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ABSTRACT
Alzheimer’s disease is a type of dementia and there were 50 million individuals
have dementia in 2018 worldwide and the cost of dementia care to Medicare and
Medicaid is so high (about US$1 trillion) in that year. Recently, several articles show
that tuberculosis may be increased the development rate of Alzheimer’s disease in
these patients. So knowing the probable relationship between these two could be
helpful. Also, there is evidence demonstrating that the Bacillus Calmette–Guérin
(BCG) vaccine and rifampicin as a conventional vaccine and medicine against
Mycobacterium tuberculosis infections could be used as a promising agent for
the prevention and reduce the development of Alzheimer’s disease and other
neurodegenerative diseases. According to our knowledge, the present review is the
first and only review that assessed the possible relationship between tuberculosis
and Alzheimer’s disease as well as the possible therapeutic role of rifampicin and
BCG vaccine in treatment and prevention of Alzheimer’s disease, respectively.
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Introduction

Alzheimer’s is a type of dementia that is a
chronic neurodegenerative disease and is a cause
of 60–70% of cases of dementia (1,2).
According to the WHO reports, there were 50
million individuals have dementia in 2018 around
the world and the cost of dementia care to Medicare and Medicaid is US$1 trillion in that year.
There will be one new case of dementia every 3
seconds around the world.
This number is believed to be triple to 152 million by 2050 (3).Tuberculosis (TB) is one of the
major cause of death around the world. About 1.7
billion peoplewere latently infected with Myco
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bacterium tuberculosis. According to the
World Health Organization (WHO), approximately 10 million people are infected with M.
tuberculosis and it causes 1.6 million died in
2017 (4,7).
Recently, there is a new controversial approach about microorganisms or bacterial
disease such as tuberculosis that could be a
responsible and underlying factor in the incidence of Alzheimer’s disease. The aim of this
article was a comprehensive summary of the
possible relationship between tuberculosis and
the incidence of Alzheimer’s disease.

This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.
org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is
properly cited.
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literature review

Tuberculosis and Alzheimer’s
Some study claim that pulmonary tuberculosis
increased the risk of Alzheimer’s because TB induces a complex of inflammatory responses in the
host and it is now believed that inflammation has
a critical role in Alzheimer’s disease (8, 9). The infection process of M. tuberculosis resulting in different interaction with the innate immune system
then induces a high amount of proinflammatory
cytokines such as TNFα, IL-6, IFN-γ and IL-1β)that
are critical in a complex interaction between the
host immune system and M. tuberculosis (10,12).
One of the leading cause of dementia is Alzheimer’s disease that accounting for about 75% of
cases (3). There are some mechanisms that may
be responsible or have a role in the development
of Alzheimer’s including metabolic cascade of amyloid, apolipoprotein E, the hyperphosphorylation
of tau protein, oxidative stress, abnormal cell cycle
reentry, amyloid β metabolism, and inflammation
that associated with infection or injury (13,15).
Although the underlying mechanisms and association of tuberculosis and incidence of Alzheimer’s are unclear, but, there is some evidence
from previous research that may explain this association.
TNFα and IL-1 β are two proinflammatory cytokines that have a crucial role in the pathogenesis

of tuberculosis as well as a subsequent risk of
Alzheimer’s disease in the elderly.
Furthermore, IL-6 has a double activity that reduces microglia activity at low levels and acted as a
pro-inflammatory cytokine in high levels. Microglia cells are active in the presence of amyloid β (Aβ)
at the early stage of developing Alzheimer’s disease than clear and phagocytize the Aβ also, it released an anti-inflammatory cytokine is IL-10 that
hinders the release of pro-inflammatory cytokines
(16,18). Later, the microglia are not able to process
the Aβ which results in the sustained production
of pro-inflammatory cytokines and neurotoxins.
Previous reports demonstrate that the overall risk
of Alzheimer’s disease in the group of a patient living with TB was 1.43 (95%CI= 1.01—2.02) and it
higher than a group of a patient without TB (19).
Another cohort study in 2015, show that the overall risk of developing dementia among the patients
with TB was significantly higher than the non-TB
(HR =1.21, 95% CI = 1.05-1.40), also, the follow-up
of the patient demonstrates that incidence risk of
Alzheimer’s in patients with TB has increased by
1.78 (95% CI =1.36-2.32) (20). So according to evidence of the previous study people who live with
tuberculosis have a significantly higher risk of developing Alzheimer’s in comparison to the general
population (Figure 1).

Figure 1: High risk of alzhemers disease in patients with tuberculosis.
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Rifampicin and Alzheimer’s
Rifampicin, also known as rifampin, used in the
treatment of Mycobacterium infections, including
tuberculosis, leprosy, and Mycobacterium avium
complex. Rifampicin is a lipid-soluble antibiotic that
delivers orally then rapidly absorbed and distributed throughout the body tissues and body fluids,
including the CSF also, it’s able to penetrate into the
brain via passing the blood-brain barrier. Furthermore, it’s one of the neuroprotective antibiotics and
able to stimulate the modulate the neuroinflammatory response in Alzheimer’s disease (21).
Several studies demonstrate that rifampicin had
effective activity against the accumulation and toxicity of intracellular amyloid-b oligomers (22, 23).
Rifampicin indicated the broad spectrum activity in the area of Alzheimer’s therapy due to its ability able to inhibit the oligomer formation of amyloid-b, synuclein and tau protein which detected
in the brains of patients with dementia also have
a role in the development of Alzheimer’s. Animal
trial administered that rifampicin could reduce
the accumulation of amyloid-b oligomers and tau
oligomers which result in improved the memory
of the mice (24, 25).
This result indicates that rifampicin could be a
promising medicine for the prevention and reduce
the advancement of Alzheimer’s disease and other
neurodegenerative diseases.

BCG and Alzheimer’s
Bacillus Calmette-Guerin (BCG) vaccine is the
effective immunization against tuberculosis and
only TB vaccine in use in many countries. BCG is
an attenuated form of Mycobacterium bovis. BCG
vaccine provides the well protects against tuberculosis in children but currently not effective against
pulmonary TB in adults (26, 27).
In the other hand, BCG vaccine approved by
the FDA to use for the preventing recurrence and
treatment of non-muscle invasive bladder cancer.
It’s could bind to the fibronectin in the bladder
wall than stimulates Th1 cell to release the several
cytokines such as IL1, 2, 5, 6, 8, 10, 12 and 18, IFNγ,
TNFα, and GM-CSF (28, 29).
Now there is a hypothesis that BCG could be
used as an agent to decrease the incidence and
prevalence of Alzheimer’s disease in the elderly
population by several reasons including there is
low prevalence of Alzheimer’s disease in countries with higher coverage of BCG also found the
high level of IL-2 in the presence of intravesical
BCG that amplify Treg cells. These are able to inhibit the related inflammation with Alzheimer’s
disease then reduced the formation of the
plaque and restore cognitive function that described as cerebral activities (30,31).

A study in 2019, examined this hypothesis on
the animal model and demonstrate that in presence of BCG the level of IL2 increased than active
amplification of Treg cells which result in decreased the formation of plaque and restored cognitive function (32).
Therefore, using the BCG as a preventing agent
in risk group including the elderly population
could be a promising way to decrease or prevent
the development of Alzheimer’s disease or at least
delay its inception by a few years.

Conclusion

To reduce Alzheimer’s disease as one of the
most common types of dementia in the elderly
population, in order better management there is
a need to know and find the underlying risk factor
such as tuberculosis that develop the risk of Alzheimer’s. Also find the new agent to treat, prevent
or reduce the development presses of this disease
is so important also it could be helpful to reduce
the cost of care.
Rifampicin as an available and in use medicine
could be promising to prevent or reduce the advancement of Alzheimer’s disease. Additionally,
BCG could be hopeful in preventing and decreasing the development process of Alzheimer’s disease. Furthermore, further studies are necessary
to confirm this finding and explore their mechanisms.

Conflicts of interest

The authors declare no conflicts of interest.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

Burns A, Iliffe S. Alzheimer’s disease. BMJ. 2009;338:b158.
Organization WH. Dementia fact sheet.World Health.Organization 2018.
Patterson C. World Alzheimer Report 2018. The State of
the Art of Dementia Research: New Frontiers. Alzhemers
Disease International (ADI). London, UK. 2018.32-36.
Gilpin C, Korobitsyn A, Migliori GB, et al. The World
Health Organization standards for tuberculosis care and
management. Eur Respir J. 2018;51:1800098.
Kaufmann SH. Fact and fiction in tuberculosis vaccine
research: 10 years later. Lancet Infect Dis. 2011;11:633640.
Kakhki RK, Neshani A, Sankian M, et al. The short-chain
dehydrogenases/reductases (SDR) gene: A new specific
target for rapid detection of Mycobacterium tuberculosis complex by modified comparative genomic analysis. Infect
Genet Evol. 2019;70:158-164.
Neshani A, Kakhki RK, Sankian M, et al. Modified genome
comparison method: a new approach for identification ofspecific targets in molecular diagnostic tests using Mycobacterium tuberculosis complex as an example. BMC infectious
diseases. 2018;18:1-9.
Larson EB, Langa KM. The rising tide of dementia worldwide.
Lancet. 2008;372:430-432.
Mayeux R. Epidemiology of neurodegeneration. Annu Rev
Neurosci.2003;26:81-104.
Wieczorek AE, Troudt JL, Knabenbauer P, et al. HspX vaccination and role in virulence in the guinea pig model of tuberculosis. Pathog Dis. 2014;71:315-325.

Rev Clin Med 2020; Vol 7 (No 3)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)

121

yaghoubi A et al.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

122

Domingo-Gonzalez R, Prince O, Cooper A, et al. Cytokines and
chemokines in Mycobacterium tuberculosis infection. Microbiol Spectr. 2016;4:10.1128.
Chao W-C, Yen C-L, Hsieh C-Y, et al. Mycobacterial infection
induces higher interleukin-1β and dysregulated lung inflammation in mice with defective leukocyte NADPH oxidase.
PLoS One. 2017;12:e0189453.
Castillo-Carranza DL G-MoM, Sengupta U, et al. Tau immunotherapy modulates both pathological tau and upstream
amyloid pathology in an Alzheimer’s disease mouse model.J
Neurosci. 2015;35:4857-4868.
Lasagna-Reeves CA C-CD, Sengupta U, Guerrero-Munoz MJ, et
al. Alzheimer brainderived tau oligomers propagate pathology from endogenous tau. Sci Rep. 2012;2:700.
Tönniesa E TE. Oxidative Stress, Synaptic Dysfunction, and
Alzheimer’s Disease. J Alzheimers Dis. 2017;57:1105-1121.
YVN Cavalcanti MB, JKAL Neves. Role of TNF-Alpha, IFN-Gamma, and IL-10 in the Development of Pulmonary Tuberculosis. Pulm Med. 2012;2012:745483.
Li Y LX, Wang W, Wang S. Low-dose IL-2 expands CD4+ regulatory T cells with a suppressive function in vitro via the
STAT5-dependent pathway in patients with chronic kidney
diseases. Ren Fail. 2018 Nov;40:280-288.
Kinney JW BS, Murtishaw AS, Leisgang AM. Inflammation as
a central mechanism in Alzheimer’s disease. Alzheimers Dement (N Y). 2018;4:575-590.
Ching-Hua Su W-TY. Association of Pulmonary Tuberculosis
With Risk of Alzheimer’s: A Population-Based Cohort Study.
Respiratory Care October 2018, 63. 3017468.
Yi-Hao Peng C-YC, Ching-Hua Su, Chih-Hsin Muo, et al. Increased Risk of Dementia Among Patients With Pulmonary
Tuberculosis: A Retrospective Population-Based Cohort
Study. American Journal of Alzheimer’s Disease & Other Dementias.2015;30:629-634.
Yulug B HL, Ozansoy M, Isık D, Kilic U, et al. The therapeutic
role of Rifampicin in Alzheimer’s Disease. Psychiatry Clin
Neurosci.2018;72:152-159.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Umeda T OK, Sakai A, Yamashita M, et al. Rifampicin is a candidate preventive medicine against amyloid-β and tau oligomers. Brain. 2016;139:1568-1586.
Qosa H AA, Hill RA, Kaddoumi A. Enhanced brain amyloid-β
clearance by rifampicin and caffeine as a possible protective
mechanism against Alzheimer’s disease. J Alzheimers Dis.
2012;31:151-165.
Molloy DW ST, Zhou Q, Guyatt G. A multicenter, blinded, randomized, factorial controlled trial of doxycycline and rifampin for treatment of Alzheimer’s disease: the DARAD trial. Int J
Geriatr Psychiatry. 2013;28:463-470.
Loeb MB MD, Smieja M, Standish T, et al. A Randomized, Controlled Trial of Doxycycline and Rifampin for Patients with
Alzheimer’s Disease. J Am Geriatr Soc. 2004;52:381-387.
Romano M AE, Korf H, Bruffaerts N, et al. Potential of Mycobacterium tuberculosis resuscitation-promoting factors as
antigens in novel tuberculosis sub-unit vaccines. Microbes
Infect. 2012;14:86-95.
Yaghoubi A AE, Zare H, Alami SH,et al. Design and Construction of a Cloning Vector Containing the hspX Gene of Mycobacterium tuberculosis. Rep Biochem Mol Biol. 2016;5:46-50.
Kamat AM BJ, Galsky MD, Konety BR. Society for Immunotherapy of cancer consensus statement on immunotherapy
for the treatment of bladder carcinoma. J Immunother Cancer.2017;5:80.
Gontero P BA, Malmstrom P-U, O’Donnell MA, et al. The role of
bacillus Calmette-Guérin in the treatment of non-muscle-invasive bladder cancer. Eur Urol2010;57:410-429.
Baek H YM, Kang GH, Lee C. Neuroprotective effects of
CD4+CD25+Foxp3+ regulatory T cells in a 3xTg-AD Alzheimer’s disease model. Oncotarget. 2016;7:69347-69357.
Dansokho C AP, Dorothé EG. Beneficial effect of interleukin-2-based immunomodulation in Alzheimer-like pathology. Brain. 2016;139:1237-1251.
Gofrit ON BH, Klein BY, Cohen IR, et al.Can immunization with
Bacillus Calmette-Guérin (BCG) protect against Alzheimer’s
disease? Med Hypotheses. 2019;123:95-97.

Rev Clin Med 2020; Vol 7 (No 3)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)

