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Results: COVID-19 status was available for 1847 (74%) of 2495 COVID-
AFRICA participants (median age 49.6 years; 56% female; median CD4 cell
count = 555 cells/pL; 93% HIV RNA <200 copies/mL), 573 (31%) of whom
reported at least one episode of COVID-19. The cumulative incidence rates of
COVID-19 and severe COVID-19 were 31.0% and 3.4%, respectively. Region of
ancestry (East/Southern/Central vs. West Africa), nadir CD4 count and kidney
disease were associated with COVID-19 acquisition. Diabetes mellitus
[adjusted hazard ratio (aHR) = 2.39, 95% confidence interval (CI): 1.26-4.53]
and kidney disease (aHR = 2.53, 95% CI: 1.26-4.53) were associated with an
increased risk, and recent CD4 count >500 cells/puL (aHR = 0.49, 95% CI:
0.25-0.93) with a lower risk of severe COVID-19.

Conclusions: Region of ancestry was associated with COVID-19 acquisition,
and immune and comorbidity statuses were associated with COVID-19 disease

KEYWORDS

INTRODUCTION

The global SARS-CoV-2 pandemic disproportionally
affected people of African ancestry, with those people of
black ethnicity being at greater risk of COVID-19 acquisi-
tion, severe morbidity, and mortality [1, 2]. The reasons
for such disparity remain poorly understood; an interplay
between socioeconomic, cultural and behavioural differ-
ences and biological vulnerabilities probably contributed
to the increased risk of severe COVID-19 disease [3].
Studies in the general population show severe COVID-19
to be associated with several comorbid conditions,
including obesity, hypertension, diabetes mellitus, cardio-
vascular and kidney disease [4, 5]. Additionally, HIV
infection has been associated with higher rates of
COVID-19 morbidity and mortality [6-11], with those of
black ethnicity, low CD4 cell counts and/or detectable
HIV RNA levels and multi-morbidity at greatest risk of
adverse COVID-19 outcomes [10, 12-15]. Some observa-
tional studies suggest that tenofovir disoproxil (TDF) may
affect COVID-19 outcomes [16-19]; TDF, as compared
with tenofovir alafenamide (TAF), has been associated
with protection against SARS-CoV-2 acquisition [17, 19],
severe disease (including hospitalization) [17, 18] and
death [16], although this may reflect differences in popu-
lations treated with TDF and TAF (Table S1).

The COVID-AFRICA study was conducted to investi-
gate the clinical epidemiology of COVID-19 in people of
black ethnicity living with HIV in the UK. This paper
describes the incidence of COVID-19, and the demographic,
comorbid and immunovirological associations.

severity in people of black ethnicity living with HIV in the UK.

black, COVID-19, hospitalization, HIV, incidence

METHODS
Study population

People were eligible to participate in the COVID-
AFRICA study if they were living with HIV in UK, were
of self-reported black African, black Caribbean or other
black ethnicity, had previously participated in the
Genetic Determinants of Kidney Disease in People of
African Ancestry with HIV (GEN-AFRICA) study
(NCT05685810), and had remained in HIV care at one of
12 participating sites on 1 January 2020. Participation in
GEN-AFRICA was open to all adults of black ethnicity
with HIV who were able and willing to provide informed
consent, demographic and clinical data, and a blood and
urine sample for research. Participation in the COVID-
AFRICA study was through actual enrolment between
June 2021 and November 2022, after participants had
provided written informed consent, or through review of
medical records (including of those who died or became
lost to follow-up) between June and November 2022; the
study was approved by a National Health Service
Research Ethics Committee (21/ES/0047) and the Health
Research Authority (IRAS 294887).

Exposure variables
The following parameters were obtained from the GEN-

AFRICA study visit, conducted between May 2018 and
January 2020: age, sex at birth, region of ancestry based
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on the country of birth of both parents (East, Southern/
Central or West Africa, Caribbean, or other), time of HIV
diagnosis and initiation of antiretroviral therapy (ART),
details of ART, current and nadir CD4 count, HIV RNA
and prior AIDS diagnoses. We also used information
from the GEN-AFRICA visit to assess comorbid condi-
tions: diabetes mellitus, hypertension and cardiovascular
disease (comprising ischaemic heart disease, congestive
cardiac failure, cardiomyopathy, peripheral vascular dis-
ease and stroke) were predominantly self-reported diag-
noses with corroboration from the medical records;
kidney disease was defined by an estimated glomerular
filtration rate (eGFR) <60 mL/min per 1.73 m?, and obe-
sity by a body mass index > 30 kg/m>.

Outcomes

COVID-19 status, details of the first COVID-19 episode
and COVID-19 vaccination status were ascertained
through direct participant questioning and additional
review of medical records. Enrolled participants were
asked to report onset and duration of symptoms, includ-
ing cough, shortness of breath, constitutional symptoms
and loss of smell or taste, and medical complications
including cardiovascular events, respiratory or kidney
failure, disease severity including details of hospitaliza-
tion, and the results of COVID diagnostics. Disease sever-
ity was categorized as mild (staying at home with mild
illness), moderate (staying at home, taking to bed and
feeling quite ill) or severe (requiring hospitalization or
resulting in death). For those who could not be enrolled
in the study, we obtained vital status, and COVID-19
clinical and vaccination status from the medical records,
where available.

Statistical analyses

The COVID-Africa cohort is described in terms of demo-
graphics and pre-pandemic HIV characteristics and
comorbid status, using medians with interquartile ranges
(IQRs), or numbers and percentages as appropriate. Base-
lines characteristics of the study population, stratified by
COVID-19 status were compared using Pearson's x> test
for categorical variables and Kruskal-Wallis test or analy-
sis of variance for continuous variables, as appropriate.
Time to the first episode of COVID-19 was analysed; par-
ticipants who had not experienced COVID-19 were cen-
sored at the last visit up to November 2022 for which the
COVID-19 status could be evaluated. We calculated
the cumulative incidence of the first episode of COVID-

19 (any severity) and severe COVID-19 using Nelson-
Aalen methods. As confirmatory diagnostics were
severely restricted in the early weeks of the pandemic, we
included both laboratory-confirmed and clinical COVID-
19 episodes.

Associations between demographic and clinical
parameters and (severe) COVID-19 were analysed using
Cox proportional hazard models. Factors associated
(p <0.1) with COVID-19 in univariable analysis were
included in multivariable models. We performed two sen-
sitivity analyses in which data were restricted to (1) sites
where the COVID-19 status was available for >90% of
participants, and (2) the first year of the pandemic
(31 December 2020), before vaccination became available
to study participants. All analyses were performed using
STATA v17 (StataCorp, College Station, TX, USA).

RESULTS
Participant characteristics

Of the 2907 GEN-AFRICA participants, 2495 (86%) were
included in the COVID-AFRICA study: 927 through
active enrolment and 1568 through provision of data. The
current analyses were restricted to the 1847 (74%) indi-
viduals for whom COVID-19 status could be determined
(Figure S1); those with undetermined COVID-19 status
were younger, more often of West African ancestry, and
they had lower nadir CD4 counts and more often
reported an AIDS diagnosis (Table S2).

The demographic and clinical characteristics of the
1847 participants, stratified by COVID-19 status, are
shown in Table 1. Participants had a median age of 49.6
(IQR: 43.0-55.9) years, 56% were female, and most (80%)
were of sub-Saharan African ancestry, with long-standing
(median 14.0 years) and well-controlled HIV (median
CD4 count = 555 cells/pL, 93% suppressed HIV RNA).
Obesity and hypertension were present in 41% and 33%
of participants, respectively, and 4-10% had diabetes mel-
litus, kidney disease or cardiovascular disease.

During median (IQR) follow up of 33.3 (27.9-34.2)
months, 573 (31%) participants experienced at least one
episode of COVID-19; 510 (89%) of these were mild or
moderately severe while 63 (11%) were episodes of severe
COVID-19, resulting in death in five participants.
Differences in baseline characteristics of those with no,
mild-to-moderately severe, and severe COVID-19 were
predominantly driven by those who developed severe dis-
ease who were older, more often male, of West African
ancestry, had lower recent CD4 counts and lower rates of
HIV suppression; a greater proportion had hypertension,
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TABLE 1 Baseline characteristics of the study participants stratified by COVID-19 status.

COVID-19

(mild-to-

moderately COVID-19
Pre-pandemic participant Total No COVID-19 severe) (severe)
characteristics (N = 1847) (N =1274) (N = 510)* (N = 63) p-value
Demographic parameters
Age (years) Median (IQR)  49.6 (43.0-55.9)  49.9 (43.4-56.2) 48.4 (41.8-54.9) 53.5 (45.0-59.5)  <0.001
Sex, female N (%) 1035 (56.1) 685 (53.8) 326 (64.0) 24 (38.1) <0.001
Region of ancestry
West Africa N (%) 620 (33.6) 463 (36.3) 130 (25.6) 27 (42.9) <0.001
East Africa 371 (20.1) 233 (18.3) 121 (23.8) 17 (27.0)
Southern/Central Africa 489 (26.6) 322 (25.3) 156 (30.7) 11 (17.5)
Caribbean 252 (13.7) 175 (13.8) 73 (14.4) 4(6.4)
Other/unknown 110 (6.0) 78 (6.1) 28 (5.5) 4(6.4)

HIV parameters

Time since HIV diagnosis Median (IQR)  14.0 (9.0-18.0) 14.0 (9.0-18.0) 15.0 (10.0-19.0) 15.0 (11.0-20.0) 0.03
(years)

Prior AIDS diagnosis N (%) 187 (10.5) 123 (9.9) 54 (11.1) 10 (17.2) 0.19

Nadir CD4 cell count (cells/  Median (IQR) 214 (86-346) 199 (81-343) 236 (104-362) 202 (65-357) 0.08
pL)

Recent CD4 cell count Median (IQR) 555 (400-731) 548 (393-731) 587 (430-748) 435(258-621)  <0.001
(cells/puL)

HIV RNA <200 copies/mL N (%) 1716 (93.2) 1188 (93.5) 474 (93.3) 54 (85.7) 0.06

Antiretroviral backbone

Tenofovir disoproxil N (%) 821 (49.0) 571 (49.3) 236 (50.8) 14 (26.9) 0.002
fumarate

Tenofovir alafenamide 258 (15.4) 177 (15.3) 64 (13.8) 17 (32.7)

Abacavir 596 (35.6) 410 (35.4) 165 (35.5) 21 (40.4)

Antiretroviral third agent

NNRTI N (%) 697 (40.4) 488 (41.0) 192 (40.3) 17 (29.8) 0.004

INSTI 497 (28.8) 328 (27.5) 157 (32.9) 12(21.1)

Protease inhibitor 531 (30.8) 375 (31.5) 128 (26.8) 28 (49.1)

Comorbid status

Obesity® N (%) 739 (40.9) 493 (39.7) 217 (43.5) 29 (46.0) 0.24

Hypertension N (%) 600 (32.6) 418 (32.9) 148 (29.2) 34 (54.0) <0.001

Diabetes N (%) 177 (9.7) 118 (9.3) 43 (8.5) 16 (25.4) <0.001

Kidney disease® N (%) 129 (7.0) 80 (6.3) 32 (6.3) 17 (27.0) <0.001

Cardiovascular disease® N (%) 73 (4.0) 50 (3.9) 18 (3.5) 5(7.94) 0.24

Abbreviations: IQR, interquartile range; INSTI, integrase strand-transfer inhibitor; NNRTI, non-nucleoside reverse-transcriptase inhibitor.

*Including those with unknown severity status; N = 44.

“Obesity is defined as body mass index >30 kg/m”.

PKidney disease is defined as estimated glomerular filtration rate <60 mL/min/1.73 m2.

‘Cardiovascular disease is defined as myocardial infarction, coronary artery disease, peripheral vascular disease, stroke, heart failure and/or cardiomyopathy.

diabetes or kidney disease, and their ART more often The overall incidence rates of COVID-19 and severe
included a protease inhibitor (PI) and less often TDF COVID-19 by December 2022 were 31% and 3.4%,
(Table 1). A total of 1563 (88%) had received at least one respectively. By May 2020, February 2021, September
dose of SARS-CoV-2 vaccine from January 2021 onwards. 2021 and February 2022, when high rates of infections
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from the founder strain and the alpha, delta and omi-
cron variants had largely subsided, the cumulative inci-
dences of any COVID-19 were 6.9%, 14.5%, 18.3% and
25.7%, and for severe disease were 0.8%, 2.0%, 2.5% and
3.1%, respectively (Figure S2).

Female sex, region of ancestry, (greater) nadir CD4
count, obesity and kidney disease were associated with
COVID-19 acquisition (any symptom severity) in univari-
able analysis. Of these, East and Southern/Central
African ancestry, nadir CD4 count, and kidney disease
remained associated with COVID-19 acquisition in the
adjusted analyses. Age, recent CD4 count, HIV RNA,
hypertension and diabetes mellitus were not associated
with COVID-19 acquisition (Table 2). In analyses of
severe COVID-19, age >60 years, male sex, current CD4
count, HIV RNA, hypertension, diabetes mellitus and
kidney disease were associated in univariable analysis; of
these, a current CD4 count >500 cells/pL was protective
against severe COVID-19, while diabetes mellitus and
kidney disease remained associated with an increased
risk of severe COVID-19 in multivariable analysis.

We additionally investigated whether ART exposures
were associated with COVID-19 acquisition or severe
COVID-19 disease (Table S3). None of the commonly
used ART backbone agents (TDF, TAF or abacavir) and
classes of ART third agents [non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs), integrase strand-transfer
inhibitors or PIs] were associated with COVID-19 acqui-
sition. TDF [vs. abacavir; hazard ratio (HR) = 0.48, 95%
confidence interval (CI): 0.24-0.94], TAF (vs. abacavir;
HR = 1.92, 95% CI. 1.01-3.64) and protease inhibitors
(vs. NNRTI; HR = 1.94, 95% CI: 1.06-3.56) were signifi-
cantly associated with severe COVID-19 in univariable
analysis. The associations with TAF and PI were attenu-
ated and no longer significant in multivariable analysis,
while the association with TDF was largely unaffected
(adjusted HR = 0.48, 95% CI: 0.22-1.03).

We performed two sensitivity analyses: factors associ-
ated with COVID-19 (any severity), restricted to two sites
where the COVID-19 status was available for >90% of
participants (Table S4), and factors associated with
COVID-19 (any severity) and severe COVID-19, restricted
to the first year of the pandemic before SARS-CoV-2 vac-
cines became available (Table S5). The results of these
analyses were consistent with the findings reported for
the full cohort.

DISCUSSION

We analysed COVID-19 incidence and risk factors in a
large, well-characterized cohort of people of African
ancestry with HIV. Although the incidence of COVID-19

was in line with the general UK population, the
proportion who developed severe disease requiring hospi-
talization and/or resulting in death was approximately
two-fold higher [20]. Immunovirological and comorbidity
status were predictors of severe COVID-19, while antire-
troviral exposures were no longer associated with severe
disease after adjustment for confounders.

Our data support the assertion that comorbidities
such as diabetes mellitus and kidney disease increase the
risk of severe COVID-19 [6, 10, 11, 15]. Kidney disease
was also associated with COVID-19 acquisition, which
may reflect increased community or hospital-associated
exposure to, or regular testing of individuals with severe
kidney disease for, COVID-19. Unlike reports from the
general population [4, 5], we did not observe an associa-
tion between obesity and severe COVID-19. The
association between hypertension and severe COVID-19
was attenuated following multivariable adjustment and
no longer significant. Our study had limited power to
detect associations between cardiovascular disease and
(severe) COVID-19.

The notion that higher CD4 counts were associated
with protection against severe COVID-19 outcomes in
our participants is consistent with previous reports [10,
12, 13, 15]. The association between HIV RNA level and
severe COVID-19 outcomes was attenuated after
adjustment [7]. We found no evidence that specific anti-
retrovirals, including TDF, provided protection against
COVID-19 acquisition. However, TDF was associated
with a reduced hazard of severe COVID-19, while expo-
sure to TAF and PI were associated with an increased
risk; the associations with TAF and PI were attenuated
in the adjusted analyses and no longer statistically signifi-
cant. The association with TDF was largely unaffected by
the adjustment for other factors and of borderline statisti-
cal significance; a possible contribution of unmeasured
bias or confounding cannot be excluded.

The strengths of our study include the ethnic diversity
of the study participants and the use of both community
and hospital COVID-19 episodes. The inclusion of early,
commonly unconfirmed episodes of COVID-19 provides
an important insight into the early stages of the pan-
demic but may have resulted in misclassification of some
cases. Potential bias from non-availability of COVID-19
status was explored in a sensitivity analysis, which was
consistent with the findings in all participants. Although
we were unable to analyse the effects of COVID-19 vacci-
nation, analyses restricted to COVID-19 episodes before
the vaccines became available were consistent with the
main analyses. Unfortunately, we were unable to link
our study participants to the national COVID-19 registry,
which means that mortality may have been underesti-
mated in this geographically mobile cohort.
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In summary, severe COVID-19 was associated with
poor HIV immune-virological control and pre-pandemic
comorbidity status in people of African ancestry in the
UK, a population under-represented in previous studies.
We found no evidence that specific ART provided protec-
tion against COVID-19 acquisition, and no robust evi-
dence that TDF provided protection against severe
COVID-19 disease. Further work is needed to explore
genetic susceptibility to COVID-19, and the role of social
determinants of health and health beliefs in these com-
munities, ahead of future pandemics.
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