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Abstract: The dramatic increase of the global pandemic of SARS-CoV-2 infection repre
sents a critical issue that needs to be investigated to evaluate the associated risk factors for 
acquisition and worse outcome. The interplay between immune activation and immune 
depression during SARS-CoV-2 infection is an intriguing topic that still needs to be clarified. 
The role of HIV in SARS-CoV-2 infection is not well defined. Chronic inflammation linked 
to HIV infection could be a driver for a worse prognosis in people living with HIV (PLWH). 
We explored the role of HIV as a risk factor for SARS-CoV-2 infection and severity and 
which factors contributed to a worse prognosis when HIV infection was present. PubMed/ 
MEDLINE was searched for “COVID-19” or “SARS-CoV2” and “HIV” or “AIDS” and 
(“hospitalization” or “intensive care” or “mechanical ventilation” or “death” OR “mortal
ity”), both in MeSH and as free text in all fields. Our review focused on 21 studies that 
enrolled at least 40 PLWH. In most studies, HIV infection did not represent a risk factor for 
SARS-CoV-2 infection. On the contrary, the risk of severe COVID-19 and hospitalization 
was higher in PLWH. Low CD4 cell count consistently emerged as a risk factor for severe 
COVID-19. Comorbidities, either in people with or without HIV diagnosis, played a key 
role, especially because of their early development in PLWH. 
Keywords: HIV, SARS, CoV-2, COVID-19

Introduction
As of early June 2021, more than 170 million cases of SARS-CoV-2 disease 
(COVID-19) were diagnosed, with over 3.7 million deaths worldwide (https:// 
covid19.who.int/).

High mortality rates are associated with progressive respiratory failure and acute 
kidney injury1 and are linked to systemic microvascular thrombosis and generalized 
coagulopathy, both related to high inflammatory response and continuing comple
ment activation.

Previous health conditions have been consistently identified as risk factors for 
severe COVID-19 outcomes, mainly obesity, hypertension, diabetes, and chronic 
pulmonary disease. Due to the accelerated aging linked to persistent inflammation, 
cardiovascular comorbidities are more frequent among people living with HIV 
(PLWH) than in the general population.2 Given this disproportionate burden, 
a larger number of severe cases and deaths are expected among PLWH.

HIV-1 and SARS-CoV-2 infection share CD4+T cells (CD4) loss in association 
with disease outcome and immunodeficiency. In both diseases, immune activation, 
direct attacks on CD4, and redistribution of CD4 contribute, in quite different 
proportions, to CD4 lymphopenia. Like for HIV, lymphopenia and marked CD4 
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count reduction in COVID-19 patients have been linked 
with poor clinical outcomes. However, when HIV and 
COVID-19 meet, no additional decrease of CD4 count 
has been observed.3 PLWH could even experience protec
tion from the most serious sequelae of COVID-19, 
because of their history of immune response or the 
hypothesized activity of Anti-Retroviral Treatment (ART) 
against SARS-CoV-2.4,5

The interplay between SARS-CoV-2 and HIV is affected 
by several conflicting aspects. The residual chronic inflam
mation, present even in suppressed PLWH, and the immune 
deficiency due to HIV may exert opposite effects. The age 
might also affect the outcomes in coinfected COVID-19- 
HIV patients, who may be younger and monitored for 
comorbidities at an earlier age than their HIV-negative 
counterparts. The conflicting evidence about their interac
tion may be due to the relative weight of these factors.6

However, evidence regarding the clinical outcome of 
SARS-CoV-2 in PLWH is still inconsistent.

For example, in a single-center cohort study, PLWH diag
nosed with COVID-19 was not different from the COVID-19 
patients without known HIV diagnosis.7 Clinical presentation, 
severity of the disease, and mortality did not depend on HIV- 
related or ART-related factors. The standardized incidence rate 
of COVID-19 was lower in PLWH than in the Barcelona 
general population, although no comparison of mortality rate 
was performed between the two groups. Similarly, 
a propensity matched analysis revealed no difference between 
HIV+ and HIV- subjects, suggesting that higher mortality was 
likely driven by a higher number of comorbidities.8

On the contrary, a comparison between HIV-negative 
and positive patients, admitted in 207 hospitals across the 
United Kingdom, showed higher day-28 mortality in 
PLWH, after considering potential risk factors such as 
age, sex, comorbidities and need for oxygen at presenta
tion. In particular, in people aged less than 60 years the 
adjusted hazard ratio (aHR) was 2.87 (95% confidence 
interval, CI, 1.70–4.86), increased risk due to HIV status.9

The objective of this review was to explore the role of 
HIV infection as risk factor for COVID-19 diagnosis, 
hospitalization, and death, and to investigate the risk fac
tors for COVID-19 severity in PLWH.

Methods
Database Search
PubMed/MEDLINE was searched for “COVID-19” or 
“SARS-CoV-2” and “HIV” or “AIDS” and (“hospitalization” 

or “intensive care” or “mechanical ventilation” or “death” OR 
“mortality”), both in MeSH and as free text in all fields (limits: 
Human, English). The search was limited to articles published 
in English until 15 May 2021, retrieving 552 results in 
PubMed/MEDLINE.

We excluded papers that reported protocols, no infor
mation about HIV status, laboratory studies, case reports, 
and editorials.

Among 47 studies reporting on COVID-19 outcomes 
in PLWH, we evaluated 21 studies with at least 40 PLWH 
enrolled and analyzed HIV infection as risk factor for the 
different considered outcomes.

Bibliography from the retrieved articles was manually 
searched to identify further relevant literature about the 
relationship between SARS-CoV-2 and HIV.

HIV Infection and Its Impact on SARS-CoV-2 
Infection
The main characteristics of selected studies are reported in 
Tables 1 and 2.

HIV Infection and COVID-19 Diagnosis 
Most cohort studies did not show a higher incidence of 
COVID-19 in PLWH than in the general population 
(Table 1).7,10–13

In a large cohort study10 that involved 2988 COVID-19 
positive PLWH, similar diagnosis rates for COVID-19 
were observed in PLWH and in people not living with 
known HIV diagnosis (PNLWH) after standardization 
(standardized rate ratio, sRR, 0.94, 95% CI, 0.91–0.97). 
In an adjusted model, PLWH of older age, not white non- 
Hispanic race/ethnicity, and living in the regions of metro
politan New York City (NYC) were significantly more 
likely to receive a diagnosis of COVID-19. No significant 
differences were observed between the main HIV trans
mission groups. In adjusted analysis, stage 3 HIV infection 
was related with an increased rate of COVID-19 diagnosis 
(vs stage 1: adjusted RR 1.22, 95% CI 1.07–1.38).

Cabello et al11 described an infection rate between 0.86 
(confirmed cases) and 1.68 (confirmed and suspected 
cases), similar to Madrid general population.

An observational prospective study14 conducted on 
2873 PLWH observed 51 COVID-19 infections (incidence 
1.8%, 95% CI, 1.3–2.3). Although the rate of suspected 
and confirmed cases in the general population was higher 
(4.02%, 95% CI 4.01–4.03%), the rate of confirmed diag
nosis was similar among PLWH and the general 
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population (0.92%, 95% CI 0.91–0.93%, and 1.22%, 95% 
CI 0.85–1.68% respectively).

On the same line, Braunstein et al12 observed that 
COVID-19 did not disproportionately affect the PLWH 
in NYC, since the diagnosed HIV with COVID-19 repre
sented 1.06% of all confirmed COVID-19 cases, and the 
overall prevalence of HIV in the NYC population was 
1.5% in 2018.

On the contrary, in the analysis from Inciarte et al,7 the 
incidence of confirmed COVID-19 cases in a cohort of 
5683 PLWH was 62% lower than in the Barcelona 
population.

On the other hand, Sachdev et al13 found a significantly 
higher diagnosis rate in 4252 PLWH compared to PNLWH 
(4.5% vs 3.5%, p=0.00004).

Finally, we considered the prevalence of comorbidities 
in PLWH with or without COVID-19. Boulle et al15 

described a slightly lower prevalence of diabetes (4% vs 
11%) and hypertension (12% vs 19%) in PLWH without 
COVID-19 vs PLWH with COVID-19. Vizcarra et al14 

confirmed the lower prevalence of diabetes and hyperten
sion in PLWH without COVID-19, also finding a lower 
percentage of patients with chronic kidney disease and 
liver disease in this subset of patients.

HIV Infection and Hospitalization for COVID-19 
Many studies demonstrated a higher rate of hospitalization 
in PLWH than in PNLWH (Table 1). 8,10,12,14

Tesoriero et al10 observed population-level rates of 
COVID-19 hospitalization significantly higher among 
PLWH (8.28 per 1000) than among PNLWH (3.15 per 
1000; sRR 1.38, 95% CI, 1.29–1.47). In the adjusted 
analysis, older age and region were associated with hospi
talization. This study observed an increasing hospitaliza
tion risk across stage 1, 2 and 3 of HIV infection: more in 
detail, a per-person hospitalization standardized rate ana
lysis was conducted by stage of HIV disease. Compared to 
people living without HIV infection, hospitalization risk 
was progressively higher by HIV stage 1 infection: sRR 
was 1.19 (95% CI 1.08–1.30) for stage 1, 1.60 (95% CI 
1.42–1.78) for stage 2, and 2.66 (95% CI 2.20–3.13) for 
stage 3 infection. Hadi et al8 with their large analysis 
conducted on more than fifty thousand COVID-19 patients 
(404 with preexisting HIV diagnosis) confirmed 
a significantly higher proportion of hospitalization in the 
HIV-positive group (19.3% vs 11.4%; risk ratio 1.70, 95% 
CI 1.21–2.38), after propensity score matching for body 
mass index (BMI), diabetes, hypertension, chronic lung V
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disease, chronic kidney disease, race, nicotine dependence 
and sex.

In their observational prospective study, Vizcarra et al14 

observed a high hospitalization rate (55%), but their sam
ple was small (51 patients).

A retrospective observational study conducted by 
Cabello et al11 analyzed 63 HIV-positive patients with 
COVID-19, observing a lower hospitalization rate in 
PLWH confirmed cases compared with PNLWH (48.4% 
vs 63.5%).

Braunstein et al12 demonstrated that, in comparison 
with all diagnosed COVID-19 cases in NYC, a higher 
proportion of PLWH were hospitalized for COVID-19 
(42% vs 26%).

HIV Infection and ICU Admission for COVID-19 
In the first three months of the SARS-CoV-2 infection 
outbreak in NYC, Braunstein et al12 showed a rate of 
ICU admission of 5% in 2410 PLWH vs 3% in 202,012 
PNLWH with confirmed COVID-19.

Patel et al16 conducted a retrospective cohort study on 
4613 COVID-19 positive patients; 100 were PLWH. In an 
analysis adjusted for age, sex, race/ethnicity, BMI, history 
of chronic lower respiratory diseases and calendar time, 
PLWH had an increased risk of intubation compared to 
PNLWH (aHR 1.73, 95% CI 1.12–2.67; p= 0.01).

Miyashita et al17 also carried out a retrospective study 
on 8912 patients with COVID-19; 161 had also HIV 
infection. The author observed a higher risk of intubation 
in the age group under 50 years (relative risk 2.97, 95% 
CI, 1.29–6.84), whilst no differences were observed in the 
other age groups.

On the contrary, Geretti et al9 reported no differences 
between HIV-negative patients and PLWH in the risk of 
admission to ICU, after adjustment for sex, ethnicity, age, 
baseline date, indeterminate/probable hospital acquisition 
of COVID-19 and comorbidities, regardless of HIV status 
(odds ratio, OR 1.22, 95% CI, 0.80–1.87; p=0.35).

HIV Infection and Mortality for COVID-19 
A very large retrospective cohort study, reported by 
Bhaskaran et al18 compared the risk of COVID-19 death 
among PLWH and PNLWH: crude mortality risk was 
similar between the two groups (HR 1.03, 95% CI 0.7– 
1.52); after adjusting for age and sex, HIV infection was 
associated with a higher risk of COVID-19 death (HR 
2.90, 95% CI 1.96–4.30; p < 0.0001), with a slight attenua
tion after further adjustment for index of multiple 

deprivation, ethnicity, obesity and smoking (HR 2.59, 
95% CI, 1.74–3.84; p < 0.0001).

The Western Cape Department of Health (South 
Africa) performed a study on 223,080 COVID-19 positive 
patients15, 625 of them died. A greater proportion of 
COVID-19 death was observed in PLWH younger than 
50 years compared with same age PNLWH (39% vs 13%). 
After adjusting for age, sex, and other comorbidities, HIV 
was associated with increased COVID-19 mortality (aHR 
2.14, 95% CI 1.70–2.70), irrespectively of viremia or 
immunosuppression prior to the COVID-19 infection.

In the large Tesoriero cohort study10 (2988 patients), 
no differences were observed in in-hospital death between 
people living with diagnosed HIV infection, and people 
without diagnosed HIV infection (adjusted rate ratio 0.98, 
95% CI 0.85–1.12). Anyway, a significantly higher mor
tality rate per person and per diagnosis was observed in 
PLWH (case fatality rate, 69.28 per 1000 vs 38.70 per 
1000: sRR 1.30, 95% CI, 1.13–1.43).

Hadi et al8 performed an analysis on all patients diag
nosed with COVID-19 (total 50,167), who were divided 
into two cohorts, based on the presence or absence of HIV 
infection: 49,763 patients without concurrent HIV infec
tion and 404 with preexisting HIV diagnosis. In the 
unmatched analysis, PLWH had higher mortality at 30 
days from COVID-19 diagnosis (4.95% vs 3.2%, risk 
ratio 1.55, 95% CI, 1.01–2.39), while after matching for 
BMI, diabetes, hypertension, chronic lung diseases, 
chronic kidney diseases, race, nicotine dependence and 
sex, no difference in mortality was found between the 
two groups (5.0% vs 3.7%, risk ratio 1.33, 95% CI, 
0.69–2.57%). These observations are probably due to the 
demographic characteristics of PLWH (greater proportion 
of men, African American race, obesity, and the other 
listed comorbidities). No differences in mortality were 
found even in two subgroup analyses, including only (1) 
patients with HIV-associated diseases (risk ratio 1.12, 95% 
CI 0.59–2.12) or (2) patients with antiretroviral therapy 
history (risk ratio 1.22, 95% CI 0.68–2.18), compared to 
non-HIV subjects.

On the other hand, Braunstein et al12 reported 
a mortality of 13% vs 8% in PLWH vs PNLWH.

The retrospective observational study that was con
ducted by Cabello et al11 observed a lower global mortal
ity rate in PLWH (3.22% vs 13.3%), including severe 
cases (6.7% vs 21.0%). No association was observed 
between HIV-related factors and COVID-19 severity.
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Considering studies that enrolled less than 200 PLWH, 
most did not report higher mortality in the overall PLWH 
population (Table 1),9,16,17,19 whereas some differences 
were observed in patients aged less than 60 years in the 
study of Geretti et al9 and in patients aged less than 50 
years in the study of Miyashita et al.17

Risk Factors for COVID-19 Severity in PLWH
Risk Factors for Severe COVID-19 
In PLWH, rates of severe COVID-19 ranged from 11% to 
28% (Table 2).7,14,19–22 Severe SARS-CoV-2 Infection 
was associated mostly with age and presence of comorbid
ities (see Table 3).

In a cohort of 175 PLWH, Hoffman et al20 reported 
a 28% rate of severe COVID-19 (49/175). Severity of 
COVID-19 was associated with age equal or higher than 
50 years (OR 2.49, 95% CI 1.24–5.03), nadir CD4 <200 
cells/µL (OR 2.10, 95% CI 1.05–4.21) and current CD4 
<350 cells/µL (OR 3.30, 95% CI 1.49–7.31).

On the other hand, Inciarte et al7 showed a severity rate 
of 11.3% (6/53) in a cohort of PLWH with a median age of 
44 years (interquartile range, IQR, 36–52), nadir CD4 303 
(IQR 140–434) and last CD4 624 (IQR 462–838) with 
a 43% prevalence of comorbidities (23/43, mainly hyper
tension and diabetes). No association was found with 
immune-virological parameters and anti-retroviral 
treatment.

In most studies, patients had high CD4 (usually >500 
cells/µL) and suppressed HIV-viral load (VL).

Hospital Admission 
The reported hospitalization rates ranged from 27% to 
63% (Table 2).10,23–26 Age, low CD4 nadir and low current 
CD4 were the most frequent risk factors.

In Italy, Gervasoni et al24 showed a hospitalization rate 
of 27.7% (13/47) in PLWH with mean CD4 of 636 ± 290 
cells/µL, mostly with undetectable HIV-VL (94%<20 
copies/mL) with mean age of 51±11 years. Di Biagio 
et al25 showed a higher rate of hospitalization in PLWH 
with lower nadir CD4 and lymphocytes.

Del Amo et al26 described a hospitalization rate of 
63.9% (151/236), with a higher risk for men and subjects 
older than 70 years, and a lower risk in patients receiving 
tenofovir/emtricitabine.

Two large cohorts10,15 described hospitalization rates 
lower than 30%.

Tesoriero et al10 showed a hospitalization rate of 30% 
in 2988 PLWH in New York State, with a higher risk in 

patients with lower CD4 and unsuppressed VL, while 
Boulle et al15 described a low percentage of hospital 
admission in PLWH (601/3978, 15.1%) in South Africa, 
with a higher risk in patients with low CD4. These sig
nificant differences could be due to different socio- 
economic status and to significantly lower age in 
Boulle’s study. However, lower CD4 were consistently 
reported as a risk factor for hospitalization in PLWH.

ICU Admission 
Rates of ICU admission ranged from 5% to 28.7% 
(Table 2).

Dandachi et al23 showed an ICU admission rate of 28.7% 
(47/286) in a sample of PLWH aged 51.4 years on average, 
with a higher risk in patients with CD4<200 cells/µL.

Ho et al27 reported an ICU admission rate of 26.4% 
(19/72) in patients with median CD4 554 (IQR 339–752) 
and HIV-VL <50 copies/mL at last visit. The median age 
was 58 years (IQR 52–65).

Patel et al16 showed a risk of intubation in 26% (21/81) 
of PLWH, independently of HIV-VL suppression, in 
a sample with median age of 65 years (IQR 54–76). 
Moreover, in this study, increased CD4 were related with 
an increased risk of intubation (aHR 1.13, 95% CI 10.6– 
1.20, by 100 cells/mmc increase in CD4).

On the other hand, Braunstein et al12 described a 5% 
rate of ICU admission, with a higher risk in patients with 
CD4 less than 200 cells/µL.

Vizcarra et al14 described an ICU admission rate of 
12% (6/51) in a cohort of PLWH with a mean age of 53.3 
(±9.5) years, with 63% of patients affected from at least 
one comorbidity, median CD4 nadir 224 (IQR 101–437), 
recent CD4 565 (IQR 296–782) and HIV-VL <50 copies in 
98% of patients.

Death 
The reported mortality rates are extremely variable, 
depending on sample characteristics, region of origin and 
socio-economic factors (Table 2).

Evaluating HIV-related risk factors, Boulle et al15 showed 
data about 199 hospitalized patients with available CD4: 70 
had CD4 <200 cells/µL. In this group, a higher mortality was 
demonstrated (aHR 1.97, 95% CI 1.14–3.40) in comparison to 
PLWH with CD4≥350 cells/µL. A protective role of tenofovir 
disoproxil-fumarate vs abacavir was also found (aHR 0.41, 
95% CI 0.21–0.78).

Dandachi et al23 described a sample of PLWH mostly 
(95%) on antiretroviral therapy (ART) and with viral 
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suppression (88.7%). At the multivariable analysis, 
CD4<200 cells/µL (OR 3.32, 95% CI 1.11–9.93), chronic 
lung disease (OR 3.65, 95% CI 1.56–8.56) and three or more 
comorbidities (OR 5.09, 95% CI 1.05–24.76) were asso
ciated with a severe outcome (composite endpoint including 
ICU admission, use of mechanical ventilation and death).

Geretti et al9 reported that age (OR 1.05, 95% CI 1.01– 
1.09), diabetes (OR 2.18, 95% CI 1.02–4.66) and obesity 
(OR 2.89, 95% CI 1.28–6.53) were risk factors for SARS- 
CoV-2-related mortality, at multivariable analysis.

Ho et al27 reported that a lower lymphocyte nadir was 
significantly associated with death in a sample of PLWH with 
median CD4 554 (IQR 339–752) and HIV-VL <50 copies/ 
mL at the last visit, with a median age of 58 (IQR 52–65).

Sigel et al19 described a cohort of PLWH with 
a median age of 61 years (IQR 54–67) with 44% of 
patients with CD4>500 cells/µL and 81% with undetect
able HIV.

In the multivariate analysis, organ transplant recipient 
status was a risk factor for death (sub-hazard ratio, SHR, 
3.85, 95% CI 1.87–7.94), while nucleoside reverse tran
scriptase inhibitors (NRTI) use was a protective factor 
(SHR 0.31, 95% CI 0.12–0.80).

Patel et al16 described a 22% death rate (22/100) in 
a cohort of HIV patients, without any significant differ
ences between the group with suppressed HIV-VL vs 
unsuppressed HIV-VL.

Smaller studies usually reported a mortality rate 
≤10%,14,22,24,26 showing older age and comorbidities as 
risk factors. In these studies, most patients were on ART, 
had CD4>500 cells/µL and undetectable HIV-VL.

Discussion
In most studies, HIV infection did not represent a risk 
factor for SARS-CoV-2 infection.

Evidence from larger studies7,10–12 did not support 
a higher risk of SARS-CoV-2 infection in PLWH.

Only Sachdev et al13 described a higher risk of SARS- 
CoV-2 in PLWH than in PNLWH, but 45% of PLWH in 
their sample experienced unstable housing, a factor that 
could have influenced the rate of infection. In the study by 
Tesoriero et al,10 a higher risk of SARS-CoV-2 diagnosis 
was reported in older age, black race, and Hispanic indi
viduals, with a probable link with socioeconomic status 
rather than HIV infection per se.

So far, in the published literature, data were scarce and 
inconsistent about the effect of ART regimen on the 
chance of SARS-CoV-2 infection and clinical outcome of V
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COVID-19 in PLWH. Large studies are needed to confirm 
or exclude the role of ART.

Del Amo et al26 and Boulle et al15 found a lower risk 
of infection in patients on tenofovir therapy, suggesting 
a possible inhibiting effect on RNAdRNAp of SARS-CoV 
-2,28 whereas Sigel et al19 observed a lower risk in PLWH 
on current NRTI therapy, but did not differentiate among 
individual drugs.

The protective role of tenofovir is a matter of debate, 
with conflicting evidence about its possible effect on 
COVID-19 prevention and treatment.4

Protease inhibitors, which had a role in treating the 
MERS-CoV infection, did not seem effective in preventing 
or treating SARS-CoV-2.29

Once SARS-CoV-2 infection is acquired, risk of severe 
COVID-19 and hospitalization is higher in PLWH. Low 
CD4 are consistently reported as a risk factor for severe 
COVID-19. Tesoriero et al10 demonstrated an increasing 
risk of hospitalization across the three stages of HIV 
infection (CD4 ≥500 vs 200–499 vs <200 cells/µL). Age 
older than 50 years and the presence of comorbidities are 
other strong risk factors for the disease severity. 
Uncontrolled HIV-VL was not reported as a risk factor 
for COVID-19 severity in three studies,15,16,23 although 
PLWH with uncontrolled VL represented less than 15% 
of enrolled patients.

Few data are available on PLWH younger than 50 
years, which are underrepresented in the studies on 
COVID-19 severity.

Inciarte et al7 described a low prevalence of severe 
SARS-CoV-2 infection in a population mostly younger 
than 50 years.

Many studies14,19,21,22 reporting a prevalence of severe 
cases higher than 20% showed a median age between 52 
and 61.

From the published evidence, PLWH aged 50 or more 
years appear more at risk of severe COVID-19, especially 
in the presence of severe immune suppression (CD4<200 
cells/micrL). This could be due both to the higher burden 
and early development of comorbidities in this group of 
PLWH2,30 and to the immune dysfunction occurring in 
PLWH with CD4<200 cells/µL.

Low CD4 have been also associated with poor out
comes in the general population.31

We can hypothesize that CD4 at diagnosis of SARS- 
CoV-2 infection were extremely low as a consequence of 
SARS-CoV-2 infection. However, in most studies, CD4 
during the course of COVID-19 were not available. 

“Current CD4” were usually defined as retrospectively 
collected, from three years to four weeks before SARS- 
COV-2 infection diagnosis. Only Patel et al16 stated that 
they included CD4 during hospitalization only when 
a previous measure was unavailable; nonetheless, they 
did not stratify their results according to time of CD4 
measurement. Thus, we were unable to evaluate the pos
sible role of fast CD4 loss during SARS-CoV-2 infection.

However, there are several reasons for inappropriate 
immune response in HIV infection.

A prompt and hard CD4 response has been reported to 
be necessary for IgG and IgA response to SARS-CoV-2.32

Immune activation has been demonstrated to persist in 
HIV chronic infection with alteration in kynurenine- 
tryptophan ratio, a marker of defective adaptive immunity, 
even in patients treated early for HIV infection.33,34

On the other hand, HIV and SARS-CoV-2 share 
a common evasion of innate immunity,35 that could 
explain a deficient response to Interferon.

Inflammation and immune-activation related to severe 
HIV infection (CD4 <200) could explain the worse prog
nosis of SARS-CoV-2 infection in this subset of patients.

The risk of ICU admission was reported as higher than 
in people not living with HIV in most studies.12,16,17 CD4 
<200 were a risk factor for ICU admission in the study of 
Dandachi et al23 while the increase in current CD4 (per 
100 cells/µL) was a risk factor for Patel et al.16 The two 
studies included a slightly different number of intubated 
patients with significantly different ages: Dandachi et al 
enrolled 47 intubated patients (twice as much than Patel 
et al) with significantly younger age. This difference could 
partially explain the inconsistency of their findings. The 
immune reconstitution as a risk factor could be an inter
esting hypothesis in the development of cytokine storm in 
COVID−19, but high CD4 were not frequently associated 
with severity of disease, even if most patients enrolled in 
these studies had CD4 >500 cells/µL and suppressed HIV- 
VL. However, as previously discussed, low and dysfunc
tional CD4 are not the only immune dysfunction in HIV 
infection.

PLWH with high CD4 (>500) did not show a higher 
risk of cytokine storm in most studies, suggesting that, in 
this group of patients, the role of comorbidities could be 
stronger than that of CD4.

In PLWH, higher mortality rates were reported in two 
large studies.12,15

It is interesting that in the study of Tesoriero et al10 

they did not find a significantly higher mortality rate in 
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PLWH per hospitalization, but when they analyzed per 
population and per diagnosis, HIV infection represented 
a risk factor for death. These results were likely due to the 
higher percentage of PLWH with severe disease.

On the other hand, Hadi et al8 demonstrated a higher 
mortality in PLWH but adjusting for BMI, diabetes, hyper
tension, chronic lung diseases, chronic kidney diseases, 
race, nicotine dependence and sex, no differences were 
found between PLWH vs PNLWH.

CD4<200 cells/µL, age and comorbidities were the 
most documented risk factors for mortality in PLWH.

The role of comorbidities has been demonstrated to be 
crucial. In particular, in Miyashita’s study17 most PLWH 
who deceased younger than 50 years old were male, with 
hypertension and other comorbidities. In the study by 
Geretti et al,9 a higher risk of mortality was also reported 
in PLWH aged <60 years, especially if associated with 
obesity and diabetes.

Besides median age and number of comorbidities that 
are increasing in cohorts of PLWH, especially in Europe,36 

another concern is that chronic airway abnormalities and 
pulmonary inflammation are highly prevalent in HIV 
infection, even in non-smokers.37,38

This review has some limitations. First, we did not per
form a meta-analysis and we cannot evaluate the impact of 
statistical power in the selected studies. Secondly, we did not 
evaluate all the studies on HIV and SARS-CoV-2 but only 
those including more than 40 PLWH.

In conclusion, HIV infection did not seem a risk factor 
for SARS-CoV-2 infection, but when PLWH acquire 
COVID-19 a worse outcome was more frequent than in 
PNLWH, especially in case of severe immune deficiency 
(CD4<200) and in presence of multiple comorbidities.
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