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Abstract. During the 33rd Africa Cup of Nations (AFCON) football tournament in Cameroon, organizers and health
authorities required a negative SARS-CoV-2 test result ,48 hours before entry and provided free SARS-CoV-2 testing
and vaccination at stadium and fan zone entrances. We describe the outcomes and implementation of mandatory
SARS-CoV-2 testing at fan zones during AFCON. All consenting fan zones attendees were administered an electronic
questionnaire capturing exposure factors, COVID-19-like symptoms, and COVID-19 vaccination status, before being
tested for SARS-CoV-2 using an antigen rapid diagnostic test (Ag-RDT). Participants testing positive were sampled for
confirmatory real-time SARS-CoV-2 polymerase chain reaction (PCR) and sequencing for variant surveillance. The case
detection rate was estimated using PCR-confirmed cases, and the challenges were summarized from staff discussions
and project/study documentation. In total, 4,820 fan zone attendees (median [interquartile range] age 30 [24–38], 27.7%
females) were tested for SARS-CoV-2, including 1,228 (25.5%) fully vaccinated. Of 4,820 participants, 148 (3.1%) had a
positive Ag-RDT result, of whom 67 consented to PCR testing and 19 of 64 (29.7%) were confirmed PCR-positive. The
case detection rate was 40.1 (95% CI: 24.2–62.7) per 10,000 attendees. The Omicron variant (B.1.1.529) was found in all
11 samples successfully sequenced. The implementation of mandatory SARS-CoV-2 Ag-RDT at fan zone entrances was
challenged by high attendance volume just prior to matches, lobbying of economic stakeholders, and inconsistent quality
assurance when using test kits. Despite the challenges encountered, implementing mandatory SARS-CoV-2 Ag-RDT at
fan zones, was a unique opportunity for SARS-CoV-2 case identification and genomic surveillance.

INTRODUCTION

The COVID-19 pandemic affected national health systems
worldwide and was declared by the WHO as a global health
threat.1,2 Since the onset of the COVID-19 pandemic in Decem-
ber 2019, the number of reported cases has reached approxi-
mately 771 million globally with more than 6.6 million related
deaths as of October 27, 2023.3 In Cameroon, the epicenter of
the epidemic in central Africa, the first two cases were con-
firmed on March 5, 2020, and as of October 8, 2023, 125,205
confirmed cases and 1,974 deaths had been recorded.4–6

The rapid spread of the virus worldwide was attributed to
factors such as rapid mutations and high contagiousness of
the new viral variants, especially Delta and Omicron, and to
human factors such as travel and mass-gathering events
(MGEs).7,8 In response to the pandemic, intensive aware-
ness campaigns on preventive measures were implemented
worldwide; face masks, hand sanitizers, polymerase chain
reaction (PCR) test kits, and antigen rapid diagnostic test
kits (Ag-RDTs) were rapidly developed and distributed, as
well as new drugs and vaccines.9 In addition, population
movement was limited through curfews, confinements, travel
restrictions, and MGE that were all suspended or cancelled
in 2020 because of the COVID-19 pandemic, including
the Six Nations Rugby championship, the Mobile World

Congress Barcelona, and the Umrah pilgrimage in Saudi
Arabia.9,10

The Africa Cup of Nations (AFCON), which is the biggest
and most popular sporting event on the African continent, was
held in Cameroon in January and February 2022 in five cities
(Yaound�e, Douala, Limb�e/Buea, Garoua, and Baffoussam).11

Twenty-four country teams and their staff and officials were
expected, and organizers anticipated more than 250,000 inter-
national visitors. Organizers considered the outcome of the
Tokyo 2020 Summer Olympics, which were held without sup-
porters and with epidemic control measures in place but were
nonetheless followed by an increased transmission of SARS-
CoV-2 in the general population, thus highlighting the risk of
viruses spreading during sporting MGEs.12,13 As such, there
were concerns about circulation of SARS-CoV-2 in the com-
munity and the risk of a new wave of infections at AFCON, par-
ticularly with the emergence of new SARS-CoV-2 variants,
Delta and later Omicron, immediately before the event. More-
over, low vaccine coverage in Cameroon, estimated to 2.9%
as of February 2022 called for more vigilance to contain the
spread of SARS-CoV-2 during AFCON.14–16

The COVID-19 response in Cameroon was organized by the
Ministry of Public Health (MoH) and implemented by the Public
Health Emergency Operating Center with the objective of limit-
ing disease transmission by prioritizing testing at airports and
other country entry points, contact tracing, isolation of positive
cases, social distancing, and personal hygiene.17–19 To
mitigate the risk of a new wave of SARS-CoV-2 infections in
Cameroon during or after AFCON, the Cameroon MoH, in
partnership with the AFCON executive committee and the
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Ministry of Sports, decided to require proof of COVID-19
vaccination and negative SARS-CoV-2 test results to access
stadiums, conference rooms, and official fan zones where sup-
porters gather before, during, and after the matches.
After the implementation of MoH guidance at fan zones,

we aimed to determine SARS-CoV-2 positivity rates and to
identify the variants locally present during the AFCON com-
petition; however, this was limited by the challenges experi-
enced during implementation. We describe the experience of
implementing mandatory SARS-CoV-2 Ag-RDT at entrances
to fan zones, including testing results, challenges related to
rapid testing for COVID-19 and laboratory processes, and
lessons learned during the 33rd AFCON in Cameroon.

MATERIALS AND METHODS

Study design and settings.
A cross-sectional study was conducted during the 33rd

AFCON tournament played in Cameroon from January 9 to
February 6, 2022. The study took place in Yaound�e and
Douala, Cameroon’s political and economic capitals respec-
tively. These are the two biggest cities in the country, with
the highest reported SARS-CoV-2 prevalence, where the
opening ceremony, semifinal, and final AFCON matches
took place. In each city, the study was implemented in offi-
cial AFCON fan zones, which are open spaces that can
accommodate between 3,000 and 5,000 fans and that tele-
cast matches and offer drinks, food, and goods for sale.
SARS-CoV-2 control policy during the 33rd AFCON.
Before AFCON, the Cameroon MoH, in agreement with

the AFCON executive committee, issued guidance for
COVID-19 prevention and control during the tournament.
This guidance required that any supporter who wanted to
access stadiums and fan zones be fully vaccinated and pre-
sent a negative SARS-CoV-2 Ag-RDT or PCR test taken less
than 48 hours before each entry. A quick response (QR) code
with a “health pass” was issued to any person meeting the
two requirements at each entry of the fan zone. A checkpoint
was set at the entrance to each fan zone, where two MoH
agents and one police officer were posted to verify the health
pass by scanning the QR code. SARS-CoV-2 testing and vac-
cination could also be obtained at health facilities in all the
health districts, and a health pass issued for documentation.
Participants without a valid (issued within past 48 hours) health
pass were to be denied access and referred to one of the
SARS-CoV-2 testing and vaccination points around the sta-
dium or fan zone to obtain valid documentation before entry.
SARS-CoV-2 testing at fan zone entrances.
At the entrance to each fan zone, a temporary health post

was installed, made up of four units: a SARS-CoV-2 testing
unit in charge of performing sample collection and testing, a
COVID-19 immunization unit in charge of vaccination, a water
sanitation and hygiene unit in charge of infection prevention
and control, and a documentation unit in charge of visitor reg-
istration, and verification and issuance of the health pass. Indi-
viduals presenting at the post to obtain a health pass were
offered SARS-CoV-2 testing and vaccination by trained MoH
healthcare workers and administered per national and manu-
facturer guidelines using nationally approved test kits and vac-
cines. Those testing negative for SARS-CoV-2 and who were
vaccinated were issued a valid health pass to access the sta-
dium and fan zones, and those testing positive were referred

to a care and treatment team for posttest counseling and
follow-up per national treatment guidelines.
Study participants and enrollment.
Research assistants were embedded into MoH teams at

health posts installed at the two largest venues in Yaound�e
and Douala and were performing study procedures inte-
grated with SARS-CoV-2 testing services. All fan zone atten-
dees, aged .2 years or older (manufacturer age limit for test
kit diagnostic accuracy), presenting at the health post
to request a health pass were offered free-of-charge SARS-
CoV-2 Ag-RDT testing, and administered an electronic
questionnaire capturing demographics, COVID-19-like
symptoms, SARS-CoV-2 exposure, existing comorbidities,
and COVID-19 immunization status after a verbal consent.
Participants aged 21 years or older who tested positive were
asked to sign a written consent for the genomic surveillance
survey and provided a second nasopharyngeal sample for
PCR testing and whole genome sequencing (WGS), to be
performed in the virology unit of the Chantal Biya Interna-
tional Research Center. The PCR test and WGS results were
sent to the research team using sample referral forms.
SARS-CoV-2 testing and laboratory procedures.
SARS-CoV-2 Ag-RDT was performed using the PANBIOTM

COVID-19 Ag Rapid Test Device (Abbott Rapid Diagnostic
International limited, Ballybrit Ireland), a rapid chromatographic
immunoassay for the qualitative detection of SARS-CoV-2
nucleocapsid antigen present in human nasopharyngeal sam-
ples, endorsed by WHO and authorized by the Cameroon
MoH. The SARS-CoV-2 reverse transcription (RT)-PCR was
performed using the DaAn gene assay (Guangzhou, China),
following the manufacturer’s instructions. The RT-PCR amplifi-
cation was conducted using QuantStudio qPCR Systems
(Thermo Fisher Scientific, Waltham, MA). The protocol used
probes targeting the open reading frame (ORF) gene and the
nucleocapsid (N) protein gene, with a lower limit of detection
of 500 copies/mL and an amplification reaction of 45 cycles.
Samples were considered positive for SARS-CoV-2 for CT
values ,37 amplification cycles. The amplification and
sequencing procedure were detailed elsewhere.20 Sequences
were aligned, assembled, and edited by the reference
sequence using Seqscape V2.7. Spike sequences were inter-
preted using the COV19 Stanford algorithm (https://covdb.
stanford.edu).
Audit procedures.
The audit procedure was planned to take place in case any

challenge was observed with the testing procedure or results
at the health post of the fan zone (SARS-CoV-2 Ag-RDT) or
any incident or discordant results reported at the referral lab-
oratory of the study. The country-approved manual of proce-
dures for the AFCON health surveillance provided a checklist
for the assessment of SARS-CoV-2 Ag-RDT testing points,
that was used during the audit at fan zones. This checklist
assessed three main domains: 1) SARS-CoV-2 Ag-RDT test-
ing flow (installation, registration, sample collection, testing,
result reading and announcement, registration and issuance
of health pass); 2) personnel and technical skills (number of
trained personnel, experience on SARS-CoV-2 testing, train-
ing on test kit and utilization, mastering of manufacturer stan-
dard operating procedures [SOPs] for each specific test kits);
3) test kits and sample management (sample collection con-
ditions, test kit storage, temperature monitoring, sample
transportation system for genomic surveillance).
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Monitoring of study challenges.
Early in the course of study implementation, unexpected

challenges were reported by the coordination team, and a
close monitoring of the study procedures took place, led by
sponsor, donors, and investigators, to understand and doc-
ument, the challenges affecting the study procedures. This
close monitoring consisted of biweekly calls for situational
update and review of the coordination and monitoring docu-
ments produced during the implementation phase of the
study (minutes of coordination meetings, monitoring reports,
enrollment logs, issue logs). In addition, data review meet-
ings were organized to share the progress and challenges
with MoH, and a final report of the project was prepared and
communicated to donors. At the end of the study, the follow-
ing documents were reviewed and analyzed to describe the
challenges with their causes and consequences, and the
mitigation actions: minutes of weekly coordination meeting
(12), minutes of touch base call with the donor (10), weekly
monitoring reports from both regions (16), issue logs from
each region (2), reports of the supervision by regional dele-
gation of public health in each region (4), report of the audit
of SARS-CoV-2 testing process at the Douala fan zone (1),
and final study report (1). In addition, documents such as
service notes from mayors, governors, and health authorities
(8); circular letters from MoH (2); and newspaper report of
interviews with government officials were also reviewed to
triangulate information reported in the study documents.

Data collection and analysis.
We described the characteristics of participants testing for

SARS-Cov-2 Ag RDT, including the distribution of comorbid-
ities and COVID-19-like symptoms at the time of testing. We
calculated the overall SARS-CoV-2 case detection rate as the
number of SARS-CoV-2 PCR positive tests divided by the total
number of tests conducted, expressed per 10,000 tests.
Assuming a Poisson distribution for the number of positive
tests, we estimated the associated precision as the 95% CI of
the case detection rate. Frequencies and proportions of
SARS-CoV-2 variants were estimated among SARS-CoV-2-
positive individuals. Implementation challenges and mitigation
actions were identified and abstracted from various source
documents available during the project and cross-checked
with MoH and other publicly available government documents
and media announcements. These challenges were grouped
following a thematic approach and summarized in tables with
causes consequences and mitigation actions.

RESULTS

Characteristics of the population tested at the fan
zone health posts.
A total of 5,092 people came at the study’s fan zone health

posts to seek SARS-CoV-2 Ag-RDT, of whom 4,820 (94.6%)
were tested and enrolled in the study (Figure 1). The 272
who did not provide verbal consent to be enrolled in the

FIGURE 1. Flow chart of fan zone attendees tested during the 33rd Africa Cup of Nations tournament in Cameroon in 2022. Present results of
SARS-CoV-2 testing among individuals at fan zones. Those with positive antigen rapid diagnostic test results show those accepting or refusing fur-
ther polymerase chain reaction (PCR) testing. Those who agreed to be tested indicate the results of PCR testing and the variant identified for those
with successful sequencing.
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study were also offered SARS-CoV-2 testing services, but their
data were not included in the study database. Among the
4,820 participants enrolled in the study, 2,503 (51.9%) were in
Douala and 2,317 (48.1%) in Yaound�e; the median age was 30
(interquartile range: 24–38) years, 3,487 (72.3%) were males,
and 4,657 (96.6%) reported living in Cameroon (Table 1). The
reasons for visiting the fan zone health post among the 4,820
participants were the need for the health pass to access foot-
ball matches in fan zones for 3,812 (79.1%) and the need for
the health pass for other reasons, including travel, for 1,008
(20.9%). Of the 4,820 participants, 180 (3.7%) reported the
presence of at least one COVID-19-like symptom, and 171
(3.6%) reported at least one comorbidity; 476 (9.9%) reported
having tested positive for SARS-CoV-2 in the past, 461
(96.9%) of whom were declared cured. COVID-19-like symp-
toms such as cough, general weakness/fatigue, sore throat/
throat pain, runny nose, muscle pain, fever, and chills were
more frequent in attendees with a positive SARS-CoV-2
Ag-RDT result (Figure 2A). Nearly half of attendees who
received SARS-CoV-2 testing reported having high blood
pressure with approximately one-quarter reporting diabetes
and other comorbidities (Figure 2B). Among the 4,820 partici-
pants, 1,228 (25.5%) reported being fully vaccinated, and the
single-dose Johnson & Johnson COVID-19 vaccine was the

vaccine received by most, accounting for 888 of 1,228
(69.0%) of those fully vaccinated (Table 1).
Testing cascade and SARS-CoV-2 case detection rate.
Among the 4,820 participants who provided samples for

SARS-CoV-2 Ag-RDT, 148 (3.1%) tested positive and were
asked to provide a second sample for PCR test confirma-
tion. Of the 148 participants with a positive Ag-RDT test
result, 64 (43.2%) provided samples for PCR testing, and
19/64 (29.7%) were confirmed positive for SARS-CoV-2
(Figure 1). Sequencing results were obtained for 11/19
(57.9%) samples and all were the Omicron variant B.1.1.529
(Figure 1). The estimated case detection rate was 40.1 cases
per 10,000 persons tested (95% CI: 24.2–62.7 cases per
10,000 persons tested).
Challenges during implementation of SARS-CoV-2

testing at fan zones.
Challenges maintaining the SARS-CoV-2 testing

mandatory at fan zones. The first challenge was identified
when analyzing the unexpected low number of people tested
at fan zones during AFCON. According to the AFCON fan
zone managers, during the tournament, attendance in each
fan zone varied from a minimum of 500 fans (on days when
no match was played or nonpopular teams were playing) to
a maximum of 3,500 to 4,000 fans (on days the Cameroon

TABLE 1
Demographics, clinical characteristics, and COVID-19 history among people tested for SARS-CoV-2 at fan zone entrances during the

33rd Africa Cup of Nations in Cameroon

Characteristics
Total (N 5 4,820)

n (%)
Douala (n 5 2,503; 51.9%)

n (%)
Yaound�e (n 5 2,317; 48.1%)

n (%)

Age, median [interquartile range], years 30 [24–38] 28 [23–35] 32 [24–41]
Gender

Male 3,487 (72.3) 1,891 (75.6) 1,596 (68.9)
Female 1,333 (27.7) 612 (24.4) 721 (31.1)

Country of residence
Cameroon 4,657 (96.6) 2,436 (97.3) 2,221 (95.6)
Other African 55 (1.2) 11 (0.5) 44 (1.9)
Non-African 108 (2.2) 56 (2.2) 52 (2.2)

Availability of health pass
No health pass 3,615 (75.0) 1,914 (76.5) 1,701 (73.4)
Invalid health pass 1,205 (25.0) 589 (23.5) 616 (26.6)

Reason for visiting fan zone
Watching football match 1,139 (23.6) 174 (6.9) 965 (41.6)
Referred from stadium 2,673 (55.5) 1,876 (74.9) 797 (34.4)
Renew health pass/other 1,008 (20.9) 453 (18.1) 555 (23.9)

Presence of symptoms
$1 180 (3.7) 34 (1.4) 146 (6.3)
None 4,640 (96.3) 2,469 (98.6) 2,171 (93.7)

Presence of comorbidities
$1 171 (3.6) 48 (1.9) 123 (5.3)
None 4,649 (96.4) 2,455 (98.1) 2,194 (94.7)

History of COVID-19 disease
Tested positive at least once 476 (9.9) 242 (9.7) 234 (10.1)
None 4,344 (90.1) 2,261 (90.3) 2,083 (89.9)

Outcome previous COVID (n 5 476)
Declared cured 461 (96.9) 233 (96.3) 228 (97.4)
Not declared cured 15 (3.1) 9 (3.7) 6 (2.6)

COVID vaccine status
Fully vaccinated 1,228 (25.5) 547 (21.8) 681 (29.4)
Not/partially vaccinated 3,592 (74.5) 1,956 (78.2) 1,636 (70.6)

Type of vaccine received
AstraZeneca 109 (8.5) 39 (6.9) 70 (9.7)
Sinopharm 112 (8.7) 40 (7.1) 72 (10.0)
Johnson & Johnson 888 (69.0) 423 (74.6) 465 (64.7)
Pfizer 141 (11.0) 53 (9.3) 88 (12.3)
Moderna 23 (1.8) 7 (1.2) 16 (2.2)
Other 13 (1.0) 5 (0.9) 8 (1.1)
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team or other popular teams were playing). We estimated
that approximately 45,000 (40,000–50,000) fans attended
each study fan zone during the 29 days of the AFCON
period, and considering that each participant with a negative
SARS-CoV-2 test was requested to renew the test every
48 hours as per the MoH recommendation, we could expect
to test no less than 20,000 fans in each fan zone if the valid
health pass was mandatory to enter the fan zone all the time.
However, during the tournament, only 5,092 of 40,000
expected (12.7%) fans showed up at the health post seeking
a SARS-CoV-2 test. The analysis of study documents
revealed that two operational challenges were behind this
low number of people tested at fan zone. First, 1 hour before
the beginning of the matches, the majority of fan zone atten-
dees started crowding at the entrance of fan zones, and
when denied access (due to an invalid health pass), they were
referred to the health post where two registration units, two
testing units, one result reading and validation unit, and one
immunization unit, each staffed by healthcare workers, were to
provide SARS-CoV-2 testing services. Each participant was
spending 5–10 minutes for registration (including symptoms
and risk factors screening), 5–10 minutes for testing (prepara-
tion with infection prevention control measures, sample collec-
tion and dropping on the kit), 15 minutes for result reading,
and 5 minutes for result recording and health pass issuance,
for a total of 30–40 minutes before getting a valid health pass
to enter the fan zone. This long waiting time close to the begin-
ning of football matches disappointed many attendees who
either became aggressive and requested immediate access to
the fan zone or decided to watch the match elsewhere.
The second operational challenge was the pressure from

economic stakeholders (e.g., vendors, businesses) in the fan
zones, whose interest was to fill the fan zones with atten-
dees. During the first days of the tournament, the strict con-
trol of the health pass at fan zone entrance, combined with
the disappointment of supporters who could not get tested
on time or did not want to get tested and preferred watching

the match elsewhere, led to lower attendees in the fan
zones, affecting the incomes of economic stakeholders. To
overcome this challenge, the businessowners in the fan
zone and the fan zone managers started lobbying against
the health pass policy at fan zones. As a result of these two
challenges, the control of the health pass at fan zone
entrances was relaxed and sometimes removed (especially
for the days popular teams were playing) to permit all sup-
porters who agreed to wear a face mask and sanitize their
hands into fan zone. Therefore, SARS-CoV-2 testing at fan
zones, despite being officially mandatory, became voluntary
after the second week of the tournament, making it impossi-
ble to test all those eligible for testing.
Challenge with quality assurance of SARS-CoV-2

Ag-RDT use in fan zones. The second challenge identified
was the unexpected high proportion of discordance
between SARS-CoV-2 Ag-RDT and PCR results in the Dou-
ala Fan zone. Of the 64 PCR samples received at the labora-
tory, 56 came from Douala fan zone and only 11 (19.6%) of
them were confirmed positive for SARS-CoV-2 with RT-PCR
test, whereas 100% of the eight samples coming from the
Yaound�e fan zone were confirmed positive. The main findings
of the laboratory audit are summarized in Tables 2 and 3.
At the Douala fan zone health post, the audit revealed appro-
priate staffing (32 trained staff) and dedicated setting for
each unit (e.g., triage, registration) to implement project activ-
ities. However, despite the lack of temperature monitoring,
there was evidence suggesting low to medium risk for the
testing material to have been exposed to temperature.30�C
during the implementation phase (Table 2).
Analyzing the personnel answers about SARS-CoV-2 test-

ing, the audit found evidence that the team used at least two
boxes of test kits that failed quality control (negative control
displaying positive result) and also that the team sometimes
failed to follow the manufacturer SOPs for the use of “pan
bio” test kits (Table 2). The audit of the RT-PCR flow from
Douala fan zone to the laboratory and the testing process

FIGURE 2. Portion of attendees (A) with symptoms and (B) reporting comorbidities.
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until result dissemination did not find any evidence of issues
with the sample transportation system and sample validity,
laboratory quality control, contamination during the test pro-
cess, and result dissemination (Table 3). The audit report
concluded that the discrepancies observed between SARS-
CoV-2 Ag-RDT and RT-PCR tests were probably due to
operational challenges such as high temperature (.30�C)
that could have affect the functioning of test kit and failure
from the testing team to follow manufacturer’s SOPs when
using test kits.
The last challenge we observed during the implementation

of the study was the high proportion of participants tested
positive for SARS-CoV-2 Ag-RDT who refused to provide a
second sample for RT-PCR confirmation. Analyzing study
enrolment logs and issue logs completed by research assis-
tants, refusal reasons were available in some cases and
included “lack of trust in the results” and “need for time to
consider and discuss with family.

DISCUSSION

This study is among the first reports on SARS-CoV-2 test-
ing in fan zones during sporting MGEs in Africa. People
tested at fan zones were mainly 30-year-old men, living in
Cameroon, who were coming to watch football matches in
fan zones; one-fourth were fully vaccinated, and few pre-
sented COVID-19-like symptoms and comorbidities. During
AFCON, the estimated case detection rate at fan zones
was 40.1 cases per 10,000 persons tested and Omicron

(B.1.1.529) was found in all successfully sequenced sam-
ples. During the AFCON tournament, the main challenges
encountered were difficulty maintaining SARS-CoV-2 testing
mandatory for those with invalid health pass at fan zone
entrance, difficulty ensuring quality assurance during SARS-
CoV-2 Ag-RDT, and reluctance of participants to provide
second PCR sample.
Opportunity to implement testing at fan zone entrances.
Fan zones were created 20 years ago and remain a key

method of accommodating patrons who are unable to
access stadiums during large-scale sporting events, such as
international football tournaments, as well as those who
want to enjoy pre- and post-match events outside of stadi-
ums.21 The rapid development and growth of fan zones has
made them an opportune location for security and public
health interventions, especially during epidemics. In our
study, SARS-CoV-2 Ag-RDT offered free of charge at fan
zone entrances enabled the detection of 40.1 cases per
10,000 persons tested. Although the case detection rate
was low, the implementation of testing at fan zone entrances
allowed for the early detection of symptomatic and asymp-
tomatic SARS-CoV-2 infection and for the offer of appropri-
ate care for participants testing positive to protect their
health and prevent the spread of SARS-CoV-2.
Thus, offering free SARS-CoV-2 testing at entrances

to MGEs could be an important public health measure
to increase SARS-CoV-2 detection.22–30 Our study also
revealed that the Omicron variant (B.1.1.529) was the only
variant circulating among participants who tested positive

TABLE 3
Findings of the audit performed on the SARS-CoV-2 PCR testing flow, from sampling at fan zone to testing in the laboratory and results

dissemination, discrepancies between RT-PCR and antigen rapid diagnostic test results

Item Assessed Method, Mean, Source of Verification Summary of Findings Conclusion

Sample collection; cold chain
and transportation of
samples

Visit of the testing points to
check availability and
functionality of the cold chain

Availability of a refrigerator on
site (4–8�C)

No evidence of issue with
sample collection and
transportation to the
laboratory

Availability of cooler boxes with
dry ice

Availability of appropriate
packaging for biohazard
transportation

Group discussion with the staff Use of different viral transport
medium for PCR sample but
all were provided by the
Ministry of Health

Validity of biological samples
received

Checklist of sample control and
receipt in the laboratory

All the 67 samples were
declared valid upon arrival
and accepted by the team

No evidence of issue or very
marginal issue with quality of
samples tested for RT-PCR
at the laboratoryInternal sample quality control

available in the PCR machine
for validation of sample
quality

66 samples validated by the
internal quality control of the
PCR machine

1 sample with very low signal
during internal quality control
not validated

Conformity of PCR test
performed

Laboratory journal (systematic
realization of positive and
negative quality control tests
on each batch and conformity
of the results)

For each series of RT-PCR tests
done, all the positive and
negative controls have been
performed and the results
were in favor of a valid test

No evidence of contamination
during the manipulation
process

All results validated by the
internal quality controls

Concordance of results sent
back

Cross matching the code of
samples transmitted from the
fan zone and the code of
results transmitted by the
laboratory to ensure
appropriate result was given
to the right person

All the codes from the fan zones
and those from the laboratory
matched with the study ID of
each participant.

No evidence of mix-up or
confusion in the results
returned

There were no duplicates, no
missing IDs and no results
with an unknown participant

RT-PCR5 reverse transcription-polymerase chain reaction.
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for SARS-CoV-2 during AFCON, confirming the rapid spread
of Omicron and its surpassing the spread of the Delta vari-
ant, as suggested by country epidemiologic reports of that
period.31 Hence, implementing free SARS-CoV-2 testing at
fan zone entrances during large-scale sporting or social
MGEs is a critical opportunity for reinforcing epidemic and
genomic surveillance of emerging and rapidly evolving public
health threats such as SARS-CoV-2.32–36 Testing at fan
zones should be free of charge and mandatory for all
fan zone attendees to achieve the expected public health
impact.37

Challenges implementing mandatory testing at
fan zone.
Our experience of implementing SARS-CoV-2 testing

mandatory at fan zone entrances was not successful and
highlights some important challenges that need to be antici-
pated and mitigated before a mass gathering event. First, it
is important to anticipate that majority of attendees will
come less that 1 hour before the beginning of the event and
that all those who need to get tested will not accept waiting
for a long time and risking missing the event they came to
see. In our study, despite an appropriate number of trained
staff and physical space allocated to the health post for
SARS-CoV-2 testing, it was challenging to satisfy demand
once many people had gathered at the entrance. One solu-
tion to address this could have been to reorganize the teams
to have more people working 2 hours before and 2 hours
after the match, instead of having half of the team working
full time one day and the other half working full-time the next
day, as we did. There is a need for different approaches
aligned with available human and financial resources to
address the flow of fans coming immediately before the
event and needing to get tested in a very short period of
time. Large-scale communication and awareness campaigns
through various media platforms, as well as presence of
police at entrance of the fan zones to deny access to those
not complying with health pass policy, can certainly help, but
the main challenge remained the management of a large
number of fans in a short period of time.
In our study, another important challenge was that fans

who were unwilling or unable to get tested on time were
denied access to fan zones, and they moved to another
place with less restrictions than the fan zone. Knowing that a
fan zone is primarily a business, economic stakeholders who
invested in these fan zones lobbied to remove the require-
ment for the health pass at fan zones, and the SARS-CoV-2
testing became more voluntary than mandatory. Thus, there
is a need to identify strategies and approaches to help
enforce mandatory testing at fan zone entrances without
conflicting with the interests of fan zone stakeholders. Possi-
ble solutions to ensure the success of similar testing efforts
can include involving economic stakeholders in planning and
discussions and proposing promotional gifts or discount
codes to those tested at the fan zone during peak hours,
including agreements in their contracts for compliance to
public health measures set by the government.
We also identified lack of quality assurance during the use

of SARS-CoV-2 Ag-RDT at fan zones due to human resource
and logistical challenges and to working conditions that usu-
ally do not occur in routine testing settings. Specific quality
assurance process should be designed and implemented
when planning for SARS-CoV-2 Ag-RDT during large-scale

MGEs. In addition, systematic refresher trainings should be
organized for the team working during MGEs, and job aids
should be available and displayed at the testing site to avoid
mistakes due to fatigue or overconfidence. Finally, organiza-
tion of testing during MGEs required strict monitoring of
temperature for the storage of test kits and other testing
material. In our study, we found the testing material was not
stored or used at the optimal temperature recommended by
the manufacturer, and this could have affected the quality of
the results. Thus, planning for testing during MGEs should
take into account the temperature of the working atmo-
sphere and the storage of testing material to avoid possible
concerns with the results.
Study limitations.
One of the initial objectives of this study was to report on

the prevalence of SARS-CoV-2 among supporters attending
fan zones during AFCON. As such, it was important to test
all the attendees presenting at fan zones without a valid
health pass. Because of the operational challenges, we were
not able to estimate population-based prevalence of SARS-
CoV-2 because we could not test or otherwise determine
status of all supporters at study fan zones. We planned
to conduct genomic surveillance by performing WGS in all
the participants testing positive for SARS-CoV-2 Ag-RDT.
Unfortunately, we experienced a low acceptance rate for the
PCR sampling, mainly because of mistrust in their Ag-RDT
result, which reduced the proportion of positive samples
with genome sequencing. However, we were able to perform
the genome sequencing for those who provided the PCR
sample and identified Omicron as the only circulating variant
during the AFCON, as had already been shown in national
data.20 We noticed a high discordance rate between antigen
testing and positive PCR results, limiting the number of posi-
tive PCR being sequenced. This type of discordance is not
rare and can be expected in some circumstances, but in our
study, the proportion of discordance was high, leading the
team to conduct an audit in the Douala Fan zone.38 How-
ever, we were able to report on the case detection rate
based on PCR results among all participants tested at fan
zones, which is a good reflection of the epidemic trends
among the population interested in football matches. In
addition, this study described the operational and quality
assurance challenges that should be anticipated when plan-
ning for SARS-CoV-2 testing or other disease testing during
AFCON tournaments and for future large-scale sporting
events occurring during epidemics or pandemics.

CONCLUSION

Fan zones, like other entry points to MGEs, can be used
as platforms for epidemic and genomic surveillance during
large-scale MGEs, but not without challenges. Implementing
mandatory SARS-CoV-2 Ag-RDT at the entrances to fan
zones during a sporting MGE was met with reluctance from
attendees and economic stakeholders and faced insufficient
laboratory quality assurance. As such, the implementation of
mass testing during large events should be planned care-
fully, involving stakeholders early in the planning process,
including those with an economic interest and attendees or
other beneficiaries, to help identify appropriate mitigation
actions for anticipated challenges and to ensure a commit-
ment to and respect of any preventive measures adopted for
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public health interest. Laboratory quality assurance is critical
when implementing mass testing, including during large-
scale sporting events and should be strengthened at all test-
ing points.

Received December 19, 2023. Accepted for publication August 17,
2024.

Published online November 26, 2024

Acknowledgments: We thank the Ministry of Health especially the
Public Health Emergency Operating Center and the AFCON organiz-
ing committee in Cameroon for their support of the implementation
of this study. We are also grateful to the local administrative authori-
ties for their approval and for ensuring the security of the research
team during the implementation of the AFCON study.

Financial support: This project was supported by FIND through a
grant from the German Federal Ministry of Economic Cooperation
and Development (BMZ).

Disclosure: The study protocol was approved by the Cameroon
National Ethics Committee for Research in Human Health (No. 2021/
12/1412) and the Advarra Institutional Review Board (Pro00060355)
in the United States.

Current contact information: Boris K. Tchounga, Boris Tchakounte
Youngui, Andr�e P. Goura, Loic Feuzeu, and Patrice Tchendjou,
Elizabeth Glaser Pediatric AIDS Foundation, Yaound�e, Cameroon, and
Washington, District of Columbia, E-mails: btchounga@pedaids.org,
btchakounte@pedaids.org, agoura@pedaids.org, lfeuzeu@pedaids.org,
and ptchendjou@pedaids.org. Emilienne Ep�ee, National Public Health
Emergency Operations Coordination Centre, Ministry of Public Health,
Yaounde, Cameroon, and Faculty of Medicine and Biomedical
Sciences, University of Yaound�e I, Yaound�e, Cameroon, E-mail:
epeeemilienne@gmail.com. Tatiana Djikeussi and Muhamed Awulo
Mbunka, Elizabeth Glaser Pediatric AIDS Foundation Cameroon,
Douala, Cameroon, E-mails: tdjikeussi@pedaids.org and ambunka@
pedaids.org. Joseph Fokam, Virology Laboratory, Chantal BIYA
International Reference Centre, Yaound�e, Cameroon, E-mail:
josephfokam@gmail.com. Pallavi Dani, Foundation for Innovative
New Diagnostics, Geneva, Switzerland, E-mail: pallavi.dani@finddx.
org. Shannon Viana, Rhoderick Machekano, Laura Guay, Appolinaire
Tiam, and Michelle M. Gill, Elizabeth Glaser Pediatric AIDS
Foundation, Washington, DC, E-mails: shannonviana@gmail.com,
rmachekano@pedaids.org, lguay@pedaids.org, atiam@pedaids.org,
and mgill@pedaids.org. Anne Hoppe, Elizabeth Glaser Pediatric
AIDS Foundation, Geneva, Switzerland, E-mail: ahoppe@pedaids.
org. Yap Boum, Faculty of Medicine and Biomedical Sciences,
University of Yaound�e I, Yaound�e, Cameroon, E-mail: yap.boum2@
pasteur-bangui.cf. Anne-Cecile Zoung-Kanyi Bissek, Division of
Health Operational Research, Ministry of Public Health, Yaound�e,
Cameroon, E-mail: annezkbissek@yahoo.fr. John Ditekemena,
Elizabeth Glaser Pediatric AIDS Foundation, Kinshasa, Democratic
Republic of the Congo, E-mail: jditekemena@pedaids.org. Alain G.
Etoundi, Department of Disease, Epidemic and Pandemic Control,
Ministry of Public Health, Yaound�e, Cameroon, E-mail: dretoundi@
yahoo.fr.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits
unrestricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

REFERENCES

1. daSilva SJR, et al., 2022. Two years into the COVID-19 pan-
demic: Lessons learned. ACS Infect Dis 8: 1758–1814.

2. Mallah SI, et al., 2021. COVID-19: Breaking down a global health
crisis. Ann Clin Microbiol Antimicrob 20: 35.

3. World Health Organization, 2023. COVID-19 Epidemiological
Update—27 October 2023. Available at: https://www.who.int/
publications/m/item/covid-19-epidemiological-update—27-
october-2023. Accessed November 11, 2024.

4. Cameroon Public Health Emergency Center, 2020. COVID-19
Epidemic Response, Cameroon Situation Report N�5 March

5–8 2020. Available at: https://www.ccousp.cm/wp-content/
uploads/2021/12/CMR_COVID19_SITREP05.pdf. Accessed May
27, 2024.

5. Njouom R, et al., 2021. Coding-complete genome sequence
and phylogenetic relatedness of a SARS-CoV-2 strain
detected in March 2020 in Cameroon. Microbiol Resour
Announc 10: e00093-21.

6. Cameroon Public Health Emergency Center, 2023. COVID-19
Epidemic Response, Cameroon Situation Report N�200 Octo-
ber 2–8 2023. Available at: https://www.ccousp.cm/download/
cameroon-covid-19-situation-report-no-200-eng/. Accessed
May 27, 2024.

7. Aleem A, Akbar Samad AB, Slenker AK, 2022. Emerging var-
iants of SARS-CoV-2 and novel therapeutics against coro-
navirus (COVID-19). StatPearls. Treasure Island, FL: StatPearls
Publishing, 95.

8. Moritz S, et al., 2021. The risk of indoor sports and culture events
for the transmission of COVID-19. Nat Commun 12: 5096.

9. Pradhan D, Biswasroy P, Kumar Naik P, Ghosh G, Rath G,
2020. A review of current interventions for COVID-19 preven-
tion. Arch Med Res 51: 363–374.

10. Ebrahim SH, Memish ZA, 2020. Saudi Arabia’s measures to
curb the COVID-19 outbreak: Temporary suspension of the
Umrah pilgrimage. J Travel Med 27: taaa029.

11. Republic of Cameroon, Presidency of the Republic, 2022. CAF
President Affirms the Holding of AFCON in Cameroon
as Scheduled. Available at: https://www.prc.cm/en/news/
audiences/5528-caf-president-affirms-the-holding-of-afcon-in-
cameroon-as-scheduled. Accessed January 11, 2022.

12. Yashio T, Murayama A, Kami M, Ozaki A, Tanimoto T, Rodriguez-
Morales AJ, 2021. COVID-19 infection during the Olympic and
Paralympic Games Tokyo 2020. Travel Med Infect Dis 44:
102205.

13. Riccardo F, et al., 2022. Winning during a pandemic: Epidemiol-
ogy of SARS-CoV-2 during EURO2020 in Italy. Epidemiol
Infect 150: e166.

14. Wirsiy FS, Nkfusai CN, Ako-Arrey DE, Dongmo EK, Manjong FT,
Cumber SN, 2021. Acceptability of COVID-19 vaccine in
Africa. Int J Matern Child Health AIDS 10: 134–138.

15. Liu Y, Gayle AA, Wilder-Smith A, Rockl€ov J, 2020. The repro-
ductive number of COVID-19 is higher compared to SARS
coronavirus. J Travel Med 27: taaa021.

16. Amani A, Njoh AA, Mouangue C, Zobel CLF, Mossus T, 2022.
Vaccination coverage and safety in Cameroon; descriptive
assessment of COVID-19 infection in vaccinated individuals.
Health Sci Dis 23: 1–8.

17. Cameroon Public Health Emergency Operation Center, Ministry
of Public Health, 2020. COVID-19 Epidemic response, Camer-
oon situation report N�01 February 6 2021. Available at:
https://www.ccousp.cm/wp-content/uploads/2021/12/CMR_
COVID19_SITREP01.pdf. Accessed May 27, 2024.

18. World Health Organization, 2022. WHO Guidance on COVID-19.
Geneva, Switzerland: WHO.

19. Esso L, et al., 2021. Cameroon’s bold response to the COVID-19
pandemic during the first and second waves. Lancet Infect Dis
21: 1064–1065.

20. Fokam J, et al., 2024. XBB.1, BQ1.1 and atypical BA.4.6/XBB.1
recombinants predominate current SARS-CoV-2 Wavelets
with flu-like symptoms in Cameroon: A snapshot from geno-
mic surveillance. PLOS Glob Public Health 4: e0003153.

21. Lee Ludvigsen JA, 2021. Between security and festivity: The
case of fan zones. Int Rev Sociol Sport 56: 233–251.

22. Bevan I, Stage Baxter M, Stagg HR, Street A, 2021. Knowledge,
attitudes, and behavior related to COVID-19 testing: A rapid
scoping review. Diagnostics 11: 1685.

23. Sun N, Hua CL, Qiu X, Brown JS, 2022. Determinants of
COVID-19 testing among late middle-aged and older adults:
Applying the health belief model. Aging Health Res 2: 100066.

24. Fallucchi F, G€orges L, Machado J, Pieters A, Suhrcke M, 2021.
How to make universal, voluntary testing for COVID-19 work?
A behavioural economics perspective. Health Policy Amst
Neth 125: 972–980.

25. Schumacher YO, et al., 2021. Resuming professional football
(soccer) during the COVID-19 pandemic in a country with high
infection rates: A prospective cohort study. Br J Sports Med
55: 1092–1098.

SARS-COV-2 AG-RDT DURING AFRICA CUP OF NATIONS 2022 9

mailto:btchounga@pedaids.org
mailto:btchakounte@pedaids.org
mailto:agoura@pedaids.org
mailto:lfeuzeu@pedaids.org
mailto:ptchendjou@pedaids.org
mailto:epeeemilienne@gmail.com
mailto:tdjikeussi@pedaids.org
mailto:ambunka@pedaids.org
mailto:ambunka@pedaids.org
mailto:josephfokam@gmail.com
mailto:pallavi.dani@finddx.org
mailto:pallavi.dani@finddx.org
mailto:shannonviana@gmail.com
mailto:rmachekano@pedaids.org
mailto:lguay@pedaids.org
mailto:atiam@pedaids.org
mailto:mgill@pedaids.org
mailto:ahoppe@pedaids.org
mailto:ahoppe@pedaids.org
mailto:yap.boum2@pasteur-bangui.cf
mailto:yap.boum2@pasteur-bangui.cf
mailto:annezkbissek@yahoo.fr
mailto:jditekemena@pedaids.org
mailto:dretoundi@yahoo.fr
mailto:dretoundi@yahoo.fr
https://creativecommons.org/licenses/by/4.0/
https://www.who.int/publications/m/item/covid-19-epidemiological-update-27-october-2023
https://www.who.int/publications/m/item/covid-19-epidemiological-update-27-october-2023
https://www.who.int/publications/m/item/covid-19-epidemiological-update-27-october-2023
https://www.ccousp.cm/wp-content/uploads/2021/12/CMR_COVID19_SITREP05.pdf
https://www.ccousp.cm/wp-content/uploads/2021/12/CMR_COVID19_SITREP05.pdf
https://www.ccousp.cm/download/cameroon-covid-19-situation-report-no-200-eng/
https://www.ccousp.cm/download/cameroon-covid-19-situation-report-no-200-eng/
https://www.prc.cm/en/news/audiences/5528-caf-president-affirms-the-holding-of-afcon-in-cameroon-as-scheduled
https://www.prc.cm/en/news/audiences/5528-caf-president-affirms-the-holding-of-afcon-in-cameroon-as-scheduled
https://www.prc.cm/en/news/audiences/5528-caf-president-affirms-the-holding-of-afcon-in-cameroon-as-scheduled
https://www.ccousp.cm/wp-content/uploads/2021/12/CMR_COVID19_SITREP01.pdf
https://www.ccousp.cm/wp-content/uploads/2021/12/CMR_COVID19_SITREP01.pdf


 

 

26. Khan NA, Al Musleh AA, Abdurahiman S, Asim M, El-Menyar A,
Al-Thani H, 2022. Recommencement of football competition
with spectators during the active phase of the COVID-19 pan-
demic in a Middle Eastern country. BMC Sports Sci Med
Rehabil 14: 112.

27. Chamari K, Dergaa I, Mujika I, Schumacher YO, Tabben M, Ben
Saad H, 2022. Football in times of COVID-19: A recapitulation
of preventive measures and infection control policies aiming
at a safe game environment. Int J Sports Physiol Perform 17:
1448–1451.

28. Al Musleh AW, Ahmad Khan N, Abdurahiman S, Asim M, El-
Menyar A, Penney G, Al-Thani H, 2022. Resumption of profes-
sional football league with spectators during the COVID-19
pandemic: The implementation of bio-secure bubble protocol.
Qatar Med J 2022: 31.

29. Meyer T, Mack D, Donde K, Harzer O, Krutsch W, R€ossler A,
Kimpel J, von Laer D, G€artner BC, 2021. Successful return to
professional men’s football (soccer) competition after the
COVID-19 shutdown: A cohort study in the German Bunde-
sliga. Br J Sports Med 55: 62–66.

30. Al-Thani H, Al Musleh AA, Khan NA, Asim M, Abdurahiman S,
Morad YA, Massey A, El-Menyar A, 2023. FIFA Arab Cup tour-
nament with full capacity of spectators during the COVID-19
pandemic: A cross-sectional study. Sci Med Footb 7: 337–346.

31. ReliefWeb, 2022. Cameroon: COVID 19 Emergency Situation
Report No. 22—1 January to 28 February 2022—Cameroon.
Available at: https://reliefweb.int/report/cameroon/cameroon-

covid-19-emergency-situation-report-no-22-1-january-28-
february-2022. Accessed November 11, 2024.

32. Smith DRM, Duval A, Zahar JR, Opatowski L, Temime L; EMAE-
MESuRS Working Group on Nosocomial SARS-CoV-2 Model-
ling, 2022. Rapid antigen testing as a reactive response to
surges in nosocomial SARS-CoV-2 outbreak risk. Nat Com-
mun 13: 236.

33. Revollo B, et al., 2021. Same-day SARS-CoV-2 antigen test
screening in an indoor mass-gathering live music event: A ran-
domised controlled trial. Lancet Infect. Dis 21: 1365–1372.

34. Ramos R, et al., 2022. SARS-CoV-2 transmission risk screening
for safer social events: A non-randomised controlled study.
Sci Rep 12: 12794.

35. Aggrawal V, et al., 2020. Disease surveillance during a large reli-
gious mass gathering in India: The Prayagraj Kumbh 2019
experience. Int J Infect Dis 101: 167–173.

36. Williams GS, et al., 2021. Implementing epidemic intelligence in
the WHO African region for early detection and response to
acute public health events. Epidemiol Infect 149: e261.

37. Cameroon Publlic Health Emergency Center, 2022. COVID-19
Epidemic Response, Cameroon Situation Report N�112 Jan
19—Jan 2022. Available at: https://www.ccousp.cm/download/
cameroon-covid-19-situation-report-n112/. Accessed May 29,
2024.

38. Teymouri M, et al., 2021. Recent advances and challenges of
RT-PCR tests for the diagnosis of COVID-19. Pathol Res Pract
221: 153443.

TCHOUNGA AND OTHERS10

https://reliefweb.int/report/cameroon/cameroon-covid-19-emergency-situation-report-no-22-1-january-28-february-2022
https://reliefweb.int/report/cameroon/cameroon-covid-19-emergency-situation-report-no-22-1-january-28-february-2022
https://reliefweb.int/report/cameroon/cameroon-covid-19-emergency-situation-report-no-22-1-january-28-february-2022
https://www.ccousp.cm/download/cameroon-covid-19-situation-report-n112/
https://www.ccousp.cm/download/cameroon-covid-19-situation-report-n112/

