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ABSTRACT

Introduction: The coronavirus disease 2019
(COVID-19) was defined as a species of beta
coronavirus causing atypical respiratory disease
in humans. The COVID-19 pandemic has
resulted in an unprecedented health and eco-
nomic crisis worldwide. Little is known about
the specifics of its influence on people living
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with human immunodeficiency virus (HIV)/ac-
quired immunodeficiency syndrome (AIDS)
(PLWHA). In this study, we aim to investigate
the prevalence and mortality in PLWHA co-in-
fected with COVID-19.

Methods: The databases PUBMED, EMBASE,
BioRxiv, and medRxiv were searched up to 9
March 2021 to explore the prevalence and
mortality rate of COVID-19 in PLWHA. Cohort
studies and case series meeting the inclusion
criteria were included in this review.

Results: We identified 14 eligible studies, 9 of
which were cohort and 5 were case series. A
total of 203,761 patients with COVID-19 were
identified (7718 PLWHA vs. 196,043 non-
PLWHA). Meta-analyses estimated the preva-
lence and mortality rate of COVID-19 in
PLWHA was 0.774% [95% confidence interval
(CI) 0.00393-0.01517] and 8.814% (95%
CI 0.05766-0.13245) respectively. COVID-19
co-infected PLWHA do not seem to be associ-
ated with higher mortality, as compared to non-
PLWHA [relative risk (RR) 0.96 (95%
CI0.88-1.06)]. The presence of comorbidities
such as diabetes mellitus, RR 5.2 (95%
CI 4.25-6.36), hypertension and chronic car-
diac disease, RR 4.2 (95% CI 1.09-16.10), and
chronic kidney disease, RR 8.43 (95%
CI5.49-12.93) were associated with an
increased mortality in COVID-19 co-infected
PLWHA.

Conclusion: The estimated prevalence and
mortality rate of COVID-19 in PLWHA were
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0.774% and 8.814%, respectively. Since most of
the included studies used unmatched popula-
tions, comparisons between PLWHA and non-
PLWHA should be interpreted with caution.
Further investigations are needed for a more
comprehensive understanding of the relation-
ship between cluster of differentiation 4 cell
count, HIV viral load, antiretroviral therapy,
and COVID-19 related prognosis in PLWHA.

Keywords: COVID-19; HIV; Meta-analysis;
Prevalence; Prognosis; Systematic review

Why carry out this study?

The coronavirus disease 2019 (COVID-19)
pandemic has become a major public
health crisis globally. The correlation
between human immunodeficiency virus
(HIV) and COVID-19 remains unclear.

People living with HIV/acquired
immunodeficiency syndrome (AIDS)
(PLWHA) are generally thought to be at a
higher risk for developing a severe course
and outcome of COVID-19 infection due
to immunodeficiency. Therefore, there is
an underlying interest to investigate the
impact of COVID-19 on this population.

What was learned from the study?

This study defined a total of 203,761
patients with COVID-19 (7718 PLWHA vs.
196,043 non-PLWHA). Meta-analyses
showed estimated prevalence and
mortality rate of COVID-19 in PLWHA
was 0.774% and 8.814%, respectively.

This study indicated increased mortality
among COVID-19 co-infected PLWHA
having co-morbid conditions such as
diabetes mellitus, chronic kidney disease,
hypertensionand chronic cardiac disease.

No statistical significance was observed in
mortality between PLWHA and non-
PLWHA.

Further studies are needed to address the
role of cluster of differentiation 4 cells,
HIV viral load, and antiretroviral therapy
in COVID-19 co-infection.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14381498.

INTRODUCTION

Since coronavirus disease 2019 (COVID-19)
emerged in China in late 2019, it has proven to
be an urgent threat to global health. As of 21
March 2021, COVID-19 has affected 215 coun-
tries and territories, resulting in more than 100
million identified cases and 27 million con-
firmed deaths [1]. Global statistics from 2019
show approximately 38 million people chroni-
cally infected with human immunodeficiency
virus (HIV) [2]; therefore, there has been a deep
interest to explore the impact of COVID-19
infection among people living with HIV/ac-
quired immunodeficiency syndrome (AIDS)
(PLWHA). However, the prevalence and prog-
nosis, as well as other clinical characteristics of
COVID-19 co-infected PLWHA, have not been
studied extensively. A recent cohort study by
Had et al. of 404 HIV patients showed no sta-
tistical significance in mortality due to COVID-
19 co-infection when compared to a matched
control population [3]. Conversely, two cohort
studies conducted by Boulle et al. [4] (3978 HIV
patients) and Huang et al. [S] (6001 HIV
patients) indicated that HIV was associated with
higher mortality as compared to controls.
However, the prevalence and prognosis of
COVID-19 and the role of other characteristics
[e.g., age, comorbidities, HIV viral load, cluster
of differentiation 4 (CD4) cell count, and
antiretroviral therapy (ART)] during infection in
this population is not clear. Hence, a systematic
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review and meta-analysis will help to summa-
rize the results.

METHODS

Protocol and Registration

This meta-analysis was conducted in accor-
dance with the statement of the preferred
reporting items for systematic reviews and
meta-analysis (PRISMA) [6]. The registration
number for the international prospective regis-
ter of systematic review (PROSPERO) is
CRD42021231640. The primary outcome for
this systematic review and meta-analysis is the
prevalence and mortality rate of COVID-19 in
PLWHA. Additional outcomes included mor-
tality comparison in PLWHA and non-PLWHA
due to COVID-19 co-infection, as well as the
roles of comorbidity, CD4 cells, ART, and HIV
viral load in COVID-19-related outcomes in
PLWHA. Subgroup analyses were conducted
based on the study population and country.

Eligibility Criteria

We included preprints to capture emerging
evidence. Studies reporting the following data
were considered for inclusion: (1) investigated
clinical outcomes of COVID-19 co-infection in
PLWHA, including prevalence, mortality, need
for intensive care support, comorbidity, dura-
tion of hospitalization, and recovery; (2) labo-
ratory findings:  inflammation  biomarkers
during hospitalization, HIV viral load, and
count of CD4 cells prior to the co-infection; and
(3) validated diagnostic criteria of COVID-19
and accurate study dates.

Exclusion criteria were as follows: (1) studies
without available data for synthesis; and (2)
single case reports, case series with a reported
number of participants less than 15, review
editorials, and conference abstracts. There were
no restrictions regarding age, sex, or duration of
the study.

Detailed studies with large populations and
multi-center involvement were preferred for
this review as these reduced deviations and met

requirements for studies conducted in the same
region/country and having a population
overlap.

Electronic Search

A systematic search was independently per-
formed by two authors through electronic
databases, including PUBMED, EMBASE, BioR-
xiv, and medRxiv, which were searched up to 9
March 2021 with the publication language
restricted to English. Studies were retrieved by
utilizing medical subject headings (MeSH) and
MeSH-derived topical terms. Our search term
for PUBMED was ((“COVID-19” OR “2019 novel
coronavirus disease” OR “COVID19” OR
“COVID-19 pandemic” OR “SARS-CoV-2 infec-
tion” OR “COVID-19 virus disease” OR “2019
novel coronavirus infection” OR “2019-nCoV
infection” OR “coronavirus disease 2019” OR
“coronavirus disease-19” OR “2019-nCoV dis-
ease” OR “COVID-19 virus infection”) AND
(“HIV” OR “Human Immunodeficiency Virus*”
OR “Human T Cell Lymphotropic Virus Type
[II” OR “Human T-Cell Leukemia Virus Type III”
OR “LAV-HTLV-III” OR “Lymphadenopathy-
Associated Virus*” OR “Human T Lymphotropic
Virus Type III” OR “AIDS Virus*” OR “Acquired
Immun* Deficiency Syndrome Virus” OR
“HTLV-III")).

Study Selection

Articles that were considered to be potentially
relevant to the topic were obtained in full text.
Two independent reviewers (Shivank, S. and
Shantanu, S.) performed the search, two inde-
pendent reviewers screened the titles, abstracts,
and full texts (C.N.C. and M.F.C.), and disputes
were resolved by consensus or consultation
with the supervisors (M.L. and S.F.T.).

Data Collection Process

The following information was extracted from
each included study: (1) first author’s name,
year of publication; (2) location; (3) study
design; (4) comparison or control; (5) sample
size; (6) patient characteristics: median age; (7)
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ART; (8) confirmation method for COVID-19;
and (9) outcome: mortality. Data were extracted
by three authors (C.N.C, S.E.T, and N.L.) and
validated by a fourth author (Shantanu. S.).

Risk of Bias of Individual Studies

The quality assessment for the case series was
conducted in accordance with the Joanna Briggs
Institute (JBI) checklist for case series [7]. The
JBI checklist for case series rates the quality of
selection, measurement, and comparability of
studies, giving a score ranging from O to 10. For
cohort studies, biases were assessed with the
Newcastle-Ottawa scale, which included ratings
of selection bias, comparability issues, and
outcome reporting bias [8]. Two reviewers
(C.N.C. and N.L.) assessed the risk of bias for
each study independently. Any disagreement
was resolved by consultation with the supervi-
sors (M.L. and S.E.T.).

Statistical Methods

We calculated prevalence estimates using the
variance of the ‘logit of accuracy indices’, since
the weightage of inverse variance in meta-
analysis is sub-optimum while dealing with data
having non-normal distribution and low
prevalence [9]. For dichotomous outcomes, we
calculated the relative risk (RR) with 95% con-
fidence interval (CI). We assessed for statistical
heterogeneity by visual inspection of the forest
plot and calculation of the Higgin’s I* statistic
[10]. According to the Cochrane Handbook for
Meta-analysis, when meta-analysis was possible
because of acceptable clinical and method-
ological heterogeneity, we reported the fixed-
effects model summary estimate for I* <25%
and the random-effects model summary esti-
mate for I?>25% [11]. We expected the exis-
tence of heterogeneity (I>>25%), due to
concerns of study design, the number in the
population, and varied statistical approaches in
studies. Therefore, meta-analyses were per-
formed based on a randomized effect model in
this review. Meta-analyses and forest plots were
performed in R (v.4.0.2; R Foundation for

Statistical Computing, Vienna, Austria), using
the meta-package [12].

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies of
human participants or animals performed by
any of the authors.

RESULTS

Study Selection

The primary outcome of interest for this review
was the prevalence of COVID-19 in PLWHA and
the mortality rate in those who were co-infected
with COVID-19. A total of 3,344 articles were
retrieved from electronic databases up to 9
March 2021. After the removal of irrelevancy
and duplicates, 83 articles were taken for full-
text screening, and, finally, 14 studies providing
outcomes of interest were included for review
[4, 5, 13-24]. Of these included studies 13 were
peer-reviewed, while 1 case series was unpub-
lished [19]. A PRISMA flow chart for the litera-
ture search is shown in Fig. 1.

Study Characteristics

A total of 203,761 patients with COVID-19 were
identified (7,718 PLWHA vs. 196,043 non-
PLWHA). To assess the prevalence of COVID-19
in PLWHA, a total of 757,103 patients were
included. Table 1 outlines the characteristics
and data extracted from the included studies.
Nine studies were of cohort design
[4, 5, 13, 15, 17, 18, 20-22] and the other five
were case series [14, 16, 19, 23, 24]. Only one
cohort study used matched population design
while comparing PLWHA and non-PLWHA[21].
Seven of the studies were conducted in Europe
(England, UK [18], Italy [14, 20], Spain [13],
France [17]), Germany [24], and Central/East
European countries [19]. The others were from
Asia (China [S]), Africa (Western Cape [4]),
North America (United States [16, 21-23]), and
South America (Chile [15]), respectively. Four of
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Fig. 1 PRISMA flowchart of literature search and study selection

the cohort studies used a mass
database(provincial/national) for population
recruitment [4, 5, 18, 22], another two had a
multi-center involvement [13, 15], and three
studies had a single-center involvement
[17, 20, 21]. Four out of the five case series were
of a multi-center design [14, 16, 19, 24]. For
analysis of COVID-19 prevalence in PLWHA, we
identified six studies with a population total of
757,103 patients. For analysis of mortality due
to COVID-19 in PLWHA, 14 studies were
included, with a total of 5626 patients. For
comparison of mortality due to COVID-19
between PLWHA and non-PLWHA, six studies
with a total number of 5,090 PLWHA and

195,812 non-PLWHA patients were included.
Additionally, four studies provided data of
comorbidities among PLWHA and non-PLWHA,
which enabled us to perform a comparison for
the risk of COVID-19 co-infection based on
various comorbidities in the two groups. Only
two of the included studies reported data of
CD4 count and HIV viral load before/during
hospitalization between COVID-19-infected
and non-COVID-19-infected PLWHA [5, 20].
However, since the reported data of these two
items were not standardized, this resulted in the
infeasibility of determining the role of either of
the two crucial factors in the risk of COVID-19
co-infection in this population. Also, due to
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Table 3 Quality appraisal of included case series employing Joanna Briggs Institute Case Series Checklist

Meyerowitz Collins Harter Kase Biagio
[23] [16] [24] [19] [14]
Were there clear criteria for inclusion in the case series? Y Y Y Y Y
Was the condition measured in a standard, reliable way for all Y Y Y N Y
participants included in the case series?
Were valid methods used for identification of the condition for all Y Y N N Y
participants included in the case series?
Did the case series have consecutive inclusion of participants? Y Y Y N Y
Did the case series have complete inclusion of participants? ? Y Y N ?
Was there clear reporting of the demographics of the participants in Y Y Y N N
the study?
Was there clear reporting of clinical information of the participants? Y Y Y Y ?
Were the outcomes or follow-up results of cases clearly reported? N N N N N
Was there clear reporting of the presenting N Y N N N
site(s)/clinic(s) demographic information?
Was statistical analysis appropriate? Y Y Y Y Y
Score (Y or N/A =1, N or? =0) 7 9 7 3 5

insufficient data reported in studies, we failed to
assess socio-demographic disparities (e.g., age,
sex, ethnicity) of COVID-19 co-infection in
PLWHA.

Risk of Bias Within Studies

The risk of bias assessment of the included
studies and reasons for judgment are presented
in Tables 2 and 3. Overall, cohorts and case
series were assessed to have a moderate risk of
bias. The average score among cohort studies
was 6 points out of 9 (varying between 5 and 9
points individually). Under-reporting of the
non-exposed group, retrospective design, and
inadequate follow-up contribute to various dis-
advantages of the cohort studies. The average
score among case series was 6 points out of 10
(varying between 3 and 9 points of inter-agree-
ment with risk of bias domains). The disadvan-
tages of case-series studies were inadequate
reporting of participant recruitment, their

demographic presentation, and a short duration
of follow-up.

Results of Meta-Analyses

Primary Outcome

Findings of prevalence and mortality rate for
COVID-19 infected PLWHA were of interest.
Pooled results from six of the included studies
showed the prevalence of co-infection with
COVID-19 in PLWHA was 0.774% (95%
CI0.00393-0.01517) (Fig. 2). For the mortality
rate of COVID-19 in PLWHA, pooled results
from 14 included studies showed a rate of
8.814% (95% CI0.05766-0.13245) (Fig. 3).
Subgroup analyses categorized by country can
be found in the Supplementary Material.

Additional Outcomes

Additional outcomes include: (1) the risk of
mortality in PLWHA due to COVID-19 infection
compared to non-PLWHA; (2) the risk of
COVID-19 co-infection grouped by various
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Study Events Total Proportion 95%=Cl
Amo 2020 236 77590 0.00304 [0.00267; 0.00345]
Biagio 2020 69 22000 W g 0.00314 [0.00244; 0.00397]
Maggiolo 2020 55 2898 —— 0.01898 [0.01433; 0.02463]
Boulle 2020 3978 540552 0.00736 [0.00713; 0.00759]
Huang 2020 35 6001 - 0.00583 [0.00407; 0.00810]
Tesoriero 2021 2988 108062 n 0.02765 [0.02668; 0.02865]
e e
Random effects model 757103 ——— 0.00774 [0.00393; 0.01517]

Heterogeneity: 12 = 100%, 1> = 0.7113,p =0 |
Residual heterogeneity: 12 = 100%, p = 0

Fig. 2 Prevalence of COVID-19 in PLWHA

comorbidities between PLWHA and non-
PLWHA,; (3) comparison comorbidity in the risk
of COVID-19 mortality in PLWHA; and (4) the
role of CD4 count, HIV viral load, and ART in
COVID-19 co-infection in PLWHA. Six studies
reported outcomes of mortality in both popu-
lations. The pooled data indicated that, com-
pared to non-PLWHA, a COVID-19 course in
PLWHA having an estimated RR 0.96 (95%
CI 0.88-1.06, I = 0%; Fig. 4) was not associated
with higher mortality across all settings. Five
studies were included in the subgroup analysis
of hospitalized patients, which indicated that
there is no evidence that HIV was associated
with higher mortality due to COVID-19, RR
0.94 (95% CI 0.85-1.04, I* = 0%, Fig. 4).

Data of comorbidities were available from
four cohort studies, which reported chronic
kidney disease, chronic respiratory disease, dia-
betes mellitus, and hypertension and chronic
cardiac disease in both PLWHA and non-
PLWHA. Pooled results showed that none of the
comorbidities were associated with a higher risk
of infection with COVID-19 when PLWHA and
non-PLWHA were compared: for chronic kidney
disease, RR 1.18 (95% CI 0.80-1.76, I* = 55%;
Fig. 5); for chronic respiratory disease, RR 0.72
(95% CI 0.63-0.82, 2 = 0%; Fig. 5); for diabetes
mellitus, RR 1.07 (95% CI 0.41-2.76, > = 95%;
Fig. 5); and for hypertension and chronic car-
diac disease, RR 0.76 (95% CI 0.57-1.02,
I? = 58%; Fig. 5).

0.005 0.01 0.015 0.02 0.025

An analysis grouped by comorbidities was
performed in PLWHA. Three studies were
included in the analysis. The result indicated
that chronic kidney disease, RR 8.43 (95% CI
5.49-12.93, I? = 0%; Fig. 6), diabetes mellitus,
RR 5.20 (95% CI 4.25-6.36, I>=0%; Fig. 6),
hypertension and chronic cardiac disease, RR
4.20 (95% CI 1.09-16.10, I> = 84%; Fig. 6) have
a strong association with increased mortality
due to COVID-19 in PLWHA.

The classification of HIV viral load, CD4
count, and ART was not standardized, hence we
failed to estimate their impact in COVID-19 co-
infected PLWHA.

DISCUSSION

Several studies have reported the prevalence of
COVID-19 among PLWHA, with an estimated
rate ranging from 0.8 to 9.7% [25-27]. However,
their conclusions were based on single studies
and only a few systematic reviews and meta-
analyses have estimated the odds comprehen-
sively and quantitatively. A recent, unpublished
systematic review and meta-analysis indicated
that the prevalence and mortality rate of
PLWHA hospitalized for COVID-19 was 1.22%
and 12.35%, respectively [28]. Unfortunately, as
only 573 PLWHA were included in the pooled
analysis and seven out of nine included studies
were conducted in New York City, the strength
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Study Events Total Proportion 95%-ClI
Etienne 2020 1 54— 0.01852 [0.00047; 0.09892]
Amo 2020 20 236 - 0.08475 [0.05253; 0.12785]
Maggiolo 2020 4 55 —— 0.07273 [0.02017; 0.17587]
Biagio 2020 74 69 —M— 0.10145 [0.04177; 0.19792]
Boulle 2020 115 3978 : 0.02891 [0.02393; 0.03460]
Huang 2020 2 35 — 0.05714 [0.00700; 0.19157]
Collins 2020 3 20 i 0.15000 [0.03207; 0.37893]
Geretti 2020 30 122 . —— 0.24590 [0.17247; 0.33207]
Meyerowitz 2020 2 36— 0.05556 [0.00680; 0.18664]
Kase 2020 2 34 —— 0.05882 [0.00720; 0.19677]
Harter 2020 3 32 —— 0.09375 [0.01977; 0.25023]
Ceballos 2021 5 36 —l—— 0.13889 [0.04668; 0.29497]
Nagarakanti 2021 3 23 —il— 0.13043 [0.02775; 0.33589]
Tesoriero 2021 207 896 . 0.23103 [0.20379; 0.26004]
Boulle 2020 510 18330 H 0.02782 [0.02549; 0.03031]
Huang 2020 3869 50333 H: 0.07687 [0.07456; 0.07923]
Geretti 2020 13969 47470 § 0.29427 [0.29017; 0.29839]
Ceballos 2021 4360 18285 0.23845 [0.23228; 0.24469]
Nagarakanti 2021 153 254 — 0.60236 [0.53930; 0.66301]
Tesoriero 2021 14522 61371 0.23663 [0.23327; 0.24001]
e ——
Random effects model 201669 <= 0.11245 [0.07234; 0.17072]

Heterogeneity: 12 = 100%, > = 1.0475, p = 0 '
Residual heterogeneity: 12 =100%, p=0

I

I I T 1

0.1 0.2 03 04 0.5 06

Fig. 3 The COVID-19 mortality rate in PLWHA and non-PLWHA

of the evidence presented in the unpublished
review is possibly limited for reflecting the
generalized population. As increased evidence
has since been published, our review and meta-
analysis uses a large sample size from multiple
diverse regions. Our findings suggested that the
prevalence and mortality rate of COVID-19 in
PLWHA was 0.774% and 8.814%, respectively.
The estimated prevalence rate is lower than the
existing reports, possibly due to varying sample
sizes across studies and the epidemiological
characteristic difference between regions (Sup-
plementary Material). Distinct examples of this
are an included study, conducted in Wuhan,
China, which estimated 0.583% COVID-19

prevalence out of 5966 PLWHA [5], and an
excluded conference report, the Veterans Aging
Cohort Study conducted in the USA, which
estimated a 9.7% prevalence for COVID-19 out
of 30,891 PLWHA [25]. True prevalence could
be higher, as HIV remains disproportionately
concentrated in low-income regions which also
have the highest HIV-related morbidity and
mortality [29, 30]. PLWHA in these regions
might have poor disease management, which
consequently results in an increased risk of
contracting COVID-19 due to being immuno-
compromised. These patients might not be
identified as COVID-19 co-infected due to
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PLWHA non-PLWHA
Study Events Total Events Total
Ceballos 2021 5 36 4360 18285
Nagarakanti 2021 3 23 6 23
Boulle 2020 115 3978 510 18330
Huang 2020 2 35 3869 50333
Geretti 2020 30 122 13969 47470
Tesoriero 2021 207 896 14522 61371
Ceballos 2021 5 36 4360 18285
Nagarakanti 2021 3 23 6 23
Boulle 2020 105 601 445 2377
Geretti 2020 30 122 13969 47470
Tesoriero 2021 207 896 14522 61371
Random effects model 6768 325338

Heterogeneity: 12 = 0%, 1* = 0, p =0.69
Residual heterogeneity: 12 = 0%, p =0.61

Risk Ratio RR  95%-Cl Weight
0.58 [0.26; 1.31]  0.7%
0.50 [0.14;1.76]  0.3%
1.04 [0.85;1.27] 11.7%
0.74 [0.19;2.86]  0.3%
0.84 [0.61;1.14]  4.8%
0.98 [0.87:1.10] 32.0%
0.58 [0.26; 1.31]  0.7%
0.50 [0.14;1.76]  0.3%
0.93 [0.77; 1.13] 12.5%
0.84 [0.61;1.14]  4.8%
0.98 [0.87;1.10] 32.0%

0.95 [0.89; 1.02] 100.0%

Fig. 4 Comparison mortality between PLWHA and non-PLWHA due to COVID-19

inadequate detection capacity or the limitations
of local governments.

There is also a growing interest regarding the
characteristics and prognosis of COVID-19
between PLWHA and non-PLWHA. Some evi-
dence from multiple European HIV/AIDS orga-
nizations acknowledged that there is not
sufficient evidence showing a varying disease
course or higher COVID-19 infection rates in
PLWHA compared to non-PLWHA [31]. Con-
sistent with these conclusions, a recently pub-
lished systematic review and meta-analysis
conducted by Sarkar et al. indicated no signifi-
cant impact in COVID-19 mortality between
PLWHA and non-PLWHA [RR 0.99 (95% CI
0.82-1.19)] [32]. However, this finding was in
contrast to another study conducted by Mellor
et al. [33], which suggested that PLWHA had a
higher risk of COVID-19 mortality compared to
the general population [HR 1.95 (95% CI
1.62-2.34)]. It is a much-debated topic whether
HIV plays a pivotal role in COVID-19 prognosis,
as the evidence has been derived from cohort
studies that were performed in unmatched
populations. The number of PLWHA having

COVID-19 co-infection was relatively low in
such cases (Table 1). On the other hand, both of
the above-mentioned meta-analyses are sus-
pected to have included studies having over-
lapping populations and periods between each
other, which might have led to inappropriate
interpretation [34]. Sarkar’s review used data
collected from four studies conducted in the
same region (New York City) and one study of a
multi-center design [3]. In Mellor’s review, two
of the included studies were conducted at
national level in the UK [18, 35].

Despite having an unmatched population,
our study showed insufficient evidence for a
higher risk of COVID-19 mortality in PLWHA
when compared to non-PLWHA across all set-
tings (Fig. 4). This leads to a puzzling question:
Why are PLWHA not at higher risk for devel-
oping a severe course and outcome of COVID-
19 infection compared to the general popula-
tion even though they might be immunosup-
pressed? A pharmacologic hypothesis might
explain why this might be the case. PLWHA
have usually prescribed ART for the manage-
ment of HIV. Recent evidence suggests that
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PLWHA non-PLWHA
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ceballos 2021 4 36 786 18285 2.58 [1.02; 6.53] 3.0%
Nagarakanti 2021 5 23 1 23 5.00 [0.63; 39.54] 0.7%
Geretti 2020 21 116 7874 44728 1.03 [0.70; 1.52] 8.0%
Boulle 2020 103 3978 502 18330 0.95 [0.77; 1.17] 10.9%
Ceballos 2021 1 72 1390 36570 — 0.37 [0.05; 2.56] 0.8%
Nagarakanti 2021 1 23 2 23 : 0.50 [0.05; 5.14] 0.6%
Geretti 2020 13 120 8055 44918 — 0.60 [0.36; 1.01] 6.3%
Boulle 2020 228 3978 1433 18330 0.73 [0.64; 0.84] 11.8%
®
Ceballos 2021 4 36 3602 18285 —I—-— 0.56 [0.22; 1.42] 3.0%
Nagarakanti 2021 T 23 6 23 —— 1.17 [0.46; 2.94] 3.0%
Geretti 2020 25 117 3308 43587 | i 2.82 [1.99; 3.99] 8.6%
Boulle 2020 430 3978 3044 18330 0.65 [0.59; 0.72] 12.2%
’
Ceballos 2021 10 72 6473 36570 —- 0.78 [0.44; 1.40] 5.6%
Nagarakanti 2021 17 46 12 46 i 1.42 [0.77; 2.62] 5.2%
Geretti 2020 20 117 14620 45054 . 0.53 [0.35; 0.79] 7.9%
Boulle 2020 740 3978 4532 18330 0.75 [0.70; 0.81] 12.4%
Random effects model 16713 361432 < 0.90 [0.75; 1.08] 100.0%
[ I I 1

Heterogeneity: 1% = 84%, % = 0.0680, p <0.01
Residual heterogeneity: 1% = 85%, p <0.01

0.1 051 2 10

Fig. 5 Comparison of comorbidity in the risk of COVID-19 co-infection between PLWHA and non-PLWHA

widely prescribed anti-HIV medications, Teno-
fovir, Emtricitabine, Raltegravir, and Dolute-
gravir, have been proven to result in reduced
in vivo SARS-CoV-2 proliferation [36-39]. It has
been further found that, among COVID-19
infected PLWHA, those who took Tenofovir
disoproxil fumarate therapy had better clinical
outcomes compared to other ARTs [13, 40].
Another possible explanation for this outcome
could be that most studies were performed in
high-income countries where the majority of
PLWHA were more likely to have well-con-
trolled HIV on ART (Table 1). Outcomes in low-
income areas having a high burden of HIV

might be a little more complex. Another con-
cern is that the patients undergoing ART might
be more likely to experience treatment inter-
ruptions due to restrictions on non-emergency
medical appointments related to physical dis-
tancing requirements. It is estimated that
approximately 19% of PLWHA were unable to
receive ART refills due to the pandemic [41].
Also, many HIV/AIDS prevention and control
centers have been converted to COVID-19 cen-
ters and refused PLWHA of their ART [41, 42].
Effective action should be taken to help these
patients receive their basic ART on time.

A\ Adis



Infect Dis Ther (2021) 10:1267-1285

1281

Deceased Surviving
Study Events Total Events Total
Ceballos 2021 2 (5) 2 31
Boulle 2020 58 115 372 3863
Geretti 2020 5 30 4 87
Ceballos 2021 6 10 4 62
Boulle 2020 48 115 692 3863
Ceballos 2021 0 5 1 31
Boulle 2020 10 115 218 3863
Geretti 2020 1 29 12 91
Ceballos 2021 2 5 2 31
Boulle 2020 21 115 82 3863
Random effects model 544 15785

Heterogeneity: 1% = 86%, 1> = 0.4046, p < 0.01
Residual heterogeneity: 1% = 38%, p =0.14

Risk Ratio RR 95%-Cl Weight

—I— 6.20 [1.11;34.53] 5.9%

i+ 5.24 [4.27, 6.43] 16.7%
— 3.63 [1.04;12.62] 8.6%

—M— 930 [3.18;27.23] 9.9%

233 [1.86; 2.92] 16.6%
-:’-
.- 1.91 [0.09;41.12] 2.4%

- 1.54 [0.84; 2.82] 13.9%
— 0.26 [0.04; 1.93] 4.8%

R —
—®m—— 620 [1.11;3453] 5.9%
. 8.60 [5.53;13.38] 15.3%
>
-

3.68 [2.20; 6.17] 100.0%

[ I I |

01 051 2 10

Fig. 6 Comparison comorbidity in the risk of COVID-19 mortality in PLWHA

Correlation between comorbidities and
COVID-19 has recently been in focus. It is
reported that approximately two-thirds of
COVID-19 co-infected PLWHA had multimor-
bid complications [43]. In our review, meta-
analyses showed that PLWHA who had comor-
bidities such as- chronic kidney disease, dia-
betes mellitus, hypertension and chronic
cardiac disease, were not associated with a
higher risk of contracting COVID-19 compared
to non-PLWHA. These results, however, differ
from some published studies which showed
comorbidities correlated to a higher incidence
of COVID-19 in the general population [26, 44].
In fact, the issue of whether comorbidities
should be considered the driver of poor out-
comes from COVID-19 has been a controversial
and much-disputed subject [16, 45], as evidence

from most studies was of a single-arm design,
not matched, and had a small sample size. The
included population for analysis in our study
was also not matched, so we might underesti-
mate the magnitude of the effect. Interestingly,
our analysis indicated a strong correlation
between COVID-19 mortality and comorbidities
of chronic kidney disease, diabetes mellitus, and
hypertension and chronic cardiac disease in
PLWHA (Fig. 6).

These findings contribute to our under-
standing of the prevalence and mortality rate of
COVID-19 in PLWHA. Also, this study has been
conducted to confirm that a few comorbidities
might drive poor outcomes among COVID-19
co-infected PLWHA. However, this study’s
strength is subject to the following disadvan-
tages that possibly limit its external validation:
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(1) the overall risk of bias assessment for the
cohort studies and case series was moderate;
however, both types of studies were evaluated
to have a high-risk bias in the duration of fol-
low-up, which might likely result in decreased
death reporting [46]; (2) most of the included
studies used an unmatched population design
in assessing the role of comorbidities in con-
tracting COVID-19 between PLWHA and non-
PLWHA; the magnitude of the effect might be
an underestimate since the sample size of
PLWHA in studies was originally small; and (3)
tew of the included studies were performed in
low-income but high-HIV burden areas (e.g.,
Sub-Saharan Africa). PLWHA living in these
areas appeared to have poor HIV management
[47]. Since our study included patients from
high-income areas with better HIV manage-
ment, the overall prevalence and mortality for
the general population might be underesti-
mated. Careful interpretation of results is,
therefore, necessary.

Given the rapid spread of the virus and an
exponential increase in cases, a strategy of mass
quarantine has been implemented globally.
Despite these measures to aid healthcare, a
resultant disturbing impact on mental health
could arise among PLWHA [48]. It has been
evidenced that psycho-social depression could
have a negative impact on health and behavior,
and is associated with poor health outcomes
[49, 50]. None of the included studies investi-
gated mental well-being. Additional research is
required to probe psycho-social effects due to
COVID-19 among PLWHA.

Limitations

Our analysis faced the following limitations: (1)
due to a lack of standardized reporting in
included studies, our review was unable to
investigate the roles of CD4 count, HIV viral
load as well as ART in COVID-19 infection and
prognosis; and (2) insufficient data reported in
studies led to an inability to gain an insight
regarding the incidence of ICU admissions, the
need for the use of mechanical ventilation, and
the assessing of socio-demographic disparities
in COVID-19 co-infection in PLWHA.

CONCLUSIONS

Our study gained some insights into the preva-
lence and mortality of COVID-19 in PLWHA.
We also found that comorbidities such as
chronic kidney disease, diabetes mellitus, and
hypertension and chronic cardiac disease, are
responsible for poor outcomes in COVID-19 co-
infected PLWHA. Further studies need to be
carried out to validate the relationship between
COVID-19 outcomes and HIV viral load, CD4
count, ART in diverse settings.
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