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Overview

Approximately 15 million people die each year due to tropical diseases, which are
caused by a variety of infectious agents, such as bacteria, viruses, parasites, or protozoa.
Such diseases usually are a result of an intricate relationship between poverty, poor living
conditions, malnutrition, and poor healthcare system infrastructure, affecting a large
proportion of developing and underdeveloped countries (1-3). Therefore, these diseases
are not restricted to infections that are uniquely reported in tropical regions, but also
include illnesses that exhibit a very high burden in such zones of the globe.

Despite the great progress in governmental and private initiatives to improve
measures to prevent and treat these infections, they remain the world’s leading cause
of premature death, highlighting the magnitude of this public health problem (4-6).
Herein, we summarize top priorities that pose grand challenges to dampen the burden of
major tropical diseases worldwide. We will especially focus on the big three pathogens,
which are the human immunodeficiency virus (HIV), Mycobacterium tuberculosis (Mtb),
and Plasmodium sp. although other important conditions are highlighted. Aspects of
disease burden, diagnosis, treatment, and prophylaxis are discussed to define the scope of
interest of the Section Major Tropical Diseases of the Frontiers in Tropical
Diseases journal.

HIV

HIV infection is a major global public health problem, as it has been associated with a
total of approximately 40.1 million deaths. Moreover, it is estimated that there are 38.4
million people living with HIV (PLWH), and at the end of 2021, 650 thousand people
had died from HIV-related causes (7).
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Infected individuals gradually diminish the effectiveness of
their immunological responses, as the virus invades and destroys
lymphocytes, resulting in increased susceptibility to various
opportunistic diseases (8). The advanced stage of HIV
infection is named acquired immunodeficiency syndrome
(AIDS), which is characterized by CD4" T-lymphocyte counts
below 200 cells/mm3 (9).

More than 70% of PLWH reside in low-income countries
within the tropics. Most cases are in sub-Saharan Africa,
followed by Latin America and the Caribbean (10). Of note,
quite often there is an association between HIV and other
intercurrent tropical infections. In such cases, HIV infection
may deteriorate the natural course of tropical diseases,
dampening the accuracy of diagnostic tests and/or the
effectiveness of medications. On the converse, tropical diseases
can accelerate HIV-associated disease progression and the
development of AIDS (11).

Grand challenges

There have been significant advances in the prophylaxis,
diagnosis, and treatment of PLWH. Some crucial points in the
HIV cascade of care still need to be optimized, from the initial
diagnosis to achievement of viral suppression. The cascade of
care illustrates the effectiveness of HIV testing services, provide
earlier diagnosis and early antiretroviral therapy (ART)
initiation, and create policies to increase treatment adherence.

Treatment

The most critical advance in the attempts to control the HIV
epidemic was the development and implementation of ART,
which has led to significant reductions in morbidity and
mortality. The therapeutic effect is based on immune
reconstitution which is characterized by improvement on
lymphocyte counts and function, and attenuation of
homeostatic disruption (12). In addition, PLWH who achieve
low levels of viremia are less likely to transmit the virus (13).
Thus, more than an effective treatment, ART is also an
indispensable prevention strategy.

Currently, 46 ART drugs approved by the US Food & Drug
Administration are available to treat HIV infection, and
standardized treatment protocols vary depending on the
country resources (14). According to the latest WHO bulletin,
approximately 70% of PLWH are currently on ART (9). Despite
that, ART is not curative, and the viral load usually rebounds
within weeks if treatment is interrupted (15). This highlights the
need to promote actions that encourage adherence to treatment.

Notwithstanding the significant results obtained from ART,
the aspect of controlling but not providing a cure remains a
public health concern. The adherence to ART for a lifetime
treatment is difficult and therefore it is a big challenge to sustain
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the patient engaged on therapy. Importantly, the non-adherence
to ART appears to be associated with social stigmatization,
adverse drug reactions (ADR), bad consumption habits, young
age, and low level of education (16-18). Thus, studies with
clinical and epidemiological data are needed to understand the
risk factors associated with this abandonment of treatment,
aiming to direct the creation of effective public health policies
to overcome this challenge. Lastly, the development of novel
highly effective and/or curative antivirals with less side effects
may bring new hope to this field.

Diagnosis

There are different types of tests available to diagnose HIV
infection, such as rapid point-of-care tests, serological, and
nucleic acid-based assays. Importantly, after obtaining a
positive test it is recommended to confirm the diagnosis with
another type of test (19).

During an infection, antibodies are produced by the immune
system to eradicate the pathogen. The serological test for HIV
identifies this production, which usually occurs within a period
of up to 28 days. An important limitation of the diagnosis is the
time from viral exposure to serologic conversion, defined as
immunity gap (20).

Rapid diagnostic tests, which uses blood from a fingerstick or
saliva, can identify HIV infection in as fast as 30 minutes.
However, for specific populations at risk, such as babies born
from mothers living with HIV, this tool is less accurate to detect
HIV infection. Therefore, new technologies are warranted to be
developed and implemented to carry out the point-of-care
approaches (9). In fact, development of rapid and accurate
diagnostic tests for at risk populations is one of the major
challenges to overcome. Molecular methods are essential for
the identification of HIV nucleic acid, which can provide
logistical, financial, and human resource difficulties (21). The
creation of an easy and highly accurate test is crucial to identify
HIV infection in vulnerable populations. Also, novel approaches
to exposed patients who were still in the gap of 28 days are
needed, aiming to improve the application of the post-exposition
therapy. For those who are tested and diagnosed with HIV,
access to HIV treatment and an efficient cascade of care without
stigma must be as simple and affordable as well as conceivable to
obtain the favorable outcomes.

Prevention/vaccine

HIV can be transmitted through unprotected sex, blood
transfusion, and contact with the various body fluids of infected
people, such as blood and breast milk. Of note, HIV can also be
transmitted from a mother to child during pregnancy and
delivery (8, 9). Critical approaches are needed, such as
condom use, pre and post-exposure prophylaxis, reduced use
of injecting drugs, prevention of vertical transmission through
use of antiretrovirals during pregnancy, and permanent
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advocacy for screening for HIV and other sexually transmitted
infections (7, 9).

Overall, the lack of political commitment, the hesitancy to
widely adopt sex education and family planning, and the
exclusion of minorities that are most at risk for HIV all
contribute to inability to achieve desirable level of HIV
prevention. The lack of a vaccine that could control the
worldwide dissemination of HIV disease completes the list of
targeted challenges.

Tuberculosis

TB was responsible for around 1.6 million deaths worldwide
in 2021 (22). Approximately % of the world’s population is
estimated to be infected with M. tuberculosis, and about 10
million new cases are registered annually. The main regions
related to high TB burden are found in South-East Asia, followed
by Africa and the Western Pacific (22). Moreover, higher TB
burdens pointing to underdeveloped countries characterize TB
as a disease of poverty, economic distress, and vulnerability (22).

From a clinical perspective, the disease presentations are
divided, in a simplified way, into TB infection (TBI), previously
named latent TB infection, and active TB (23). TBI is
characterized by the clinically silent infection, with an
apparent effective immune response against the bacilli and
control of immunopathology. On the other hand, active TB
can be stratified according to the site of the bacillus infections,
such as pulmonary (PTB), extrapulmonary (EPTB) or
disseminated (PTB+EPTB) (24). PTB patients may manifest a
variety of symptoms such as cough, weight loss, appetite loss,
fever, and night sweats. The EPTB presentation varies depending
on the system/organ affected by the infection or exacerbated
immune responses, such as, TB lymphadenitis, pleural TB,
meningitis, as well as Pott disease, where bones and joints of
the spine are affected (25).

Some factors are associated with worse TB disease outcomes.
The bacterial load exposure, host comorbidities, and the
integrity of the immune system, both at the cellular level and
systemic level, are directly related with unfavorable outcomes,
such as treatment failure, and death (26-29). Notably, pregnant
women, PLWH and children under five years-old are considered
populations with a higher risk of both developing active TB and
presenting poor outcomes (30-32).

Grand challenges

To achieve the goals set by the WHO aiming at ending TB by
2035, we still need to optimize some key points in the
prevention/vaccination, diagnosis, and treatment of this
disease. The big challenge in this scenario is in developing
tools with high effectiveness, low cost and easy application.
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These three characteristics are important to implement each
technology in underdeveloped countries.

Treatment

TB is currently treated on a minimum six-month standard of
four antibiotics (Rifampin, Isoniazid, Pyrazinamide, and
Ethambutol - RIPE), regardless of the clinical form of TB.
RIPE regimens for treating TB disease have an intensive phase
of two months, followed by a maintenance phase of at least four
months with just rifampin and isoniazid (33). Although
recommended, the standard treatment is not yet applied in all
countries in its proposed format. In addition, some Mtb strains
are resistant to standard therapy, making it necessary to use
alternative methods, with different combinations of antibiotics,
according to the sensitivity of the strain (33).

Treatment adherence is a substantial challenge to combat
TB. The long duration of treatment and related ADR are
associated with nonadherence and loss to follow up (34, 35).
Thus, it is crucial to invest in shortening the treatment duration
and/or in less toxic drugs to reduce the risk of ADR. Moreover,
treatment interruption may facilitate the emergence of
multidrug-resistant strains, which represent an important
obstacle in the management of TB patients. The necessity to
develop an efficient treatment is related with the prerequisite of
updating the knowledge on the molecular basis for evolution of
Mtb drug resistance.

Diagnosis

Despite of the clinical form of TB, the diagnosis remains a
public health problem. First, the diagnosis of TBI is rather
indirect and relies on evidence of cellular immune response
against mycobacterial antigens. The low tissue bacterial burden
associated with TBI works against any microbiology-based
diagnostic strategy focused on identifying the bacteria or its
components (36).

The most currently used tests for TBI diagnosis are the
Interferon-Gamma Release Assays (IGRA) and tuberculin skin
test (TST) (36). Aside from the higher accuracy of IGRA, the
high cost and the need for infrastructure for execution (37) make
it difficult to implement in developing countries. On the other
hand, the diagnosis of active TB is well established by the
isolation of Mtb or fragments from a body secretion, tissue, or
fluid. Most of the available active TB tests were developed to be
performed using a sputum sample, such as the acid-fast bacilli
(AFB) identification in smears by microscopy and GeneXpert
(38). However, these methods present a limiting factor in
patients with low bacillary load, such as children, PLWH, and
those with only EPTB forms (39).

To expand the TB diagnosis, it is key to develop tests that can
diagnose TB in easily accessible samples, such as blood and
urine. Furthermore, the possibility of applying the tests on a
large scale and at a low cost is indispensable. Tests that can
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diagnose TB independent of the site affected can potentially
make the diagnosis of EPTB in populations at risk with low
bacillary load more reliable. To fulfill this objective, it is
imperative to increase investment in research focused on
biomarkers and molecular signatures of TB. Additionally,
another challenge is to develop tools that permit to identify
patients with high risk to progress from TBI to active TB, as well
as to recognize the patients who present increased risk of
unfavorable TB treatment outcomes. This reinforces the need
of investments in precision medicine on tropical diseases.

Prevention/vaccines

The available prophylaxis for TB is the Bacillus Calmette-
Gueérin (BCG) vaccine. This vaccine was formulated using a live-
attenuated strain of M. bovis. However, the BCG vaccine
prevents only severe forms of the disease, such as miliary and
meningeal TB in children. Importantly, BCG does not prevent
other TB presentations such as the primary pulmonary infection
or activation of TBI (40). It is vital to encourage the development
of an effective and specific vaccine against Mtb, which can
prevent not only severe forms of the disease, but also the
development of active pulmonary TB. There are a few vaccines
currently been tested in clinical trials, but no candidate has been
formally implemented in clinical practice.

Malaria

The world has made considerable progress in the fight
against malaria. This disease is transmitted by mosquitoes
infected with Plasmodium sp. In the past 20 years, the
incidence reduced by 27%, and the mortality rate decreased by
50.8% (41). Of note, due to service disruptions caused by the
coronavirus disease (COVID-19) pandemic, increases of 14
million cases of malaria and 47 thousand deaths were
estimated in 2020 compared to 2019 (41).

Despite all advances in the last years, malaria remains with
high burden worldwide, notably in resource-limited, tropical
countries, with most cases and deaths occurring in sub-Saharan
Africa. In 2020, approximately 241 million cases of malaria and
627 thousand malaria-related deaths were reported worldwide,
accounting 7.8% of the global diseases burden (41).

Some population groups are at higher risk of acquiring
malaria and developing the severe disease presentations, such
as children under five years of age, pregnant women, and PLWH
(41). Among the most important clinical presentations of public
health relevance are severe anemia and cerebral malaria, which
are associated with elevated risk of death if not treated. Parasitic
and host factors are involved in the development of the severe
clinical forms, and the associations between clinical parameters
and the outcomes have been largely explored in recent years.
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Grand challenges

New perspectives in the research field are required to better
understand the dynamicity between Plasmodium fitness and the
host immune response. Development of vaccines, new malaria
drugs and mosquito intervention strategies are necessary to
achieve the WHO goals and minimize the malaria burden,
decreasing the devastating impact of this parasitic disease in
the world.

Treatment

Malaria treatment depends on the parasite species, severity
of infection, endemicity of the area, and drug-resistance profile.
The drugs used range according to the local guidelines and
include various possible combinations (42).

Antimalarial drugs are used in the treatment and prevention
of Plasmodium infection (43). The erythrocytic stage, that causes
symptomatic diseases, is the main target in the current treatment
model. However, the lack of a highly effective therapy and the
emergence of drug-resistant parasite strains lead to challenges in
the malaria burden control. Currently, several new options have
been studied, focusing on novel targets, such as proteins and
enzymes associated with lipid metabolism and parasite DNA
replication, with less side effects.

A valuable tool in malaria control is the development of
vaccines, with potential to drastically reduce the disease’s global
burden. Despite the relevance of the intervention, the creation of
new vaccine options has led to the discovery of several challenges
to an effective strategy and include antigenic polymorphism and
loss of immunological memory. Several vaccine models at
different stages of development are candidates to prevent
infections due to P. falciparum and P. vivax [reviewed in (44)].

Diagnosis

Due to the non-specific nature of the signs and symptoms,
which overlap with other frequent tropical diseases, diagnosis is
based in microbiologic techniques (45). Laboratory diagnosis of
malaria can be made through parasite identification by
microscopic examination of thick or thin blood smears or by
parasite nucleic acid detection using polymerase chain reaction
(PCR). PCR is more sensitive than microscopy and is useful for
confirmation of species as well as drug resistance (46).

Importantly, the urgency of simple, quick, accurate, and
cost-effective diagnostic tests for determining the presence of
malaria parasites has foster development of numerous rapid
diagnostic tests (RDTs). RDTs are used as a screening test and
must be validated with other methods, such as microscopic
diagnosis and serological and molecular tests, to confirm the
infection (45). It is necessary to offer resources more quickly and
efficiently to patients at risk of severe illness. Better
understanding of the interaction between the host and parasite
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is the key to the development of prediction models of
severe disease.

Prevention/vaccines

Prophylactic approaches include individual protection
measures against mosquito exposure and vector control (47).
Regarding vector control, there are several methods considered
effective, such as community education for surveillance and
reduction of breeding sites, sanitary improvements, behavioral
measures (use of repellents and insecticides in spray versions or
impregnated with materials) and vaccination (48, 49).

There is currently only one WHO-approved malaria vaccine:
RTS,S/AS01. This vaccine was implemented in endemic
countries in 2019. Nonetheless, it is only 36% effective in a
population highly exposed to Plasmodium (50). Therefore, it is
necessary to encourage new studies to develop an effective
vaccine that can be widely applied to the entire population.
Furthermore, long-term sustainable preventive measures as well
as large scale availability of malaria tests, rapid notification of
results, and possibility of geolocation of notified cases in a timely
fashion are critical, to combat possible outbreaks of the disease.

Concluding remarks

The major tropical diseases listed here still represent
tremendous public health and socioeconomic burden is several
countries worldwide. Such diseases share common challenges,
such as poverty, timely access to proper diagnosis, clinical care,
effective prophylaxis and treatments. To overcome these
problems, aside from increased investments from governmental
and public sectors, it is necessary to design decision making
strategies, based on science, that can be reliably implemented in
the tropical regions. This also needs to consider the peculiarities of
each region, including weather, geopolitics, and genetics for
example. Our journal was launched to serve as a forum to
discuss such strategies and help accelerating new policies to
reduce the burden of these diseases.
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