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Risk Factors for Coronavirus Disease 2019 (COVID-19)
Death in a Population Cohort Study from the Western
Cape Province, South Africa

Western Cape Department of Health in collaboration with the National Institute for Communicable Diseases, South Africa

(See the Editorial Commentary by Venter and Nel on pages ¢2016-7.)

Background. Risk factors for coronavirus disease 2019 (COVID-19) death in sub-Saharan Africa and the effects of human im-
munodeficiency virus (HIV) and tuberculosis on COVID-19 outcomes are unknown.

Methods. 'We conducted a population cohort study using linked data from adults attending public-sector health facilities in the
Western Cape, South Africa. We used Cox proportional hazards models, adjusted for age, sex, location, and comorbidities, to ex-
amine the associations between HIV, tuberculosis, and COVID-19 death from 1 March to 9 June 2020 among (1) public-sector “ac-
tive patients” (>1 visit in the 3 years before March 2020); (2) laboratory-diagnosed COVID-19 cases; and (3) hospitalized COVID-19
cases. We calculated the standardized mortality ratio (SMR) for COVID-19, comparing adults living with and without HIV using
modeled population estimates.

Results. Among 3 460 932 patients (16% living with HIV), 22 308 were diagnosed with COVID-19, of whom 625 died. COVID-
19 death was associated with male sex, increasing age, diabetes, hypertension, and chronic kidney disease. HIV was associated with
COVID-19 mortality (adjusted hazard ratio [aHR], 2.14; 95% confidence interval [CI], 1.70-2.70), with similar risks across strata of
viral loads and immunosuppression. Current and previous diagnoses of tuberculosis were associated with COVID-19 death (aHR,
2.70 [95% CI, 1.81-4.04] and 1.51 [95% CI, 1.18-1.93], respectively). The SMR for COVID-19 death associated with HIV was 2.39
(95% CI, 1.96-2.86); population attributable fraction 8.5% (95% CI, 6.1-11.1).

Conclusions. While our findings may overestimate HIV- and tuberculosis-associated COVID-19 mortality risks due to residual
confounding, both living with HIV and having current tuberculosis were independently associated with increased COVID-19 mor-
tality. The associations between age, sex, and other comorbidities and COVID-19 mortality were similar to those in other settings.
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The effects of the intersecting pandemics of human im-
munodeficiency virus (HIV), tuberculosis, and corona-
virus disease 2019 (COVID-19) in sub-Saharan Africa are
unknown. Studies to date suggest no increased risk of ad-
verse outcomes for COVID-19 in patients living with HIV
and coinfected with tuberculosis, but these are small studies
from Europe and North America, often limited to hospital-
ized patients, and may not be relevant to sub-Saharan Africa,
where people living with HIV (PLWH) are younger, with
different comorbidities, frequently including tuberculosis
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[1-8]. PLWH may experience more severe COVID-19 di-
sease due to HIV-related immune suppression, which may
be exacerbated by transient immune deficiency from cor-
onaviruses [9, 10]. In support of this hypothesis, a large UK
cohort study reported an increased risk of COVID-19 death
in those with immunosuppressive comorbidities, including
PLWH [8]. However, 2 factors may reduce the risk of severe
COVID-19 in PLWH: dysfunctional immunity may lessen
a virus-induced cytokine storm [11, 12], and some antire-
troviral drugs (tenofovir and some protease inhibitors) have
in vitro activity against coronaviruses, with better outcomes
reported for PLWH receiving tenofovir disoproxil fumarate
(TDF) versus other antiretrovirals [12, 13]. Tuberculosis may
exacerbate COVID-19, with impaired immune responses
and increased angiotensin converting enzyme 2 receptor
expression in respiratory epithelial cells, while COVID-19
pneumonia may enhance tuberculosis progression [14-17].
It is important to establish whether HIV and tuberculosis
increase risks of COVID-19 death, so that patients with these
conditions can be provided with augmented prevention and
potential therapeutic interventions. We used linked data from
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adults attending public-sector health facilities in the Western
Cape Province, South Africa, to identify factors associated with
COVID-19 death.

METHODS

Study Design

We conducted a cohort study using deidentified data from the
Western Cape Provincial Health Data Centre (WCPHDC) of
public-sector patients aged >20 years with documented sex and
not known to have died before 1 March 2020 (before the first
diagnosed COVID-19 case in South Africa, and several weeks
before the first documented COVID-19 death) and included
all follow-up through 9 June 2020. The outcome was COVID-
19-associated death. Our main analysis examined the risk of
COVID-19 death in the general population, so all patients were
included irrespective of severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) testing. The study was approved by
the University of Cape Town and Stellenbosch University Health
Research Ethics Committees and the Western Cape Province
Department of Health. Individual informed consent require-
ment was waived for this secondary analysis of deidentified data.

Study Population and Data Sources

The Western Cape has nearly 7 million inhabitants, of whom
~520 000 are PLWH, with >90% of them dependent on public-
sector health services. The WCPHDC has been described in
detail [18]. Briefly, WCPHDC consolidates administrative,
laboratory, and pharmacy data from routine electronic clinical
information systems used in all public-sector health facilities,
with linkage through a unique identifier. Multiple data sources
are triangulated to enumerate health conditions such as diabetes
mellitus, hypertension, tuberculosis, and HIV, with a label of
high- or moderate-certainty evidence assigned for each inferred
condition (Supplementary Table 1). High-certainty evidence of
HIV comprises a positive HIV diagnostic test, HIV RNA test,
triple antiretroviral therapy (ART), and/or registration in the
HIV disease management system; moderate certainty is as-
signed for those with only a CD4 count measure, 2 antiretroviral
drugs prescribed (previously used for vertical HIV transmission
prevention), and/or an International Classification of Disease,
Tenth Revision, diagnosis code of HIV. HIV testing coverage
is high, as >90% of PLWH know their HIV diagnosis [19].
High-certainty evidence of tuberculosis comprised laboratory
evidence of Mycobacterium tuberculosis infection (any anatom-
ical site, using Xpert RIF/MTB, microscopy, and culture), reg-
istration on the electronic tuberculosis registers, combination
tuberculosis treatment, and/or admission to a tuberculosis hos-
pital. Comorbidities were based on high- or moderate-certainty
evidence but were restricted to high-certainty evidence in sen-
sitivity analyses. The virologic, immunologic, and ART statuses
of PLWH on 1 March 2020 were categorized, based on the most

recent measures, as ‘confirmed virologically suppressed on
ART” (HIV RNA < 1000 copies/ml in the last 15 months and
ART dispensed in the last 6 months), “likely virologically sup-
pressed on ART” (HIV RNA < 1000 copies/ml 15-24 months
previously or HIV RNA < 1000 copies/ml > 24 months previ-
ously if ART dispensed in the last 6 months), “viremic or im-
munosuppressed” (HIV RNA > 1000 copies/ml in the last 15
months or CD4 count < 200 cells/ul within 18 months before
March 2020), or “unknown?” Until January 2020, adult first-line
ART was TDF, emtricitabine/lamivudine, and efavirenz, with
abacavir replacing TDF for patients with kidney disease; zido-
vudine plus an emtricitabine/protease inhibitor were used for
second-line ART for most patients. Dolutegravir was introduced
in first- and second-line ART in January 2020. Diabetic control
was categorized according to glycosylated hemoglobin (HbA1lc)
measurements within the last 2 years, with <7% indicating di-
abetes was controlled, 7-8.9% indicating diabetes was poorly
controlled, and >9% indicating diabetes was uncontrolled.

COVID-19 Diagnosis

All COVID-19 diagnoses were based on a positive SARS-CoV-2
polymerase chain reaction test. Testing was available for all pa-
tients with COVID-19 symptoms until 1 June 2020; thereafter,
public-sector laboratory testing was restricted to patients re-
quiring admission, aged >55 years, or with comorbidities, due
to the temporary limited testing capacity. Hospital admissions
and all deaths in SARS-CoV-2-positive cases are recorded and
reviewed daily.

Statistical Analysis
We used Cox proportional hazards models, adjusted for age, sex,
and other comorbidities, to examine the associations between
HIV, tuberculosis, and COVID-19 death among (1) all public-
sector patients with >1 health visit in the 3 years before 1 March
2020 (considered “active patients”); (2) laboratory-diagnosed
COVID-19 cases; and (3) hospitalized COVID-19 cases. We
adjusted for location within Cape Town versus the rest of the
province, and by the subdistrict of residence within Cape Town,
to account for geographical variation in infection rates and as a
proxy for socioeconomic status. Patients were censored on their
date of death if deceased without a COVID-19 diagnosis, or on
9 June 2020, whichever was earliest. The database closure was 7
days later to allow for death reporting delays. For the analysis of
COVID-19 deaths in laboratory-diagnosed cases, we included
cases diagnosed before 1 June 2020, when testing was available
for all patients with COVID-19 symptoms, but included all pa-
tients diagnosed by 9 June 2020 in the sensitivity analysis. The
proportional-hazard assumption was assessed with Schoenfeld
residuals [20]. All analyses were conducted using Stata 15.1.
We also calculated the standardized mortality ratio (SMR) of
the actual number of COVID-19 deaths in PLWH versus the
number that would be expected if PLWH had the same risk of
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COVID-19 death as people living without HIV of the same age
and sex. We used data on the age, sex, and HIV status of all
COVID-19 deaths (public and private sector) and the Thembisa
Western Cape HIV model to estimate the Western Cape pop-
ulation size and HIV prevalence, by age and sex, in 2020 [21].
We calculated 95% confidence intervals (CI) for the SMR using
1000 bootstrap replications (see Supplementary Appendix 2).

Since individual socioeconomic status and some
comorbidities are not recorded in WCPHDC, we calculated
E-values to determine the minimum strength of association
that an unmeasured confounder (eg, raised body mass index
[BMI] or socioeconomic status) would need to have with HIV/
tuberculosis and COVID-19 death to fully account for any as-
sociation between HIV/tuberculosis and COVID-19 death [22].
We conducted a quantitative bias analysis to assess the impact
of potential confounding by obesity on an association between
HIV and COVID-19 death.

RESULTS

Patient Characteristics

Among 3 460 932 active patients aged >20 years on 1 March
2020, 22 308 were diagnosed with COVID-19, of whom 625
(2.8%) died (Table 1). Among COVID-19 cases, 69% were diag-
nosed and 67% of deaths occurred before the change in testing
criteria (1 June). The proportion of men was lower among
COVID-19 cases versus noncases (31% vs 42%, respectively),
likely due to initial cases being among essential workers in re-
tail and manufacturing sectors that predominantly employ
women. The proportion of women peaked (76%) in Week 5
of the epidemic, declining thereafter. Diabetes and hyperten-
sion were common in all patients, with higher prevalences
among COVID-19 cases than noncases (diabetes, 14% vs 8%,
respectively; hypertension, 23% vs 16%, respectively), while
proportions of other comorbidities (as listed below) were sim-
ilar. The COVID-19 patients who died were older than those
who survived (median age, 63 years [interquartile range,
54-71] vs 37 [interquartile range, 30-48], respectively); several
comorbidities were more common among the deceased patients
than survivors (diabetes, 60% vs 14%, respectively; hyperten-
sion, 58% vs 23%, respectively; chronic kidney disease, 18% vs
2%, respectively; chronic pulmonary disease/asthma, 13% vs
7%, respectively; current tuberculosis, 4% vs 1%, respectively;
previous tuberculosis, 14% vs 8%, respectively).

Patients With and Without HIV

Although the proportion of PLWH was similar among surviving
and deceased COVID-19 cases, a greater proportion of COVID-
19 deaths were in patients aged <50 years in those living with
versus without HIV (39% vs 13%, respectively; Table 2). A sub-
stantial proportion of PLWH who died from COVID-19 had di-
abetes (50%) and hypertension (42%); however, these conditions

were more common in deceased people living without HIV
(62% for each condition). Current and previous tuberculosis
were more frequent in PLWH, irrespective of COVID-19 sur-
vival status, with 14% and 37% of COVID-19 deceased cases in
PLWH having current and/or previous tuberculosis, respectively.

COVID-19 Death in All Public-sector Patients
Among all public-sector patients, the probability of COVID-
19 death by 100 days after 1 March 2020 was 180/million (95%
CI, 167-196). COVID-19 death was associated with male
sex, increasing age, diabetes (with a higher risk with elevated
HbAlc), hypertension, and chronic kidney disease (Table 3).
Current tuberculosis was associated with an increased hazard
of COVID-19 death (adjusted hazard ratio [aHR], 2.70; 95% CI,
1.81-4.04), with a smaller increase for having previous tuber-
culosis (aHR, 1.51; 95% CI, 1.18-1.93). The increased hazard
of COVID-19 death associated with current tuberculosis was
present for both microbiologically confirmed and unconfirmed
tuberculosis and for rifampicin-sensitive and -resistant disease
during intensive phase treatment (Supplementary Table 3).
After adjusting for age, sex, and other comorbidities, HIV
was associated with increased COVID-19 mortality (aHR, 2.14;
95% CI, 1.70-2.70), and this association was similar irrespec-
tive of viremia or immunosuppression prior to the COVID-19
episode. However, few patients were viremic or immunosup-
pressed, as reflected in the wide CIs for the hazard ratios in dif-
ferent groups. Associations with most comorbidities increased
when restricting to those with high-certainty comorbidity
evidence (Supplementary Table 4). The associations of most
comorbidities with COVID-19 death were attenuated when
restricting to patients with >1 medical visit/year in the last 3
years, as these patients were more likely to have comorbidities
warranting regular visits; however, HIV remained significantly
associated with COVID-19 death (Supplementary Table 4).
Among all public-sector adults, 9.8% of COVID-19 deaths were
attributable to HIV (95% CI, 6.2-13.3), 2.6% (95% CI, 1.0-4.2)
to current tuberculosis, and 4.7% (95% CI, 1.5-7.8) to previous
tuberculosis.

Death in COVID-19 Cases and Hospitalized Patients

Among 15 203 COVID-19 cases diagnosed before 1 June 2020,
the associations of all comorbidities with COVID-19 death were
attenuated compared to the population analysis. However, HIV
(aHR, 1.70; 95% CI, 1.32-2.18), current tuberculosis (aHR,
1.62; 95% CI, 1.04-2.51), and previous tuberculosis (aHR, 1.55;
95% CI, 1.19-2.02) remained associated with COVID-19 death
(Table 4; Figure 1). Results were similar when including patients
diagnosed after the change in testing criteria (Supplementary
Table 5). Among COVID-19 cases in PLWH on ART, mortality
was lower in patients on TDF (vs abacavir/zidovudine; aHR,
0.41; 95% CI, .21-.78), with no differences in mortality rates for
other antiretrovirals.
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Table 2. Patient Characteristics by Human Immunodeficiency Virus Status

Public-sector patients with HIV

Public-sector patients without HIV

COVID-19 cases,

No diagnosed COVID- COVID-19 cases, not ~ COVID-19 cases, No diagnosed COVID- COVID-19 cases, not  deceased,
19, n =536 574 deceased, n =3863 deceased, n =115 19, n =2 902 050 deceased, n =17 820 n=>510
Sex
Female 356 356 (66 %) 3039 (79%) 62 (564%) 1627 124 (56%) 11 877 (67%) 278 (55%)
Male 180 218 (34 %) 824 (21%) 53 (46%) 1274 926 (44%) 5943 (34 %) 232 (45%)
Age
20-39 years 310 551 (568%) 2187 (57 %) 17 (15%) 1603 235 (65%) 9453 (63%) 29 (6%)
40-49 years 147 344 (27 %) 1136 (29%) 28 (24%) 457 632 (16%) 3379 (19%) 35 (7%)
50-59 years 59 345 (11%) 418 (11%) 40 (35%) 388 394 (13%) 2809 (16%) 122 (24%)
60-69 years 15 856 (3%) 98 (3%) 21 (18%) 260 226 (9%) 1325 (7%) 157 (31%)
>70 years 3473 (1%) 24 (1%) 9 (8%) 192 562 (7%) 854 (5%) 167 (33%)
Diabetes
None 517 609 (96 %) 3491 (90%) 57 (560%) 2 659 479 (92%) 15 090 (85%) 196 (38%)
Diabetes HbA1c <7% 3493 (1%) 65 (2%) 8 (7%) 41561 (1%) 426 (2%) 50 (10%)
Diabetes HbA1c 2998 (1%) 77 (2%) 16 (14%) 44 213 (2%) 505 (3%) 78 (15%)
7-8.9%
Diabetes HbA1c 29% 4562 (1%) 126 (3%) 25 (22%) 61077 (2%) 960 (5%) 133 (26%)
Diabetes, no HbA1c 7912 (1%) 104 (3%) 9 (8%) 95 720 (3%) 839 (56%) 53 (10%)
measurement
Other noncommunicable diseases
Hypertension 62 676 (12%) 692 (18%) 48 (42%) 501 232 (18%) 4218 (24%) 314 (62%)
Chronic kidney disease 6348 (1%) 82 (2%) 21 (18%) 55 319 (2%) 412 (2%) 90 (18%)
Chronic pulmonary 23 501 (4%) 218 (6%) 10 (9%) 169 086 (6%) 1359 (8%) 74 (15%)
disease/asthma
Tuberculosis
Previous tuberculosis 129 259 (24%) 864 (22%) 42 (37%) 157 630 (5%) 834 (5%) 45 (9%)
Current tuberculosis 24 357 (5%) 172 (4%) 16 (14%) 29 895 (1%) 145 (1%) 10 (2%)

Data are of Western Cape active patients >20 years of age in the public sector (public-sector health-care visit in last 3 years) with and without HIV according to COVID-19 outcome. Column

percentages may add up to >100% due to rounding.

Abbreviations: COVID-19, coronavirus disease 2019; HbA1c, glycosylated haemoglobin; HIV, human immunodeficiency virus.

Among hospitalized COVID-19 cases, the associations of all
mortality risk factors, including HIV, were attenuated, but HIV
remained associated with death (aHR, 1.45; 95% CI, 1.14-1.84),
as did previous tuberculosis (aHR, 1.40; 95% CI, 1.08-1.82), but
not current tuberculosis. Among 601 hospitalized PLWH, 199
(33%) had their CD4 count measured during the COVID-19 ep-
isode, of whom 70 (35%) had CD4 count <200 cells/pl, which
was associated with COVID-19 death (aHR vs people living
without HIV, 2.36 [95% CI, 1.47-3.78]; aHR vs PLWH with
CD4 count >350 cells/pl, 1.97 [95% CI, 1.14-3.40]). Among the
70 PLWH with a CD4 count < 200 cells/pl during admission, 4
(5%) had no prior evidence of HIV in the WCPHDC; 47% had a
previous CD4 count <200 cells/pl, an unsuppressed viral load, or
no recent ART; and 47% had a previous CD4 count >200 cells/pl
or appeared stable on ART (viral load [VL] <1000 copies/ml or
ART dispensed in last year; Supplementary Figure 1).

Potential Bias from Unmeasured Confounding

To assess whether the association between HIV or tuberculosis
and COVID-19 mortality could be due to residual unmeas-
ured confounding—for example, by socioeconomic status or

unrecorded comorbidities—we calculated the E-value for an
unmeasured confounder. For HIV, the E-value for the analysis
among all public-sector patients was 3.70 (and 2.79 for the lower
bound of the CI), suggesting that only a strong association be-
tween HIV and a confounder (eg, socioeconomic status) and
between the confounder and COVID-19 death would account
for all of the observed association between HIV and COVID-19
death. The effect of HIV on COVID-19 death was similar when
restricted to the poorest subdistrict, with the highest HIV prev-
alence, in Cape Town [19]. Corresponding E-values for current
and previous tuberculosis were 4.84 (3.02 for the lower bound
of CI) and 2.39 (1.64 for the lower bound of CI), respectively.
A quantitative bias analysis showed that the HIV-associated
increased risk of COVID-19 death was unlikely due to con-
founding by raised BMI (Supplementary Appendix 4).

Standardized Mortality Ratio

Among all laboratory-diagnosed COVID-19 cases, there were
135 deaths among an estimated ~520 000 PLWH in the province
(260 deaths/million) and 786 deaths among 6.36 million people
without HIV (124 deaths/million). The SMR for COVID-19
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Table 3. Associations with Coronavirus Disease 2019 Death Among All Public-sector Patients >20 Years Old With a Public-sector Health Visit in the

Previous 3 Years

Adjusted for location only

Adjusted for age and sex

Adjusted for all variables listed

HR 95% ClI Pvalue Adjusted HR 95% Cl Pvalue Adjusted HR 95% Cl P value
Sex
Female Ref Ref Ref
Male 1.21 1.03-1.41 .02 1.26 1.07-1.47 .005 1.45 1.23-1.70 <.001
Age
20-39 years Ref Ref Ref
40-49 years 4.46 3.05-6.562 <.001 4.42 3.02-6.46 <.001 2.83 1.92-4.15 <.001
50-59 years 16.23 11.70-22.52 <.001 16.13 11.62-22.39  <.001 778 5.51-10.98 <.001
60-69 years 28.82 20.83-39.87 <.001 28.81 20.82-39.86 <.001 11.54 8.11-16.42  <.001
>70 years 4137 29.87-5729 <.001 41.85 30.21-5796  <.001 16.79 11.69-24.11  <.001
Diabetes
None Ref Ref Ref
Diabetes HbATc <7% 16.69 12.47-22.09 <.001 6.07 4.52-8.16 <.001 5.37 3.96-727  <.001
Diabetes HbA1c 7-8.9% 25.32 19.98-32.10 <.001 9.26 723-11.85  <.001 8.53 6.60-11.02  <.001
Diabetes HbA1c >9% 29.57 24.23-36.10 <.001 12.90 10.47-15.88 <.001 12.07 9.70-15.02  <.001
Diabetes, no HbA1c measurement 7.29 5.562-9.62 <.001 3.02 2.27-4.02 <.001 2.91 2.18-3.89  <.001
Other noncommunicable diseases
Hypertension 6.72 5.73-7.88 <.001 2.20 1.85-2.62 <.001 1.31 1.09-1.57 .004
Chronic kidney disease 1143 9.30-14.05 <.001 3.21 2.57-4.01 <.001 1.86 1.49-2.33  <.001
Chronic pulmonary disease / asthma 2.49 1.98-3.13 <.001 1.08 .85-1.36 .638 L .73-1.17 514
Tuberculosis
Never tuberculosis Ref Ref Ref
Previous tuberculosis 1.79 1.42-2.24 <.001 1.81 1.44-2.28 <.001 1.51 1.18-1.93 .001
Current tuberculosis 2.79 1.88-4.13 <.001 3.29 2.21-4.88 <.001 2.70 1.81-4.04  <.001
HIV
Negative Ref Ref Ref
Positive 1.07 .88-1.32 494 1.97 1.69-2.45 <.001 2.14 1.70-2.70  <.001
VL <1000 copies/ml (last 15 mo) and ART 2.61 1.98-3.43  <.001
script (last 6 mo)?
VL <1000 copies/ml (2yr to 15 mo prior), 1.76 .96-3.24 .067
or ART script (last 6 mo) and VL <1000
copies/ml >2yr prior
VL >1000 copies/ml (last 15 mo) or 835 1.83-6.12 <.001
CD4 count <200 cells/ul (last 18 mo)
No VL (last 15 mo); CD4 count >200 cells/ul 1.33 .85-2.07 217

or unknown (last 18 mo)

Data are from univariate and multivariate HRs and 95% Cls from 1 March to 9 June 2020, for patients (n = 3 460 932), using Cox proportional hazards models.

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; HbA1c, glycosylated haemoglobin; HIV, human immunodeficiency virus; HR, hazard ratio; VL, viral load.
“Reference category for HR is HIV negative, only included in an adjusted analysis, adjusted for all other variables listed in this table in a model that included the listed categories of HIV VL,
ART, and immunosuppression instead of the binary variable of testing HIV positive vs negative; the effect of the other variables on mortality was similar to those presented here.

mortality in PLWH, relative to people living without HIV,
was 2.39 (95% CI, 1.96-2.86), and the attributable fraction of
public- and private-sector COVID-19 deaths due to HIV was
8.5% (95% CI, 6.1-11.1).

DISCUSSION

Among nearly 3.5 million adults (16% PLWH) in South Africa,
we found an approximately 2-fold association of COVID-19
death with HIV, irrespective of viremia or immunosuppres-
sion prior to the COVID-19 episode, and a similar association
between COVID-19 death and current tuberculosis. Among
PLWH on ART, receiving TDF was associated with lower

COVID-19 mortality, compared to receipt of other antiretro-
virals. While the HIV- and tuberculosis-associated increased
risks of COVID-19 death may be overestimated if there is re-
sidual confounding, due to socioeconomic status or unrecorded
comorbidities, our results, supported by sensitivity analyses,
demonstrate that PLWH and persons with tuberculosis are at
increased risk of severe COVID-19. Nonetheless, despite a high
burden of advanced HIV in the province, the attributable frac-
tion of all deaths ascribed to HIV was <10%.

While most case series of HIV and SARS-CoV-2 coinfection
have not shown poor outcomes in PLWH [1-3, 5-7], some co-
horts of hospitalized PLWH with COVID-19 have reported
substantial morbidity and mortality, including among patients
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Table 4. Associations with Coronavirus Disease 2019 Death from Cox Proportional Hazards Models

All public-sector SARS-CoV-2 cases diag- Hospitalized public-sector SARS-

nosed before 1 June 2020,° n = 15 203 CoV-2 cases, n = 2978
Adjusted HR 95% ClI P value Adjusted HR 95% ClI P value
Sex
Female Ref Ref
Male 1.45 1.22-1.74 <.001 1.29 1.09-1.53 .003
Age
20-39 years Ref Ref
40-49 years 3.19 2.06-4.93 <.001 1.83 1.23-2.72 .003
50-59 years 10.84 7.34-16.01 <.001 3.81 2.68-5.42  <.001
60-69 years 24.87 16.67-37.11 <.001 6.1 4.27-875  <.001
>70 years 38.32  25.47-5764 <.001 753 5.23-10.84 <.001
Diabetes
None Ref Ref
Diabetes HbATc <7% 2.21 1.567-3.12 <.001 1.44 1.06-1.96 .020
Diabetes HbA1c 7-8.9% 3.41 2.59-4.51 <.001 1.81 1.39-2.35  <.001
Diabetes HbATc 9% 3.62 2.85-4.59 <.001 1.60 1.27-2.0 <.001
Diabetes, no HbATc measurement 2.02 1.47-2.76 <.001 1.13 .83-1.55 <.001
Other noncommunicable diseases
Hypertension 1.02 .84-1.24 .843 1.05 .88-1.27 574
Chronic kidney disease 1.92 1.51-2.45 <.001 1.51 1.20-1.89  <.001
Chronic pulmonary disease/asthma .92 .72-1.18 512 .68 .53-.86 .002
Tuberculosis
Never tuberculosis Ref Ref
Previous tuberculosis 1.55 1.19-2.02 .001 1.40 1.08-1.82 .0Nn
Current tuberculosis 1.62 1.04-2.51 .031 1.09 .72-1.65 .683
HIV
Negative Ref Ref
Positive 1.70 1.32-2.18 <.001 1.45 1.14-1.84 .002
VL <1000 copies/ml (last 15 mo) and ART script (last 6 mo)® 1.60 1.19-2.17 .002 1.57 1.18-2.07 .002
VL <1000 copies/ml (2yr to 15 mo prior), or ART script (last 6 mo) and 1.56 .80-3.07 .193 1.33 .72-2.46 .357
VL <1000 copies/ml >2yr prior
VL >1000 copies/ml (last 15 mo) or CD4 count <200 cells/p! (last 18 mo) 3.39 1.14-3.62 <.001 1.60 .79-3.25 190
No VL (last 15 mo); CD4 count >200 cells/ul or unknown (last 18 mo) 1.73 1.10-2.71 .017 117 .73-1.87 .506
ART in PLWH with script issued in last 12 months®
Abacavir or zidovudine Ref Ref
Tenofovir disoproxil fumarate A1 21-.78 .007 .57 .31-1.04 .067
Efavirenz Ref .. Ref ..
Lopinavir 91 .37-2.25 .846 .68 .29-1.63 392
Atazanavir .38 .05-2.92 .352 1.09 .25-4.82 91
Dolutegravir .57 .16-2.01 .380 .62 17-2.22 461
ART duration
<1 year Ref Ref
1-2 years .78 21-2.94 719 1.28 .37-4.42 701
>2 years .54 .19-1.48 .230 155 .21-1.42 213
CD4 count during COVID-19¢
>350 cells/pl 1.24 .95-1.63 112
200-349 cells/ul 1.65 .94-2.88 .080
<200 cells/pl 2.36 1.47-3.78  <.001

Data are multivariate HRs and 95% Cls among (1) all adult COVID-19 cases diagnosed before 1 June 2020 (n = 15 203) and (2) all hospitalized adult COVID-19 cases (n = 2978).

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; COVID-19, coronavirus disease 2019; HbA1c, glycosylated haemoglobin; HIV, human immunodeficiency virus; HR, hazard
ratio; PLWH, people living with HIV; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VL, viral load.

#Analysis limited to cases diagnosed before 1 June 2020, when testing criteria changed, with public-sector tests being limited to patients >55 year of age or with comorbidities.

°Reference category is HIV negative; adjusted for all other variables listed in this table in a model that included the listed categories of HIV VL, CD4 count, and ART instead of the binary
variable of testing HIV positive vs negative; the effect of the other variables on mortality was similar to those presented here.

“Restricted to patients with documented antiretrovirals dispensed in the last 12 months, adjusted for all other variables listed in this table in a model that included the relevant antiretrovirals
and ART duration; the effect of the other variables on mortality was similar to those presented here.

9Reference category is HIV negative, restricted to patients living without HIV and 199 of 601 PLWH with a CD4 count measurement at the time of COVID-19 diagnosis or admission and
adjusted for all other variables listed in this table in a model that included the listed categories of CD4 count instead of the binary variable of testing HIV positive vs negative; the effect of
the other variables on mortality was similar to those presented here.
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Figure 1.  Comparison of adjusted HRs and 95% Cls for associations with COVID-19 death from Cox proportional hazards models among (A4) all public-sector patients >20
years old with a public-sector health visit in the previous 3 years (n = 3 460 932); (B) all adult COVID-19 cases diagnosed before 1 June 2020 (n = 15 203); and () all hospital-
ized COVID-19 cases (n = 2978). Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; HbAc, glycosylated hemoglobin; HIV, human immunodeficiency
virus; HR, hazard ratio.
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with suppressed VLs on ART [23, 24]. Comparisons by HIV
status of hospitalized COVID-19 cases in New York and
London have not shown differences in mortality risks [25-27].
However, the absence of an increased mortality risk in hospi-
talized patients with comorbidities may be explained by selec-
tion bias: risk factors for COVID-19 death may be attenuated
by restricting data to the subset of hospitalized patients already
at high mortality risk [28]. It is therefore expected that the in-
creased risk of death associated with all comorbidities in our
analysis was progressively attenuated when restricting to cases
(people with sufficiently severe symptoms to be tested) and
hospitalized patients.

Similar to our findings, several studies have reported a high
prevalence of comorbidities among PLWH with severe COVID-
19 [3, 6, 7]. The high prevalence of comorbidities in deceased
PLWH suggests that the effect of HIV may at least partly be
due to an increased risk of comorbidities at younger ages [2,
7], including those not recorded in WCPHDC, such as cardi-
ovascular disease. Persistent immune dysfunction may also be
important in severe COVID-19 despite viral suppression; the
hazard ratio point estimates for association with COVID-19
death were greater in immunosuppressed or viremic PLWH,
although the numbers of these patients with COVID-19 were
small, with wide CIs. Further, a CD4 count < 200 cells/pl during
admission was associated with COVID-19 death. While this
may partly be due to the well-described lymphopenia in se-
vere COVID-19, which is prognostic of poor outcomes, about
half of patients with low CD4 counts during admission were
either new HIV diagnoses or had previous immunosuppres-
sion, viremia, or no recent ART [10]. Among COVID-19 cases
in PLWH on ART, the receipt of TDF (vs other therapies) was
associated with reduced COVID-19 mortality. However, this
association is likely to be overestimated; in South Africa, only
patients on second-line ART or with poor renal function would
not be on TDE, and both of these factors may themselves in-
crease mortality. Nonetheless, the association remained when
adjusting for kidney disease, viral suppression, and ART dura-
tion, and concurs with results from a recently published cohort
of PLWH on ART from Spain [13]. We found both current and
previous tuberculosis to be associated with COVID-19 death,
but since current tuberculosis itself causes death, in the absence
of autopsy evidence it is difficult to disentangle the effects of
COVID-19 versus tuberculosis disease on mortality [17].

In our study, the overall high prevalence of diabetes in people
with and without HIV; high proportion with poor glycemic con-
trol, and very elevated risks for COVID-19 death for diabetics,
compared to data reported from other countries, are concerning
[8]. Diabetes is often diagnosed late and/or untreated or poorly
controlled in resource-limited settings, and the resulting micro-
vascular disease, even in people with good current diabetic con-
trol, may increase COVID-19 mortality [29].

To our knowledge, this is the largest report on SARS-CoV-2
from Africa, the largest report on HIV and tuberculosis
coinfected patients, and the first comparison of COVID-19
outcomes in patients with and without tuberculosis. Strengths
include the study size using population-level data, laboratory-
confirmed SARS-CoV-2 diagnoses in all COVID-19 cases, and
the inclusion of hospitalized and nonhospitalized cases and
deaths, as well as modeling the independent associations of HIV
and tuberculosis with COVID-19 death. While the population
analysis approach is robust to selection bias associated with
cases and hospitalized patients only, it may overestimate asso-
ciations between comorbidities and COVID-19 death if those
with comorbidities live in areas with higher transmission or
have closer follow-up and are more likely to be diagnosed with
COVID-19. Nonetheless the coherence of associations found
when analyzing the population cohort and SMR, diagnosed cases
and hospitalized patients suggest that the population findings are
unlikelyto be solely due to different probabilities of encountering
SARS-CoV2 or being diagnosed once infected. Furthermore,
an adjustment for subdistrict of residence should address ge-
ographic differences in transmission probability. Being an ob-
servational study, limitations include the underascertainment
of comorbidities in routine administrative data; a lack of data
on other potential risk factors, including socioeconomic status,
smoking, and BMI; possible underascertainment of all COVID-
19 cases and deaths; and potential misclassification of some in-
cidental deaths in patients positive for SARS-CoV-2 as related to
COVID-19, although almost all deaths occurred in hospitalized
patients with clinical COVID-19. Further, we were unable to sys-
tematically exclude other opportunistic infections as contribu-
tors to COVID-19 mortality, as investigation for these causes
varied by facility, clinical presentation, and time in hospital.
Relatively large numbers of PLWH had no recent VL or CD4
count results, limiting our ability to distinguish outcomes for
different strata of these measures. In particular, patients with no
recent information on disease control (eg, HIV RNA or HBA1c)
may have less contact with health services and not reside perma-
nently in the province, with underascertainment of outcomes.

CONCLUSION

While our findings of increased COVID-19 mortality risks in
those living with HIV or tuberculosis may overestimate associ-
ations of these conditions with COVID-19 death due to residual
confounding, PLWH and/or those with tuberculosis should
nonetheless be considered high-risk groups for COVID-19
management, especially if they have other comorbidities.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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