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ARTICLE INFO ABSTRACT

Edited by Jormay Lim Background and aim: Coronavirus disease 2019 (COVID-19) in people living with human immunodeficiency virus
(HIV) who has a compromised immune system can be associated with more significant risks for severe com-

Keywords: plications. To date, no comprehensive study has been performed to evaluate HIV in patients with COVID-19. In

Co-infection the present study, we assessed the status of patients co-infected with severe acute respiratory syndrome coro-

2019 novel coronavirus
COVID-19

HIV

Meta-analysis

navirus 2 (SARS-CoV-2) and HIV as a systematic review and meta-analysis.

Methods: A systematic literature search strategy was conducted via reviewing original research articles published
in Medline, Web of Science, and Embase databases in 2019 and 2020. Statistical analysis was performed using
STATA software, version 14.0 (Stata Corporation, College Station, Texas, USA), to report the prevalence of HIV
among patients with COVID-19. Case reports/case series were also evaluated as a systematic review.

Results: Sixty-three studies (53 case reports/case series and ten prevalence studies) were included in our study. A
meta-analysis of prevalence studies showed that HIV infection among patients with COVID-19 was reported in 6
countries (Uganda, China, Iran, USA, Italy, and Spain) with an overall frequency of 1.2% [(95% CI) 0.8-1.7]
among 14,424 COVID-19 patients. According to the case reports and case series, 111 patients with HIV have been
reported among 113 patients with COVID-19 from 19 countries. Most of the cases were in the USA, China, Italy,
and Spain.

Conclusion: The small number of SARS-CoV-2-HIV co-infected patients reported in the literature makes it difficult
to draw precise conclusions. However, since people with HIV are more likely to develop more severe compli-
cations of COVID-19, targeted policies to address this raised risk in the current pandemic should be considered.
Our findings highlight the importance of identifying underlying diseases, co-infections, co-morbidities, labora-
tory findings, and beneficial treatment strategies for HIV patients during the COVID-19 pandemic.

1. Introduction Health Organization (WHO) lists it as the sixth public health emergency
worldwide (Wu et al., 2020). Although many people with the infection

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), are asymptomatic or show mild symptoms, many patients develop the
the responsible agent of the current coronavirus disease 2019 (COVID- severe form of the disease, leading to severe complications or even death

19) pandemic, emerged in China in December 2019 and has so far been (Garg, 2020; Sameni et al., 2020). The proper response of the host to
reported from all around the world (Zhou et al., 2020). The World COVID-19 depends on the activation of both innate and acquired

Abbreviations: COVID-19, Coronavirus disease 2019; SARS-CoC-2, Severe acute respiratory syndrome coronavirus 2; WHO, World Health Organization; CDC,
Centers for Disease Control and Prevention; HIV, Human immunodeficiency virus.
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immunity. For this reason, there is a significant concern about the
vulnerability of immunodeficient patients before or during the COVID-
19 pandemic (Wang et al., 2020a; Yang et al., 2020). Immunodefi-
ciency is a disorder of the immune system in which the host body is
disabling to establish effective immune responses to various infections
(Chaplin, 2010; Dropulic and Cohen, 2011). As a result, such people are
prone to more intense forms of infection (Grabbe et al., 2020). Since the
Centers for Disease Control and Prevention (CDC) has identified
immunocompromised patients as a high-risk group for severe forms of
new coronavirus infection, it is essential to conduct studies to determine
the relationship between human immunodeficiency virus (HIV) infec-
tion and the severity of COVID-19 (Grabbe et al., 2020; Faust et al.,
20205 Li et al., 2020a). However, there are limited data regarding the
clinical impact of COVID-19 on people infected with HIV. In fact, since
there is a significant relationship between immunodeficiency the and
severity of COVID-19 (Hoffmann et al., 2021), it may be possible to
reduce the severe complications and mortality due to the infection in
this group of patients by using appropriate immunomodulators (Gaziano
et al., 2021; Hall et al., 2022).

As far as we know, a comprehensive study has not yet evaluated the
status of patients who suffer from HIV and COVID-19 at the same time.
Hence, the purpose of the current study was to assess the status of pa-
tients who had concurrent COVID-19 and HIV as a systematic review
and meta-analysis.

2. Methods
2.1. Search strategy

A comprehensive systematic literature search was conducted by
reviewing original research papers published in Medline, Web of Sci-
ence, and Embase databases in 2019 and 2020. The following phrases
were used in the search strategy of this article: COVID OR COVID-19 OR
novel coronavirus OR new coronavirus OR coronavirus 2019 OR 2019-
nCoV OR nCoV OR CoV-2 OR SARS-2 OR SARS-CoV-2 OR severe acute
respiratory syndrome coronavirus 2, HIV OR human immunodeficiency
virus OR AIDS OR acquired immune deficiency syndrome.

2.2. Inclusion and exclusion criteria

All case reports/case series and prevalence studies about HIV among
patients with COVID-19 were evaluated. These studies reported suffi-
cient data for analysis, such as the number of patients with COVID-19,
HIV and SARS-CoV-2 co-infection, clinical symptoms, and laboratory
findings. In the next step, two authors independently evaluated the ti-
tles, abstracts, and full texts of the recorded papers based on the inclu-
sion and exclusion criteria. The exclusion criteria were as follows: (1)
animal research only, (2) studies considering HIV only, (3) studies
considering patients with COVID-19 only, (4) review articles, (5) ab-
stracts presented in conferences, and (6) duplicate studies. BH, MG, and
NK selected appropriate papers after considering all studies based on
inclusion and exclusion criteria.

2.3. Data extraction and definitions

In each study, the following items were considered: the first author's
last name, time of the study, time of publication, region, number of
COVID-19 patients, number of COVID-19 patients with HIV, clinical
symptoms, laboratory findings, outcomes, diagnostic methods, and
treatment. The data were obtained by two independent individuals and
verified by another researcher.

2.4. Meta-analysis

Statistical analysis was performed using STATA software, version
14.0 (Stata Corporation, College Station, Texas, USA), to report the
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frequency of HIV among patients with COVID-19. Statistical heteroge-
neity was assessed using the Q-test and the I2 statistical methods. P-
value < 0.05 was considered as statistically significant.

3. Results
3.1. Characteristics of included studies

Overall, 1930 citations were recorded in the initial database
searches. Three databases were searched, and therefore, many duplicate
studies were selected. After removing 785 duplicates, 1145 non-
duplicate studies remained. After checking titles and abstracts, 735
non-relevant studies were removed from our review. In the step of full-
text screening, 346 irrelevant articles were also excluded. Eventually, 63
publications were selected for the final analysis (Fig. 1).

3.2. The frequency of HIV among patients with COVID-19 based on
evaluated studies

Out of 63 publications that reported the HIV among patients with
COVID-19, ten articles (One from Africa, two from Asia, three from
America, and four from Europe) were prevalence studies, and 53 articles
(17 from Asia, 17 from Europe, 15 from America, and four from Africa)
were case reports/case series (Tables 1 and 2). Meta-analyses of prev-
alence studies indicated that the frequency of HIV among patients with
COVID-19 was reported in 6 countries (Uganda, China, Iran, USA, Italy,
and Spain) with an overall frequency of 1.2% [(95% CI) 0.8-1.7] among
14,424 COVID-19 patients (Table 3). Fig. 2 summarizes almost all of the
necessary data for a meta-analysis. The heterogeneity among assessed
articles can be seen in Figs. 3 and 4. 167 patients with COVID-19 also
have HIV.

3.3. The frequency of HIV among patients with COVID-19 among
different continents based on prevalence studies

The meta-analysis of prevalence studies showed that the frequency of
HIV among patients with COVID-19 was 2.4% (95% CI 0.5-4.2) among
2739 patients in America, 1.3% (95% CI 0.6-2.1) among 7586 patients
in Europe, and 0.9% (95% CI 0.3-1.4) among 4043 patients in Asia

Search in electronic data bases (n=1930)

MEDLINE (via PubMed)
EMBASE
WEB OF SCIENCE
Excluded duplicates
(n=785)
v
Titles and abstract review
(n=1145)
N Excluded irrelevant
(n=733)
v

Full-text review

(n=410)
Excluded irrelevant (n=346)
Reasons for exclusion:
Review article
v Studies without enough data
Included (n=63)

Case reports (n=33)
Case series (n=20)
Prevalence studies (n=10)

Fig. 1. Flow chart of study selection for inclusion in systematic review.
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Table 1
Characteristics of included prevalence studies.
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First author Country  Published Type of Number of patients Number of COVID-19 Mean Male/ Diagnostic method
time study with COVID-19 patients with HIV age female

Kumar et al. USA 2020 Case 50 1 50 M Real-time PCR
(2020) series

Calza et al. Italy 2020 Case 756 26 53.8 19M/7F Real-time PCR, blood tests, CD4
(2020) series count

Collins et al. USA 2020 Case 530 20 57 13M/6F/ NR
(2020) series 1TSF

Emami et al. Iran 2020 Case 1239 5 NR NR Molecular tests, HRCT
(2020) series

Huang et al. China 2020 Case 2804 17 NR NR serology, Real-time PCR
(2020) series

Inciarte et al. Spain 2020 Case 5683 53 44 8F/45M ELISA, Real time PCR
(2020) series

Kirenga et al. Uganda 2020 Case 56 4 NR NR Real-time PCR, CXR
(2020) series

Mondi et al. Italy 2020 Case 604 5 49.6 4M/1TSF Real-time PCR, serology,
(2020) series radiology imaging

Shalev et al. USA 2020 Case 2159 31 60.7 24M/7F Real-time PCR, CT scan, CXR,
(2020) series blood tests, HIV VL

Blanco et al. Spain 2020 Case 543 5 37.8 3M/2TSF Real-time PCR, CXR, blood tests,
(2020) series CD4+ count

TSF; Trans Female, PCR; Polymerase Chain Reaction, HRCT; High-resolution computed tomography, VL; Viral Load, CXR; Chest X-Ray, ELISA; Enzyme-Linked

Immunosorbent Assay, NR; not report.

(Table 3). There were no data on HIV infection prevalence among
COVID-19 patients from Oceania. As shown in Table 1, the most COVID-
19 patients with HIV were reported in Europe (Italy and Spain with 31
and 58 cases, respectively).

3.4. The frequency of HIV among patients with COVID-19 based on case
reports/case series

We assessed the HIV infection among cases with COVID-19, which
was reported in the mentioned electronic databases. Characteristics of
case reports/case series studies (which were not taken into account
during the analyses as mentioned above) are shown in Table 2. Con-
forming to the results of these studies, 111 HIV patients have been re-
ported among 113 patients with COVID-19 from 19 countries (Table 4).
Most of the cases were in the USA (36 cases), China (16 cases), Italy (16
cases), and Spain (8 cases) (Table 4). Among the patients whose gender
was mentioned, 18 patients with HIV were women, 86 were men, 4 were
trans females (TSF), and the rest (3 patients) were unknown. Evaluation
of case reports/case series revealed that out of 111 patients with COVID-
19, 78 patients had the underlying disease, most of them from Europe
and America, respectively. The continents of Asia and Africa were also in
the next ranks. At the time of this study, there were no reports of un-
derlying disease in COVID-19 patients with HIV in Oceania. According
to the results of the present study, the most common underlying diseases
were hypertension (30/111), diabetes (18/111), cardiovascular diseases
(12/111) and lung diseases (11/111), and obesity (9/111). In COVID-19
patients with HIV, the clinical symptoms were also considered. Thirty-
eight forms of clinical symptoms have been identified in these pa-
tients, depending on the findings of the investigations (Table 4). Of
these, fever (66/111), cough (56/111), dyspnea (50/111), diarrhea (11/
111), and chest pain (10/111) were the most common clinical symptoms
among COVID-19 patients with HIV infection. Of the 12 types of co-
infections registered in the studies, infection with Hepatitis C virus
(HCV) (Yang et al., 2020), Mycobacterium tuberculosis (Wang et al.,
2020a), Pneumocystis jirovecii (Sameni et al., 2020), HBV/Candida albi-
cans (3 studies for each), and Treponema pallidum/Cryptococcus neofor-
mans (2 studies for each) were the most common infections in HIV-
COVID-19 patients (Table 4). Accordingly, HCV (10.8%),
M. tuberculosis (6.3%), and T. pallidum/P. jirovecii (3.6% for each) were
the most common infections reported in COVID-19 patients with HIV.
Computerized tomography (CT) scan was mentioned in 48 articles as

one of the diagnostic methods used for COVID-19. The findings of pa-
tients' CT-scan were as follows: Ground-glass opacification (31.5%),
bilateral abnormalities (16.2%), large cavitation (0.9%), pleural empy-
ema (2.7%), reticular interstitial thickening (2.7%), high density patchy
(2.7%), atypical bilateral pneumonia (14.4%), interstitial infiltrate
(2.7%) and normal (8.1%). Ground-glass opacification was reported in
24 studies and 36 patients (Table 4), which was the most common
finding of CT scans in the evaluated patients. Laboratory examination of
patients showed that elevated C-reactive protein (CRP) (44.1%), low
CD4 (38.7%), lymphocytopenia (29.7%), high LDH (24.3%), elevated
ferritin (17.1%), and increased D-dimer (16.2%) were the most common
findings (Table 4). Additionally, the study evaluated the patients' out-
comes. The analyzed studies showed that 83 out of 111 patients sur-
vived, 19 died, and nine patients' outcomes were not reported (Table 4).

In the case reports/case series articles, the drugs used to treat COVID-
19 patients with HIV are summarized in Table 5. Emtricitabine (47.7%),
tenofovir (64.2%), lamivudine (26.6%), ritonavir (22.0%), and dolute-
gravir (21.1%) were the most widely used antiretroviral drugs for the
treatment of these patients. According to the results, 18 studies reported
the use of ritonavir for the treatment of patients; of these, five studies
(27.7%) reported the use of a combination of atazanavir/ritonavir, and
13 studies (72.22%) reported the use of a combination of lopinavir/ri-
tonavir for the effective treatment. Among the antibacterial agents,
azithromycin (25.6%), ceftriaxone (13.7%), and moxifloxacin (8.2%)
were the most widely used drugs reported in 16, 8, and 6 studies,
respectively. Several treatment regimens, including hydroxychloroquine
(HCQ) and azithromycin, have been used in some studies. Other used
drug combinations are presented in Table 5 as “others”. As it turns out,
HCQ (in 18 studies), enoxaparin (in 5 studies), methylprednisolone,
atorvastatin, and prednisolone (3 studies for each) were other drug
combinations that were used more than others in the treatment of
patients.

4. Discussion

COVID-19, which emerged in late 2019, has infected more than 60
million people globally and has caused many deaths in various countries
(Lee et al., 2020; Giannattasio et al., 2010). So, it can be assumed that
this disease is a tremendous threat to human life worldwide. Although
countless valuable studies have been carried out on the virus in the short
term, there is still much ambiguity in fully identifying its pathogenic
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Table 2

Characteristics of case reports/case series studies.
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First author Country Published Type of Number of Number of COVID- Mean Male/ Diagnostic method
time study patients with 19 patients with HIV ~ age female
COVID-19
Parker et al. (2020) South 2020 Case 1 1 4 M Real-time PCR
Africa report
Case .
Baluku et al. (2022) Uganda 2020 1 1 34 F Real-time PCR
report
. . . Case .
Elhadi et al. (2020) Libya 2020 1 1 86 F CT, Real-time PCR
report
Khaba et al. (2020) Sot{th 2020 Case 1 1 19 M Real-time PCR, HIV VL, CD4+
Africa report count
Bertolini et al. (2020) Argentina 2020 Se?;t 1 1 43 M Real-time PCR, DH
. ; Case
Modi et al. (2019) USA 2020 report 1 1 32 M PCR, HIV VL, CD4+ count
Cipolat and Sprinz Brazil 2020 Case 1 1 63 F Real-time PCR
(2020) report
Haddad et al. (2020) UsA 2020 rcea;;t 1 1 41 M Real-time PCR, blood test; CT scan
. Case Chest radiography, Real-time PCR,
7a al. (202
Rivas et al. (2020) Panama 2020 series 2 2 4 M CD4 count, VL, CT scan, GeneXpert
Suwanwongse and USA 2020 Cas.e 9 9 58 7M/2F Real-time PCR, CXR, HIV VL, CD4+
Shabarek (2020) series count
Case Real-time PCR, CXR, CT scan,
Przydzial et al. (2020 A 202 2 2 2M ’ ? ’
rzydzial et al. ( ) us 020 series 57 blood test, HIV VL, CD4 count
Benkovic et al. (2020) USA 2020 Se"‘rslzs 4 4 5975 4M Real-time PCR, CXR, CD4 count
Pata et al. (2020) UsA 2020 Case 3 3 50.3 2M/F Real-time PCR, CXR, CT scan,
series blood test
Farias et al. (2020) Brazil 2020 Case 2 2 4 2M CT-scan Real-time PCR, blood tests,
series PCR
Ridgway et al. (2020) UsA 2020 Case 5 5 48 M/4F PCR, CXR, CT-scan, CD4 count,
’ series blood testing
Chiappe Gonzalez et al. Case Real-time PCR, CT-scan; blood test;
P, 202 1 1 M
(2020) e 020 report 38 CD4 Count
Mahmood et al. (2020)  USA 2020 Case 1 1 NR M cT
report
M/F,
Byrd et al. (2020) USA 2020 Case 9 9 55 TWE/ bR, T
series TSF
Patel (2020) UsA 2020 f;:;t 1 1 58 M Real-time PCR, CD4 count
. Case X
Zhao et al. (2020) China 2020 report 1 1 38 M Serology, Real-time PCR
Zhang et al. (2020b) China 2020 Case 2 2 30.5 oM Blood test, CT-scan, Real-time PCR,
series serology
C
Rahbarnia et al. (2020) Singapore 2020 searsiis 2 2 45 2M Real-time PCR, CXR
Ruan et al. (2021) China 2020 Case 4 4 ‘4075 4M Real-time PCR, chest CT-scan, CD4
series count, blood tests
Janakiram Marimuthu South 2020 Case 6 6 38 3M/2F/ Real-time PCR, CT-scan; CXR,
and Gandhi (n.d.) India series TSF blood test
Adachi et al. (2020) Japan 2020 Case 2 2 415 2TSF Real-time PCR, CT-scan, blood test,
series CXR
. . Case
Li et al. (2020b) China 2020 1 1 24 M CT, PCR, serology
report
Wu et al. (2020) China 2020 Case 1 1 47 M cT
report
Bl i T- 1-ti
Nakamoto et al. (2020)  Japan 2020 Case 1 1 28 M ood testing, CT-scan, Real-time
report PCR
C Chest radi h, Real-time PCR,
Sun et al. (2020) Singapore 2020 ase 1 1 37 M est radiogeraph, Real-time
report CD4+ count
Li et al. (2020b) China 2020 Case 1 1 37 M CT, PCR, serology
report
. Case .
Chen et al. (2020c) China 2020 report 1 1 24 M Real-time PCR, CT-scan
Zhu et al. (2020a) China 2020 rceegsrt 1 1 61 M Real-time PCR, CT-scan, blood test
1-ti P D T-
Wang et al. (2020b) China 2020 Case 1 1 37 M Real-time PCR, CD4 count, C
report scan,serology,blood tests
Wu et al. (2020) China 2020 Case 1 1 60 M CT, Real-time PCR
report
. Case .
Zhu et al. (2020b) China 2020 1 1 NR NR Real-time PCR
report
. 50 : Case .
Tian et al. (2020) China 2020 report 1 1 24 M CT-scan, Real-time PCR, blood tests

(continued on next page)
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Table 2 (continued)
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First author Country Published Type of Number of Number of COVID- Mean Male/ Diagnostic method
time study patients with 19 patients with HIV ~ age female
COVID-19
Ciccullo et al. (2020) Italy 2020 Case 4 2 27.5 2M Real-time PCR, CT
series
Bartilotti Matos and UK 2020 Case 1 1 51 M CT, PCR
Davies (2021) report
Di Giambenedetto et al. Italy 2020 Case 1 1 75 M Real-time PCR, CXR
(2020) report
G
Riva et al. (2020) Italy 2020 S:rsi‘; 3 3 60.6 2M/F Real-time PCR, CXR
Aydin et al. (2020) Turkey 2020 Scearslzs 4 4 3725  4M Real-time PCR, CT-scan, serology
Toombs et al. (2020) UK 2020 Cas'e 3 3 55 2M/F (?XR’ blood tests, CD4 count, Real-
series time PCR
Case Real-time PCR, chest radiograph,
: al. (202 )
Sasset et al. (2020) Italy 2020 series 2 2 61.5 M blood tests, HIV VL, CD4+ count
Bartilotti Matos and Case
Davies (2021) UK 2020 report 1 1 38 M CT, PCR
C
d’Ettorre et al. (2020) Italy 2020 reE;JSzrt 1 1 52 F Real-time PCR, CT-scan, blood test
. . Case
Farinacci et al. (2020) Italy 2020 1 1 59 M PCR, CT
report
Coleman et al. (2020) UK 2020 Case 1 1 55 M Multiplex PCR, Real-time PCR, CT-
report scan,
Case .
Tordanou et al. (2020) Cyprus 2020 1 1 58 M Real-time PCR
report
Molina-Iturritza et al. . Case .
(2020) Spain 2020 series 8 8 47.5 7M/F Real-time PCR
G
Pinnetti et al. (2020) Italy 2020 re*;fzrt 1 1 55 NR Real-time PCR, IFA, chest HRTC
e . Case
Di Biagio et al. (2020) Italy 2020 . 4 4 65 3M/1F CT
series
o Case .
Joumaa et al. (2020) France 2020 report 1 1 65 M CT, Real-time PCR, VL, CD4 count
. . Case
Pinnetti et al. (2020) Italy 2020 report 1 1 32 NR Chest HRTC, PCR, IFA

TSF; Trans Female, PCR; Polymerase Chain Reaction, HRCT; High-resolution computed tomography, VL; Viral Load, CXR; Chest X-Ray, ELISA; Enzyme-Linked

Immunosorbent Assay, IFA; Immunofluorescence assay, NR; not report.

Table 3
Frequency of HIV among patients with COVID-19.
COVID-19 patients with HIV Prevalence =~ Number Number I-
% of of squared
(95% CI) studies patients
1.2 167/ o
Overall 0.8-1.7) 10 14424 80.4%
Italy 1.3
Eq 7%
urope Spain  (0.6-2.1) 4 89/7586 78.7%
Subgroup 94
i " 0
America USA (0.5-4.2) 3 52/2739 72.6%

behavior in humans. The relationship between COVID-19 and other
infections is among the most critical issues to consider. An elevated risk
of COVID-19 and death appears to be associated with certain diseases,
such as HIV. However, there is little evidence on how HIV infection can
affect the risk of COVID-19. According to various studies conducted on
the role of HIV in respiratory virus epidemics previously, HIV is asso-
ciated with an increased risk of respiratory infections, including sea-
sonal flu (Giannattasio et al., 2010).

In the present study, prevalence studies, as well as case reports and
case series studies, were reviewed and analyzed. Accordingly, 14,424
patients with COVID-19 in prevalence studies and 113 similar patients in
case reports and case series researches were screened for HIV infection.
Meta-analysis of the prevalence studies showed that most COVID-19
patients infected with HIV were from continental America (mainly
from the USA); the frequency of these patients was 2.4% (0.5-4.2). In
this regard, the frequency of these patients in published studies from
Europe was 1.3% (0.6-2.1) which was mainly reported in Italy and

Spain. Accordingly, the prevalence of COVID-19 patients with concur-
rent HIV is higher in the United States than in Europe. Based on case
reports and case series studies, the United States, with 36 reported cases,
had the highest number of patients co-infected with SARS-CoV-2 and
HIV. Genetics, age, lifestyle, diet, environmental parameters, and
geographic area in which patients live are some of the reasons for this
difference in the prevalence of COVID-19 and HIV infected patients. On
the other hand, health facilities, the quality of patient care in hospitals,
and the ability to accurately diagnose the disease also influence this
difference.

One of the most critical issues in the current study was the evaluation
of underlying diseases in people co-infected with SARS-CoV-2 and HIV.
Evaluation of case reports and case series studies showed that 78 out of
111 COVID-19 patients co-infected with HIV had underlying diseases,
mainly from continental Europe followed by continental America. The
continents of Asia and Africa were also in the following ranks. It should
be noted that at the time of this study, there were no reports of under-
lying disease in patients with COVID-19 and concurrent HIV infection
from Oceania. According to the results of the present study, the most
common underlying diseases in the subjects were hypertension, dia-
betes, cardiovascular, and lung diseases. The cohort study results
revealed that some of the mentioned underlying diseases (predomi-
nantly hypertension and diabetes) in patients infected with SARS-CoV-2
and HIV are higher than in those with HIV without COVID-19 (Vizcarra
et al., 2020). In a review study conducted by Mirzaei et al. (2020), hy-
pertension, obesity, chronic obstructive pulmonary disease, and dia-
betes were the most common underlying diseases.

Consequently, high blood pressure, diabetes, and lung diseases can
be regarded as frequent underlying diseases in COVID-19 patients with
HIV. These underlying diseases were also reported in a study conducted
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Fig. 2. Forest plot of the meta-analysis on the prevalence of HIV among patients with COVID-19.
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Fig. 3. Funnel plot of the meta-analysis on the prevalence of HIV among pa-
tients with COVID-19.

by McMichael et al. (2020). In their study of the 81 COVID-19 patients
admitted to the hospital, 69.1% had high blood pressure, 43.2% had
kidney failure, and 37.0% had diabetes. Based on evaluated case reports
and case series studies, the number of male patients was four times
higher than female patients, and the mean age of all patients was 50
years.

As noted in the present study, the most common clinical symptoms
reported in patients with SARS-CoV-2-HIV co-infection were fever,
cough, respiratory and gastrointestinal problems. Also, hypoventilation,
inappetence, weight loss, dysphagia, hyposmia, muscle aches, chills,
encephalopathy, rhinorrhea, wheezing, hypogeusia, seizure, and phar-
yngitis were the least common. As mentioned above, Simultaneous
infection between different microorganisms and SARS-COV-2 is a
serious problem in the COVID-19 pandemic, especially in patients with
underlying conditions. However, there are few reports about SARS-CoV-
2 co-infection with other microorganisms. Obtaining clinical data about
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Fig. 4. Galbraith of meta-analysis on the prevalence of HIV among patients
with COVID-19.

infections coinciding with SARS-CoV-2 is of great value and plays an
important role in adopting more appropriate treatment regimens for
patients with COVID-19. Different studies revealed that some infections
are considerably higher in patients with severe forms of COVID-19 than
those without COVID-19 (Cohen et al., 2022; Scott et al., 2022; Chen
et al., 2020a). Therefore, extensive researches are needed to determine
the types and prevalence of COVID-19 concomitant infections to adopt
appropriate treatment and prevention strategies as well as to avoid the
complications of these concomitant infections. The findings of such
studies will help significantly reduce the mortality rate of coronavirus-
infected patients who have other infections. In this regard, another
parameter to consider in our study was the evaluation of co-infections
with SARS-COV-2. According to the results of our study, infection
with HCV, M. tuberculosis, Streptococcus pneumoniae, P. jirovecii, Hepa-
titis B virus (HVB), and C. albicans were the most common infections in
COVID-19 patients with HIV. As reported by recent clinical studies,
concomitant virus infection mainly includes respiratory viruses such as
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Table 4
Summary of the case reports/case series findings.

Overall

Types of study Number of studies Total patients with COVID-19 Total patients with COVID-19 and HIV n/N* (%)

Case report 33 36 36 36/36 (100.0)

Case series 20 77 75 75/77 (97.4)
Variables Number of studies Number of patients with COVID-19 and HIV n/N* (%)

Underlying disease Metabolic syndrome 1 1 1/111 (0.9)
Dementia 1 1 1/111 (0.9)
Cancer 4 4 4/111 (3.6)
CVA® 2 2 2/111 (1.8)
COPD* 4 7 7/111 (6.3)
Obesity 7 9 9/111 (8.1)
Renal disease 4 4 4/111 (3.6)
Hyperlipidemia 3 3 3/111 (2.7)
Asthma 1 1 1/111 (0.9)
Hypertension 18 30 30/111 (27)
Obstructive sleep apnea 1 1 1/111 (0.9)
Coronary heart disease 9 12 12/111 (10.8)
Diabetes 12 18 18/111 (16.2)
Liver disease 1 1 1/111 (0.9)
Pulmonary disease 5 11 11/111 (9.9)

Clinical manifestation Cough 34 56 56/111 (50.4)
Diarrhea 11 11 11/111 (9.9)
Skin lesion 2 2 2/111 (1.8)
Hypoventilation 1 1 1/111 (0.9)
Fatigue 8 8 8/111 (7.2)
Myalgia 9 9 9/111 (8.1)
Poor appetite 3 3 3/111 (2.7)
Fever 41 66 66/111 (59.4)
Blood pressure 5 7 7/111 (6.3)
Anorexia 4 4 4/111 (3.6)
Headache 7 9 9/111 (8.1)
Hypoxemia 4 4 4/111 (3.6)
Malaise 2 2 2/111 (1.8)
Weight loos 1 1 1/111 (0.9)
Dysphagia 1 1 1/111 (0.9)
Dyspnoea 30 50 50/111 (45.0)
Nausea 2 2 2/111 (1.8)
Adynamia 1 2 2/111 (1.8)
Hyposmia 1 1 1/111 (0.9)
Sore throat 8 8 8/111 (7.2)
Asthenia 2 5 5/111 (4.5)
Weakness 6 6 6/111 (5.4)
Muscle aches 1 1 1/111 (0.9)
Chills 1 1 1/111 (0.9)
Chest pain 10 10 10/111 (9.0)
Tachycardia 2 3 3/111 (2.7)
Abdominal pain 5 5 5/111 (4.5)
Encephalopathy 1 1 1/111 (0.9)
Rhinorrhea 1 1 1/111 (0.9)
Wheezing 1 1 1/111 (0.9)
Dizziness 2 2 2/111 (1.8)
Confusion 3 3 3/111 (2.7)
Vomiting 2 2 2/111 (1.8)
Hypogeusia 1 1 1/111 (0.9)
Seizure 1 1 1/111 (0.9)
Pharyngitis 1 2 2/111 (1.8)

Concurrent infection Hepatitis C virus 6 12 12/111 (10.8)
M. tuberculosis 5 7 7/111 (6.3)
Histoplasma capsulatum 1 1 1/111 (0.9)
Hepatitis B virus 3 3 3/111 (2.7)
Herpes simplex virus 1 1 1/111 (0.9)
T. pallidum 2 4 4/111 (3.6)
S. pneumoniae 1 1 1/111 (0.9)
Influenza A virus 1 1 1/111 (0.9)
P. jirovecii 4 4 4/111 (3.6)
C. albicans 3 3 3/111 (2.7)
C. neoformans 2 2 2/111 (1.8)

CT Scan findings Ground-glass opacification 24 35 35/111 (31.5)
Bilateral abnormalities 15 18 18/111 (16.2)
Large cavitation 1 1 1/111 (0.9)
Pleural empyema 3 3 3/111 (2.7)
Reticular interstitial thickening 1 3 3/111 (2.7)

(continued on next page)
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Variables Number of studies Number of patients with COVID-19 and HIV n/N* (%)
High-density patchy 3 3 3/111 (2.7)
Atypical bilateral pneumonia 12 16 16/111 (14.4)
Interstitial infiltrate 2 3 3/111 (2.7)
Normal 4 9 9/111 (8.1)
Laboratory findings Lymphocytopenia 20 33 33/111 (29.7)
Leukopenia 6 7 7/111 (6.3)
Thrombocytopenia 3 3 3/111 (2.7)
Elevated CRP! 30 49 49/111 (44.1)
Elevated platelet 1 1 1/111 (0.9)
Elevated IL-6 5 12 12/111 (10.8)
Neutrophilia 3 3 3/111 (2.7)
High lymphocyte 6 8 8/111 (7.2)
High ferritin 9 19 19/111 (17.1)
High ESR® 1 1 1/111 (0.9)
High WBC 7 9 9/111 (8.1)
High LDH' 16 27 27/111 (24.3)
Increased AST? 7 12 12/111 (10.8)
Increased ALT" 7 11 11/111 (9.9)
D-dimer elevated 11 18 18/111 (16.2)
Anemia 1 2 2/111 (1.8)
High CD4 4 5 5/111 (4.5)
Low CD4 25 43 43/111 (38.7)
Detection methods Serology 21 45 45/111 (40.5)
Real-time PCR 42 85 85/111 (76.5)
CT' Scan 35 70 70/111 (63.0)
CXR 10 35 35/111 (31.5)
PCR" 11 24 24/111 (21.6)
Gender Male 46 86 86/111 (77.4)
Female 13 18 18/111 (16.2)
TSF' 3 4 4/111 (3.6)
Outcome Live 41 83 83/111 (74.7)
Death 10 19 19/111 (17.1)

# n, number of patients with any variables; N, the total number of patients with COVID-19, nr; not reported.

b Cerebrovascular accident.

Chronic obstructive pulmonary disease.
4 C-reactive protein.

¢ Erythrocyte sedimentation rate.

f Lactate dehydrogenase.

8 Aspartate aminotransferase.

" Alanine aminotransferase.

! Computerized tomography.

I Chest X-rays.

¥ polymerase chain reaction.

! Trans female.

c

entero/rhinovirus, human metapneumovirus, respiratory syncytial virus
(RSV), and coronavirus (other than SARS-CoV-2) (Lin et al., 2020). On
the other hand, GU et al. (Jiang et al., 2020) have recently discovered
that the relative abundance of opportunistic pathogens such as Strep-
tococcus, Rothia, Veillonella, and Actinomyces is significantly higher in
patients with COVID-19. Meanwhile, a descriptive study by Chen et al.
(2020b) revealed that fungi such as Aspergillus spp. C. albicans and
Candida glabrata are other prevalent microorganisms that can cause co-
infections in patients with COVID-19. In a study by Lansbury et al.
(2020), it was found that 7% of patients with COVID-19 had bacterial
concomitant infections. In this research, M. pneumoniae, Pseudomonas
aeruginosa, Haemophilus influenzae, and RSV and influenza A virus were
the most common microorganisms causing infection in patients
suffering from COVID-19. Another important issue in COVID-19 is the
use of appropriate diagnostic methods. CT scan is one of the diagnostic
methods with optimal sensitivity (Radpour et al., 2020). This procedure
can be beneficial for the diagnosis of infection as well as for assessing
lung involvement and disease progression in patients with COVID-19.
However, this method may not detect lung involvement in the early
stages of the disease and may not reliably confirm the presence of
COVID-19 in the patients (Chate et al., 2020). Based on the present study
results, CT-scan findings in most reported COVID-19 HIV-infected pa-
tients were ground-glass opacification, bilateral abnormalities, and
atypical bilateral pneumonia, respectively. However, in some cases,

patients had normal CT scans. Other manifestations such as adjacent
pleural, paving patterns, mediastinal lymphadenopathies, and hilar
lymphadenopathies have not been reported. Evaluating the laboratory
results of patients with SARS-CoV-2-HIV co-infection in the current
study showed that certain important factors, such as elevated CRP,
lymphocytopenia, and increased D-dimer, have been more commonly
identified in the patients' laboratory test results. Zhang et al.'s research
(Zhang et al., 2020a) also indicates an increase in CRP in 92.14% of 140
COVID-19 patients. While T-cells levels can initially increase in COVID-
19, these patients generally appear to have low lymphocyte counts. This
condition is associated with an increase in the severity of COVID-19.
Therefore, it was found that people who died of COVID-19 had lower
lymphocyte counts (Jafarzadeh et al., 2021). In addition, recent studies
have shown that about 85% of patients with severe forms of COVID-19
suffer from lymphopenia (Fathi and Rezaei, 2020). A study conducted by
Zheng et al. (2020) revealed that NK and CTL cells were significantly
reduced in patients with COVID-19. Furthermore, another study indi-
cated that the total number of CD8+ and CD4+T cells in SARS-CoV-2
patients was significantly reduced, especially in patients over 60 years
of age and in the intensive care unit (Diao et al., 2020). As noted by
Zhang et al. (2020a), infection with SARS-CoV-2 increases D-dimer level
and destroys the fibrinogen products that lead to acro ischemia, which is
associated with cyanosis of the fingers. Several studies have also shown
a rise in D-dimer in laboratory findings of COVID-19 patients (Léonard-
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Table 5 Table 5 (continued)
Agents used in the treatment of COVID-19 patients. Agent Number of o %
Agent Number of n/ % studies N*
studies N* 5,111
Antiviral drug Oseltamivir 6 10 10/111 (4.5)
(9.0) Piperacillin/Tazobactam 3 3 3/111
Efavirenz 13 17 17/111 2.7)
(15.3) Gentamicin 1 1 1/111
Lopinavir 12 18 18/111 0.9
(16.2) Spiramycin 1 1 1/111
Ritonavir 18 24 24/111 0.9)
(21.6) Cefotaxime 1 1 1/111
Emtricitabine 27 52 52/111 0.9)
(46.8) Trimethoprim- 9 10 10/111
Tenofovir 42 70 70/111 sulfamethoxazole (9.0)
(63.0) Benzylpenicillin 1 1 1/111
Raltegravir 8 10 10/111 0.9)
(9.0) Rifabutin 2 2 2/111
Lamivudine 19 29 29/111 (1.8)
(26.1) Tazocin 2 2 2/111
Dolutegravir 17 23 23/111 (1.8)
(20.7) Doxycycline 2 2 2/111
Atazanavir 4 5 5/111 (1.8)
4.5) Isoniazid 3 4 4/111
Zidovudine 3 4 4/111 3.6)
(3.6) Meropenem 3 4 4/111
Rilpivirine 3 5  5/111 (3.6)
(4.5) Ethambutol 4 4 4/111
Darunavir 9 19 19/111 (3.6)
(17.1) Pyrazinamide 2 2 2/111
Cobicistat 11 18 18/111 (1.8)
(16.2) Rifampin 2 2 2/111
Acyclovir 1 1 1/111 (1.8)
(0.9) Ciprofloxacin 2 2 2/111
Remdesivir 2 2 2/111 1.8)
(1.8) Cefdinir 1 3 3/111
Elvitegravir 6 10 10/111 2.7)
(9.0) Ceftriaxone 8 15 15/111
Abacavir 6 8 8/111 (13.5)
(7.2) Vancomycin 3 3 3/111
Nevirapine 2 3 3/111 2.7)
2.7) Moxifloxacin 7 9 9/111
Maraviroc 1 1 1/111 8.1
(0.9) Others Hydroxychloroquine 18 28 28/111
Etravirine 1 1 1/111 (25.2)
(0.9) Enoxaparin 5 5 5/111
Bictegravir 5 7 7/111 (4.5)
(6.3) Hormonal anti-inflammatory 1 1 1/111
Umifenovir 6 8  8/111 therapy 0.9)
(7.2) Ibuprofen 1 1 1/111
Ribavirin 1 1 1/111 0.9
0.9) Heparin 2 2 2/111
Protease inhibitor 1 3 3/111 (1.8)
2.7) Methylprednisolone 3 6 6/111
Nucleoside reverse 1 7 7/111 5.4)
transcriptase inhibitors (6.3) Human serum albumin 2 2 2/111
Integrase inhibitor 1 4 4/111 (1.8)
(3.6) Thymosin 1 1 1/111
IFN" b 1 2 2/111 0.9)
(1.8) Ulinastatin 1 1 1/111
IFN alb 1 1 1/111 0.9)
0.9) Aspirin 1 1 1/111
Antibacterial Azithromycin 16 28  28/111 0.9)
drug (25.9) Atorvastatin 3 3 3/111
Clindamycin 1 1 1/111 2.7)
0.9) Ezetimibe 1 1 1/111
Ampicillin 1 1 1/111 0.9
0.9) Bisoprolol 1 1 1/111
Cefoperazone-sulbactam 2 2 2/111 0.9)
(1.8) Trimetazidine 1 1 1/111
Cefepime 1 1 1/111 0.9)
(0.9) Alogliptin 1 1 1/111
Amoxicillin-clavulanic acid 3 3 3/111 0.9
2.7) Metformin 2 2 2/111
Sulfamethoxazole 1 1 1/111 (1.8)
0.9) y-globulin 1 1 1/111
Levofloxacin 5 5 0.9
Prednisolone 3 4

(continued on next page)
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Table 5 (continued) Table 5 (continued)
Agent Number of n/ % Agent Number of n/ %
studies N* studies N*
4/111 1/111
(3.6) 0.9)
Mycophenolate mofetil 1 1 1/111 Insulin 1 1 1/111
0.9 0.9)
Tacrolimus 1 1 1/111 Mucolytic syrup 1 1 1/111
0.9 0.9)
Anti-thymocyte globulin ! ! g({ 21)1 ? n; the number of patients under treatment, N; the total number of patients
Amphotericin B deoxycholate 2 2 2/111 with COVID-19.
1.8) b Interferon.
Itraconazole 1 1 1/111
Acetaminophen 5 5 (2(;;31) 1 Lorant et al., 2020; Shah et al., 2020; Levi et al., 2020). This laboratory
1.8) evidence is probably related to the severity of the disease, although it is
Zinc sulfate 2 2 2/111 not possible to state with certainty the exact cause and origin of these
1.8 laboratory changes in patients. In general, based on various studies, it is
Vitamin C 1 14l concluded that there is no significant difference between the main
Hydrocortisone 1 1 g(;fl)l clinical symptoms of COVID-19 in people with and without HIV infec-
(0.9) tion (Collins, 2020; Ssentongo et al., 2021; Cabello et al., 2021).
Hydrochlorothiazide 1 1 1/111 Despite numerous efforts to control the COVID-19 pandemic, the
(0.9) disease remains a significant challenge to the global community and a
Losartan ! ! 2521)1 threat to public health. Although much research has been done to
Alfuzosin 1 1 11n combat COVID-19 worldwide, there is no definitive cure. Nevertheless,
0.9) supportive treatments such as fever-reducing steps, oxygen therapy to
Doxazosin 1 1 i1l alleviate the respiratory problems of patients, rest at home, and drinking
Metoprolol . X 5%’1)1 fluids in the early stages of the disease may be beneficial. According to
©.9) the analysis performed in the present study, the most antiviral drugs
Amlodipine 1 1 1/111 prescribed for patients include tenofovir, emtricitabine, and ritonavir
0.9) (as HIV protease inhibitors). A clinical trial performed on 199 patients
Irbesartan 1 1 11 showed that ritonavir-boosted lopinavir had no advantages compared to
Nebivolol 1 1 g(jfl)l standard care for COVID-19 (Xu et al., 2017). Another study in HIV-
0.9) infected people with COVID-19 reported from China found that
Antipyretics 1 2 2/111 reverse transcriptase nucleoside inhibitors (NRTIs) plus non-nucleoside
(1.8) reverse transcriptase (RT) inhibitors (NNRTIs) did not prevent COVID-
Lisinopril 1 1 v 19 infection (Livingston and Bucher, 2020). Studies have shown that
Coumadin 1 1 Sfl)l in addition to antiviral drugs, azithromycin and HCQ are among the
(0.9) most widely used drugs in treating patients with COVID-19. In addition,
Vitamin A 1 1 17111 medications such as tocilizumab, paracetamol, methylprednisolone as
(0.9) well as vitamin supplements are among the most widely used com-
Vitamin D ! ! 15 ;11 pounds in the treatment regimen of patients with HIV and COVID-19.
Antihypertensive 1 9 ; /'11)1 Unfortunately, there is inadequate information about the effectiveness
(1.8) of the drugs listed in Table 5. So, the exact efficiency of these agents in
Paracetamol 2 6  6/111 the management of patients cannot be determined.

o G4 Another point to note is the death rate in patients with COVID19-
Antitussives ! 2 (21/ ;1)1 HIV, which seems to be high according to the findings of the current
Tron-folic acid 1 1 1111 report (17.1%). However, other confounding factors may influence this

0.9) result, such as patients' old age or underlying diseases. Several under-
Vitamin supplements 1 5 5111 lying diseases and old age were common among patients who died
Fluconazole 5 5 ;‘;151)1 because of COVID-19 whose personal data were recorded. It is also
1.8) noteworthy that only patients referred to the hospital were assessed in
Rehydration salts 1 1 1/111 selected studies, so this may be another factor that would have impacted
0.9) the death rate, which is higher than in the general population. Some
Corticosteroids 2 2 211 studies revealed no sufficient evidence showing a varying disease course
Intravenous (IV) proton- 1 1 (11/18 i 1 or higher COVID-19 infection or even death rates in HIV-infected people
pump inhibitors (0.9) compared to non-infected ones (Prabhu et al., 2020; Sarkar et al., 2021).
Chloroquine 1 1 17111 Despite this finding, another study conducted by Mellor et al. found that
(0.9) people with HIV had a higher risk of COVID-19 mortality than the
Caspofungin 1 1 1({ 211 general population (Mellor et al., 2021). There is much debate about
Perindopril 1 1 i /'11)1 whether HIV plays a role in COVID-19 prognosis. Further research is
(0.9) needed to resolve this issue.
Sarilumab 1 1 17111 Current clinical findings suggest that old age, concomitant infections
(0.9) such as HIV, and underlying disorders such as hypertension, cardio-
Liposomal Amphotericin B 1 1 1/111 . . . . .
©0.9) vascular disease, diabetes, and chronic respiratory disease are the key
Flucytosine 1 1 risk factors for mortality due to this virus (World Health, 2020). In

general, adequate infection control coupled with the development of
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effective drugs in the treatment of COVID-19 is crucial to substantial
progress in combating the disease and reducing mortality. Therefore, it
is essential to follow infection control protocols in health care. The lack
of preventive health initiatives, inappropriate staff training, and defi-
cient hospital infection control programs may play an important role in
raising the number of patients with COVID-19 and likely increasing the
morbidity and mortality in patients, especially those who suffer from
HIV infection.

Eventually, it is essential to note the study's limitations. First of all,
only patients referred to the hospital were assessed, and their informa-
tion was registered and documented in the results of the papers. A va-
riety of patients with SARS-CoV-2-HIV may not be admitted to hospitals,
and most have been treated at home. It may also make it impossible for
us to accurately measure the rate of HIV infection in people with COVID-
19 worldwide. Second, some published reports lacked the criteria to
enter our study. For example, some articles did not have enough data
such as laboratory findings, co-morbidities, CT-scan results, and results
to analyze the factors mentioned in the current study. Third, since there
are inadequate data on the number of COVID19-HIV patients in many
countries, it was challenging to determine a complete picture of the
prevalence of COVID19-HIV patients worldwide. Fourth, in the present
study, only patients with related symptoms were examined, while most
COVID-19 patients were asymptomatic or had mild symptoms. Fifth, a
further restriction of this research was that several papers did not pub-
lish adequate details to determine the side effects of medications or in-
fections. As a result, we have not been able to analyze them and explore
in-depth the exact mechanisms by which they work and their impact on
the recovery process of patients with COVID19-HIV.

5. Conclusion

SARS-CoV-2 co-infection can be a further burden to people living
with HIV. Due to the importance of assessing the status of patients
suffering from simultaneous HIV and COVID-19, various studies have
been conducted in this field that has provided different information. In
the present study, we summarized the results presented in these articles.
However, due to the small number of articles reviewed and the patients
reported in them, we could not provide an accurate and general
conclusion about the impact of HIV on the morbidity and mortality rate
of COVID-19. Future researches should address a better understanding
of the factors that may increase the mortality rate of COVID-19 among
people living with HIV around the world. On the other hand, it should be
noted that in the conducted studies, only the results of the evaluation of
patients with clinical symptoms have been reported, HIV-infected pa-
tients may have no clinical symptoms, and no information is available
regarding this population. This highlights the need for more compre-
hensive studies on different populations of patients to achieve more
accurate conclusions about the association between HIV and COVID-19.
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