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ABSTRACT The clinical performance of two rapid antigen tests for the diagnosis of
Severe Acute Respiratory Coronavirus (SARS-CoV-2) were regionally evaluated in East
African populations. Swabs were collected from 1,432 individuals from five Partner States of
the East African Community (Tanzania, Uganda, Burundi, Rwanda and South Sudan). The
two rapid antigen tests (Bionote NowCheck COVID-19 Ag and SD Biosensor STANDARD Q
COVID-19 Ag) were evaluated against the detection of SARS-CoV-2 RNA by the Reverse
Transcription PCR (RT-PCR) gold standard. Of the concordant results with both RT-PCR and
rapid antigen test data (862 for Bionote and 852 for SD Biosensor), overall clinical sensi-
tivity was 60% and 50% for the Bionote NowCheck and the SD Biosensor STANDARD
Q, respectively. Stratification by viral load, including samples with RT-PCR cycle thresh-
olds (Ct) of ,25, improved sensitivity to 90% for both rapid diagnostic tests (RDTs).
Overall specificity was good at 99% for both antigen tests. Taken together, the clinical
performance of both Ag-RDTs in real world settings within the East African target
population was lower than has been reported elsewhere and below the acceptable
levels for sensitivity of .80%, as defined by the WHO. Therefore, the rapid antigen test
alone should not be used for diagnosis but could be used as part of an algorithm to
identify potentially infectious individuals with high viral load.

IMPORTANCE Accurate diagnostic tests are essential to both support the management
and containment of outbreaks, as well as inform appropriate patient care. In the case
of the SARS-CoV-2 pandemic, antigen Rapid Diagnostic Tests (Ag-RDTs) played a major
role in this function, enabling widespread testing by untrained individuals, both at home
and within health facilities. In East Africa, a number of SARS-CoV-2 Ag-RDTs are available;
however, there remains little information on their true test performance within the region,
in the hands of the health workers routinely carrying out SARS-CoV-2 diagnostics. This
study contributes test performance data for two commonly used SARS-CoV-2 Ag-RDTs in
East Africa, which will help inform the use of these RDTs within the region.
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All seven Partner States of the East African Community (EAC) were affected by the
global SARS-CoV-2 pandemic in 2020 (Burundi, Rwanda, Democratic Republic of

Congo, Tanzania, Kenya, Uganda, and South Sudan). Although differing national con-
trol measures in the countries were applied (ranging from restrictions of free popula-
tion movement, partial curfews, to complete lockdowns), the requirement for negative
PCR was commonplace to enter or exit the countries across land and air borders. The
PCR test results were captured in the “EAC Pass app” (1) to facilitate the movement of
commuters, tourists and goods in the region. By 2022, the majority of countries
stopped mandatory testing, with valid SARS-CoV-2 vaccination certificates accepted in
place of negative tests. However, given the low vaccination coverage across the East
African Partner States (2), SARS-CoV-2 testing remains a requirement for the majority
of the unvaccinated population crossing borders. Given this continued need for testing
and the unpredictable emergence of future, novel SARS-CoV-2 variants, it is conceiva-
ble that mandatory testing requirements for all people at border crossings within the
EAC may be reinstalled. For this scenario the widespread regional use of rapid diagnos-
tic tests (RDTs) would have several advantages, as they require a lower operator skill
set, have a rapid diagnostic turn-around-time (15 min), do not need expensive labora-
tory equipment and are therefore cost-effective. If they were also capable of identify-
ing a critical proportion of infectious individuals in East Africa, they would be an ac-
ceptable alternative to PCR tests. Many SARS-CoV-2 antigen RDTs have been evaluated
globally (3–5), including through the framework of the Foundation of Innovative
Diagnostics (FIND) (6), but there is very little performance information in East African
populations, especially in a real world setting, i.e. in the hands of the laboratory per-
sonnel carrying out the testing of local populations at points-of-entry, community-
level, or health facilities (7–9).

Since 2017, the EAC has been operating a mobile laboratory network, together with
the six National Public Health Laboratories (NPHLs) in East Africa (DRC only joined the
EAC in 2022), with the aim to harmonize laboratory procedures for diagnostics of viral
(hemorrhagic) infections in the region. Since the emergence of SARS-CoV-2, this labo-
ratory network has significantly contributed to the national and regional pandemic
SARS-CoV-2 response (10, 11).

For the present study, we were utilizing the established network to validate the perform-
ance of two SARS-CoV-2 RDTs at deployed mobile laboratories (South Sudan, Zanzibar/
Tanzania) and centralized NPHLs (Burundi, Rwanda, Uganda), respectively. We evaluated in
detail, the sensitivity and specificity of the RDTs in comparison to gold standard qRT-PCR in
the five countries. This RDT field validation was carried out between 2020 and 2021 by the
trained front-line laboratory personnel that routinely performed SARS-CoV-2 testing in their
respective country and represents the first such regional evaluation.

RESULTS
Patient enrollment and demographics of study participants. Between 2020 and

2021, 1,432 individuals participated in the regional study, across the five EAC Partner
States and samples were collected (see Table 1 and flowchart Fig. 1).

Results for both the reference molecular RT-PCR test and the Ag-RDT were available
for 862 participants in the Bionote NowCheck COVID19 Ag Test sampling group and
852 participants in the SD Biosensor STANDARD Q COVID-19 Ag Test sampling group.
The demographic characteristics were similar across the five EAC Partner States for
mean age, ranging from 30 to 42 years (Table 1). Gender was balanced in Rwanda and
Uganda (51% and 53% female, respectively); however, in Zanzibar females were over-
represented at 63% and in Burundi and South Sudan there was an underrepresentation
at 14% and 45%, respectively. History of recent travel was low in all study populations,
except for South Sudan, where 47% of participants had a history of recent travel, due
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to the location of the mobile laboratory at the South Sudan/Uganda border. In Zanzibar,
Burundi and Uganda, the majority of participants were symptomatic at 94%, 100%, and
80%, respectively, reflecting the hospital-based recruitment. This was lower in the commu-
nity-based recruitment at 8% in South Sudan and 4% in Rwanda. Hospitalization of partici-
pants was low in all study sites, except Zanzibar where almost half of those recruited in the
study were hospitalized (47%). Days from symptom onset was captured in Zanzibar, Burundi
and Uganda, median range 3 to 7 days (for a detailed overview see Table 1). Sub-analysis of
the Bionote NowCheck COVID19 Ag Test sampling group and the SD Biosensor STANDARD
Q COVID-19 Ag Test sampling group was additionally carried out to ensure that the charac-
teristics of the sub-groups were not skewed (Table 1). Overall, age and gender distributions
were similar across all groups. A slightly lower proportion of symptomatic patients was
observed in the Burundi SD Biosensor subgroup compared to the overall (85% versus 100%)
and a slightly higher proportion in the South Sudan SD Biosensor subgroup (22% versus
8%). Increased numbers of hospitalized patients were also observed in the Burundi and
South Sudan sub-groups, relative to the overall (see Table 1 for detailed overview). PCR and
rapid test positivity rates were maintained across all the groups.

Performance of the two RDTs in comparison to RT-PCR gold standard. In total
we correlated RT-PCR results for 862 samples with the outcome of the Bionote NowCheck
COVID-10 Ag test, and 852 samples with the outcome of the SD Biosensor STANDARD Q
COVID-19 Ag Test. For an overview see the 2� 2 contingency tables below (Table 2).

While the Bionote NowCheck COVID-19 Ag test showed a nonsignificant, higher
sensitivity than the SD Biosensor STANDARD Q COVID-19 Ag (60% versus 53%) in its
overall performance (Table 3), neither of the tests reached satisfactory clinical sensitiv-
ity levels (.80% as per WHO guidelines). In the case of both RDTs, test sensitivity was
lower than that reported by the manufacturer (94% for SD Biosensor STANDARD Q
COVID-19 Ag and 96% for Bionote NowCheck COVID-19 Ag test). Stratification of qRT-
PCR ct values, to only include those samples with higher viral load, improved sensitivity
to 90% for both RDTs at Ct , 25 (see Table 3). As indicated by the overlapping 95%CI,

FIG 1 Flow diagram of sample recruitment and diagnostic analysis in the 5 EAC Partner States.
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none of the tests outperformed the other. Both tests showed comparable high clinical
specificity at 99% (98% to 100%), in line with the manufacturers report (see Table 3).

To further understand the lower sensitivity of rapid tests we analyzed concordant
(RT-PCR positive/RDT positive) and discordant (RT-PCR positive/RDT negative) test
results, in particular in relation to the Ct values as proxy for viral loads (Fig. 2).

For the concordant positive samples of the Bionote NowCheck Ag RDT (n = 180), the
median Ct was 27 (Q1-Q3 21 to 32), whereas discordant, false-negative RDTs (n = 107) had
a higher median Ct of 35 (Q1-Q3 32 to 37). For the SD Biosensor STANDARD Q concordant
cases (n = 158) had a median Ct of 26 (range 21–33) while discordant cases (n = 107)
showed a higher Ct of 35 (range 31 to 37). In both instances, lower Ct values, which corre-
late with higher viral loads, increased the sensitivity of the RDTs.

The impact of clinical patient status on RT-PCR and RDT outcome.We wanted to
investigate whether the presence of symptoms in COVID-19 suspects was a predictor
of test outcome.

We stratified the days to symptoms onset and related it to test outcome (see Table 4).
We had data from Zanzibar, Burundi, and Uganda for a total of n = 558 patients that had
symptoms for a median of 6 days (Q1 to Q3, 3 to 8 days) prior to enrollment in the study.
When further looking at the test outcome through the course of the acute infection (0 to
3 days; 4 to 7 days;.8 days) we found the highest proportion (36%) of RT-PCR test positives
was found when the symptom onset was 4 to 7 days prior. Similarly, the two rapid tests had
the highest proportions of positive cases in the same 4 to 7 days window with 26% for both
the Bionote NowCheck Ag RDT and the SD Biosensor STANDARD Q (see Table 4).

Furthermore, we tested the performance of both test kits relative to the RT-PCR in
asymptomatic and symptomatic patients, by analyzing the positive predictive values
(PPV). We observed a higher PPV in the symptomatic group compared to the asymptomatic
group for both RDTs; PPV symptomatic (95% CI): 97% (93 to 99%), relative to the PPV
asymptomatic (95% CI): 90% (70 to 97%) and 87% (48 to 98%) for Bionote NowCheck and
SD Biosensor, respectively (Table 5).

Stratification of all RT-PCR positive cases by symptoms, revealed an insignificant dif-
ference in PCR Ct values between symptomatic and asymptomatic participants (Fig. 3),

TABLE 3 Sensitivity and specificity of the RDTs compared to qRT-PCR

Test performance
Bionote NowCheck
COVID-19 Ag test

SD biosensor STANDARD
Q COVID-19 Ag

Overall Sensitivity (95% CI), N 60% (55 - 66), 297 53% (49 - 56), 297
Sensitivity Ct# 33, (95% CI), N 77% (70 - 83), 163 72% (65 - 79), 163
Sensitivity Ct# 25, (95% CI), N 90% (86 - 99), 78 90% (84 - 98), 78
Overall Specificity (95% CI), N 99% (98 - 100), 575 99% (98 - 100), 587

TABLE 2 Bionote NowCheck COVID-19 Ag and SD Biosensor STANDARD Q COVID-19 Ag Test
performance in relation to the gold standard SeeGene qRT-PCR

Seegene

Seegene RT-PCR2ve Seegene RT-PCR+ve

Rapid diagnostic test n = 575 n = 287

Nowcheck Bionote Ag RDT N = 862 2ve 1ve 2ve 1ve

568 7 107 180

99% 1% 37% 63%

Seegene

Seegene RT-PCR2ve Seegene RT-PCR+ve

n = 587 n = 265

SD Biosensor Ag RDT N = 852 2ve 1ve 2ve 1ve

581 6 107 158

99% 1% 40% 60%
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as the Median Ct (and range) for symptomatic cases was 29 (24 to 36) and for asymp-
tomatic 31.5 (30 to 35), respectively.

DISCUSSION

Here, we present the first regional evaluation study for SARS-CoV-2 RDTs in East
Africa, conducted at the height of the COVID-19 pandemic in the region between 2020
and 2021. We evaluated the tests in five countries in collaboration with the NPHLs,
which are mandated to respond to outbreaks. In contrast to test evaluation in research
laboratories, the performance of the RDTs at the hands of front-line laboratory workers
in real field settings, in hospitals and health facilities in East Africa, is most relevant.

We selected the Seegene qRT-PCR as the gold standard, as it showed satisfactory
performance (limit of detection [LOD]: 50 copies per reaction, specificity: 100%), as
evaluated by the Foundation for Innovative New Diagnostics (FIND) (12). Antigen RDT
test selection was based on (1) shortlisting as part of the FIND evaluation and (2) avail-
ability and use in the East African region at the time of study. Although we originally
attempted to procure four RDTs, due to the limitations in air travel, shipping and avail-
ability in East Africa during the onset of the pandemic in 2020, we were only able to
validate two RDTs.

The overall sensitivity of the RDTs to detect low viral load patients was much lower
than both that reported by the manufacturers and relative to the gold qRT-PCR standard.

FIG 2 Cycle Threshold (Ct) values for SARS-CoV-2 E-gene in Bionote NowCheck and SD Biosensor
rapid diagnostic test positive and negative patients. Median Ct Bionote NowCheck Ag RDT positive
27, and negative 35. Median Ct SD Biosensor Standard Q Ag RDT positive 25.6 and negative 35.

TABLE 4 Test sensitivity in relation to onset of symptoms

Onset of symptoms n Seegene RT-PCR Bionote NowCheck SD Biosensor STANDARD Q
Days, 0–3 (n, %) 191 54 (28%) 43 (22%) 36 (18%)
Days 4–7 (n, %) 226 82 (36%) 60 (26%) 59 (26%)
Days.8 (n, %) 141 40 (28%) 18 (12%) 19 (13%)
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This may be attributed to a number of factors, including the possibility of skewed selection
of higher viral load samples for manufacturer test validation (9). Therefore, RDTs might
give false-negative results during large-scale, cross-sectional screening of populations
(such as truck-drivers, tourists, commuters). This finding is consistent with other recently
published studies in Africa (8, 9), and are especially relevant to mobile laboratory settings
such as the EAC Mobile laboratory in Nimule/South Sudan screening transient populations,
which was reflected in a high percentage of recent travel history and low percentage of
symptomatic cases. As a matter of fact, seven EAC Mobile Laboratories were deployed to
respective border regions during the pandemic (11), screening over 1 million people with
RT-PCR, with the majority being asymptomatic. Therefore, the application of RDT screening
in this context, should consider a high level of negative results, which will need to be fur-
ther interpreted based on clinical and epidemiological information, and possible retesting
by RT-PCR.

In samples with high viral loads, however, the sensitivity of both tests increased (to
75% to 90%), consistent with other studies (13, 14). Therefore, the evaluated Ag RDTs
might still be useful to identify most SARS-CoV-2 infections with significant transmis-
sion risk, where they could play an important role to rapidly isolate infectious suspects
at points-of-entry, such as truck drivers at border crossings. Despite our study showed
higher PPVs in symptomatic patients 97% (CI95:93 to 99), relative to asymptomatic
patients (90% [CI95:70 to 97] and 87% [CI95:48 to 98] for Bionote NowCheck and SD
Biosensor, respectively), there still appears to be a high possibility of false-negative RDT

TABLE 5 Test performance in symptomatic and asymptomatic COVID-19 suspects (positive
predictive values)

Test performance
Bionote NowCheck
COVID-19 Ag test

SD Biosensor STANDARD
Q COVID-19 Ag

Symptomatic PPV (95% CI), N 97% (93–99%), 547 97% (93–99%), 539
Asymptomatic PPV (95% CI), N 90% (70–97%), 313 87% (48–98%), 313

FIG 3 Cycle Threshold (Ct) values for SARS-CoV-2 E-gene in symptomatic and asymptomatic patients.
Median Ct symptomatic 29 (24–36) and asymptomatic 31.5 (30–35).
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results, even in symptomatic patients. Therefore, in line with The World Health Organization
(WHO) recommendations, further RT-PCR testing should still be recommended in East Africa
for this symptomatic, RDT negative patient group, particularly given the low reported SARS-
CoV-2 prevalence rates in the EAC Partner States (2). Our sensitivity of 53% (CI95: 49 - 56) on
the Biosensor STANDARD Q are comparable with findings from an independent Ugandan
study, which also documented a low sensitivity of 70.0% (CI95: 60 to 79) that increases with
higher viral loads (i.e., lower Ct values) (7). Similar to our findings, the Ugandan authors con-
cluded that the Biosensor STANDARD Q RDT has a “less than optimal performance,” as the
WHO recommends a sensitivity of .80% for SARS-CoV-2 antigen RDTs (15). This also
applies to the performance of the Bionote NowCheck evaluated in our setting. Both rapid
antigen tests demonstrated high specificity (99% [98 to 100]), suggesting that positive Ag
RDT results do not require further RT-PCR confirmation. This could prove beneficial in the
context of practical implementation for practicing professions, working for example at
points of entry, where an algorithm can be established to reduce diagnostic turn around
time (TAT) and minimize the use of expensive and time-consuming molecular tests.

A major limitation of the study was that we did not have further information of viral
strains or variants, as SARS-CoV-2 whole-genome sequencing was not yet readily available
for NPHLs at the time of the study. Recent publications from a number of East African
Partner States, including Tanzania, Kenya, Uganda, Rwanda, Burundi, and South Sudan
reveal that global variants of concern (VOCs), including the Beta, Delta, and Eta variants,
were circulating at the time of this study (16–18). In addition, a number of regionally spe-
cific lineages appear to have evolved in East Africa, which show very low prevalence else-
where in the world (16, 18, 19). Given that rapid antigen tests, in contrast to molecular
tests, only target a singular, genetically conserved nucleocapsid viral protein, there is a
chance that strain variation could explain the low sensitivity observed in this study, and
that these tests might work differently or even better in more recently emerged variants.
A number of recent studies have demonstrated an impact of SARS-CoV-2 variants on rapid
antigen test sensitivity (20–22). However, other publications suggest that there is no signif-
icant difference (23).

Overall, our study demonstrates that in real world field settings, with potential sub-
optimal conditions and sampling/operator variance, the two evaluated RDTs demonstrate
low sensitivity overall in the target group population in East Africa. However, there may be a
role in the rapid confirmation of SARS-CoV-2 infection in symptomatic patients presenting
with high viral loads, which may represent the most infectious individuals, in particular
between 4 and 7 days after symptoms onset, a phase of high transmission risk.

MATERIALS ANDMETHODS
Study sites. The study was carried out in five EAC Partner States, through the respective National

Public Health Laboratories (NPHLs), namely Burundi (Institut National de Santé Publique), Rwanda (National
Reference Laboratory), South Sudan (Public Health Laboratory and National Blood Transfusion Services),
Uganda (Central Public Health Laboratories). The Zanzibar National Public Health Laboratory received EAC mo-
bile laboratory support from the National Health Laboratory (Tanzania). Recruitment was conducted in different
health settings in the various EAC Partner States. Hospital based recruitment was performed in Burundi (at the
Clinique Prince Louis Rwagasore and the Bon Accueil, Kamenge, Kanyosha, Bubanza field sites); Uganda (at the
regional referral hospitals in Arua, Mbale, Soroti); and in Zanzibar (at the Mnazi Mmoja Referral Hospital and
Kwa Mtipura Primary Health Unit), respectively. In South Sudan, recruitment was conducted in the EAC mobile
laboratory located in Nimule, a border town with Uganda, predominantly testing travelers entering South
Sudan. In Rwanda, recruitment was both hospital-based (from Kibungo Referral Hospital and Kirehe District
Hospital) and also during community-based mass screening events in the Eastern Provinces of the country.

Clinical specimens. A total of 1,432 respiratory samples (nasopharyngeal and throat swabs) were
collected from suspect COVID-19 cases, taking all necessary biosafety precautions. Two or three swabs
were taken per participant, dependent on participant acceptance. One swab was collected in appropri-
ate transport media, e.g., Universal Viral Transport media, VTM (Copan Diagnostics Inc., Brescia, Italy) or
DNA/RNA shield (Zymo Research, USA) for downstream RT-PCR diagnostics, and one swab in the propri-
etary storage solution for each of the two SARS-CoV-2 antigen RDTs under evaluation. Where only two
swabs were collected, one swab was used for RT-PCR and the other swab with one of the RDTs. In these
cases, selection was done to ensure that sampling was balanced between the two RDTs under evalua-
tion. An outline of the testing algorithm is shown in Fig. 1.

Viral RNA extraction and SARS-CoV-2 detection by RT-PCR. RNA was extracted using the Zymo
Research Quick RNA Viral kit (Zymo Research, USA), in accordance with the manufacturer's protocol. For
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all extractions, 10mL Seegene internal control was added to each 400mL clinical specimen, for the down-
stream RT-PCR analysis. Extracted samples were eluted in 15–30mL elution buffer and stored at 280°C.
Molecular testing as a reference gold-standard method was carried out using the Seegene Allplex 2019-
nCoV Assay (Seegene, South Korea), according to the manufacturer's protocol.

SARS-CoV-2 antigen tests. All swab samples were tested with the two RDT under investigation: (i)
SD Biosensor STANDARD Q COVID-19 Ag Test (24), and (ii) Bionote NowCheck COVID-19 Ag Test (25).
Both RDTs were performed according to the respective manufacturer’s instructions, and as soon as pos-
sible after specimen collection. All necessary reagents to perform the assays were provided by the man-
ufacturer and no assay specific, specialized equipment was needed.

Statistical analysis. Statistical analysis was carried out using STATA/SE 14.2 and PRISM version 9.
The sensitivity was calculated as the proportion of true positive results detected by the SD Biosensor
STANDARD Q COVID-19 Ag test or Bionote NowCheck COVID-19 Ag Test compared to all positives by
the quantitative reference PCR (Seegene Allplex 2019-nCoV Assay), expressed as a percentage. The spec-
ificity was calculated as the number of true negative specimens detected by the Rapid Diagnostic Test
(RDT), among all negatives identified by the reference PCR, expressed as a percentage. The 95% confi-
dence intervals were calculated to assess the level of uncertainty introduced by sample size.

Ethics. The study was approved in each participating EAC Partner State, through the relevant author-
ities: Burundi National Ethics Committee, Rwanda National Ethics Committee, South Sudan National Health
Research Ethics Review, Uganda National Health Laboratory Services REC, Uganda National Council for Science
and Technology and Zanzibar Medical Research and Ethics Committee (ZAMREC).
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