https://orcid.org/0000-0001-7318-4523
Klaas Nelissen 

KU Leuven https://orcid.org/0000-0001-7695-5821
Emmanuel André 

KU Leuven https://orcid.org/0000-0001-8321-3770

Method Article

Keywords: contact tracing, backward contact tracing, bidirectional contact tracing, contact tracing
window, source investigation, COVID-19, SARS-CoV-2, coronavirus, PCR, transmission, test, trace

Posted Date: November 16th, 2021

DOI: https://doi.org/10.21203/rs.3.pex-1666/v2

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.pex-1666/v2
mailto:joren.raymenants@kuleuven.be
https://orcid.org/0000-0001-6441-1843
https://orcid.org/0000-0002-2778-6344
https://orcid.org/0000-0003-2239-5237
https://orcid.org/0000-0001-7318-4523
https://orcid.org/0000-0001-7695-5821
https://orcid.org/0000-0001-8321-3770
https://doi.org/10.21203/rs.3.pex-1666/v2
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract
Testing and contact tracing are standard tools for controlling the spread of COVID-191. Their
effectiveness hinges on a sequence of processes encompassing testing coverage and timeliness, testing
quality and speed of reporting, contact tracing speed and comprehensiveness and compliance with
advice given2–6. We optimized this sequence of processes in the context of a public health program
targeting around 33,000 higher education students through a combination of low barrier PCR testing with
rapid turn-around-time, close integration of testing and tracing teams and IT infrastructure, community
engagement and the implementation of bidirectional contact tracing by extending the contact tracing
window from 2 to 7 days before symptom onset or test of the index case. We anticipate this combined
intervention to help improve epidemic control. 

Introduction
This protocol was developed to help control transmission of COVID-19 in a target population of higher
education students studying in the city of Leuven, Belgium. It was designed to improve current COVID-19
testing and contact tracing standards and was re�ned through practical experience over the course of
one year.

 

Case under-ascertainment through inadequate testing coverage and timeliness was tackled by lowering
�nancial, logistical and regulatory barriers for testing and sensitizing the target population to the need for
testing, thereby reducing testing delay (i.e. delay between a test indication arising and a test being
administered). The reporting delay (i.e. delay between a test being administered and the reporting of a
result) was minimized through close collaboration with the diagnostic laboratory. The contact tracing
delay (i.e. time between in index case being diagnosed and their contacts being quarantined and tested)
and comprehensiveness were improved by closely integrating testing and contact tracing operations from
an IT and human process point of view, by engaging the community in the contact tracing process and by
extending the contact tracing window to 7 days prior to symptom onset or testing as a practical
implementation of bidirectional contact tracing.

 

We thus propose to provide low barrier rapid turn-around-time PCR testing, to closely integrate the IT
infrastructure and the human processes for testing and contact tracing, to engage the community and to
implement an extended contact tracing window as a practical implementation of bidirectional contact
tracing. 

Reagents
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Equipment

Procedure
Provide low barrier rapid turn-around-time PCR testing

In a setting with community transmission of COVID-19, index cases are diagnosed either after referral by
contact tracers or following screening for other reasons associated with an increased risk of infection7–

10. For a Test, Trace, Isolate, Quarantine (TTIQ) cascade to be effective, coverage and timeliness of
testing are pivotal since a delayed �rst step has knock-on effects downstream 2,3. PCR testing on an
upper respiratory sample (nasopharyngeal or oropharyngeal swab) is considered the gold standard for
diagnosing SARS-CoV-2 infection with regards to sensitivity, speci�city and diagnostic accuracy11. PCR
testing can pick up infections earliest, when the viral load has not yet reached its peak, expediting the
contact tracing process. They also remain positive longer than rapid antigen tests do, which is of
particular importance when implementing bidirectional contact tracing, where the aim is to identify the
parent case (the infector of the index case) and sibling cases (infected by the same infector) in addition
to child cases (persons infected by the index case).

Barriers to testing experienced by individuals may relate to confusion and uncertainty regarding testing
guidelines and where to go for testing, lack of accessible testing locations, perceptions that the nasal
swab method is too painful, and long wait times for testing results12. We minimized these barriers by
conveniently locating our testing centee in a centrally placed University building (Figure 1). Tests were
made free of charge. Appointments could be made online by all students without prior triage. Testing
indications were broadened for students to include “self-assessed risk” from February 2021 onward (see
Figure 2 panel A) and communicated widely through email, the University website, national media and a
social media campaign, to which student organisations actively contributed (Figure 1).

  

This approach was successful in increasing the number of tests performed in the target population.
Between weeks 5 and 21, a period encompassing a wave of infections in Belgium, a total of 3.92 tests
were performed per 1,000 students daily in the University testing center. When adding the tests carried out
in students at other testing centers, an estimated 6.8 tests per 1,000 students daily were performed. In
contrast, 4.48 tests per 1000 persons were performed daily in a national control group, selected through
random sampling strati�ed by age (Figure 3 panel C). The much lower test positivity rate (3.64%) in the
student testing center as compared to the national control group (8.27%) further underscores the higher
intensity of testing in our target population.

  

Testing was readily available and fast. When COVID-19 like symptoms were the indication for testing, the
mean and median time between symptom onset and test administration were 3.1 and 3 days respectively,
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highlighting students’ ability to recognize suggestive symptoms and respond accurately by booking a
diagnostic test. The mean and median time between booking of the test and its administration was 11.8
and 11.7 hours respectively for this group, highlighting rapid availability of appointments for testing.
Turn-around-time between test administration and reporting was a mean of 9.12 hours (median 7.83
hours) for tests �nally classi�ed as positive and a mean of 7.79 hours (median 7.48 hours) for tests
�nally classi�ed as negative, which was the result of close cooperation with the collaborating diagnostic
laboratory. Students were informed about their test results through one of several mobile phone apps and
government websites, reducing reporting delays.

 

Integrate the IT infrastructure for testing and contact tracing

In order to optimise the �ow of information and increase the e�ciency of testing and contact tracing, we
developed a custom server based version of Go.Data, an outbreak investigation tool developed by the
WHO and GOARN (Global Outbreak Alert and Response Network) partners14. The system was integrated
with a custom appointment module and a laboratory information system. (Figure 3).

An appointment module is accessed through a secure University login system. Upon submission of the
online appointment form, the scheduled time slot, the student’s contact details, testing indication and
current address are loaded into Go.Data. If the inputted phone number (unique key) is already known,
inputs are stored under the existing case �le. Otherwise, a new case �le is created.

On the morning of sample collection, students are invited by email to list their recent activities and the
phone numbers of attendants via an online web form. These details are automatically loaded into
Go.Data to create an event based social network linking existing and new case �les15. Between weeks 8
and 21, 30.9% of tested students �lled in this form.

Just prior to sampling, student workers manning the test centre administration desks query the patient
about symptom onset, vaccination status, recent exposure to a con�rmed COVID-19 case and that case’s
identity, recent attendance at high risk events, recent travel and living situation. All the information is
entered in a structured format in the Go.Data case �le.

Once available, PCR test results are pushed to Go.Data by the laboratory information system and
matched to existing case �les.

In case of a positive test result, a contact tracer conducts a thorough phone-based interview of the index
case as soon as possible after the result is reported. Information about recent activities and attendants is
collected again during this conversation, entered into an online web form, and loaded into the event
based social network in Go.Data.
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All close contacts are contacted and referred for testing as soon as possible and 7 days after last
exposure. Residents sharing facilities with the index case are quarantined and tested either once or twice
depending on results of the �rst round of tests. Their follow up status is recorded in Go.Data and an
outcome registered after follow-up phone calls.

 

Integrate human processes for testing and contact tracing

Testing and tracing operations are coordinated on a daily basis by a team of medical doctors, researchers
and logistical coordinators. The contact tracing team is physically located adjacent to the testing center
and visible to students attending for testing. Workers are assigned to administration desks, sample
collection or contact tracing depending on their background, skills and preferences.

 

A case or cluster is followed up by one case manager, who can be assisted by one or several contact
tracers, allowing for the integration of information from different sources. This approach seems to help
with quality of work and worker morale.

The administration desks in the testing center function as “�agging stations” for referral of attendants to
the contact tracing team for a live interview or follow up by phone in any of the following situations: they
report a possible source case or source event which is unknown to the team, they are part of a cluster
which is known to the contact tracing team but requires additional assessment or they had a positive
antigen test either at home (0.21% of our attendants between February and June 2021) or in the context
of a clinical trial at the test center (1.02% of attendants between the 22nd of February and the 30th of
May).

 

 

Engage the community

Engaging communities in public health programs has been shown to improve such programs’ overall
effectiveness16. In the context of the COVID-19 response and contact tracing in particular, community
engagement is recommended by the World Health Organisation (WHO), the Centers for Disease Control
(CDC) and the European Center for Disease Prevention and Control (ECDC) 17–19. Engaging the student
community has been front and center in our approach20.

 

Our program has been heavily based on student workers functioning as a community workforce from the
outset and throughout. Over a period of one year, a total of 698 students (2.12% of the estimated target
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population) contributed to the University’s testing and contact tracing program as a paid worker. Their
engagement with peers fosters trust and familiarity, they are able to assess risks related to particular
activities and venues and they function as ambassadors of the program to their social circle.

 

The target population is regularly informed of the latest measures and guidelines through University
speci�c channels (emails, web-page, social media, information sessions, Figure 1 panel b) and student
organisations. A hotline and email address are manned by the testing and tracing team 7 days a week,
allowing students to ask for advice or support on any COVID-19 related issue.

 

Care provision by students for students is a central theme in all operations and communication. In any
interaction, students are empowered to manage the spread of infection in their social circle, by providing
relevant medical knowledge in detail and by taking into account their own preferences. Student contact
tracers are provided with updated training material on the latest guidelines and trained in communication
skills. The training stresses care provision, empathy, active listening and avoidance of appointing blame.
They initiate the tracing conversation by explaining the University's mandate for performing contact
tracing and the contact tracing process itself and they invite question and answer exchange. Index cases
are linked to quarantine support provided by the municipality if required.

 

Hands on medical supervision of the contact tracing team ensures expertise and continuity. Every index
case is phoned by a medical doctor attached to the University health center for tailored health advice.

 

Several numerical indicators exemplify the high level of community engagement achieved within the KU
Leuven test & trace program17,20. First, of the 729 students with a positive test in the period from February
to May 2021, only six could not be contacted by the contact tracing team, demonstrating the team’s
ability to reach index cases effectively and the target population’s responsiveness. Second, as previously
mentioned, 30.9% of students undergoing a diagnostic test at the testing center from weeks 8 to 21
shared recent activities and contacts with the KU Leuven testing and tracing team regardless of them
having a positive result. Third, of the 2691 contacts newly identi�ed during contact tracing, 2403 (89.3%)
underwent at least one diagnostic test, showing high compliance with guidance provided. Fourth, of the
students booking a test between weeks 8 and 21 of 2021, 54.9% reported having Belgium’s proximity
tracing app on their phones since at least one week21. In contrast, nationwide there had been 2.76 million
downloads of CoronAlert by the end of May 2021, which corresponds to 30,4% of the number of
smartphones in use in Belgium in the fall of 2020 (data provided by the CoronAlert team).
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Implement an extended contact tracing window

Despite ubiquitous rollout of contact tracing to counteract the spread of COVID-19, few countries have
been spared from widespread community transmission, highlighting the need for more effective tracing
strategies1,2. In the context of the KU Leuven testing and contact tracing program, we have opted to
implement bidirectional contact tracing by introducing a combination of an extended contact tracing
window and testing of contacts both immediately and 7 days after exposure to an index case. This
approach has shown the potential to markedly improve control of community transmission of COVID-19
in modelling studies5,15.

 

Bidirectional contact tracing combines forward contact tracing and backward contact tracing. Forward
contact tracing of an index case (the person diagnosed with COVID-19 undergoing contact tracing)
intends to interrupt onward transmission from child cases (persons infected by the index case)15,22–24. In
practice, this means identifying contacts of the index case up to two days before symptom onset or
positive test, whichever is earlier25,26. Backward contact tracing attempts to identify a larger part of the
transmission tree, by looking for the parent case (the infector of the index case) and sibling cases
(infected by the same infector) in addition15,22–24. However, to our knowledge there is no standardised
protocol on how to achieve this.

 

In our experience, the only way to identify source events for most index cases is to systematically test all
recent contacts in a period before onset of symptoms (or positive test) which is su�ciently long to
include the source event in most instances (Figure 4)27. Our extended contact tracing window goes back
7 days before onset of symptoms or positive test. In this period, all the index case’s contacts at risk are
identi�ed. Contacts are labelled as a close contact requiring quarantine and testing if they were reported
by the index case as having had either direct physical contact, an interaction at less than 1.5 meters
without face masks, an interaction at less than 1.5 meters for more than 15 minutes or an interaction
without face masks for more than 15 minutes. Also included as close contacts were co-attendants at a
“high risk event” of up to 20 attendees, de�ned as �tting at least 2 of the following 3 criteria: crowding (at
least 5 individuals belonging to at least two households), close contact (<1,5 meters without masks) and
closed environment (indoor).

Each contact thus identi�ed is noti�ed of their risk, and advised to undergo an PCR test as soon as
possible. If the test is negative, the contact is asked to quarantine until a second test 7 days after
exposure, regardless of immune status. Quarantine is ended if this test is negative. Each contact is also
advised to undergo an PCR test as soon as possible if symptoms suggestive of COVID-19 appear.
Individuals having recently used the same facilities as the index case in student housing are asked to
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quarantine until screened. The detection of an additional infection in this group leads to quarantine and a
second round of testing 7 days later.

Troubleshooting

Time Taken

Anticipated Results
We anticipate this test and trace protocol to improve epidemic control while improving cost effectiveness
of a testing and contact tracing program through the following pathways: low barrier rapid turn-around-
time PCR testing and community engagement improves individuals’ compliance with referral for testing
and empowers them to reduce the spread of SARS-CoV-2 in their social circle. Maximum integration of
the testing and contact tracing procedures from an IT infrastructure and human process point of view
improves speed and comprehensiveness of the overall process, thereby improving case management of
index cases and clusters of infections. Community engagement principles generate trust in the program,
leading to greater effectiveness overall. Extending the contact tracing window backward until 7 days prior
to symptom onset or test is a straightforward implementation of bilateral contact tracing which allows to
interrupt a larger fraction of transmission chains.

In conclusion, these interventions lead to a lower overall incidence of COVID-19 in the target population
as compared to an age matched control group at national level.
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Figures

Figure 1

Figure 1 shows the KU Leuven testing centre (panel a) and communication material (panel b). The testing
centre was conveniently located in a centrally placed University building in the Leuven’s centre (panel a).
Communication material was developed and spread to the student population urging low barrier testing
based on self-assessed risk of COVID-19 (panel b).
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Figure 2

Figure 2 shows the evolution of key epidemiological indicators relevant for testing in the period from
February to May 2021. Panel (a) shows the evolution of the number of tests performed by self-reported
test indication and the corresponding positivity rates in the period from weeks 8 to 21. Close contact with
an index case was the most frequent primary indication for testing overall. The highest positivity rate was
observed in individuals with a positive self-administered rapid antigen test, followed by symptoms and
close contact with an index-case. Tests with an unknown indication correspond to tests being
administered without prior appointment booking and self-reporting of a testing indication. Panel (b)
shows the overall 14-day incidence rate of COVID-19 per 100,000 persons in the study period, which is
similar in students (552.6/100k/14days) in comparison to the control group (518.8/100k/14 days, data
provided by Scienano13). Panel (c) shows the number of tests performed daily averaged over the past 7
days per 1000 persons in the University testing center (orange), the national control group (blue) and in
students both at the University testing centre and other sites (computed by summing the number of tests
conducted at the University testing center and the number of tests required to diagnose the positive
students tested elsewhere and reported to the KU Leuven contact tracing team). Panel (d) shows the
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evolution of the daily positivity rate averaged over the previous 7 days in both groups. Together, these
graphs point at a higher responsiveness of the student-oriented program’s testing approach to a change
in viral circulation.

Figure 3

Figure 3 shows the custom server based version of Go.Data developed by KU Leuven. An existing version
of Go.Data is run on University servers and integrated with a password protected University web
environment for appointment booking (step 1) and listing of recent contacts and whereabouts (step 2).
Laboratory test prescriptions are generated using stand-alone medical software and passed on to the
national e-health platform and the laboratory information system (step 3). The latter pushes results of
tests performed in students to Go.Data (step 4). Recent activities and whereabouts gathered during the
contact tracing interview are again imputed into a University environment webform and pushed to
Go.Data to be integrated in the event based social network (step 5).



Page 14/14

Figure 4

Schematic representation of targeted approaches to transmission prevention through testing and contact
tracing and the in�uence of delays. The index case becomes symptomatic on day 0, and immediately
self-isolates. After a testing, reporting and tracing delay, close contacts of the index case are quarantined
from day 1 onwards. A standard “forward tracing” window identi�es a child case only. Our extended
contact tracing window also identi�es the parent case and a sibling case, through their shared event with
the index case on day -5. After a second delay involving testing of the sibling case and subsequent
tracing of their contacts, another case is isolated and onward transmission prevented.


