HIV infection and COVID-19
Eur J Transl Myol 31 (4): 10107, 2021 doi: 10.4081/ejtm.2021.10107

HIV infection and increased risk of COVID-19 mortality: A Meta-
Analysis

Hamidreza Kouhpayeh (1, 2), Hossein Ansari (3)

(1) Tropical and Infectious Diseases Department, Zahedan University of Medical Sciences,
Zahedan, Iran; (2) Zahedan University of Medical Sciences Research Center, Emam Ali
Hospital, Zahedan, Iran; (3) Health Promotion Research Center, Department of Epidemiology
and Biostatistics, Zahedan University of Medical Sciences, Zahedan, Iran.

This article is distributed under the terms of the Creative Commons Attribution Noncommercial License (CC BY-NC 4.0) which permits
any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.

Abstract

There are some concerns on the effect of infection with human immunodeficiency virus (HIV)
and acquired immunodeficiency syndrome (AIDS) on the outcome and mortality of COVID-
19. In this meta-analysis, we aimed to address this issue and assess the risk of mortality in
COVID-19 patients who are co-infected with HIV. Two International electronic databases
(PubMed, Scopus) were searched from the first time available to 12 August 2021. The targeted
outcome was the pooled odds ratio to examine the effect of HIV infection on COVID-19
mortality. The crude odds ratio (OR) for all studies and the pooled OR were calculated with
95% confidence interval. The forest plot was used to graphically represent the result of
conducted meta-analysis and calculated OR for individual studies. The 12 statistic was used to
examine the Heterogeneity in the included studies. Eleven studies were included in our study
consisting of 19,642,775 COVID-19 infected cases, 59,980 HIV-positive, and 4,373 deaths due
to COVID-19 in HIV positive patients. The overall pooled odds ratio was 1.21 (CI: 1.02; 1.43)
and P-value < 0.0277. The 12 value was 89% (P-value < 0.0001), which shows that included
studies are heterogeneous. In this study, the funnel plot analysis showed symmetry among the
included studies. HIV-positive patients are 21% more likely to die because of COVID-19
infection than people without HIV. Special attention should be considered for the prevention
and treatment of COVID-19 and consistent treatment for HIV infection, in HIV-positive
patients.
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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) had infected more than 103 million
people around the world in almost a year since its
emergence in late 2019. The virus has been responsible
for more than 2.2 million deaths all over the world as
well' The global pandemic of coronavirus disease 2019
(COVID-19) is having a major impact on health,
economic and social aspects of life.””

Numerous studies have shown the effect of many
conditions such as chronic diseases and co-infections
with other viruses on the severity and outcome of the
COVID-19  infections.  Diabetes,  hypertension,
cardiovascular and hepatic diseases, obesity, and kidney
diseases can increase the risk of COVID-19 mortality.®

" However, there is a controversy on the effect of
infection with human immunodeficiency virus (HIV)
and acquired immunodeficiency syndrome (AIDS) on

the outcome and mortality of COVID-19."

There are some concerns that HIV can suppress the
immune system and make people who are infected with
HIV more susceptible to SARS-CoV-2 infection and
subsequent severe outcomes and death.'*'*

On the other hand, some studies suggest that low CD4
count and immunosuppression in HIV-positive patients
may protect these patients against cytokine storms
observed in SARS-CoV-2 infected patients. '

There are almost 40 million people with HIV around the
world; so it is essential to determine the outcome of
COVID-19 infection in this group.'® It is especially the
case in sub-Saharan Africa, where many countries are
exposed to HIV and COVID-19 epidemics
simultaneously, and the capacity to treat severe COVID-
19 is very limited."”

In this meta-analysis, we aimed to address this issue and
assess the risk of mortality in COVID-19 patients who
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are co-infected with HIV.

Materials and Methods

The current meta-analysis is conducted based on the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.'® The targeted
outcome was the pooled odds ratio to examine the effect
of HIV infection on COVID-19 mortality, number of
total HIV positive and SARS-CoV-2 co-infected
patients, number of total HIV negative patients who are
infected with SARS-CoV-2, number of COVID-19
deaths who are were infected with HIV, number of
COVID-19 deaths who were HIV negative.
Observational study - including cross-sectional, cohort,
or case-control studies - was eligible for inclusion.

Search strategy

Two International electronic databases (PubMed,
Scopus) were searched from the first time available to
12 August 2021. The following sets of key terms were
used for searching international databases: 1) Human
immunodeficiency virus, HIV, acquired immune
deficiency syndrome, AIDS; 2) COVID-19, 2019-
nCoV, severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2 (Appendix I). No language limitation was
applied in the search or the selection process.

Eligibility criteria

We included studies that provided data on the frequency
of death due to COVID-19 and survival of COVID-19
patients, based on HIV status (positive or negative). We
included studies where mortality due to COVID-19 in
HIV positive and HIV negative patients is the main
outcome, these methods could be PCR-based, antibody-
based, molecular techniques or clinical/ hospital
records, registries, or directly from patients. We
excluded the studies that contain one or more of the
following criteria: 1) Studies on any species of SARS
other than SARS-CoV-2, 2) case reports, case series,
systematic review, meta-analysis, grey literature, 3)
Studies with less than three deaths due to COVID-19, 4)
full text in any language other than English; 5) having
infectious diseases other than HIV and COVID-19.

Screening, data extraction, and quality assessment

The titles and abstracts of all records retrieved from
online databases were screened by two researchers
independently. Eligible full texts were selected and were
screened for data of interest and data were extracted.
The quality of all included full texts were also
evaluated. The extracted data were assessed by a third
reviewer. Any disagreements were discussed with an
expert as a fourth reviewer and were resolved. The
following data was extracted from included studies:
bibliometric information (name of the first author, year
of publication), study implementation country, type of
the study number of total HIV positive and SARS-CoV-
2 co-infected patients, number of total HIV negative
patients who are infected with SARS-CoV-2, number of

COVID-19 deaths who are were infected with HIV,
number of COVID-19 deaths who were HIV negative,
the mean or median age of patients, and the period in
which mortality is accounted to be due to COVID-19.
Based on previous studies, the quality of the eligible
studies was assessed using the New-Castle Ottawa Scale
(NOS) quality assessment scale. The quality score was
presented for each study."’

Statistical Analyses

For data analysis, we used meta package in the R
statistical software (version 4.0.5).”” The crude odds
ratio (OR) was calculated with a 95% confidence
interval (CI) for all studies. After that, the pooled odds
ratio was estimated using Mantel-Haenszel Method.
Because of heterogeneity greater than 75%, the random-
effects model was used.”’ The pooled OR for the
association between HIV infection and mortality due to
COVID-19 was reported with 95% CI. The forest plot
was used to graphically represent the result of
conducted meta-analysis and calculated OR for
individual studies. The 12 statistic was used to examine
the Heterogeneity in the included studies. A value of
more than75% was considered as significant
heterogeneity. The 12 statistic represents the percentage
of total variation across studies due to heterogeneity.
The funnel plot was used to assess the small study
effect. Observing any asymmetry visually in the funnel
plot was considered as a Small study effect. As the
small studies show different, treatment effects compared
with the large studies, we used this method. The small
study effect is the association between the size of the
study and the effect in meta-analysis. Egger regression
test of funnel plot asymmetry and Begg correlation
method were conducted to test publication bias. A trim-
and-fill method was utilized to adjust the effect estimate
for this bias.

Results

The flow diagram of the study selection is presented in
Figure 1. After the removal of duplicate records, 3,262
studies were retrieved from online databases. These
studies were screened based on title and/ or abstract.
After that, 45 studies were fulfilled the inclusion criteria
for full-text review. From these full-texts, 34 studies
were excluded because 1) seventeen studies had
insufficient data, 2) studies were not stratified by HIV
status, 3) four studies did not have appropriate, 4) four
studies have heterogeneous data; 5) studies had less than
10 deaths in HIV-positive and COVID-19 positive
patients. Finally, the process led to a final inclusion of
11 studies. The characteristics of the selected studies are
presented in Tablel.

Eleven studies were included in our study consisting of
19.642.775 COVID-19 infected cases, 59.980 HIV
positive, and 4,373 deaths due to COVID-19 in HIV
positive patients and 167.800 deaths overall. Total HIV
cases ranged from 111 to 27480, total COVID-19 cases
ranged from 15.187 to 17.282.905. Total deaths in HIV-
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Fig 1. Flow diagram for Study selection

positive patients due to COVID-19 ranged from 20 to
3.407. Of the 11 studies, 9 were retrospective cohort and
two were prospective cohort. Six studies were
conducted in the United States; three and two studies
were conducted in South Africa and the United
Kingdom respectively. Five studies were conducted in
2021 and six ones were in 2021. The median age in the
included studies ranged from 47 to 54 years. Five
studies had a sample size greater than 100.000 people.

The largest study in the United Kingdom was conducted
by Bhaskaran et al. in 202. This study was a
retrospective  cohort study, in which 17.282.905
COVID-19 infected patients were recruited, in which

0.15% of the total study population was HIV positive.
Twenty-five HIV-positive patients from 27.455 and
14.857 HIV-negative patients from 17.255.425 were
died because of COVID-19 infection. The OR of
COVID-19 mortality in HIV positive patients compared
to HIV negative patients was 1.06 (CL: 0.71 to 1.56).*

The largest retrospective cohort in the United States was
conducted in 2021 by Sun et al. In this study 1.435.253
COVID-19 infected patients were recruited. In this
study, 0.5% was HIV positive, were studied. Of 8.269
HIV-positive patients 195 and of 1.426.984 HIV-
negative patients, 23.973 cases died because of COVID-
19 infection. The OR of COVID-19 mortality in HIV
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positive patients compared to HIV negative patients was

As it shows in Figure 2 the overall pooled odds ratio is

Table 1. Characteristic of the included studies

ID

Author

Year

Country Study design

Data source

Mortality Quality of

time literature

Age HIV (+) HIV ()

(Range)

Death Total Death Total

Bhaskaran
(22)

2021

United
Kingdom

Retrospective
cohort

Data came from
the OpenSAFELY
platform on behalf

of NHS England

median:
48 (40— 25
55)

27480 14,857 17255425 NA H

Miyashita
25

2021

United
States

Retrospective
cohort

Electronic medical
records of the
Mount Sinai
Health System in
NYC

NA 23 161 1235 8751 NA H

Venturas
(26)

2021

South
Africa

Retrospective
cohort

Medical wards and
multidisciplinary
intensive care unit
(ICU) of Charlotte
Maxeke
Johannesburg
Academic
Hospital
(CMJAH)

Median:
50 (39— 16 108 54 276 NA H
60)

Sun
27)

2021

United
States

Retrospective
cohort

A multicenter
electronic medical
record (EMR),
data from across
the United States

Median: s
47(2- 195 8260 23973 1426084  ithin4s H

61) day

Jassat
24)

2021

South
Africa

Retrospective
cohort

Data submitted to
DATCOV, a
national active
hospital
surveillance
system for
COVID-19
hospital
admissions

Median:
54 (40— 3407
66)

13793 30,697 137986 NA H

Hadi (28)

2020

United
States

Retrospective
cohort

Multicenter
research network
TriNETX
(Cambridge,
Massachusetts,
USA)

49763 Within 30 H

>10 20 404 1585
days

Braunstein

29)

2020

United
States

Retrospective
cohort

Data from
the New York City
Department of
Health and Mental
Hygiene
(DOHMH) HIV
surveillance
registry

NA 312 2410 16,160 202012 NA H

Gudipati
(30)

2020

United

Prospective cohort
States P

Patients living
with HIV in
Michigan

Median:

5o 23 278 5919

64993 NA H

Tesoriero

31

2020

United
States

Retrospective
cohort

Patients were
diagnosed in New
York State

NA 207 2988 14,522 375260 NA H

Geretti (32)

2020

United

Kingdom Prospective cohort

Data from the
International
Severe Acute
Respiratory and
Emerging
Infection
Consortium

=18 14555 43015 Vithin28 H
years days

Boulle
(33)

2020

South
Africa

Retrospective
cohort

Data from adults
attending public
sector health
facilities in the
Western Cape,
South Africa

=20 115 3978 510 18330 NA I

1.41 (CL: 1.23 to 1.63).”

The largest retrospective cohort in South Africa was
conducted in 2021 by Jassat et al. In this study 151.779
COVID-19 infected patients were included. In this
study, 9% of the population size was HIV positive. This
study, with 3.407 deaths in HIV-positive patients, had
the most mortality cases due to COVID-19. The OR of
COVID-19 mortality in HIV positive patients compared
to HIV negative patients was 1.15 (CL: 1.10 to 1.19).**

1.21 (CI: 1.02; 1.43), which suggests that the odds of
mortality due to COVID-19 infection in HIV-positive
patients was 21% higher than in HIV-negative patients
(P-value < 0.0277). The 12 value was 89% (P-value <
0.0001), which shows that included studies are
heterogeneous. The evidence of the small study effect
was tested by observation of funnel plot symmetry. In
this study, the funnel plot analysis showed symmetry
among the included studies (Figure 3). P-values for
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Miyashita (2021) 1258 23 7654 138
Venturas (2021) 70 16 314 92
Sun (2021) 24168 195 1411085 8074
Jassat (2021) 34104 3407 117675 10386
Random effects model 128440 19514335

Fig 2. Forest plot exhibiting OR of each study and pooled OR of the association between HIV infection and
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Egger regression test and Begg correlation method were
0.88 and 0.3 respectively, which indicate publication
bias is non-significant. After moderating the small
studies with the trimming method, the odds of mortality
due to COVID-19 in HIV-positive patients was 1.21
(CI: 1.02; 1.43) times higher than HIV-negative
patients, which did not show any change compared to
the previous result.

Discussion

In this meta-analysis, we assessed the mortality risk in
HIV and COVID-19 co-infection compared to HIV-
negative patients. It was revealed that persons living

with HIV are 21% more likely to die because of
COVID-19 infection than people without HIV. There
are some explanations for the observed results. First,
HIV-positive patients are more likely to have some
preexisting chronic conditions that make them more
susceptible to severe outcomes and mortality when
infected with the COVID-19 virus.>>* Some of these
conditions  are  hypertension,  diabetes, and
cardiovascular diseases that numerous studies have
shown their effectiveness in COVID-19 caused
mortality and severity.”” Besides, HIV-positive patients
have a compromised immune system, and subsequent
attenuated immune response to COVID-19 infection and
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Fig 3. Funnel plot of the included studies in this meta-analysis. Each point represents a study, the y-axis
represents standard error, and the x-axis displays the odds ratio of each study
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severity and mortality are followed” The delayed
SARS-CoV-2 specific antibody response caused by HIV
infection may also increase the recovery time of lung
lesions and provides the opportunity for the SARS-
CoV-2 virus to spread and infect more areas of the
lungs, but this hypothesis needs to be confirmed by
future studies. In addition, HIV-positive patients are
more susceptible to some conditions such as anemia,
neutropenia, thrombocytopenia, and abnormal serum
electrolytes.”® Co-infection with some other types of
pneumonia and infectious diseases, which may worsen
during the course of COVIS-19 infection, is also
another possible explanation for the greater mortality
rate of COVID-19 among HIV-positive patients.’” The
mean age of patients with HIV and COVID-19 co-
infection was 50 years, which is significantly younger
than the mean age of hospitalized COVID-19 patients in
the general population. This age difference results from
premature aging of HIV-positive patients due to chronic
inflammation or certain behavioral risk factors.”™* With
a greater chance of mortality in HIV-positive patients,
they should follow all applicable recommendations for
COVID-19  carefully to prevent SARS-CoV-2
acquisition. These recommendations include social or
physical distancing, avoiding crowded areas, and
wearing masks consistently.* Besides, HIV-positive
patients should be included in the category of high-risk
medical conditions and should be of high priority to
receive SARS-CoV-2 vaccines, and this should be done
regardless of viral load or CD4 count. In addition to
caution about SARS-CoV-2 infection control in HIV-
positive patients, health care providers should ensure
that HIV-positive patients maintain their HIV controlled
and sustain antiretroviral therapy (ART) continuously
with proper adherence to treatment.”' Addressing
underlying medical conditions and achieving viral
suppression could reduce COVID-19-associated
mortality in HIV-positive patients, especially in highly
affected regions with HIV including sub-Saharan
Africa. Our study had some limitations. First, the
studies included in our meta-analysis are from three
regions, the United States, the United Kingdom and,
South Africa, which may not be representative of the
whole world. The latter limits the generalization of the
results to other countries. Second, due to a limited
number of studies, subgroup analysis, including age and
sex groups, stages of HIV, HIV viral load, CD4 counts,
ART regimen, and comorbidities were not possible.
Therefore, future studies might take into account the
association between HIV and COVID-19 outcomes by
comorbidities, HIV viral load, CD4 count, and sex and
age subgroups.

In conclusion, HIV infection is associated with higher
mortality due to COVID-19. HIV-positive patients are
21% more likely to die because of COVID-19 infection
than people without HIV. Special attention should be
considered for the prevention and treatment of COVID-
19 in HIV-positive patients.
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