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1 | INTRODUCTION

The burden of COVID-19 in low- and middle-income
countries remains poorly characterized. Even prior to the
availability of SARS-CoV-2 vaccines, some countries in
Africa reported lower numbers of COVID-19-related hos-
pitalizations and deaths than other regions globally." Only
5% of the total recorded COVID-19 cases and 3% of the
COVID-19 related deaths have originated in Africa, despite
comprising 17.2% of the world's population.” One postu-
lated reason for the low number of cases and deaths com-
pared with other regions is age; sub-Saharan Africa (SSA)
has a young population, whereas advanced age is a major
risk factor for severe COVID-19, including death.** How-
ever, access to COVID-19 testing, test hesitancy and defi-
cient reporting mechanisms could underestimate cases in
SSA. In an analysis by the World Health Organization
(WHO), the true number of infections of SARS-CoV-2 was
sevenfold higher than that which was reported, and two in
three COVID-19 related deaths were not being registered.’
This reflects a wider problem of deficient or incomplete
systems to register deaths in low- and middle-income
countries, particularly in Africa.’

Serosurveillance (i.e., antibody testing of groups or
populations) can be used to estimate the burden of disease.
It is particularly advantageous when conducted early in an
outbreak, to track infection incidence and guide public
health interventions (e.g., vaccination), by identifying
those groups of people who remain most at risk of infec-
tion. Examples of SARS-CoV-2 serosurveillance studies in
Uganda are rare.”® One study, (November 2020 to January
2021), evaluated 753 health care workers (HCW) at
26 health facilities in South-Central Uganda along with
227 participants who had reported COVID-19 like symp-
toms in a phone-based survey (May-August 2020).” A
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January-April 2022. Among seropositive individuals, N and S antibody levels
increased >9-fold over the study period. In November-December 2021, sero-
positivity to N and S antibody was higher among repeat donors (61.3%) com-
pared with new donors (55.1%; p = .043) and among donors from Kampala
(capital city of Uganda) compared with rural regions (p = .007). Seropositivity
to S antibody was significantly lower among HIV-seropositive individuals (58.8%
vs. 84.9%; p = .009).

Conclusions: Despite previously reported low numbers of COVID-19 cases
and related deaths in Uganda, high SARS-CoV-2 seroprevalence and increas-
ing antibody levels among blood donors indicated that the country experienced
high levels of infection over the course of the pandemic.

blood donors, COVID-19, epidemiology, SARS-CoV-2, serological testing, Uganda

quarter (26.7%) of the HCW and 15.6% of the phone-based
survey participants were SARS-CoV-2 seropositive, with no
difference by sex, age, or occupation. Another study lever-
aged a pre-existing malaria study in two districts in Eastern
Uganda, where 441 participants were tested at four time
points between 2020 and 2022.° By the end of the Delta
wave (i.e., before widespread vaccination), nearly 70% were
seropositive. By the end of the observation period, 96% of
participants were seropositive. However, there are limited
data available representing a broader population in
Uganda and throughout SSA.

Blood donors offer an invaluable resource to study
epidemic dynamics, providing access to large numbers of
individuals, across a diverse geography with routine cap-
ture of demographic information.””'* We took advantage
of a large repository of blood donor samples to better
characterize the COVID-19 epidemic in Uganda through
serial cross-sectional assessment of seropositivity from
first reporting of SARS-CoV-2 through April 2022.

2 | STUDY DESIGN AND METHODS

2.1 | Participants and sample collection

Samples were collected as a part of the Mirasol Evaluation
of Reduction in Infections Trial (MERIT), a randomized
clinical trial located in Uganda investigating the effect of a
riboflavin plus UV light pathogen reduction technology
on the incidence of transfusion transmitted infections
(TTIs)."* The Ugandan Blood Transfusion Services
(UBTS), which is responsible for all blood collections in
Uganda,'*"” collects approximately 300,000 units of blood
a year. UBTS supplies fresh nonleukocyte-reduced whole
blood units for MERIT and only collects blood from
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voluntary nonremunerated donors. At the time of dona-
tion, individuals complete a donor health questionnaire
on their overall health and history of any recent illness or
fever, and a blood specimen is collected in a diversion
pouch for routine testing. ABO and Rhesus (Rh) D
blood groups are determined using the NEO (Immucor).
All donors are screened for serological evidence of the
four major TTIs using an ARCHITECT (Abbott) plat-
form: human immunodeficiency virus (HIV), hepatitis
B virus (HBV), hepatitis C virus (HCV), and Treponema
pallidum (syphilis). As part of the MERIT, additional
blood is collected in ethylenediamine tetraacetic acid
(EDTA) tubes from the diversion pouch for further test-
ing.'*> MERIT samples were collected from October 2019
to April 2022 in Kampala, Uganda, separated into
plasma and red cell pellets, and stored at —80°C until
testing. In November-December 2021, additional sam-
ples were collected from blood donors to assess SARS-
CoV-2 seroprevalence from a broader geographic range
of four districts in Uganda (Kampala, Jinja, Masaka,
and Hoima). These additional samples are separate
from the MERIT collections and referred to as the sec-
ond cohort of blood donors.

Blood donor information, including age, sex, new ver-
sus repeat donor status, blood group typing, and TTI
results, were extracted from the UBTS donor database and
subsequently de-identified. Given the de-identification,
repeat donors may have multiple records in the MERIT
data and/or may have samples in both the MERIT data
and the second cohort.

2.2 | Ethical approvals

The MERIT trial protocol was approved by the Joint Clini-
cal Research Center Institutional Review Board in Uganda,
the Uganda National Council for Science and Technology
(UNCST), the Ugandan National Drug Authority, the Johns
Hopkins University School of Medicine Institutional Review
Board (JHU IRB), and the US Department of Defense
Human Research Protection Office. Collection of the second
cohort (November-December 2021) was approved by
the Uganda Cancer Institute Research Ethics Board, the
UNCST, and the JHU IRB.

2.3 | SARS-CoV-2 binding antibody
detection

Multiplexed sandwich immunoassays using MULTI-
ARRAY electrochemiluminescence detection technology
(MesoScale Diagnostics, Gaithersburg, MD) were used to
evaluate IgG binding antibodies to ancestral SARS-CoV-2
nucleocapsid (N), spike protein (S), and S1 receptor

binding domain (RBD). In addition, five variants of the
S protein (B1.1.7[Alpha], B.1.351[Beta], P.1[Gammal],
B.1.617.2[Delta], and BA.1[Omicron]) were used. The
assays were run following the manufacturer's instructions
and binding antibody levels were measured indepen-
dently of one another in arbitrary units per milliliter
(AU/mL). Analytes were considered “detectable” if the
sample had a signal greater than 2.5 standard deviations
of the plate-specific blank. Values below the lower limit
of detection (LOD) or above the upper LOD were extrapo-
lated from the standard curve by the manufacturer soft-
ware. Manufacturer-provided cutoffs, which were validated
in a United States population, were used to define samples
as positive for N and S antibodies. Conversion to WHO
binding antibody units (BAU/mL) was performed using the
manufacturer-provided conversion. Cutoffs to assign posi-
tivity and WHO BAU conversion recommendations were
not available for the S variants.

24 |
titers

SARS-CoV-2 neutralizing antibody

A microneutraliziation assay was used to perform and
quantify neutralizing antibody titers against 100 fifty
percent tissue culture infectious doses, as previously
described.'">'” The neutralizing antibodies were deter-
mined against SARS-CoV-2/USA/DC-HP00007/2020,
EPI_ISL_434688, which was obtained from surveillance
performed in the Johns Hopkins Hospital Network.'® All
positive samples by MSD for S and/or N from October to
December 2019 were evaluated for neutralizing anti-
bodies along with six samples from 2020 that were posi-
tive for both N and S by the MSD assay.

2.5 | Vaccination data

National vaccination data were obtained from the WHO
COVID-19 vaccination dashboard.'® Vaccination data
were not available for blood donors.

2.6 | Statistical analyses

Available donor characteristics and N and S antibody
levels were summarized separately for MERIT donors and
the second cohort. Data analysis was conducted and fig-
ures were generated using R version 4.2.1.>° For MERIT
donors, data were pooled by quarter to provide reliable
estimates. The primary outcome for this study was the
quarterly seroprevalence of both N and S antibodies
(i.e., positive for both) among Ugandan blood donors from
October-December 2019 to January-April 2022. With the
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TABLE 1 Characteristics of Ugandan blood donors, October TABLE 1 (Continued)

2019-April 2022. MERIT Second
MERIT Second cohort n (%) cohort n (%)
cohort n (%) cohort n (%) HBV?

Total 3517 (100.0) 1876 (100.0) Negative 3461 (98.4) 1823 (97.2)

Timepoint Positive 48 (1.4) 44 (2.3)
October-December, 2019 104 (3.0) - Missing 8(0.2) 9 (0.5)
January-March, 2020 303 (8.6) - HCV?

April-June, 2020 48 (1.3) = Negative 3475 (98.8) 1855 (98.9)
July-September, 2020 166 (4.7) - Positive 37(1.1) 13 (0.7)
October-December, 2020 359 (10.2) - Missing 5(0.1) 8(0.4)
January-March, 2021 456 (13.0) - Syphilis®

April-June, 2021 528 (15.0) = Negative 3436 (97.7) 1790 (95.4)
July-September, 2021 375 (10.7) - Positive 78 (2.2) 78 (4.2)
October-December, 2021 511 (14.5) 1876 (100.0) Missing 3(0.1) 8(0.4)
January-April, 2022 667 (18.9) - Any TTI?

Age, years Negative 3324 (94.5) 1721 (91.7)
16-19 449 (12.8) 129 (6.9) Positive 178 (5.1) 146 (7.8)
20-24 821 (23.3) 447 (23.8) Missing 15 (0.4) 9(0.5)
25-29 867 (24.7) 495(26.4) 2All infections were assessed by serology. HIV status was determined by
30-34 578 (16.4) 288 (15.4) antigen/antibody. HBV status was determined by the presence of HBV
35-39 352 (10.0) 211 (11.2) surface antigen. HCV status was determined by presence of HCV antibodies.

Syphilis infection was determined by Treponema pallidum hemagglutination
>40 448 (12.7) 306 (16.3) (TPHA) test.
Missing 2(0.1) - Blood unit samples that are positive for one or more of HIV, HBV, HCV, or
oz syphilis are considered positive for any transfusion transmitted
infection (TTI).
Female 968 (27.5) 474 (25.3)
Male 2547 (72.4) 1402 (74.7)
Missing 2(0.1) - introduction and distribution of SARS-CoV-2 S protein-

Donation site specific vaccines in early 2021, S and N seroprevalence
Kampala 3517 (100.0) 1245 (66.4) were also evaluated separately. Clopper—Pearson confi-
Hoima N 174 (9.3) dence intervals (CIs) were calculated. Monthly summa-
Jinja . 119 (6.3) ries of the proportion of the Ugandan population who
Masaka . 338 (18.0) had received at least one dose of COVID-19 vaccine

Donor type were summarized from WHO data. N and S antibody
First time 1096 (31.2) 1525 (81.3) levels were plotted against each other and the distribu-
Repeat 139 (4.0) 351 (18.7) tion of antibody levels among seropositive donors was
Missing 2282 (64.9) ) examined by year o.f collectl(?n to assess changes in ?ntl-

body levels over time. Antibody levels for S variants

Blood group ined b

re examin I.
o] 1692 (48.1) 952 (50.7) we e§ % ed by yea
A 012 (25.9) 241 235) Within the second cohort (November-December 2021),
' ' the prevalence of N and S antibodies individually and com-

B 767 (21.8) 406 (21.6) . . .. L

bined were examined by donor characteristics. Associations
AB 136 (3.9) 72 (3.8) } .

were assessed by chi-square tests and a two-tailed p value
Missin; 10 (0.3 5(0.3 . c s ..

£ ©3) ©3) <.05 was considered statistically significant.
RhD antigen
Negative 91 (2.6) 46 (2.5)
Positive 3421 (97.3) 1826 (97.3) 3 | RESULTS
Missing 5(0.1) 4(0.2)
a . . .

HIV 3.1 | Population characteristics
Negative 3490 (99.2) 1851 (98.7)

Positive 23(07) 17(0.9) Among MERIT donors, serology and donor data were
Missing 4001 8(0.4) available for 3517 blood unit samples collected between
(Continues)
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FIGURE 1 Temporal trends in SARS-CoV-2 seroprevalence among Ugandan blood donors and COVID-19 vaccination in Uganda.

Proportion of donated whole blood unit samples positive from the MERIT donors (n = 3517) for both nucleocapsid and spike antibodies (A),
proportion of donated whole blood unit samples positive for either nucleocapsid or spike antibodies individually (B), and the proportion of
Ugandans who had received >1 dose of COVID-19 vaccine (C). Manufacturer-provided cutoffs were used to determine positivity for SAR-

CoV-2 seroprevalence. The shaded regions of panels A and B reflect Clopper-Pearson confidence intervals. [Color figure can be viewed at

wileyonlinelibrary.com]

October 2019 and April 2022, 48.0% of whom were 20—
29 years of age and 72.4% were male (Table 1). At least
one TTI was detected in 5.1% of the samples. The second
cohort (November-December 2021) constituted an

additional 1876 unit samples with both serology and
donor data; 50.2% of donors were 20-29 years of age and
74.7% were male. At least one TTI was detected in 7.8%
of the samples.
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3.2 | SARS-CoV-2 seroprevalence and
COVID-19 vaccination

From October to December 2019, N and S seropositivity
by the MSD assay was 1.0%. However, all of these MSD
positive samples were negative by the live-virus neutrali-
zation assay, while all MSD positive samples evaluated
from 2020 had detectable neutralizing antibodies.
Throughout the pandemic, N and S seropositive contin-
ued to increase and reached 82.6% in January-April 2022
(Figure 1A). Three distinct peaks in seropositivity were
seen in October—-November 2020 (33.9%), July-September
2021 (61.9%), and January-April 2022 (82.6%). Separately,
N seropositivity increased from 12.5% in October-
December 2019 to 84.9% in January-April 2022; S sero-
positivity increased from 3.8% in October-December
2019 to 95.8% in January-April 2022 (Figure 1B). The
proportion of the Ugandan population that had received
>1 COVID-19 vaccination remained at <2.0% until

TRANSFUSION-=»

August 2021, after which vaccination coverage increased
to 39.9% in April 2022 (Figure 1C).

3.3 |
levels

Nucleocapsid and spike antibody

Among MERIT donors, SARS-CoV-2 N and S antibodies
levels increased over the study period, with donors transition-
ing from low-positive levels of N and S antibodies in 2019, to
high-positive levels of antibodies in 2022 (Figure 2A). Among
donors who were seropositive (i.e., antibody levels were
above the manufacturer-provided cutoffs), median N anti-
body levels increased from 21.6 BAU/mL in October—
December 2019 to 204.2 BAU/mL in January-April 2022
(Figure 2B) and median S antibody levels increased from
46.7 BAU/mL in October-December 2019 to 905.8 BAU/mL
in January-April 2022 (Figure 2C). Median S-variant anti-
body levels increased over time (Figure S1).
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FIGURE 2 Nucleocapsid and spike binding antibody levels among Ugandan blood donors by year of donation. Panel A shows the
measured nucleocapsid and spike antibody levels for each year of collection among MERIT donors (n = 3517). Samples are considered
seropositive for nucleocapsid if antibody levels are >11.8 BAU/mL (vertical dashed line) and seropositive for spike if antibody levels are
>17.7 BAU/mL (horizontal dashed line). Panel B shows the distribution of nucleocapsid antibody levels among samples that were above the
cutoff for seropositivity. Panel C shows the distribution of spike antibody levels among samples that were above the cutoff for seropositivity.
BAU/mL = Binding antibody units per milliliter. [Color figure can be viewed at wileyonlinelibrary.com]
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November-December 2021.

Age, years
16-19
20-24
25-29
30-34
35-39
>40

Sex
Female
Male

Donor type
First time
Repeat

Region
Kampala
Hoima
Jinja
Masaka

Blood group
(¢}

A
B
AB

RhD Antigen
Negative
Positive

HIV®
Negative
Positive

HBV®
Negative
Positive

HCVP
Negative
Positive

Syphilis®

Negative

129
447
495
288
211
306

474
1402

1525
351

1245
174
119
338

72
406
952

46
1826

1851
17

1823
44

1855
13

1790

BLOCH Er AL.
TABLE 2 Factors associated with SARS-CoV-2 seropositivity among Ugandan blood donors in the second cohort (n = 1876),

Seroprevalence®
Nucleocapsid and spike Nucleocapsid Spike
% P % P % P

0.299 0.235 0.492
58.1 60.5 83.7
57.7 60.4 86.8
53.5 57.2 83.6
56.3 61.1 81.6
52.1 56.9 85.3
60.8 65.7 85.6

0.410 0.957 0.268
58.0 60.3 86.3
55.7 60.1 84.0

0.043 0.166 <0.001
55.1 59.3 83.1
61.3 63.5 90.9

0.007 0.118 <0.001
58.8 61.8 87.5
47.7 55.2 77.6
47.9 52.9 83.2
54.4 59.2 78.1

0.522 0.412 0.282
54.7 58.2 86.8
57.4 61.9 88.9
57.9 62.1 84.2
61.1 62.5 83.4

0.904 0.513 0.025
54.3 54.3 71.7
56.4 60.2 84.9

0.131 0.720 0.009
56.5 60.2 84.9
353 52.9 58.8

0.481 0.344 0.247
56.5 60.0 84.8
50.0 68.2 77.3

0.508 0.697 0.701
56.2 60.1 84.6
69.2 69.2 92.3

1.000 1.000 0.634
56.3 60.1 84.5
56.4 60.3 87.2

Positive

78
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TABLE 2 (Continued)
Seroprevalence®
Nucleocapsid and spike Nucleocapsid Spike
N % P % p % p
Any TTI® 0.631 0.517 0.623
Negative 1721 56.5 59.9 84.8
Positive 146 54.1 63.0 82.9

Seroprevalence was assessed by the proportion of samples with antibody levels above the manufacturer-provided cutoffs for nucleocapsid and spike.

bAll infections were assessed by serology. HIV status was determined by antibody/antigen positivity. HBV status was determined by the presence of HBV surface
antigen. HCV status was determined by the presence of HCV antibodies. Syphilis infection was determined by Treponema pallidum hemagglutination (TPHA) test.
“Blood unit samples that are positive for one or more of HIV, HBV, HCV, or syphilis are considered positive for any transfusion transmitted infection (TTI).

3.4 | Correlates of SARS-CoV-2
seropositivity

In the second cohort (n = 1876), N and S seropositivity was
higher among repeat donors (61.3%) compared with new
donors (55.1%; p = .043) and among donors from Kampala
(58.8%) compared with Hoima (47.7%), Jinja (47.9%), and
Masaka (54.4%; p = .007) (Table 2). N seropositivity alone
did not associate significantly with any observed characteris-
tics. S seropositivity was higher among repeat donors
(90.9%) compared with new donors (83.1%; p < .001) and
among donors from Kampala (87.5%) compared with Jinja
(83.2%), Masaka (78.1%), and Hoima (77.6%; p < .001). S
seropositivity was significantly lower among HIV-
seropositive individuals (58.8% vs. 84.9%; p = .009).

4 | DISCUSSION

This blood donor serosurvey affords insight into the SARS-
CoV-2 epidemic in Uganda. The findings demonstrate an
incremental increase in seroprevalence over the study
period with notable peaks corresponding to the successive
waves of the major SARS-CoV-2 variants, such as Delta
and Omicron. By the end of the observation period, almost
90% of participants were SARS-CoV-2 seropositive. In
addition, the signal of positivity for both N and S protein
antibodies increased dramatically, possibly indicating mul-
tiple infections or increasing titers following vaccination.
If extrapolated, the collective findings question prior sug-
gestions that Africa had been relatively spared from SARS-
CoV-2%'; rather the low numbers of cases likely reflect the
challenges surrounding testing (i.e. access and hesitancy),
reporting, and differences in clinical penetrance given the
comparatively young population that acquired infection.
As of January 16, 2022, 170,279 cases and 3630 COVID-
19-associated deaths have been reported in Uganda.”* By
comparison, Argentina, a country of similar population size
to Uganda, albeit an upper middle-income country, reported

10,004,679 cases and 130,249 COVID-19-associated deaths in
the same time.** The young population in Uganda (median
age is 16.7 years vs. 31.5 years in Argentina)* could help to
explain the low number of COVID-19 cases and deaths, as
has been observed elsewhere in SSA.** But our finding of
near universal exposure to SARS-CoV-2 among blood donors
supports suboptimal testing and reporting being central to
the skewed epidemiology of COVID-19 in Uganda and possi-
bly other parts of SSA. Findings from a large modeling study
(January 1, 2020, to December 31, 2021) estimated that only
1.4% of SARS-CoV-2 infections in the African region were
reported and only a third (35.3%) of an estimated 439,500
COVID-19 deaths were attributed correctly.” Further, infec-
tions may be asymptomatic or mild, particularly in younger
individuals, whereby those cases are unlikely to be tested.
There also has been less published on COVID-19 in Africa:
in a large metanalysis (i.e. representing 95 studies and
29,776,306 individuals) to quantify the percentage of asymp-
tomatic infection among tested and confirmed populations,
only one study from Africa was included.”® Early in the pan-
demic, serosurveys in SSA were largely cross-sectional and
conducted of small, targeted populations, demonstrating low
to moderate SARS-CoV-2 seroprevalence.”””* With time,
very large metanalyses have been published, thus demon-
strating an increase in SARS-CoV-2 seroprevalence but also
highlighting the regional and temporal heterogeneity in sero-
prevalence, collectively supporting gross underreporting of
infections, particularly in the African region.”*™'

The dual testing of S and N antibodies in our study
enabled tracking of the epidemic along with some dis-
tinction of natural infection versus vaccination. The over-
whelming majority of vaccines (including those that were
used in Uganda) elicit antibodies against the S protein.
Therefore, SARS-CoV-2 N antibodies, which wane more
quickly than S antibodies (i.e., 61.1% will serorevert
within 6 months after mild infection), likely reflect natu-
ral exposure.’*>> Similarly, the presence of S antibodies
prior to the introduction of S-based vaccines is ascribed
to natural exposure. According to WHO, the first
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reported case of SARS-CoV-2 in Uganda was in March
2020, and community transmission remained low until
August, 2020.>* This is reflected in the low levels of N
and S seropositivity seen in Ugandan blood donors until
July-September 2020, when seropositivity began to
increase. COVID-19 vaccines became available in
Uganda in March, 2021.%° Following mRNA vaccination,
S antibodies typically peak within weeks of vaccination
and decline approximately 6 months after the last dose.*®
In our study, S seropositivity began to surpass N in
April-June 2021, which likely reflects vaccine uptake
and/or breakthrough infections. SARS-CoV-2 seropositivity
increased rapidly during the Delta and Omicron waves, as
reflected by the proportion of donors with high levels of N
and S antibodies. Interestingly, between these two waves of
infections, S seropositivity did not decline, likely due to the
increases in vaccination. However, in 2022, there was evi-
dence of both high levels of S and N antibodies, suggesting
recent infection with or without vaccination; many of those
cases likely represent re-infection following introduction of
the highly transmissible Omicron variant.”” Of note, HIV
positive individuals had a significantly lower proportion of
S antibodies. The interplay between HIV and COVID-19 is
complex, yet susceptibility does not appear to be increased
in people living with HIV (PLWH) after controlling for
confounders.* Our study observation merits attention, par-
ticularly to understand whether rates of vaccination were
influenced by HIV status.

Our study has limitations. Donor populations are not
entirely representative of the general population: blood
donors are a healthier, more affluent and more educated
subset of the population, conferring lower risk of many
infections.>*° Further, the median age of the Ugandan
population is younger than the donors examined in this
study (16.7 years vs. 28.0 years). Specific to this study,
although highly populous areas were sampled, there is
still geographic underrepresentation. Three quarters of
blood donors were male, further highlighting underrepre-
sentation of women and potentially other demographic
subgroups. Second, given that the study was not origi-
nally designed to assess COVID-19, clinical histories and
vaccination status were lacking. Third, the platform used
to test for antibodies in this study was not validated in a
Ugandan population and thus the cutoffs may lack speci-
ficity, as demonstrated in the low false positive results in
2019 that was confirmed by the absence of neutralizing
antibodies. However, the data demonstrate a remarkable
rise in SARS-CoV-2 antibodies during the pandemic.
Additionally, cross-reactivity of the SARS and SARS-
CoV-2 N antigen against other human coronaviruses has
been shown,” ™ and may explain detectable levels of
SARS-CoV-2 N antibodies in the 2019 and early 2020
samples. Finally, waning of N antibodies, which occurs at

a rate approximately double that of S antibodies, could
also lead to an underestimation of seroprevalence.*®

In conclusion, a high SARS-CoV-2 seroprevalence
was observed among Ugandan blood donors, contrast-
ing with the relatively low numbers of contemporane-
ous COVID-19 cases that had been reported. Possible
explanations for the discordance between observed and
reported cases include differences in clinical penetrance
(i.e., a higher proportion of asymptomatic and/or mild
infection), suboptimal capacity for testing, or reluctance
to test (e.g., because of potential stigma, implications of
a positive test in regard to quarantine measures, and the
associated financial burden) and reporting. These data
suggest that severity of disease varies by population
attributes, and the findings underscore the overarching
need to address pervasive, structural challenges pertain-
ing to laboratory infrastructure, test hesitancy, and
reporting.*’
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