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Objective: This review aimed to assess the role of vitamin D supplementation on the

decrement of mortality and morbidity rate among tuberculosis (TB)/human immune defi-

ciency virus (HIV) co-infected clients.

Method: Pub Med, google scholar and google search were accessed to find out all document

to describe this review article.

Results: Nowadays TB/HIV co-infection has become a major global concern, particularly in

low and middle-income countries. Mycobacterium tuberculosis and HIV infections are co-

endemic and more susceptible to the progression of TB. Immunosuppression associated with

HIV is a strong risk factor for the reactivation of latent TB to the active form. Immune cells

like macrophages recognized Mycobacterium tuberculosis through TLR2/1, and it increases

the expression of the vitamin D receptor (VDR) and CYP27B1. The synthesis of 1,25-

dihydroxy vitamin D promotes VDR-mediated transactivation of the antimicrobial peptide

cathelicidin and the killing of intracellular Mycobacterium tuberculosis. Cathelicidins have a

direct antimicrobial effect through membrane disruption. Besides, it has also antiviral effects

via inhibition of retrovirus (HIV) replication. In fact, as some studies showed, there was a

lower induction of cathelicidin in monocytes who have low vitamin D levels.

Conclusion: Therefore, vitamin D supplementation can be directly involved in the reduction

of TB/HIV co-infection and its progression.
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Background
Human immunodeficiency virus (HIV) disease is one of the main risks of devel-

oping tuberculosis (TB) disease.1,2 Tuberculosis is the leading cause of death in

HIV-infected individuals in Africa.3 Globally in 2017, the best estimate is that 10.0

million people (9.0–11.1 million) developed TB disease, 9% having TB/HIV co-

infection. In 2017, TB caused an estimated 1.6 million deaths and there were 300

000 deaths from TB/HIV co-infection.4 TB/HIV co-infection accelerates the sudden

deterioration of the immune system that causes premature death.

In sub-Saharan African countries up to 70% of HIV-positive patients are

estimated to be co-infected with Mycobacterium tuberculosis(Mtb). The immune

suppression associated with HIV infection is an aggravating factor for the devel-

opment of latent tuberculosis to vigorous disease and finally leads to death.5 Human

immunodeficiency virus infection has contributed to a doubling of the number of

tuberculosis cases in some African countries during the past decade. Thus, the

double burden due to co-infection increased difficulties in tuberculosis diagnosis, an

increased frequency of the treatment side-effects, and higher relapse and reinfection
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rates.6 Even though we are unable to understand the exact

mechanism of TB/HIV co-infection, they have a positive

correlation to one another.7

The management of HIV and TB co-infection is chal-

lenging and usually associated with favorable treatment

outcome. The emergency and dissemination of drug-resis-

tant Mtb strains contribute to its epidemicity. In addition to

drug resistance strains, both clinical and public health

management problems are other reasons. Some studies

showed that HIV testing and drug susceptibility (DST)

capacity for MtB is robust, 40–80% of TB patients with

multidrug-resistant and extensive drug resistance TB are

HIV infected.8

As a result, vitamin D (Vit-D) supplementation can

overcome the challenge and inhibit HIV and replication

and growth. Cathelicidin, which is part of the innate

immune system, plays a critical role in the fight against

TB. Mycobacterium tuberculosis binds to toll-like recep-

tors (TLR2/1) on macrophages and leads to upregulation

of 1α-hydroxylase gene expression. Intracellular 1,25

(OH)2D binds to the vitamin D receptor to activate pro-

duction of cathelicidin that has antimicrobial effects. In the

same way, Vit-D also activates T helper cells through

activation of VDR gene-encoded PLC-y, which also

results in upregulation of PLC-y1 by 75-fold for good

activation of the TCR.9

The Immunological Interaction
Between Mycobacterium
Tuberculosis And HIV Infection
Immunocompetent individuals have a 5–10% chance to

develop active TB in a lifetime, but patients with HIV have

a chance to develop TB of up to 15% per year.

Epidemiological studies showed that the risk of TB increases

in HIV-1-infected people due to a decline in CD4 count and

advanced clinical stages of disease (WHO stages 3/4).

Although unsuppressed HIV-1 viral load during ART treat-

ment has been linked with increased risk of TB in a large

retrospective study, others have not shown it to be an inde-

pendent risk factor.10–12

The initial cellular targets of HIV-1 infection are the

mucosal CD4 T cells, dendritic cells, and local macro-

phages; final results are the depletion of these cells. The

exhaustion of CD4+ T cells, which is the most important

characteristic of HIV/AIDS, is entirely a significant contri-

butor to the increased risk of reactivation of latent TB and

vulnerability to new infection. The other mechanisms are

also that in HIV-positive individuals there is upregulation of

Mtb receptors on the surface of macrophages,19 inhibition

of the macrophage bacterial killing pathway, deregulated

chemotaxis, and a polarization of the Th1/Th2 balance

facilitating Mtb infection.13 In the same way, HIV inhibits

tumor necrosis factor (TNF)-mediated macrophage apopto-

tic response to Mtb and results in survival of the bacteria.

Activation of infection results from an alteration of protec-

tion and/or crosstalk between adaptive and innate immune

responses.13

CD4+ T cells and TNF are essential for granuloma

organization maintenance. In people with a compromised

immune system, the formation of granuloma may

decrease. This was connected with the killing of CD4+

cells in the granuloma, which may lead to a direct dis-

turbance of the granuloma structure and may boost the risk

of disease dissemination.14,15

The immune protection against viral load becomes weak

following infection withMtb; rather, it accelerates progression

to an advanced stage of AIDS. Unless it is treated, the prob-

ability of death is very high as compared toHIVclientswho are

not infected with TB.1 This was also supported by researchers;

the replication of HIV in immune cells (lung cells and macro-

phages) for co-infected patients becomes fast resulting in ele-

vation of plasma viral loads. This shows that mycobacteria

aggravate the coping of HIV.16,17 Other researchers also

revealed that the replication and transmission of HIV toward

non-infected cells is positively controlled byMtb inmonocyte-

derived macrophages (MDMs). Mainly, it facilitates the copy-

ing of X4 HIV by upregulation of CXCR4.18 Moreover, in

vitro, the maturation of DCs and MDMs is compromised

because of impairment of monocyte response to TLR ligands

and viral proteins in co-infected patients.19,20 The TNF pro-

duced from infection is necessary to inhibit bacterial growth

and activate HIV replication in macrophages.19

Moreover, researchers proposed that TB patients have a

micro-environment that promotes HIV infection through

increased expression of co-receptors CXCR4 and CCR5. In

addition, increased pro-inflammatory cytokines, mainly TNF-

α and CCL5 downregulation, enhance the replication and

progression of HIV/AIDS.18 It has also been demonstrated

that Mtb and its lipoarabinomannan (LAM) cell wall element

can activate HIV provirus-carrying cell replication through the

induction of TNF and IL-6 production. Tumor necrosis factor

and IL-6 are generated via the NF-κB pathway, which in turn

causes the long terminal repeat (LTR) promoter transcriptional

activation and promotes HIV replication.19
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Role Of Vitamin D On TB/HIV Co-
Infection
Before the foundation of antibiotics, skin TB was treated

effectively with UV light. It was also true that by the 1920s,

repeated sunlight exposure was used as a main option to treat

pulmonary TB. Thus, conditions give insight for the research-

ers to investigate the role of Vit-D on the antimicrobial effect,

including Mtb. Vitamin D has a direct effect on both calcium

and phosphorus homeostasis.21 Furthermore, it has a critical

role in the innate immune response through the synthesis of

host defense peptide, particularly cathelicidin.22,23 Sunlight

exposure is the predominant factor in the activation of pre-

vitamin D3 (7-dehydrocholesterol) found in skin into its active

form. In addition to sunlight, Vit-D can also be gained from

foods such as fish oil (Figure 1).22,23

The ability of Vit-D to manage infections and the autoim-

mune system is becoming a novel thought in the management

of disease.22 The biochemical mechanisms of the immune-

regulatory effect of Vit-D against microorganisms are not

still clearly investigated. However, the impact of Vit-D as an

anti-infective agent through modulation of host immune

responses has been basically studied in vitro.24

The immunomodulatory consequences of Vit-D have been

widely investigated, even before the detection of the cell-

mediated antimicrobial mechanism of Vit-D.22 The molecular

link between Vit-D and the immune system was initially

recognized in the early 1980s. Vitamin D receptors on the

surface of monocytes and macrophages synthesize 1,25

(OH)2D3 and 1,25(OH)2D3, which in turn enhance separation

of monocytes into macrophage-like cells having phagocytic,

lysozyme, and migration activity.25,26

Even if various studies have been done to assess the effect

of Vit-D on infection clearance through mouse models, there

is no clear decision on it.24 For IFN-γ stimulated reaction in

monocytic cells, such as conversion of 25(OH)D to active

1,25(OH)2D, VDR activation, and induction of host defense

peptides including cathelicidin and defensins, Vit-D has been

shown to be crucial to the control of TB/HIV co-infection.27
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Figure 1 The metabolism of vitamin D.
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Mycobacterium tuberculosis-derived macrophage stimu-

lation induces VDR expression and CYP27B1 enzyme,

and inhibits Mtb in vitro mainly by inducing innate

immune responses that cause cathelicidin LL-37 synthetic

antibacterial peptide. A notable feature of the cathelicidin

family is that the number of different genes varies greatly

among species; however, humans express only one cathe-

licidin-hCAP.28,29

The activation of TLRs on macrophages by mycobac-

terial lipoprotein augments cathelicidin synthesis in cells

treated with 25-dihydroxy vitamin D through the increased

expression of vitamin D receptors (VDRs), and the

enzyme that converted circulating 25-hydroxyvitamin D

into biologically active 1,25-dihydroxy vitamin D.30,31

The binding of PAMPs to TLRs increases the number of

VDRs within the cell nucleus and activates the enzyme

cytochrome P450, CYP27B1, which converts circulating

25-hydroxyvitamin D into the biologically active 1,25-dihy-

droxy vitamin D. As a result, supplementation increases

cathelicidin production by monocytes.32 This showed that

Vit-D supplementation can have a direct effect on TB/HIV

co-infection and initiated us to review it (Figure 2).

Effects Of Vitamin D Deficiency On TB/

HIV Co-Infection
Currently, Vit-D deficiency becomes a global public health

problem.33 Although there are no clear internationally

confirmed definitions of Vit-D deficiency, 25(OH)D con-

centration � 50 nmol/L, or 20 mg/mL, is an indication of

Vat-D deficiency.33,34 Low Vit-D levels in HIV-1-infected

persons are associated with more rapid disease progression

and increased risk of getting opportunistic infection

including TB.35 TB/HIV co-infection patients frequently

have lower Vit-D levels than the general population. A

study conducted in Spain indicated that the majority of

TB/HIV co-infected patients had lower serum 25(OH)D

levels, which indicates that sufficient 25(OH)D levels pro-

tect against infection and vitamin D deficiency is consid-

ered a risk factor for TB/HIV co-infection.36

Effects Of Vitamin D Supplementation On

TB/HIV Co-Infection
Vitamin D has been attributed to host immune defense against

TB/HIV co-infection. The addition of Vit-D in the treatment of

moderately advanced PTB and HIV has confirmed the pre-

sence of significant difference in sputum conversion as com-

pared to the placebo group. The study done in Jakarta found the

two groups treated with Vit-D with greater sputum conversion

and radiological enhancement (100%) compared to the pla-

cebo group (76.7%), which was statistically important

(p=0.002) (Table 1).24

Vitamin D supplementation and anti-TB treatment

among black American women having Vit-D deficiency

and unmanageable drug-susceptible pulmonary TB may

have a positive effect. At 13 months of complete treat-

ment, the patient showed a substantial improvement in

radiography with negative sputum cultures.37 An

Egyptian study of the administration of Vit-D in children

with TB showed that clinical improvement was seen

among patients who take Vit-D as compared to those

who received treatment alone. Moreover, the study con-

cluded that Vit-D therapy may be very effective in addition

to anti-tuberculous drugs in the treatment of TB children.38

Another study showed that the human cathelicidin anti-

microbial peptide (CAMP) is required for both 1,25D3-

mediated antimycobacterial activity and 1,25D3-mediated

autophagy in human macrophages; hence, the role of

CAMP in 1,25D3-induced antimicrobial activity was

investigated. Moreover, related to our conclusion,
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Figure 2 Role of vitamin D for the production of cathelicidin. Mycobacterium
tuberculosis-derived macrophages with TLR2/1L stimulate the expression of VDR

that connects to Vit-D and inhibits Mtb through inducing innate immune responses

that produce cathelicidin.

Table 1 SputumConversions By Vit-DAnd Placebo Administration.

Group Sputum Conversion Total P-value

Yes No

Vit-D 34 0 34 0.002

Placebo 25 08 33

Total 59 08 67

Note: Adapted from Nursym EW, Amin Z, Rumende CM. The effect of Vitamin D

as supplmentary treatment in patients with moderately advanced pulmonary tuber-

closis lesion. Acta Med Indones. 2006;38(1):3-5.48
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autophagy is necessary in favor of the 1,25D3 restriction of

HIV replication and antimycobacterial activities. On the

other hand, CAMP silencing also reduces the 1,25D3-

mediated inhibition of HIV and Mtb in co-infected cells.

Collectively, those conditions showed that physiological

concentrations of 1,25D3 can act as a potent stimulator of

innate antimicrobial responses that can induce autophagy

and overcome the HIV-imposed autophagosome matura-

tion block by a CAMP-dependent system that constrains

HIV replication and causes mycobacterial destruction

(Figure 3).

HIV budding occurs into the multivesicular endosomes of

macrophages. Mycobacterium tuberculosis enters through

phagocytosis. Cytochrome P450, family 27, subfamily B,

polypeptide 1 (CYP27B1) 1α-hydroxyls the 25D3 inactive

form into the 1,25D3 active form. It induces the expression of

CAMP presumably through binding to the Vit-D (1,25D3)

receptor (VDR) that heterodimerizeswith the retinoidX recep-

tor (RXR) and directly regulates transcription by binding to the

vitamin D response element (VDRE) consensus sequence

located upstream of the Camp gene. The expression of

CAMP is required both for autophagosome and phagolyso-

some biogenesis, which leads to killing of themicrobial patho-

gens through autophagy.39

Moreover, HIV transcription will be regulated through

Vit-D supplementation. Cytokine and chemokine regula-

tion by Vit-D has an effect not only on the inflammation of

TB, but also on the replication of HIV-1. As some

researchers indicated that the possible autophagy-mediated

antimicrobial action of Vit-D on HIV-1 replication, the

inhibition of TNF, IL-6, and CCL2 secretion by Vat-D

and its metabolites both in vivo and in vitro diminishes

HIV-1replication, through inhibiting NF-κB-mediated

HIV-1 transcription.38,40 Recently, 1,25(OH)2D3 has also

been discovered to control the expression of microRNA to

induce miRNA-22, which targets NFAT5.40 Since this

transcription factor has been regulated in macrophages

for HIV-1 LTR transcription, miRNA-22 induction may

be an additional mechanism of Vit-D to inhibit HIV-1

replication.41

Figure 3 The role of autophagy and CAMP in 1,25D3-mediated inhibition of Mycobacterium tuberculosis (Mtb) and HIV. HIV budding occurs into the multivesicular

endosomes of macrophages. Mtb enters through phagocytosis. Cytochrome p450, family 27, subfamily B, polypeptide 1 (CYP27B1) 1α-hydroxyls the inactive 25D3 into the

active 1,25D3. 1,25D3 induces the expression of camp, presumably by binding to the Vit-D (1,25D3) receptor (VDR), which heterodimerizes with the retinoid X receptor

(RXR) and directly regulates transcription by binding to the vitamin D response element (VDRE) consensus sequence located upstream of the Camp gene. The expression of

camp is required both for autophagosome and phagolysosome biogenesis, which leads to killing of the microbial pathogens through autophagy. Adapted from Jo EK. Innate

immunity to mycobacteria: vitamin D and autophagy. Cell Microbiol. 2010;12(8):1026-1035. © 2010 Blackwell Publishing Ltd.39
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Anti-retroviral therapy is effective in reducing HIV viral

load and improving the count of CD4 cells, these findings

indicate that Vit-D supplementation may be capable of target-

ing the tissue viral reservoirs. Thus, ARVis unable to eliminate

and decline the risk of TB in HIV-1-infected persons. In line

with this, a recent prospective study of TB occurrence in HIV-

1-infected individuals also demonstrates that Vit-D deficiency

was significantly related to increased all-cause fatality com-

pared to Vit-D insufficiency.34

Vitamin D And TB/HIV Immune

Reconstitution Inflammatory Syndrome
The complications related to antiretroviral (ARV) initiation in

people infected with HIV-1 along with other opportunistic

infections are Mtb and Pneumocystis carinii, which cause the

formation of immune reconstitution inflammatory syndrome

(IRIS).42 Paradoxical TB-IRIS happens in patients with TB

who are clinically improvedwith anti-TB treatment and start to

create ARV paradoxically.43

A cross-sectional study showed that patients with TB-IRIS

have a greater frequency of hyper-inflammatory profiles

derived from myeloid such as TNF, IL-1β, IL-6, IL-8, IL-2,
IL-10, IL-12p40, IFN-γ, and GM-CSF. Similarly, high num-

bers of MMP-1, MMP-3, MMP-7, and MMP-10-secreting T

cells andmacrophages recognize antigens, but the frequency of

cells is lower in patients who did not develop IRIS and were

treatedwith ARTand antituberculosis.44 However, in the long-

itudinal assessment of ARV initiation over the last 8 weeks,

regardless of the development of IRIS all patients have sig-

nificant changes in the frequency of pathogen-specific IFN-γ-
secreting T cells, implying that modifications are not

contributory.44 This indicates they develop due to overstimula-

tion of innate immune cells with antigens, which may be

inhibited throughVit-D.45 Therefore, Vit-D can have a positive

effect on the reduction of bacterial and viral load through

improvement of regulatory T-cell function. Thus, Vit-D inhi-

bits awide range of proinflammatory cytokines, the production

of MMP, and could be a more effective therapy for IRIS

prevention and adverse effects.44,46,47

In conclusion, deficiency ofVit-D has been associatedwith

increased risk of active tuberculosis and HIV disease progres-

sion and susceptibility. Vitamin D supplementation in TB/HIV

co-infection inhibits the growth and replications of Mtb and

HIV through production of cathelicidin, which also induces

autophagic flux. This review may help clinicians consider Vit-

D supplementation to the treatment protocols which may

improve outcome. It will also form a basis for clinical trials

to establish the role of Vit-D in HIV/TB co-infection. It will

also open avenues of research on vitamin D in other infectious

diseases.
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