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INTRODUCTION

Since the beginning of the COVID-19 pandemic, many 
have been concerned that people living with HIV (PWH) 

will have a more severe course of COVID-19 after infec-
tion than the general population. Reasons for concern 
include impaired inflammatory cell responses in PWH, 
making it more challenging to control respiratory viral 
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Abstract
Background: We investigated the effect of HIV on COVID-19 outcomes with at-
tention to selection bias due to differential testing and comorbidity burden.
Methods: This was a retrospective cohort analysis using four hierarchical out-
comes: positive SARS-CoV-2 test, COVID-19 hospitalization, intensive care unit 
(ICU) admission and hospital mortality. The effect of HIV status was assessed 
using traditional covariate-adjusted, inverse probability-weighted (IPW) analy-
sis based on covariate distributions for testing bias (testing IPWs), HIV infection 
status (HIV-IPWs) and combined models. Among people living with HIV (PWH), 
we evaluated whether CD4 count and HIV plasma viral load (pVL) discriminated 
between those who did and those who did not develop study outcomes using re-
ceiver operating characteristic analysis.
Results: Between March and November 2020, 63 319 people were receiving pri-
mary care services at the University of California San Diego (UCSD), of whom 
4017 were PWH. The PWH had 2.1 times the odds of a positive SARS-CoV-2 test 
compared with those without HIV after weighting for potential testing bias, co-
morbidity burden and HIV-IPW [95% confidence interval (CI): 1.6–2.8]. Relative 
to people without HIV, PWH did not have an increased rate of COVID-19 hospi-
talization after controlling for comorbidities and testing bias [adjusted incidence 
rate ratio (aIRR) = 0.5, 95% CI: 0.1–1.4]. PWH did not have a different rate of 
ICU admission (aIRR = 1.08, 95% CI: 0.31–3.80) or of in-hospital death (aIRR = 
0.92, 95% CI: 0.08–10.94) in any examined model. Neither CD4 count nor pVL 
predicted any of the hierarchical outcomes among PWH.
Conclusions: People living with HIV have a higher risk of COVID-19 diagnosis 
than those without HIV but the outcomes are similar in both groups.
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infections, leading to more complications and death [1]. 
PWH are known to have a high prevalence of comorbidi-
ties associated with increased COVID-19 disease severity 
and a high prevalence of barriers to care such as mental 
illness, drug and alcohol use, and homelessness [1] that 
impact both risks of acquisition and access to care during 
an evolving COVID-19 pandemic.

Independent effects of HIV on COVID-19 positivity, 
hospitalization and mortality have been inconsistently 
observed [2-9]. It is unclear whether differences among 
the studied populations with respect to HIV-induced im-
munosuppression, prevalence of medical comorbidities, 
socioeconomic disparities or methodological issues ac-
count for the disparate results. Among methodological 
considerations are differences in study samples [4,10], 
variant preponderance [3,11–13], adequacy of control 
for selection bias [14] and confounding [15]. All observa-
tional studies presented have lacked appropriate control 
for potential collider bias, which can induce a spurious 
association between the exposure and outcome. We per-
formed a nested cohort study in San Diego, California, 
to evaluate the effect of HIV infection status on hierar-
chical outcomes of COVID-19 disease. We focused on 
controlling for comorbidity burden, HIV immunosup-
pression status and selection bias due to differential 
SARS-CoV-2 testing.

METHODS

Study design and population

The study sample represented a nested sub-cohort of 
adults (≥18  years) receiving primary care at UC San 
Diego (UCSD) between 1 March 2020 and 30 November 
2020. Receipt of primary care at the study institution was 
defined as having a primary care provider associated with 
UCSD and attending at least one primary care appoint-
ment from 1 March 2017 to 1 March 2020. We included 
all adults tested for SARS-CoV-2 using polymerase chain 
reaction or rapid antigen test during the study period. 
Although testing indication changed over time, it was 
similar for both people with and without HIV at UCSD. 
Patients were classified as SARS-CoV-2-positive as of 
the date of their first positive test, while those who con-
sistently tested negative were classified as SARS-CoV-2-
negative. We excluded 28 individuals who received part 
of their care for any COVID-19-related illness outside 
UCSD to avoid system differences in management prac-
tices (Figure S1). The study protocol was approved by 
the UCSD institutional human research protection pro-
gramme (no. 201226X).

Study variables

Study variables were extracted from Clarity database by 
the Altman Clinical and Translational Research Institute 
bioinformatics services. Patient characteristics included: 
(1) demographics (age, gender, race/ethnicity); (2) condi-
tions associated with immune suppression: history of any 
organ transplant (solid or bone marrow), active malig-
nancy except basal cell cancer, HIV infection and rheu-
matological disease; (3) medical comorbidities according 
to ICD-10 diagnosis: hypertension (HTN), diabetes mel-
litus (DM), cardiovascular disease (CVD), coronary artery 
disease (CAD), congestive heart failure (CHF), chronic 
pulmonary disease, chronic liver disease, chronic kidney 
disease (CKD), obesity, mental illness and the Charlson 
Comorbidity Index (CCI) [16]; (4) use of tobacco, alcohol 
or recreational drugs, and homelessness. The dates and 
results were noted for SARS-CoV-2 testing. We also col-
lected HIV transmission risk factors, CD4 cell count, HIV 
plasma viral load (pVL) and antiretroviral therapy (ART). 
For HIV time-varying covariates, we collected the most re-
cent value before SARS-CoV-2 testing, but no longer than 
12  months before testing. We performed manual chart 
reviews of everyone diagnosed with COVID-19 to verify 
SARS-CoV-2 testing and hospital-related outcomes. For 
subjects living with HIV, chart review validated values for 
CD4, pVL and ART status.

Study outcomes and statistical analysis

Four hierarchical outcomes were examined among the 
SARS-CoV-2-tested sub-cohort: SARS-CoV-2 positivity, 
COVID-19-related hospitalization, intensive care unit 
(ICU) admission and hospital mortality. The primary ex-
posure of interest was HIV infection. We estimated the 
date of SARS-CoV-2 infection as 5 days before the first 
positive test date based on the estimated median and mean 
incubation periods at the time [17,18]. Time at risk for the 
hospital outcomes (hospital admission, ICU admission, 
hospital death) began with the estimated date of infection 
and ended on the earliest of: the date of the respective hos-
pital outcome, the last documented healthcare encounter 
at the study institution (conservative definition), or the 
end of the study period (liberal definition). Because con-
clusions from Poisson regression models did not differ ac-
cording to censoring definition (conservative or liberal), 
only results using the liberal definition are presented.

Using contingency table analysis, we evaluated associ-
ations between patient characteristics and: (1) being tested 
for SARS-CoV-2; (2) testing positive for SARS-CoV-2 given 
testing; (3) hospital outcomes (admission, ICU care and 
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death); and (4) living with HIV. Associations were evalu-
ated using Wilcoxon rank-sum tests for continuous vari-
ables and either χ2 or Fisher exact tests for categorical 
variables. Direction of associations between covariates 
and testing, positivity given testing and HIV is presented 
using odds ratios with 95% confidence intervals (CIs) in 
Table 1.

Because of the potential for the selection form of col-
lider bias due to differential testing of those in the source 

population, inverse probability weights (IPWs) of being 
tested one or more times were calculated based on dis-
tributions in the source population [19,20]. The IPWs for 
SARS-CoV-2 testing (testing IPWs) were constructed using 
logistic regression including age, sex, race, smoking, alco-
hol, illicit drugs, HTN, DM, CAD, CHF, CVD, pulmonary 
disease, rheumatic disease, liver disease, CKD, any cancer, 
solid organ transplant, mental illness diagnosis, periph-
eral vascular disease, cerebrovascular accident and CCI. In 

T A B L E  1   Unadjusted odds ratios with 95% confidence intervals for ever-tested, HIV-positive and SARS-CoV-2 positive patients

Independent variable

Dependent variable

Ever tested (n = 62 319) HIV (n = 62,319)
Any positive 
(n = 16 626)

HIV 1.222*** (1.140–1.310) 2.910*** (2.292–3.694)

Age ≥50 years old 1.467*** (1.415–1.521) 0.535*** (0.501–0.572) 0.381*** (0.316–0.460)

Male sex 1.009 (0.974–1.046) 0.119*** (0.109–0.130) 0.757** (0.632–0.906)

Non-white race 0.785*** (0.756–0.815) 1.911*** (1.792–2.038) 2.112*** (1.763–2.530)

Smoking 0.840*** (0.778–0.906) 6.996*** (6.459–7.578) 0.732 (0.466–1.151)

Hypertension 1.382*** (1.328–1.438) 1.132*** (1.053–1.217) 0.778* (0.632–0.959)

Any diabetes mellitus 1.358*** (1.281–1.441) 1.047 (0.938–1.169) 1.155 (0.878–1.521)

Cardiovascular disease 1.752*** (1.661–1.849) 1.039 (0.938–1.152) 0.642** (0.476–0.865)

Homelessness 1 (1–1) 29.41*** (22.41–38.58) 1.476 (0.778–2.799)

Alcohol use 1.004 (0.969–1.040) 0.479*** (0.449–0.512) 0.933 (0.778–1.118)

Illicit drugs use 1.256*** (1.180–1.337) 4.782*** (4.426–5.166) 1.333* (1.010–1.758)

Myocardial infarction 1.882*** (1.606–2.206) 2.095*** (1.654–2.654) 0.919 (0.431–1.959)

Congestive heart failure 1.865*** (1.702–2.043) 1.029 (0.860–1.230) 0.707 (0.434–1.154)

Peripheral vascular disease 8.516*** (5.319–13.63) 1.168 (0.540–2.525) 1 (1–1)

Cerebrovascular accident 1.522*** (1.395–1.660) 1.140 (0.971–1.338) 0.694 (0.425–1.131)

Dementia 0.900 (0.771–1.050) 0.671* (0.486–0.926) 0.305 (0.0757–1.233)

Pulmonary disease 1.634*** (1.541–1.733) 1.619*** (1.469–1.784) 0.782 (0.575–1.064)

Rheumatological disease 1.770*** (1.554–2.015) 0.178*** (0.101–0.315) 0.526 (0.234–1.184)

Mild liver disease 1.655*** (1.540–1.779) 2.882*** (2.609–3.183) 1.297 (0.952–1.768)

Severe liver disease 2.486*** (1.969–3.138) 2.668*** (1.932–3.685) 0.246 (0.0343–1.761)

Hemiplegia 1.281 (0.960–1.709) 2.854*** (1.984–4.106) 1.004 (0.245–4.112)

Chronic kidney disease 1.619*** (1.508–1.739) 1.369*** (1.210–1.549) 1.170 (0.851–1.608)

Lymphoma 2.041*** (1.714–2.430) 2.380*** (1.854–3.054) 0.605 (0.224–1.633)

Leukaemia 2.263*** (1.918–2.671) 0.334*** (0.193–0.580) 1.061 (0.522–2.159)

Solid cancer 1.961*** (1.852–2.076) 0.884* (0.786–0.995) 0.467*** (0.327–0.666)

Metastatic cancer 2.224*** (1.962–2.521) 0.275*** (0.174–0.433) 0.596 (0.294–1.206)

Obesity (BMI ≥ 30 kg/m2) 1.074*** (1.030–1.119) 1.111** (1.032–1.198) 1.579*** (1.303–1.914)

Mental illness 1.394*** (1.342–1.447) 4.571*** (4.276–4.886) 0.973 (0.805–1.177)

Solid organ transplant 2.876*** (2.417–3.421) 0.433** (0.259–0.725) 1.322 (0.698–2.503)

Bone marrow transplant 2.655*** (2.022–3.486) 0.430* (0.191–0.970) 1.004 (0.317–3.178)

Charlson comorbidity index 1.125*** (1.117–1.133) 0.904*** (0.890–0.919) 0.840*** (0.803–0.879)

Note: Exponentiated coefficients; 95% confidence intervals in brackets.
Abbreviation: BMI, body mass index.
*p < 0.05; **p < 0.01; ***p < 0.001.
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addition, we constructed IPWs for our primary exposure 
of interest, HIV infection based on covariate distributions 
in the source population. HIV-IPWs were calculated using 
the same covariates used to construct testing IPWs. Further, 
IPWs were stabilized and 1% truncated using previously 
described methods [21]. Combined testing and HIV-IPWs 
were calculated as the product of both contributing weights.

To estimate the effect of HIV infection status on study 
outcomes, multiple regression analyses were employed. 
For the outcome SARS-CoV-2 positivity, we fitted multi-
ple logistic regression models. For the hospital outcomes 
(admission, ICU care, mortality), we fitted Poisson regres-
sion models and estimated incidence rate ratios (IRRs). 
Because a key covariate (body mass index) was missing 
in 3.1% of the source healthcare cohort, multiple impu-
tation incorporating all other non-missing covariates in 
the imputation model was used. The effect of HIV status 
on study outcomes was estimated using the following es-
timation approaches: (1) unadjusted and unweighted; (2) 
unadjusted with testing IPWs applied; (3) unadjusted with 
HIV-IPWs applied; (4) unadjusted with combined IPWs 
applied; (5) unweighted traditional covariate adjustment; 
and (6) traditional covariate adjustment with testing IPWs 
applied. Traditional covariate-adjusted models included 
those covariates found to be significant predictors of 
SARS-CoV-2 positivity in bivariate analysis. Reported CIs 
were based on robust standard errors. To assess the poten-
tial impact of residual confounding of the effect of HIV 
status on study outcomes, we calculated E-values, which 
are defined as the minimum strength of association on 
the effect measure scale that an unmeasured confounder 
would need to have with both HIV status and the outcome 
to fully explain away a specific exposure–outcome associa-
tion, conditional on the measured covariates [22,23].

We investigated whether CD4 cell count and pVL dis-
criminated between those who developed and those who 
did not develop study outcomes using receiver operating 
characteristic (ROC) analysis. We assigned each study out-
come as a criterion measure evaluated against absolute CD4 
count and log10-transformed pVL as classification measures.

Data were stored in REDCap (Research Electronic 
Data Capture; Vanderbilt University, Nashville, TN, USA). 
All tests were two-tailed, using α = 0.05 and performed 
using Stata v.17.0.

RESULTS

Between 1 March and 30 November 2020, 63 319 people 
were receiving primary care services at UCSD Health, of 
whom 4017 were PWH. People who were older, white, 
obese, who had any significant comorbidity, HIV infection, 
mental illness, drug use or were homeless were more likely 

to be tested for SARS-CoV-2 than those without those char-
acteristics (Table S1). Compared with HIV-uninfected pa-
tients ever tested for SARS-CoV-2, tested PWH were more 
likely to be <56 years old, male, obese and non-white. PWH 
were also more likely to have documented smoking, rec-
reational drug use, to be homeless and to have diagnoses 
of HTN, DM, myocardial infarction, liver disease, chronic 
pulmonary disease and mental illness (Table S2). During 
the study period, 487 patients tested positive for SARS-
CoV-2, including 88 PWH. Of the 88 PWH diagnosed with 
COVID-19, six were hospitalized for COVID-19-related 
complications, four were admitted to the ICU, and one died 
in the hospital. By contrast, among 399 HIV-uninfected 
patients diagnosed with COVID-19, 57 were admitted to 
hospital, 19 were admitted to the ICU and seven died in 
hospital. In bivariate analysis of those ever tested for SARS-
CoV-2, those with a positive SARS-CoV-2 test were more 
commonly living with HIV, obese, homeless and using 
recreational drugs (Table S3). Several covariates were as-
sociated with discordance between testing for SARS-CoV-2 
and test positivity. Non-white and younger people were less 
likely to be tested but were more likely to have a positive 
SARS-CoV-2 result if tested (Table  1). Although patients 
with HTN, CVD, solid cancer and higher comorbidity bur-
den by CCI were more often tested, they were less likely to 
test positive for SARS-CoV-2 (Table 1).

HIV and SARS-CoV-2 positivity

People living with HIV had greater odds of testing positive 
for SARS-CoV-2 than patients without HIV in all logistic re-
gression models (Table 2). PWH had 2.9 times the odds of 
having a positive SARS-CoV-2 result in unadjusted analy-
sis (95% CI: 2.3–3.7). After testing IPWs, PWH still had 2.8 
times the odds of testing positive for SARS-CoV-2 compared 
with patients without HIV. When HIV-IPWs were used, 
PWH had 3.5 times the odds for testing positive than pa-
tients without HIV (95% CI: 2.6–4.9). This effect was similar 
when combining testing IPWs and HIV-IPWs. However, the 
impact of HIV on SARS-CoV-2 positivity decreased in tradi-
tional comorbidity covariate adjustment to having 2.2 times 
the odds (95% CI: 1.7–2.8). Finally, when traditional covari-
ate adjustment was combined with testing IPWs, PWH still 
had 2.1 times the odds for testing positive for SARS-CoV-2 
compared with patients without HIV (95% CI: 1.6–2.8).

HIV and rate of COVID-19 hospitalization

The median time from the estimated date of infection to hos-
pitalization for PWH was 5.5 days [interquartile range (IQR): 
1–13] compared with 6 days (IQR: 5–11) for patients without 
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HIV (Wilcoxon rank sum, p = 0.46). Yet the probability of 
hospitalization following a positive SARS-CoV-2 test ap-
peared lower for PWH than for patients without HIV (Figure 
1). In unadjusted and unweighted analyses, PWH were 
70% less likely to be admitted to the hospital for COVID-19 
than patients without HIV [IRR  =  0.3, 95% CI: 0.1–0.8). 
PWH remained less likely to be admitted to the hospital for 
COVID-19 compared with patients without HIV when tradi-
tional covariate adjustment was performed (aIRR = 0.3, 95% 
CI: 0.1–0.9) and when HIV-IPWs are applied (IRR = 0.2, 95% 
CI: 0.1–0.8). In other models of hospitalization, effect meas-
ures were similar in direction and magnitude but not statisti-
cally significant at conventional levels (Table 2).

HIV and risk of ICU admission

There was no difference in the rate of ICU admission among 
PWH and patients without HIV diagnosed with COVID-19, 
with an unadjusted IRR of 0.8 (95% CI: 0.3–2.2) (Table 2). 
After applying testing IPWs alone, HIV-IPWs alone and com-
bined IPWs, there was still no difference in the likelihood of 
ICU admission by HIV status (IRR = 0.9, 95% CI: 0.3–2.9; 
IRR = 0.5, 95% CI: 0.1–2.1; and IRR = 0.8, 95% CI: 0.2–3.6, 
respectively). Traditional covariate adjustment found no dif-
ference in the rate of ICU admission between PWH and pa-
tients without HIV, both with testing IPWs (aIRR = 1.1, 95% 
CI: 0.3–3.8) and without (aIRR = 0.9, 95% CI: 0.3–2.9).

HIV and risk of in-hospital death

There was no difference in hospital death rates among 
PWH and patients without HIV diagnosed with COVID-19, 

with an unadjusted IRR of 0.5 (95% CI: 0.1–4.2) (Table 2). 
These findings did not change with the inclusion of testing 
IPWs, HIV-IPWs, traditional covariate adjustment or the 
combination of covariate adjustment with testing IPWs.

CD4 count and HIV viral load and 
COVID-19 outcomes

The median (IQR) of absolute CD4 counts among tested 
PWH in the source population (n = 1126) and among the 
SARS-CoV-2-positive PWH (n = 84) were 634 (405–881) 
and 638 (407–1000) copies/mL, respectively. For pVL, 85% 
and 88% were undetectable (≤50 copies/ml) in the tested 
source population and in the SARS-CoV-2-positive PWH, 
respectively. In ROC analysis, neither CD4 count nor pVL 
discriminated among PWH who tested positive for SARS-
CoV-2, PWH who were admitted to the hospital, or PWH 
who were admitted to the ICU, compared with those with-
out each of these outcomes. For SARS-CoV-2 positivity, 
ROC was 0.5 for CD4 count and pVL. For hospitalization, 
ROC was 0.4 for CD4 count and pVL. For ICU admission, 
ROC was 0.2 (95% CI: 0–0.5) for CD4 count and 0.5 (95% 
CI 0.3–0.7) for pVL (Table 3).

DISCUSSION

This study found that in 2020, before the widespread 
availability of COVID-19 vaccines, PWH had more than 
twice the risk of testing positive for SARS-CoV-2 com-
pared with those without HIV infection. Our study used 
a nested cohort analysis because, unlike other studies, 
we had access to prognostic characteristics of the entire 

F I G U R E  1   Kaplan Meier curve for the time from estimated date of SARS-CoV-2 infection to hospitalization by HIV infection status
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source population receiving primary or HIV care at 
our medical center. This approach allowed at least par-
tial control for differential testing by applying testing 
IPWs. Conclusions regarding excess SARS-CoV-2 posi-
tivity among PWH were robust to different modelling 
approaches.

Despite regional variation in SARS-CoV-2 testing avail-
ability and indication, PWH have generally experienced 
lower thresholds for diagnostic testing [11]. For exam-
ple, a study from Kaiser Permanente Southern California 
(KPSC) found a higher incidence of testing, diagnosis 
and COVID-19 hospitalization in PWH than in HIV-
uninfected patients [24]. Yet PWH were designated as a 
potential risk group at KPSC during the study period and 
were prioritized for testing. Testing threshold as a function 
of symptom severity, comorbidity and test availability may 
contribute to differing observed disease trajectories, in-
cluding hospital-related outcomes. There are several pos-
sible causes of the higher observed positivity rate among 
PWH in our study. First, the testing rate among PWH 
was higher than among those without HIV (OR = 1.22; 
Table 1). Second, the higher positivity among PWH may 
reflect increased exposure opportunities associated with 
those social determinants of health prevalent among 
PWH in our region [25]. Third, increased biological sus-
ceptibility to infection given exposure must be included as 
a possible reason.

A robust conclusion from our analyses is that HIV in-
fection was not associated with increased COVID-19 hos-
pitalization rate. Like other studies, HIV status did not 
affect ICU admission or death in any models [6,26]. Our 
results contrast with studies that observed an increased 
risk of hospitalization among PWH [6,12,24,27]. However, 
most did not fully account for differences in comorbidi-
ties that probably impact the risk of COVID-19 outcomes 

[28,29]. When examining COVID-19 outcomes among 
patients diagnosed with COVID-19, several studies found 
that PWH have an increased risk of hospitalization but 
not hospital mortality despite matching for key cofound-
ers including comorbidity burden [6,30]. There are several 
threats to the validity of conclusions from observational 
studies of the independent effect of HIV infection on risk 
for SARS-CoV-2 infection and its hospital-related out-
comes. Perhaps the most important are selection bias due 
to differential testing in defining the study sample, inad-
equate control for confounding, and missing information 
regarding the severity of illness and prognostic factors 
at the time of diagnosis. Our study attempted to control 
for differential testing and confounding. However, we 
had limited access to markers of severity of illness at the 
time of diagnosis of SARS-CoV-2 infection. In particular, 
because the availability of diagnostic testing was limited 
and testing thresholds were changing during the study 
period, the proportion of undiagnosed SARS-CoV-2 infec-
tions among either PWH or those without HIV infection 
is unknown.

As with other studies [7,27,31,32], neither most re-
cent CD4 count nor pVL was a discriminator of the 
risk for COVID-19 diagnosis or hospitalization with or 
without ICU admission. However, we suggest cautious 
interpretation concerning the effect of pVL because 
of range restriction (84% undetectable). One study ob-
served that patients with CD4 count <200 cells/µl and 
those with detectable viraemia have a higher risk of se-
vere COVID-19, but it did not adjust for the presence of 
comorbidities that modify the COVID-19 disease course 
[28].

Our study is subject to limitations. First, like all obser-
vational SARS-CoV-2 studies, we could not implement 
routine universal SARS-CoV-2 screening to identify all 

T A B L E  3   Receiver operating characteristic (ROC) curve analyses for CD4 and log10 HIV viral load discriminant ability for SARS-CoV-2 
positivity, COVID-19-related hospitalization or ICU admission among patients with HIV

Outcome N ROC Standard error 95% CI p-Valuea

Any positive SARS-CoV-2 test

CD4 1104 0.55 0.04 0.48–0.61 0.17

HIV viral load 1104 0.48 0.02 0.43–0.53

Hospitalization

CD4 81 0.35 0.11 0.13–0.58 0.53

HIV viral load 81 0.45 0.07 0.31–0.59

ICU admission

CD4 81 0.26 0.13 0.01–0.51 0.23

HIV viral load 81 0.49 0.10 0.29–0.69

Abbreviation: CI, confidence interval.
aCompares the null hypothesis that the area under the curve for CD4 cell count is equal to the area under the curve for log10 HIV plasma viral load using χ2 test 
of significance.
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patients with SARS-CoV-2 infection. This limitation is 
problematic especially for prognostic analyses, because of 
uncertainty regarding the proportion of included patients 
who were asymptomatic at diagnosis and their COVID-19 
related symptom burden at the time of diagnosis. The ob-
servation that median time to hospitalization after esti-
mated date of infection did not differ significantly by HIV 
status provides some support that trajectories of disease 
progression were similar for both groups. Second, to re-
duce bias in our analyses due to missing records, varying 
standards of care and referral indication, individuals were 
excluded if part of the COVID-19 care cascade occurred 
outside of UCSD Health. The number of excluded patients 
is unlikely to alter the conclusions based on included pa-
tients. Third, conclusions regarding the effect of HIV in-
fection on ICU admission and hospital mortality should 
be interpreted cautiously because of the small number of 
ICU and mortality events in the study sample. Fourth, our 
PWH cohort generally had well-controlled HIV infection, 
with only 7% of those tested having AIDS and 9% a pVL 
>200  copies/ml (Table S4). Hence, our findings cannot 
be generalized to PWH populations with higher propor-
tions of unsuppressed viraemia. Similarly, we did not as-
sess nadir CD4 counts, which some have suggested is a 
more reliable marker of immunosuppression risk for se-
vere COVID-19 among PWH [33]. Fifth, although we took 
into account comprehensive comorbidity measures in es-
timating effects, residual sources of bias and confounding 
may remain. E-values for residual confounding (Table 2) 
suggest bounds to assess conditions required to nullify ob-
served effects. Lastly, our use of a median of 5 days from 
infection event to first positive test is subject to several 
limitations: (1) the testing threshold changed over the 
study period according to availability of tests and index of 
clinical suspicion; (2) SARS CoV-2 variant evolution could 
alter incubation periods; and (3) rates of progression to 
clinical detection may have been different with respect to 
HIV infection status and other covariates [17,18,34].

In conclusion, after considering the effects of differen-
tial testing using inverse probability of selection weight-
ing, comorbidity burden and other patient characteristics, 
PWH, compared with those without HIV, had an increased 
rate of SARS-CoV-2 positivity, similar or perhaps a lower 
hospitalization rate, and similar rates of ICU admission 
and death.
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