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The coronavirus disease 2019 (COVID-
19) pandemic continues to accel-
erate, stressing healthcare systems and
highlighting and exacerbating dispar-
ities. As the pandemic surges in the
United States, it is increasingly important
to identify patients at elevated risk of
developing severe disease to inform man-
agement decisions, including COVID-19
vaccine prioritization. People with HIV
(PWH) have been proposed to be at high
risk for severe COVID-19 because of im-
munodeficiency, comorbidities, and/or
societal inequities, such as poverty and
lack of access to care. Several studies,
including that of Braunstein et al in
this issue of Clinical Infectious Diseases,
are now finding that PWH have worse
COVID-19 outcomes; determining why
is of utmost importance.

A complex interplay of factors drives
the course of COVID-19 [1-6]. Patients
with immunodeficiency, such as organ
transplant recipients, are at increased
risk for severe COVID-19, and prolonged
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severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) replication has
been reported in immunocompromised
hosts [7, 8]. In PWH who are not receiving
antiretroviral therapy (ART) or have low
CD4 cell counts—that is, those who are
immunodeficient—there has been con-
cern that SARS-CoV-2 infection will
cause severe disease, as is the case for in-
fluenza [9]. PWH who are receiving ART
are typically not at high risk for other in-
fections, but there are theoretical reasons
why they may be more prone to severe
COVID-19. PWH on ART continue to
have excess inflammation, which has
been linked to comorbidities, such as car-
diovascular disease [10, 11]. Residual in-
flammation is most pronounced in PWH
with low CD4 cell count nadirs, incom-
plete CD4 cell reconstitution, or persist-
ently low CD4/CD8 ratios—an immune
dysregulation “legacy effect” [12, 13].
Because elevated inflammatory markers
have been linked to severe COVID-19
[4], it is important to determine whether
the HIV legacy effect “primes the pump”
for worse outcomes after SARS-CoV-2
infection. If this is the case, one would
predict worse COVID-19 outcomes in
PWH, particularly among those with low
CD4 cell count nadirs, incomplete CD4
cell count reconstitution, or persistently
low CD4/CDS ratios.

In addition to potential contributions
of immune dysregulation, PWH may

have worse COVID-19 outcomes because
of comorbidities or social determinants of
disease. Clinical and sociodemographic
factors that are highly prevalent in people
with HIV parallel risk factors for severe
COVID-19. PWH are aging as a popula-
tion [14], are frequently black or Hispanic,
and have elevated rates of comorbidities
including cardiometabolic risk factors
(obesity, diabetes, hypertension) and car-
diovascular disease [11, 15]; these factors
closely mirror risk factors for develop-
ment of severe COVID-19 [2-4, 16].
Studies of PWH with COVID-19 find
high rates of factors that increase severe
COVID-19 risk. In a study comparing
COVID-19 outcomes in 404 PWH and
49 763 individuals without HIV, PWH
had higher rates of obesity, hypertension,
diabetes, and chronic kidney disease and
were more likely to be African American
[17]. PWH with COVID-19 have higher
body mass index (BMI) and a higher pro-
portion have at least 1 comorbidity com-
pared with PWH without COVID-19
[18]; in addition, PWH have been shown
to have high rates of comorbidities in
several case series, including 64% with at
least 1 comorbidity in an Italian cohort
[19], 83% with at least 1 comorbidity in
a Boston cohort [20], and half of patients
with at least 5 comorbidities in an Atlanta
case series [21].

With these potential contributors as
background, what do we know about
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[27].
population-based study encompassing

ation of HIV with severe COVID-19
(Table 1). A large US-based study using
a multicenter research network and a
19 patients without HIV showed no dif-
ference in mortality after matching for
tients without HIV were compared with
PWH with COVID-19 failed to show
By contrast, several large population-
based studies have found that PWH are
at increased risk of severe COVID-19
1 728 905 patients, including 27 480
A prospective study of patients
hospitalized with COVID-19 showed in-
creased 28-day mortality in PWH after

sive care unit (ICU) admission [22,
mortality [22-25], although matching

Cohort Study found that PWH had no
increased risk of severe COVID-19 out-
(Table 1). Data from a large cohort in
South Africa showed HIV to be asso-
ciated with increased COVID-19 mor-
tality (adjusted hazard ratio [aHR], 2.14),
adjusting for some comorbidities but not
for BMI, smoking, or socioeconomic
with HIV, showed that HIV conferred a
>2-fold increased risk of COVID-19 mor-
tality (aHR, 2.59 [adjusting for depriv-
ation, ethnicity, smoking, and obesity])
adjusting for age (aHR, 1.47); in patients
under age 60, mortality rates were higher
for PWH compared with HIV-uninfected
COVID-19 patients (21.3% vs 9.6%)
[29]. A New York City study that did not
show an overall effect of HIV on severe
COVID-19 showed a significant associ-
ation of HIV with intubation and mor-
tality among patients <50 years of age
[23]. A separate New York State study in
preprint form demonstrated a standard-
ized mortality ratio for HIV of 1.23 for

lished abstract from the Veterans Aging
comes [26].

23], mechanical ventilation [22-25], or
factors differed. An as-yet unpub-

propensity-matched cohort of COVID-
demographics and comorbidities [17].
Several studies in which COVID-19 pa-
associations of HIV status with inten-

PWH who develop COVID-19? Several
studies have failed to show an associ-

status
[28].
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in-hospital mortality, but did not adjust
for comorbidities [30].

Several factors merit consideration
in interpreting studies investigating
the impact of HIV on COVID-19 out-
comes. First, the ability to adjust for
comorbidities may profoundly impact
results. Comorbidities are highly preva-
lent in PWH, typically at higher rates
than in non-HIV comparator groups,
and increase risk for severe COVID-
19. A finding of increased risk of severe
COVID-19 conferred by HIV may be at-
tenuated or lose significance after adjust-
ment for relevant comorbidities. Second,
findings may reflect the selection of the
study population. Studies limited to hos-
pitalized patients may fail to detect a
mortality signal if the at-risk group in
question is hospitalized at higher rates.
Third, by virtue of sociodemographic
factors or occupation, some PWH may
be at higher risk of COVID-19 exposure
[20, 31]. Fourth, the role of inflamma-
tion in HIV and COVID-19 outcomes is
likely to be complex and may impact out-
comes. While several studies have shown
higher C-reactive protein (CRP) values
in PWH with COVID-19 compared
with HIV-uninfected patients [22, 29],
another large multicenter study showed
no difference in inflammatory markers
(CRP, lactate dehydrogenase, erythrocyte
sedimentation rate, or ferritin) in PWH
compared with HIV-uninfected patients
with COVID-19 after propensity score
matching [17]. The uncertainty regarding
whether HIV affects the inflammatory
response in COVID-19 underscores the
need for additional research on the im-
pact of inflammatory markers on risk
stratification.

In terms of the impact of HIV dis-
ease stage or virologic suppression on
COVID-19, data from several recent
studies are beginning to shed light on
this critical question. A study from the
University of Missouri showed CD4
count <200 cells/mm” to increase risk of
a composite outcome of ICU admission,
mechanical ventilation, or death >3-fold
[32]; a South African population-based

study showed CD4 count <200 cells/mm’
in hospitalized patients to be associated
with COVID-19 death [27]; a New York
State study showed CD4 count <200 cells/
mm’ to be associated with increased risk
of hospitalization [30]; and an Italian
series showed nadir CD4 cell count to
be lower in hospitalized patients in un-
adjusted analyses [33]. The New York
State study also showed HIV viremia to
be associated with increased risk of hos-
pitalization [30].

The current study by Braunstein et al
adds to this literature by demonstrating
increased rates of severe COVID-19 in
PWH. The population-level analysis
matched records from the New York
City (NYC) Health Department with
those from the NYC HIV surveillance
registry. Comparison groups included
PWH with COVID-19 (n =2410), PWH
without COVID-19 (n = 113 907),
and COVID-19 patients without HIV
(n = 202 012). PWH with COVID-19
were more likely to be hospitalized (42%
vs 26% of all cases), be admitted to the
ICU (5% vs 3%), and to die (13% vs 8%)
compared with all NYC patients with
COVID-19. Among patients who ex-
perienced 1 of these 3 outcomes, PWH
were older, lived in higher-poverty
neighborhoods, and were more likely
to be black or Hispanic when compared
with all COVID-19 patients (although
race/ethnicity data were missing for
nearly half of HIV-uninfected COVID-
19  patients).
common in PWH, with 64.3% reporting

Comorbidities ~ were
at least 1 comorbidity compared with
35.4% in HIV-uninfected COVID-19
patients; this difference persisted even
when PWH who reported immuno-
deficiency as their single comorbidity
were excluded. Notably, >90% of PWH
who were admitted to the ICU or died
had at least 1 comorbidity documented.
While the majority of PWH were virally
suppressed, a higher proportion of pa-
tients admitted to the ICU had a CD4
count <200 cells/mm’ compared with
those hospitalized but not admitted to
the ICU (34.7% vs 23.4%).

These findings corroborate results
from several other studies indicating
that PWH are at increased risk for se-
vere COVID-19 [27-30]. Because it was
not possible to adjust for potentially con-
founding variables, however, the factors
driving this increased risk in HIV cannot
be delineated in this study. Notably,
higher rates of comorbidities might ex-
plain in part the increased risk of hos-
pitalization, ICU admission, and death
observed among PWH compared with
the non-HIV COVID-19 comparator
group. Because of the lack of adjustment
and possibility of confounding, this study
is certainly not the last word on whether
HIV itself leads to worse COVID-19
outcomes.

Although the studies to date have been
suggestive, it is important to emphasize
that salient knowledge gaps remain re-
garding the role of HIV in COVID-19
course, and filling in these gaps is needed
to inform critical medical and policy
decisions, including COVID-19 vac-
cine prioritization. In particular, we do
not have definitive data to answer crit-
ical questions, such as: (1) Is HIV a risk
factor for severe COVID-19 and mor-
tality independent of comorbidities and
socioeconomic factors? and (2) To what
extent do CD4 cell count and HIV RNA
determine COVID-19 outcomes?

Despite these uncertainties, based
on the currently available data, there is
growing concern that PWH may be at
increased risk for severe COVID-19; in-
deed, several large studies (but not all)
point to a signal of increased COVID-
19 mortality in individuals with HIV
(Table 1). Exactly why PWH may have
worse COVID-19 outcomes is not cer-
tain. Is it HIV’s legacy effect on immune
function or inflammation? Is it because
of comorbidities? Is it because of soci-
etal inequities and disparities in access
to care? Or is it because of a conglom-
eration of these and potentially other
mechanisms? Large and rigorous studies
that adequately account for immunologic
function (including current and nadir
CD4 cell count; CD4/CD8 ratio; and
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inflammation), comorbidities (including
smoking, BMI, cardiovascular disease),
and socioeconomic disparities are needed
to once and for all disentangle and delin-
eate what is driving COVID-19 outcomes
in people with HIV.

While awaiting these necessary and
critical studies to sort out exactly why
PWH may have worse COVID-19 out-
comes, we must make decisions today
about how to apportion vaccines and
how best to counsel and manage PWH.
Even if increased risk of COVID-19
mortality in HIV is largely limited to
individuals with lower CD4 cell counts
or active viremia, we do not yet have the
data to precisely identify which indi-
viduals in this population are at highest
risk. Even if risk of severe COVID-
19 is mostly driven by comorbidities,
these are often underdiagnosed and
in PWH-—particu-
larly as they can manifest at younger

underrecognized

ages in this group—and might not be
adequately factored into COVID-19
risk stratification. Even if structural in-
equities long endured by many PWH
influence COVID-19 outcomes (and
they almost certainly do), this makes
vaccination even more pressing because
COVID-19 prevention—such as staying
home and social distancing—is likely
to be more challenging for many PWH
due to employment, family obligations,
or other unavoidable constraints. For
all these reasons, we call for prioritiza-
tion of people with HIV for COVID-19
vaccination into the same tier as people
with other comorbidities that confer in-
creased risk of severe COVID-19, such
as those with cardiovascular or chronic
pulmonary disease.

The intersecting epidemics of HIV
and COVID-19 pose a clear challenge
over the coming months. What is our
charge in caring for PWH during the
COVID-19 era? Maintaining a high de-
gree of vigilance for COVID-19 symp-
toms and disruptions to care, facilitating
frequent communication and outreach,
and ensuring equitable and timely ac-
cess to testing, therapeutics, clinical

trial participation, and COVID-19 vac-
cination must be our highest priorities
to reduce disparities and promote the
well-being of this vulnerable population.

Notes

Financial support. V. A. T. receives funding
from the National Institutes of Health (NIH)
(grant numbers ROl HLI132786 and ROl
AG06239). R. T. G. receives grant funding
from the Harvard University Center for AIDS
Research (grant number NIH P30 A1060354) and
the AIDS Clinical Trials Group (grant number
NIH/NIAID 2 UMAI069412-09).

Potential conflicts of interest. R. T. G. has pre-
viously served on scientific advisory boards for
Gilead and Merck. V. A. T. reports no potential
conflicts of interest.

Both authors have submitted the ICMJE
Form for Disclosure of Potential Conflicts of
Interest. Conflicts that the editors consider rele-
vant to the content of the manuscript have been
disclosed.

References

1. Docherty AB, Harrison EM, Green CA, et al;
ISARIC4C Investigators. Features of 20133 UK pa-
tients in hospital with covid-19 using the ISARIC
WHO Clinical Characterisation Protocol: pro-
spective observational cohort study. BMJ 2020;
369:m1985.

2. Garg S, Kim L, Whitaker M, et al. Hospitalization
rates and characteristics of patients hospitalized
with laboratory-confirmed coronavirus disease
2019—COVID-NET, 14 states, March 1-30, 2020.
MMWR Morb Mortal Wkly Rep 2020; 69:458-64.

3. Goyal P, Choi J], Pinheiro LC, et al. Clinical char-
acteristics of Covid-19 in New York City. N Engl |
Med 2020; 382:2372-4.

4. Petrilli CM, Jones SA, Yang J, et al. Factors asso-
ciated with hospital admission and critical illness
among 5279 people with coronavirus disease 2019
in New York City: prospective cohort study. BMJ
2020; 369:m1966.

5. Williamson EJ, Walker AJ, Bhaskaran K, et al.
Factors associated with COVID-19-related death
using OpenSAFELY. Nature 2020; 584:430-6.

6. Zhou E Yu T, Du R, et al. Clinical course and
risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective co-
hort study. Lancet 2020; 395:1054-62.

7. Choi B, Choudhary MC, Regan J, et al. Persistence
and evolution of SARS-CoV-2 in an immunocom-
promised host. N Engl ] Med 2020; 383:2291-3.

8. Centers for Disease Control and Prevention.
Coronavirus disease 2019 (COVID-19): groups
at higher risk for severe illness. 2020. Available
at:  https://www.cdc.gov/coronavirus/2019-ncov/
need-extra-precautions/groupsat-higher-risk.html.
Accessed 21 December 2020.

9. Sheth AN, Althoff KN, Brooks JT. Influenza sus-
ceptibility, severity, and shedding in HIV-infected
adults: a review of the literature. Clin Infect Dis
2011; 52:219-27.

10. Triant VA, Meigs JB, Grinspoon SK. Association
of C-reactive protein and HIV infection with acute
myocardial infarction. J Acquir Immune Defic
Syndr 2009; 51:268-73.

11. Triant VA, Lee H, Hadigan C, Grinspoon SK.
Increased acute myocardial infarction rates and

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

cardiovascular risk factors among patients with
human immunodeficiency virus disease. J Clin
Endocrinol Metab 2007; 92:2506-12.
Serrano-Villar S, Sainz T, Lee SA, et al. HIV-
infected individuals with low CD4/CD8 ratio de-
spite effective antiretroviral therapy exhibit altered
T cell subsets, heightened CD8" T cell activation,
and increased risk of non-AIDS morbidity and
mortality. PLoS Pathog 2014; 10:¢1004078.
Gandhi RT, McMahon DK, Bosch R], et al; ACTG
A5321 Team. Levels of HIV-1 persistence on anti-
retroviral therapy are not associated with markers
of inflammation or activation. PLoS Pathog 2017;
13:e1006285.

Schouten J, Wit FW, Stolte IG, et al; AGEhIV
Cohort Study Group. Cross-sectional comparison
of the prevalence of age-associated comorbidities
and their risk factors between HIV-infected and
uninfected individuals: the AGEhIV cohort study.
Clin Infect Dis 2014; 59:1787-97.

Grinspoon S, Carr A. Cardiovascular risk and
body-fat abnormalities in HIV-infected adults. N
Engl ] Med 2005; 352:48-62.

Huang C, Wang Y, Li X, et al. Clinical fea-
tures of patients infected with 2019 novel co-
ronavirus in Wuhan, China. Lancet 2020; 395:
497-506.

Hadi YB, Naqvi SFZ, Kupec JT, Sarwari AR.
Characteristics and outcomes of COVID-19 in pa-
tients with HIV: a multicentre research network
study. AIDS 2020; 34:F3-8.

Vizcarra P, Pérez-Elias MJ, Quereda C, et al;
COVID-19 ID Team. Description of COVID-19 in
HIV-infected individuals: a single-centre, prospec-
tive cohort. Lancet HIV 2020; 7:e554-64.
Gervasoni C, Meraviglia P, Riva A, et al. Clinical
features and outcomes of HIV patients with co-
ronavirus disease 2019. Clin Infect Dis 2020;
71:2276-8.

Meyerowitz EA, Kim AY, Ard KL, et al
Disproportionate burden of coronavirus disease
2019 among racial minorities and those in congre-
gate settings among a large cohort of people with
HIV. AIDS 2020; 34:1781-7.

Collins LE, Moran CA, Oliver NT, et al. Clinical
characteristics, comorbidities and outcomes among
persons with HIV hospitalized with coronavirus
disease 2019 in Atlanta, Georgia. AIDS 2020;
34:1789-94.

Karmen-Tuohy S, Carlucci PM, Zervou EN, et al.
Outcomes among HIV-positive patients hospi-
talized with COVID-19. J Acquir Immune Defic
Syndr 2020; 85:6-10.

Miyashita H, Kuno T. Prognosis of coronavirus
disease 2019 (COVID-19) in patients with HIV
infection in New York City. HIV Med 2021;
22:e1-2.

Sigel K, Swartz T, Golden E, et al. Covid-19 and
people with HIV infection: outcomes for hospi-
talized patients in New York City. Clin Infect Dis
2020; 71:2933-8.

Stoeckle K, Johnston CD, Jannat-Khah DP, et al.
COVID-19 in hospitalized adults with HIV. Open
Forum Infect Dis 2020; 7:0faa327.

Park LS, Rentsch CT, Sigel K, et al. COVID-19 in
the largest US HIV cohort [abstract LBPEC23]. In:
AIDS 2020 conference (virtual).

Boulle A, Davies MA, Hussey H, et al. Risk factors
for COVID-19 death in a population cohort study
from the Western Cape Province, South Africa
[manuscript published online ahead of print 29
August 2020]. Clin Infect Dis 2020. doi:10.1093/
cid/ciaal198.

Bhaskaran K, Rentsch CT, MacKenna B, et al. HIV
infection and COVID-19 death: a population-based

EDITORIAL COMMENTARY « CID 2021:72 (15 June) « €1033

1202 AInp L.Z uo uineT sainr Aq 2912909/0€018/Z /2 L/3101He/p1o/wod dno-olwepede//:sdiy wolj papeojumo(


https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/groupsat-higher-risk.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/groupsat-higher-risk.html

29.

cohort analysis of UK primary care data and linked
national death registrations within the OpenSAFELY
platform. Lancet HIV 2020; 8:¢24-32.

Geretti AM, Stockdale AJ, Kelly SH, et al. Outcomes
of COVID-19 related hospitalization among
people with HIV in the ISARIC WHO Clinical
Characterization Protocol (UK): a prospective ob-
servational study [manuscript published online
ahead of print 23 October 2020]. Clin Infect Dis
2020. doi:10.1093/cid/ciaal605.

30. Tesoriero JM, Swain CE, Pierce JL, et al. Elevated

31.

COVID-19 outcomes among persons living with
diagnosed HIV infection in New York State: results
from a population-level match of HIV, COVID-19,
and hospitalization databases. medRxiv [Preprint].
Posted online 6 November 2020. doi:10.1101/2020.
11.04.20226118.

Waters LJ, Pozniak AL. COVID-19 death in people
with HIV: interpret cautiously. Lancet HIV 2020;
8:e2-3.

32.

33.

Dandachi D, Geiger G, Montgomery MW, et al.
Characteristics, comorbidities, and outcomes in a
multicenter registry of patients with HIV and co-
ronavirus disease-19 [manuscript published online
ahead of print 9 September 2020]. Clin Infect Dis
2020. doi:10.1093/cid/ciaal339.

Di Biagio A, Ricci E, Calza L, et al; CISAT Study
Group. Factors associated with hospital admis-
sion for COVID-19 in HIV patients. AIDS 2020;
34:1983-5.

el034 « CID 2021:72 (15 June) « EDITORIAL COMMENTARY

1202 AInp L.Z uo uineT sainr Aq 2912909/0€018/Z /2 L/3101He/p1o/wod dno-olwepede//:sdiy wolj papeojumo(



