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Abstract

Purpose of Review In this review, we examine the intersection of the HIV and COVID-19 epidemics with focus on COVID-
19-related health outcomes and risk factors for SARS-CoV-2 among people living with HIV (PLWH).

Recent Findings Evidence to date do not suggest a higher incidence of SARS-CoV-2 infection among PLWH compared to
the general population, although—once exposed—PLWH are at greater risk of severe COVID-19 outcomes. Key risk factors
for severe COVID-19 include non-HIV comorbidities known to be associated with severe disease, as well as HIV-specific
risk factors such as low CD4 + T-cell count, unsuppressed viral load, and tuberculosis co-infection. The disproportionate
impact of the SARS-CoV-2 pandemic among Black, Latinx, and Native American/Alaskan Native PLWH could worsen
pre-existing disparities in health outcomes among PLWH. Data on SARS-CoV-2 vaccine protection among PLWH needs
additional study, although some studies suggest decreased humoral responses among those with low CD4 + T-cell counts,
while there is a signal of increased vaccine breakthrough rates among PLWH in two large observational cohorts. Data on
post-acute sequelae of SARS-CoV-2 (PASC) among PLWH is also limited.

Summary PLWH do not have a higher susceptibility to SARS-CoV-2, but once exposed, they are at higher risk of severe
COVID-19 outcomes. Additional resources will need to be dedicated to the development of interventions to improve health
outcomes and address disparities among PLWH impacted by the COVID-19 pandemic.
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Introduction concerns about the susceptibility of PLWH to SARS-

CoV-2 infection and severe COVID-19 infection, given

The SARS-CoV-2 pandemic is the first global pandemic
to overlap with the last great pandemic of our era, HIV.
Closures for in-person care of medical clinics as part of
shelter-in-place ordinances, stock-outs of antiretroviral
therapy, and the profound public health impacts of the
SARS-CoV-2 pandemic have challenged systems of care
for people living with HIV (PLWH) [1, 2]. Adding to
fears about setbacks in global HIV epidemic control were
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susceptibility to other pulmonary infections such as
pneumococcus even among people with well-controlled HIV
[3]. Understanding whether susceptibility to SARS-CoV-2
infection or propensity to develop severe disease is increased
among PLWH were crucial questions for both these individuals
and their providers. PLWH have generally not been found to
have increased incidence rates of respiratory viral infections
such as influenza when compared to the general population.
However, SARS-CoV-2 transmission is much more widespread
than influenza and infection is generally determined by social
determinants of health, such as unstable housing [4] and racial/
ethnic disparities. [Se®] Moreover, comorbidities and behaviors
among PLWH—such as higher rates of underlying pulmonary
disease [6, 7], inhalational drug use [8], increased tobacco use
[9], and hazardous alcohol use [10, 11]—could lead to increased
susceptibility to SARS-CoV-2 infection [12]. Finally, PLWH
have increased rates of comorbidities which can raise the risk
of severe COVID-19 disease if exposed to SARS-CoV-2,
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including cardiovascular disease [13], pulmonary disease
[6, 7], cancer [14], and obesity and diabetes [15].

Given concerns about increased risk of severe SARS-
CoV-2 outcomes among PLWH, the extent of protection
afforded by COVID-19 vaccines is critical to understand for
PLWH and their providers. PLWH have been shown to have
reduced humoral responses to natural SARS-CoV-2 infection
[16] and might experience less durability of the CoV-2-spe-
cific neutralizing antibody (NAb) to a SARS-CoV-2 vaccine
[17-21]. As an example in other infections, PLWH experi-
ence more rapidly waning NAb titers in response to yellow
fever vaccination than those without HIV [18], respond less
well to hepatitis B vaccination [22-24], and—depending on
CD4 count—mount attenuated immune responses to other
vaccines [25], including influenza. HIV-specific factors
such as CD4 + T-cell count have also been associated with
disease outcomes in influenza [12, 26]. Finally, risk factors
for post-acute sequelae of SARS-CoV-2 infection (PASC)
have been of profound interest among the general popula-
tion, with emerging data suggesting that vaccination reduces
but does not eliminate the risk of PASC or “long COVID”
[27]. Given concerns for higher severity COVID-19 [28],
higher frequency of autoimmunity and immune dysregula-
tion [29, 30], more medical comorbidities, and a potential
for decreased vaccination responses among PLWH, data on
longer-term COVID-19 outcomes among PLWH is needed.

We have reached a point in the SARS-CoV-2 pandemic
at which large, methodologically rigorous studies are now
available to elucidate many of these concerns. In this review,
we explore evidence on the susceptibility of PLWH to
SARS-CoV-2 infection and the severity of clinical outcomes
following infection, as well as emerging evidence on the
impact of HIV status on SARS-CoV-2 vaccine responses
and risk of PASC.

Susceptibility to SARS-CoV-2 Infection
Among PLWH in Population-Level Analyses

Throughout the pandemic, large, population-based studies
have mostly demonstrated lower or similar incidence of SARS-
CoV-2 infection among PLWH when compared to those
without HIV in the general population [28, 31ee, 32, 33ee,
34-38]. The first reported population-based studies from the
early months of the pandemic (through April 2020) generally
demonstrated lower SARS-CoV-2 incidence among PLWH.
A prospective cohort study among HIV clinics in 60 hospi-
tals that serve 77,590 PLWH in Madrid observed lower age-
and sex-standardized risk of infection among PLWH on ART
compared to the general population (30 per 10,000 among
PLWH vs. 41.7 per 10,000 among the general population),
although the risk in the general population attenuated when
health care workers were excluded to 33 per 10,000 [31ee].
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A population-based cohort in Wuhan, China, similarly found
lower incidence among PLWH compared to the general popu-
lation early in the pandemic (0.38%, 95% confidence inter-
val (CI): 0.24-0.53% vs. 0.45%, 95% CI: 0.45-0.46%) [32].
The findings from these early studies may have resulted from
greater social distancing among PLWH soon after the pan-
demic was declared [39].

As the pandemic matured, later population-based studies
have generally demonstrated similar SARS-CoV-2 incidence
among PLWH and the general population. A population-
based study within New York State through June 15, 2020,
which included 2988 PLWH who were diagnosed with
SARS-CoV-2, demonstrated a similar incidence of infection
to the general population after standardization (adjusted rate
ratio (ARR) 0.94 (95% CI, 0.91-0.97)) [33ee]. US National
COVID Cohort Collaborative data, which included 54 sites
and 13,170 PLWH, demonstrated lower rates of mild-mod-
erate infection among PLWH compared to those without
HIV (adjusted odds ratio (AOR) 0.53 (95% CI: 0.51-0.55))
[34]. In a population-based study from the Western Cape
Province, South Africa, which included 540,552 PLWH,
the cumulative incidence of SARS-CoV-2 infection through
June 9, 2020, was similar by HIV status (0.74% vs. 0.63%)
[35]. Cohorts from large health systems have instead been
more mixed, with higher incidence of COVID-19 with the
University of California, San Diego health system [40], and
Kaiser Permanente Southern California [41], but similar
incidence within the U.S. Veteran Administration Veterans
Aging Cohort [38] and the San Francisco Department of
Public Health Clinics [36]. In conclusion, large population-
based studies support a generally similar incidence of SARS-
CoV-2 among PLWH compared to the general population.

However, PLWH can be disproportionately impacted by
social determinants of health that may increase the risk of
SARS-CoV-2 infection. Such determinants include greater
housing instability than the general population [42, 43],
which may decrease the ability to socially distance or effec-
tively quarantine [44, 45]. PLWH are also more likely to
be from Black, Latinx, or American Indian/Alaskan Native
communities, populations who have had a disproportionate
incidence of SARS-CoV-2 compared to White individuals
throughout the pandemic [8, 10, 11]. Indeed, communities of
color in the USA are subject to systemic racism, which can
directly impact their health and health outcomes, including
the risk for both COVID-19 and HIV.

Risk of Severe COVID-19 Among PLWH
and its Risk Factors

Initial data from earlier in the pandemic did not suggest high
rates of severe COVID-19 among PLWH [46-51]. However,
these data were predominantly from single center studies,
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hospitalized cohorts, or case series and were susceptible to
biases such as the potential for precautionary hospitaliza-
tion of PLWH independent of clinical status. The largest
published population-based cohort to date from the West-
ern Cape Providence, South Africa, included 3978 cases
of COVID-19 among 540,552 PLWH out of a cohort of
3,460,932 patients served by the public sector health care
system. PLWH had an increased hazard rate for COVID-19
death after adjustment for age and sex when compared to
those without HIV (ARR 2.14; 95% CI: 1.70-2.70) [35].
Some aspects of this population were notable, including a
low rate of confirmed virologic suppression within the prior
15 months (45%) and high rates of co-occurring tuberculo-
sis and uncontrolled diabetes. However, elevated mortality
was similarly demonstrated in the OpenSAFELY platform
from the UK primary care clinic system, which included
27,480 PLWH within a population of 17,282,905 individu-
als. After adjusting for age and sex, PLWH had a higher risk
of COVID-19 death (AHR 2.59 (95% CI 1.74-3.84)) [52]
than those without HIV. In the US National COVID Cohort
Collaborative, which included 13,170 cases of COVID-
19 among PLWH, there were an increased adjusted odds
of mortality (AOR 1.29 (95% CI 1.16-1.44)) [34] among
PLWH. Similarly—among 2988 PLWH diagnosed with
COVID-19 in New York State—the mortality rate was
higher compared to those without HIV (standardized RR,
1.23 (95% CI, 1.07-1.40)) [33ee]. Within the WHO Global
Clinical Platform, which included hospitalization data on
15,522 PLWH from 24 countries—although most data came
from South Africa—the adjusted rate of severe or fatal
COVID-19 was 1.30-fold higher among PLWH (95% CI:
1.24-1.36) [53ee] than those without HIV.

Several HIV-specific risk factors among PLWH have been
identified for severe COVID-19, in addition to traditional
risk factors such as older age, diabetes, obesity, and cardio-
vascular disease [17, 35, 53e¢]. PLWH with CD4 + T-cell
counts < 200 cells/mm? had elevated mortality risk in the
US National COVID Cohort Collaborative (AOR 2.73; 95%
CI 1.80-4.14 vs.>500) [34], within the US TriNetX data-
base [54], as well as in the Western Cape Province, South
Africa (AHR 2.36; 95% CI: 1.47-3.78) [17] analysis. A
similar risk profile for PLWH with lower CD4 counts was
seen inn a multi-center registry of PLWH in the USA which
included 286 hospitalized PLWH [55], in the University of
Colorado Health System among 206 PLWH with COVID-19
[56], and in a health system cohort in San Francisco among
136 PLWH with COVID-19 [36]. Having a CD4 + T-cell
count nadir <200 cells/mm® was additionally associated
with hospitalization in a multi-center cohort of PLWH in
the USA which included 649 cases of COVID-19 (ARR
1.67; 95% CI 1.18-2.36) [57e¢]. In this cohort, a current
CD4 + count < 350 cells/mm? was also associated with hos-
pitalization (ARR 2.68; 95% CI 1.93-3.71). The data on

virologic suppression are more limited and mixed, with the
US National COVID Cohort Collaborative demonstrating
an increased risk of hospitalization, but not death [34] in
those without virologic suppression, although viremia was
significantly associated with disease severity within the
multi-center cohort of PLWH in the USA [S57ee]. Tubercu-
losis co-infection was additionally associated with mortality
in the Western Cape Province Cohort (AHR 2.70; 95% CI,
1.81-4.04).

In addition to medical comorbidities already discussed,
it is important to note the SARS-CoV-2 pandemic has dis-
proportionately impacted Black and Latinx communities,
as well as Alaska Natives/American Indians, and those liv-
ing in higher poverty neighborhoods, communities that have
already been affected significantly by the HIV epidemic.
Among the 2410 PLWH who were diagnosed with COVID-
19 in the New York City registry, those who were Black
or Latinx, and/or came from high poverty neighborhoods
had greater rates of severe COVID-19 [See]. These find-
ings were echoed among analyses completed in Philadelphia
and Boston, with a higher concentration of poor COVID-19
outcomes among Black PLWH and those living in neigh-
borhoods with higher poverty [8, 10]. Similar findings were
noted in the UK, where there was evidence of dispropor-
tionate risk of severe COVID-19 among Black PLWH com-
pared to non-Black PLWH (AHR 4.31 [95% CI 2.42-7.65])
vs non-Black people without HIV (HR 1.84 [95% CI
1.03-3.26] p-interaction =0.044) [52]. In Paris, similar
disparities were noted by Black vs. White race [58] among
PLWH. There is the worrying potential for the COVID-19
pandemic to worsen health inequities among PLWH via mul-
tiple mechanisms, including COVID-19 disease outcomes,
impacts on HIV disease control, and the psychosocial and
economic impacts of the pandemic [See, 28].

Protection from SARS-CoV-2 Vaccination

Data on the impact of SARS-CoV-2 vaccination on
COVID-19 outcomes among PLWH is limited. When
the subgroup of PLWH (n =240) was excluded from the
analysis of the Novavax phase 2b trial in South Africa,
the investigators reported that efficacy rose from 49.4
to 60%. This has raised concern that the efficacy of
this particular vaccine was lower in PLWH [59]. Trials
for the mRNA vaccines did include small numbers of
PLWH (196 and 176) although HIV specific data was
not reported in the outcome papers [60]. The Janssen/
Johnson and Johnson vaccine study involved the largest
number of PLWH so far (1218), and, per news reports, 2
PLWH who received the vaccine experienced COVID-
19 versus 4 PLWH in the placebo group [60]. However,
given these small numbers, definitive inferences cannot
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be drawn. A recent study of ART-suppressed PLWH who
received the BNT162b2 vaccine showed lower neutral-
izing responses compared to healthcare workers, but the
cohort did not represent the full spectrum of HIV dis-
ease, follow-up was limited to 18 days, and no T cell
assays or mechanistic studies were performed [61].
Although a cohort of PLWH receiving the ChAdOx1 vac-
cine did not find differences in humoral and ELISPOT
and T-cell responses compared to healthy controls over
6 months of follow-up, the cohort was relatively young
and healthy, and excluded individuals with CD4 + T-cell
counts < 350 cells/uL or virologic non-suppression [62,
63]. A cohort of 100 PLWH matched on age, sex, which
mRNA vaccine they received, and time since vaccination
demonstrated greater surrogate virus neutralization test
non-response among PLWH, with greater non-response
among those with CD4 + T-cell count < 200 cells/uL and
unsuppressed viral loads [64]. Within a cohort of 166
PLWH who received an mRNA-based vaccine, those
with CD4 + T-cell counts < 200 cells/uL had reduced
humoral and T-cell immunity compared to those with
CD4 + T-cell counts > 500 cells/uL [65]. PLWH who
received the Novavax vaccine had attenuated humoral
immune responses [66] as did those who received Coro-
naVac [67]. A cohort 136 PLWH who received mRNA
vaccination demonstrated comparable humoral and
cellular responses, although those with CD4 + T-cell
counts < 300 cells/uL had lower binding antibodies [68].
The question of whether additional booster vaccination
attenuates potential differences in immune responses
among PLWH with lower CD4 + counts and unsup-
pressed viral loads merits further study.

Given evidence of reduced humoral responses to vac-
cination among PLWH in some studies, particularly in
those with low CD4 + counts or virologic non-suppres-
sion, clinical data on outcomes following vaccination and
boosting among PLWH is needed. In a cohort of adults
who had one or two doses of COVID-19 vaccination in
the UK, PLWH had an increased adjusted hazard ratio
for death following vaccination (AHR 3.29; 95% CI:
1.05-10.29) [69]. Among 31,840 PLWH in the USA and
77,759 people without HIV who had completed SARS-
CoV-2 vaccination prior to booster immunization, the
rate of breakthrough infection was higher among PLWH
(44 vs. 31 per 1000 person-years; AHR=1.41 95% CI:
1.28, 1.56) [70]. The third shot or booster is definitively
indicated for PLWH and data on additional booster doses
is needed.

Data on responses to other preventative and treatment
strategies such as monoclonal antibodies and antivirals
among PLWH remains even more limited. Case reports
among immunocompromised hosts, including among
PLWH, have discussed long durations of persistence of
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viral antigen and culturable virus in the context of persis-
tent or recurrent symptoms, with antiviral treatment courses
repeated [71-73]. Additional research will need to explore
the relationship between immunocompromise and antivi-
ral resistance [73], need for antiviral retreatment [71], and
potential for drug interactions with other essential therapies
[74].

Risk of PASC Among PLWH

The limited data available to date suggest that medical
comorbidities, severity of prior COVID-19 infection, and
being unvaccinated against SARS-CoV-2 are the major risk
factors for PASC [27, 75-78]. PASC may also be driven,
at least in part, by residual inflammation following prior
SARS-CoV-2 infection [79]. HIV infection, including in
the setting of effective antiretroviral therapy, is character-
ized by chronic immune activation and tissue inflammation
[80, 81]. PLWH could therefore be at elevated risk of PASC
due to greater risk of severe COVID-19 [53ee], potential
for diminished SARS-CoV-2 vaccine responses [64], greater
comorbidity burden [6, 7, 13], or greater baseline systemic
inflammation and immune dysregulation [29, 30]. To date,
the data available on risk factors for PASC among PLWH
are limited, with the pathogenesis and potential treatments
poorly understood.

However, a few studies investigating the impact of HIV
status on risk for PASC have been published to date [82—84].
A retrospective survey study of people who presented to the
emergency department with SARS-CoV-2 through May 15,
2020, found that PLWH, when adjusting for demographics,
comorbidities, and severity of illness, had 1.75-fold higher
odds of PASC symptoms at least nine months out from
diagnosis (95% CI: 1.14-2.69) [82]. A case—control study
which included 39 PLWH enrolled after prior SARS-CoV-2
infection in the pre-vaccine era found 4.01-fold higher odds
of PASC among PLWH when adjusting for age, time since
infection, and disease severity (95% CI: 1.45-11.1) [84].
PLWH had lower levels of anti-SARS-CoV-2 CD8 + T-cells
and greater anti-SARS-CoV-2 CD4 + T-cell exhaustion.
There was a trend towards increased CD4 + T-cell immune
exhaustion with PASC irrespective of HIV status. Finally,
a cohort of 94 PLWH with well-controlled HIV on ART in
Western India found that 43.6% of the cohort met criteria
for PASC, with individuals with lower CD4 + T-cell counts
having higher rates of PASC.

Additional research is urgently needed, as PLWH may
be more likely to exhibit risk factors for PASC (includ-
ing greater baseline inflammation, comorbidities, and
susceptibility to severe COVID-19). Given the strong
association between COVID-19 disease severity and risk
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of PASC, alongside the higher risk of severe COVID-19
among PLWH, PLWH should continue to be prioritized for
COVID-19 prevention and treatment including vaccination
and antivirals.

Conclusions

This review summarizes available data on the relationship
between HIV status and susceptibility to SARS-CoV-2
infection, risk of severe COVID-19, response to vaccination,
and rates of PASC. Large population-based studies have
generally demonstrated similar incidence of SARS-CoV-2
infection among PLWH, but greater risk of severe COVID-
19 once exposed to the virus. Key risk factors among PLWH
include low CD4 + T-cell count, unsuppressed viral load,
and tuberculosis co-infection, as well as traditional COVID-
19 risk factors such as cardiopulmonary disease, diabetes,
and obesity. The disproportionate impact of the COVID-19
pandemic on Black, Latinx, and Alaskan Native/Ameri-
can Indian PLWH has the potential to worsen pre-exist-
ing disparities in health outcomes and should be urgently
addressed through public health and financial investment
directed towards reducing inequities engendered by struc-
tural racism [85]. Data on vaccine responses among PLWH
remains limited, with some studies demonstrating evidence
of decreased humoral responses among those with lower
CD4 + T-cell counts, and a potential for increased vaccine
breakthrough following initial series vaccination. Further
data on vaccine responses following additional doses of the
vaccine among PLWH with lower CD4 + T-cell counts are
needed. Data on antiviral treatment response and risk of
PASC among PLWH is extremely limited, and high-quality
studies will be needed given the importance of these topics
to PLWH and their providers. The ongoing collision of the
HIV epidemic and the SARS-CoV-2 pandemic will require
additional study, as well as development of interventions to
attenuate impacts of the SARS-CoV-2/HIV syndemic on the
health of PLWH globally.
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