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Iég%gﬁ; screening was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-
HIV Analyses guidelines. The relative risk of mortality in HIV-infected COVID-19 patients was computed using a
AIDS random-effects model. All analyses were performed using Meta and Metasens statistical packages available
Mortality in R version 4.2.1 software package. The quality of included studies was assessed using the GRADE approach,
Systematic review Egger’s test was employed to determine the risk of bias.

Meta-analysis Results: A total of 16 studies were included in this review. Among the COVID-19 patients with HIV infection,

the mortality rate due to COVID-19 was 7.97% (4 287/53,801), and among the COVID-19 patients without
HIV infection, the mortality rate due to COVID-19 was 0.69% (127, 961/18, 513, 747). In the random effects
model, we found no statistically significant relative risk of mortality in HIV-infected COVID-19 patients (RR
1.07, 95% CI 0.86-1.32). The between-studies heterogeneity was substantial (I2 =91%, P < 0.01), while the
risk of publication bias was not significant.
Conclusion: Findings did not link HIV infection with an increased risk of COVID-19 mortality. Our results add
to the conflicting data on the relationship between COVID-19 and HIV infection.
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Introduction virological suppression. Yet others are now on second line, third line

Four decades into the human immunodeficiency virus (HIV)
epidemic, the virus persists as a significant public health challenge
[1,2]. The Joint United Nations Programme on HIV/AIDS (UNAIDS)
statistics show that an estimated 37.7 million (95% confidence in-
terval [CI] 30.2 million - 45.1 million) people were living with HIV
and AIDS globally in 2020. 28.2 million were accessing antiretroviral
therapy as of 30 June 2021. One and a half million people (1.0 million
- 2.0 million) became newly infected with HIV in 2020 [3]. Most
people living with HIV (PLHIV) are from developing countries, with
sub-Saharan Africa contributing the most significant burden. Despite
advances in the knowledge of HIV prevention and treatment, sig-
nificant numbers of incident HIV infections and AIDS-related deaths
continue to happen globally [4], with an estimated 680,000 AIDS-
related deaths in 2020 alone [5]. AIDS is defined as the laboratory
diagnosis of HIV infection plus either an opportunistic infection or a
CD4 count of below 200/uL [1].

In March 2020, the World Health Organization (WHO) declared a
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
outbreak, with origins in China, a pandemic, and named coronavirus
disease 2019 (COVID-19). Two years later, the COVID-19 pandemic
remains a significant global health concern. WHO weekly epide-
miological updates show that, as of 2 January 2022, the international
cumulative number of cases at 288,867,634 cases, with 9,520,488
incident cases and 41,178 new deaths in the preceding seven days
[6]. Despite a wide array of prevention strategies globally, including
vaccination rollout, which is now at an advanced stage in many
countries, the spread of the SARS-CoV-2 virus continues inexorably,
making it one of the most significant global health threats of the 21st
century.

The SARS-CoV-2 infection has been shown to have more adverse
outcomes in people living with comorbidities. Hypertension, dia-
betes mellitus, chronic kidney disease, obesity, and malignancies are
some of the comorbidities proven by scientific evidence to be as-
sociated with worse outcomes among COVID-19 patients than the
general population [7-10]. Given that PLHIV usually do experience
adverse consequences when they are co-infected with another pa-
thogen or have other comorbidities, there has been a general interest
in the outcomes of COVID-19 among PLHIV [11-13]. These constitute
a diverse group, including those not on highly active antiretroviral
therapy (HAART), those newly on HAART, and those on HAART with
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or salvage HAART regimens after treatment failure on previous re-
gimens. It has been hypothesised that those with complete vir-
ological suppression would not have outcomes significantly different
from those of the general population, whilst those not yet on HAART
or not yet virologically suppressed, or with other coexisting oppor-
tunistic infections or morbidities, would experience more adverse
outcomes from COVID-19. In the context of HIV, viral suppression is
defined as having less than 200 copies of HIV per millilitre of blood.

Others have theorised that because of HAART, and as a result of
SARS-CoV-2 being a virus, individuals already on treatment would
not be severely affected by COVID-19. As a matter of fact, at the onset
of the COVID-19 pandemic, lopinavir with ritonavir, which is a part
of some HAART regimens, was used to treat COVID-19 in some
countries [14]. Subsequent clinical evidence refuted its effectiveness
[15,16]. In a systematic review, the pooled effectiveness of the re-
purposed drug for treatment of COVID-19 was noted to be insignif-
icant for virological cure (RR 1.06, 95% CI 0.85-1.31), radiological
improvement (RR 0.8195% CI 0.62-1.05) and adverse events (RR 2.96
95% CI 0.17-38.90) [17]. Hence its use for treatment of COVID-19 is
no longer advised. On the other hand, it has been argued that HIV is
immunosuppressive and would therefore worsen health outcomes
from COVID-19. Patients on immunosuppressive therapies such as
for cancer chemotherapy and immunosuppressant drugs were also
expected to suffer adverse outcomes and have higher mortality from
COVID-19, but this has not been substantiated by recent evidence
[18,19]. Despite virological suppression, people on long-term HAART
are at significant risk of other comorbidities, including cardiovas-
cular, hepatic and renal disease, malignancies, and some related to
the antiretroviral drugs themselves. These include chronic kidney
disease in those on tenofovir-containing regimens, and anaemia on
zidovudine-containing regimens [11,20].

Several studies have now been published on the association be-
tween HIV infection and COVID-19 [21-26]. Ssentongo et al. found
that HIV-positive persons had a significantly higher risk of SARS-
CoV-2 infection [risk ratio (RR) 1.24, 95% CI (1.05-1.46)] and mor-
tality from COVID-19 (RR 1.78, 95% CI 1.21-2.60) than HIV-negative
individuals [22]. The pooled overall results in a review conducted by
Dong et al. suggested that PLHIV had a higher risk of mortality from
COVID-19 than those without HIV infection (odds ratio [OR] = 1.252,
95% CI 1.027-1.524) [25]. Both reviews were limited in publication
bias among included studies due to the preponderance of
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publications on hospitalised patients with more severe disease.
Contrasting evidence by Ahmad et al. that showed that PLHIV are not
at greater risk than the general population [24]. Lee et al. also de-
monstrated PLHIV were not found to be at higher risk for adverse
outcomes of COVID-19 [26]. Given the conflicting evidence on the
association between HIV comorbidity and COVID-19 mortality, the
questions on this association remain unanswered. To answer the
ongoing questions, we undertook a systematic review and meta
analysis to determine the association of HIV/AIDS comorbidity with
COVID-19 mortality.

Methodology
Study design

This systematic review is registered in PROSPERO (registration
number: CRD42022308959). This systematic review was conducted
and reported following the reporting guideline provided in the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis
Protocols (PRISMA-P) statement [27]. The Centre for Reviews and
Dissemination (CRD) guidance for undertaking systematic reviews in
healthcare [28], and the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines for design and implementation [29].

Study selection

Search strategy

The search strategy used medical subject heading (MeSH) and
text word searches (Supplementary File 1). Two reviewers (IC and
MM) searched PubMed, Google Scholar and World Health Organi-
zation library databases for relevant studies. To estimate the risk of
pre-existing HIV/AIDS comorbidity on coronavirus disease 2019
(COVID-19) mortality. The [PEO] framework informed the develop-
ment of the search strategy to ensure that the boundaries of the
research question were clearly defined:

Search # 1 - Participants (population): We included studies re-
porting an association between HIV and mortality due to COVID-19,
regardless of age or geographical location.

Search # 2 - Exposure: HIV comorbidity was defined as a patient
with confirmed HIV infection prior to a positive COVID-19 test.

Search # 3 - Condition or outcome(s) of interest: The primary
outcome was the mortality in patients with COVID-19 with HIV/AIDS
comorbidity compared to patients with COVID-19 without HIV co-
morbidity.

All  searches
December 2021.

were conducted between 1st and 7th

Inclusion and exclusion criteria

Inclusion and exclusion criteria were developed a priori in an
iterative process after preliminary searches during study protocol
development. Briefly, studies were eligible if they were (i) reporting
factors associated with COVID—19 mortality (ii) reporting COVID-19
mortality among individuals with HIV/AIDS comorbidity with risk
estimates (RR or OR) (iii) original, quantitative study design pub-
lished in English.

Selecting studies

The study selection was a multi-step process that involved two
reviewers. Firstly, IC and MM searched for eligible titles by analysing
the titles of articles found through the search strategies’ used in the
above mentioned electronic bibliographic databases guided by the
study eligibility criteria. Articles with relevant titles were then ex-
ported into Convidence (https://www.covidence.org/). Convidence is
an online tool for managing systematic reviews. The abstracts of all
identified articles were assessed by two independent reviewers (IC
and MM). The abstracts that did not meet the study eligibility
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criteria were excluded. Differences between reviewers at this stage
were settled through reaching a consensus among reviewers.
Following the abstract screening stage, full-text articles were re-
trieved where studies met the inclusion criteria or where there was
ambiguity to be screened in greater depth by reference to the full-
text assessment for eligibility. Thus, further establishing the re-
trieved studies’ eligibility. This stage was conducted like the abstract
screening stage by two independent reviewers (PCI and NT). Studies
that did not meet the inclusion criteria were excluded. A secondary
search of the reference list of all the included studies was done after
the full-text screening; the two reviewers carried it out for any ar-
ticles that could not have been detected during the database search.
At this stage, discrepancies in study selection were resolved by en-
gaging a third reviewer (TD).

Data extraction

After the two independent reviewers’ full-text screening stage,
the data extraction was performed on the included articles by two
independent reviewers (NT and TD). The reviewers extracted data
from the included studies separately and in-duplicate to detect inter-
rater errors and reduce data errors and bias. A piloted data ab-
straction form was employed to extract relevant information from
included studies. The tool collected information on the author,
country, study aim, study design, sample size, proportion of HIV
positive and HIV negative, number of cases (death) and non cases
and the quality score of the study. The final data abstraction tool is
available on Supplementary File 1.

Assessment of study quality and risk of bias

The GRADE approach was employed to rate the quality of the
body of evidence for included studies [30]. The five GRADE con-
siderations (bias risk of the trials, consistency of effect, imprecision,
indirectness, and publication bias) we employed to assess the quality
of the body of evidence. Studies were graded as very low, low,
moderate and high quality. These grades corresponded to the level of
confidence that the true estimate lied in the presented values. For
instance, very low study quality meant very little confidence in the
estimate: the true estimate is likely to be substantially different from
the estimate presented in the study. High quality meant the re-
viewers were very confident that the true prevalence/incidence lies
close to that of the estimate.T wo reviewers assessed methodological
quality (MM and IC). Discrepancies were resolved by a third re-
viewer (TD).

The I2 statistics for statistical significance of heterogeneity and its
CI (i.e., the percentage of variance not due to studies-wide sampling
error) was used to calculate the magnitude of the heterogeneity
between studies included in all meta-analyses. The following I? cut-
offs for low, moderate and high heterogeneity will be used to report
the degree of heterogeneity, as per the guidelines of the Cochrane
Handbook for Systematic Reviews of Interventions [31]: 1—between
0% and 40% = might not be important; 2-30-60% = may represent
moderate heterogeneity; 3-50-90% = may represent substantial
heterogeneity; and 4-75-100% = considerable heterogeneity.

Data synthesis and statistical analysis

The primary outcome of interest was the association between
HIV comorbidity and COVID-19 mortality. The Q and I? were calcu-
lated in to assess heterogeneity. Meta-biases were evaluated using
funnel plots to detect potential reporting biases and small-study
effects [31] and complemented with the Egger regression test [32].
All analyses were performed using Meta and Metasens statistical
packages available in R version 4.2.1 software package using the
command functions described by Balduzzi et al. [33].
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Fig. 1. PRISMA flow diagram.

Results

Our initial search yielded 5397 articles. Following title screening,
74 articles were eligible for inclusion in abstract screening. These
articles were imported into Convidence and 13 duplicates removed,
leaving 61 articles included in the abstract screening. Of these, 39
articles were excluded, leaving 22 for full-text screening. Of the 22
full-text articles screened [34-55|, six [50-55] were excluded,
leaving 16 included in this review. More details are presented on
Fig. 1 (PRISMA Flow Diagram). The majority (10) were conducted in
the United States of America [38,39,41-45,47,49], two from the
United Kingdom [34,37], two from South Africa [36,40], one from
Spain [46] and one from China [48]. 13 studies were graded to be of
high quality and three studies [44,46,47] were graded as moderate
quality. More details are presented in Supplementary File 2.

Among the COVID-19 patients with HIV infection, the mortality
rate due to COVID-19 was 7.97% (4 287/53,801), and among the
COVID-19 patients without HIV infection, the mortality rate due to
COVID-19 was 0.69% (127, 961/18, 513, 747). In this study, in the
random effects model, the pooled overall effect size (OR) was 1.07
(95% C1 0.86 - 1.32). More details are presented in Fig. 2. Among the
16 studies, substantial heterogeneity was found (I = 91%, P < 0.01).

Although the funnel plot analysis appeared asymmetrical (Fig. 3),
the Egger test revealed no publication bias for the publications
(t=-0.15, P=0.88). Fig. 4 shows a linear regression graph to visualise
the data presented in Fig. 3. An Egger’s regression test p-value of >
0.1 implied no statistically significant small-study effects.

In the sub group analysis, the pooled overall effect size (OR) show
no significant association for studies conducted in the United States
OR 1.13 (CI 0.82-1.55) and Europe OR 0.88 (95% CI 0.70-1.11). There
was a significant association for studies conducted in South Africa
OR 111 (95% CI 1.08-1.14). More details are presented in
Supplementary File 3.
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Additional sub group analysis was conducted to determine the
mortality rate due to COVID-19 among HIV positive patients with
CD4 < 200 and those with CD4 > 200. Among the COVID-19 patients
with HIV infection and CD4 < 200, the mortality rate due to COVID-
19 was 26% (CI 9-47), and among the COVID-19 patients with HIV
infection and CD4 > 200, the mortality rate due to COVID-19 was
18% (CI 8-29). More details are presented in Fig. 5.

Discussion

HIV infection has remained a significant global health challenge
[56]. Due to the high numbers of PLHIV, HIV and SARS-CoV-2 co-
infection is likely to have to occur with increased frequency globally.
Previous experiences have shown that co-infection of PLHIV with
other pathogens such as hepatitis C virus [57,58| and mycobacterium
tuberculosis suffer adverse outcomes including higher risk of mor-
tality [59]. We aimed to assess the association between HIV and
SARS-CoV-2 co- infection with mortality. Our findings revealed no
statistically significant COVID-19 mortality between HIV positive
and HIV negative individuals. However, when sub grouped by dis-
ease severity, a higher mortality rate was reported in HIV infected
individuals with CD4 < 200 compared to their CD4 > 200 counter-
parts.

In this systematic review with meta-analysis of the association
between HIV and SARS-CoV-2, we retrieved fewer studies from SSA
where the problem is most significant, making the lack of literature
the greatest caveat of this review. The study is dominated by studies
conducted in US, with only two studies conducted in SSA. These two
regions have very different HIV epidemics that might influence the
outcomes of this study. Clinicians and public health specialists from
the resource-limited settings of Africa must prioritise the use of the
data available to them to carry out analyses, including retrospective
analyses, to derive important evidence beneficial to local
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Fig. 2. Forest plot of association of HIV coinfection and mortality due to COVID-19.

populations. Nevertheless, we found no statistically significant re-
lative risk of mortality in HIV-infected COVID-19 patients in the
random-effects model (RR 1.07, 95% CI 0.86-1.32).

The findings from this study are contrary to widespread ex-
pectations, where it is believed that PLHIV is at greater risk of
mortality from COVID-19 than the general population [25,60]. No-
tably, the term PLHIV encompasses a very heterogeneous group of
people ranging from the newly diagnosed to those who have been on
antiretroviral therapy for prolonged periods, since the widespread
availability of HAART almost two decades ago. From the subgroup
analysis, higher rates of COVID-19 mortality were reported among
HIV infected individuals with a CD4 < 200 compared to their CD4
> 200 counterparts. This aligned with earlier reviews that revealed
that PLHIV with well-controlled disease are not at risk of poorer
COVID-19 disease outcomes than the general population [23,24].
More informative analyses would stratify patients according to
characteristics such as being on HAART or not, length of time on
HAART, HAART regimens, virological suppression and presence or
absence of other comorbidities. The data available for this meta-
analysis did not permit for this level of granularity.

In a subgroup analysis, there were no statistically significant
associations between being HIV positive and mortality from COVID-
19 in Europe and America, whereas a statistically significant asso-
ciation was noted in studies in South Africa, where PLHIV were 11%

more likely to die from COVID-19 (RR 1.11, 95% CI 1.08-1.14). Whilst
health care systems in Europe and America are advanced, South
Africa is among the most advanced in terms of healthcare in SSA,
being a middle-income country. Therefore, these differences cannot
be completely attributable to availability of quality care. Other ex-
planatory variable such as health-seeking behaviours, adherence to
anti-retroviral treatment and degrees of virological suppression
would be worth exploring. Additionally, this review did not take into
account the participants’ COVID-19 vaccination status. It is known
that COVID-19 vaccines are protective from death, severe morbidity
and hospitalisation [61], and countries in Europe and America are
now at advanced stages with their COVID-19 vaccination pro-
grammes, whereas South Africa still lags behind significantly, with
less than 40% of its population fully vaccinated. Increasing vaccine
availability, fighting vaccine hesitancy and significantly improving
vaccine uptake among PLHIV is as important as it in the general
population. Consequently, clear policies regarding COVID-19 vacci-
nation in HIV-infected people are important. At the time of in-
troduction of the COVID-19 vaccines, there was confusion in many
places regarding vaccination for PLHIV, and circulating falsehoods
advising against such vaccination did not make this any better.
Though unsubstantiated, the circulating falsehoods and lack of clear
policy couples with pre-existing fear, religious objections and other
drivers of vaccine hesitancy in Africa could have resulted in lower

00
1
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Fig. 3. Funnel plot of the included studies in this meta-analysis.
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Q=2352.67, p=0.00, 12=100% .
Overall —— 0.18 ( 0.08, 0.29) 100.0
Q=3614.28, p=0.00, 12=100% :
0 0.2 0.4 0.6 0.8
Prevalence

Fig. 5. Mortality rate due to COVID-19 among HIV positive patients with CD4 < 200 and CD4 > 200.

uptake of vaccines among PLHIV in sub-Saharan Africa, including in
South Africa where vaccine hesitancy is widespread [62].

The included studies that reported COVID-19 related mortality
among PLHIV were observational this is a limitation. Several con-
founders and effect modifiers such as age, gender, comorbidities,
obesity, smoking, country of study, patient’s socioeconomic indices
of multiple deprivation and access to care were not accounted for in
these studies, which might have affected study findings. Geographic
and economic variations could have also affected the results sig-
nificantly. Of particular relevance would be that low-income coun-
tries of SSA, which bear the brunt of HIV disease, were
underrepresented in this systematic review, with overrepresentation
of the USA, where the level and access to healthcare is very different
from SSA. In SSA, where the public health sectors are fragile, pre-
sentation to care is late, and treatment is suboptimal, mortality from
COVID-19, including HIV positive cohorts, could be higher [50,63].
This highlights that there is a great need for studies from the SSA
region to critical comprehensively inform this important critical
topic. Finally, substantial heterogeneity was observed in the in-
cluded studies.

Conclusion

The results of this systematic review indicate that there is no
significant difference in COVID-19 mortality rate between PLHIV and
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the general population. Our results indicate that PLHIV have the
same risk of COVID-19 mortality as the general population. This
could be attributed to a wide coverage of ART and community viral
load suppression, that help to reduce risk of immunosuppression
among PLHIV. However, the majority of the research studies in-
cluded in this review were in high-income countries and limited
studies on sub-Sahara Africa, where the HIV scourge is most marked.
Our findings add to the conflicting data on the relationship between
COVID-19 and HIV infection, and further research, particularly in
high HIV burden settings like SSA, is warranted.
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