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Abstract: South Africa has long grappled with one of the highest HIV and tuberculosis (TB) burdens
in the world. The COVID-19 pandemic poses challenges to the country’s already strained health
system. Measures to contain COVID-19 virus may have further hampered the containment of HIV
and TB in the country and further widened the socioeconomic gap. South Africa’s handling of the
pandemic has led to disruptions to HIV/TB testing and treatment. It has, furthermore, influenced
social risk factors associated with increased transmission of these diseases. Individuals living with
HIV and/or TB also face higher risk of developing severe COVID-19 disease. In this case study, we
contextualize the HIV/TB landscape in South Africa and analyze the direct and indirect impact of the
COVID-19 pandemic on the country’s efforts to combat these ongoing epidemics.
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1. Introduction

South Africa’s healthcare system was deeply burdened by the onslaught of the SARS-
CoV-2 virus (COVID-19) [1]. The country experienced a harsh lockdown in early 2020 [2].
The burden of the lockdown was greatest in the poorest areas of South Africa where
promiscuity and lack of proper sanitation became major problems [1]. Exiting the lockdown,
the country was tasked with containing the deadly virus while concurrently battling the
ongoing human immunodeficiency virus (HIV) and tuberculosis (TB) epidemics that have
burdened the country’s healthcare system for decades.

HIV and TB have had the highest global mortality rates of all infectious diseases since
2018 [3]. The burden of these diseases disproportionately affects low- and middle-income
countries (LMIC), notably sub-Saharan Africa. Health professionals in LMICs report that
more than 40% of HIV and TB patients experienced hindered or fully restricted access to
health facilities throughout the COVID-19 pandemic [3].

South Africa has the highest number of people living with HIV in the world; ap-
proximately 20% of the adult population (15-49 years) is HIV positive [4,5]. Furthermore,
there are an estimated 320,000 people suffering from TB and close to 80,000 TB deaths
annually [4]. Coinfection of HIV and TB worsens disease outcomes and increases overall
disease burden. A quarter of South Africa’s national health budget is allocated to HIV,
maternal health, and TB [4].

This paper will present the implications of the COVID-19 pandemic on the ongo-
ing HIV and TB epidemics that have ravaged South Africa over the past few decades.
The government and populace of South Africa have a long history of fighting infectious
diseases. With the introduction of COVID-19 to South Africa in early 2020, the country
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faced a host of novel problems. The pandemic hampered efforts to control the pre-existing
HIV and TB epidemics. HIV- and TB-positive individuals face greater risk for developing
severe COVID-19 infection [6]. Government lockdowns, social stigmas, and distrust in
healthcare services interfere with access to quality care. A major fear during this pandemic
has been that individuals with HIV/TB may not only face a greater risk of developing
severe COVID-19 infection, but also face severe consequences from disruptions to testing
and treatment services. For example, among HIV patients already receiving antiretroviral
therapy (ART) in sub-Saharan Africa, a 6-month disruption of ART drugs across 50% of
individuals was predicted to lead to a 63% increase in HIV-related deaths over a 1-year
period, as well as a 60% increase in mother-to-child transmission of HIV [7].

The following sections will investigate South Africa’s existing healthcare system,
history of HIV and TB epidemics at the country level, and the handling of COVID-19 from
its beginnings in March 2020 until the present. The study will then investigate the impact
and influence of COVID-19 on health policy, health systems, and individuals in the context
of ongoing HIV and TB epidemics which are ever-present in South African society.

2. Materials and Methods

This case study uses three major types of information source to perform its review:
scientific literature, country reports, and news articles. Scientific experiments, reviews, and
conference abstracts have been searched through well-established engines, with a majority
coming from PubMed, ScienceDirect, Google Scholar, and MedRxiv. News articles and
country reports, whether produced nationally or through other agencies (private, govern-
mental, intergovernmental, or non-profit), were collected primarily online. The credibility
of information providers and times of publication were important selection criteria for
country reports and news articles to ensure the validity and relevance of data. The SMART
method of evaluating sources was used to assess the credibility of sources to verify content
creators, motives behind what is written, the authority responsible for such information,
coherence in the information reviewed, and alignment with other news sources. Examples
of sources used for the data and statistics include Statistics South Africa (Government of
South Africa) and the World Bank.

Keywords were entered into the selected search engines. As this work primarily
investigates the impact of COVID-19 on HIV and TB within South Africa, the following
primary keywords were entered: COVID-19, South Africa, HIV, tuberculosis, inequality,
health disparity, and health access. The number and order of words were varied, as were
the diseases, which were entered either by full-name or as an acronym. Other search terms
related to the primary keywords were searched, for example, in relation to COVID-19
vaccines, history of South Africa, and stigmas associated with HIV and TB. We were careful
to select only academic literature that directly addressed the research question. All sources
of information selected for this report were in English.

The topics discussed in this work are dynamic and changing through various economic,
social, and political mechanisms (for example, the vaccination campaign, health budget for
South Africa, etc.). For this reason, it is important to mention that this review is based on
the situation observed in South Africa as of the end of 2021.

3. Results
3.1. Case Presentation
3.1.1. Demographic, Economic, Geographic, and Political Characteristics of the Country

South Africa is a constitutional multiparty democracy with a three-tier system of
government, meaning the government is divided into three levels, the national, provincial,
and local governments [8,9]. It has a population of 60.14 million, of which, 81% identify
as black African, around 8% as white, approximately 9% as colored, and the remainder
as Indian/Asian. Around three-fifths of the population is under the age of 30. Due to
its ethnic diversity, there are eleven official languages in South Africa and a multitude of
different cultures [8,9]. South Africa covers an area of 1,220,813 km?. Gauteng is the smallest
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province with an area of 18,178 km? but is home to the largest share of the population,
with a population density of 852 people per square kilometer [9]. Furthermore, South
Africa still has a high number of informal settlements, with high population densities,
high poverty rates, and often insufficient access to water and sanitation [10]. According
to Minister Kubayi, this movement of urbanization resulting in informal settlements is
further aggravated by large numbers of non-South African migrants who move to South
African cities in search of improved economic opportunities [11] 6/2/2022 4:52:00 PM. As a
result, many South African cities suffer from inadequate infrastructure to accommodate the
ever-growing urban population.

The legacy of apartheid (government mandated separation of race) is still ever-
present in South Africa. It has instilled widespread inequalities along racial lines in the
South African population [12,13]. White South Africans benefitted from a significantly
better education system throughout apartheid [13,14]. The same principles applied to the
health system and many other aspects of life [13]. Today, in post-apartheid South Africa,
education inequalities still largely follow racial lines [14]. South Africa consistently has
one of the highest income inequalities in the world [15]. The most recent Gini coefficient
recorded by the World Bank for South Africa in 2014, was 63.0 [16]. Zero represents perfect
income equality and 100 represents complete income inequality.

High levels of poverty and unemployment have left their mark on the South African
population and economy [17], whereby, poverty follows ethnic boundaries and mainly
affects black Africans and people of color. Young people suffer from especially high rates
of poverty. South Africa’s recorded unemployment rates reached an all-time high of 34.4%
for the second quarter of 2021 [18].

South Africa has experienced low economic growth for several years and its economy
took a major downturn during the COVID-19 pandemic, as the GDP contracted by 6.96% in
2020 [15,19]. The severe impact on the economy is expected to further exacerbate poverty
in South Africa.

3.1.2. Overview of South Africa’s Healthcare System

Prior to the COVID-19 pandemic, South Africa’s health system was already strained
by decades of coping with a quadruple burden of disease: (i) co-incidence of HIV/AIDS
and TB, (ii) a rise in obesity and non-communicable diseases, (iii) continuing poor outcomes
for child, infant, and maternal health, and (iv) injury and violence [20]. In keeping with
the enduring inequalities linked to the legacy of apartheid and colonial rule, much of this
burden has long been disproportionately borne by poor, black households [20].

With the end of apartheid in 1994, the new government quickly sought to address
deeply rooted inequalities in the context of health; the 1996 constitution explicitly guaran-
teed the rights of all South Africans to have access to healthcare services, food and water,
and social security, and importantly, mandated that “no one may be refused emergency
medical treatment” [21]. This provision put a strong onus on the state to actively take
measures to realize each of these rights, and in the early years of the new democracy,
the government made great strides to fundamentally reform the healthcare system and
promote equitable health access. These initiatives included consolidation of health admin-
istrations into a single national department, the introduction of a district-based primary
health system, a major infrastructure plan to upgrade and build new clinics, free health
care to pregnant women and children under the age of 6 years, and free primary care for
all [20,22]. Despite these efforts over the last couple of decades, there are marked differ-
ences in health access and outcomes along socioeconomic strata, resulting from persistent
systemic and structural challenges.

South Africa continues to operate a highly disparate two-tier health system, consisting
of a large and poorly resourced public sector that serves the majority of its population, and
a small, well-resourced private sector that caters to a wealthy demographic (those who
can pay for services out-of-pocket and 17% who are covered by medical aid schemes) [23].
Despite serving over 80% of the population, the public sector accounts for less than half of
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national health expenditure [22] and is plagued by a perennial shortage of health work-
ers, especially in rural and underserved areas [24]. South Africa has one of the highest
concentrations of health workers on the continent, but public sector workers are often over-
burdened and face poor working conditions, leading many to seek opportunities abroad
or in the private sector [24,25]. For example, of the total registered medical practitioners
in the country, only about 30% work in the public sector [22], and this exacerbates the
socioeconomic disparities in health access [26].

In contrast, the private sector is capable of providing a standard of care that is com-
parable with the health systems of highly developed countries [26]. Access to the private
system is drastically split by race and socio-economic status. Until the 1970s, membership
to private medical aid schemes was restricted to white people [20]. This restriction has left a
lasting impact: only 17% of people were covered by medical aid schemes in 2019, but even
within this small number the coverage rates differ widely between the population groups,
with black Africans having the lowest (10.8%), followed by colored individuals (20.6%),
Indian/Asian individuals (47.2%), and white individuals having the highest (72.4%) [23].

3.1.3. Historical Context of HIV and Tuberculosis in South Africa

Since the first case of HIV in 1982, South Africa’s healthcare system has been severely
overburdened by the HIV epidemic. The government failed to launch a sufficient national
response to the growing epidemic, as it was hindered by the anti-apartheid regime under
Thabo Mbeki (1999-2008) which negated the threat of the epidemic by promoting it as a
disease common among homosexuals [27]. Under Mbeki’s presidency, supported by then
Health Minister Manto Tshabalala-Msimang, the government maintained a detrimental
attitude to ART, disseminating information indicating that ART and poverty were direct
causes of HIV [28]. These health policy decisions are reflected in HIV incidence rates over
the past decades: in 1990, South Africa experienced a dramatic increase in HIV prevalence
from 0.76% 10.44%, then to 22.4% by 1995, finally resulting in 40% of all adult deaths in
2000 [27]. In 2000, access to and distribution of ART drugs to treat HIV finally increased
due to the production of generic versions, resulting in a dramatic reduction in price [29].

Regarding TB, the Directly Observed Treatment Strategy (DOTS program) was in-
troduced by the WHO in 1994, and adopted by South Africa to control and fight the TB
epidemic. However, the HIV epidemic has resulted in a sharp increase in TB rates from
the late 1990s: TB cases have increased from 163 cases per 100,000 in 1986 to 628 cases per
100,000 in 2006 (Figure 1) [30].

HIV/AIDS and Tuberculosis Estimates in South Africa, 1990-2017
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Figure 1. Historical overview of the HIV/AIDS and TB epidemics in South Africa, 1990-2017.
Prevalence of HIV/AIDS is divided by 10 for scale. (Adapted from source: [31]).
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Today, multiple national government and international programs are in force to combat
HIV in South Africa. Most important to mention are the UNAIDS 90-90-90 targets, the
national HIV testing and counselling (HTC) campaign, and the ART program. The UNAIDS
90-90-90 goals aim to make 90% of those infected with HIV aware of their status, 90% of
those to receive treatment, and 90% of those to be virally suppressed. The first target
has been reached, but treatment and suppression goals have not been fulfilled. The late
implementation of the ART programs and the Prevention of Mother-to-Child Transmission
program (not until 2002) is traced to governmental denial, resulting in a lost opportunity
of reaching 50% of HIV infected people on ART [28]. This is still evident in South Africa’s
HIV/TB burden today. However, by 2004, ART had become more widespread. It is
now the largest HIV treatment program in the world, providing treatment to 4.5 million
people [5,30].

South Africa still faces an uphill battle to control the co-occurring HIV and TB epi-
demics. With approximately 7.8 million people infected with HIV, and a prevalence of
20% among adults, South Africa has one of the largest concentrations of people living
with HIV in the world [32]. In 2017, 28,700 cases of TB resulted in death, making TB
the deadliest communicable disease in South Africa [33]. The high rate of HIV cases, of
which approximately 56% are TB/HIV co-infections, represent a severe double burden in
South Africa [5].

South Africa’s National Strategic Plan (NSP) for HIV, TB, and sexually transmitted
infections (STI) 2017-2022, is a strategic framework to further reduce the morbidity and mor-
tality in the main populations associated with HIV, TB and STIs in South Africa. The NSP
targets nine goals, amongst them, to reach vulnerable populations with customized inter-
ventions (Goal 3), as well promoting leadership and shared accountability for a sustainable
response to HIV, TB, and STIs (Goal 6) [34]. South Africa has achieved successes with the
2012-2016 NSP, including: sexual transmission of HIV among 15-49 year-olds decreasing
by 34% from 410,000 per year in 2011 to an estimated 270,000; HIV transmission from
mother to newborn decreased from 3.5% in 2010 to 1.8% in 2014; and TB treatment success
rate rose to 83% in 2016 [34]. Nevertheless, it can be observed that the incidence of TB has
not consistently decreased since 2010. The number of multidrug-resistant TB (MDR-TB)
cases has doubled from 7350 cases in 2007 to 14,161 in 2012, representing a heavy burden,
also in the face of future developments in HIV/TB treatment [35].

HIV prevalence in South Africa is unevenly distributed, and communities such as
men who have sex with men (MSM), transgender individuals, and sex workers experience
extensive stigma and discrimination. Access to and quality of health care is severely limited
in these communities [36]. The national average HIV prevalence among sex workers is
57.7% and among MSM is 18.1%. However, these figures are dependent on geographic
differences and socioeconomic status [37]. Social stigmas around HIV are fueled by tradi-
tional, conservative attitudes among the elite, leading to widespread discrimination based
on race, sexual orientation, and gender. HIV prevalence is significantly higher among
LGBTQI+ communities and female sex workers; these communities, therefore, experi-
ence an increased risk of HIV-related violence and hate crimes [36,38]. Stigmatization of
TB/HIV co-infected persons include poverty, drug abuse, homosexuality, and sex work [39].
The term “the paradox of dual illness” describes the strong association of HIV infections
with TB in Africa [40]. Daftary claims, “the greater negative social desirability, labelling and
stigma reserved for people with HIV were transferred to individuals with TB. The identity
associated with TB became as undesirable and stigmatized as with HIV” [40]. A wide
gender gap in HIV prevalence should be noted, with an incidence of 26% of women as
opposed to 15% of men in 2017. Poverty, low status of women, and gender-based violence
contribute to this disparity [37]. However, the gender disparity of HIV is the opposite: men
have a 25% higher risk of death from HIV than their female counterparts [41].



Epidemiologia 2022, 3

302

3.1.4. Impact of COVID-19 on Country Level

In early 2020, the SARS-CoV-2 virus/COVID-19 was detected in Wuhan, China and
promptly swept across much of the world. It was declared a pandemic by the World
Health Organization (WHO) on 11 March 2020 [42]. South Africa has absorbed the brunt
of the COVID-19 pandemic on the African continent. It accounts for 34.1% (2.92 million)
of total reported COVID-19 cases and 40.6% (89,387) of deaths related to COVID-19 in
Africa [43]. However, official numbers from Africa are criticized for their unreliability
due to under-reporting and lack of testing infrastructure. When standardized with global
age-specific fatality rates and adjusting for Africa’s age demographic, death rates on the
continent could be four times that of reported figures [44]. In South Africa specifically,
where the median age is higher (27 versus 18 years in sub-Saharan Africa), and testing
infrastructure is more robust, it is still estimated that excess deaths could be three times
higher than officially reported figures [45].

The first case of COVID-19 in South Africa was reported by the (South African)
National Institute for Communicable Diseases on 5 March 2020 [46]. A South African man
tested positive upon returning from a trip to Italy [46]. By 15 March 2020, President Cyril
Ramaphosa declared a national state of disaster. Inmediate travel restrictions and school
closures were announced.

A swift increase in cases prompted the government to announce a strict national
lockdown effective from 26 March to 16 April 2020 [1]. This was later extended to 30 April
2020. Upon announcement, the total number of cases in the country had risen sharply to
554 [1]. No deaths had been reported at this point. The initial lockdown in South Africa
was the strictest on the African continent. People were only allowed to leave their homes
for medical reasons and essential grocery shopping. All social gatherings, sports, and
outdoor activities were banned. The provisions of the lockdown also included a total ban
on the sale of cigarettes and alcohol [1]. President Ramaphosa unveiled a plan to gradually
“reopen” South Africa, beginning on 1 May 2020, via a five-level “alert system” determined
by several criteria, including: transmission rate, infection level, health facility capacity,
and economic/social impacts of restrictions [47]. A summary of the five alert levels is
as follows: 5—strict lockdown to contain the spread of the virus, only essential travel
allowed outside of homes; 4—some activity allowed, subject to extreme precautions to
limit community transmission; 3—easing of restrictions on work and social activities, but
caution maintained over a high risk of transmission; 2—further easing of restrictions but
maintenance of physical distancing measures; and 1—most normal activities could resume,
with precautions and guidelines followed at all times [47]. Over the next several months,
the country oscillated between levels of restrictions according to these criteria but did not
return to its initial strict lockdown measures (Level 5).

The (Level 5) lockdown was initially met with widespread praise by South Africans,
especially among the middle and upper class [1]. Government approval ratings increased
during this period [48]. A contrasting rhetoric emerged in poorer areas, where the lack
of medical resources, food shortages, and financial resources led to widespread looting,
hunger strikes, and clashes with local police [1]. As the pandemic wore on, government
approval dropped, influenced by reports of corruption and financial mismanagement of
relief funds [48].

The timeline of the COVID-19 pandemic in South Africa is characterized by three
distinct waves of infection (Figure 2). The first wave occurred from the end of June-August
2020, the second from December 2020-February 2021, and the third from May-October
2021. A peak in daily new cases was reached on 8 July 2021 with a total of 19,956 new
cases reported.
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Figure 2. Weekly deaths (all-cause) and new confirmed COVID-19 cases, with shading to indicate the
different “alert level” periods in South Africa. (Adapted from sources: [47,49-51]).

Widespread riots in early July 2021, catalyzed by the jailing of former president, Jacob
Zuma, are thought to have exacerbated the third wave of infection [52]. Widespread arson,
looting, and roadblocks plagued the country, forcing health and testing centers to shut.
Patients and health staff were unable to reach healthcare facilities during this period [52].

As of 10 November 2021, there had been 2,924,317 infections and 89,387 deaths from
COVID-19 reported in South Africa [43]. New infections and deaths are currently 1% of the
8 July 2021 peak and falling [53].

South Africa’s vaccination campaign began on 17 February 2021, with a goal of
vaccinating 67% of the population by the end of 2021 [54]. The campaign was swiftly
halted over concerns that the received AstraZeneca vaccine was ineffective against the
beta variant which originated in the country in October 2020 [55]. Continued roll out of
vaccines has been slow and the country remains firmly behind its 67% goal with only 19.9%
(23,264,992 doses) of the population vaccinated as of 10 November 2021 [53].

The COVID-19 pandemic disproportionately impacted underserved communities in
South Africa. Data collected in Cape Town demonstrate that low-income sub-districts suf-
fered a higher age-standardized death rate than middle- and high-income sub-districts [56].
Income-related health inequality was estimated to be six times higher than in 2017 [57].
Class inequality overburdens those living in townships across South Africa; people living
in these areas are often unable to social distance and sanitation is generally poor [58]. Fur-
thermore, access to adequate healthcare for this population is limited as many are limited
to the overburdened public health system [58].

3.2. Current Impact and Long-Term Influence of the COVID-19 Pandemic on Global and Public
Health, Public Policy, and Healthcare Systems

3.2.1. The Indirect Consequences of the COVID-19 Measures

The impacts of self-isolation on health during COVID-19 lockdowns have been exten-
sively discussed. Among the most reported issues of self-isolation is an increase in cases
of domestic abuse, particularly against women. South Africa is already known to have
one of the highest rates of gender-based violence in the world due to several socio-cultural
norms (poverty, unemployment, low women’s empowerment, etc.) that are deeply rooted
to Apartheid [59]. COVID-19 confinement reinforced existing abuses of South African
women and increased their risk of HIV infection. Studies have demonstrated that South
African women with violent partners are more likely to acquire HIV compared to those
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who did not experience partner violence [60,61]. Women, especially those living in poverty,
cannot easily flee or fight back as they are financially and socially dependent on their male
partners. Many have been psychologically traumatized by the domestic abuse that they
have experienced.

High rates of HIV and TB in South Africa are consistent with income inequality, which
worsened during the COVID-19 lockdown. In the report “Men, Women and Children:
Findings of Living Conditions Survey 2014/2015” (2018), about one in two adults were
already under the upper-bound poverty line before the arrival of the pandemic [61]. Even
during its most flourishing economic era, South Africa experienced high levels of unem-
ployment. Today, approximately 25 million out of 40 million people in the working-age
population are jobless and without legal income [62]. The COVID-19 pandemic has further
expanded the pool of people living in poverty, with low-wage workers suffering four-times
more job losses than high-wage workers [62]. Inactivity and self-isolation are associated
with high-risk activities for contracting HIV, such as having transactional sex in exchange
for money, food, or drugs [63], committing crimes [64], and delaying to access healthcare
facilities [65].

Housing structures in South Africa, especially in underdeveloped segregated urban
areas, are important vectors for COVID-19, TB, and other airborne disease transmission.
During confinement and cold winter weather, people crowd into small, poorly ventilated
spaces which contribute to COVID-19 and TB disease propagation. Thus, while many
urban areas may benefit from lockdowns to prevent virus transmission, conditions in
overpopulated urban townships in South Africa likely experience the opposite effect.
Models from the Stop TB Partnership report predict an excess of 6.3 million TB cases
and 1.4 million TB deaths globally by 2025, exacerbated by a 3-month lockdown and
10 month economic restoration, with South Africa predicted to be one of the most affected
countries [66].

A recent study indicates profound disruptions in TB prevention and control due to
SARS-CoV-2 measures [67]. COVID-19 is likely to impede TB treatment and diagnostic
services. Reasons for this are suggested to be: (1) diversion of resources that are now
emphasized to manage the COVID-19 pandemic; (2) health service, politics, and media
focus on the pandemic management and responses; (3) poor quality of healthcare due
to stress and anxiety factors among the healthcare personal, self-isolation, and infection;
and (4) fear of COVID-19 infection at healthcare facilities, which discourages visiting TB
services [67]. Furthermore, testing and strict enforcement of infection control protocols and
separation of people who have either HIV concurrent with TB or SARS-CoV-2 might not be
feasible in hospitals due to overcrowding [68].

3.2.2. Limited Access to Healthcare Resources

COVID-19 has severely disrupted South Africa’s healthcare system. Facilities and
resources were reallocated to treat COVID-19 patients, leaving other patients with major
diseases, like HIV or TB, at risk of not being treated or of developing complications. The
arrival of COVID-19 led to a 25% reduction in TB detection worldwide and a potential
increase of 13% in TB mortality [69]. With an influx of COVID-19 patients admitted to
medical facilities, South Africa’s population feared risking infection at hospitals and clinics,
and thus limited seeking services. Consequently, a reduction by half was observed in the
number of TB tests performed and in the collection of HIV and TB medication in different
provinces in South Africa [70,71]. In addition, the Global Fund to fight AIDS, TB and
malaria (Global Fund) reported that more than 62% of health facilities in Africa did not
have enough personal protective equipment (PPE) items for health workers (including
masks, disinfectants, gloves, and hand sanitizers), which further burdened the ability of the
healthcare system to safely treat COVID-19, HIV, and TB patients [72]. These consequences
directly impeded efforts made by South Africa to reduce incidence rates of HIV and TB
over the last few years.
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HIV and TB programs in South Africa have experienced complications in meeting
their projected targets. In a 2019 report on the “Mid-term review of the national strategic
plan for HIV, TB and STIs 2017-2022", South Africa was already underperforming on
several aspects regarding HIV and TB [73]. For example, the HIV incidence rate decreased
in 2019 but at a slower rate than in previous years, which makes it difficult for the country
to reduce incidence by 50% by 2022 [73]. Similarly for TB, the country experienced an
increase in TB death rate and the number of patients lost to follow-up in 2019 [73]. Equally
concerning, is that the report shows that local municipalities are not prioritizing HIV and
TB funding in their budget processes. In 2021, the South African government decided to
extend its plan for HIV and TB to 2023 (instead of 2022 as initially planned), to recover
from the damages brought by COVID-19 [74]. The reduction of the national health budget
by 250 million dollars in early 2020 stifled efforts to effectively combat COVID-19 while
still supporting other infectious disease programs. Other programs, like the Global Fund,
have provided emergency funds for low-income countries to fight against COVID-19 and
help them maintain their HIV, TB, and malaria national targets.

Limited access to healthcare services during COVID-19, especially intensive care units
(ICUs), may exacerbate stigmas experienced by HIV and TB patients. Prior to COVID-19, a
review from Gopalan and Vaconcellos (2019) showed that specific groups of sick individuals,
typically those with HIV comorbidities, were refused admittance to hospitals [75]. These
cases were observed in a public hospital in the KwaZulu Natal Province and was justified
by claims that patients were ‘too sick” for admittance. This example demonstrates the
widespread discrimination of HIV patients in healthcare settings. Patient triage guidelines,
such as those developed by the Critical Care Society of Southern Africa (CCSSA), are often
misused or disregarded when admitting patients to ICUs. While priorities are focused on
saving patients with COVID-19 complications, it is unethical and against the South African
constitution to deny access to patients with HIV or TB conditions that are life threatening.
To avoid further unfair patient selection, guidelines and scoring systems must be applied
by all members of the healthcare system.

3.2.3. Predicted Risks for Inmunocompromised and Coinfected Patients

Immunocompromised patients are at increased risk of contracting and developing
a severe form of COVID-19. People living with HIV (PLWH) face increased risk for
developing severe COVID-19 because the virus causes a deficit in CD4* and CD8* T-
cells responsible for stimulating the immune system. Many initial case series and cohort
studies, especially in the United States and Europe, found no clear evidence of increased
risks of PWLH. More recently though, a study conducted in Western Cape (South Africa)
showed that HIV was associated with a doubling of COVID-19 mortality risk (Davies,
2020) [76]. While the study may have overestimated the actual HIV-associated risk due
to confounding, increased risk of mortality among PLWH patients have been observed in
many other countries. A WHO report was compiled on clinical data on PLWH from 24
countries and found that the risk of developing a severe or fatal form of COVID-19 was 30%
higher than patients without HIV [77]. Other studies observed higher odds of COVID-19
disease progression, hospitalization, and death with PLWH [78,79].

South Africa HIV control is hampered with coinfection with TB and other infectious
diseases (hepatitis B, hepatitis C, malaria, etc.). HIV and TB infected persons are speculated
to have an increased vulnerability to COVID-19 infection. A study showed that coinfected
patients with HIV and TB faced an increased expression of angiotensin-converting enzyme
2 (ACE2), an enzyme attached to several membranes of our body and which also serves
as a gateway for the entry of the SARS-CoV-2 virus [80]. However, the response of HIV
and TB coinfected patients to COVID-19 is not yet known. Further research will clarify
these associations.
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3.2.4. Potential Positive Outcomes of the COVID-19 Pandemic on the Fight against HIV
and TB

While the implications of COVID-19 have undoubtedly had wide-reaching negative
impacts on South Africa’s health systems and citizens, there remains potential for the
country to capitalize on changes that have occurred since the beginning of the pandemic to
improve the current situation regarding TB and HIV. There have been several advents in
the form of improved digital health, contact tracing, remote care, public health reporting,
and public interest/education on infectious diseases.

The usability of digital health technologies, decentralizing TB treatment to community
health workers, and supporting private health sectors and academic research institutions
to provide TB testing and treatment may enhance TB treatment during a pandemic like
COVID-19 [67]. Claire Keene and other researchers claim that COVID-19 measurements and
actions bear potential positive effects on HIV and TB treatment services like TB screening,
HIV self-testing, and the detection of patients lost to follow-up (Figure 3) [30,81].

Panel: Strategies to decrease the impact of COVID-19 on tuberculosis and HIV

Existing interventions to scale up nationally or « Home delivery of chronic medication for stable patients
internationally « Longer refills (more than 2 months) for patients restarting
Tuberculosis treatment

« Alternatives to directly observed therapy, such as self- « Home-based care for patients with advanced HIV

administered therapy, improved treatment literacy
Community-based treatment initiation for all populations
Expanded use of all-oral, shorter regimens

Scaling up adapted, individualised counselling

Integrated tuberculosis and COVID-19 screening and testing

New opportunities for using COVID-19 interventions for

tuberculosis and HIV

Tuberculosis

« Trained and paid community health workers to do active case
finding, contact assessments, postexposure management,

HIV linkage to care for newly identified cases and those who have

« Differentiated models of care for stable HIV been lost to follow-up

+ Extended multimonth antiretroviral therapy (ART) refills « Incorporate tuberculosis into COVID-19 stigma reduction
(more than 6 months) for stable patients messages

+ Community-based initiation and delivery of ART v

e Nl L B « Trained and paid community health workers to support self-

Adapted and expanded models testing, provision of pre-exposure prophylaxis with nursing

Tuberculosis support, linkage to care for newly identified cases and those

+ Home-based care who have been lost to follow-up

Medical triage by telephone and individualised counselling
and support (for substance use and for people who are not
managing well on treatment)

Home-delivery of medication supplies to patients, as with
other chronic diseases

Incorporate HIV into COVID-19 stigma reduction messages

Investment and systematic changes needed

« Address precarious socioeconomic circumstances

« Strengthen health system to improve staffing and reduce
stock-outs

HIV « Integrate tuberculosis, HIV, and chronic health services
+ Medical triage by telephone and individualised counselling

and support, especially for those disengaged from care

Figure 3. Strategies to decrease the impact of COVID-19 on tuberculosis and HIV in South Africa
(Source: [81]).

Keene et al. (2020) maintain that COVID-19 is an opportunity for a positive long-term
systematic enhancement in the healthcare system [81].

Contact tracing has previously been used in various forms to track TB cases in South
Africa. A more robust centralized contact tracing system was built during the COVID-
19 pandemic [82]. The system relied on door-to-door testing and tracing carried out by
community health workers; however, as the pandemic wore on, the system grew more
robust and reliable [82]. The similarities of TB and COVID-19 transmission lend to the
potential for expertise gained in COVID-19 contact tracing to be applied for use with TB [83].
The further development of this framework and potential transition into a decentralized
system could be a major benefit to the South African public health system [83,84].

Furthermore, COVID-19 necessitated tele-health and remote management of diseases
like TB and HIV. This has allowed for the expansion of these services in South Africa,
especially for mild and moderate cases [85]. Public health reporting, health literacy, and
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infectious disease awareness have all increased due to COVID-19. This provides an oppor-
tunity for funding to be leveraged by the South African government to improve the public
health systems responsible for combatting HIV and TB.

4. Discussion
4.1. Insights from Reviews

This case study can be considered a high-level review of existing research linking the
concomitant effects of COVID-19 with the HIV and TB epidemics in South Africa. Although
non-exhaustive, its content illustrates the impactful changes that the COVID-19 pandemic
have catalyzed on this landscape.

South Africa’s public health challenges are particularly nuanced. A multiplicity of
systemic issues placed South Africa in a particularly tenuous position from the start of the
COVID-19 pandemic. Although the government’s initial response was met with praise, the
already strained health system became swiftly and repeatedly overburdened. This was
exacerbated by social strife which swept across the country at various points throughout
the pandemic. Underserved populations suffer the worst case numbers, fatality rates, and
social and financial hardships due to the pandemic. These same populations already suffer
from higher rates of HIV and TB. Unequal disease burden from COVID-19 correlates closely
with existing socioeconomic strata, and inequality gaps are further widened as the country
deals with sweeping economic decline. Those living in poverty tend to have little to no
buffer to cope with unexpected catastrophe. Many poor families have experienced a loss or
reduction of their income and job loss. With restrictive lockdowns also came an increase in
violence against women.

While the country has significant prior experience with handling infectious disease
outbreaks, social stigma around infectious disease, distrust in government services, and
ineptitude of the public health system has severely disadvantaged at-risk communities.
Access to health services was limited and, in some cases, fully restricted for HIV- and TB-
positive individuals. Furthermore, testing for these diseases was hampered by lockdowns
and decreased mobility. This left many individuals potentially unable to receive testing
during a period where at-risk behavior was heightened [84]. While the understanding
of the relationship between COVID-19 and HIV/TB is still being researched, it is fair to
assume that immunocompromised individuals are at higher risk for developing severe
cases of COVID-19, and growing evidence supports this claim [86]. As such, the long-term
implications of the disruption of South Africa’s healthcare system during the first year of
the pandemic have yet to be realized.

Socioeconomic status remains the most important indicator of burden from HIV, TB,
and now COVID-19. The economic contraction attributed to COVID-19 restrictions in
2020 can be seen as a devastating blow to an already dire situation in the country. With
unemployment rates now topping 34%, South Africa now holds the highest unemployment
rate in the world [87]. The consequences from financial catastrophe of this magnitude are
devastating and are weakening an already overburdened public health system. As HIV
and TB are both resource-intensive epidemics, the capacity to combat these illnesses on a
country level may be permanently hampered as evidenced by the government’s decision
to delay the creation of a new national strategy for HIV/TB until 2024 [74].

Advancing equitable health access is crucial in the campaigns against HIV and TB. As
seen in this literature review, factors like digital technologies and diagnostics play a pivotal
role in identifying individuals that need immediate care and predicting future disease
outbreaks. However, these tools must be accessible to all, particularly to women to bridge
the gender divide, and more generally to underprivileged and rural communities to have a
consequent impact on HIV and TB control within the South African population. This means
the South African government must avoid overspending on infrastructure and development
within metropolitan areas. Rather, it faces an increased need to bolster investment on
novel health technologies and programs that promote health education. These same novel
technologies must also be applicable and deployed for use in underprivileged communities.
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The need to reduce stigma and promote human rights for people living with HIV/TB
has increased in importance since the arrival of COVID-19. In this regard, initiatives
responsible for the protection of these marginalized groups have led to stronger initiatives
around availability, accessibility, acceptability, and quality of services [83]. Further support
will be needed for these community-driven programs to lead effective campaigns and
widen their reach.

A growing cloud of doubt is shading South Africa’s path forward for infectious disease
control. The ongoing COVID-19 pandemic has generated profound effects on the progress
that the country has gained thus far on HIV and TB. These effects will surely remain present
for years to come. Despite this, it is possible that lessons learned from the COVID-19
pandemic will eventually contribute to public health progress. New frameworks and
technologies developed to combat COVID-19 may eventually be integrated as assets in the
campaigns against HIV and TB.

The shortcomings of the current healthcare system are widely recognized, and for
nearly two decades the South Africa government has been engaged in an ambitious struggle
to enact universal health care (UHC) with the goal of ensuring “that everyone has access to
appropriate, efficient, affordable and quality health services” [88]. They envision tackling
the current inequities and attaining UHC by implementing National Health Insurance
(NHI), a financing mechanism that would allow everyone to take advantage of both public
and private services [89].

4.2. Limitations

This case study is accompanied with some important limitations. Firstly, the COVID-
19 situation in South Africa and globally is dynamic and therefore the details of this report
are limited to the time of publication and the information available at this time, namely
December 2021. Time will tell if the statements expressed will hold true as the pandemic
wears on. Secondly, the materials and literature reviewed in this case study are by no
means exhaustive and should not be treated as such. As we have only reviewed papers and
reports written or translated in English, information and insights in other languages were
not evaluated or discussed. This is an important limitation, as articles and reports in local
languages are therefore excluded from our analysis. Utilization of non-English language
sources in future reviews would ensure generalizability and reduce the risk of bias in the
types of outcomes that are presented. Lastly, research on these topics is novel and the
correlation of these issues is in the early phases of research. Further research is required to
investigate the correlation of disease processes between COVID-19 and HIV/TB, as well as
epidemiological correlations between these diseases.

4.3. Discovery of the SARS-CoV-2 B.1.1.529 Variant (Omicron)

As this case report is being written, a new variant of the SARS-CoV-2 virus, B.1.1.529
(Omicron), has been discovered in South Africa and is rapidly spreading. It is vital to note
that, although the variant was first sequenced in South Africa, its origins are still unknown.
The first few reported cases of the infection were among young individuals, specifically,
university students [90]. The variant, discovered by the Network for Genomics Surveillance,
has been succeeded by a rapid increase of COVID-19 cases in South Africa, particularly
in Gauteng Province since its discovery on 24 November 2021 [91]. The variant has been
classified as a variant of concern by the WHO [92]. As of November 2021, preliminary data
indicate increasing rates of hospitalization with the Omicron variant, although this may be
attributed to the increasing number of new infections associated with the variant [90]. In
addition, the risk of reinfection with COVID-19 may be higher with the arrival of the new
variant [90]. It is believed that COVID-19 vaccines and treatments, such as corticosteroids
and IL6 receptor blockers, will remain effective in the management of severe cases of
COVID-19 [90]. At this time, it is too early to state how the Omicron variant will differ in
its impact on HIV and TB patients.
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5. Conclusions

Across the world, the COVID-19 pandemic has pervasively impacted, directly and
indirectly, not only the health systems of each country but many social determinants of
health. South Africa bears the highest HIV burden in the world, and in this case study
we have attempted to highlight some of the pandemic’s impacts and policy responses
regarding the co-epidemics of HIV and TB. It is not always possible to fully predict real-
world ramifications of policy decisions, especially when difficult choices must be made in
a state of emergency, but it is important to critically assess their impacts and take stock.
While we are far from the end of the pandemic, there are already many lessons that can
be applied going forward and in preparation for the next pandemic. The lasting impacts
of COVID-19 on systems and individuals in South Africa are yet to be fully realized, but
we have seen significant challenges in healthcare access and a widening of pre-existing
social and economic divides. As the pandemic rages on, the impacts of COVID-19 on the
landscapes of the HIV and TB epidemics will inevitably become clearer. It is hoped that
South Africa will emerge from this pandemic with a clearer idea to address its systemic
inequities and a path toward effective control of HIV and TB within its borders.

Author Contributions: Conceptualization, D.E.,, M.H., D.K,, M.T. and A.U.; Introduction, D.E. and
M.T.; Materials and Methods, D.K.; Case Presentation (Section 3.1), D.E., M.H., M.T. and A.U.; Current
impact and long-term influence of the COVID-19 pandemic on global and public health, public policy,
and healthcare systems (Section 3.2), D.E., D.K,, M.T. and A.U.; Discussion, D.E., D.K.,, M.T. and A.U.;
Conclusion, D.E. and A.U,; Figures, A.U.; Review and editing, D.E., D.K. and M.T.; Supervision, A.C.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing in this case report is not applicable as no new data were
created or analyzed. Figures 1 and 2 were built using R [93], and the underlying data are publicly
available in the references.

Acknowledgments: The authors would like to thank Antoine Flahault, Lemlem Girmatsion, and
Liudmila Rozanova for their support and guidance in writing this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Stiegler, N.; Bouchard, J.-P. South Africa: Challenges and Successes of the COVID-19 Lockdown. Ann. Méd. Psychol. Rev. Psychiatr.
2020, 178, 695-698. [CrossRef] [PubMed]

2. Arndt, C; Davies, R.; Gabriel, S.; Harris, L.; Makrelov, K.; Robinson, S.; Levy, S.; Simbanegavi, W.; van Seventer, D.; Anderson, L.
Covid-19 Lockdowns, Income Distribution, and Food Security: An Analysis for South Africa. Glob. Food Secur. 2020, 26, 100410.
[CrossRef] [PubMed]

3. Khan, M.S.; Rego, S.; Rajal, ].B.; Bond, V.; Fatima, R.K.; Isani, A.K,; Sutherland, J.; Kranzer, K. Mitigating the Impact of COVID-19
on Tuberculosis and HIV Services: A Cross-Sectional Survey of 669 Health Professionals in 64 Low and Middle-Income Countries.
PLoS ONE 2021, 16, €0244936. [CrossRef]

4. Bulled, N.; Singer, M. In the Shadow of HIV & TB: A Commentary on the COVID Epidemic in South Africa. Glob. Public Health
2020, 15, 1231-1243. [CrossRef]

5. Simelela, N.; Venter, W.D.F; Pillay, Y.; Barron, P. A Political and Social History of HIV in South Africa. Curr. HIV/AIDS Rep. 2015,
12,256-261. [CrossRef] [PubMed]

6.  Rossouw, T.M.; Boswell, M.T.; Nienaber, A.G.; Moodley, K. Comorbidity in Context: Part 1. Medical Considerations around HIV
and Tuberculosis during the COVID-19 Pandemic in South Africa. S. Afr. Med. ]. 2020, 110, 621-624. [PubMed]

7. Jewell, B.L.; Mudimu, E.; Stover, J.; ten Brink, D.; Phillips, A.N.; Smith, J.A.; Martin-Hughes, R.; Teng, Y.; Glaubius, R.; Mahiane,
S.G.; et al. Potential Effects of Disruption to HIV Programmes in Sub-Saharan Africa Caused by COVID-19: Results from Multiple
Mathematical Models. Lancet HIV 2020, 7, €629-e640. [CrossRef]

8. Lowe, C.C,; Gordon, D.F;; Hall, M.; Bundy, C.J.; Thompson, L.M.; Nel, A.; Cobbing, ] R.D.; Mabin, A.S.; Vigne, R. South Africa.
Available online: https://www.britannica.com/place/South-Africa (accessed on 17 November 2021).

9.  Republic of South Africa About SA. Available online: https://www.gov.za/about-sa (accessed on 8 November 2021).


http://doi.org/10.1016/j.amp.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/32836300
http://doi.org/10.1016/j.gfs.2020.100410
http://www.ncbi.nlm.nih.gov/pubmed/32834955
http://doi.org/10.1371/journal.pone.0244936
http://doi.org/10.1080/17441692.2020.1775275
http://doi.org/10.1007/s11904-015-0259-7
http://www.ncbi.nlm.nih.gov/pubmed/25929959
http://www.ncbi.nlm.nih.gov/pubmed/32880335
http://doi.org/10.1016/S2352-3018(20)30211-3
https://www.britannica.com/place/South-Africa
https://www.gov.za/about-sa

Epidemiologia 2022, 3 310

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Nyashanu, M.; Simbanegavi, P.; Gibson, L. Exploring the Impact of COVID-19 Pandemic Lockdown on Informal Settlements in
Tshwane Gauteng Province, South Africa. Glob. Public Health 2020, 15, 1443-1453. [CrossRef]

Department of Human Settlements Remarks by the Miniser of Human Settlements, Mmamoloko Kubayi, Dubai Expo, Virtual.
Available online: https://www.gov.za/speeches/remarks-minister-human-settlements-mmamoloko-kubayi-dubai-expo-virtual-
3-nov-2021-0000 (accessed on 12 January 2021).

Clark, N.L.; Worger, W.H. South. Africa: The Rise and Fall of Apartheid, 2nd ed.; Longman: Harlow, UK; New York, NY, USA, 2011;
ISBN 978-1-4082-4564-4.

Omotoso, K.O.; Koch, S.F. Assessing Changes in Social Determinants of Health Inequalities in South Africa: A Decomposition
Analysis. Int. ]. Equity Health 2018, 17, 181. [CrossRef]

Lu, Y.; Treiman, D.J. Migration, Remittances and Educational Stratification among Blacks in Apartheid and Post-Apartheid South
Africa. Soc. Forces 2011, 89, 1119-1143. [CrossRef]

The World Bank. The World Bank in South Africa. Overview. Available online: https://www.worldbank.org/en/country/
southafrica/overview (accessed on 8 November 2021).

The World Bank Gini Index (World Bank Estimate)—South Africa. Available online: https://data.worldbank.org/indicator/SI.
POV.GINI?locations=ZA (accessed on 20 November 2021).

Francis, D.; Webster, E. Poverty and Inequality in South Africa: Critical Reflections. Dev. S. Afr. 2019, 36, 788-802. [CrossRef]
Statistics South Africa. Quarterly Labour Force Survey. Quarter 2. 2021. Available online: http://www.statssa.gov.za/
publications/P0211/P02112ndQuarter2021.pdf (accessed on 21 November 2021).

The World Bank. GDP Growth (Annual %)—South Africa. Available online: https://data.worldbank.org/indicator/NY.GDP.
MKTP.KD.ZG?locations=ZA (accessed on 10 November 2021).

Coovadia, H.; Jewkes, R.; Barron, P,; Sanders, D.; McIntyre, D. The Health and Health System of South Africa: Historical Roots of
Current Public Health Challenges. Lancet 2009, 374, 817-834. [CrossRef]

Constitution of the Republic of South Africa. 1996. Available online: https:/ /linkinghub.elsevier.com /retrieve/pii/S01406736096
0951X (accessed on 11 November 2021).

Van Rensburg, H.C. South Africa’s Protracted Struggle for Equal Distribution and Equitable Access—Still Not There. Hum. Resour.
Health 2014, 12, 26. [CrossRef] [PubMed]

Statistics South Africa General Household Survey 2019. 2020. Available online: http://www.statssa.gov.za/publications /P0318/
P03182019.pdf (accessed on 10 November 2021).

Rispel, L.C.; Blaauw, D.; Ditlopo, P.; White, ]. Human resources for health and universal health coverage: Progress, Complexities
and contestations. In South African Health Review 2018; Health Systems Trust: Durban, South Africa, 2018.

Van Ryneveld, M.; Schneider, H.; Lehmann, U. Looking Back to Look Forward: A Review of Human Resources for Health
Governance in South Africa from 1994 to 2018. Hum. Resour. Health 2020, 18, 92. [CrossRef]

Burger, R.; Christian, C. Access to Health Care in Post-Apartheid South Africa: Availability, Affordability, Acceptability. Health
Econ. Policy Law 2020, 15, 43-55. [CrossRef]

Karim, Q.A.; Karim, S.5.A. The Evolving HIV Epidemic in South Africa. Int. J. Epidemiol. 2002, 31, 37-40. [CrossRef]

Burton, R.; Giddy, J.; Stinson, K. Prevention of Mother-to-Child Transmission in South Africa: An Ever-Changing Landscape.
Obstet. Med. 2015, 8, 5-12. [CrossRef]

‘T Hoen, E.; Berger, J.; Calmy, A.; Moon, S. Driving a Decade of Change: HIV/AIDS, Patents and Access to Medicines for All. J.
Int. AIDS Soc. 2011, 14, 15. [CrossRef] [PubMed]

Karim, S.S.A.; Churchyard, G.J.; Karim, Q.A.; Lawn, S.D. HIV Infection and Tuberculosis in South Africa: An Urgent Need to
Escalate the Public Health Response. Lancet 2009, 374, 921-933. [CrossRef]

Global Burden of Disease Collaborative Network Global Burden of Disease Study 2019 (GBD 2019) Results; Institute for Health Metrics
and Evaluation (IHME): Seattle, WA, USA, 2020.

UN AIDS. I Keypopulation Atlas SOUTH AFRICA. Available online: https://kpatlas.unaids.org/dashboard (accessed on 18
November 2021).

Statista, Inc. Available online: https://www.statista.com/statistics /1127548 /main-causes-of-death-in-south-africa/ (accessed on
18 November 2021).

SANAC. The National Strategic Plan. Available online: https://sanac.org.za/the-national-strategic-plan/ (accessed on
19 November 2021).

Cox, H.; Dickson-Hall, L.; Jassat, W.; Moshabela, M.; Kielmann, K.; Grant, A.; Nicol, M.; Black, J.; Mlisana, K.; Vanleeuw, L.
Drug-Resistant Tuberculosis in South Africa: History, Progress and Opportunities for Achieving Universal Access to Diagnosis
and Effective Treatment. S. Afr. Health Rev. 2017, 2017, 157-167.

Skinner, D.; Mfecane, S. Stigma, Discrimination and the Implications for People Living with HIV/AIDS in South Africa. SAHARA
J. Soc. Asp. HIV/AIDS 2004, 1, 157-164. [CrossRef] [PubMed]

Avert. Avert Global Information and Education on HIV and AIDS. Available online: https:/ /www.avert.org/professionals /hiv-
around-world /sub-saharan-africa/south-africa (accessed on 16 November 2021).

Coetzee, J.; Jewkes, R.; Gray, G.E. Cross-Sectional Study of Female Sex Workers in Soweto, South Africa: Factors Associated with
HIV Infection. PLoS ONE 2017, 12, €0184775. [CrossRef] [PubMed]


http://doi.org/10.1080/17441692.2020.1805787
https://www.gov.za/speeches/remarks-minister-human-settlements-mmamoloko-kubayi-dubai-expo-virtual-3-nov-2021-0000
https://www.gov.za/speeches/remarks-minister-human-settlements-mmamoloko-kubayi-dubai-expo-virtual-3-nov-2021-0000
http://doi.org/10.1186/s12939-018-0885-y
http://doi.org/10.1093/sf/89.4.1119
https://www.worldbank.org/en/country/southafrica/overview
https://www.worldbank.org/en/country/southafrica/overview
https://data.worldbank.org/indicator/SI.POV.GINI?locations=ZA
https://data.worldbank.org/indicator/SI.POV.GINI?locations=ZA
http://doi.org/10.1080/0376835X.2019.1666703
http://www.statssa.gov.za/publications/P0211/P02112ndQuarter2021.pdf
http://www.statssa.gov.za/publications/P0211/P02112ndQuarter2021.pdf
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=ZA
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=ZA
http://doi.org/10.1016/S0140-6736(09)60951-X
https://linkinghub.elsevier.com/retrieve/pii/S014067360960951X
https://linkinghub.elsevier.com/retrieve/pii/S014067360960951X
http://doi.org/10.1186/1478-4491-12-26
http://www.ncbi.nlm.nih.gov/pubmed/24885691
http://www.statssa.gov.za/publications/P0318/P03182019.pdf
http://www.statssa.gov.za/publications/P0318/P03182019.pdf
http://doi.org/10.1186/s12960-020-00536-1
http://doi.org/10.1017/S1744133118000300
http://doi.org/10.1093/ije/31.1.37
http://doi.org/10.1177/1753495X15570994
http://doi.org/10.1186/1758-2652-14-15
http://www.ncbi.nlm.nih.gov/pubmed/21439089
http://doi.org/10.1016/S0140-6736(09)60916-8
https://kpatlas.unaids.org/dashboard
https://www.statista.com/statistics/1127548/main-causes-of-death-in-south-africa/
https://sanac.org.za/the-national-strategic-plan/
http://doi.org/10.1080/17290376.2004.9724838
http://www.ncbi.nlm.nih.gov/pubmed/17601003
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/south-africa
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/south-africa
http://doi.org/10.1371/journal.pone.0184775
http://www.ncbi.nlm.nih.gov/pubmed/28981511

Epidemiologia 2022, 3 311

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Canetti, D.; Riccardi, N.; Martini, M.; Villa, S.; Di Biagio, A.; Codecasa, L.; Castagna, A.; Barberis, I.; Gazzaniga, V.; Besozzi,
G. HIV and Tuberculosis: The Paradox of Dual Illnesses and the Challenges of Their Fighting in the History. Tuberculosis 2020,
122,101921. [CrossRef] [PubMed]

Daftary, A. HIV and Tuberculosis: The Construction and Management of Double Stigma. Soc. Sci. Med. 2012, 74, 1512-1519.
[CrossRef]

Dovel, K.; Yeatman, S.; Watkins, S.; Poulin, M. Men’s Heightened Risk of AIDS-Related Death: The Legacy of Gendered HIV
Testing and Treatment Strategies. AIDS 2015, 29, 1123-1125. [CrossRef]

WHO Director-General’s Opening Remarks at the Media Briefing on COVID-19—11 March 2020. Available online:
https:/ /www.who.int/director-general /speeches/detail /who-director-general-s-opening-remarks-at-the-media-briefing-on-
covid-19---11-march-2020 (accessed on 24 November 2021).

South Africa: Coronavirus Pandemic Country Profile. Available online: https://ourworldindata.org/coronavirus/country/
south-africa (accessed on 24 November 2021).

Mbow, M.; Lell, B.; Jochems, S.P; Cisse, B.; Mboup, S.; Dewals, B.G.; Jaye, A.; Dieye, A.; Yazdanbakhsh, M. COVID-19 in Africa:
Dampening the Storm? Science 2020, 369, 624-626. [CrossRef] [PubMed]

Whittaker, C.; Walker, P.G.T.; Alhaffar, M.; Hamlet, A.; Djaafara, B.A.; Ghani, A.; Ferguson, N.; Dahab, M.; Checchi, F.; Watson, O.].
Under-Reporting of Deaths Limits Our Understanding of True Burden of Covid-19. BM] 2021, 375, n2239. [CrossRef] [PubMed]
Minister Zweli Mkhize Reports First Case of Coronavirus Covid-19. Available online: https://www.gov.za/speeches/health-
reports-first-case-covid-19-coronavirus-5-mar-2020-0000 (accessed on 24 November 2021).

South African Government About Alert System. Available online: https://www.gov.za/covid-19/about/about-alert-system
(accessed on 8 December 2021).

Kotze, J.; Bohler-Muller, N.; Roberts, B.; Pienaar, G.; Derek Davids, Y.; Mchunu, N. South Africa’s Thuma Mina Moment:
Public Opinion and Political Trust in South Africa’s COVID-19 Response. 2021. Available online: https://repository.hsrc.ac.za/
bitstream /handle/20.500.11910/16281 /12077 pdf?sequence=1&isAllowed=y (accessed on 20 November 2021).

Dong, E.; Du, H.; Gardner, L. An Interactive Web-Based Dashboard to Track COVID-19 in Real Time. Lancet Infect. Dis. 2020, 20,
533-534. [CrossRef]

Our World in Data team Our World in Data COVID-19 Dataset. 2021. Available online: https://covid.ourworldindata.org/
(accessed on 5 December 2021).

South African Medical Research Council Report on Weekly Deaths in South Africa. Available online: https://www.samrc.ac.za/
reports/report-weekly-deaths-south-africa (accessed on 8 December 2021).

Bhattacharya, S.; Tanisha, T. Social Strife of South Africa in 2021 Fueled by Economic Issue than Political Instability. Int. J. Res.
Eng. Sci. Manag. 2021, 4, 38—40.

South Africa. Available online: https:/ /graphics.reuters.com/world-coronavirus-tracker-and-maps/countries-and-territories /
south-africa/ (accessed on 25 November 2021).

COVID-19 Coronavirus Vaccine Strategy. Available online: https://www.gov.za/covid-19/vaccine/strategy (accessed on 14
November 2021).

Mueller, B.; Robbins, R.; Lynsey, C. AstraZeneca’s Vaccine Does Not Work Well Against Virus Variant in South Africa. The New
York Times, 7 February 2021.

Hussey, H.; Zinyakatira, N.; Morden, E.; Ismail, M.; Paleker, M.; Bam, J.L.; London, L.; Boulle, A.; Davies, M.A. Higher COVID-19
Mortality in Low-Income Communities in the City of Cape Town—A Descriptive Ecological Study. Gates Open Res. 2021, 5, 1-12.
[CrossRef]

Nwosu, C.O.; Oyenubi, A. Income-Related Health Inequalities Associated with the Coronavirus Pandemic in South Africa: A
Decomposition Analysis. Int. J. Equity Health 2021, 20, 1-12. [CrossRef] [PubMed]

Garba, N.W.F. Covid-19, the Working Class and the Poor in South Africa. Available online: https://africanarguments.org/2020/0
6/covid-19-the-working-class-and-the-poor-in-south-africa/ (accessed on 11 November 2021).

Nduna, M.; Tshona, S.O. Domesticated Poly-Violence Against Women During the 2020 Covid-19 Lockdown in South Africa.
Psychol. Stud. 2021, 66, 347-353. [CrossRef] [PubMed]

Dunkle, K.L.; Jewkes, RK.; Brown, H.C.; Gray, G.E.; McIntryre, ].A.; Harlow, S.D. Gender-Based Violence, Relationship Power,
and Risk of HIV Infection in Women Attending Antenatal Clinics in South Africa. Lancet 2004, 363, 1415-1421. [CrossRef]

Men, Women and Children—Findings of the Living Conditions Survey, 2014/15; Statistics South Africa (Stats SA): South Africa, 2018.
Available online: https://www.statssa.gov.za/publications/Report-03-10-02%20/Report-03-10-02%202015.pdf (accessed on
17 November 2021).

Fengler, W.; Nelly, M.-F,; Gill, I.; Baduel, B.; Cuevas, F. South Africa after COVID-19—Light at the End of a Very Long Tunnel.
Available online: https://www.brookings.edu/blog/future-development/2021/07 /13 /south-africa-after-covid-19-light-at-
the-end-of-a-very-long-tunnel/ (accessed on 17 November 2021).

Sikkema, K.J.; Watt, M.H.; Meade, C.S.; Ranby, K.W.; Kalichman, S.C.; Skinner, D.; Pieterse, D. Mental Health and HIV Sexual
Risk Behavior Among Patrons of Alcohol Serving Venues in Cape Town, South Africa. JAIDS |. Acquir. Immune Defic. Syndr. 2011,
57,230-237. [CrossRef]

Latkin, C.A.; German, D.; Vlahov, D.; Galea, S. Neighborhoods and HIV: A Social Ecological Approach to Prevention and Care.
Am. Psychol. 2013, 68, 210-224. [CrossRef]


http://doi.org/10.1016/j.tube.2020.101921
http://www.ncbi.nlm.nih.gov/pubmed/32501257
http://doi.org/10.1016/j.socscimed.2012.01.027
http://doi.org/10.1097/QAD.0000000000000655
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://ourworldindata.org/coronavirus/country/south-africa
https://ourworldindata.org/coronavirus/country/south-africa
http://doi.org/10.1126/science.abd3902
http://www.ncbi.nlm.nih.gov/pubmed/32764055
http://doi.org/10.1136/bmj.n2239
http://www.ncbi.nlm.nih.gov/pubmed/34642172
https://www.gov.za/speeches/health-reports-first-case-covid-19-coronavirus-5-mar-2020-0000
https://www.gov.za/speeches/health-reports-first-case-covid-19-coronavirus-5-mar-2020-0000
https://www.gov.za/covid-19/about/about-alert-system
https://repository.hsrc.ac.za/bitstream/handle/20.500.11910/16281/12077.pdf?sequence=1&isAllowed=y
https://repository.hsrc.ac.za/bitstream/handle/20.500.11910/16281/12077.pdf?sequence=1&isAllowed=y
http://doi.org/10.1016/S1473-3099(20)30120-1
https://covid.ourworldindata.org/
https://www.samrc.ac.za/reports/report-weekly-deaths-south-africa
https://www.samrc.ac.za/reports/report-weekly-deaths-south-africa
https://graphics.reuters.com/world-coronavirus-tracker-and-maps/countries-and-territories/south-africa/
https://graphics.reuters.com/world-coronavirus-tracker-and-maps/countries-and-territories/south-africa/
https://www.gov.za/covid-19/vaccine/strategy
http://doi.org/10.12688/gatesopenres.13288.1
http://doi.org/10.1186/s12939-020-01361-7
http://www.ncbi.nlm.nih.gov/pubmed/33413442
https://africanarguments.org/2020/06/covid-19-the-working-class-and-the-poor-in-south-africa/
https://africanarguments.org/2020/06/covid-19-the-working-class-and-the-poor-in-south-africa/
http://doi.org/10.1007/s12646-021-00616-9
http://www.ncbi.nlm.nih.gov/pubmed/34334822
http://doi.org/10.1016/S0140-6736(04)16098-4
https://www.statssa.gov.za/publications/Report-03-10-02%20/Report-03-10-02%202015.pdf
https://www.brookings.edu/blog/future-development/2021/07/13/south-africa-after-covid-19-light-at-the-end-of-a-very-long-tunnel/
https://www.brookings.edu/blog/future-development/2021/07/13/south-africa-after-covid-19-light-at-the-end-of-a-very-long-tunnel/
http://doi.org/10.1097/QAI.0b013e3182167e7a
http://doi.org/10.1037/a0032704

Epidemiologia 2022, 3 312

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Schur, C.L,; Berk, M.L.; Dunbar, J.R.; Shapiro, M.E.; Cohn, S.E.; Bozzette, S.A. Where to Seek Care: An Examination of People in
Rural Areas With HIV /AIDS. J. Rural Health 2002, 18, 337-347. [CrossRef]

StopTB Partnership The Potential Impact of the COVID-19 Response on Tuberculosis in High-Burden Countries: A Modelling
Analysis. Available online: https:/ /stoptb.org/assets/documents/news/Modeling%20Report_1%20May%202020_FINAL.pdf
(accessed on 19 November 2021).

Alene, K.A.; Wangdi, K.; Clements, A.C.A. Impact of the COVID-19 Pandemic on Tuberculosis Control: An Overview. Trop. Med.
Infect. Dis. 2020, 5, 123. [CrossRef] [PubMed]

Moyo, S.; Boffa, J.; Mhlaba, T.; Sulis, G.; Sifumba, Z.; Pai, M.; Daftary, A. COVID-19 and Tuberculosis in South Africa: A Dangerous
Combination. S. Afr. Med. . 2020, 110, 341-342.

Glaziou, P. Predicted Impact of the COVID-19 Pandemic on Global Tuberculosis Deaths in 2020. medRxiv 2020. [CrossRef]
Hogan, A.B.; Jewell, B.L.; Sherrard-Smith, E.; Vesga, ].E.; Watson, O.].; Whittaker, C.; Hamlet, A.; Smith, ]J.A.; Winskill, P.; Verity,
R.; et al. Potential Impact of the COVID-19 Pandemic on HIV, Tuberculosis, and Malaria in Low-Income and Middle-Income
Countries: A Modelling Study. Lancet Glob. Health 2020, 8, €1132—e1141. [CrossRef]

National Department of Health, South Africa COVID-19 South African Coronavirus News and Information Portal. Available
online: https:/ /sacoronavirus.co.za/ (accessed on 17 November 2021).

The Global Fund. The Impact of COVID-19 on HIV, TB and Malaria Services and Systems for Health: A Snapshot From 502 Health
Facilities Across Africa and Asia; The Global Fund: Geneva, Switzerland, 2021; p. 18.

South African National AIDS Council. Midterm Review of The National Strategic Plan for HIV, TB and STIs 2017-2022; South African
National Aids Council: Pretoria, South Africa, 2019; p. 127.

Gonzalez, L.L. SPOTLIGHT: New South African Plan for HIV/TB Delayed Because of Covid-19. Available online: https:
/ /www.dailymaverick.co.za/article/2021-05-13-new-south-african-plan-for-hiv-tb-delayed-because-of-covid-19/ (accessed on
21 November 2021).

Gopalan, P.D.; De Vasconcellos, K. Factors Influencing Decisions to Admit or Refuse Patients Entry to a South African Tertiary
Intensive Care Unit. S. Afr. Med. ]. 2019, 109, 645. [CrossRef]

Waters, L.J.; Pozniak, A.L. COVID-19 Death in People with HIV: Interpret Cautiously. Lancet HIV 2021, 8, e2—e3. [CrossRef]
World Health Organization. Clinical Features and Prognostic Factors of COVID-19 in People Living with HIV Hospitalized with Suspected
or Confirmed SARS-CoV-2 Infection; World Health Organization: Geneva, Switzerland, 2021.

Geretti, A.M.; Stockdale, A.].; Kelly, S.H.; Cevik, M.; Collins, S.; Waters, L.; Villa, G.; Docherty, A.; Harrison, E.M.; Turtle, L.; et al.
Outcomes of Coronavirus Disease 2019 (COVID-19) Related Hospitalization Among People with Human Immunodeficiency Virus
(HIV) in the ISARIC World Health Organization (WHO) Clinical Characterization Protocol (UK): A Prospective Observational
Study. Clin. Infect. Dis. 2021, 73, €2095-e2106. [CrossRef] [PubMed]

Yang, X.; Sun, J.; Patel, R.C.; Zhang, J.; Guo, S.; Zheng, Q.; Olex, A.L.; Olatosi, B.; Weissman, S.B.; Islam, ].Y.; et al. Associations
between HIV Infection and Clinical Spectrum of COVID-19: A Population Level Analysis Based on US National COVID Cohort
Collaborative (N3C) Data. Lancet HIV 2021, 8, e690-e700. [CrossRef]

Ziegler, C.G.K.; Allon, S.J.; Nyquist, S.K.; Mbano, .M.; Miao, V.N.; Tzouanas, C.N.; Cao, Y.; Yousif, A.S.; Bals, ].; Hauser, B.M.;
et al. SARS-CoV-2 Receptor ACE2 Is an Interferon-Stimulated Gene in Human Airway Epithelial Cells and Is Detected in Specific
Cell Subsets across Tissues. Cell 2020, 181, 1016-1035.e19. [CrossRef] [PubMed]

Keene, C.; Mohr-Holland, E.; Cassidy, T.; Scott, V.; Nelson, A.; Furin, J.; Trivifio-Duran, L. How COVID-19 Could Benefit
Tuberculosis and HIV Services in South Africa. Lancet Respir. Med. 2020, 8, 844-846. [CrossRef]

Nachega, ].B.; Atteh, R.; Ihekweazu, C.; Sam-Agudu, N.A.; Adejumo, P.; Nsanzimana, S.; Rwagasore, E.; Condo, J.; Paleker, M.;
Mahomed, H.; et al. Contact Tracing and the COVID-19 Response in Africa: Best Practices, Key Challenges, and Lessons Learned
from Nigeria, Rwanda, South Africa, and Uganda. Am. J. Trop. Med. Hyg. 2021, 104, 1179-1187. [CrossRef]

Roberts, T.; Sahu, S.; Malar, J.; Abdullaev, T.; Vandevelde, W.; Pillay, Y.G.; Fujiwara, P.I; Reid, A.; Hader, S.; Singh, S.; et al. Turning
Threats into Opportunities: How to Implement and Advance Quality TB Services for People with HIV during the COVID-19
Pandemic and Beyond. J. Intern. AIDS Soc. 2021, 24, €25696. [CrossRef]

Dorward, J.; Khubone, T.; Gate, K.; Ngobese, H.; Sookrajh, Y.; Mkhize, S.; Jeewa, A.; Bottomley, C.; Lewis, L.; Baisley, K.; et al. The
Impact of the COVID-19 Lockdown on HIV Care in 65 South African Primary Care Clinics: An Interrupted Time Series Analysis.
Lancet HIV 2021, 8, €158-e165. [CrossRef]

Loveday, M.; Cox, H.; Evans, D.; Furin, J.; Ndjeka, N.; Osman, M.; Naidoo, K. Opportunities from a New Disease for an Old
Threat: Extending COVID-19 Efforts to Address Tuberculosis in South Africa. S. Afr. Med. ]. 2020, 110, 1160. [CrossRef]
Bhaskaran, K.; Rentsch, C.T.; MacKenna, B.; Schultze, A.; Mehrkar, A.; Bates, C.J.; Eggo, RM.; Morton, C.E.; Bacon, S.C.J.; Inglesby,
P; et al. HIV Infection and COVID-19 Death: A Population-Based Cohort Analysis of UK Primary Care Data and Linked National
Death Registrations within the OpenSAFELY Platform. Lancet HIV 2021, 8, e24—e32. [CrossRef]

Naidoo, P. South Africa’s Unemployment Rate Is Now Highest in the World. Available online: https://www.aljazeera.com/
economy/2021/8/24/south-africas-unemployment-rate-is-now-the-worlds-highest (accessed on 21 November 2021).
National Department of Health. South Africa Annual Performance Plan 2021-2022. 2021. Available online: https://www.health.
gov.za/annual-performance-plan/ (accessed on 10 November 2021).

De Villiers, K. Bridging the Health Inequality Gap: An Examination of South Africa’s Social Innovation in Health Landscape.
Infect. Dis. Poverty 2021, 10, 1-7. [CrossRef] [PubMed]


http://doi.org/10.1111/j.1748-0361.2002.tb00895.x
https://stoptb.org/assets/documents/news/Modeling%20Report_1%20May%202020_FINAL.pdf
http://doi.org/10.3390/tropicalmed5030123
http://www.ncbi.nlm.nih.gov/pubmed/32722014
http://doi.org/10.1101/2020.04.28.20079582
http://doi.org/10.1016/S2214-109X(20)30288-6
https://sacoronavirus.co.za/
https://www.dailymaverick.co.za/article/2021-05-13-new-south-african-plan-for-hiv-tb-delayed-because-of-covid-19/
https://www.dailymaverick.co.za/article/2021-05-13-new-south-african-plan-for-hiv-tb-delayed-because-of-covid-19/
http://doi.org/10.7196/SAMJ.2019.v109i9.13678
http://doi.org/10.1016/S2352-3018(20)30332-5
http://doi.org/10.1093/cid/ciaa1605
http://www.ncbi.nlm.nih.gov/pubmed/33095853
http://doi.org/10.1016/S2352-3018(21)00239-3
http://doi.org/10.1016/j.cell.2020.04.035
http://www.ncbi.nlm.nih.gov/pubmed/32413319
http://doi.org/10.1016/S2213-2600(20)30311-8
http://doi.org/10.4269/ajtmh.21-0033
http://doi.org/10.1002/jia2.25696
http://doi.org/10.1016/S2352-3018(20)30359-3
http://doi.org/10.7196/SAMJ.2020.v110i12.15126
http://doi.org/10.1016/S2352-3018(20)30305-2
https://www.aljazeera.com/economy/2021/8/24/south-africas-unemployment-rate-is-now-the-worlds-highest
https://www.aljazeera.com/economy/2021/8/24/south-africas-unemployment-rate-is-now-the-worlds-highest
https://www.health.gov.za/annual-performance-plan/
https://www.health.gov.za/annual-performance-plan/
http://doi.org/10.1186/s40249-021-00804-9
http://www.ncbi.nlm.nih.gov/pubmed/33648585

Epidemiologia 2022, 3 313

90. World Health Organization Update on Omicron. Available online: https:/ /www.who.int/news/item/28-11-2021-update-on-
omicron (accessed on 1 December 2021).

91. Africa CDC. Africa Centres for Disease Control and Prevention’s Statement Regarding the New SARS-CoV-2 Virus Variant
B.1.1.529. Available online: https://africacdc.org/news-item/africa-centres-for-disease-control-and-preventions-statement-
regarding-the-new-sars-cov-2-virus-variant-b-1-1-529/ (accessed on 29 November 2021).

92. World Health Organization. Classification of Omicron (B.1.1.529): SARS-CoV-2 Variant of Concern. Available online:
https:/ /www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern (accessed
on 29 November 2021).

93. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2021. Available online: https://www.R-project.org/ (accessed on 31 May 2022).


https://www.who.int/news/item/28-11-2021-update-on-omicron
https://www.who.int/news/item/28-11-2021-update-on-omicron
https://africacdc.org/news-item/africa-centres-for-disease-control-and-preventions-statement-regarding-the-new-sars-cov-2-virus-variant-b-1-1-529/
https://africacdc.org/news-item/africa-centres-for-disease-control-and-preventions-statement-regarding-the-new-sars-cov-2-virus-variant-b-1-1-529/
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.R-project.org/

	Introduction 
	Materials and Methods 
	Results 
	Case Presentation 
	Demographic, Economic, Geographic, and Political Characteristics of the Country 
	Overview of South Africa’s Healthcare System 
	Historical Context of HIV and Tuberculosis in South Africa 
	Impact of COVID-19 on Country Level 

	Current Impact and Long-Term Influence of the COVID-19 Pandemic on Global and Public Health, Public Policy, and Healthcare Systems 
	The Indirect Consequences of the COVID-19 Measures 
	Limited Access to Healthcare Resources 
	Predicted Risks for Immunocompromised and Coinfected Patients 
	Potential Positive Outcomes of the COVID-19 Pandemic on the Fight against HIV and TB 


	Discussion 
	Insights from Reviews 
	Limitations 
	Discovery of the SARS-CoV-2 B.1.1.529 Variant (Omicron) 

	Conclusions 
	References

