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Abstract 

Background: Data on the association of human immunodeficiency virus (HIV) infection with adverse outcomes in 
patients with COVID-19 are conflicting. This systematic review and meta-analysis aimed to summarize the available 
information on the risk of hospitalization, severe disease, and death attributable to HIV in patients with COVID-19.

Methods: PubMed, EMBASE, Web of Science, and SCOPUS were searched through October 25, 2021, to identify 
relevant studies, without language restriction. A random-effects model was used to pool estimates.

Results: We included 44 studies reporting information from 38,971,065 patients with COVID-19. The pooled preva-
lence of HIV among COVID-19 patients was 26.9 ‰ (95% CI 22.7–31.3) and was significantly higher in studies con-
ducted in Africa compared to those conducted elsewhere (118.5‰ [95% CI 84.8–156.9, 11 studies] vs 10.9‰ [95% 
CI 8.8–13.2, 27 studies]). In pooled analyses of unadjusted odds ratio, HIV-positive individuals were more likely to be 
admitted to hospital (OR: 1.49; 95% CI 1.01–2.21, 6 studies) compared to HIV-negative individuals. In the adjusted (for 
age and sex) analyses, HIV was associated with an increased risk of death (hazard ratio: 1.76, 95% CI 1.31–2.35, 2 stud-
ies). However, HIV was not associated with the severity of the disease (OR: 1.28; 95% CI 0.77–2.13, 13 studies), or death 
(OR: 0.81; 95% CI 0.47; 1.41, 23 studies) in patients with COVID-19 in the meta-analysis of unadjusted odds ratio.

Conclusion: Our findings suggest that patients with HIV have an increased risk of hospital admission for COVID-19. 
HIV seems to be independently associated with increased risk of mortality in COVID-19 patient in adjusted analysis. 
However, this evidence was derived from only two studies.
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Introduction
The coronavirus 2019 (COVID-19) pandemic is imposing 
to the world a huge health, societal and economic bur-
den [1–3]. Despite all the efforts that have been made 
to reduce the spread of the virus and limit its lethality, 
the death rate from COVID-19 remains high. Indeed, 
as of 3 November 2021, approximately 246,951,274 

cases of COVID-19 have been diagnosed worldwide 
and 5,004,855 associated deaths have been recorded [4]. 
Results from vaccination campaigns are promising, with 
a marked reduction in new infections regardless of the 
variant in vaccinated individuals compared to unvacci-
nated or partially vaccinated people [5–8].

Although all ages and profiles are likely to be affected 
by COVID-19, studies suggest that patients with co-mor-
bidities are particularly at risk of adverse outcomes com-
pared to those without [9–11]. For instance, patients with 
hypertension, obesity and diabetes are more likely to die, 
be admitted to intensive care units and have severe forms 
of the infection [9–11]. For some other diseases such 
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HIV, the information on their association with adverse 
outcomes in patients with COVID-19 are conflicting 
[12–17]. However, some regions of the world like sub-
Saharan Africa are at risk of having a burden of COVID-
19 drive by the proportion of HIV patients. Sub-Saharan 
Africa for example bored the highest burden of HIV and 
patients not receiving antiretroviral therapy (ART) [18–
21]. Among the 38 millions of patients living with HIV 
globally, 26 million are in this part of the continent, with 
a relatively high proportion not receiving ART compare 
to other region of the world [18, 19].

HIV causes immunodepression by depleting CD4 cells, 
thus reducing the capacity of the organism to defend 
against bacterial, fungal, parasitic, and viral infections 
such as COVID-19 [20, 22]. This vulnerability to infec-
tion is greater when the immunodepression is severe and 
the patient is not on ART making the patient at risk of 
opportunistic infections [23, 24]. The presence of 38 mil-
lion people worldwide with HIV during this period of 
COVID-19, could therefore be challenging for health sys-
tems worldwide as more aggressive preventive and thera-
peutic measures might be needed for this population. It 
is therefore necessary for programmatic purposes, opti-
mal allocation of public health interventions and prior-
itisation of care in a context of scarce resources due to 
the pandemic [25], to know whether, given the state of 
the art, people living with HIV are proportionally more 
affected than people without the disease, and whether 
they are at greater risk of pejorative outcome when 
affected by COVID-19.

Hence, this study aimed to summarize the available 
information on the risk of hospitalization, severe disease, 
and death attributable to HIV in patients with COVID-19 
and to determine the proportion of patients co-infected 
with HIV among patients with COVID-19.

Methods
This review is reported in accordance with the 
PRISMA guidelines and is registered with PROSPERO 
CRD42021255993.

Search strategy and eligibility criteria
PubMed, EMBASE, Web Sciences, and SCOPUS were 
searched from 1 December 2019 to 25 October 2021 
without language restriction for studies reporting the 
outcome of COVID-19 according to HIV status. Only 
studies involving patients with confirmed COVID-19 
infection (polymerase chain reaction or rapid diagnostic 
test) were included. HIV positivity/negativity was defined 
as per reported by each study. Both study reporting on 
patients with a known HIV status prior to the COVID-19 
pandemic, and those in which the diagnostic of HIV was 
made in patients with COVID-19 during hospitalisation 

were considered. Severe COVID-19 was defined as the 
presence of blood oxygen saturation ≤ 93%; multiple 
organ dysfunction; respiratory failure; septic shock; dysp-
noea; respiratory rate greater than 30/min, PaO2/FiO2 
ratio < 300, and/or lung infiltrates > 50% of the lung field 
within 24–48 h [26]. For duplicates or studies published 
in more than one report, or conducted on the same 
database, the one reporting the largest sample size was 
considered.

The detailed search strategy is presented in the Appen-
dix (Additional file  1: Tables S1–S3). We included all 
studies with at least 20 participants in each group (with 
and without HIV) and reporting sufficient information 
to determine the number of hospital admissions, severe 
cases, or deaths in each group.

After removing duplicates, two investigators (CD, JJN) 
assessed the eligibility of the retrieved articles, first based 
on the title and abstract, then on full text. Disagreements 
between the two investigators were resolved by discus-
sion and consensus.

Data extraction and quality assessment
In each study, we extracted the name of the first author, 
the year of publication, the country, the characteristics 
of the study population (proportion of men, age distri-
bution), the total number of patients with and without 
HIV in the study, the number of patients with each out-
come between those with and without HIV. For all stud-
ies reporting prevalence data, the Joanna Briggs Institute 
(JBI) critical appraisal tool for prevalence studies was 
used to assess the risk of bias [27], with the following 
ranges 0–3, 4–6 and 7–9 indicating high, moderate and 
low risk of bias, respectively. For the remaining studies, 
the JBI tool corresponding to the study design was used 
[28].

Statistical analysis
To obtain the overall proportion of HIV patients among 
COVID-19 patients, a DerSimonian-Laird random-
effects model for meta-analysis within the "meta" pack-
age of R was performed. Then, to estimate the overall risk 
of hospital admission, severe COVID-19, and the risk of 
death among HIV and COVID-19 co-infected patients, a 
random-effects model was run. A subgroup analysis was 
performed according to country location (USA vs. Non-
USA, and Africa vs. Non-Africa).

In addition, adjusted odds ratios (OR) or hazard ratio 
(HR) when available (with their standard error) were 
pooled to obtain an adjusted estimate for each outcome 
where there were at least two studies. We have assessed 
the association between mortality and death with the 
two ways of measuring methods of associations, the odds 
ratio and the hazard ratio. Cochran and  I2 statistics were 
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used to assess and estimate the degree of heterogeneity 
in the meta-analysis [29, 30].  I2 ranging from 0 to 40%, 
40–75%, 75–100% was considered as indicative of low, 
moderate, and substantial heterogeneity respectively. 
Visual inspection of the funnel plot and Egger’s test were 
used to assess publication bias. A sensitivity analysis 
was performed to detect influential studies. A p-value 
of ≤ 0.05 was considered statistically significant. All anal-
yses were performed with R software, version 4.0.2.

Results
Study selection and characteristics
We found 8537 studies from literature searches, and 
finally included 44 studies reporting information from 
38,971,065 patients with COVID-19 in the meta-analysis 
(Additional file 1: Fig. S1). Thirteen (41.9%) studies were 
conducted in the USA. Twenty-eight studies were cross-
sectional studies, eight were cross-sectional analyses of 
a cohort study, three were case series and five were case 
controls. Twenty-eight of the 44 studies were multicen-
tre. All studies included in the systematic review and 
meta-analysis were in English. The sex ratio, and age dis-
tribution of patients according to HIV status was greatly 
variable according to study as summarized in Table 1.

Prevalence of HIV among patients with COVID‑19
Thirty-eight studies were included in the meta-analysis 
of prevalence information. The pooled prevalence of 
HIV among COVID-19 patients was 26.9 ‰ (95% con-
fidence interval [CI] 22.7–31.3) (Fig.  1) and was signifi-
cantly higher in studies conducted in Africa compared to 
those conducted elsewhere (118.5‰ [95% CI 84.8–156.9, 
11 studies] vs 10.9‰ [95% CI 8.8–13.2, 27 studies]). The 
pooled prevalence of HIV among COVID-19 patients 
was 12.9‰ (95% CI 7.7–19.5, 13 studies) in the USA and 
was significantly lower compare with the figure outside 
the USA (49.2‰; 95% CI 24.0–82.2, 25 studies) (P value: 
0.002). The pooled prevalence of HIV among studies con-
ducted on hospital records was 24.6‰ (95% CI 20.4–29.1, 
33 studies), while the figure for population-based studies 
was 56.8‰ (95% CI 11.9–129.7, 5 studies) (Additional 
file 1: Figs. S1–S4).

Risk of in‑hospital admission associated with HIV infection
Based on the meta-analysis of six studies, HIV-positive 
COVID-19 participants were more likely to be admitted 
to hospital than HIV-negative patients (OR: 1.49; 95% CI 
1.01–2.21) (Fig. 2).

Risk of severe COVID‑19 associated with HIV infection
A meta-analysis of 13 studies including 13,016 HIV-
infected individuals with COVID-19, and 1,744,014 
HIV-uninfected individuals with COVID-19, shows that 

HIV does not increase the likelihood of having severe 
COVID-19 (OR: 1.28; 95% CI 0.77–2.13) (Fig.  3), even 
after stratification according to study’s country of recruit-
ment (Additional file 1: Figs. S5, S6).

Risk of death from COVID‑19 associated with HIV infection
Twenty-three studies were included in the unadjusted 
risk ratio meta-analysis and two (one from South Africa, 
and one multicentric) in the adjusted HR meta-analysis.

In unadjusted pooled analyses, there was no association 
between death from COVID-19 and HIV (OR: 0.81; 95% 
CI 0.47; 1.41, 23 studies). However, in analyses adjusted 
for age and sex, HIV was associated with an increased 
risk of death (hazard ratio 1.76, 95% CI 1.31–2.35; 2 stud-
ies) (Fig. 4).

There was no significant difference in the risk of death 
of patients co-infected with HIV and COVID-19, com-
pare with those without HIV even when the analysis was 
stratified by country (Additional file 1: Figs. S7, S8).

Publication bias and sensitivity analysis
The funnel plot of the studies included in the preva-
lence meta-analysis shows some asymmetry which was 
confirmed by Egger’s test (p-value = 0.01) (Additional 
file  1: Fig. S9), suggesting the presence of publication 
bias. However, neither the funnel plot nor the Egger test 
indicated publication bias for studies included in the 
meta-analysis conducted to assess the risk of in-hospital 
admission, severe disease, or death (Additional file  1: 
Figs. S10–S12).

In the leave-one-out analysis, none of the studies 
included when omitted change the overall effect-size 
in all analyses except in the meta-analysis pertaining to 
mortality risk (Additional file  1: Figs. S13–S16). In the 
latter, the omission of the Jassap et  al. study strongly 
influences the overall OR, without changing the direction 
of the association between HIV and COVID-19 mortal-
ity, which remains non-significant (Additional file 1: Fig. 
S16).

Discussion
The results of the current study suggest that co-infection 
with HIV is associated with an increased risk of hospi-
tal admission in people with COVID-19. Furthermore, 
based on the analysis of a limit number of studies, the 
meta-analysis of adjusted (for age and sex) hazard ratio 
showed that HIV increases the risk of death in patients 
with COVID-19. However, HIV was not associated with 
an increased risk of death or of developing severe dis-
ease in the unadjusted analysis. The influence of age and 
sex on the outcome of patients with COVID-19 is well 
known and has been previously published [31, 32]. The 
lack of evidence of higher risk of death in HIV patients 



Page 4 of 12Danwang et al. AIDS Research and Therapy            (2022) 19:3 

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 in

cl
ud

ed
 in

 th
e 

m
et

a-
an

al
ys

is

A
ut

ho
r

Ye
ar

 o
f 

pu
bl

ic
at

io
n

Co
un

tr
y

Pe
ri

od
 o

f 
in

cl
us

io
n

St
at

e/
ci

ty
/

re
gi

on
N

um
be

r o
f 

Ce
nt

re
Re

gi
st

ry
Se

tt
in

g
M

ea
n/

M
ed

ia
n 

ag
e 

(y
rs

.)
M

in
. a

ge
M

ax
. a

ge
%

M
al

es
N

be
r o

f 
pa

tie
nt

s 
w

ith
 

CO
VI

D
‑1

9

N
be

r o
f 

pa
tie

nt
s 

w
ith

 
CO

VI
D

‑1
9 

an
d 

H
IV

Ro
B

Ba
ka

m
ut

u-
m

ah
o

20
21

U
ga

nd
a

M
ar

ch
 to

 
D

ec
em

be
r 

20
20

En
te

bb
e

Si
ng

le
-S

ite
 

st
ud

y
H

R
H

B
35

 (I
Q

R:
27

–4
7)

N
R

N
R

83
27

0
27

Lo
w

Bh
as

ka
ra

n
20

21
U

K
Fe

b,
1,

20
20

N
at

io
na

l
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

H
B

H
IV

 p
os

iti
ve

: 4
8 

(4
0–

55
),

H
IV

 n
eg

at
iv

e:
49

 
(3

4–
64

)

18
N

R
H

IV
 p

os
i-

tiv
e:

 6
4.

7,
 

H
IV

 n
eg

a-
tiv

e:
 4

9.
9

17
,2

82
,9

05
27

,4
80

Lo
w

Bl
an

co
20

20
Sp

ai
n

M
ar

ch
 9

, 
20

20
Ba

rc
el

on
a

Si
ng

le
-S

ite
 

st
ud

y
H

R
H

B
H

IV
 p

os
iti

ve
: 3

7.
8

H
IV

 p
os

i-
tiv

e:
 2

9
H

IV
 p

os
i-

tiv
e:

 4
9

60
54

3
5

Lo
w

Bo
ul

le
20

20
So

ut
h 

A
fri

ca
1 

M
ar

ch
 

to
 9

 Ju
ne

 
20

20

W
es

te
rn

 
Ca

pe
M

ul
ti-

Si
te

 
st

ud
y

H
R

H
B

N
R

20
N

R
H

IV
 p

os
i-

tiv
e:

 2
2.

0,
 

H
IV

 n
eg

a-
tiv

e 
33

.7

22
,3

08
39

78
Lo

w

Br
au

ns
te

in
20

20
U

SA
Ju

ne
 2

, 
20

20
N

ew
 Y

or
k

M
ul

ti-
Si

te
 

st
ud

y
Ye

s
PB

N
R

0
N

R
H

IV
 p

os
i-

tiv
e:

71
.4

, 
H

IV
 n

eg
a-

tiv
e 

51
.1

20
4,

44
2

24
10

Lo
w

By
rd

20
20

U
SA

30
 M

ar
ch

 
an

d 
20

 M
ay

 
20

20

Rh
od

e 
Is

la
nd

Si
ng

le
-S

ite
 

st
ud

y
Ye

s
PB

N
R

30
71

74
.1

15
0

27
Lo

w

Ca
be

llo
20

21
Sp

ai
n

Fe
br

ua
ry

 1
 

un
til

 M
ay

 
20

, 2
02

0

M
ad

rid
M

ul
ti-

Si
te

 
st

ud
y

H
R

H
B

46
 (I

Q
R:

 3
7–

56
)

N
R

N
R

88
.9

70
61

31
Lo

w

Ca
lz

a
20

20
Ita

ly
M

ar
ch

 1
, 

20
20

, a
nd

 
A

pr
il 

30
, 

20
20

Bo
lo

gn
a

Si
ng

le
-S

ite
 

st
ud

y
H

R
H

B
53

.8
 (I

Q
R:

 
42

.5
–6

4.
7)

N
R

N
R

73
.1

75
6

26
Lo

w

Ce
ba

llo
s

20
21

C
hi

le
16

 A
pr

il 
an

d 
23

 Ju
ne

 
20

20

23
 h

os
pi

ta
ls

 
al

l o
ve

r t
he

 
co

un
tr

y

M
ul

ti-
Si

te
 

st
ud

y
H

R
H

B
44

 (I
Q

R:
 2

6–
85

)
N

R
N

R
H

IV
 p

os
i-

tiv
e:

 9
2

18
,3

21
36

Lo
w

C
ha

rr
e

20
20

Fr
an

ce
M

ar
ch

 to
 

A
pr

il 
20

20
Ly

on
U

nc
le

ar
/

N
ot

 
de

sc
rib

ed

Ye
s

PB
H

IV
 p

os
iti

ve
: 5

3.
0 

(4
1.

3–
58

.6
),

H
IV

 n
eg

at
iv

e:
54

.6
 

(3
5.

6–
75

.7
)

N
R

N
R

H
IV

 p
os

i-
tiv

e:
67

.5
, 

H
IV

 n
eg

a-
tiv

e:
40

.5

36
48

12
Lo

w

Co
lli

ns
20

20
U

SA
8 

M
ar

ch
 

20
20

 to
 2

3 
A

pr
il 

20
20

A
tla

nt
a

M
ul

ti-
Si

te
 

st
ud

y
H

R
H

B
57

 (I
Q

R:
 4

8–
62

)
N

R
N

R
H

IV
 p

os
i-

tiv
e:

 6
5

53
0

20
Lo

w

Cu
cu

ru
ll-

Ca
no

sa
20

21
Sp

ai
n

U
p 

to
 1

5 
M

ay
 2

02
0

M
ad

rid
Si

ng
le

-S
ite

 
st

ud
y

H
R

H
B

H
IV

:2
2.

7
H

IV
:4

H
IV

:3
5

H
IV

:5
8.

3
31

7
12

Lo
w



Page 5 of 12Danwang et al. AIDS Research and Therapy            (2022) 19:3  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

 o
f 

pu
bl

ic
at

io
n

Co
un

tr
y

Pe
ri

od
 o

f 
in

cl
us

io
n

St
at

e/
ci

ty
/

re
gi

on
N

um
be

r o
f 

Ce
nt

re
Re

gi
st

ry
Se

tt
in

g
M

ea
n/

M
ed

ia
n 

ag
e 

(y
rs

.)
M

in
. a

ge
M

ax
. a

ge
%

M
al

es
N

be
r o

f 
pa

tie
nt

s 
w

ith
 

CO
VI

D
‑1

9

N
be

r o
f 

pa
tie

nt
s 

w
ith

 
CO

VI
D

‑1
9 

an
d 

H
IV

Ro
B

D
íe

z
20

21
Sp

ai
n

U
p 

to
 3

0 
Ju

ne
 2

02
0

13
 h

os
pi

ta
ls

 
of

 th
e 

17
 

re
gi

on
s 

of
 

th
e 

co
un

tr
y

M
ul

ti-
Si

te
 

st
ud

y
H

R
H

B
H

IV
:5

3;
H

IV
 n

eg
at

iv
e:

53
Q

1:
 H

IV
:4

6;
H

IV
 n

eg
a-

tiv
e:

 4
6

Q
3:

 H
IV

:5
6;

H
IV

 n
eg

a-
tiv

e:
56

H
IV

:9
0.

5;
H

IV
 n

eg
a-

tiv
e:

 9
0.

5

12
6

21
Lo

w

D
ur

st
en

fe
ld

20
21

U
SA

U
p 

to
 

D
ec

em
be

r 
20

20

10
7 

ho
sp

i-
ta

ls
 in

 U
SA

M
ul

ti-
Si

te
 

st
ud

y
Ye

s
H

B
H

IV
: 5

6.
0 
±

 1
3.

0;
H

IV
 n

eg
at

iv
e:

 
62

.3
 ±

 1
7.

9

N
R

N
R

H
IV

:7
2.

3;
H

IV
 n

eg
a-

tiv
e:

53
.9

21
,5

28
22

0
Lo

w

Es
fa

ha
ni

an
20

21
Ira

n
Fr

om
 2

0 
Fe

br
ua

ry
 

to
 1

9 
A

pr
il 

20
20

Te
hr

an
M

ul
ti-

Si
te

 
st

ud
y

H
R

H
B

N
R

N
R

N
R

66
.4

50
0

4
Lo

w

G
er

et
ti

20
20

En
gl

an
d,

 
Sc

ot
la

nd
, 

an
d 

W
al

es

Ju
ne

 2
02

0
M

ul
ti-

co
un

tr
ie

s
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

H
B

H
IV

 p
os

iti
ve

: 5
6 

(IQ
R:

49
, 6

2)
H

IV
 n

eg
at

iv
e:

 7
4 

(6
0,

 8
4)

N
R

N
R

H
IV

 p
os

i-
tiv

e:
66

.1
, 

H
IV

 n
eg

a-
tiv

e:
 5

7.
1

47
,5

92
12

2
Lo

w

G
ud

ip
at

i
20

20
U

SA
M

ar
ch

 2
0,

 
20

20
, a

nd
 

A
pr

il 
30

, 
20

20

M
ic

hi
ga

n
M

ul
ti-

Si
te

 
st

ud
y

H
R

H
B

H
IV

 p
os

iti
ve

:4
9,

H
IV

 n
eg

at
iv

e:
52

N
R

N
R

H
IV

 p
os

i-
tiv

e:
 8

1;
 H

IV
 

ne
ga

tiv
e:

47

65
,5

49
27

8
Lo

w

H
ad

i
20

20
U

SA
N

R
M

as
sa

ch
u-

se
tt

s
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

H
B

H
IV

 p
os

iti
ve

:4
8.

2;
H

IV
 n

eg
at

iv
e:

48
.8

10
N

R
H

IV
 p

os
i-

tiv
e:

 7
0.

6;
 

H
IV

 n
eg

a-
tiv

e:
44

.9

50
,1

67
40

4
Lo

w

Ja
ss

at
20

21
So

ut
h 

A
fri

ca
U

p 
to

 
M

ar
ch

 2
7,

 
20

21

39
3 

pu
bl

ic
 

an
d 

25
1 

pr
iv

at
e 

ho
sp

ita
ls

M
ul

ti-
Si

te
 

st
ud

y
Ye

s
H

B
N

R
N

R
N

R
H

IV
:7

.2
;

H
IV

 n
eg

a-
tiv

e:
92

.8

15
1,

77
9

13
,7

93
Lo

w

Le
e

20
21

U
K

Fr
om

 1
 

Fe
br

ua
ry

 
20

20
 to

 3
1 

M
ay

 2
02

0

Lo
nd

on
, 

M
an

ch
es

-
te

r, 
an

d 
Le

ic
es

te
r

M
ul

ti-
Si

te
 

st
ud

y
H

R
H

B
H

IV
:5

7;
H

IV
 n

eg
at

iv
e:

56
Q

1:
 H

IV
: 5

0;
H

IV
 n

eg
a-

tiv
e:

 5
1

Q
3:

 H
IV

: 6
3;

H
IV

 n
eg

a-
tiv

e:
62

H
IV

:6
1.

8;
H

IV
 n

eg
a-

tiv
e:

 6
3

24
9

68
Lo

w

M
ol

in
a-

Itu
rr

itz
a

20
20

Sp
ai

n
1 

M
ar

ch
 

to
 3

0 
A

pr
il 

20
20

A
ra

ba
M

ul
ti-

Si
te

 
st

ud
y

H
R

H
B

N
R

N
R

N
R

H
IV

 p
os

i-
tiv

e:
78

,
H

IV
 n

eg
a-

tiv
e:

55

89
12

16
1

Lo
w

M
w

an
an

-
ya

nd
a

20
21

Za
m

bi
a

U
p 

to
 

se
pt

em
be

r 
20

20

Lu
sa

ka
Si

ng
le

-S
ite

 
st

ud
y

H
R

H
B

48
Q

1:
36

Q
3:

72
69

70
16

Lo
w



Page 6 of 12Danwang et al. AIDS Research and Therapy            (2022) 19:3 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

 o
f 

pu
bl

ic
at

io
n

Co
un

tr
y

Pe
ri

od
 o

f 
in

cl
us

io
n

St
at

e/
ci

ty
/

re
gi

on
N

um
be

r o
f 

Ce
nt

re
Re

gi
st

ry
Se

tt
in

g
M

ea
n/

M
ed

ia
n 

ag
e 

(y
rs

.)
M

in
. a

ge
M

ax
. a

ge
%

M
al

es
N

be
r o

f 
pa

tie
nt

s 
w

ith
 

CO
VI

D
‑1

9

N
be

r o
f 

pa
tie

nt
s 

w
ith

 
CO

VI
D

‑1
9 

an
d 

H
IV

Ro
B

Ka
rm

en
-

Tu
oh

y
20

20
U

SA
M

ar
ch

 2
, 

20
20

, a
nd

 
A

pr
il 

23
, 

20
20

N
ew

 Y
or

k
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

H
B

N
R

N
R

N
R

N
R

N
A

N
A

Lo
w

Ki
re

ng
a

20
20

U
ga

nd
a

16
 M

ay
 

20
20

En
te

bb
e

M
ul

ti-
Si

te
 

st
ud

y
H

R
H

B
34

.2
N

R
N

R
67

.9
20

3
15

Lo
w

M
as

h
20

21
So

ut
h 

A
fri

ca
M

ar
ch

 a
nd

 
Ju

ne
 2

02
0

W
es

te
rn

 
Ca

pe
M

ul
ti-

Si
te

 
st

ud
y

H
R

H
B

46
.3

N
R

N
R

N
R

13
76

19
5

Lo
w

M
ba

rg
a

20
21

Ca
m

er
oo

n
A

pr
il,

01
, 

20
20

 to
 

Ju
ly

,3
1,

 
20

20

Ya
ou

nd
é

Si
ng

le
-S

ite
 

st
ud

y
H

R
H

B
46

N
R

N
R

62
.5

25
9

7
Lo

w

M
ig

is
ha

20
20

U
ga

nd
a

M
ar

ch
 

21
–A

pr
il 

12
, 

20
20

N
at

io
na

l
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

PB
35

N
R

N
R

63
54

2
Lo

w

Ts
hi

ku
ng

20
21

Sw
itz

er
la

nd
1 

M
ay

 2
02

0
G

en
ev

a
Si

ng
le

-S
ite

 
st

ud
y

H
R

H
B

N
R

N
R

N
R

N
R

10
24

8
Lo

w

Ve
nt

ur
as

20
21

So
ut

h 
A

fri
ca

M
ar

ch
 6

, 
20

21
, t

o 
Se

pt
em

be
r 

11
, 2

02
0

Jo
ha

nn
es

-
bu

rg
Si

ng
le

-S
ite

 
st

ud
y

H
R

H
B

H
IV

: 4
5;

H
IV

 n
eg

at
iv

e:
 5

2.
5

Q
1:

 H
IV

: 3
8;

H
IV

 n
eg

a-
tiv

e:
39

.8

Q
3:

 H
IV

: 5
6;

H
IV

 n
eg

a-
tiv

e:
 6

1

H
IV

: 5
0;

H
IV

 n
eg

a-
tiv

e:
54

38
4

10
8

Lo
w

N
ag

ar
ak

an
ti

20
21

Is
ra

el
M

ar
ch

 2
02

0 
an

d 
A

pr
il 

20
20

N
ew

ar
k 

Be
th

Si
ng

le
-S

ite
 

st
ud

y
H

R
H

B
H

IV
: 5

9;
H

IV
 n

eg
at

iv
e:

 4
9

H
IV

: 5
1;

H
IV

 n
eg

a-
tiv

e:
 4

1

H
IV

: 6
7;

H
IV

 n
eg

a-
tiv

e:
 7

3

H
IV

: 6
1.

0;
H

IV
 n

eg
a-

tiv
e:

34
.8

66
23

Lo
w

Si
lv

a
20

20
Po

rt
ug

al
M

ar
ch

 0
2 

an
d 

Ju
ly

 1
4,

 
20

20

Po
rt

o
Si

ng
le

-S
ite

 
st

ud
y

H
R

H
B

48
N

R
N

R
N

R
20

92
8

Lo
w

Su
lta

n
20

21
Et

hi
op

ia
U

p 
to

 
A

ug
us

t 2
0,

 
20

20

A
dd

is
 

A
ba

ba
M

ul
ti-

Si
te

 
st

ud
y

H
R

H
B

59
17

92
71

85
15

Lo
w

Su
n

20
21

U
SA

U
p 

to
 2

1 
M

ay
 2

02
1

N
at

io
na

l
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

H
B

H
IV

: 5
0;

H
IV

 n
eg

at
iv

e:
47

Q
1:

 H
IV

: 3
6;

H
IV

 n
eg

a-
tiv

e:
32

Q
3:

 H
IV

: 5
9;

H
IV

 n
eg

a-
tiv

e:
61

H
IV

: 4
4.

8;
H

IV
 n

eg
a-

tiv
e:

72
.5

1,
44

6,
91

3
82

70
Lo

w

W
yk

20
20

So
ut

h 
A

fri
ca

3 
Ju

ly
 2

02
0

N
at

io
na

l
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

PB
61

N
R

N
R

52
.0

24
57

34
2

Lo
w

Ya
ng

20
20

C
hi

na
Fe

br
ua

ry
 1

4
W

uh
an

M
ul

ti-
Si

te
 

st
ud

y
H

R
H

B
N

R
N

R
N

R
N

R
18

8
3

Lo
w



Page 7 of 12Danwang et al. AIDS Research and Therapy            (2022) 19:3  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

 o
f 

pu
bl

ic
at

io
n

Co
un

tr
y

Pe
ri

od
 o

f 
in

cl
us

io
n

St
at

e/
ci

ty
/

re
gi

on
N

um
be

r o
f 

Ce
nt

re
Re

gi
st

ry
Se

tt
in

g
M

ea
n/

M
ed

ia
n 

ag
e 

(y
rs

.)
M

in
. a

ge
M

ax
. a

ge
%

M
al

es
N

be
r o

f 
pa

tie
nt

s 
w

ith
 

CO
VI

D
‑1

9

N
be

r o
f 

pa
tie

nt
s 

w
ith

 
CO

VI
D

‑1
9 

an
d 

H
IV

Ro
B

Sh
al

ev
20

20
U

SA
15

 A
pr

il 
20

20
N

ew
 Y

or
k

Si
ng

le
-S

ite
 

st
ud

y
Ye

s
H

B
60

.7
23

89
N

R
21

59
31

Lo
w

O
uy

an
g

20
20

U
SA

3/
1 

to
 5

/1
5,

 
20

20
N

ew
 Y

or
k

Si
ng

le
-S

ite
 

st
ud

y
H

R
H

B
N

R
N

R
N

R
N

R
10

92
22

Lo
w

Pa
rk

er
20

20
So

ut
h 

A
fri

ca
25

 M
ar

ch
 

to
 1

1 
M

ay
 

20
20

Ca
pe

 T
ow

n
Si

ng
le

-S
ite

 
st

ud
y

H
R

H
B

H
IV

 p
os

iti
ve

: 4
6.

2;
H

IV
 n

eg
at

iv
e:

 4
9.

1
N

R
N

R
H

IV
 p

os
i-

tiv
e:

 2
5.

0;
 

H
IV

 n
eg

a-
tiv

e:
 4

2.
7

11
6

24
Lo

w

Ro
se

nt
ha

l
20

20
U

SA
A

pr
il 

1 
an

d 
M

ay
 3

1,
 

20
20

N
at

io
na

l
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

H
B

55
.5

N
R

N
R

49
.3

64
,7

81
25

2
Lo

w

Sa
ch

de
v

20
21

U
SA

M
ar

ch
 2

4,
 

20
20

, t
o 

Se
pt

em
be

r 
3,

 2
02

0

Sa
n 

Fr
an

-
ci

sc
o

M
ul

ti-
Si

te
 

st
ud

y
Ye

s
PB

48
13

N
R

91
.2

98
19

19
3

Lo
w

Si
gl

e
20

20
U

SA
12

 M
ar

ch
 

an
d 

23
 A

pr
il 

20
20

M
ou

nt
 S

in
ai

M
ul

ti-
Si

te
 

st
ud

y
Ye

s
H

B
H

IV
 p

os
iti

ve
: 6

1;
H

IV
 n

eg
at

iv
e:

 6
0

N
R

N
R

H
IV

 p
os

i-
tiv

e:
 7

5,
 H

IV
 

ne
ga

tiv
e:

 
76

44
02

88
Lo

w

St
oe

ck
le

20
20

U
SA

M
ar

ch
 3

, 
20

20
, a

nd
 

M
ay

 1
5,

 
20

20

N
ew

 Y
or

k
Si

ng
le

-S
ite

 
st

ud
y

H
R

H
B

H
IV

 p
os

iti
ve

: 6
0.

5;
H

IV
 n

eg
at

iv
e:

 6
0.

5
N

R
N

R
H

IV
 p

os
i-

tiv
e:

 8
0,

H
IV

 n
eg

a-
tiv

e:
 8

0

N
A

N
A

Lo
w

Te
so

rie
ro

20
21

U
SA

M
ar

ch
 1

 
an

d 
Ju

ne
 

15
, 2

02
0,

N
ew

 Y
or

k
M

ul
ti-

Si
te

 
st

ud
y

Ye
s

H
B

54
.0

N
R

N
R

U
nc

le
ar

19
,4

53
,5

61
24

09
Lo

w

Ye
nd

ew
a

20
21

U
SA

Ja
nu

ar
y 

1 
to

 
D

ec
em

be
r 

1,
 2

02
0

44
 h

ea
lth

-
ca

re
 c

en
te

rs
 

in
 th

e 
U

SA

M
ul

ti-
Si

te
 

st
ud

y
Ye

s
H

B
H

IV
:4

8.
34

 ±
 1

3.
59

;
H

IV
 n

eg
a-

tiv
e:

48
.3

4 
±

 1
3.

59

N
R

N
R

H
IV

:6
9.

4;
H

IV
 n

eg
a-

tiv
e:

 6
9.

4

29
7,

19
4

16
38

Lo
w

H
B:

 H
os

pi
ta

l-b
as

ed
; P

B:
 p

op
ul

at
io

n-
ba

se
d;

 H
R:

 h
os

pi
ta

l r
ec

or
ds

; M
ax

 a
ge

: m
ax

im
um

 a
ge

; M
in

 a
ge

: m
in

im
um

 a
ge

; R
oB

: r
is

k 
of

 b
ia

s



Page 8 of 12Danwang et al. AIDS Research and Therapy            (2022) 19:3 

Study

Pooled

Blanco, 2020
Boulle, 2020
Byrd, 2020
Calza, 2020
Charre, 2020
Collins, 2020
Geretti, 2020
Gudipati, 2020
Hadi, 2020
Kirenga, 2020
Migisha, 2020
Molina−Iturritza, 2020
Ouyang, 2020
Parker, 2020
Rosenthal, 2020
Shalev, 2020
Sigle, 2020
Silva, 2020
Wyk, 2020
Yang, 2020
Bakamutumaho, 2021
Bhaskaran, 2021
Cabello, 2021
Ceballos, 2021
Cucurull−Canosa, 2021
Durstenfeld, 2021
Esfahanian, 2021
Jassat, 2021
Mash, 2021
Mbarga, 2021
Mwananyanda, 2021
Sachdev, 2021
Sultan, 2021
Sun, 2021
Tesoriero, 2021
Tshikung, 2021
Venturas, 2021
Yendewa, 2021

HIV+

    5
 3978
   27
   26
   12
   20
  122
  278
  404
   15
    2

  161
   22
   24
  252
   31
   88
    8

  342
    3

   27
27480

   31
   36
   12
  220
    4

13793
  195
    7

   16
  193
   15

 8270
 2409

    8
  108
 1638

Total

38971065

     543
   22308

     150
     756
    3648
     530

   47592
   65549
   50167

     203
      54

    8912
    1092
     116

   64781
    2159
    4402
    2092
    2457
     188
     270

17282905
    7061
   18321

     317
   21528

     500
  151779
    1376
     259
      70

    9819
      85

 1446913
19453561

    1024
     384

  297194

Prevalence (per 1000)

26.9

9.2
178.3
180.0
34.4

3.3
37.7

2.6
4.2
8.1

73.9
37.0
18.1
20.1

206.9
3.9

14.4
20.0

3.8
139.2
16.0

100.0
1.6
4.4
2.0

37.9
10.2

8.0
90.9

141.7
27.0

228.6
19.7

176.5
5.7
0.1
7.8

281.2
5.5

[95% CI]

[ 22.7;  31.3]

[  3.0;  21.4]
[173.3; 183.4]
[122.1; 251.0]
[ 22.6;  50.0]
[  1.7;   5.7]

[ 23.2;  57.7]
[  2.1;   3.1]
[  3.8;   4.8]
[  7.3;   8.9]

[ 41.9; 118.9]
[  4.5; 127.5]
[ 15.4;  21.0]
[ 12.7;  30.3]

[137.3; 292.0]
[  3.4;   4.4]
[  9.8;  20.3]
[ 16.1;  24.6]
[  1.7;   7.5]

[125.7; 153.5]
[  3.3;  45.9]

[ 66.9; 142.2]
[  1.6;   1.6]
[  3.0;   6.2]
[  1.4;   2.7]

[ 19.7;  65.2]
[  8.9;  11.7]
[  2.2;  20.4]
[ 89.4;  92.3]

[123.7; 161.3]
[ 10.9;  54.9]

[136.7; 344.5]
[ 17.0;  22.6]

[102.3; 274.3]
[  5.6;   5.8]
[  0.1;   0.1]
[  3.4;  15.3]

[236.8; 329.1]
[  5.2;   5.8]

Weight

100.0%

2.5%
3.3%
1.5%
2.6%
3.1%
2.4%
3.3%
3.3%
3.3%
1.7%
0.7%
3.2%
2.8%
1.3%
3.3%
3.0%
3.2%
3.0%
3.1%
1.7%
2.0%
3.3%
3.2%
3.3%
2.1%
3.3%
2.4%
3.3%
2.9%
1.9%
0.9%
3.2%
1.0%
3.3%
3.3%
2.8%
2.2%
3.3%

0 50 100 150 200 250 300 350

Prevalence (per 1000)

Fig. 1 Proportion of HIV positive patients among patients with COVID-19

Study

Total (95% CI)
Heterogeneity: Tau2 = 0.0703; Chi2 = 65.12, df = 5 (P < 0.01); I2 = 92%

Gudipati, 2020
Hadi, 2020
Cabello, 2021
Sun, 2021
Tesoriero, 2021
Yendewa, 2021

Events
 58
 78
 15
545
896
269

Total

13802

  278
  404
   31

 8466
 2988
 1635

HIV+
Events
13054
 5254
 4060

59648
61371
  218

Total

1949748

  65271
  49763
   7030

1450815
 375260

   1609

HIV −
Weight

100.0%

16.0%
17.1%
7.4%

20.4%
20.6%
18.5%

MH, Random, 95% CI

1.49 [1.01; 2.21]

1.05 [0.79; 1.41]
2.03 [1.58; 2.60]
0.69 [0.34; 1.39]
1.60 [1.47; 1.75]
2.19 [2.02; 2.37]
1.26 [1.04; 1.52]

Odds Ratio

0.5 1 2

Odds Ratio
MH, Random, 95% CI

Fig. 2 Risk of hospital admission according to HIV status among COVID-19 patients



Page 9 of 12Danwang et al. AIDS Research and Therapy            (2022) 19:3  

with COVID-19 in previous meta-analyses on the topic is 
probably because these meta-analyses pooled unadjusted 
estimators [14, 33].

Indeed, in our study, when pooling the unadjusted risk 
ratios, no difference in terms of mortality is observed. 
This contradictory result draws attention on the need 
to consider homogeneously adjusted estimators in the 
meta-analyses rather than raw estimators [11]. The pos-
sibility that the effect observed in the unadjusted analysis 
is attributable to sex cannot be excluded, as sex is known 
to influence the outcome of COVID-19 patients [34–40]. 
Our findings could have been different if the analyses 
had been stratified according to CD4 count or ARV pro-
tocol. Indeed, some ARVs such as tenofovir disoproxil 
fumarate/emtricitabine (TDF/FTC) are reported to be 
potentially effective against COVID-19 and could have a 
protective effect in patients on these drugs, thus modify-
ing the natural history of the disease in patients treated 
with these medications [41–44]. In addition, CD4 count 
and lymphopenia, are known to be associated with dis-
ease severity and could have an impact on the evolution 
of COVID-19, as one of the main mechanisms underlying 
COVID-19-related morbidity and mortality is cytokine 
storm [45]. Deep immunodepression and low CD4 count 
could therefore increase the probability of having lym-
phopenia and a pejorative course of COVID-19 in HIV 
patients. Indeed in two recent studies presented in the 
conference on retrovirus and opportunistic infections 
(CROI), the mortality rate between HIV-positive and 
HIV-negatives patients with COVID-19 was not statisti-
cally different in treated and well- controlled patients [46, 
47].

The relationship between age and increased comorbidi-
ties in HIV-positive patients compared to their negative 

counterparts is well established. The presence of inflam-
mation in patients with HIV, even under effective ART, is 
thought to be the cause of renal, cardiovascular, and neu-
rological diseases [48, 49]. These comorbidities are asso-
ciated with poor outcomes of COVID-19 [44, 49].

Our results point to a potential increased risk of admis-
sion for COVID-19 in HIV-infected individuals. This 
probably reflects the conservative approach used by phy-
sicians for this category of patients, given the inconsist-
ent evidence regarding their outcome. Indeed, knowing 
the vulnerability of HIV patients to infections due to the 
pathophysiology of the disease [43], physicians may be 
inclined to admit HIV-positive individuals more easily 
than HIV-uninfected individuals, in order to better mon-
itor them in hospital and anticipate the occurrence of any 
potential complications.

Our results also shows that co-infection with HIV 
does not increase the risk of presenting severe forms of 
COVID-19 as previously found by other authors [12]. 
Several hypotheses have been suggested to explain this 
phenomenon. The most plausible of which is the pres-
ence of immunodepression, which prevents patients 
from triggering and maintaining the cytokine storm 
responsible for the inflammatory manifestations of 
the disease, and which intensity is correlated with the 
severity of the disease. However, this claim would only 
be valid in HIV-immunocompromised patients with 
low CD4 counts and high viral load. A meta-analy-
sis stratifying the outcomes according to CD4 count 
would therefore make it possible to distinguish whether 
severely immunocompromised patients are less likely 
to present severe COVID-19 compare with patients 
on ARVs with a CD4 count above 200 cells/mm3. This 
especially because some studies have shown a worser 
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prognosis in patients with CD4 counts below 200/mm3 
[48]. Unfortunately, few studies included in our meta-
analysis stratified their results according to CD4 count, 
making it difficult to pooled studies according to CD4 
count and to assess the veracity of this hypothesis using 
available evidence.

The current study highlights the need to consider 
HIV patients as a sub-population at high risk of hospi-
tal admission. They also call for more studies stratify-
ing their analyses according to the different conditions 
(gender, age) and comorbidities known to influence the 

course of COVID-19, to clarify the contribution of HIV 
in disease progression.

Several reviews have attempted to synthesise out-
come information for HIV patients with COVID-19 
[12–17, 50]. However, these studies have either included 
preprints and therefore unpublished articles in peer-
reviewed journals, or they have meta-analysed unad-
justed estimators, ignoring the potential difference in 
the composition of the study populations and, more 
importantly, the presence of factors such as co-morbid-
ities other than HIV that could influence outcomes in 

Fig. 4 Risk of death among COVID-19 patients according to HIV status. Meta-analysis of adjusted and unadjusted estimates
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primary studies. The strength of our study was to give for 
the first time a meta-analysis of adjusted estimators and 
to included only articles published in peer review jour-
nals. Furthermore, the pooled sample size in our meta-
analysis was high (38,971,065 patients with COVID-19). 
However, some limitations of the current study are the 
absence of the stratification of the analysis according to 
ART regimen, and the level of CD4. This was due to the 
lack of sufficient information to conduct these subgroup 
analyses. Secondly the number of studies included in the 
meta-analysis of adjusted point estimates was low.

Conclusion
Findings of the current review suggest that patients 
with HIV have an increased risk of hospital admission. 
Although crude analysis did not show an association 
between HIV infection and an increased risk of death or 
of developing severe disease in patients with COVID-19, 
adjusted data from two studies suggest that HIV infec-
tion increased the risk of mortality due to COVID-19. 
However, this later evidence was weak as it was derived 
from only two studies.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12981- 021- 00427-y.

Additional file 1. Additional Figures and Tables.

Acknowledgements
None.

Financial disclosures
Dr. Danwang is supported by a scholarship from the Université catholique de 
Louvain. Dr. Noubiap is supported by a postgraduate scholarship from the 
University of Adelaide.

Authors’ contributions
JC conceived the original idea of the study. CD and JJN selected the studies, 
extracted the relevant information, and synthetized the information. CD and 
JJN did the literature search. CD performed analyses and wrote the first draft 
of the paper with inputs from JC, AR and JJN. All authors critically revised suc-
cessive drafts of the paper. All authors read and approved the final manuscript.

Funding
This study received no funding.

Availability of data and materials
All materials are available in the manuscript and additional file.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors approved the final version of the manuscript and agree for 
publication.

Competing interests
We declare no competing interests.

Author details
1 Epidemiology and Biostatistics Unit, Institut de Recherche Expérimentale 
et Clinique, Université Catholique de Louvain, Brussels, Belgium. 2 Centre 
for Heart Rhythm Disorders, University of Adelaide and Royal Adelaide 
Hospital, Adelaide, Australia. 3 Department of Internal Medicine and Infec-
tious Diseases, HIV/AIDS Reference Center, Cliniques Universitaires Saint-Luc, 
Avenue Hippocrate 10, 1200 Brussels, Belgium. 

Received: 2 June 2021   Accepted: 20 December 2021

References
 1. Nicola M, Alsafi Z, Sohrabi C, Kerwan A, Al-Jabir A, Iosifidis C, et al. The 

socio-economic implications of the coronavirus pandemic (COVID-19): a 
review. Int J Surg. 2020;78:185–93.

 2. Sen P, Yamana TK, Kandula S, Galanti M, Shaman J. Burden and 
characteristics of COVID-19 in the United States during 2020. Nature. 
2021;598(7880):338–41.

 3. Chen S, Prettner K, Kuhn M, Bloom DE. The economic burden of COVID-
19 in the United States: Estimates and projections under an infection-
based herd immunity approach. J Econ Ageing. 2021;20:100328.

 4. WHO Coronavirus (COVID-19) Dashboard. https:// covid 19. who. int. 
Accessed 3 Nov 2021.

 5. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. 
Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl J 
Med. 2020;383(27):2603–15.

 6. Hall VJ, Foulkes S, Saei A, Andrews N, Oguti B, Charlett A, et al. COVID-19 
vaccine coverage in health-care workers in England and effectiveness 
of BNT162b2 mRNA vaccine against infection (SIREN): a prospective, 
multicentre, cohort study. Lancet. 2021;397(10286):1725–35.

 7. Lopez Bernal J, Andrews N, Gower C, Gallagher E, Simmons R, Thelwall 
S, et al. Effectiveness of Covid-19 vaccines against the B.1.617.2 (Delta) 
Variant. N Engl J Med. 2021;385(7):585–94.

 8. Thompson MG, Stenehjem E, Grannis S, Ball SW, Naleway AL, Ong TC, 
et al. Effectiveness of Covid-19 vaccines in ambulatory and inpatient care 
settings. N Engl J Med. 2021;385(15):1355–71.

 9. Osibogun A, Balogun M, Abayomi A, Idris J, Kuyinu Y, Odukoya O, et al. 
Outcomes of COVID-19 patients with comorbidities in southwest Nigeria. 
PLoS ONE. 2021;16(3):e0248281.

 10. Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P, et al. 
Comorbidity and its impact on patients with COVID-19. SN Compr Clin 
Med. 2020;25:1–8.

 11. Cho SI, Yoon S, Lee H-J. Impact of comorbidity burden on mortality in 
patients with COVID-19 using the Korean health insurance database. Sci 
Rep. 2021;11(1):6375.

 12. Lee KW, Yap SF, Ngeow YF, Lye MS. COVID-19 in people living with HIV: 
a systematic review and meta-analysis. Int J Environ Res Public Health. 
2021;18(7):3554.

 13. Ssentongo P, Heilbrunn ES, Ssentongo AE, Advani S, Chinchilli VM, Nunez 
JJ, et al. Epidemiology and outcomes of COVID-19 in HIV-infected indi-
viduals: a systematic review and meta-analysis. Sci Rep. 2021;11:6282.

 14. Liang M, Luo N, Chen M, Chen C, Singh S, Singh S, et al. Prevalence and 
mortality due to COVID-19 in HIV Co-infected population: a systematic 
review and meta-analysis. Infect Dis Ther. 2021;10(3):1267–85.

 15. SeyedAlinaghi S, Karimi A, MohsseniPour M, Barzegary A, Mirghaderi 
SP, Fakhfouri A, et al. The clinical outcomes of COVID-19 in HIV-positive 
patients: a systematic review of current evidence. Immun Inflamm Dis. 
2021;9(4):1160–85.

 16. de Medeiros KS, da Silva LAS, de Macêdo LT, Sarmento AC, Costa APF, 
Eleutério JJ, et al. Potential impact of the COVID-19 in HIV-infected 
individuals: a systematic review impact of the COVID-19 in HIV-infected 
individuals. Rev Assoc Med Bras. 2021;67:127–56.

 17. Mellor MM, Bast AC, Jones NR, Roberts NW, Ordóñez-Mena JM, Reith AJM, 
et al. Risk of adverse coronavirus disease 2019 outcomes for people living 
with HIV. AIDS. 2021;35(4):F1-10.

https://doi.org/10.1186/s12981-021-00427-y
https://doi.org/10.1186/s12981-021-00427-y
https://covid19.who.int


Page 12 of 12Danwang et al. AIDS Research and Therapy            (2022) 19:3 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 18. UNAIDS data 2020. https:// www. unaids. org/ en/ resou rces/ docum ents/ 
2020/ unaids- data. Accessed 16 May 2021.

 19. Ambrosioni J, Blanco JL, Reyes-Urueña JM, Davies M-A, Sued O, Marcos 
MA, et al. Overview of SARS-CoV-2 infection in adults living with HIV. 
Lancet HIV. 2021;8(5):e294-305.

 20. HIV/AIDS. WHO | Regional Office for Africa. https:// www. afro. who. int/ 
health- topics/ hivai ds. Accessed 3 Nov 2021.

 21. Dwyer-Lindgren L, Cork MA, Sligar A, Steuben KM, Wilson KF, Provost NR, 
et al. Mapping HIV prevalence in sub-Saharan Africa between 2000 and 
2017. Nature. 2019;570(7760):189–93.

 22. Richman DD. Normal physiology and HIV pathophysiology of human 
T-cell dynamics. J Clin Invest. 2000;105(5):565–6.

 23. Kouanfack OSD, Kouanfack C, Billong SC, Cumber SN, Nkfusai CN, Bede F, 
et al. Epidemiology of opportunistic infections in HIV infected patients on 
treatment in accredited HIV treatment centers in Cameroon. Int J MCH 
AIDS. 2019;8(2):163–72.

 24. Mellors JW, Muñoz A, Giorgi JV, Margolick JB, Tassoni CJ, Gupta P, et al. 
Plasma viral load and CD4+ lymphocytes as prognostic markers of HIV-1 
infection. Ann Intern Med. 1997;126(12):946–54.

 25. Emanuel EJ, Persad G, Upshur R, Thome B, Parker M, Glickman A, et al. Fair 
allocation of scarce medical resources in the time of Covid-19. N Engl J 
Med. 2020;382(21):2049–55.

 26. Report of the WHO-China Joint Mission on Coronavirus Disease 2019 
(COVID-19). https:// www. who. int/ publi catio ns- detail/ report- of- the- who- 
china- joint- missi on- on- coron avirus- disea se- 2019- (covid- 19). Accessed 30 
Apr 2020.

 27. Joanna MJ, Institute B. Critical appraisal checklist for prevalence. Studies. 
2017;2017:7.

 28. critical-appraisal-tools - Critical Appraisal Tools | Joanna Briggs Institute. 
https:// jbi. global/ criti cal- appra isal- tools. Accessed 2 Nov 2021.

 29. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. 
Stat Med. 2002;21(11):1539–58.

 30. Cochran WG. The combination of estimates from different experiments. 
Biometrics. 1954;10(1):101–29.

 31. Biswas M, Rahaman S, Biswas TK, Haque Z, Ibrahim B. Association of sex, 
age, and comorbidities with mortality in COVID-19 patients: a systematic 
review and meta-analysis. INT. 2021;64(1):36–47.

 32. Costenaro P, Minotti C, Barbieri E, Giaquinto C, Donà D. SARS-CoV-2 
infection in people living with HIV: a systematic review. Rev Med Virol. 
2021;31(1):1–12.

 33. Choy K-T, Wong AY-L, Kaewpreedee P, Sia SF, Chen D, Hui KPY, et al. Rem-
desivir, lopinavir, emetine, and homoharringtonine inhibit SARS-CoV-2 
replication in vitro. Antiviral Res. 2020;178:104786.

 34. Del Amo J, Polo R, Moreno S, Díaz A, Martínez E, Arribas JR, et al. Inci-
dence and severity of COVID-19 in HIV-positive persons receiving antiret-
roviral therapy: a cohort study. Ann Intern Med. 2020;173(7):536–41.

 35. Danwang C, Endomba FT, Nkeck JR, Wouna DLA, Robert A, Noubiap JJ. A 
meta-analysis of potential biomarkers associated with severity of corona-
virus disease 2019 (COVID-19). Biomark Res. 2020;8:37.

 36. Characterizing Covid-19 presentation and clinical outcomes in HIV 
patients in the US. https:// www. natap. org/ 2021/ CROI/ croi_ 109. htm. 
Accessed 16 May 2021.

 37. COVID-19 in hospitalized HIV-positive and HIV-negative patients: a 
matched study [Internet]. CROI Conference. https:// www. croic onfer ence. 
org/ abstr act/ covid- 19- in- hospi taliz ed- hiv- posit ive- and- hiv- negat ive- 
patie nts-a- match ed- study/. Accessed 19 May 2021.

 38. Shi Y, Yu X, Zhao H, Wang H, Zhao R, Sheng J. Host susceptibility to severe 
COVID-19 and establishment of a host risk score: findings of 487 cases 
outside Wuhan. Crit Care. 2020;24(1):108.

 39. Jin J-M, Bai P, He W, Wu F, Liu X-F, Han D-M, et al. Gender differences in 
patients with COVID-19: focus on severity and mortality. Front Public 
Health. 2020;8:152.

 40. Kopel J, Perisetti A, Roghani A, Aziz M, Gajendran M, Goyal H. Racial and 
gender-based differences in COVID-19. Front Public Health. 2020;8:418.

 41. Falutz J, Brañas F, Erlandson KM. Frailty: the current challenge for aging 
people with HIV. Curr Opin HIV AIDS. 2021;16(3):133–40.

 42. Ponatshego PL, Youssouf NF, Mosepele M. Current co-morbidities burden 
in patients living with HIV in low- and middle-income countries. Curr 
Opin HIV AIDS. 2021;16(3):163–7.

 43. Justiz Vaillant AA, Naik R. HIV-1 Associated Opportunistic Infections. In: 
StatPearls. Treasure Island (FL): StatPearls Publishing; 2021. http:// www. 
ncbi. nlm. nih. gov/ books/ NBK53 9787/. Accessed 3 Nov 2021.

 44. Elfiky AA. Ribavirin, Remdesivir, Sofosbuvir, Galidesivir, and Tenofovir 
against SARS-CoV-2 RNA dependent RNA polymerase (RdRp): a molecular 
docking study. Life Sci. 2020;253:117592.

 45. Melo AKG, Milby KM, Caparroz ALMA, Pinto ACPN, Santos RRP, Rocha 
AP, et al. Biomarkers of cytokine storm as red flags for severe and fatal 
COVID-19 cases: a living systematic review and meta-analysis. PLoS ONE. 
2021;16(6):e0253894.

 46. Chen LYC, Quach TTT. COVID-19 cytokine storm syndrome: a threshold 
concept. Lancet Microbe. 2021;2(2):e49-50.

 47. Tang Y, Liu J, Zhang D, Xu Z, Ji J, Wen C. Cytokine storm in COVID-19: the 
current evidence and treatment strategies. Front Immunol. 2020;11:1708.

 48. 5th Joint Conference of the British HIV Association (BHIVA) with the British 
Association for Sexual Health and HIV (BASHH). https:// www. bhiva. org/ 
Annua lConf erenc e2021. Accessed 3 Nov 2021.

 49. Foresta C, Rocca MS, Di Nisio A. Gender susceptibility to COVID-19: a 
review of the putative role of sex hormones and X chromosome. J Endo-
crinol Invest. 2021;44(5):951–6.

 50. Hariyanto TI, Rosalind J, Christian K, Kurniawan A. Human immunodefi-
ciency virus and mortality from coronavirus disease 2019: a systematic 
review and meta-analysis. South Afr J HIV Med. 2021;22(1):1220.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.unaids.org/en/resources/documents/2020/unaids-data
https://www.unaids.org/en/resources/documents/2020/unaids-data
https://www.afro.who.int/health-topics/hivaids
https://www.afro.who.int/health-topics/hivaids
https://www.who.int/publications-detail/report-of-the-who-china-joint-mission-on-coronavirus-disease-2019-(covid-19)
https://www.who.int/publications-detail/report-of-the-who-china-joint-mission-on-coronavirus-disease-2019-(covid-19)
https://jbi.global/critical-appraisal-tools
https://www.natap.org/2021/CROI/croi_109.htm
https://www.croiconference.org/abstract/covid-19-in-hospitalized-hiv-positive-and-hiv-negative-patients-a-matched-study/
https://www.croiconference.org/abstract/covid-19-in-hospitalized-hiv-positive-and-hiv-negative-patients-a-matched-study/
https://www.croiconference.org/abstract/covid-19-in-hospitalized-hiv-positive-and-hiv-negative-patients-a-matched-study/
http://www.ncbi.nlm.nih.gov/books/NBK539787/
http://www.ncbi.nlm.nih.gov/books/NBK539787/
https://www.bhiva.org/AnnualConference2021
https://www.bhiva.org/AnnualConference2021

	Outcomes of patients with HIV and COVID-19 co-infection: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Search strategy and eligibility criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study selection and characteristics
	Prevalence of HIV among patients with COVID-19
	Risk of in-hospital admission associated with HIV infection
	Risk of severe COVID-19 associated with HIV infection
	Risk of death from COVID-19 associated with HIV infection
	Publication bias and sensitivity analysis

	Discussion
	Conclusion
	Acknowledgements
	References




