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ABSTRACT

Co-infection of TB and HIV fastens the development of latent tuberculosis into active tuberculosis by
compromising the immune system. Antiretroviral therapy is an effective therapy in reducing the count of virus
and increasing CD4+ T-lymphocyte count in individuals infected with HIV. Although therapeutics of HIV
antiretroviral therapy (ARV) and anti TB therapy together leads to drug toxicities and initiation of immune
reconstitution inflammatory syndrome (IRIS). At a higher-level of the infection, individuals on cCART
(combined antiretroviral therapy) undergoes to an immune reconstitution inflammatory syndrome (IRIS), due
to uncontrolled inflammatory feedback to opportunistic microbes after the beginning of cCART. Specific HIV
inducing cytokines for example IL -1, IL-6, TNF and Vitamin D deficiency has been linked with the
progression of the HIV/TB infection. Vitamin D recognized as an antimicrobial and anti-inflammatory
molecule. Supplementation of Vitamin D can suppress the HIV replication, induces HIV —repressed cytokines,
increases CD4+ T cell count and provides resistance to tuberculosis through mycobactericidal activity. The
mechanism of action between Vitamin D and cytokines needs more attention and research. In this review, we
have summarized the role of cytokines and vitamins individually and interplay of cytokines and vitamin D
role in the HIV/TB co-infection.
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Introduction:

Human immunodeficiency syndrome (HIV) infection leads to gradual failure of the immune system, which
allows opportunistic diseases to expand. Tuberculosis (TB) is the most typical opportunistic infection that
makes human immunodeficiency virus (HIV) infection more complex. Tuberculosis occurs in the earlier
stages of HIV infection as compared to other opportunistic infections/ diseases. Co-infection of TB and HIV

referred to when a person is suffering from both HIV and TB (either latent or active disease). Each condition
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speeds up the progression of another condition, and also HIV infection accelerates the progress of latent
tuberculosis into active tuberculosis by suppressing the immune system (Mayer and Hamilton, 2010).

The TB/HIV co-infection destructs the immune system, which leads to premature death. Globally in 2018, It
is estimated that 10.0 million people (9.0-11.1 million) suffering from tuberculosis disease. There were an
approximately, 1.2 million tuberculosis deaths in HIV negative people in 2018 and further, 251 000 deaths
(size, 223 000281 000) from TB/HIV positive co-infection (“WHO | Global tuberculosis report 2019,”). India
contributes the highest percentage (27%) among the eight countries considered for two-thirds of the total
world’s population.

The beginning period of the treatment is the most crucial step in the treatment of the individual with HIV/TB
co-infection, and many factors should be considered. Antiretroviral therapy is an effective therapy in reducing
the count of virus and can improve the function of the immune system through increasing CD4+ T-lymphocyte
count (Lakmesari et al., 2020). Conversely, the problems related to antiretroviral therapy (ARV) initiation in
people infected with HIV/TB co-infection cause the initiation of immune reconstitution inflammatory
syndrome (IRIS), which can magnify TB symptoms such as fever and pulmonary symptoms (Narendran et al.,
2013).

Vitamin D has a crucial function in the innate immune system, calcium and phosphorous homeostasis.
Inadequacy of Vitamin D has been associated with the progression of the HIV/TB infection, due to the
inadequate T cell-mediated help to counter M. Tuberculosis (Ayelign et al., 2020). Supplementation of
Vitamin D in co-infection of HIV/TB increases the antimicrobial activity in the primary immune system
through the synthesis of cathelicidin (host antimicrobial peptide, CAMP) which mediates anti-mycobacterial
activity (Bartley, 2010).

Cytokines affect the HIV directly or indirectly by producing soluble compounds. A reduction occurs in T-
helper type 1 (Th1) cytokines production, such as interleukin (IL-2) and antiviral interferon (IFN-gamma),
whereas there is an increased production in T helper type 2 (Th2) cytokines including IL-4, I1L-10,
proinflammatory cytokines (IL-1, IL-6, IL-8) and tumour necrosis factor (TNF)-alpha (Kedzierska and Crowe,
2001).

Vitamin D has dramatically shown the attributes in the innate immune system. The biochemical role of vitamin
D and antimicrobial activity is still not very well elaborated. The molecular mechanism of Vitamin D and
cytokines can provide a platform to understand the interplay. Cytokines help in cell communication and found
to be responsible in the progression of the HIVV/TB and suppression of the immune system during the infection.
Specific chemokines, cytokines, macrophages and interleukins (IL) levels affects the cell metabolism with
respect to the Vitamin D levels during the HIV/TB co-infection. This review broadly will discuss about the,
role of cytokines involved in the HIV and HIV/TB infection, effect of vitamin D in the infection and the
correlation between vitamin D and cytokines in causing HIV and HIV/TB co-infection.
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A. Cytokines involved in HIV and HIV/TB infection :

Cells communicate through direct contact, indirectly by producing soluble molecules, or by both the
mechanisms. Cytokines are the proteins or glycoprotein, which influence the cell to cell communication and
intrinsically associated to disease continuing in HIV infection.

Several cytokines has been reported to regulate HIV-1 disease in vitro and replication in both macrophage
derivation and CD4+ T cells lymphocytes. HIV inducing cytokines comprises: Tumour necrosis factor-alpha,
Tumour necrosis factor-beta, Interleukin (IL-1) and Interleukin (IL-6) (Esser et al., 1998), which triggers
replication of HIV-1 disease in T cells and monocyte-derived macrophages (MDM), up-regulation of HIV-1
in T cells by Interleukin (IL-2, IL-7, IL-15), and modulation of HIV-1 in monocyte-derived macrophage
(MDM) by macrophage-colony stimulating factor (MCSF). HIV-repressed cytokines comprises: IFN-alpha,
IFN-beta and IL-16. Other various types of cytokines such as IFN-gamma, Interleukin-4 and granulocyte-
macrophage colony-stimulating factor have known to show both bi-functional effects (inhibitory as well as
stimulatory effects) on HIV-1 (Kedzierska and Crowe, 2001).

Cytokines play an essential part in acute infection, chronic infection, inflammation and homeostasis (Freeman
et al., 2016). In the naive HIV patients, multiple cytokines, for example, Th2 (IL-6, and 1L-10), Th1 (IFN-y,
TNF-o & IL-2) could help in differentiating culture-positive AFB smear-negative and culture-negative AFB
smear-negative (Acid Fast Bacilli microscopy). A study observed that culture-negative AFB smear-negative
have lower production of cytokines against Mycobacterium tuberculosis-specific antigens, that are infected
with some other disease/infection and does not involve pulmonary tuberculosis. A significant observation is
that blood cytokine imprints could help in identifying culture-positive AFB smear-negative from those who
are culture-negative AFB smear-negative and without any pulmonary tuberculosis (Kisuya et al., 2019). In
acute HIV infection, there is a high rise in plasma levels of inflammatory cytokines, a reduction in CD4+ T
cell numbers (of blood, mucosa and tissues) and, CD8+ T cell numbers showed an increase (Douek et al.,
2003). It has also been observed that in chronic untreated HIV, the plasma inflammatory mediators such as
interferon (IFNS), interleukins (IL-6) and tumour necrosis factor (TNF) is high (Funderburg et al., 2013). Still,

the sources and involvement mechanism of these cytokines are not well defined. Shown in figure 1.1
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In acute HIV infection, there is a high rise in plasma levels of inflammatory cytokines, a reduction in CD4+ T

cell numbers (of blood, mucosa and tissues) and, CD8+ T cell numbers showed an increase (Douek et al.,
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2003). It has also been observed that in chronic untreated HIV, the plasma inflammatory mediators such as
interferon (IFNS), interleukins (IL-6) and tumour necrosis factor (TNF) is high (Funderburg et al., 2013). Still,
the sources and involvement mechanism of these cytokines are not well defined.
Serum 1L-10 levels: The patients with HIV-TB co-infection had reduced level of IL-10 cytokine when
compared with HIV infected subjects. The level of IL-10 cytokine was 13times higher in HIV infected
patients than HIV-TB co-infected patients (Figure 1.2).
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Figure 1.2: Serum IL-10 levels in HIV infected patients, HIV-TB co-infected patients and healthy controls

at baseline visit.

The progression of HIV infection is dependent on CD4 T-cell stability as well as time log of symptom-free
HIV infection. Patients with CD4 T-cell count that is stable as well as including other parameters ranging 7 to
10 years termed as ‘slow progressors’ while ‘rapid progressors’ shows symptoms earlier, within three years
(de Medeiros et al., 2016). There are numbers of different cytokines functions that have been recognized and
characterized to demonstrate HIV infection. Further, increased levels in IL-6 and IL-10 cytokines infect pre-
HAART, irrespective of the decreased or increased progression of disease in the patient. This indicates a
worldwide inflammatory condition and used as a biomarker of disease progression in HIV-infected patients
(de Medeiros et al., 2016).

In the mid-1990s, the development of combination antiretroviral therapy (CART) used for the treatment of
HIV disease remarkably reduced the count of AIDS-associated morbidity and mortality (Egger et al., 2002).
Approximately, 38% of HIV affected individuals undergoing CART at a later stage of disease encountered an
inflammatory immune syndrome (IRIS), indicating the uncontrolled inflammation action to opportunistic
pathogens after the beginning of CART. Some countries of the world, M. tuberculosis infection is endemic,
due to which tuberculosis (TB)-linked IRIS (TB-IRIS) is a typical problem within TB/HIV co-infected
individuals.

Monocytes and IL-18, specific cytokines of inflammation activating complex, have been observed in
tuberculosis-IRIS inflammasome activation both before and after CART in TB-IRIS individuals. A study has
shown HIV/TB co-infection patients display elevated quantity of monocytes expressing activated caspase-1
(caspl) pre-cART, compared to HIV individuals who are not exposed to tuberculosis. CD64+ monocytes, a
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marker of elevated caspl expression. In HIV/TB co-infection, inflammasome activation in monocytes
/macrophage rises with monocytes/ macrophages activation by T-cells. TB-IRIS patients with immediate
CART indicates a greater risk of an excessive inflammatory response (Tan et al., 2016).

Around 90% of infected patients remain well after developing latent tuberculosis infection (LTBI), whereas
10% develop primary tuberculosis (TB) immediately preceding infection or its re-activation after many years
(Manabe and Bishai, 2000). The epidemic of HIV increases the vulnerability to disease, and in HIV infected
individuals. Tuberculosis is the primary reason of death among HIV infected individuals. A Study shows that
advancement of lateral tuberculosis infection to pulmonary tuberculosis might not only be because of the
reduced number of CD4 T-cell but due to functional disability of CD4 T-cell in M. Tuberculosis (Amelio et
al., 2019). Specific pro-inflammatory cytokines such as IL-17A, IL-17F, IL-21 and IL-22 protects against
tuberculosis infection (Devalraju et al., 2018).

HIV-infected individuals have been reported to have impairments in the IL-12/IFNy receptor. Specific
cytokines lower level precedes the progression of tuberculosis in the HIV infected patients such as Interleukin-
12 (IL 12). Moreover, the supplementation of IL-12 adjuvant is considered as successful in the TB treatment.
The mechanism is still unknown how the compromised ability of IL-12 develops the disease (Bordon et al.,
2011).

To elucidate the better understanding of immune response and the HIV/TB co-infection requires the whole
cytokine profiling throughout the various levels of HIV infection, which can contribute betterment of clinical
assessment. Although not only cytokines itself plays an essential role in the disease, but Vitamin D levels also
affect the mechanism of HIVV/TB co-infection.

Table 1. List of cytokines involved diseases such as HIV, TB-IRIS and co-infection of HIV/TB

Author, Disease patient Cytokine level (increased, | Outcomes with respect to disease
Year population | decreased, or unchanged)

(de HIV (HAART | >3,500

Medeiros et | and Pre- | medical Increased level of IL-6 and IL | Serve as  marker to  detect
al., 2016) HAART) records 10 inflammatory status in the course of

HIV-infected individuals.

(Devalraju | HIV/LTBI+ 190 patients

etal.,, 2018) | and HIV+ Decreased IL-17 and IL-22 | Functions in  the protection of
active and increased IL-10 immune cells against Mycobacterium
tuberculosis tuberculosis
patients

(Tan et al., | TB-IRIS 200 patients | Increased I1L-18 A marker of inflammation responsible

2016) Patients protein complex in TB-IRIS.

(Riou et al., | HIV/TB  co- A surrogate marker to record sputum

2012) infection 42 patients | Reduced interferon-inducible | culture conversion in HIV un-infected
patients protein-10 (IP-10) and VEGF | persons.
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(Amelio et | HIV/ITB co- HIV infection reduces M.
al., 2019) infection 112 patients | Decreased level of IL-1, IL-6, | tuberculosis-induced systemic
patients CRP, IL-23, and IP-10 proinflammatory cytokine/chemokine

response

(Chetty et | HIV/TB co- | 82 patients

al., 2014) infection Increased 1L-10 Have potential immunotherapeutic
patients strategy

(Narendran | HIV/TB  co- | 57 patients Serve as potential target for the

etal., 2013) | infection Increased IL-6 and CRP immune interventions and IRIS
patients detection

Serum IL-6 levels:A different pattern in the level of IL-6 cytokine was observed. The patients with HIV-
TB co-infection had higher level of IL-6 cytokine than HIV infected patients. At baseline, the level of IL-6
in HIV-TB co-infected patients was 1.7 times higher compared to HIV infected patients (figure 1.3).
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Figure 1.3: Serum IL-6 levels in HIV infected patients, HIV-TB co-infected patients and healthy controls at

baseline visit.

Serum IL-4 levels:At baseline visit, the HIV infected patients had marginally higher level of IL-4 cytokine

compared to HIV-TB co-infected patients although the difference was not statistically significant. Both the

groups had significantly higher levels of IL-6 than healthy controls (Figure 1.4).

JETIR2207174 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | b624


http://www.jetir.org/

© 2022 JETIR July 2022, Volume 9, Issue 7 www.jetir.org (ISSN-2349-5162)

p<0.0001
20 - I |

15

10

IL-4 (pg/mL)

HIV HIV-TB Control
Figure 1.4: Serum IL-4 levels in HIV infected patients, HIV-TB co-infected patients and healthy controls at
baseline visit.
Serum IL-1 levels: when compared to HIV infected patients, the patients in HIV-TB co-infected group had
3.3 times lower level of IL-1 cytokine. However, the level of IL-1 cytokine was higher in both groups than

healthy controls (Figure 1.5).
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Figure 1.5: Serum IL-1 levels in HIV infected patients, HIV-TB co-infected patients and healthy controls at

baseline visit. Effect of antiretroviral therapy (ART) and dual therapy (ant tubercular and antiretroviral therapy)

B. Status of Vitamin D in HIV and HIV/TB infection
Vitamin D recognized as a total regulator of calcium and bone homoeostasis. Vitamin D also has varied
parameters of physiological activity, such as cellular divergence, expansion, activation, and death of the
cell. Alteration of Vitamin D with variant vitamins is due to its major active metabolite, la, 25-
dihydroxyvitamin D (1, 25 [OH] 2D), which is a steroid hormone. Deficiency of Vitamin D has now been
shown to be usual in individuals with active tuberculosis (Martineau et al., 2011; Wilkinson et al., 2000)

and is further pervasive in individuals with latent tuberculosis which develops into active disease (Talat et
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al., 2010). The factor in Vitamin D deficiency is the variation in UV B levels depending upon season and
geographical impacts Vitamin D quantity (Webb et al., 1988). Besides higher tuberculosis chances,
deficiency of vitamin D has also been recognized to be relatable with high chances of death and acquired
immune deficiency syndrome (AIDS) cases in those individuals with HIV-1, from a more extensive
diversity of populations (Haug et al., 1998; Viard et al., 2010). Vitamin D consists of anti-inflammatory
and antimicrobial properties, and possess the capability to be employed for both therapeutics and
prevention of tuberculosis. Supplementation of Vitamin D can overcome the TB morbidity and can inhibit
the HIV/TB disease progression (by reducing IRIS incidence) (Coussens et al., 2014).

C. Interplay between Vitamin D and cytokines in HIV and HIV/TB infection

Vitamin D plays a vital role in innate and acquired immunity(Kamen and Tangpricha, 2010; van Etten et al.,
2008), and may suppress HIV replication through up-regulation of the antimicrobial peptide, known as
cathelicidin (Bergman et al., 2007). Furthermore, studies suggest that hypovitaminosis D accelerates HIV
infection (Mehta et al., 2010; Viard et al., 2010), although higher plasma 25-hydroxyvitamin D (25(0OH) D)
amount provides a more promising immune rehabilitation after antiretroviral therapy (ART) (Ross et al.,
2011). Despite having knowledge that many HIV-1 infected patients affected by hypovitaminosis D, neither
the foremost and secure amount of vitamin D dosage has yet been developed. Therefore, recognizing
associated risk factors for vitamin D deficiency and analyzing the association with HIV-related complications
is difficult, especially in HIV-infected adults. Among the high frequency of acquired HIV in children and
young adults have a high risk of Vitamin D deficiency in the winter season. Optimum supplementation of
Vitamin D determines the level of the active metabolite of Vitamin D - 25-OHD concentrations. It confirms
the link between Vitamin D and CD 4 cell counts among the individuals of HIV (Rutstein et al., 2011).

Another evidence is severe hypercalcemia condition in tuberculosis varies broadly between some countries.
Doubtless due to the variation in the intake of calcium and vitamin D, the exposure amount of sunlight and the
level of disease conclude the measurement for hypercalcemia (Dosumu and Momoh, 2006; Liam et al., 1998).
Another evidence is severe hypercalcemia condition in tuberculosis varies widely due to the dissimilarities in
the levels of vitamin D and intake of calcium by the individuals, and, the amount of sunlight. A study concludes
that tuberculosis looks not to be solely accountable for hypercalcemia; conversely, the amount of
hypercalcemia is greater in tuberculosis and HIV co-infected individuals in the tropical regions of Northwest
Ethiopia. This concludes that anti-tuberculosis chemotherapy does not improve the condition of hypercalcemia

in groups with/without HIV co-infection (Amare et al., 2012).

Serum IEN-y levels: The HIV infected patients had higher levels of IFN-y compared to HIV-TB co-infected

and healthy controls. The HIV-TB co-infected group had 3.4 times lower level of IFN-y compared to HIV
infected patients (Figure 1.6).
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visit.

Vitamin D influences innate immune system by modulating the expression of the immune cells such as
monocytes and lymphocytes (Kongsbak et al., 2013; Korf et al., 2012; Moran-Auth et al., 2013). Vitamin D
regulates the immune cells by modulating the various transcription factors (NF-AT and NF-kB), which
ultimately enhances the phagocytotic and cell activity after the supplementation of Vitamin D. In contrast, in
adaptive immunity, Vitamin D helps in reducing maturation of dendritic cells, MHC class Il expression levels
along with their co-stimulatory molecules (CD40, CD80, and CD86). Vitamin D enhances the tolerance by
decreasing the inflammation (Baeke et al., 2010). It has also been reported that Vitamin D decreases the
production of IL-12 and IFN-gamma, while increasing IL-10, and enhances the development of Th2 and Treg
cells over Thl and Th17 which promotes tolerance to immune responses (Adams and Hewison, 2010;
Smolders et al., 2009).

Tuberculosis immune reconstitution inflammatory syndrome (TB -IRIS) individuals with co-infection of the
human immunodeficiency virus (HIV) /tuberculosis initiating antiretroviral therapy (ART) is linked with
hypercytokinemia. As corticosteroid therapy and vitamin D has immune modulator characteristics such as
(cytokine, chemokine, corticosteroid usage, and vitamin D) (Conesa-Botella et al., 2012).

CTC (corticosteroid) usually changes the inflammatory profile of individuals who evolves TB-IRIS by
lowering tumour necrosis factor (TNF), IP -10, interferon y (IFN -y), IL -18 and interleukin IL-12p40, IL-6,
IL-8, IL-10. The relationship connecting severe deficiency of vitamin D and elevated pro-inflammatory
cytokines requires supplementation of vitamin D in HIV/TB co-infected individuals initiating antiretroviral
therapy (Conesa-Botella et al., 2012).

The primary active metabolite, 1a, 25-dihydroxyvitamin D (1, 25 [OH] 2D) of vitamin D has anti-
inflammatory characteristic, and higher levels of vitamin D are connected to lesser chances of immune-related
diseases, sclerosis and depression (Salzer et al., 2012; von Bahr et al., 2015). Also, in an unsystematic
experiment of supplementing VitD in tuberculosis infected individuals, a portion of individuals showed
improved infection evacuation with a polymorphism in the vitamin D receptor (Martineau et al., 2011). In
many cases, Vitamin D deficiency is found to be related to the immune-suppression in the HIV infected

patients (Aziz et al., 2013). A recent research of supplementing vitamin D in HIV infection showed a lowered
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risk of activating the immune system, which implies an anti-inflammatory function (Fabre-Mersseman et al.,
2014). Low levels of Vitamin D represent inflammation markers in TB —IRIS/HIV cases, irrespective of IRIS
status (Conesa-Botella et al., 2012).

Patients with a deficiency of Vitamin D has a higher concentration of specific cytokines such as IL -6, TNF -
a, D -dimer, higher proportions of CD14dimCD16+ and CX3CR1+ monocytes. Vitamin D deficiency is
related to higher inflammation and activated monocyte phenotypes during chronic HIV disease (Manion et al.,
2017).In between the active tuberculosis patients and latent tuberculosis infection patients, the concentrations
of the Vit-D associated cytokines IL-15 and IL-32 differs. But, IL-15 and IL-32 contributes essential parts in
Vitamin D intervened tuberculosis (TB) resistance system. The Vit-D levels triggers IL -1p and that provides
resistance to TB and the mycobactericidal activity (Hong et al., 2019).

Recent observations have fascinated the function of vitamin D in tuberculosis (de Haan et al., 2014) and in
autoimmune disorders (Yang et al., 2013).M. tuberculosis are the most typical opportunistic pathogen plays a
part in the progression of IRIS and advanced HIV disease (Conesa-Botella et al., 2009). Deficiency of Vitamin
D is prevailing and related to HIV disease (Van Den Bout-Van Den Beukel et al., 2008). A study conducted a
medication-controlled experiment of supplementation of vitamin D in individuals with pulmonary tuberculosis
(PTB) shown faster clinical recovery compared to other individuals (Salahuddin et al., 2013). Indeed more
research on vitamin D for the control of TB infection is required.

A significant role of vitamin D is its involvement in the modulation of the human immune system reaction
(Modlin, 2007) and resoluteness of tuberculosis-influenced inflammation (Conesa-Botella et al., 2009) is
observed. Various experiments have confirmed that the level of vitamin D inhibits the regulation of cell-
mediated immunity (Coussens et al., 2012). Additionally, an essential function of monocyte to trigger TB-
IRIS was underlined (Andrade et al., 2014)Furthermore, biomarkers which shows monocytes and myeloid cell
trigger activation can provide better forecasting of IRIS and propose novel mechanisms of investigation for
precautionary and medication approaches (Musselwhite et al., 2016).

IRIS risk factors are associated with pro-inflammatory cytokine markers such as activation of myeloid cell,
coagulation and fibrosis markers before initiating antiretroviral therapy. Other factors such as activation of
T-cell and monocyte, inflammatory response and lower vitamin D concentrations are solitarily linked with

IRIS chances. Vitamin D acts as a potential target in IRIS pathogenesis (Musselwhite et al., 2016).

Conclusion:

HIV/TB co-infection is a well-recognized global and public health issue. IL-6, IL-12, 1L-22, IL-17 appears to
be the responsible cytokines elaborated by HIV/TB co-infection. Specific cytokines plays a role in infections
and as well as function as biomarkers of the disease. An approach of treating tuberculosis before CART
decreases the risk of TB-IRIS. Supplementation of Vitamin D increases the immunity by suppressing the pro-
inflammatory cytokines and inhibiting HIV viral replication. However, the effect of vitamin D on viral load
needs to be more evaluated. Presently, the data proposes that there is a possible function of supplementation
of Vitamin D in the HIV/TB co-infected patients. Still, more studies are required to confirm its position with

the proper protocol.
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