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Letter to the Editor

Efficacy and safety of isoniazid preventive therapy

@ CrossMark

in light of increasing multi-drug resistance

in tuberculosis

Tuberculosis (TB) has emerged as a major warning to glo-
bal public health as 33% of the world population is considered
to be infected with Mycobacterium tuberculosis (MTB). Further,
multi-drug-resistant strains of MTB in association with
human immunodeficiency virus (HIV) have further created a
worrying aspect to the TB problem. The current epidemics
of extensively drug-resistant TB have also been an increasing
threat in some regions around the world [1]. Most drug-resis-
tant clinical strains of MTB, are resistant to isoniazid (INH),
one of the most effective anti-TB drugs used for TB treatment
[2]. Since existing TB control methods seem inadequate to
prevent the rise in TB incidence among HIV-infected persons,
the World Health Organization recommends INH preventive
therapy (IPT) for HIV-infected persons as part of the core ser-
vices [3].

Although two recent meta-analyses have shown that there
was more than a 60% reduction in TB in HIV-infected adults
after IPT [4], another meta-analysis study also reported that
INH prophylactic therapy was not so much effective among
young children and that there was little evidence of a mortal-
ity benefit in children of any age [5]|. After conducting a sys-
tematic review on IPT and risk for resistant TB, Balcells et
al. [6] suggested that IPT therapy would decrease the number
of reactivated TB cases attributable to INH-susceptible strains
but would have a lesser effect on resistant strains, which
would increase the proportion of resistant strains among sub-
sequent cases of active TB. Further, they suggested that the
presence of active TB should be excluded before IPT, and con-
tinued surveillance for INH resistance is essential [6]. INH is
reported to generate a variety of highly reactive compounds,
such as reactive oxygen species like superoxide, peroxide
and hydroxyl radical, nitric oxide, reactive organic species like
isonicotinicacyl radical or anion, and certain electrophilic
species, which then attack multiple targets in MTB. INH is a
prodrug and requires activation before it becomes therapeuti-
cally effective. This process is carried out by the catalase-
peroxidase activity of the katG gene product, and mutations
in the katG gene contribute to resistance to INH [7].
Bioinformatics studies in our laboratory showed that a

mutation in katG (S315T/S315N) prevents free radical forma-
tion, thus the development of resistance to the drug [8] and
mutation in N-acetyltranserase enzyme which has an impor-
tant role in acetylating and detoxifying INH, increases the sta-
bility and catalytic ability of the mutant enzyme, thus making
the drug ineffective (unpublished data). As per the TB drug
resistance mutation database, 22 genes/proteins of MTB were
reported to associate with INH resistance [9]. Out of 22 genes/
proteins, 11 genes were reported to be induced by INH [10].
The detailed mechanism of resistance and induction in a
number of proteins is yet to be thoroughly understood.
Thus, there is a need to understand the role of INH inside
the host as well as in MTB in order for the drug to be used
widely in preventive therapy of TB, for the fear that one day
it may not become effective in TB therapy.

INH is not a safe drug and is not without toxicity and side
effects. Adverse effects of INH have been reported by different
researchers based on their clinical studies. INH, alone or in
combination with other anti-TB drugs, mostly associated with
toxicity [11]. Acute poisoning leads to lactic acidosis and renal
failure [12], development of agranulocytosis [13], INH-induced
tenosynovitis [14], INH-induced liver injury [15,16], and fatal
INH-induced acute liver failure [17] are a few of the toxic con-
sequences of INH. Furthermore, INH and/or its metabolites
(e.g., hydrazine) may be associated with causing mitochon-
drial injury that may lead to oxidant stress in mitochondria
and destruction of energy homeostasis [15]. Catafio and
Morales [18] studied the follow-up results of INH chemopro-
phylaxis during biological therapy in Colombia and observed
that 3.2% of patients developed active TB, and 17.2% of
patients developed intolerance or toxicity related to INH.
Based on their observation they suggested that chemopro-
phylaxis with INH seems to be effective and safe for the pre-
vention of most TB reactivation in individuals with latent TB
infection, but toxicity must be monitored during follow-up
[18]. However, concerns have been raised about the wide
use of INH due to its toxicity, predominantly hepatotoxicity,
as biochemical monitoring is not routinely carried out during
INH therapy [17].
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Although IPT is increasingly recommended for preventing
TB in healthy children and treating latent TB infection in HIV
patients, concerns about the risk for development of
INH-resistant TB with extensive use of INH should be consid-
ered before its widespread use in HIV infection, latent infec-
tion, and in particular in children.

Conflicts of interest

All authors have no conflicts of interest to declare.

REFERENCES

[1] N.S. Shah, A. Wright, G.H. Bai, et al, Worldwide emergence of
extensively drug-resistant tuberculosis, Emerg. Infect. Dis. 13
(2007) 380-387.

[2] H. Marrakchi, G. Lanéelle, A. Quémard, InhA, a target of the
antituberculous drug isoniazid, is involved in a mycobacterial
fatty acid elongation system, FAS-II, Microbiology 146 (2000)
289-296.

[3] J.E. Stout, J.R. Andrews, Isoniazid preventive therapy in
medium-incidence settings: the price is right, Int. J. Tuberc.
Lung Dis. 18 (2014) 1388.

[4] R. Wood, L.G. Bekker, Isoniazid preventive therapy for
tuberculosis in South Africa: an assessment of the local
evidence base, S. Afr. Med. J. 104 (2014) 174-177.

[S] J. Ayieko, L. Abuogi, B. Simchowitz, et al, Efficacy of isoniazid
prophylactic therapy in prevention of tuberculosis in children:
a meta-analysis, BMC Infect. Dis. 14 (2014) 91.

[6] M.E. Balcells, S.L. Thomas, P. Godfrey-Faussett, et al, Isoniazid
preventive therapy and risk for resistant tuberculosis, Emerg.
Infect. Dis. 12 (2006) 744-751.

[7] J. Sandy, S. Holton, E. Fullam, E. Sim, M. Noble, Binding of the
anti-tubercular drug isoniazid to the arylamine N-
acetyltransferase protein from Mycobacterium smegmatis,
Protein Sci. 14 (2005) 775-782.

[8] L. Jena, P. Waghmare, S. Kashikar, et al, Computational
approach to understanding the mechanism of action of
isoniazid, an anti-TB drug, Int. J. Mycobacteriol. 3 (2014) 276-
282.

[9] A. Sandgren, M. Strong, P. Muthukrishnan, et al, Tuberculosis
drug resistance mutation database, PLoS Med. 6 (2009) e2.

[10] M. Wilson, J. DeRisi, H.H. Kristensen, et al, Exploring drug-

induced alterations in gene expression in Mycobacterium

tuberculosis by microarray hybridization, Proc. Natl. Acad. Sci.
U.S.A 96 (1999) 12833-12838.

[11] A.T. Castro, M. Mendes, S. Freitas, et al, Incidence and risk
factors of major toxicity associated to first-line
antituberculosis drugs for latent and active tuberculosis
during a period of 10 years, Rev. Port. Pneumol. 21 (2015) 144-
150.

[12] A. Sridhar, Y. Sandeep, C. Krishnakishore, et al, Fatal
poisoning by isoniazid and rifampicin, Indian J. Nephrol. 22
(2012) 385-387.

[13] Y. Shishido, N. Nagayama, K. Masuda, et al, Agranulocytosis
due to anti-tuberculosis drugs including isoniazid (INH) and
rifampicin (RFP)—a report of four cases and review of the
literature, Kekkaku 78 (2003) 683-689.

[14] K. Yamamoto, J. Takasaki, E. Morino, et al, Tenosynovitis
confirmed by MRI during anti-tuberculous treatment
suspected due to isoniazid-2 case reports and literature
review, Kekkaku 89 (2014) 659-665.

[15] U.A. Boelsterli, K.K. Lee, Mechanisms of isoniazid-induced
idiosyncratic liver injury: emerging role of mitochondrial
stress, J. Gastroenterol. Hepatol. 29 (2014) 678-687.

[16] I.G. Metushi, C. Sanders, W.M. Lee, et al, Detection of anti-
isoniazid and anti-cytochrome P450 antibodies in patients
with isoniazid-induced liver failure, Hepatology 59 (2014)
1084-1093.

[17] S. Miyazawa, S. Matsuoka, S. Hamana, et al, Isoniazid-
induced acute liver failure during preventive therapy for
latent tuberculosis infection, Intern. Med. 54 (2015) 591-595.

[18] J.C. Catafio, M. Morales, Follow-up results of isoniazid
chemoprophylaxis during biological therapy in Colombia,
Rheumatol. Int. (2015) [Epub ahead of print].

Lingaraja Jena

Bhaskar C. Harinath’

Bioinformatics Centre, JBTDRC, MGIMS, Sevagram,
Maharashtra, India

* Corresponding author at: JB Tropical Disease Research
Centre, Mahatma Gandhi Institute of Medical Sciences,
Sevagram 442 102 (Wardha), Maharashtra, India.

E-mail addresses: bc_harinath@yahoo.com, info@jbtdrc.org
(B.C. Harinath)

Available online 9 July 2015

http://dx.doi.org/10.1016/j.ijmyc0.2015.06.001

2212-5531/© 2015 Asian African Society for
Mycobacteriology. Production and hosting by Elsevier Ltd. All
rights reserved.


http://refhub.elsevier.com/S2212-5531(15)00105-3/h0005
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0005
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0005
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0010
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0010
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0010
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0010
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0015
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0015
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0015
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0020
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0020
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0020
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0025
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0025
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0025
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0030
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0030
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0030
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0035
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0035
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0035
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0035
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0040
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0040
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0040
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0040
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0045
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0045
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0050
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0050
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0050
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0050
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0055
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0055
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0055
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0055
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0055
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0060
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0060
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0060
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0065
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0065
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0065
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0065
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0070
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0070
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0070
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0070
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0075
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0075
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0075
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0080
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0080
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0080
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0080
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0085
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0085
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0085
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0090
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0090
http://refhub.elsevier.com/S2212-5531(15)00105-3/h0090
mailto:bc_harinath@yahoo.com
mailto:info@jbtdrc.org
http://dx.doi.org/10.1016/j.ijmyco.2015.06.001

	Efficacy and safety of isoniazid preventive therapy in light of increasing multi-drug resistance in tuberculosis
	Conflicts of interest
	References


