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RESUMO

INTRODUCAO: A infeccdo por SARS-CoV-2 apresentou piores desfechos em
idosos/imunocomprometidos até margo/2022, causando 655.249 oObitos no Brasil. O HIV
infecta linfécitos T CD4 + e os degrada, levando a imunodepressdo com 37.7 milhdes de
infectados até 2020. Portanto, surge a hipdtese de que pessoas vivendo com HIV expericiariam
piores prognosticos da COVID-19 se comparados aos ndo-HIV. METODO: Revisio
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sistematica horizontal com pesquisa bibliogréfica realizada entre 27/marco e 13/abril de 2022
nas bases de dados PubMed Central e LILACS, compreendendo artigos do periodo entre 2020-
2022, pelo método PRISMA, para identificar artigos elegiveis que abordassem pacientes
coinfectados HIV/COVID-19. Foram utilizados os termos: ‘COVID-19°, ‘HIV’, ‘AIDS’,
‘CORONAVIRUS’, ‘HUMAN IMMUNODEFICIENCY VIRUS’, ‘SARS COV 2’.
RESULTADO: Encontrados 10.224 artigos e, aplicados os métodos de inclusédo, restaram 30
artigos. Ao todo, foram estudados 142.790 casos de coinfeccdo HIV/SARS-CoV-2 de todos 0s
continentes, sendo 95.241 (66,7%) do sexo masculino, com idade média de 51,8 anos, média
de TCD4 de 558,1 e os trés sintomas mais relatados da COVID-19 foram febre, tosse e dispneia.
103.765 (72,7%) pacientes estavam em terapia antirretroviral (TARV), sendo que 7 estudos ndo
forneciam dados em relacdo ao nimero de pacientes co-infectados ou em relacdo ao desfecho
destes. O nimero de 6bitos foi de 7.906 (5,5%). DISCUSSAO: A maioria dos estudos aponta
que os pacientes com a coinfeccdo HIV/SARS-CoV-2 ndo apresentam maior risco de morte
pela COVID-19 se comparados aos pacientes sem HIV, possivelmente por se tratar de
populacdo em tratamento com imunidade compensada. A idade média dos pacientes co-
infectados foi cerca de uma década menor do que a média de idade dos pacientes internados
pela COVID-19, o que pode ser justificado pelo envelhecimento precoce de pessoas vivendo
com o HIV devido a inflamagdo cronica. A presenca de comorbidades como hipertensdo,
diabetes e doencas cardiovasculares apresenta-se como maior fator de risco para a COVID-19
e, assim como em pacientes sem HIV, provoca maior mortalidade. CONCLUSAO: A
mortalidade pela COVID-19 em coinfectados HIV/SARS-CoV-2 ndo foi maior do que em
pacientes sem HIV. As caracteristicas e sintomas dos pacientes com coinfec¢do ndo diferiram
dos pacientes ndo portadores de HIV. A taxa de mortalidade de pacientes co-infectados foi
similar a da populagdo em geral de 50 a 59 anos.

Palavras-chave: HIV, SIDA, sindrome da imunodeficiéncia adquirida, COVID-19

ABSTRACT

INTRODUCTION: Until march/2022, the SARS-CoV-2 infection in humans resulted in worse
outcomes in older adults and immunocompromised patients, causing 655,249 deaths in Brazil.
The HIV virus infects and degrades CD4 T lymphocytes, leading to immune depression, and
until 2020, 37.7 million people were infected by HIV. Therefore, the hypothesis that people
living with HIV experience worse COVID-19 prognosis compared to people without HIV
comes up. METHOD: Using the PRISMA guideline and PubMed and LILACS databases,
between March 27 and April 13, 2022 we searched systematically for eligible articles published
between 2020-2022 that included patients coinfected with HIV/COVID-19. The key words
used  were: ‘COVID-19, ‘HIV”, ‘AIDS’, ‘CORONAVIRUS’, ‘HUMAN
IMMUNODEFICIENCY VIRUS’, ‘SARS COV 2’. RESULT: A total of 10,224 articles were
found. After applying the inclusion methods, 30 articles remained. In all, 142,790 cases of
HIV/SARS-CoV-2 coinfection from all continents were studied, of which 95,241 (66.7%) were
male, the mean age was 51.8 years, the mean CD4 T count was 558.1 and the three most
reported symptoms of COVID-19 were fever, cough and dyspnea. The total of 103,765 (72.7%)
patients were on antiretroviral therapy (ART), and seven studies did not provide any data about
the amount of coinfected patients or their outcome . The number of deaths was 7,906 (5.5%).
DISCUSSION: Most studies point out that the mortality risk of HIV/SARS-CoV-2 patients is
not higher than that of patients without HIV, possibly because they are a population in treatment
with compensated immune system. The average age of coinfected patients was approximately
a decade younger than the age of COVID-19 hospitalized patients. This can occur because of
the early aging due to the chronic inflammation experienced by HIV-infected people. The
presence of comorbidities such as hypertension, diabetes and cardiovascular diseases represents
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the greatest risk factor for COVID-19 and, as well as in non-HIV patients, causes a higher
number of deaths. CONCLUSION: The mortality rate due to COVID-19 in HIV/SARS-CoV-
2 coinfected patients was not higher than that in patients without HIV. Characteristics and
symptoms of coinfected patients were not different from those of patients without HIV.
Coinfected patients' mortality rate was similar to that of the general population aged 50-59
years.

Keywords: COVID-19, acquired immunodeficiency syndrome, HIV, AIDS

1 INTRODUCTION:

SARS-CoV-2 is a coronavirus of the Coronaviridae family, an enveloped RNA virus
with a non-segmented, single-stranded, positive genome. [1] The novel coronavirus disease
(COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
spread worldwide and several variants of this virus have been reported. [2, 3] On March 14,
2022, Brazil had 29,380,063 confirmed cases, 655,249 deaths, an incidence of 13,980.7 per
100,000 inhabitants, 311.8 deaths per 100,000 inhabitants and 2.2 % lethality. [5] In the same
period, there were 460,355,090 total cases and 6,047,784 deaths worldwide, with the highest
concentration of cases in Europe. [6]

The Human Immunodeficiency Virus (HIV), in turn, is a retrovirus with two identical
RNA strands that infects CD4 T lymphocytes and macrophages of the human immune system
and degrades them, which can lead to a condition of immunosuppression called Acquired
Immunodeficiency Syndrome. (AIDS). [9, 10] AIDS is a serious disease of immunodeficiency
that results from the progressive decrease in CD4 T lymphocytes (less than 350 cells/mm? of
blood) and the emergence of various opportunistic infections. [9]. More than 79 million people
have become infected with HIV and more than 36 million have died from AIDS-related
ilInesses since the beginning of the COVID-19 pandemic. [11] Although antiretroviral therapy
(ART) is highly effective in blocking viral replication, it has no effect on latently infected cells
or in populations with proliferating infected cells. [14, 16]

Given the above, the hypothesis that people living with HIV experience worse outcomes
and prognoses of COVID-19 compared to those who do not live with the immunodeficiency
virus arises. [19, 20] By mid-2021, most people with HIV had no access to any vaccines against
SARS-CoV-2. [11] In general, people with HIV infection are believed to be more likely to
contract SARS-CoV-2 infection, even though specific information is unavailable. [19] Thus,
the present systematic review sought to elucidate the relationship between HIV and SARS-

CoV-2 coinfection and its respective outcome through a horizontal systematic review, aiming
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to answer the question: “Do individuals with HIV have a worse prognosis when affected by
COVID-19?".

2 METHODS

A horizontal systematic review was performed with four independent reviewers
following the PRISMA method, followed by a double check performed by a senior researcher.
The final selection of articles was made by the senior researcher. Searches were performed on
March 27 and 28, 2022 and on April 13, 2022 in PubMed® and LILACS® databases to identify
articles addressing patients with HIV and COVID-19 coinfection. According to DeCS/MeSH,
the following terms were used: ‘COVID-19°, ‘HIV’, ‘AIDS’, ‘CORONAVIRUS’, ‘HUMAN
IMMUNODEFICIENCY VIRUS’ and ‘SARS-COV 2’.

The study inclusion criteria were articles in Portuguese, English or Spanish, addressing
the concomitant infection of HIV and COVID-19 and published between years 2020 and 2022.
Articles containing the mean CD4 T lymphocyte count of adult patients, older than 18 years
and with a number of patients greater than 20 were selected. Exclusion criteria comprised
articles involving children or adolescents under 18 years of age, in a letter or comment, not
containing the mean CD4 T of patients, in languages other than Portuguese, English or Spanish
and addressing the subject in a qualitative or social way.

Figure 1 shows the Preferred Reporting Items for Systematic Reviews and Meta
Analyzes (PRISMA) checklist based on the reading of articles and abstracts. Initially, 12,825
articles were found in PubMed® and 55 in LILACS®, and 12,594 of these were excluded
because they were duplicates and 176 articles remained. After reading the title and abstract, 94
articles were eliminated and 82 articles were analyzed in full. After this complete reading, 52

articles were eliminated and 30 articles were included in this review.

Brazilian Journal of Health Review, Curitiba, v. 5, n. 6, p. 23701-23716, nov./dec., 2022



Brazilian Journal of Health Review | 23705
ISSN: 2595-6825

Figure 1: The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) checklist and
article selection.
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3 RESULTS

Initially, 12,880 articles published between 2020 and 2022 were found in the databases
and after applying inclusion methods and filters, 82 articles were selected. Repeated articles
addressing the theme in a qualitative or social way were excluded, leaving 40 articles. A final
review was performed; articles that did not have data referring to the variables in the tables of
the present study were excluded and 30 articles remained. All were published in the previous
three years; 18 (60%) in 2021, nine (30%) in 2020 and three (10%) in 2022. Regarding the type
of study analyzed, ten (33.3%) were retrospective cohort studies, six (20%) systematic reviews,
four (13.3%) observational studies, three (10%) literature reviews, three (10%) multicenter
studies, two (6.6%) case series and two (6.6%) systematic reviews and meta-analysis. Table 1
displays more information about the articles covered.
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Table 1. Analysis of the number of articles selected, year of publication, type of study, author, country and
number of people coinfected with HIV and SARS-CoV-1.

Nr Article Year of Type of Article Author Country Nr of Patients
Publication

USA, Italy, Spain,

1 2021 Literature review Gatechopol etal. United Kingdom, 435
China
USA, Germany,
Spain, Italy,
2 2021 Literature review  Ssentongo et al. China, South 34,324

Africa, France,
United Kingdom

Austria, China,
Cyprus, Germany,

Italy, Japan,
3 2020 Case series Kanwugu et al. Smga_pore, S(.)Uth 378
Africa, Spain,
Turkey, Uganda,
United Kingdom
and USA
4 2021 Case series Calza et al. Italy 26
5 2021 Retrospective Chang et al. USA 61
cohort
Spain, USA,
6 2021 Literature review Ambrosioni et al. United ngd.om’ 4102
France, Spain,
South Africa
7 2021 Systematic review  Medeiros et al. Not informed 266
8 2021 Retrospective o ah et all, Spain 749
cohort
China, USA,
Spain, Italy,
Japan, Turkey,
United Kingdom,
9 2021 Systematic review  Schaurich et al. South Africa, 106
Germany, Cyprus,
Awustria,
Singapore, El
Salvador, India
and Uganda
10 2020 Retrospective Nagarakanti et al. USA 23
cohort
11 2021 Retrospective 55 Huang et al China 35
cohort
12 2021 Multicenter study Dima DZTdaCh' et USA 286
13 2020 Observational Inciarte et. al Spain 53
study
14 2021 Retrospective . 2i v/ patel et al USA 9%
cohort
15 2020 Systematic review Hossein Mirzaei et Not informed 250
and meta-analysis al
16 2020 Retrospective  Georg Hérter et al USA 33
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cohort
17 2020 Multicenter study Laurene{:éIColllns USA 19
18 2020 Retrospective . aconi et. al Italy 47
observational
19 2022 Systematic review Bousis et. al Not informed 831
20 2021 Systematic review Tael et. al Multicenter study 4.259
21 2021 Systematic review SeyedAglnaghl et Multicenter study 89.343
China, USA,
Brazil, Italy,
22 2021 Systematic review  Costenaro et al Switzerland, 164
France, Spain,
Turkey
23 2021 Systematic review oo o o1 Multicenter study 6128
and meta-analysis
24 2020 Observational Byrd et. al USA 26
study
25 2022 REWOSPECUVE 1y stenfeld et. al USA 220
cohort
26 2021 Retrospective 1 hery et al USA 99
cohort
27 2020 Retrospective Kowalska et. al ~ Multicenter study 34
cohort
28 2022 Retrospective & ombe et. al Spain 177
observational
29 2021 Multicenter study  Hoffmann et. al Italy, Spain, 175
Germany
30 2021 Retrospective Diez et. al Spain 45

cohort

Regarding the number of patients coinfected with HIV and Sars-CoV-2, only studies
describing more than 20 cases (n > 20) were selected. Thus, five studies with less than 20
patients and two articles including children under 18 years of age were excluded. The 30
selected studies totaled 142,790 cases of coinfection, of which 42,570 (29.8%) were female and
95,241 (66.7%) were male. The sex of patients was not informed in three studies. The male
predominance can be explained by the fact that they comprise the oldest population affected by
the HIV virus. Although two out of the 30 articles did not present the mean age of participants,
among the remaining studies the mean age was of 51.8 years.

Six out of the 30 articles did not explain any data on comorbidities. The most frequently
reported comorbidities were systemic arterial hypertension (SAH), diabetes mellitus,
cardiovascular disease and the presence of some type of kidney injury. Regarding SAH, in a
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total of 23,435 patients in which this variable was analyzed, 3,308.72 had this condition,
accounting for 14.11% of patients. In relation to diabetes mellitus, in a total of 23,543 patients,
1,662.53 had this condition, representing 7.06% of patients. Regarding cardiovascular disease,
of the 22,464 patients analyzed for this condition, 2,347.65 had this disease, or 10.45% of
patients. About kidney injuries, in a total of 23,072 patients analyzed for this condition, 855.04
patients had the disease, or 3.70% of patients. The number of patients with chronic obstructive
pulmonary disease was reported in 19 articles, representing 22,809 patients in which this
condition was evaluated, and 801.08 patients had the disease, representing 3.51% of patients.
The number of patients with some type of neoplasm was reported in 13 articles; in a total of
2439 patients analyzed for this condition, 133.18 had the disease, accounting for 5.46% of
patients.

Regarding the mean CD4 T lymphocyte count, in 12 studies it was not reported. Among
those that reported, the average count was 571.3 cells/mm?3; 764 was the highest number found
among individual averages and 265 the lowest. Among the 23 studies that reported patients
using ART, 103,765 out of 137,165 patients were on this type of therapy, corresponding to
75.65% of the total number of patients. In six studies, this information was not reported and in
one study (Gatechopol et al) it was reported that the majority of patients were using ART.
Regarding the mortality rate in coinfected patients, it could not be calculated in 11 studies. In
the remaining studies, rates ranged between 2.3% and 25.5%, a median of 11%. Only three
articles reported data on relative risk and results were as follows: the first study with 1.78; the
second with 16.86 for people over 50 years old discontinuing ART and 3.74 for people over 50
years old in general; and the third study with 2.3 for those under 60 years old and 7.4 for those
over 60 years old. Information about symptoms of COVID-19 was presented in 23 studies.
Fever and cough were cited in 22 articles, dyspnea in 20, myalgia in eight, headache in six,
anosmia in four, arthralgia and fatigue in three, malaise and tachypnea in two, and odynophagia,
diarrhea, hypoxemia, asphyxia and hyperventilation in one. The analysis of outcomes of

coinfected patients is shown in Table 2.
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Table 2: Analysis of outcomes, including hospitalization, discharge and death, and the mortality rate of

coinfection.

Article Hospitalizations Discharge Death Mortality rate

1
12 328 67 Not informed

2 2 32 4289 12.65%
3 109 269 53 14%
4 5 26 0 Not informed
5 10 9 1 Not informed
6 1293 12541 273 Not informed
7 Not informed Not informed 30 11%
8 103 Not informed 13 Not informed
9 Not informed Not informed 7 Not informed
10 4 20 3 Not informed
11 Not informed Not informed 2 5.71%
12 164 Not informed 27 16.50%
13 4 47 2 Not informed
14 Not informed Not informed 21 22%
15 244 Not informed 36 14.30%
16 14 10 3 9%
17 20 13 3 15%
18 0 45 2 17%
19 276 349 56 6.70%
20 140 3933 186 Not informed
21 13.401 68.794 7.147 Not informed
22 15 133 16 Not informed
23 1773 Not informed 328 5.30%
24 9 8 1 3.70%
25 220 Not informed 36 16.40%
26 99 74 25 25.25%
27 19 11 2 5.90%
28 80 Not informed 4 2.30%
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29 Not informed Not informed 7 4%

30 21 Not informed 2 9.50%

Of the 30 articles that had data on death (total of 697,199 patients), 12,888 patients died
(approximately 1.8%). The mean recovery time, considering five studies in which data was
available, was 8.5 days. The average time to death, considering the four studies that had this

information, was 16.5 days.

4 DISCUSSION

Some four decades after the first AIDS cases were reported, according to data from the
2021 UNAIDS report, several countries achieved the targets set by the United Nations General
Assembly in 2016. [21] Only three studies in the present review did not indicate the country
studied, although most of them are from developed or developing countries, such as the USA,
Italy, Spain, United Kingdom, China, Germany, France, Japan, Austria, Switzerland and others.
This shows that the population with HIV is not restricted to underdeveloped countries or the
African continent, but is divided across the five continents. Furthermore, this systematic review
did not include studies from countries with little access to health care or with punitive laws in
relation to HIV. Therefore, it was not possible to analyze patients without access to ART, who
consequently end up evolving to the most severe form of the disease, AIDS.

A determinant component of HIV infections involves not only the CD4 T count but also
viral load and access and adherence to ART, which remains an essential aspect of long-term
outcomes, including progression to AIDS and survival of patients with HIV. [22] According to
2020 data from UNAIDS, people living with HIV experience more severe outcomes and have
more COVID-19-related comorbidities than people without HIV. [11] As individuals studied
in the present review had a mean CD4 T lymphocyte count of 571.3 cells/mm3 (265 - 764), they
are considered non-AIDS immunocompromised patients. This fact corroborates the explanation
for the low mortality from the infection, also evidenced in this systematic review; if patients

are more compensated for HIV, there is less risk for SARS-CoV-2 coinfection.

4.1 COMORBIDITIES
Severe cases of COVID-19 are strongly related to comorbidities such as hypertension,
followed by diabetes mellitus, coronary heart disease, obesity and others. [23] After all, most

deaths were in patients over 60 years old who had at least one of these comorbidities and as a
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consequence, the vaccination plan introduced in early 2021 gave preference to this group of
people. Some studies demonstrate that a well-regulated innate immune response is essential for
a better prognosis of COVID-19 infection. [24] Note that such comorbidities deregulate the
response, causing an exacerbated predominance of pro-inflammatory cytokines, which mark
the worst prognosis of the disease.

As a result, patients living with HIV are in a constant inflammatory state and have a
certain degree of immunosuppression, even those with good CD4 T levels who have always
adhered properly to ART, that is, these individuals have deficient innate immune response. [24]
In addition, this constant inflammatory state causes premature aging and advances the onset of
comorbidities such as diabetes and hypertension. Furthermore, medications used in ART also
increase the incidence of these comorbidities. [25] As observed in this study, the mean age of
patients analyzed was 51.8 years and 14.11% of them had SAH, 7.06% had diabetes mellitus
and 10.45% had some type of cardiovascular involvement. This mean age is about 10 years
younger than that of patients with the worst prognosis at the beginning of the pandemic and 30
years younger than patients with the worst prognosis at the current time of the pandemic.

The study conducted by Noiman A et al. suggested that some patients, even those who
acquire viral suppression with the use of ART, cannot achieve satisfactory levels of CD4 T due
to non-immune response. Although the etiology of this phenomenon is unclear, it increases the
predisposition to cardiovascular diseases, SAH and diabetes. The study also suggests that the
onset of SAH and the onset of this condition are related. [26]

Therefore, it is a fact that the presence of comorbidities, both in people living with and
without HIV, has an impact on the evolution of COVID-19. In both groups of patients,
comorbidities are risk factors for a worse outcome. Note that people living with HIV are more
likely to have these comorbidities and have them when they are younger; their rates of

cardiovascular disease, hypertension, lung disease and smoking are higher. [27]

4.2 ART VS MORTALITY AND SEVERE OUTCOMES

At the beginning of the pandemic, there was doubt if HIV patients would be more
affected by COVID-19. In the present study, the mortality rate in coinfected patients ranged
from 2.3 to 25.5%, a median of 11%, which does not significantly differ from the rates of
patients who contracted only SARS-CoV-2. [28] Low mortality rates may be associated with
the fact of the CD4 T lymphocyte level being compensated and most patients being on ART,
which is supported by studies that demonstrate a 10% increase in mortality in individuals who

discontinue ART. [27] A low CD4 T lymphocyte count, in turn, is associated with worse
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prognosis for COVID-19 in people living with HIV. [29] The mean age of 51.8 years also plays
an important role, as it may be a risk factor for more severe disease and mortality. [19, 30]
Furthermore, some components of ART used in the treatment of AIDS are suspected to have a
beneficial effect on SARS-CoV-2 infection. Lopinavir, for example, is a protease inhibitor that
has been shown to inhibit SARS-CoV-2 replication in vitro, although there is no evidence of
better clinical outcomes or lower mortality in randomized controlled trials. [29, 31]

In a large study in South Africa, a developing country, the fact of living with HIV posed
as a risk factor for having severe illness or death. These patients have a lower mean age at death,
the number of deaths in people under 50 years old is greater, only 55% of people living with
HIV were on ART, and the numbers of patients with uncontrolled diabetes and active
tuberculosis infection are high. [33] In other words, the current review allows us to infer that
the factor really causing worse outcomes of COVID-19 in HIV patients is the immune status of
these individuals, and not the infection itself. If the disease is controlled by the adequate
performance of ART with adequate levels of CD4 T, HIV infection alone will not represent a
modifying factor in the evolution of the disease. Many different factors can impact the severity
with which COVID-19 will manifest in people with HIV, such as associated biological,
economic factors, social structures and access to adequate treatment, and further studies are

needed to assess the different aspects. [34]

5 CONCLUSION

Based on data obtained with this review, in general, the prognosis of patients with HIV
and SARS-CoV-2 coinfection did not differ from that of patients infected only with SARS-
CoV-2. The worse outcomes were associated with the comorbidities presented by patients, like
in the general population with COVID-19, and not with the fact of patients being HIV positive.
This is probably a result of the fact that most patients in the study had compensated disease, a
normal number of CD4 T lymphocyte count and were on regular and adequate use of ARTS,
that is, their immunological response was similar to that of non-HIV individuals. However, it
is noteworthy that HIV-positive people are more susceptible to developing the main
comorbidities associated with COVID-19, such as cardiovascular disease, diabetes mellitus,
SAH and pulmonary diseases. The present study has certain limitations, such as not involving

AIDS patients (immunosuppressed), hence the need for further studies with more comparisons.

Brazilian Journal of Health Review, Curitiba, v. 5, n. 6, p. 23701-23716, nov./dec., 2022



Brazilian Journal of Health Review
ISSN: 2595-6825

23713

REFERENCES

1. Sharma A, Ahmad Farouk I, Lal SK. COVID-19: A Review on the Novel Coronavirus
Disease Evolution, Transmission, Detection, Control and Prevention. Viruses. 2021 Jan
29;13(2):202. doi: 10.3390/v13020202. PMID: 33572857; PMCID: PMC7911532.
https://pubmed.ncbi.nlm.nih.gov/33572857/

2. Khan M, Adil SF, Alkhathlan HZ, Tahir MN, Saif S, Khan M, et al. COVID-19: A
Global Challenge with Old History, Epidemiology and Progress So Far. Molecules [Internet].
2020 Dec 23;26(1):39. Available from: http://dx.doi.org/10.3390/molecules26010039

3. Chung HY, Jian MJ, Chang CK, Lin JC, Yeh KM, Chen CW, et al. Emergency SARS-
CoV-2 Variants of Concern: Novel Multiplex Real-Time RT-PCR Assay for Rapid Detection
and  Surveillance.  Microbiol ~ Spectr. 2022 Feb  23;10(1):e0251321.  doi:
10.1128/spectrum.02513-21. Epub 2022 Feb 23. PMID: 35196812; PMCID: PMC8865422.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8865422/

4. Anka AU, Tahir MI, Abubakar SD, Alsabbagh M, Zian Z, Hamedifar H, et al.
Coronavirus disease 2019 (COVID-19): An overview of the immunopathology, serological
diagnosis and management. Scand J Immunol. 2021 Apr;93(4):e12998. doi: 10.1111/sji.12998.
Epub 2020 Dec 3. PMID: 33190302; PMCID: PMC7744910.
https://pubmed.ncbi.nlm.nih.gov/33190302/

5. Ministério da Saude. Coronavirus Brasil [Internet]. Painel Coronavirus. 2022 [cited
2022Mar28]. Available from: https://covid.saude.gov.br/

6. Johns Hopkins University. Covid-19 map [Internet]. Johns Hopkins Coronavirus
Resource Center. 2022 [cited 2022Mar28]. Available from:
https://coronavirus.jhu.edu/map.html

7. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet. 2020 Feb 15;395(10223):497-506. doi:
10.1016/S0140-6736(20)30183-5. Epub 2020 Jan 24. Erratum in: Lancet. 2020 Jan 30;: PMID:
31986264; PMCID: PMC7159299. https://pubmed.ncbi.nlm.nih.qgov/31986264/

8. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19. Nat
Rev Microbiol. 2021 Mar;19(3):141-154. doi: 10.1038/s41579-020-00459-7. Epub 2020 Oct 6.
Erratum in: Nat Rev Microbiol. 2022 May;20(5):315. PMID: 33024307; PMCID:
PMC7537588. https://pubmed.ncbi.nlm.nih.qov/33024307/

9. Chen B. Molecular Mechanism of HIV-1 Entry. Trends Microbiol. 2019
Oct;27(10):878-891. doi: 10.1016/j.tim.2019.06.002. Epub 2019 Jun 28. PMID: 31262533,
PMCID: PMC6744290. https://pubmed.ncbi.nlm.nih.gov/31262533/

10. Laskey SB, Siliciano RF. A mechanistic theory to explain the efficacy of antiretroviral
therapy. Nat Rev Microbiol. 2014 Nov;12(11):772-80. doi: 10.1038/nrmicro3351. Epub 2014
Sep 29. PMID: 25263222. https://pubmed.ncbi.nlm.nih.gov/25263222

11.  UNAIDS. Global HIV & AIDS statistics - fact sheet [Internet]. UNAIDS. 2022 [cited
2022Mar28]. Available from:_https://www.unaids.org/en/resources/fact-sheet

Brazilian Journal of Health Review, Curitiba, v. 5, n. 6, p. 23701-23716, nov./dec., 2022


https://pubmed.ncbi.nlm.nih.gov/33572857/

Brazilian Journal of Health Review | 23714
ISSN: 2595-6825

12.  Prodger JL, Gray RH, Shannon B, Shahabi K, Kong X, Grabowski K, et al. Chemokine
Levels in the Penile Coronal Sulcus Correlate with HIV-1 Acquisition and Are Reduced by
Male Circumcision in Rakai, Uganda. PLoS Pathog. 2016 Nov 29;12(11):e1006025. doi:
10.1371/journal.ppat.1006025. PMID: 27898732, PMCID: PMC5127584.
https://pubmed.ncbi.nlm.nih.gov/27898732/

13. Bale MJ, Kearney MF. Review: HIV-1 phylogeny during suppressive antiretroviral
therapy. Curr Opin HIV AIDS. 2019 May;14(3):188-193. doi:
10.1097/COH.0000000000000535. PMID: 30882485; PMCID: PMC6482946.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6482946/

14.  Mendoza P, Gruell H, Nogueira L, Pai JA, Butler AL, Millard K, et al. Combination
therapy with anti-HIV-1 antibodies maintains viral suppression. Nature. 2018
Sep;561(7724):479-484. doi: 10.1038/s41586-018-0531-2. Epub 2018 Sep 26. PMID:
30258136; PMCID: PMC6166473. https://pubmed.ncbi.nlm.nih.gov/30258136/

15.  Cohen YZ, Lorenzi JCC, Krassnig L, Barton JP, Burke L, Pai J, et al. Relationship
between latent and rebound viruses in a clinical trial of anti-HIV-1 antibody 3BNC117. J Exp
Med. 2018 Sep 3;215(9):2311-2324. doi: 10.1084/jem.20180936. Epub 2018 Aug 2. PMID:
30072495; PMCID: PMC6122972. https://www.ncbi.nlm.nih.gov/pmc/articlessPMC6122972/

16.  Shi X, Sims MD, Hanna MM, Xie M, Gulick PG, Zheng YH, et al. Neutropenia during
HIV infection: adverse consequences and remedies. Int Rev Immunol. 2014 Nov-
Dec;33(6):511-36. doi: 10.3109/08830185.2014.893301. Epub 2014 Mar 21. PMID:
24654626; PMCID: PMC4873957. https://pubmed.ncbi.nlm.nih.gov/24654626/

17.  Hensley-McBain T, Klatt NR. The Dual Role of Neutrophils in HIV Infection. Curr
HIV/AIDS Rep. 2018 Feb;15(1):1-10. doi: 10.1007/s11904-018-0370-7. PMID: 29516266;
PMCID: PMC6086572. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6086572/

18.  Levine AM, Karim R, Mack W, Gravink DJ, Anastos K, Young M, et al. Neutropenia
in human immunodeficiency virus infection: data from the women's interagency HIV study.
Arch Intern Med. 2006 Feb 27;166(4):405-10. doi: 10.1001/archinte.166.4.405. PMID:
16505259. _https://pubmed.ncbi.nlm.nih.gov/16505259/

19.  Kanwugu ON, Adadi P. HIV/SARS-CoV-2 coinfection: A global perspective. J Med
Virol. 2021 Feb;93(2):726-732. doi: 10.1002/jmv.26321. Epub 2020 Jul 28. PMID: 32692406;
PMCID: PMC7404432. https://pubmed.ncbi.nim.nih.gov/32692406/

20. Pinto RM, Park S. COVID-19 Pandemic Disrupts HIV Continuum of Care and
Prevention: Implications for Research and Practice Concerning Community-Based
Organizations and Frontline Providers. AIDS Behav. 2020 Sep;24(9):2486-2489. doi:
10.1007/s10461-020-02893-3. PMID: 32347403, PMCID: PMC7186186.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7186186/

21.  UNAIDS. Novo relatério do UNAIDS mostra que podemos acabar com a AIDS até
2030  [Internet]. UNAIDS. 2021 [cited  2022Mar28].  Available  from:
https://unaids.org.br/2021/06/novo-relatorio-do-unaids-mostra-que-podemos-acabar-com-a-
aids-ate-2030/

Brazilian Journal of Health Review, Curitiba, v. 5, n. 6, p. 23701-23716, nov./dec., 2022


https://pubmed.ncbi.nlm.nih.gov/27898732/

Brazilian Journal of Health Review
ISSN: 2595-6825

23715

22.  Kaplan JE, Hanson DL, Jones JL, Dworkin MS, Adult and Adolescent Spectrum of HIV
Disease Project Investigators. Viral load as an independent risk factor for opportunistic
infections in HIV-infected adults and adolescents. AIDS (London, England). 2001
Sep;15(14):1831-1836. DOI: 10.1097/00002030-200109280-00012. PMID: 11579245.
https://pubmed.ncbi.nlm.nih.gov/11579245/

23.  Asselah T, Durantel D, Pasmant E, Lau G, Schinazi RF. COVID-19: Discovery,
diagnostics and drug development. J Hepatol. 2021 Jan;74(1):168-184. doi:
10.1016/j.jhep.2020.09.031. Epub 2020 Oct 8. PMID: 33038433; PMCID: PMC7543767.
https://pubmed.ncbi.nlm.nih.gov/33038433/

24.  Ssentongo P, Heilbrunn ES, Ssentongo AE, Advani S, Chinchilli VM, Nunez JJ, et al.
Epidemiology and outcomes of COVID-19 in HIV-infected individuals: a systematic review
and meta-analysis. Sci Rep. 2021 Mar 18;11(1):6283. doi: 10.1038/s41598-021-85359-3.
PMID: 33737527; PMCID: PMC7973415. https://pubmed.ncbi.nlm.nih.gov/33737527/

25.  Lesko CR, Bengtson AM. HIV and COVID-19: Intersecting Epidemics With Many
Unknowns. Am J Epidemiol. 2021 Jan 4;190(1):10-16. doi: 10.1093/aje/kwaal58. PMID:
32696057; PMCID: PMC7454306. https://pubmed.ncbi.nlm.nih.gov/32696057/

26.  Noiman A, Esber A, Wang X, Bahemana E, Adamu Y, Iroezindu M, et al. Clinical
factors and outcomes associated with immune non-response among virally suppressed adults
with HIV from Africa and the United States. https://www.nature.com/articles/s41598-022-
04866-z

27.  Brown LB, Spinelli MA, Gandhi M. The interplay between HIV and COVID-19:
summary of the data and responses to date. Curr Opin HIV AIDS. 2021 Jan;16(1):63-73. doi:
10.1097/COH.0000000000000659. PMID: 33186229; PMCID: PMC7735216.
https://pubmed.ncbi.nlm.nih.gov/33186229/

28. Diez C, Del Romero-Raposo J, Mican R, Lopez JC, Blanco JR, Calzado S, et al.
COVID-19 in hospitalized HIV-positive and HIV-negative patients: A matched study. HIV
Med. 2021 Oct;22(9):867-876. doi: 10.1111/hiv.13145. Epub 2021 Jul 29. PMID: 34324783;
PMCID: PMC8444663. https://pubmed.ncbi.nim.nih.qov/34324783/

29. Yang Y, lwasaki A. Impact of Chronic HIV Infection on SARS-CoV-2 Infection,
COVID-19 Disease and Vaccines. Curr HIV/AIDS Rep. 2022 Feb;19(1):5-16. doi:
10.1007/511904-021-00590-x. Epub 2021 Nov 29. PMID: 34843064; PMCID: PMC8628277.
https://pubmed.ncbi.nlm.nih.gov/34843064/

30. RiouC, duBruyn E, Stek C, Daroowala R, Goliath RT, Abrahams F, et al. Relationship
of SARS-CoV-2-specific CD4 response to COVID-19 severity and impact of HIV-1 and
tuberculosis coinfection. J Clin Invest. 2021 Jun 15;131(12):e149125. doi: 10.1172/JC1149125.
PMID: 33945513; PMCID: PMC8203446. https://pubmed.ncbi.nlm.nih.gov/33945513/

31.  Western Cape Department of Health in collaboration with the National Institute for
Communicable Diseases, South Africa. Risk Factors for Coronavirus Disease 2019 (COVID-
19) Death in a Population Cohort Study from the Western Cape Province, South Africa. Clin
Infect Dis. 2021 Oct 5;73(7):e2005-e2015. doi: 10.1093/cid/ciaal198. Erratum in: Clin Infect

Brazilian Journal of Health Review, Curitiba, v. 5, n. 6, p. 23701-23716, nov./dec., 2022


https://pubmed.ncbi.nlm.nih.gov/11579245/

Brazilian Journal of Health Review | 23716
ISSN: 2595-6825

Dis. 2022 Apr 9;74(7):1321. PMID: 32860699; PMCID: PMC7499501.
https://pubmed.nchi.nlm.nih.qov/32860699/

32.  Friedman EE, Devlin SA, McNulty MC, Ridgway JP. SARS-CoV-2 percent positivity
and risk factors among people with HIV at an urban academic medical center. PLoS One. 2021
Jul 21;16(7):e0254994. doi: 10.1371/journal.pone.0254994. PMID: 34288954; PMCID:
PMC8294486. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0254994

33.  Danwang C, Noubiap JJ, Robert A, Yombi JC. Outcomes of patients with HIV and
COVID-19 co-infection: a systematic review and meta-analysis. AIDS Res Ther. 2022 Jan
14;19(1):3. doi: 10.1186/s12981-021-00427-y. PMID: 35031068; PMCID: PMC8759058.
https://aidsrestherapy.biomedcentral.com/articles/10.1186/s12981-021-00427-y

Brazilian Journal of Health Review, Curitiba, v. 5, n. 6, p. 23701-23716, nov./dec., 2022



