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SUMMARY

BACKGROUND—Depending on the presence of mutations that determine isoniazid (INH) 

susceptibility (katG and inhA), Mycobacterium tuberculosis may be susceptible to high doses of 

INH or ethionamide (ETH).

OBJECTIVE—To describe the INH resistance profile and association of katG mutation with 

previous INH treatment and level of drug resistance based on rapid molecular drug susceptibility 

testing (DST) in southern Brazil and central Mozambique.

DESIGN—Descriptive study of 311 isolates from Ribeirão Preto, São Paulo, Brazil (2011–2014) 

and 155 isolates from Beira, Mozambique (2014–2015). Drug resistance patterns and specific gene 

mutations were determined using GenoType® MTBDRplus.

RESULTS—katG gene mutations were detected in 12/22 (54.5%) Brazilian and 32/38 (84.2%) 

Mozambican isolates. inhA mutations were observed in 9/22 (40.9%) isolates in Brazil and in 4/38 

(10.5%) in Mozambique. Both katG and inhA mutations were detected in respectively 1/22 (5%) 

and 2/38 (5.2%). The difference in the frequency of katG mutations in Brazil and Mozambique 

was statistically significant (P = 0.04). katG mutations were present in 68.8% (33/48) of patients 

previously treated with INH and 31.2% (15/48) of patients without previous INH. This difference 

was not statistically significant (P = 0.223).

CONCLUSION—INH mutations varied geographically; molecular DST can be used to guide and 

accelerate decision making in the use of ETH or high doses of INH.
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TUBERCULOSIS (TB) REMAINS one of the most challenging global health problems as 

resistance to first-line antimycobacterial drugs continues to rise in many countries 

worldwide. Multidrug-resistant TB (MDR-TB, defined as resistance to at least isoniazid 

[INH] and rifampicin [RMP]) and extensively drug-resistant TB (XDR-TB, defined as 

MDR-TB plus resistance to one of the fluoroquinolones and to one of the second-line 

injectable anti-tuberculosis drugs: amikacin, kanamycin or capreomycin) are increasing 

globally, with almost 480 000 new MDR-TB cases and 210 000 estimated deaths due to 

MDR-TB worldwide in 2013.1

INH is one of the cornerstones of anti-tuberculosis treatment, as it exhibits mycobactericidal 

activity by inhibiting mycolic acid biosynthesis.2 INH resistance commonly occurs due to 

mutations in the katG gene or the inhA regulatory regions. katG encodes catalase 

peroxidase, an enzyme that converts INH to its biologically active form. As mutations in 

katG, particularly at codon 315, confer high-level INH resistance, INH is ineffective for the 

treatment of Mycobacterium tuberculosis with this mutation profile.3 The inhA regulatory 

region encodes nicotin-amide adenine dinucleotide-dependent enoyl-acyl carrier protein 

reductase, the primary target of active INH,4,5 as well as ethionamide (ETH) and 

prothionamide (PTH). inhA mutations cause low-level resistance to the drug, which means 

that high doses of INH may be effective against M. tuberculosis.6,7

As ETH is a structural analogue of INH, cross-resistance occurs between INH and ETH.8–10 

Low-level resistance to INH (inhA mutated) can also confer resistance to ETH, while M. 
tuberculosis with high-level INH resistance (katG mutated) is susceptible to ETH. Many 

studies have demonstrated that high doses of INH (16–18 mg/kg) may be safely used 

without increased risk of toxicity for the treatment of MDR- and XDR-TB in cases of low-

level INH resistance (inhA mutated). A randomised clinical trial has reported on the benefits 

of adding high-dose INH systematically to a standard MDR-TB regimen.11 ETH is a 

treatment option in case of MDR- or XDR-TB caused by strains with katG mutations.10,11

The frequency of these mutations varies geographically. katG mutations tend to be more 

frequent (42–95% of isolates), while inhA mutations occur in 6–43% of isolates; around 

10% of M. tuberculosis isolates have both mutations.4,6,7 Recognition of INH resistance 

patterns and the frequency of katG and inhA mutations in different geographic areas may 

help to guide decision making about standardisation of treatment regimens or individualised 

treatment, mainly in the case of MDR- or XDR-TB, as in these settings the number of 

effective available drugs is limited. We conducted a descriptive study to determine the 

frequency of inhA and katG mutations in two tertiary hospitals that are also TB reference 

centres, one in southern Brazil and another in central Mozambique.
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MATERIALS AND METHODS

Data collection

All the Brazilian and Mozambican patients included in this study were diagnosed with TB 

based on growth of M. tuberculosis in culture. The isolates from the Hospital das Clínicas of 

the Ribeirão Preto Medical School in Ribeirão Preto, SP, Brazil, were collected from 2011 to 

2014; isolates from Beira Central Hospital, Beira, Mozambique, were obtained from the TB 

Referral Laboratory from 2014 to 2015. Isolates were collected sequentially in both settings.

Clinical samples were collected during routine diagnostic TB investigations according to 

established standard operational procedures in the hospitals’ mycobacteria laboratories: 

acid-fast bacilli (AFB) examination using Ziehl-Neelsen staining (Brazil) and auramine-

rhodamine staining (Mozambique). The specimens were then incubated in liquid medium 

culture using the BACTEC™ MGIT™ 960 automated system (BD, Sparks, MD, USA). For 

patients with more than one sample, only the first one was included.

Drug susceptibility testing

Genotypic drug susceptibility testing (DST) was performed using GenoType® MTBDRplus 
version 2.0 (Hain Lifescience, Nehren, Germany), a line-probe assay (LPA) that is able to 

detect resistance to RMP and INH. The test was performed using only positive liquid culture 

(MGIT 960). The procedure involved DNA extraction, multiplex amplification with 

biotinylated primers and DNA reverse hybridisation, according to the manufacturer’s 

instructions. We also assessed mutations in the katG gene, which confers high-level 

resistance, and the inhA regulatory region for low-level resistance.12,13

In Brazil, the isolates were tested using non-radiometric phenotypic DST in liquid medium 

MGIT 960. No information was available on the phenotypic DST performed in the isolates 

in Mozambique.

Clinical information

All patient records were reviewed, and clinical information, including the previous use of 

anti-tuberculosis drugs (partial or complete treatment) was collected. In Mozambique, data 

from patient records were available for only two thirds of the cases studied, and many of 

these had incomplete information.

Data analyses

Data were analysed using Stata/SE version 13.0 (Stata Statistical Software, Release 13; 

StataCorp, College Station, TX, USA). Associations between the presence or absence of 

katG mutations and previous use of INH were determined using Pearson’s χ2 and Fisher’s 

exact tests. P < 0.05 was considered statistically significant.

Ethical aspects

The project was approved by the Ethics and Research Committee of the Hospital das 

Clínicas of the Ribeirão Preto Medical School (Ribeirão Preto, SP, Brazil), the National 
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Ethical Committee of Ministry of Health of Mozambique (Maputo, Mozambique) and the 

University of Pittsburgh Institutional Review Board (Pittsburgh, PA, USA).

RESULTS

Of 466 M. tuberculosis isolates analysed, 311 were from Brazil and 155 from Mozambique. 

Of the 311 Brazilian isolates, 22 (7.1%) were INH-resistant, 15 (68.2%) of which were also 

RMP-resistant (i.e., MDR-TB). The remaining seven (31.8%) were resistant only to INH 

based on molecular and phenotypic testing. The performance of molecular LPA was 

compared with that of phenotypic DST in the Brazilian isolates. All of the 22 INH-resistant 

M. tuberculosis cases diagnosed using LPA were also detected by phenotypic DST. 

However, three INH-resistant isolates were detected by phenotypic DST but not by LPA. 

Compared with phenotypic DST, LPA sensitivity was 88% (22/25 INH-resistant isolates).

Of the 155 samples from Mozambique, 38 (24.5%) were INH-resistant, 25 (65.8%) of which 

were also RMP-resistant (i.e., MDR-TB) and 13 (34.2%) were INH-monoresistant based on 

molecular testing alone.

The katG mutation was detected in 12/22 (54.5%) of the isolates in Brazil and 32/38 

(84.2%) of those in Mozambique. The inhA mutation was present in 9/22 (40.9%) Brazilian 

isolates and in only 4/38 (10.5%) Mozambican isolates. Coexistent katG and inhA mutations 

were detected in 1/22 (4.5%) Brazilian and 2/38 (5.3%) Mozambican INH-resistant isolates. 

The difference in the frequency of katG and inhA mutations in isolates from Brazil and 

Mozambique (P = 0.04) was statistically significant (Table 1).

The Figure shows the mutation patterns detected using MTBDRplus. S315T katG, with loss 

of wild-type (wt) mutation, was detected in 75% (45/60) of the isolates, including three with 

concomitant inhA mutation. In inhA mutations, C15T with loss of wt1 was detected in 25% 

(12/60) of the isolates, including two with katG mutation.

The impact of previous use of INH on the mutation profile was analysed by pooling resistant 

isolates from Brazil and Mozambique. katG mutations were twice as frequent in patients 

previously treated with INH. The katG mutation was present in 68.8% (33/48) of culture 

isolates from patients who had been treated at least once with INH for >30 days. The katG 

mutation was detected in 31.2% of patients without previous treatment with INH (15/48). 

However, the difference between the two groups was not statistically significant (P = 0.223). 

The proportion of inhA mutation in patients with or without previous INH use was the same, 

at 50% (6/12). The coexistence of katG and inhA mutations in the same isolate occurred 

only in patients who had been previously treated with INH (Table 2).

DISCUSSION

Commercial liquid culture systems and molecular LPAs have been endorsed by the World 

Health Organization (WHO) as the gold standard for the rapid detection of MDR-TB. 

However, due to their technical complexity, high cost and the need for sophisticated 

laboratory infrastructure, the use of these techniques has been limited in many resource-

constrained settings.14 In many countries, such as Brazil and Mozambique, commercial 
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liquid culture is available only in national or supranational reference laboratories, and DST 

results can take more than 3–4 months after the clinical specimen has been collected and 

sent for testing.15

New LPAs are easier to perform and more accessible than commercial liquid culture. They 

also provide important information that can help clinicians initiate suitable treatment for 

drug-resistant TB more rapidly. As well as providing an accurate diagnosis for MDR-TB, 

LPAs also provide information about the level of INH resistance, depending on the mutation 

detected.16 Katiyar et al. compared high doses of INH (16–18 mg/kg), a normal dose of INH 

and placebo in a trial of 123 MDR-TB subjects. They found that high doses of INH led to 

rapid culture negativity of sputum and increased the likelihood of sputum being negative by 

month 6 of treatment compared with the other two groups. In that trial, all the patients in the 

high INH dose arm were treated, regardless of the mutation present.11 Information provided 

by molecular DST would better identify patients who would benefit from ETH (katG 

mutations) and those more likely to respond to high doses of INH, avoiding unnecessary 

exposure to these drugs.11,17,18

The frequency of detected katG mutations was higher in Mozambican than in Brazilian 

isolates (84.2% vs. 54.5%), while that of inhA mutations was higher in Brazil than in 

Mozambique (40.9% vs. 10.5%). According to various studies, the frequency of katG 

mutations in INH-resistant M. tuberculosis may vary between 31.8% and 96.9%.19–21 

Reports from different regions of the world show high variations in the proportion of katG 

and inhA mutations. Despite the high variability, katG mutations are consistently more 

frequent than inhA mutations.19–32 Table 3 shows data from studies of the two mutations 

using different molecular strategies in the past two decades. Data from Brazilian studies also 

showed wide geographic variability within the country. The prevalence of katG mutations 

varied between 41% and 80.2% in the central western and southern regions.22,23

In this study, one third of the isolates showed low-level INH resistance (inhA mutation); for 

these patients, high doses of INH would be a possible option in the management of drug-

resistant TB. Seifert et al. reported that the WHO American region had the highest frequency 

of inhA mutations (24%), while in the African region, the frequency tends to be lower.4 In 

these regions, high doses of INH could be a therapeutic possibility, while thionamides may 

be a good option in settings with katG mutations, provided information on drug resistance is 

available to the clinicians. However, it is important to be aware of the possibility of cross-

resistance between low-level INH resistance and ETH, as reported by Schaaf et al. in South 

Africa33 and Vadwai et al. in India.18

In our study, high-level INH resistance (katG mutations) were more frequent in isolates 

obtained from patients with a history of previous INH for the treatment of latent tuberculous 

infection (LTBI) or active TB than in patients without a history of INH (68.8% vs. 31.2%); 

however, this difference was not statistically significant (P = 0.223), probably because of the 

small number of INH-resistant patients. Mozambique has a higher TB and human 

immunodeficiency virus (HIV) burden than Brazil,1 and INH has been used in Mozambique 

to treat LTBI in all HIV-infected people, while in Brazil the treatment of LTBI is restricted 

and based on tuberculin skin testing.34,35 This could be an additional factor contributing to 
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the high occurrence of katG mutations in Mozambique, similar to data from other African 

countries.20,24,28

Most INH-resistant isolates carried S315T in the katG gene, with the loss of a wt band, as 

described by Tolani et al., Maurya et al. and Singhal et al.25–27 Classical studies have shown 

that INH-resistant mutants with a defective katG gene were catalase-deficient and markedly 

attenuated in guinea pigs; however, recent studies suggest that INH resistance is not always 

accompanied by compromised virulence and/or fitness. INH-resistant clinical isolates, 

particularly S315 mutants from South India, have comparable virulence to that of wt H37Rv, 

but increased resistance to INH.33 The most prevalent mutation in the inhA gene detected 

using LPA in our study was C15T, with loss of wt1; this is also supported by previous 

studies.21,24,25,28–32

It is important to recognise the limitations of this study. This was a small case study, and 

further prospective studies are encouraged. There were gaps due to the poor quality of 

patient records in both countries, and phenotypic DST results in Mozambican isolates were 

missing. However, as, according to the WHO,12 there is high correlation between phenotypic 

and genotypic DST, we believe this had no influence on our results.

In conclusion, developing countries will probably have greater access to molecular DST 

before phenotypic testing becomes universal. As evidenced by the geographical variations in 

the mutations associated with INH resistance, new rapid molecular tests can be used to 

understand the INH DST profile and to guide treatment decisions.
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Figure. 
Mutations identified using GenoType® MTBDRplus in the inhA and katG gene of INH-

resistant and MDR-TB strains from Brazil and Mozambique. wt = wild type; MDR-TB = 

multidrug-resistant tuberculosis; INH-R = isoniazid-monoresistant.
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