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Background. Human immunodeficiency virus infection (HIV) is a presumed risk factor for severe coronavirus disease 2019 
(COVID-19), yet little is known about COVID-19 outcomes in people with HIV (PWH).

Methods. We used the TriNetX database to compare COVID-19 outcomes of PWH and HIV-negative controls aged ≥18 years 
who sought care in 44 healthcare centers in the United States from January 1 to December 1, 2020. Outcomes of interest were rates of 
hospitalization (composite of inpatient non-intensive care [ICU] and ICU admissions), mechanical ventilation, severe disease (ICU 
admission or death), and 30-day mortality.

Results. Of 297 194 confirmed COVID-19 cases, 1638 (0.6%) were HIV-infected, with >83% on antiretroviral therapy (ART) and 
48% virally suppressed. Overall, PWH were more commonly younger, male, African American or Hispanic, had more comorbidities, were 
more symptomatic, and had elevated procalcitonin and interleukin 6. Mortality at 30 days was comparable between the 2 groups (2.9% 
vs 2.3%, P = .123); however, PWH had higher rates hospitalization (16.5% vs 7.6%, P < .001), ICU admissions (4.2% vs 2.3%, P < .001), 
and mechanical ventilation (2.4% vs 1.6%, P < .005). Among PWH, hospitalization was independently associated with male gender, being 
African American, integrase inhibitor use, and low CD4 count; whereas severe disease was predicted by older age (adjusted odds ratio 
[aOR], 8.33; 95% confidence interval [CI], 1.06–50.00; P = .044) and CD4 <200 cells/mm3 (aOR, 8.33; 95% CI, 1.06–50.00; P = .044).

Conclusions. People with HIV had higher rates of poor COVID-19 outcomes but were not more at risk of death than their non-
HIV-infected counterparts. Older age and low CD4 count predicted adverse outcomes.

Keywords.  clinical outcomes; COVID-19; HIV.

As of February 1, 2021, the coronavirus disease 2019 (COVID-
19) pandemic caused by the novel severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) has resulted in an 
estimated 100 million confirmed infections and more than 2 
million deaths globally [1]. Black and other racial minority 
heritage, male gender, age >65 years, obesity (body mass index 
[BMI] ≥30 kg/m2), diabetes mellitus, hypertension, severe car-
diopulmonary disease, and other chronic conditions have been 

reported as contributing to poor COVID-19 outcomes, in-
cluding increased risk of mortality [2–5].

Compared with the general population, people with human 
immunodeficiency virus (PWH) are presumed to be at greater 
risk of severe COVID-19 and adverse clinical outcomes [6, 7]. 
This has been attributed to the observation that PWH tend to 
have a higher burden of lifestyle-associated risk factors and 
underlying comorbidities, in addition to having an already 
heightened systemic inflammatory state at baseline that could 
potentially enhance or amplify the viral cytokine release syn-
drome—also referred to as the “cytokine storm”—that has been 
described in the setting of COVID-19 [6–11].

Notwithstanding, emerging evidence from case report series, 
early observational studies, and systematic reviews describing the 
clinical features of COVID-19 among PWH have yielded mixed 
findings thus far. Several studies from Europe and North America 
have observed no substantial differences in morbidity and mor-
tality rates among human immunodeficiency virus (HIV) and 
non-HIV cohorts of patients hospitalized with COVID-19, with 
the majority of HIV-infected patients in these studies reported 
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as stable on antiretroviral therapy (ART) and virally suppressed 
[12–15]. On the other hand, recent data from 2 large population-
based studies from South Africa and the United Kingdom found 
a 2- and 2.6-fold increase in the risk of COVID-19 death, respec-
tively, among PWH compared with their non-HIV-infected coun-
terparts [16, 17]. In the United Kingdom study by Bhaskaran et al 
[17], black ethnic minority status was associated with a 4.3-fold 
higher hazard of COVID-19 death among PWH compared with 
non-HIV-infected controls. However, crucial questions around 
the associations (if any) between the degree of immunosuppres-
sion, level of virologic control, or class of ART and COVID-19 
outcomes in PWH have remained largely unanswered and are the 
focus of ongoing inquiry into the nature of the interactions be-
tween HIV and SARS-CoV-2.

In a multicenter study in the United States using TriNetX (a 
large global federated health research network), Hadi et al [15] 
had previously observed a higher crude COVID-19 mortality 
in 404 PWH, compared with their non-HIV-infected coun-
terparts; however, the study used an earlier time cutoff (July 
2020)  and, importantly, did not examine the relationship be-
tween outcomes of interest and CD4 count, virologic control, 
and class of ART. In this study, we used a higher time cutoff 
in TriNetX (to include a larger number of patients) to charac-
terize the clinical features and predictors of adverse COVID-19 
among PWH in the United States.

MATERIALS AND METHODS

Study Population and Design

We used the TriNetX database to conduct a retrospective study 
of adult patients aged ≥18  years with SARS-CoV-2 infection 
(confirmed by polymerase chain reaction [PCR] or serology) 
who sought care across 44 healthcare organizations in the 
United States from January 1, 2020 to December 1, 2020. To 
safeguard protected health information, TriNetX does not in-
clude data on participating healthcare organizations (HCOs). 
Therefore, we are unable to provide geographic or institutional 
information. However, a participating HCO typically represents 
a large health center with main and satellite hospitals, specialty 
care services, and outpatient clinics.

Data Collection and Definitions

We collected clinical data including patient demographics, 
comorbidities, lifestyle-associated risk factors (smoking, alcohol 
use, and illicit drug use), vital signs and symptoms at presentation, 
laboratory findings, medication use, and healthcare services used—
ie, outpatient clinic, emergency room, inpatient non-intensive care 
(ICU) setting, or ICU admission. We additionally collected the last 
CD4 count and viral load data (measured by HIV-1 ribonucleic 
acid [RNA] PCR) within the preceding 12 months. A full descrip-
tion of study definitions and variables used to query the TriNetX 
database and their corresponding International Classification 

of Diseases, Tenth Revision (ICD-10) codes are provided in the 
Supplementary Materials.

Our clinical outcomes of interest were the odds of outpa-
tient visit (defined as utilizing ambulatory clinic or emergency 
department services only), hospitalization (defined as the 
composite outcome of inpatient non-ICU and ICU service uti-
lization), mechanical ventilation use, severe COVID-19 (ICU 
admission or death), and mortality rate at 30 days after COVID-
19 diagnosis.

We further analyzed COVID-19 severity in the PWH cohort 
based on hospital services used. Mild disease was defined as 
having required outpatient services only (ie, ambulatory clinic 
or emergency department visit). Moderate disease was defined 
as having required inpatient non-ICU services, whereas severe 
disease was defined as having required ICU services or death 
within 30 days of COVID-19 diagnosis.

Statistical Analyses

Summary statistics were generated for all variables at base-
line. Continuous data were presented as means and standard 
deviations and were compared using independent t-tests. 
Categorical data were presented as frequency and proportions 
and compared using χ 2 or Fisher’s exact test, as appropriate. To 
address possible confounders, we balanced cohorts using 1:1 
greedy nearest-neighbor propensity score matching by demo-
graphics and key comorbidities associated with poor COVID-
19 outcomes as outlined in Table 1. Within the PWH cohort, we 
explored predictors of outcomes (moderate and severe COVID-
19) using multinomial logistic regression models with the main 
effects of age, race, comorbidities, class of ART, CD4 count, and 
viral load. For outcomes of interest, we calculated odds ratios 
(ORs) and 95% confidence intervals (CIs), with P < .05 con-
sidered statistically significant. All analyses were conducted in 
the statistical software R version 3.63 (R Core Team, 2020).

Patient Consent Statement

The study was approved by the Institution Board Review 
committee at Case Western Reserve University/University 
Hospitals Cleveland Medical Center. Written informed consent 
from patients was not required because data from the TriNetX 
system safeguards patient’s privacy by reporting deidentified 
data.

RESULTS

Baseline Characteristics of People With Human Immunodeficiency Virus 
(HIV) and Non-HIV-Infected Patients

Of 297 194 confirmed COVID-19 cases, 1638 (0.6%) were HIV-
infected, with >83% on ART. Among PWH, 229 (14.0%) con-
tributed CD4 count data, with 187 (81.6%) reporting CD4 ≥200 
cells/mm3. Seven hundred fifty-five (46.1%) contributed viral 
load data, with 617 (81.7%) being virally suppressed (HIV-1 
RNA <20 copies/mL) (Table 1).

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab272#supplementary-data
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At entry into the healthcare system, approximately one fifth 
of PWH versus non-HIV-infected patients presented in the 
ambulatory clinic setting (19.5% vs 17.0%; P = .004), whereas 
one quarter presented to the emergency department (24.4% vs 
15.9%, P < .001). Approximately 9.6% and 3.5% of PWH re-
quired inpatient services directly upon presentation in the non-
ICU and ICU settings, respectively, versus 4.1% and 1.5% of 
non-HIV-infected patients (P < .001).

Compared with their non-HIV-infected counterparts, PWH 
patients were more commonly younger (43.34 ± 13.59 vs 
46.48 ± 18.7 years, P < .001), male (69.4% vs 44.3%, P < .001), 

black or African American (49.1% vs 19.7%, P < .001), Hispanic 
(18.1% vs 15.2%, P < .001), and more likely to have underlying 
cardiovascular disease (46.8% vs 26.1%, P < .001), obesity 
(24.7% vs 14.8%, P < .001), diabetes mellitus (21.9% vs 12.8%, 
P < .001), and other comorbidities. People with HIV were also 
significantly more likely to have a history of smoking, alcohol, 
and drug use (all P < .001).

Clinical Presentation and Laboratory Parameters of People With Human 
Immunodeficiency Virus (HIV) and Non-HIV-Infected Patients

Overall, PWH were more symptomatic at presentation com-
pared with non-HIV-infected patients (Table 2). The most 

Table 1. Comparison of Patient Demographics, Comorbidities, Social History, and Treatment Between PWH and Non-HIV-Infected COVID-19 Patients 
Before and After Propensity Score Matching

Variables

Before Matching After Matching

HIV  
(N = 1638)

Non-HIV  
(N = 295 556) P Value HIV (N = 1635) Non-HIV (N = 1609) P Value

Age, years (mean ± SD) 43.34 ± 13.59 46.48 ± 18.7 <.001 48.34 ± 13.59 49.12 ± 14.89 .116

Gender

 Female 501 (30.6%) 163 318 (55.3%) <.001 500 (30.6%) 1135 (69.4%) 1.000

 Male 1137 (69.4%) 130 866 (44.3%) <.001 1135 (69.4%) 1116 (69.4%) 1.000

Race or Ethnicity

 Black or African American 805 (49.1%) 55 264 (18.7%) <.001 804 (49.2%) 791 (49.2%) .420

 White 573 (35.0%) 169 681 (57.4%) <.001 572 (35.0%) 581 (36.1%) 1.000

 Hispanic or Latino 297 (18.1%) 44 869 (15.2%) .001028 297 (18.2%) 304 (18.9%) .851

 Asian 25 (1.5%) 7643 (2.6%) .0088 25 (1.5%) 28 (1.7%) .303

 American Indian or Alaska Native 6 (0.4%) 1359 (0.5%) .7077 6 (0.4%) 5 (0.3%) .851

 Native Hawaiian or other Pacific Islander 2 (0.1%) 801 (0.3%) .3397 2 (0.1%) 1 (0.1%) .106

Comorbidities

 Cardiovascular diseases 977 (59.6%) 98 078 (33.2%) <.001 974 (59.6%) 995 (61.8%) .198

 Diabetes mellitus 358 (21.9%) 37 921 (12.8%) <.001 357 (21.8%) 391 (24.3%) .104

 Obesity (body mass index >30 kg/m2) 404 (24.7%) 43 883 (14.8%) <.001 404 (24.7%) 440 (27.3%) .095

 Liver disease 179 (10.9%) 11 714 (4.0%) <.001 179 (10.9%) 169 (10.5%) .725

 Chronic lower respiratory diseases 392 (23.9%) 39 622 (13.4%) <.001 391 (23.9%) 387 (24.1%) .960

 Neoplasms 450 (27.5%) 39 622 (13.4%) <.001 450 (27.5%) 467 (29.0%) .323

 Chronic kidney disease 264 (16.1%) 15 680 (5.3%) <.001 262 (16.0%) 239 (14.9%) .382

 Asthma 237 (14.5%) 24 299 (8.2%) <.001 237 (14.5%) 228 (14.2%) .831

 Dementia 22 (1.3%) 2299 (0.8%) .014 22 (1.3% 14 (0.9%) .261

Lifestyle-Associated Risk Factors

 Nicotine-related disorders 301 (18.4%) 16 292 (5.5%) <.001 300 (18.3%) 278 (17.3%) .453

 Alcohol-related disorders 138 (8.4%) 6174 (2.1%) <.001 138 (8.4%) 113 (7.0%) .149

 Cocaine-related disorders 81 (4.9%) 1272 (0.4%) <.001 81 (5.0%) 58 (3.6%) .070

 Opioid-related disorders 77 (4.7%) 2696 (0.9%) <.001 77 (4.7%) 58 (3.6%) .137

ART Regimens

 NRTIs  896 (54.7%)    895 (54.7%)   

 Tenofovir-based 653 (39.9%)   653 (39.9%)   

 NNRTIs 148 (9.0%)   148 (9.0%)   

 INSTIs 781 (47.7%)   781 (47.7%)   

Healthcare Service Used

 Emergency Department Services 400 (24.4%) 46 866 (15.9%) <.001 399 (24.4%) 372 (23.1%) .414

 Outpatient Office Services 323 (19.7%) 50 299 (17.0%) .004 323 (19.8%) 316 (19.6%) .782

 Inpatient Services 157 (9.6%) 12 174 (4.1%) <.001 156 (9.5%) 116 (7.2%) .015

 Critical Care Services 57 (3.5%) 4297 (1.5%) <.001 57 (3.5%) 50 (3.1%) .499

Bold indicates statistically significant values.
Abbreviations: ART, antiretroviral therapy; COVID-19, coronavirus disease 2019; HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; NNRTI, nucleos(t)ide reverse-
transcriptase inhibitor; NRTI, nucleos(t)ide reverse-transcriptase inhibitor; PWH, people with HIV; SD, standard deviation.
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Table 3. Differences in 30-Day Outcomes Between PWH and Non-HIV-Infected COVID-19 Patients

Outcomes

Before Matching After Matching

HIV Non-HIV
OR  

(95% CI) P Value HIV Non-HIV OR (95% CI) P Value

Hospitalization 270 (16.5%) 22 398 (7.6%) 2.41 (2.11–2.74) <.001 269 (16.5%) 218 (13.5%) 1.26 (1.04–1.53) .023

Intensive care services 68 (4.2%) 6731 (2.3%) 1.86 (1.45–2.36) <.001 68 (4.2%) 71 (4.4%) 0.94 (0.67–1.32) .790

Ventilation management 40 (2.4%) 4624 (1.6%) 1.58 (1.13–2.14) .005 40 (2.4%) 46 (2.9%) 0.85 (0.55–1.31) .536

Mortality at 30 days 47 (2.9%) 6708 (2.3%) 1.28 (0.94–1.69) .1233 46 (2.8%) 61 (3.8%) 0.74 (0.50–1.08) .145

Bold indicates statistically significant values.

Abbreviations: COVID-19, coronavirus disease 2019; CI, confidence interval; HIV, human immunodeficiency virus; OR, odds ratio; PWH, people with HIV.
aResults shown both before and after propensity score matching.

common symptoms were cough (16.9% vs 15.9%, P = .294), dif-
ficulty breathing (13.7% vs 8.6%, P < .001), and fever (11.4% vs 
8.6%, P < .001), with a smaller proportion of patients exhibiting 
gastrointestinal and neurological symptoms.

On laboratory parameters, PWH were more commonly 
anemic (P < .001), thrombocytopenic (P < .001), and had ele-
vated serum creatinine (P < .001), procalcitonin (P = .042), and 
interleukin (IL)-6 (P = .010) levels. Although C-reactive pro-
tein (P < .0148) and erythrocyte sedimentation rate (P < .001) 
were lower in PWH, serum levels of other markers of acute sys-
temic inflammation, myocardial injury, and coagulopathy were 
comparable between the 2 cohorts (Table 2).

Disease Severity and Clinical Outcomes at 30 Days in People With Human 
Immunodeficiency Virus (HIV) and Non-HIV-Infected Patients

Table 3 displays the differences in 30-day outcomes between 
PWH and non-HIV patients. People with HIV had higher 
rates of hospitalization (16.5% vs 7.6%, P < .001) and higher 
rates of severe illness requiring ICU admission (4.2% vs 2.3%, 
P < .001) and mechanical ventilation (2.4% vs 1.6%, P < .005). 
Mortality at 30 days was higher among PWH but did not at-
tain statistical significance (2.9% vs 2.3%, P = .123). In propen-
sity score-matched analysis based on demographics and key 
comorbidities, PWH remained at significantly higher odds of 
hospitalization (OR, 1.26; 95% CI, 1.04–1.53; P = .023).

Predictors of Poor Coronavirus Disease 2019 Outcomes Among People 
With Human Immunodeficiency Virus

Overall, 511 (31.2%) of PWH had visit data available, 237 
(46.4%) of which were classified as having mild COVID-19, 196 
(38.4%) had moderate COVID-19, and 78 (15.3%) had severe 
COVID-19 (Table 4).

In multinomial logistic regression models, moderate 
COVID-19 in PWH requiring hospitalization was independ-
ently associated with being male (adjusted OR [aOR] = 5.40; 
95% CI, 1.10–28.18; P = .048), black or African American 
(aOR = 5.28; 95% CI, 1.20–23.18; P = .028), integrase strand 
transfer inhibitor (INSTI) use (aOR = 20.77; 95% CI, 1.54–
280.96; P = .026), and CD4 < 200 cells/mm3 (aOR = 12.50; 95% 
CI, 2.33–100.00; P = .003). Severe COVID-19 resulting in ICU 

admission or death within 30 days of COVID-19 diagnosis was 
independently associated with older age (aOR = 8.33; 95% CI, 
1.06–50.00; P = .044) and CD4  <200 cells/mm3 (aOR = 8.33; 
95% CI, 1.06–50.00; P = .044). We found no significant effects 
of tenofovir use, protease inhibitor (PI) use, or viral load on 
COVID-19 outcomes among PWH (Table 4).

DISCUSSION

In this analysis of approximately 300 000 confirmed COVID-
19 cases (0.6% PWH) from the United States, we found that 
almost half (47.6%) of PWH presented with mild disease (ie, 
required outpatient care only), 38.3% presented with moderate 
disease (ie, required inpatient non-ICU services), and 14.1% 
had severe disease (ie, required ICU admission or died within 
30 days of COVID-19 diagnosis). We found no significant dif-
ference in COVID-19 mortality rates between PWH and non-
HIV-infected patients. The crude death rates were low in both 
groups (2.9% vs 2.3%, respectively). Our findings are in broad 
agreement with population-based studies from other high-
resource settings with good healthcare infrastructure, where 
COVID-19 mortality rates have generally been reported at <5% 
[6–9, 12–20].

Furthermore, we observed that compared with non-HIV-
infected patients, PWH were more symptomatic at presentation, 
more likely to have severe disease, and used more healthcare 
resources with higher rates of hospitalizations, mechanical ven-
tilation use, and ICU admissions. The high risk for hospitaliza-
tion of PWH persisted after propensity score matching by key 
variables. We hypothesize that the reasons for these findings 
may be related to the combined effects of the high prevalence 
of underlying comorbidities coupled with the possibility of a 
more vigorous manifestation of the cytokine release syndrome 
in PWH [6–11]. It is notable that PWH in this study had a 2- to 
2.5-fold higher serum levels of IL-6 and procalcitonin, respec-
tively, compared with non-HIV-infected patients. The role of 
IL-6 and other cytokines in COVID-19 pathogenesis has been 
well described. During the early phases of SARS-CoV-2 infec-
tion, activated T lymphocytes and macrophages release IL-1, 
IL-6, tumor necrosis factor-alpha, monocyte chemoattractant 



Impact of HIV on COVID-19 in the United States • ofid • 7

protein-1, and other proinflammatory mediators of the 
so-called cytokine storm that is characterized by tissue damage, 
endothelial leakage, and the activation of the complement and 
coagulation pathways [21, 22]. The centrality of IL-1β and IL-6 
in particular in immune dysregulation has warranted the explo-
ration of anticytokine antagonists as novel therapies for severe 
COVID-19 [22–25].

Our study analyzed risk factors associated with poor 
COVID-19 outcomes in PWH. Male gender and being black 
or African American were associated with >5-fold increase in 
the risk of hospitalization, whereas older age was associated 
with higher odds of ICU admission or death within 30 days of 
COVID-19 diagnosis. Importantly, even after adjusting for age 
and comorbidities, Black ethnic minority status remained in-
dependently associated with poor COVID-19 outcomes. These 
findings are consistent with multiple previous reports from the 
United States and elsewhere that have highlighted the gender, 
racial, and ethnic disparities associated with the HIV and 
COVID-19 pandemics [26, 27]. African American, Hispanic, 
and other minority populations in the United States continue 
to be disproportionately impacted by a synergy of persistent 
social and economic barriers that have limited their access to 
health services and placed them at heightened risk of poor dis-
ease outcomes [28, 29]. Public health efforts aiming to address 
inequities in HIV and COVID-19 outcomes would benefit from 
implementing policies and actions prioritizing minority and 
other vulnerable populations.

Similar to other studies, we did not detect any significant ef-
fects of HIV viremia on COVID-19 severity [12–15]; however, 
advanced HIV disease (CD4 count <200 cells/mm3) and INSTI 
use were associated with an 8-fold and 20-fold higher risk of 
poor outcomes, respectively. The association between low CD4 
count and poor outcomes was anticipated, but the large effect 
demonstrated by INSTI use was unexpected. Although it has 
been widely speculated that some antiretrovirals may have a 
protective effect against SARS-CoV-2, their role in COVID-19 

prevention and treatment remains in dispute. Several HIV-1 
PIs (eg, lopinavir, ritonavir, and saquinavir) had demonstrated 
potent activity against 2 earlier coronaviruses (SARS-CoV and 
Middle East respiratory syndrome coronavirus) and inhibited 
their replication in in vitro and animal studies [30–32]; how-
ever, a randomized controlled trial of 199 critically ill hospi-
talized patients failed to show benefit with lopinavir-ritonavir 
beyond standard of care [33]. Tenofovir and other nucleos(t)
ide reverse transcriptase inhibitors (NRTIs) have been shown 
to inhibit SARS-CoV-2 in in vitro studies by attenuating the 
effects of IL-8 and IL-10, while promoting the production of 
interferon-gamma [34–36]. Two recent studies from Spain 
and South Africa found that compared with other therapies, 
tenofovir-based ART had a protective effect against COVID-19 
death among PWH [16, 37]. In our study, however, NRTI- or 
PI-based ART did not show mortality benefit among PWH.

Integrase strand transfer inhibitors are preferred first-line 
ART used in combination with 2 NRTIs and are particularly at-
tractive due to their efficacy, good tolerability profile, and high 
genetic barrier to resistance [38–40]. However, INSTIs have 
been associated with significant weight gain in PWH initiating 
ART [41–43]. There are currently no studies (in vitro or in vivo) 
describing the direct effects of INSTIs on SARS-CoV-2. We 
postulate that the adverse effects of INSTIs on COVID-19 in 
this study likely result indirectly from the metabolic complica-
tions of weight gain and increased BMI—a well recognized risk 
factor for poor COVID-19 outcomes [2, 5].

Our study had several limitations. These included incom-
plete data on CD4 count, viral load, and other laboratory find-
ings. In addition, we are unable to capture the start date of 
the symptoms, and as such we cannot exclude the possibility 
that PWH presented later in the course of COVID-19, which 
would explain the more frequent symptoms, hospitalizations, 
and ICU use among PWH with COVID-19. Nonetheless, to 
the best of our knowledge, this is one of the largest multicenter 
studies to date from the United States that was sufficiently 

Table 4. Multinomial Logistic Regression Model Results for Predictors of Moderate and Severe COVID-19 Among PWH

Predictor

Moderate  
(Hospitalized Non-ICU)  

N = 196

Severe  
(ICU Admission or Death)  

N = 78

Estimates SE aOR (95% CI) P Value Estimates SE aOR (95% CI) P Value

Age 0.018 0.03 1.02 (0.96–1.09) .571 0.121 0.05 1.13 (1.02–1.25) .017

Male 1.69 0.85 5.40 (1.01–28.76) .048 1.66 1.15 5.25 (0.55–49.9) .149

Black or African American 1.66 0.76 5.28 (1.20–23.18) .028 1.58 0.95 4.85 (0.75–31.29) .097

Tenofovir use 0.863 0.86 1.55 (0.29–8.43) .609 −0.541 1.03 0.58 (0.08–4.36) .598

Protease inhibitor use 1.039 1.05 2.83 (0.36–22.00) .321 3.25 1.17 3.42 (0.34–34.04) .295

Integrase inhibitor use 3.03 1.33 20.77 (1.54–280.96) .026 1.59 1.34 4.93 (0.36–67.57) .223

CD4 <200 cells/mm3 −2.56 0.88 12.50 (2.33–100.00) .003 −2.14 1.06 8.33 (1.06–50.00) .044

Viral load >20 copies/mL −0.039 0.96 0.962 (0.15–6.26) .968 0.217 1.22 1.24 (0.11–13.69) .859

Bold indicates statistically significant values.

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; COVID-19, coronavirus disease 2019; ICU, intensive care unit; PWH, people with human immunodeficiency virus; SE, 
standard error.
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powered to detect meaningful differences and statistically sig-
nificant associations between patient characteristics and out-
comes of interest.

CONCLUSIONS

In one of the largest multicenter studies to date from the 
United States, PWH with COVID-19 had a higher burden of 
comorbidities and life-style associated risk factors and higher 
rates of hospitalization, mechanical ventilation, and ICU ad-
missions. Despite this, PWH did not appear to be significantly 
more at risk of death at 30 days after COVID-19 diagnosis com-
pared with their non-HIV-infected counterparts. Male gender, 
being black or African American, INSTI use, and low CD4 
count were independently associated with adverse COVID-19 
outcomes, regardless of HIV virologic control. Similar to pre-
vious studies, our findings highlight the need for public health 
efforts and policy to prioritize PWH, minority, and other vul-
nerable populations in addressing longstanding social and eco-
nomic inequities that are being further exacerbated by the HIV 
and COVID-19 pandemics.
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