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By the middle of 2021, we are still immersed in the coronavirus disease 2019 (COVID-19) pandemic, caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The concurrence of this new pandemic in regions where
human immunodeficiency virus (HIV) and tuberculosis (TB) infections possess the same epidemiological consideration,
has arisen concerns about the prognosis, clinical management, symptomatology, and treatment of patients with triple
infection. At the same time, healthcare services previously devoted to diagnosis and treatment of TB and HIV are being
jeopardized by the urgent need of resources and attention for COVID-19 patients.
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| 1. Introduction

According to UNAIDS global human immunodeficiency virus (HIV) statistics, there were over 38 million people worldwide
living with HIV (PLWHIV) at the end of 2019. Most of cases are concentrated in sub-Saharan Africa; among the most
devastated countries by HIV epidemic, South Africa possesses the highest number of PLWHIV @, Untreated HIV
replication causes a wide range of immunological dysfunction, with a progressive loss of CD4(+) T cell and B cell
functionality, leading to an increased risk of opportunistic infections and carcinogenic events B4, |n this context,
pneumonia by different pathogens was a leading cause of morbidity and mortality before the institution of antiretroviral
therapy (ART) 2. Afterwards, the implementation of ART from the mid-1990s substantially improved HIV patients’ quality
of life and life expectancy to such an extent that they are currently close to those for individuals without HIV infection [8Z]
[, However, far from being an eradication treatment, ART must currently be taken for life. As well-known and presently
unsolved, there exists a main obstacle for a functional or sterilizing cure of the HIV infection: its viral latency and ability to
rebound viremia following ART interruption. HIV possesses plenty of molecular mechanisms targeted to establish and
maintain a latent infection, and, as a consequence, a chronic immune disorder (for a review see 1Y) Besides the
effects of HIV-induced persistent systemic inflammation and the impact of long-term ART on respiratory immune
response, the lung is a known reservoir for HIV, so this organ may be exposed to an increased frequency of other
pulmonary diseases 12,

For its part, tuberculosis (TB) is an ancient but still present human disease caused by Mycobacterium tuberculosis (MTB),
and almost exclusively transmitted through the air 131141 Worldwide, TB was considered in the global top 10 causes of
death at the beginning of this century, falling from 7th place in 2000 to 13th in 2019, with a 30% reduction in global deaths.
Nevertheless, it remains among the top 10 causes of death in the African and South-East Asian regions. According to
World Health Organization (WHO), over 10 million people fell ill with TB worldwide, and almost one million and a half
people died from TB (including 208,000 people with HIV) in 2019. About half of the new TB cases occurred in the South-
East Asian region (44%), followed by the African region (particularly in sub-Saharan Africa), with a quarter new cases
(25%), and the Western Pacific with approximately a fifth (18%), according to Global Health Observatory data repository
(2020). Two thirds of the number of cases are concentrated in just eight countries, with India leading the count, followed
by Indonesia, China, the Philippines, Pakistan, Nigeria, Bangladesh and South Africa 2. Pulmonary presentation is the
most common, although the mycobacteria can spread to other organs or systems (such as skin, liver, central nervous,
musculoskeletal and reproductive systems) through the hematogenous route 2871 Somehow similar to a treatment-
controlled HIV patient, with the virus concealed itself in CD4+ T cells, there is a latent TB infection characterized by the
pathogen lying dormant inside the lungs, without causing destruction of organs L34l Anyway, PLWVIH and also with a
latent TB infection present a higher risk of progressing to active disease, with a predominant extrapulmonary
manifestation 121161181 Thys, HIV and TB may represent a lethal tandem.

Finally, at the time of writing this review, we are still immersing in the pandemic of coronavirus disease 2019 (COVID-19).
The etiological agent is a member of Coronaviridae (CoV) family, named severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) by the International Committee on Taxonomy of Viruses basing on phylogenetic analysis 2. This family



comprises four major genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and Deltacoronavirus; the two
former, the Alpha and Beta-CoVs, have the ability to infect humans 2921 and cause a range of illnesses, from the
common cold to a severe acute respiratory tract infection. The first reported case emerged in Wuhan, Hubei Province,
China, in December 2019, and soon turned into a global threat, because of its viral infectivity and its permanent within-
host evolution. Since then, the virus has caused over 108 million confirmed cases and almost 2.4 million deaths worldwide
at the time of writing (middle of February 2021) 22, The dominant route of transmission for SARS-CoV-2 is airborne
aerosol/droplet, but transplacental transmission is also described (23124 After entering the lungs by inhalation, SARS-
CoV-2 activates immune system, cytokines, and other pathogen-resistance mechanisms. As previously exposed for HIV,
acute infection for SARS-CoV-2 is also associated with lymphopenia, and the severe decline of CD4+ T cell counts and B

cell dysfunction in COVID-19 patients have been linked to poor clinical outcomes [251[26127](28](29][301[31] The dynamic of
lymphocyte subsets changes in the course of both infections are not comparable though, because SARS-CoV-2
chronification is currently ruled out, unlike HIV B2,

In light of the above, the concurrency of a new pandemic within two other pandemics has jeopardized health care
providers for TB and HIV patients. Thus, resources achieved over a long period for control of HIV and TB infections are

now being redirected to COVID-19. This situation is dramatically evident in many African countries, especially in South
Africa [33](34][35][36]

| 2. General Overview

The coinfection of SARS-CoV-2 and Mycobacterium tuberculosis in HIV patients was highlighted as a matter of concern
for some researchers 4. We found models simulating transmission scenarios for HIV and TB, which predicted an
increase of up to 10% and 20%, respectively, in high-burden settings compared with a non-COVID-19 situation [2&l,
However, reports describing cases which jointly captured these three concomitant infections, were anecdotal during last
year, as already exposed in the previous section. Cohort studies were more abundant, such as an analysis carried out in
Western Cape, South Africa, which showed an independent influence of HIV and TB on COVID-19 mortality B9,

Many authors appealed to elucidate the tangible influence of HIV and TB over COVID-19 severity, since resources were
often scarce, with intensive care facilities completely full so the admission of patients had to be rationed #%. This need of
a thorough research was especially claimed for children, who represented a significant percentage of hospitalization in
low- and middle-income countries, in particular sub-Saharan African countries 1. Some COVID-19 surveillance studies
and systems designed with the aim of determining the impact of HIV and TB on SARS-CoV-2 infection susceptibility, were
ongoing or not finished yet 42,

Basic research focused on this triple infection was also found, showing that molecular studies evidenced an increased
expression of angiotensin-converting enzyme 2 (ACE2), the SARS-CoV-2 entry receptor, in HIV/TB co-infected patients,
but this finding was only a tissue level result 43, Other authors pointed out a shared correlation between hijacking the
endo-lysosomal system and the pathogenesis of the three microorganisms 241,

Despite the few targeted clinical and basic approaches retrieved in our literature search, the findings often spotlighted the
social impact and public health consequences of the COVID-19 pandemic on the landscape of HIV and TB patients, so
we have dedicated a specific section at the end of the Results section.

| 3. Dual Infection Scenario (Either HIV or MTB with SARS-CoV-2)

Co-infection of SARS-CoV-2, either with HIV or MTB, was more common in literature. Regarding HIV co-infection, there
existed an adequate evidence to challenge if PLWHIV were at higher risk of contracting SARS-CoV-2, as firstly
speculated, or not. Some immunological features were shared by both viral infections. The acute phase of HIV infection
was characterized by an important decline of CD4+ T cell count that persistently remained during chronic phase, leading
to the well-known lymphopenia observed in untreated patients with AIDS. On the other hand, a poor clinical outcome of

COVID-19 also related to lymphopenia due to the suppression of B lymphocytes, and helper (CD4+) and cytotoxic (CD8+)
T cell disfunction [22[31145]146][47],

In addition, HIV-positive persons usually presented comorbidities linked to risk factors for severity of COVID-19
symptoms, such as cardiovascular disease, diabetes and hypertension 28495051 smoking was also pointed out as a
factor contributing to the higher prevalence and mortality in the current COVID-19 pandemic, and even in other infectious
diseases, such as HIV and TB themselves 2. Ageing of PLWHIV, as positive long-term result of ART, might become
another risky feature for COVID-19 in these patients 43153154 However, clinical case series reported worldwide during the



earlier stage of the COVID-19 pandemic (first semester of 2020) showed a similar disease severity, with HIV patients
admitted to intensive care and then discharged alive, in a comparable percentage of the general population R4BSIE8]E71[58]
[9IE0BLI62(63[64][65]  Thjs similar situation appeared even when HIV infection was not well controlled and patients
presented a prior AIDS-defining event BAIE6],

Furthermore, the so-called cytokine storm in patients with COVID-19 was related to severity, as already demonstrated in
similar diseases, like SARS and Middle East respiratory syndrome (MERS) [EAE8IEAOI7L  Thys, some researchers
emphasized on ways to avoid the overproduction of these inflammatory mediators in order to reduce the damage and
improve COVID-19 outcomes XY, In that line, HIV infection was associated with a persistent immune disruption, even
despite an effective ART, so such dysregulation could paradoxically prevent the mentioned cytokine release in severe and
critical COVID-19 [Z223],

ART was also hypothesized as the reason of the lack of an increased risk for serious COVID-19 among HIV-positive
persons. However, the findings were contradictory. HIV-positive patients receiving tenofovir-based ARTs were found to
have a lower risk of hospitalization related to severe COVID-19 than those receiving other therapies B254l whereas other
authors ruled out the possibility of a protective effect of tenofovir or any other antiretroviral therapy 281661741,

As the pandemic progressed, more data about HIV-positive patients became available and the equal risk perceived in
HIV- and SARS-CoV-2 coinfected individuals was turning around a misperception. The key predictors for poor outcomes
of COVID-19 mentioned (i.e., age and comorbidities) in the dual viral infection remained being the same ones as seen for
SARS-CoV-2 exclusive infection BEIZSIZ8] Nevertheless, in the light of new research arose, advanced immunodeficiency
and uncontrolled HIV-infection, previously underestimated as risk factors by some studies 9, were now well established
as possible determinants of severity of COVID-19, showing increased rates of hospitalization and death BZZIZ8]
Furthermore, lymphopenia in severe COVID-19 was prognostic of poor outcomes 28179 so jt would be logical to assume
that immunodeficiency (defined as CD4 count <350/uL) during admission in PLWH was associated with COVID-19 death.
Special mention to Hoffmann and collaborators’ study who did not find any significant association between severity of
COVID-19 and a detectable HIV RNA, a prior AIDS-defining illness or TDF, as we mentioned before, but they did find it for
a CD4+ T cell nadir of <200/pL and a current CD4+ T cells count <350/uL (8],

Boulle and collaborators performed a large-scale population cohort study in Western Cape, South Africa, finding a two-fold
and almost a three-fold increased risk of mortality from COVID-19 for patients coinfected with HIV and active TB,
respectively B9, In PLWH, this greater risk was found even in patients aged younger than 50 years and independently of
their viral suppression B2, However, a high prevalence of comorbidities in deceased PLWH could be acting as a
confounding factor 2. Another study came to similar conclusions with regards to COVID-19 mortality and comorbidities in
HIV and/or TB co-infected population: HIV, TB or both diseases were highlighted not to be the most common risk factors
in comparison to older age and other comorbidities, such as diabetes and hypertension, in individuals dying from COVID-
19 Y. Nevertheless, HIV-infected individuals should not be considered to be protected from severe COVID-19. They

must receive the same therapeutic approach applied to general population, and even be prioritized SARS-CoV-2
vaccination 6278,

On the other hand, when considering TB-SARS-CoV-2 coinfection, it seemed evident that environmental conditions
surrounding people who suffered most from TB were the best breeding ground for them to also be affected by the COVID-
19 pandemic B2, In addition, both TB and COVID-19 were respiratory infections, transmitted mainly by close contacts,
and with similar symptoms. They might interplay reciprocally, but they were quite different: TB could be a chronic disease
with patients coughing for a minimum of a couple of weeks, whereas COVID-19 had a quick onset. A differential diagnosis
between both infections was possible and simple when healthcare providers were well-trained 241,

COVID-19 pneumonia may contribute to TB progression, whereas pulmonary TB impact the lungs’ function, so co-
infection with SARS-CoV-2 might worsen COVID-19 prognosis itself. Tuberculosis could intensify COVID-19 by two
hypothesized ways: impairing immune responses and increasing angiotensin converting enzyme 2 receptor expression in
respiratory epithelial cells 8. A meta-analysis performed by Tamuzi and collaborators found that TB was a risk factor for
COVID-19 severity and even mortality, regardless HIV status 2. However, case series did not report any contribution of
COVID-19 to TB pathogenesis, so their reciprocal influence could not be excluded or confirmed [E3184],

When combining environmental and pathogenic issues, studies reported a higher expected probability of long-term effects
of the pandemic in people with TB, TB-HIV coinfection or chronic lung disease [, A recent meta-analysis considering
dual infection, either TB and HIV, showed an increased risk of mortality for the former, but a comparable clinical outcome
of COVID-19 in patients with or without this latter infection B8, Similarly, another study in Nigeria pointed to a higher



mortality rate in states with high TB prevalence (with a weak association though), and the opposite finding for HIV
infection: a negative correlation between HIV prevalence and COVID-19 mortality B4, However, other reviews, even those
aimed at children, did not find a significant risk factor for severe COVID-19 in pre-existing respiratory diseases 8],
Furthermore, our collection of specific case series after the literature review (Supplementary File S4), did not show any
significant difference at clinical management or future scenario of healing. In four out of five cases, the clinical
assessments to investigate COVID-19 facilitated the identification of pre-existing TB and/or HIV. HIV and TB co-infection
was known but uncontrolled in only one case B2, In addition, both infections were previously unidentified and
simultaneously diagnosed in two out of all cases 2911,

Nevertheless, the achievement of a considerable body of evidence for TB and HIV pre-existing conditions as determinants
to predict COVID-19 progression would require the design of a research protocol a priori considering them, like Allwood
and collaborators proposed 92, Particular focus should be on how COVID-19 differently manifested among women with
HIV and/or TB, endemic in Sub-Saharian African countries and so, a high infections burden setting [es],

4. Social and Public Health Implications in the Context of the COVID-19
Pandemic

Most of our literature findings also warned about the impact of COVID-19 pandemic over the diagnosis, healthcare, drug
supply, and even research about patients affected by any or both other two infections 4. The current pandemic could
lead to an amplification of the existing health inequities, especially concerning already marginalized communities,
racial/ethnic minorities, women, and children [I[86I37138] The most dramatic influence would obviously be observed in
low- and middle-income countries, already ravaged by TB and HIV epidemics 3313438l When the majority of developed
world was already immersed in COVID-19 vaccine rollout, some voices were pleading in favour of a global health equity
and justice to achieve a factual end of this pandemic 2. Vaccination in countries with a significant burden of the HIV and
TB co-infections must be done guaranteeing safety and efficacy of available vaccines, besides affordable cost and
manufacturing infrastructure. Addressing the first issue of safety, immunocompromised individuals should only be
vaccinated with certain vaccine modalities, different from live-attenuated or replicating vaccines; regarding vaccine
efficacy, the magnitude and durability of immunity in such patients were up to date unknown 229,

One of the first issues threatened by the pandemic was the diagnosis for both TB and HIV infections, since their
diagnostic platforms, i.e., GeneXpert and PCR, were devoted to COVID-19 tests [33]11041[102] * Fyyrthermore, the rigid
lockdowns enforced in many countries like South Africa, emulating the first Chinese mitigation strategies, also jeopardized
HIV and TB care services B398 5o a six-month disruption of ART in PLWHIV was estimated by WHO and other
researchers to lead to a substantial excess of mortality due to AIDS-related conditions, such as TB itself (38][104]  Eyen
though the drug supply was assured during the current COVID-19 pandemic, the fear of being exposed to SARS-CoV-2
infection or the difficult of commuting (many HIV and TB patients relied on public transportation) halted the normal access
to health point of care or disrupted the routinely attendance to clinics [331203](105]

At this time with three ongoing epidemics, some authors have suggested key adaptations to ensure delivery of healthcare
services while reducing the risks of SARS-CoV-2 exposure in high HIV/TB burden settings. Take, for instance, any
situation avoiding unnecessary visits, such as a common starting treatment day in HIV-TB co-infected patients, if any of
the infections were diagnosed but not treated yet; providing sufficient TB and/or HIV treatment; or limiting in-person
interactions with health care workers to clinical assessments at the completion of treatment or with urgent results (e.g.,
positive serum cryptococcal antigen test, drug resistances, etc.). Other consultations should be done telephonically 298],

Another dramatic consequence that the ongoing COVID-19 pandemic might cause over TB and HIV infections (and
extensively over other infectious diseases) was represented by the delay and even the dropout of new approaches to
fighting against drug resistance 24, A successful completion of any treatment was compromised as we discussed before,
with a special impact on pediatric age groups [2611207],

However, not all the measures to prevent COVID-19 had led to a deterioration of TB and HIV policies. For instance,
wearing a surgical mask might reduce the transmission of TB (1981, |n addition, we observed an acceleration of scientific
and innovation approaches (new treatment, cutting-edge vaccines, etc.). However, some authors put the spotlight in
global funding models and in international diplomacy in order to distribute those achievements equally, always avoiding
the disruption of essential healthcare services 103[110],
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