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ABSTRACT
Isoniazid is an early bactericidal anti-tuberculosis (TB) agent and isoniazid mono-resistance TB is the most prevalent 
drug-resistant TB worldwide. Concerns exist regarding whether resistance to isoniazid would lead to delayed culture 
conversion and worst outcomes. From January 2008 to November 2017, adult culture-positive pulmonary TB patients 
receiving isoniazid, rifampicin, pyrazinamide, and ethambutol were identified through Taiwan Center for Disease 
Control database and were followed until the end of 2017. Primary outcomes included time to sputum culture 
conversion (SCC) within two months. Secondary outcomes included death and unfavourable outcomes at the end of 
2nd month. A total of 37,193 drug-susceptible and 2,832 isoniazid monoresistant pulmonary TB patients were 
identified. Compared with no resistance, isoniazid monoresistance was not associated with a delayed SCC (HR: 0.99, 
95% CI: 0.94─1.05, p = 0.8145), a higher risk of 2-month mortality (HR: 1.19, 95% CI: 0.92─1.53, p = 0.1884), and 
unfavourable outcomes at 2nd month (OR: 1.05, 95% CI: 0.97─1.14, p = 0.2427). Isoniazid monoresistance was 
associated with delayed SCC (HR: 0.90, 95% CI: 0.83─0.98, p = 0.0099) and a higher risk of unfavourable outcomes 
(OR:1.18, 95% CI: 1.05─1.32, p = 0.0053) in patients aged between 20 and 65, and delayed SCC in patients without 
underlying comorbidities (HR: 0.90, 95% CI: 0.81─0.98, p = 0.0237). Isoniazid mono-resistant TB had a comparable 
outcome with drug-susceptible TB at the end of the intensive phase. Healthy, and non-elderly patients were more 
likely to had culture persistence, raising concerns about disease transmission in these subgroups and warranting 
early molecular testing for isoniazid resistance.
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Introduction

Tuberculosis (TB) continues to be an important global 
infectious disease with a substantial disease burden 
and high mortality rate. According to the World 
Health Organization (WHO) report, it was estimated 
that 10.6 million individuals were diagnosed with TB 
in 2021, representing a 4.5% increase compared to 
the previous year [1]. This sudden reversal in the 
declining trend is concerning. Drug-resistant TB 
(DR-TB) poses a significant challenge to effective 
treatment, and isoniazid monoresistant TB (HR-TB) 
is the most common form of DR-TB. It was estimated 
in a recent meta-analysis that the global prevalence of 
HR-TB was 7.4% among new TB patients and 11.4% 
among previously treated TB patients [2]. Addressing 
the issue of HR-TB is crucial to achieving better global 
TB control.

HR-TB deserves special attention due to its associ-
ation with worse treatment outcomes [3]. In a meta- 
analysis, adverse treatment outcomes including relapse 
or failure, and acquired drug resistance were 15% and 
3.6% for patients with HR-TB, compared with 4% 
and 0.6% for drug-susceptible TB [3]. Additionally, 
HR-TB is a precursor to and is associated with emer-
gence of multidrug resistance (MDR). It was estimated 
that as high as 8% HR-TB patients developed MDR 
during their treatment [3]. Given these findings, early 
diagnosis, prompt treatment, and effective measures 
to prevent the transmission are of great importance 
in addressing the challenges posed by HR-TB.

While line probe assays such as GenoType 
MTBDRplus (Hain Lifescience, Nehren, Germany) have 
been endorsed by WHO for detecting isoniazid and 
rifampicin resistance among smear-positive or culture- 
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positive specimens to replace phenotypic testing and in 
meta-analysis the sensitivity and specificity of detecting 
isoniazid resistance compared with phenotypic method 
is high, their use in direct testing among all TB suspects 
is still not widely adopted due to concerns of sensitivity 
especially in smear-negative specimens [4,5]. Unlike 
rifampicin drug resistance, which can be rapidly detected 
using molecular methods such as the Xpert MTB/RIF 
Ultra assay, isoniazid resistance is typically unknown 
until results of conventional culture-based drug suscepti-
bility testing are available. Unfortunately, obtaining these 
results can take weeks after collecting sputum mycobac-
terial cultures [6]. This delay in identifying isoniazid 
resistance can lead to adverse outcomes and TB dissemi-
nation, particularly among vulnerable patients.

Currently, there is limited knowledge regarding the 
specific group of patients who are more likely to experi-
ence worse outcomes when facing isoniazid resistance. 
Considering that isoniazid is an important anti-TB 
agent known for its early bactericidal effects, it is intri-
guing to investigate whether resistance to isoniazid pro-
longs the time required for sputum culture conversion 
under standard anti-TB treatment [7]. The rec-
ommended regimen for treating isoniazid monoresistant 
TB has changed as evidence showed that the addition of a 
fluoroquinolone to at least 6 months of daily rifampicin, 
ethambutol, and pyrazinamide was associated with better 
outcomes [8]. As a result, the WHO endorsed a regimen 
of 6 months of fluoroquinolone, rifampicin, ethambutol, 
and pyrazinamide [9]. It is possible that resistance to iso-
niazid could hinder the initial bactericidal effects of the 
treatment, leading to delayed culture conversion. The 
persistence of mycobacterial culture is a significant factor 
that influences the transmission and contagiousness of 
TB. This is because the development of TB disease 
requires at least one viable Mtb droplet nucleus to reach 
the lung alveolar macrophage [10]. Therefore, culture 
persistence plays a crucial role in disease transmission.

The objective of our study is to investigate the impact 
of isoniazid monoresistance on sputum culture conver-
sion and unfavourable outcomes within the initial two- 
month period. Additionally, we aim to identify specific 
at-risk groups that may experience worse outcomes 
compared to patients with isoniazid-susceptible TB. 
By doing so, we hope to identify patients who would 
benefit from more intensive therapy, close monitoring, 
and use of rapid molecular testing methods to detect iso-
niazid resistance. The findings of this study may help 
develop targeted strategies for managing isoniazid 
monoresistant TB cases.

Materials and methods

Study design and patients

We recruited adults (age ≥20) in Taiwan who were 
culture-positive pulmonary TB patients between Janu-
ary 2008 and November 2017. Eligible participants 

were either all susceptible or had isoniazid monoresis-
tant TB and had received at least 14 days of treatment 
with isoniazid, rifampicin, pyrazinamide, and etham-
butol within one month after treatment. Among 
them, those who exposed to fluoroquinolone, strepto-
mycin, and amikacin within 2 months after treatment 
were excluded. For the main study, we included 
patients who survived after the first month of treat-
ment (Figure 1). To recruit this cohort, we utilized 
the Taiwan Center for Disease Control (CDC) un- 
transitioned TB database, which is an internal data-
base maintained by the Taiwan CDC. It is important 
to note that this database is distinct from the Taiwan 
TB transitioned database, which has been previously 
used in various studies and has provided valuable 
insights [11,12]. The un-transitioned TB database con-
tains information primarily derived from the clinical 
practices of the Taiwan’s public health and medical 
systems, focusing on individual TB patients. It includes 
crucial details such as body weight of the patient, the 
drug susceptibility of Mycobacterium tuberculosis com-
plex to first-line anti-TB medications (isoniazid, rifam-
picin, ethambutol), the results of sputum acid-fast 
smear and mycobacterial cultures before and after TB 
treatment, and treatment supervision (directly 
observed therapy, short course [DOTs]). These specific 
variables were not available in the TB transitioned data-
base or the Taiwan Health Insurance Research Data-
base. By utilizing the un-transitioned TB database, we 
have access to comprehensive and detailed information 
that allows for a more in-depth analysis of the impact of 
isoniazid resistance on treatment outcomes and culture 
conversion within the initial two-month time frame. 
Moreover, it is important to note that tuberculosis 
(TB) is a notifiable disease in Taiwan, meaning that 
the maintenance of the TB database is mandatory. As 
a result, the CDC un-transitioned TB database we uti-
lized for this study is comprehensive and includes 
data from all reported TB cases in Taiwan. To improve 
the available information for analysis, the CDC linked 
the un-transitioned TB database to the Taiwan Health 
Insurance claims database. This linkage allowed us to 
obtain additional data on the underlying comorbidities 
of the TB patients. Taiwan has a single payer health 
insurance system with a coverage rate approaching 
100%, providing extensive healthcare coverage for the 
population (source: https://www.nhi.gov.tw/) [11,13]. 
Additionally, the mortality data used in our study 
were obtained from the Department of Statistics in Tai-
wan. This ensures accurate and reliable information 
regarding the mortality rates associated with TB cases.

Data collection and definition

In the Taiwan CDC un-transitioned TB database, iso-
niazid monoresistance was identified and classified 
based on the level of resistance. First-line anti-TB 
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drug susceptibility testing (DST) was conducted at 
quality-assured laboratories that actively participated 
in a proficiency testing programme organized by the 
Reference Laboratory of Mycobacteriology at the Tai-
wan CDC [14]. Briefly, M. tuberculosis isolates were 
subjected to drug susceptibility testing using the pro-
portion method with solid media. Isoniazid monore-
sistance was defined as resistance to isoniazid and 
documented susceptibility to rifampicin and etham-
butol. Resistance was defined as 1% of the colonies 
growing in the presence of the following critical con-
centrations of drugs (low-level isoniazid: 0.2 μg/ml, 
high-level isoniazid 1 µg/mL) [15]. The Reference Lab-
oratory of Mycobacteriology provides guidance, 

quality control materials, and training to the partici-
pating laboratories, ensuring that standardized proto-
cols and procedures for DST are followed [14].

The definition of urban and non-urban areas in 
Taiwan followed previous publication [16]. Hospital 
level was determined based on the hospital’s accredita-
tion level with the highest number of visits in the first 
two months before beginning treatment.

Outcome definition

In this study, there were two primary outcomes and 
two secondary outcomes. Primary outcomes were 
time to sputum culture conversion (SCC) and no 

Figure 1. Flowchart of case selection HERZ, isoniazid, ethambutol, rifampicin, pyrazinamide; TB, tuberculosis.
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positive cultures after 2nd month. Secondary out-
comes were death within two months and unfavour-
able outcomes at 2nd month.

Sputum culture conversion (SCC) is defined as the 
negativity of three consecutive sputum samples. The 
date of the first of the three samples being plated is 
considered as the date of SCC. An unfavourable out-
come in the second month assessment point was 
defined as the occurrence of patient mortality within 
the initial 2-month treatment period, loss of follow- 
up, or failure to achieve SCC. No positive cultures 
after 2nd month were defined as the absence of any 
positive TB culture after 2nd month (after 60 days).

Statistical analysis

In this study, we used descriptive statistics to summar-
ize the demographic, clinical, and radiographic 
characteristics of TB patients. For continuous vari-
ables, means were calculated, while proportions were 
used for categorical variables. To compare differences 
between groups, we used an independent-sample t- 
test for continuous variables and a chi-squared test 
for categorical variables. In the logistic regression 
analysis, we examined the association between isonia-
zid resistance and no positive cultures after 2nd month 
and unfavourable outcomes at the 2nd month. Cox 
proportional hazard regression models were used to 
assess the association between isoniazid resistance 
and time to SCC and survival within 2 months. 
Additionally, competing risk analysis was also per-
formed for time to SCC using death as the competing 
risk. Sensitivity analysis was performed by not exclud-
ing those who died within one month. For adjustment, 
we put either isoniazid only (isoniazid mono-resistant 
vs. all susceptible) or isoniazid low-level and high-level 
resistance (isoniazid low-level resistant vs. isoniazid 
high-level resistant vs. all susceptible)　in the multi-
variable models. Subgroup analyses were conducted 
for different age groups, sex, smear results, body 
weight, and patients without comorbidities. All data 
analyses were performed using SAS version 9.4 (SAS 
Institute, Cary, NC, USA). A significance level of p <  
0.05, determined by a two-sided test, was considered 
statistically significant.

Results

Demographic characteristics

During the study period (2008–2017), there were 
144,668 pulmonary TB patients. There were 83,305 
(57.6%) patients with culture-positivity and among 
them, 62915 (75.5%)　received at least 14 days of iso-
niazid, rifampicin, pyrazinamide, and ethambutol. 
Overall, 49,566 (78.8%) had drug susceptibility results. 
After excluding resistance to either ethambutol or 

rifampicin (n = 162), previous exposure to fluoroqui-
nolone, streptomycin, or amikacin (n = 7241), not 
categorized within all susceptible, low-dose INH 
resistance or high-dose resistance (n = 250), aged less 
than 20 (n = 1213), a total of 40,700 pulmonary TB 
patients were identified. Among them, 675 died within 
one month after TB treatment, and the remaining 
40,025 pulmonary TB patients were included in the 
main analysis.

Among them, 92.9% (n = 37,193) had drug-suscep-
tible TB, and 7.1% (n = 2,832) had HR-TB. The 
median age was 64 years old (mean ± standard devi-
ation [SD], 62.2 ± 18.9) among all susceptible TB 
and 62 years old (mean ± SD, 61.8 ± 18.1, p = 0.2618) 
among HR-TB. There was a male predominance 
among all susceptible (n = 26645, 71.6%) and HR-TB 
(n = 2010, 71.0%, p = 0.4492). Among the 2,832 HR- 
TB patients, 51.0% (n = 1,443) had low-level isoniazid 
resistance, and 49.0% (n = 1,389) had high-level iso-
niazid resistance.

Compared to patients with drug-susceptible TB, 
those with HR-TB were more likely to have cavitary 
lesions (21.2% vs. 19.5%, p = 0.0291), smear-positive 
results (56.2% vs. 54.0%, p = 0.0237), and less likely 
to have extrapulmonary lesions (5.7% vs. 7.2%, p =  
0.0025). When comparing isoniazid high-level resist-
ance with low-level resistance, patients with low-level 
resistance tended to be younger (60.7 ± 17.9 vs. 63.1  
± 18 years old, p = 0.0004), have cavitary lesions 
(23.5% vs. 18.7%, p = 0.0019), and were less likely to 
be under the service of a chest/infectious disease sub-
specialty (84.1% vs. 87.3%, p = 0.0154). There was 
also a trend towards smear positivity in patients 
with low-level resistance, although it did not reach 
statistical significance (57.7% vs. 54.6%, p = 0.0983). 
The detailed demographic data are described in 
Table 1.

Within the two months, a total of 854 (2.1%) 
patients had died. At the 2-month mark, SCC was 
not achieved in 10,834 (27.1%) of the patients. There-
fore, 11,687 patients (29.2%) had an unfavourable out-
come at the 2nd month.

Rate and volume of sputum culture 
examinations

Before treatment, sputum samples were examined in 
92.64% of patients. All patients had their sputum 
samples examined within the first month of treatment. 
During the first month, a cumulative total of 30,245 
patients (75.6%) underwent follow-up sputum cul-
tures, and in the 2nd month, 37,098 patients (92.7%) 
had follow-up sputum culture performed. By the 6th 
month, 39,652 patients (99.1%) had undergone fol-
low-up sputum mycobacterial culture (Figure 2).

Furthermore, by the end of the first month of treat-
ment, participants had a median of 3 sputum samples 
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collected (mean ± SD, 3.2 ± 2.1 samples). At second 
month, participants had a median of 4 sputum 
samples collected (mean ± SD, 4.1 ± 2.7 samples). 
Figure 2 illustrates the proportion of participants 
who received sputum examinations before and after 
treatment.

Association between isoniazid resistance and 
outcomes

Cox regression model for time to SCC
In multivariable Cox regression analysis, neither iso-
niazid resistance nor the level of isoniazid resistance 
was found to be associated with the time to SCC 
within 2 months (1. Adjusted with isoniazid resistance 
only, isoniazid resistance, adjusted hazard ratio [aHR]: 
0.99, 95% CI: 0.94─1.05, p = 0.8145; 2. Adjusted for 
isoniazid low-level resistance and high-level resist-
ance, isoniazid low-level resistance, aHR: 1.02, 95% 
CI: 0.95─1.10, p = 0.5898; isoniazid high-level 

resistance, aHR: 0.97, 95% CI: 0.89─1.04, p = 0.3811, 
Table 2). The factors associated with the time to 
SCC in primary analysis and sensitivity analysis, 
with or without competing risk analysis are illustrated 
in Supplementary Table 1. The Kaplan-Meier curve of 
time-to-culture conversion in the overall cohort is 
illustrated in Figure 3A.

Logistic regression model for no positive cultures 
after 2nd month
In multivariable logistic regression analysis for no 
positive cultures after 2nd month, neither isoniazid 
resistance nor the level of isoniazid resistance was 
found to be associated with no positive cultures after 
2nd month (1. Adjusted with isoniazid only, isoniazid 
resistance, adjusted odds ratio [aOR]: 0.96, 95% CI: 
0.88─1.05, p = 0.3398; 2. adjusted with low- and 
high-level isoniazid resistance, isoniazid low-level 
resistance, aOR: 1.00, 95% CI: 0.88─1.12, p = 0.9468; 
isoniazid high-level resistance, aOR: 0.92, 95% CI: 

Figure 2. Proportion of participants who received sputum examinations before and after treatment.

Table 2. Association between isoniazid resistance and different clinical outcomes.

Outcome Model

Isoniazid resistance

Isoniazid resistance

low-level high-level

ES* 95% CI p value ES* 95% CI p value ES* 95% CI p value

Time to Sputum culture Conversion CR 0.99 0.94─1.05 0.8145 1.02 0.95─1.10 0.5898 0.97 0.89─1.04 0.3811
No positive cultures after 2nd month LR 0.96 0.88─1.05 0.3398 1.00 0.88─1.12 0.9468 0.92 0.82─1.04 0.1858
2-month survival CR 1.19 0.92─1.53 0.1884 1.36 0.97─1.90 0.0731 1.02 0.70─1.49 0.9114
Unfavorable Outcome at 2nd Month LR 1.05 0.97─1.14 0.2427 1.03 0.92─1.16 0.6017 1.07 0.95─1.21 0.2428

Models were adjusted for isoniazid resistance, age, sex, body weight, cavitation, smear positivity, extrapulmonary tuberculosis, income, marriage status, 
urbanization, comorbidities, hospital accreditation level and doctor specialty. 

Abbreviation: CI, confidence interval; CR, cox regression; ES, effect size; LR, logistic regression 
* ES (effect size) represents hazard ratio in cox regression and odds ratio in logistic regression.
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0.82─1.04, p = 0.1858, Table 2). Factors associated 
with no positive cultures after 2nd month in the pri-
mary analysis and sensitivity analysis are illustrated 
in Supplementary Table 2.

Cox regression model for mortality within two 
months
In multivariable Cox regression analysis, isoniazid 
resistance was not found to be associated with the 
worst survival within two months (adjusted for isonia-
zid only, isoniazid resistance, aHR: 1.19, 95% CI: 
0.92─1.53, p = 0.1884). However, isoniazid low-level 
resistance showed a borderline association with a 
higher risk of death within two months (adjusted for 
isoniazid low-level resistance and high-level resist-
ance, isoniazid low-level resistance, aHR: 1.36, 95% 
CI: 0.97─1.90, p = 0.0731; isoniazid high-level resist-
ance, aHR: 1.02, 95% CI:0.70─1.49, p = 0.9114, Table 
2). Factors associated with mortality within two 
months in primary analysis and sensitivity analysis 
are illustrated in Supplementary Table 3.

Logistic regression model for unfavourable 
outcomes at 2nd month
In multivariable logistic regression analysis for 
unfavourable outcomes in the 2nd month, neither iso-
niazid resistance nor the level of isoniazid resistance 
was found to be associated with unfavourable out-
comes (isoniazid resistance, aOR: 1.05, 95% CI: 
0.97─1.14, p = 0.2427; isoniazid low-level resistance, 
aOR: 1.03, 95% CI: 0.92─1.16, p = 0.6017; isoniazid 
high-level resistance, aOR: 1.07, 95% CI: 0.95─1.21, 
p = 0.2428). Factors that were identified to be associ-
ated with unfavourable outcomes in the 2nd month 
in the analysis and sensitivity analysis are summarized 
in Supplementary Table 4.

Subgroup analysis

Subgroup analysis adjusted isoniazid resistance 
for SCC
The Kaplan-Meier curves of time to SCC among indi-
viduals aged between 20 and 65 years and healthy 

patients are illustrated in Figure 3. In the Cox regression 
analysis, isoniazid resistance was associated with a 
longer time to SCC among individuals aged between 
20 and 65 years old (aHR: 0.90, 95% CI: 0.83─0.98, p  
= 0.0099) and healthy patients (without comorbidities) 
(aHR: 0.90, 95% CI: 0.81─0.98, p = 0.0237) (Figure 4A, 
left panel). Among individuals aged 20-65, isoniazid 
resistance was less likely to achieve sputum culture con-
version in 2nd month (aOR: 0.86, 95% CI: 0.76─0.96, p  
= 0.0088) (Figure 4A, right panel).

Subgroup analysis adjusted isoniazid resistance 
for survival and unfavourable outcome
Isoniazid resistance was not associated with the worst 
2-month survival among the abovementioned 4 sub-
groups (Figure 4B, left panel), but was associated 
with a higher risk of unfavourable outcome in 2nd 
month in patients aged between 20 and 65 (aOR: 
1.18, 95% CI: 1.05─1.32, p = 0.0053) (Figure 4B, 
right panel).

Subgroup analysis adjusted isoniazid low- and 
high-level resistance for SCC
Isoniazid low-level resistance was associated with a 
longer time to SCC among individuals aged between 
20 and 65 years old (aHR: 0.88, 95% CI: 0.79─0.98, 
p = 0.0197), whereas isoniazid high-level resistance 
was associated with a longer time to SCC among 
healthy patients (without comorbidities) (aHR: 0.83, 
95% CI: 0.73─0.96, p = 0.0097) (Supplementary Figure 
1). Also, individuals aged 20–65 with low-level isonia-
zid resistance were less likely to achieve SCC within 2 
months (aOR: 0.82, 95% CI: 0.70–0.95, p = 0.0105) 
(Supplementary Figure 1).

Subgroup analysis adjusted isoniazid low- and 
high-level resistance for survival and 
unfavourable outcome
Isoniazid low-level resistance was associated with a 
worse 2-month survival in smear-positive patients 
(aHR: 1.60, 95% CI:1.06─2.40, p = 0.0235) and a 
higher likelihood of unfavourable outcomes at the 
2nd month in patients aged between 20 and 65 

Figure 3. Kaplan-Meier curves of time to sputum culture conversion among all cohort (A), participants aged between 20 and 65 
(B) and healthy participants (C).
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(aOR: 1.24, 95% CI: 1.06─1.44, p = 0.0066) (Sup-
plementary Figure 2).

Discussion

Our large-scale population-based cohort demon-
strated that isoniazid monoresistance was not associ-
ated with sputum culture conversion or 
unfavourable outcomes at the 2-month after treat-
ment, as compared to fully susceptible tuberculosis. 
However, upon closer examination of subgroups, we 
discovered a greater likelihood of delayed culture con-
version among younger patients and those without 
comorbidities. Moreover, when comparing low-level 
and high-level isoniazid resistance, we found that 
low-level resistance was more commonly associated 
with adverse outcomes across various metrics.

Our study has several strengths. Its population- 
based design resulted in a large number of patients, 
making it one of the largest cohorts ever described 
in the literature. Additionally, the database for un- 
transitioned TB contains detailed information on 

sputum mycobacterial examinations, results, and 
drug susceptibility. In Taiwan, the diagnosis and treat-
ment of TB are fully funded by the National Health 
Insurance programme, supplemented further by 
additional contributions from the Taiwan CDC [14]. 
Taiwan has achieved excellent performance in TB con-
trol. Taiwan’s impressive success in TB control is evi-
denced by the notification rate of all TB forms, which 
dropped from 67.4 per 100,000 populations in 2006 to 
30.1 per 100,000 populations in 2022 (https://monitor. 
cdc.gov.tw/). The cooperation between the public 
health system and the medical system provided a 
solid background for our studies.

In a previous study that looked at household con-
tacts with different drug susceptibility patterns of the 
index case, it was discovered that household contacts 
of index cases with isoniazid monoresistance were at 
a higher risk of TB infection compared to cases of 
drug-susceptible TB [17]. Additionally, genetic vari-
ations such as the katG S315 T or inhA promoter 
mutation have been linked to TB transmission. Strains 
carrying these mutations are more likely to spread 

Figure 4. Forest plot of subgroup analysis on time to sputum culture conversion within two months and no positive cultures after 
2nd month (A) and on 2-month survival and unfavourable outcome at 2nd month (B).
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[18]. In our study, we failed to detect a difference in 
sputum conversion between isoniazid monoresistant 
TB and drug-susceptible TB. This may be due to the 
fact that common mutations in isoniazid resistance 
are not associated with an increase in virulence or 
reproductive ability [19,20]. We, however, observed 
that isoniazid monoresistance was associated with 
delayed culture conversion in specific patient groups.

Furthermore, we found that low-level isoniazid 
resistance was associated with a higher risk of delayed 
culture conversion and adverse outcomes. Interest-
ingly, low-level isoniazid-resistant-TB cases were 
more likely to exhibit cavitation and have positive spu-
tum smears. Additionally, previous studies have 
suggested that specific gene mutations (e.g. KatG 
and/or inhA) in isoniazid resistance can have different 
impacts on patient outcomes [21,22]. The higher viru-
lence of isoniazid low-level resistance compared to 
high-level resistance may also be due to the genetic 
mutations involved. Importantly, while some may 
assume that low-level isoniazid resistance indicates 
lower virulence due to the low MIC level, our findings 
suggest that low-level isoniazid resistance should still 
be given special attention.

The findings that younger patients and those with-
out comorbidities with isoniazid monoresistant TB 
tend to have delayed culture conversion compared 
with drug-susceptible TB are interesting. While com-
paring the impact of isoniazid resistance on outcomes 
between isoniazid monoresistant TB and drug-suscep-
tible TB, a possible explanation is that among patients 
with more intact immune status, drug resistance is 
more likely to contribute to a significant difference 
in culture conversion time than among patients with 
impaired immune status. This aligns with the aim of 
this study, which calls for more rapid molecular test-
ing to detect isoniazid resistance to facilitate early 
and more effective treatment regimens. Interestingly, 
in multidrug-resistant TB patients, delayed culture 
conversion has also been observed among human 
immunodeficiency virus (HIV)-negative patients 
compared with HIV-positive patients [23,24]. The 
interaction between the immune system and drug- 
resistant TB may be complex and somewhat 
counterintuitive.

The findings indicating that middle-aged and 
young adults were associated with delayed culture 
conversion are of particular significance and warrant 
special attention. Previous research, including a sys-
tematic review and meta-analysis, has indicated that 
a considerable proportion of TB transmission occurs 
at the community level rather than within households 
[25]. Additionally, several studies have demonstrated 
that young adults are more likely to experience loss 
to follow-up in TB treatment [26]. Because, middle- 
aged individuals and young adults are often actively 
working and socially engaged, they may have a higher 

potential for community-level TB transmission. The 
results of our study, which indicate that this popu-
lation is at higher risk for delayed culture conversion, 
suggest that testing for isoniazid resistance may be 
beneficial in preventing TB transmission among 
middle-aged and young adults.

In a study conducted in the United Kingdom, 
whole genome sequencing (WGS) showed faster 
results for drug susceptibility testing compared to tra-
ditional phenotypic tests [27]. This approach was par-
ticularly effective in identifying isoniazid resistance. 
Most treatment modifications resulting from WGS 
were related to isoniazid resistance [27]. In another 
retrospective cohort study in France, molecular detec-
tion of isoniazid resistance on an initial sample was 
independently associated with a shorter time to ade-
quate treatment [28]. Additionally, risk factors associ-
ated with isoniazid-resistant TB are not efficient in 
effectively screening isoniazid-resistant TB [29]. The 
systematic implementation of rapid molecular testing 
on clinical samples remains the only effective way to 
make early diagnoses of HR-TB [29].

At present, there is no point-of-care test commer-
cially available that is specifically designed to detect 
isoniazid resistance. Some line probe assays, such as 
MTBDRplus (Hain Lifescience, Nehren, Germany) 
were designed to detect isoniazid resistance, but 
were limited by their requirement for specialized 
facilities and exhibited low sensitivity in smear-nega-
tive specimens [4]. Widely used tests, such as Xpert 
MTB/RIF and Xpert MTB/RIF Ultra (Cepheid, Sun-
nyvale, USA), can detect rifampicin resistance by tar-
geting the rpoB gene mutation [30]. However, these 
tests do not directly detect isoniazid resistance, 
which is an important aspect of TB management. 
Our study emphasizes the significance of rapid mol-
ecular methods for detecting isoniazid resistance. 
The recently introduced Xpert MTB/XDR (Cepheid, 
Sunnyvale, USA) assay may offer a potential solution 
to this issue. According to a recent systematic review 
and meta-analysis, the Xpert MTB/XDR assay has 
shown a pooled sensitivity of 94.2% and a specificity 
of 98.5% for detecting isoniazid resistance [31]. 
Although caution is still warranted due to the limited 
number of detected resistance variants in specific 
genes, [31] early diagnosis of isoniazid-resistant TB 
using the Xpert MTB/XDR assay could be beneficial 
in implementing more intensive and targeted manage-
ment strategies for patients with isoniazid-resistant 
TB.

While our study focused on the short-term (two- 
month) outcome of isoniazid monoresistance, the 
long-term treatment outcome is equally important. 
A meta-analysis comparing isoniazid monoresistant 
TB to drug-susceptible TB (the same comparator 
used in our study) found that isoniazid monoresis-
tance was associated with a higher risk of treatment 
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failure and acquired drug resistance when using first- 
line drugs [3]. More recent studies largely support the 
conclusion that isoniazid monoresistant TB carries a 
higher risk of unfavourable outcomes compared to 
drug-susceptible TB [32,33]. However, a recent case– 
control study conducted in France presented contrast-
ing results. This study found no significant difference 
in treatment success rates between isoniazid monore-
sistant and drug-susceptible TB. Notably, in this 
French study, fluoroquinolone was added among a 
majority of isoniazid monoresistant TB patients (56 
out of 99, or 56.6%) [29] This aligns with the aim of 
our study, which emphasizes the importance of early 
identification of drug resistance and the implemen-
tation of optimal treatment regimens.

Although our study provides valuable insights, it is 
important to acknowledge certain limitations. The 
study design was retrospective, which could introduce 
biases and limitations. The follow-up of sputum 
mycobacterial culture was not standardized, and 
there may be variations in the timing and frequency 
of culture collection among participants. However, it 
is important to note that a substantial proportion of 
patients (75.6% within one month and 92.7% within 
two months) underwent follow-up sputum culture, 
and the participants had a median of four sputum 
specimens by the end of the second month. This 
high rate and volume of follow-up sputum cultures 
help mitigate the potential weaknesses associated 
with the retrospective design. Secondly, our study 
did not consider the specific impact of anti-TB treat-
ment on the outcomes observed. During the study 
period, the recommended treatment for isoniazid- 
resistant TB in Taiwan followed certain guidelines, 
including the use of rifampicin, pyrazinamide, and 
ethambutol, with or without isoniazid, while fluoro-
quinolones were not suggested during that time. 
Therefore, the potential impact of these drugs on 
treatment outcomes was of less concern in our 
study. Additionally, we did not assess long-term fol-
low-up data to evaluate the impact of isoniazid resist-
ance on the long-term prognosis of patients. Instead, 
we evaluated the outcome at the 2nd month, which 
may better reflect the impact of rapid bactericidal 
effect of isoniazid. Lastly, we did not have information 
on pyrazinamide resistance in our databases, as drug 
susceptibility testing for pyrazinamide is not routinely 
performed in clinical practice.

Conclusions

In conclusion, our study findings suggest that there is 
no significant correlation between isoniazid monore-
sistance and unfavourable outcomes two months 
after treatment. However, we have identified specific 
patient groups who are at a higher risk for delayed cul-
ture conversion and adverse outcomes compared to 

those with drug-susceptible tuberculosis. These high- 
risk groups include younger patients and those being 
previously healthy. These findings emphasize the 
importance of targeted interventions and close moni-
toring for these at-risk individuals to ensure timely 
culture conversion and improved treatment outcomes. 
Additionally, the development and implementation of 
rapid molecular testing methods for isoniazid resist-
ance can help identify patients who may need more 
intensive therapy and closer follow-up.
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