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Background. The clinical impact of coronavirus disease 2019 (COVID-19) among people with HIV (PWH) remains unclear.
In this retrospective cohort study of COVID-19, we compared clinical outcomes and laboratory parameters among PWH and
controls.

Methods. Sixty-eight PWH diagnosed with COVID-19 were matched 1:4 to patients without known HIV diagnosis, drawn
from a study population of all patients who were diagnosed with COVID-19 at an academic urban hospital. The primary outcome
was death/discharge to hospice within 30 days of hospital presentation.

Results. PWH were more likely to be admitted from the emergency department than patients without HIV (91% vs 71%;
P =.001). We observed no statistically significant difference between admitted PWH and patients without HIV in terms of 30-day
mortality rate (19% vs 13%, respectively) or mechanical ventilation rate (18% vs 20%, respectively). PWH had higher erythrocyte
sedimentation rates than controls on admission but did not differ in other inflammatory marker levels or nasopharyngeal/oropha-
ryngeal severe acute respiratory syndrome coronavirus 2 viral load estimated by reverse transcriptase polymerase chain reaction

cycle thresholds.
Conclusions.

HIV infection status was associated with a higher admission rate; however, among hospitalized patients, PWH did

not differ from HIV-uninfected controls by rate of mechanical ventilation or death/discharge to hospice.
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The global severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic has led to >54 million cases and 1.3
million deaths worldwide [1]. The clinical manifestations of co-
ronavirus disease 2019 (COVID-19) range from asymptomatic
disease to acute respiratory disease syndrome with shock and
multiorgan failure [2, 3]. There is ongoing uncertainty about
whether HIV infection or degree of HIV-related immune de-
ficiency contributes to severity of COVID-19 and COVID-19-
related outcomes.

A large cohort study from South Africa recently found that
PWH had a 2-fold increased risk of COVID-19 mortality com-
pared with HIV-uninfected people [4]. It has been shown that
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PWH with CD4 counts <200 cells/mm’ may be at higher risk for
severe outcomes compared with PWH with CD4 counts >500
cells/mm?® [5]. Other studies have shown that COVID-19 out-
comes do not significantly differ by HIV infection status [6-8].
Indeed, the World Health Organization recognizes that there is
currently no evidence to suggest that PWH are at higher risk for
contracting SARS-CoV-2 or severe COVID-19 [9]. Some have
even postulated that HIV might exert a protective effect against
SARS-CoV-2 by diminishing the inflammatory response due
to dysfunctional cellular immunity or the antiviral effects of
co-incidental use of specific HIV antiretrovirals [10, 11]. We
sought to describe the COVID-19 clinical experience and lab-
oratory characteristics of PWH and to evaluate the association
between HIV infection status and death/discharge to hospice
and other clinical outcomes.

METHODS

Study Population and Design

Between March 10, 2020, and June 10, 2020, there were 6098
patients who tested positive for SARS-CoV-2 infection at
Columbia University-New York Presbyterian, a quaternary care
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medical center in Northern Manhattan. From this sample, we
conducted a retrospective cohort analysis to evaluate the asso-
ciation between HIV infection status and several clinical out-
comes: admission, mechanical ventilation, and death/discharge
to hospice within 30 days of hospital admission. We identified
all adult patients (>18 years old) with laboratory-confirmed
SARS-CoV-2 infection by real-time reverse transcriptase poly-
merase chain reaction (RT-PCR) of nasopharyngeal or oropha-
ryngeal swabs. We identified PWH cases (n = 68) and selected
matched controls at a ratio of 1 to 4 (n = 272). HIV cases were
defined based on HIV diagnostic codes or administration of
antiretroviral therapy (ART) in the electronic medical record
(EMR). HIV status was confirmed through manual chart re-
view indicating laboratory evidence of HIV or provider docu-
mentation of HIV status. Controls were selected from the same
COVID-19 population and had no documented HIV status in
any of the same EMR data sources used to confirm HIV in-
fection. Controls were matched by age group (<45 years of
age, then 10-year bands, and 85 years and above), sex, and the
number of days before presentation that the patient was symp-
tomatic (+1 day).

Data Collection

The data were extracted from the EMR and augmented with
manually abstracted data. Electronically extracted data in-
cluded demographics, oxygen rank severity upon arrival (room
air, nasal canula, non-rebreather, noninvasive ventilation, in-
vasive ventilation), basic laboratory testing results (ie, com-
plete blood count, basic metabolic panel, liver function tests,
coagulation panel), other laboratory parameters per institu-
tional guidelines for management of COVID-19 (ie, erythro-
cyte sedimentation rate [ESR], C-reactive protein [CRP], lactate
dehydrogenase [LDH], ferritin, D-dimer, procalcitonin, and
interleukin-6 [IL-6]), presentation, admission and discharge
dates, diagnosis codes for comorbid conditions, and potential
therapeutic agents for COVID-19. Of note, our institutional
protocol for the care of patients with COVID-19 recommended
immediate measurement of the above laboratory markers; thus,
the values reflect measurements drawn from patients while they
were in the emergency department. Additional data abstracted
for PWH included a history of AIDS (CD4 <200 cells/mm’),
prescribed ART during admission, HIV viral load (VL), T-cell
panel, and any opportunistic infections diagnosed during the
admission. These data were entered into a REDCap database.
All data were merged using R studio [12].

Statistical Analysis

We conducted descriptive analyses comparing PWH cases and
matched controls. Continuous variables were described using
means and standard deviations. Categorical variables were de-
scribed with counts and percentages. In bivariate analyses, cate-
gorical variables were compared using the Wald chi-square test

or Fisher exact test, and continuous variables were compared
using the Mann-Whitney-Wilcoxon test or Kruskal-Wallis
test as appropriate and visualized in box and whisker plots.
Group differences at admission were evaluated with the cate-
gorical and continuous variable tests described. The likelihood
of admission was calculated using multiple logistic regression
adjusting for ethnicity, race, history of hypertension, and his-
tory of pulmonary disease. For the effect of HIV status on the
risk of requiring mechanical ventilation, we conducted a con-
ditional Cox proportional hazards model using the Fine-Gray
extension comparing those who required mechanical ventila-
tion with admitted patients who did not. For the risk of death/
discharge to hospice within 30 days of presentation, we con-
ducted a conditional Cox proportional hazards model with and
without discharge within 30 days as a competing risk. Patients
were observed for mechanical ventilation or death/discharge
to hospice as the primary outcomes, with discharge as a com-
peting risk, or were censored at day 30 after admission if neither
of the primary or competing events occurred. The HIV-specific
hazard for death/discharge to hospice/mechanical ventilation at
any time point, t, is the instantaneous risk of death/discharge to
hospice/mechanical ventilation as the first event, conditional on
being admitted just before t. Individuals who were discharged
first were censored at this time when considering each primary
outcome in the hazard analysis. All regression models were fit
with all variables that were significantly different by HIV status
based on logistic regression analysis and Wald test, or exclusion
of the null for 95% confidence intervals. All statistical analyses
and data visualization were performed in SAS STAT software,
version 13.2 (Cary, NC, USA).

Patient Consent Statement

This study was exempt from patient consent, and the Columbia
University-New York Presbyterian Institutional Review Board
approved the study.

RESULTS

Baseline Characteristics

There were 68 PWH and 272 matched controls with positive
test results for SARS-CoV-2 by RT-PCR of nasopharyngeal or
oropharyngeal swab evaluated during the study period. The
overall sample (n = 340) had a mean age (SD) of 58 (12.7) years
and was disproportionately male (71%, n =240) (Table 1).
There was no difference in age or sex due to the matching cri-
teria, but PWH were more likely to be non-Hispanic Black (41%
vs 20%) and less likely to be Hispanic (21% vs 43%; P = .0004).
The 3 most common comorbidities among PWH were hyper-
tension (63%), diabetes (37%), and pulmonary disease (26%).
PWH had lower body mass index (BMI; 26.9 vs 28.8; P = .02)
but were more likely to have a history of hypertension (63% vs
43%; P = .003) and pulmonary disease (26% vs 15%; P =.03).
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Compared with matched controls, PWH had lower initial al-
anine aminotransferase levels (31.1 U/L vs 49.1 U/L; P = .02),
a lower initial neutrophil-to-lymphocyte ratio (NLR; 5.39 vs
6.99; P = .01), and higher ESR levels (77.9 mm/h vs 65.8 mm/h;
P =.02) (Table 1). There were no differences in oxygen rank se-
verity upon arrival to the emergency department by HIV status
(3/68 PWH and 74/272 controls had missing data). Among ad-
mitted patients, there were no differences in the use of poten-
tial COVID-19 therapeutics between PWH and HIV-negative
controls.

Hospital Admission

PWH were more likely to be admitted to the hospital (91% vs
71%; P = .001) than patients without HIV (Table 1). The unad-
justed odds ratio for admission among PWH was 5.2 (95% CI,
1.9-14.3) (Table 2). After adjusting for potential confounding
variables, only HIV and history of hypertension were predic-
tive of hospitalization. PWH remained 4.1 times more likely to
be admitted than HIV-negative controls (adjusted hazard ratio
[aHR], 4.1; 95% CI, 1.4-12.4), and patients with a history of hy-
pertension were 4.8 times more likely to be admitted (aHR, 4.8;
95% CI, 1.8-13.3).

Mechanical Ventilation

There was no significant difference in the rate of mechanical
ventilation among PWH and their matched controls (18% vs
20%; P = .68) (Table 1), with an unadjusted hazard ratio of 0.8
(95% CI, 0.5-1.6) (Table 2). The competing risk model was
not applied to mechanical ventilation, as this always preceded
discharge. After adjustment for potential confounding factors,
there was still no difference in the rate of mechanical ventilation
by HIV status (aHR, 0.7; 95% CI, 0.4-1.5). Variables associated
with a higher rate of mechanical ventilation were BMI (aHR,
1.2; 95% CI, 1.0-1.4) and NLR (aHR, 1.5; 95% CI, 1.2-1.8).
A Kaplan-Meier curve representing time to mechanical ventila-
tion by HIV status group is presented in Figure 1A.

Death/Discharge to Hospice

There was also no difference in the rate of death/discharge to
hospice between PWH and matched controls (19% vs 13%;
P =.19) (Table 1), with an unadjusted hazard ratio of 1.4 (95%
CIL, 0.7-2.8) (Table 2). Among admitted-only patients, the rate
of death/discharge to hospice among PWH and matched con-
trols was 21% and 18%, respectively. After statistical adjustment,
PWH had an aHR of 0.9 for death/discharge to hospice (95%
CI, 0.3-2.3). Variables associated with a higher rate of death/
discharge to hospice were BMI (aHR, 1.1; 95% CI, 1.0-1.1)
and NLR (aHR, 1.1; 95% CI, 1.0-1.1). Although the number of
discharges as a competing risk was high, this was not different
by HIV status; therefore, the Kaplan-Meier curve representing
time to death/discharge to hospice by HIV status group is pre-
sented in Figure 1B. Additionally, cumulative incidence curves
shown in Supplementary Figure 1 support this observation.

Table 2. Unadjusted and Adjusted Logistic Regression of HIV Status on Admission From the Emergency Department and Conditional Cox Proportional Hazards Regression of HIV Status on Mechanical

Ventilation and Death/Discharge to Hospice

Cox Proportional Hazards Death/Discharge

to Hospice

Cox Proportional Hazards for Mechanical Ventilation

Conditional Logistic Regression for Admission
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Laboratory Markers

We found no differences in initial inflammatory markers when
stratified by HIV infection and mortality status (Figure 2). We
also compared laboratory markers over time in PWH com-
pared with negative controls and found no difference (data not
shown). There was no significant difference by HIV status in
nasopharyngeal/oropharyngeal SARS-CoV-2 RT-PCR cycle
threshold values (E-gene for both Roche cobas SARS-CoC-2 or
Cepheid Xpert Xpress) (Table 1). Additionally, there was no dif-
ference in cycle threshold value when stratified by HIV infec-
tion and mortality status (Figure 3).

Among PWH

Among PWH, there was no association between CD4 cell
count on admission, CD4 cell percentage on admission, and
use of TDF/TAF with rates of mechanical ventilation. There
was also no association between CD4 percentage on admis-
sion and use of TDF/TAF with death/discharge to hospice,
but PWH with the outcome of death/discharge to hospice had
a lower mean CD4 count on admission (206 cells/mm? vs 366
cellsymm?; P = .04). Of the 36 PWH with VL measurements
during admission for COVID-19, one-fourth (25%) of those
with a VL >200 cells/mL required mechanical ventilation
vs 9/32 (28%) patients with a VL <200 cells/mL (P = 1.00).
Similarly, 2/4 (50%) and 6/32 (19%) PWH with a VL above
and below 200 cells/mL, respectively, met the outcome of
death/discharge to hospice (P =.38). There were few (4%,
n = 3) opportunistic infections diagnosed in PWH. The 3
opportunistic infections in our study were coinfections at the
time of COVID-19 diagnosis; they included 2 PWH with oral

thrush and 1 PWH with disseminated Mycobacterium avium
complex, and they all occurred in patients nonadherent to
ART. During the study period, there were 144 PWH either
discharged from our emergency department or admitted to
our hospital who had negative test results for SARS-CoV-2
who were not included in this study. Their mean age (SD)
was 51 (12.9) years, most identified as non-Hispanic and
Black, and more than half (51%) had a history of AIDS. Most
(86%) of the HIV-positive, SARS-CoV-2-negative patients
were prescribed ART, and most (70%) were on an integrase
strand transfer inhibitor (INSTI)-based regimen.

HIV-Specific Markers

Nearly all PWH were prescribed ART during their admission
for COVID-19, most (76%) received an INSTI-based regimen,
and more than half received either TDF or TAF (Table 1).
Although 18 patients (27%) had a history of AIDS, of the pa-
tients with measurements upon admission for COVID-19, the
mean CD4 count was 324 cells/mm?, 29/42 (69%) had a CD4
count >200 cells/mm?, and 35/42 (83%) had a CD4 percentage
>14. Of the 36 patients with VL measurements during admis-
sion, most (89%) achieved viral suppression.

DISCUSSION

Our institution is a quaternary care medical center in New York
City and was an epicenter of the SARS-CoV-2 epidemic during
the study period. We found that PWH were more likely to be
hospitalized with COVID-19, but once admitted, they had sim-
ilar rates of mechanical ventilation and death/discharge to hos-
pice compared with demographically matched controls. Higher
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BMI and higher NLR remained significant predictors of me-
chanical ventilation and death/discharge to hospice overall.
PWH and HIV-negative controls did not differ in their expo-
sure to potential COVID-19 therapeutics.

The higher admission rate among PWH was surprising, as
in our sample PWH were similar in age, comorbidity profile,
temperature, duration of symptoms, and laboratory measures
as their HIV-uninfected comparators. Notably, there was also
no difference in oxygen rank severity upon arrival to the emer-
gency department by HIV status. Emergency room providers’
perceptions surrounding HIV and historical biases toward ad-
mission of HIV-positive patients may have contributed to the

difference we observed, as PWH are more likely to be admitted
from emergency departments than HIV-negative patients [13].
Providers’ anxiety that HIV status may confer poor outcomes
from COVID-19 may have also contributed to the higher ad-
mission rates among PWH.

The lack of an association between HIV infection status and
mechanical ventilation and death/discharge to hospice has
been reported by others [14]. It is notable that studies from
across Europe and the United States have shown that the risk
of SARS-CoV-2 infection and severe COVID-19 in PWH is
not due to immunosuppression, but rather mostly due to un-
derlying socioeconomic conditions and comorbidities [7, 8,
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15-21]. The 1 notable exception was a population-based study
from South Africa that found that PWH had a 2-fold increased
risk of COVID-19 mortality compared with HIV-uninfected
people [4]. Residual confounding may explain this finding in
this cohort, which tried to account for socioeconomic status
by adjusting for location within the province but may not have
been able to completely adjust for this complex variable.

The comorbidities of hypertension, pulmonary disease, and
obesity are widely recognized risk factors for severe disease
from COVID-19. We found a consistent association between
higher BMI and increased rates of mechanical ventilation or
death/discharge to hospice in our adjusted model. This finding
is consistent with other studies, which also found that elevated
BMI is a risk factor for poor outcomes from COVID-19 [22,
23]. Similarly, elevated inflammatory markers and nasopharyn-
geal SARS-CoV-2 viral loads have been demonstrated to be pre-
dictors of poor outcomes from COVID-19 [24, 25]. D-dimer
elevation upon admission has been shown to be predictive of
critical illness and death in patients with COVID-19, and we
found no difference in d-dimer levels between PWH and con-
trols [26]. We explored whether initial levels of all tested in-
flammatory markers or nasopharyngeal SARS-CoV-2 viral
loads differed by HIV status and mortality, but found no dif-
ferences. However, in adjusted models, we found that NLR was
associated with rates of mechanical ventilation and death/dis-
charge to hospice. NLR has been shown to be predictive of se-
vere COVID-19 requiring transfer to an intensive care unit [27].
The biological mechanism underlying this association remains
unknown, but a possible explanation is that a sustained reduc-
tion in lymphopenia in critically ill patients is associated with
nonresolution of inflammation [28].

In vitro studies suggest that some forms of ART, especially
protease inhibitors (PIs) and TDF/TAE, may have activity
against SARS-CoV-2 with the following mechanisms: PIs via

inhibition of proteases required for polyprotein cleavage into
functional subunits and TDF/TAF via inhibition of the RNA-
dependent RNA polymerase [29-31]. Despite promising in
vitro data, randomized clinical trials in humans with PIs for
SARS-CoV-2 infection have been negative [32, 33]. In our study
sample, we found that PWH who received TDF/TAF did not
differ in risk of mechanical ventilation or death/discharge to
hospice.

The strengths of our study include a moderately sized study
population with a matched comparison group during the heart
of the pandemic in New York City. Limitations include the
study being conducted at a single center at a large metropol-
itan city in the United States, our reliance on manual extraction
from the EMR for medical history, insufficient data to match
by race/ethnicity or date of diagnosis, and our use of diagnosis
codes to identify PWH.

CONCLUSIONS

In conclusion, we found that PWH were more likely to be ad-
mitted from the emergency department, but once hospitalized
they had similar rates of mechanical ventilation and death/dis-
charge to hospice as matched controls.
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