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B A C K G R O U N D :  The optimal management strategy for 

patients with isoniazid (INH) monoresistant forms of 

tuberculosis (TB) has been widely debated. The current 

daily 9-month regimen of rifampin, pyrazinamide and 

ethambutol was established based largely on trials in set-

tings with low TB rates and low rates of drug resistance. 

O B J E C T I V E :  To explore the outcomes of patients with 

INH-monoresistant TB in the country of Georgia, a set-

ting with both high TB rates and drug-resistant forms of 

the disease. 

M E T H O D S :  Retrospective record review of all patients 

diagnosed with smear-positive pulmonary TB resistant 

to either INH or INH+SM (streptomycin) in Georgia 

between 2007 and 2009. 

R E S U LT S :  Of 8752 patients with pulmonary TB regis-

tered in Georgia, 909 were found to have INH or INH+ 
SM resistance. Treatment outcomes were relatively poor 

in this group, with only 71% treatment success. Out-

comes were significantly worse among patients with older 

age and a history of previous treatment. 

C O N C L U S I O N S :  INH or INH+SM resistance in pulmo-

nary TB patients in Georgia is common. The low rates 

of treatment success suggest the need for an improved 

treatment regimen for patients with resistance to these 

first-line drugs; this need is particularly pronounced 

among the subset of patients with a history of previous 

treatment.

K E Y  W O R D S :  tuberculosis; INH monoresistance; Geor-
gia; outcomes

DRUG-RESISTANT TUBERCULOSIS (TB) is a signif-
icant global problem.1 Although multidrug-resistant 
TB (MDR-TB) has been written about extensively, 
there is a gap in the literature on the management of 
monoresistant forms of TB, particularly isoniazid 
(INH) resistant TB.2 INH monoresistance is defi ned 
as strains of Mycobacterium tuberculosis that have 
documented resistance to INH;3 some defi nitions also 
include strains of M. tuberculosis with resistance to 
INH and streptomycin (SM), as the addition of SM 
resistance does not affect current programmatic treat-
ment recommendations.4

INH-monoresistant TB is the most common form 
of TB monoresistance.5 The optimal management of 
INH-monoresistant TB has been widely debated:6–8 
current global recommendations are that INH-
monoresistant TB (including INH+SM-resistant 
strains) should be treated with a 9-month regimen of 
daily rifampin (R, RMP), pyrazinamide (Z, PZA) and 
ethambutol (E, EMB; i.e., 9RZE).9,10 This recommen-
dation is based largely on the results of a prospective 
clinical study conducted in the United States, in which 
there were no differences in outcomes between pa-

tients with INH monoresistance and those with pan-
susceptible TB, provided that those with INH mono-
resistance took their medications daily for the total 
9-month course of treatment.11 The study’s applica-
bility to settings outside of the United States, where 
there are different health care systems and high rates 
of drug-resistant TB, has been questioned. In contrast 
to the favorable results of this study, a recent global 
meta-analysis of outcomes among patients with INH 
monoresistance found poor treatment outcomes, with 
failure rates ranging from 18% to 44%.12 

This article reports the outcomes of patients 
with INH-monoresistant TB treated under program 
conditions in the country of Georgia between 2007 
and 2009.

SETTING

Georgia is a country in the South Caucasus with a 
population of 4.5 million. TB rates in Georgia are the 
fi fth highest in the European region, with an esti-
mated 98 cases per 100 000 population.13 DOTS is 
the offi cial strategy for TB control in the country, and 
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all patients receive treatment under directly observed 
therapy (DOT). Rates of anti-tuberculosis drug re-
sistance in Georgia are extremely high, with MDR-
TB (defi ned as resistance to at least both RMP and 
INH) reported in 11% of newly diagnosed patients and 
47% of previously treated patients.14 Rates of INH 
resistance are also high in Georgia, with INH or INH+ 
SM occurring in 12.8%, 14% and 12.3% of patients 
in 2007, 2008 and 2009, respectively. Following World 
Health Organization (WHO) guidelines, the daily 
9RZE regimen is used to treat Georgian patients with 
INH monoresistance or INH+SM resistance. Of note, 
all patients in Georgia undergo drug susceptibility 
testing (DST) at the time of TB diagnosis, and they all 
receive DOT. Treatment non-a dherence rates are re-
corded for 10.8% of patients in Georgia (source: 
Georgian National Tuberculosis Program [NTP]). 

STUDY DESIGN AND METHODS

Population
A retrospective record review was performed for pa-
tients being treated for smear-positive pulmonary TB 
within the Georgian NTP between 1 January 2007 and 
31 December 2009. Only smear-positive patients were 
included, as most standard outcomes measures are 
based on smear microscopy. The WHO-recommended 
9RZE regimen was introduced at the national level in 
2007. All patients who had smear-positive, pulmo-
nary forms of TB with INH or INH+SM resistance 
were included in the study. Patients with resistance to 
INH and another drug besides SM were excluded.

TB diagnostic laboratory tests
Diagnosis of TB disease was initially made based on 
clinical presentation and radiographic fi ndings and 
confi rmed in the laboratory using standard smear and 
culture techniques. Sputum specimens were processed 
according to WHO recommendations,15 and were sent 
for culture and DST against fi rst-line anti-tuberculosis 
drugs at the National Reference Laboratory. 

DST against first-line anti-tuberculosis drugs 
DST against the fi rst-line drugs SM, RMP, INH and 
EMB was performed using the standard culture-based 
method on Löwenstein-Jensen medium, as reported 
in other studies,16 using the absolute concentration 
method. The critical concentrations used in the stan-
dard test were: SM, 4 μg/ml; INH, 0.2 μg/ml; RMP, 
40 μg/ml and EMB, 2 μg/ml. The DST plates were 
examined for interpretation after 28 days of incuba-
tion. External quality control of the laboratory was 
performed by the Supranational Reference Labora-
tory in Antwerp, Belgium.

Data entry
Basic demographics as well as clinical and laboratory 
data were obtained through data abstraction from 

medical charts and entered into a software program, 
a web-application called SAFE (Satellites For Epide-
miology) at the National Center for Tuberculosis and 
Lung Diseases (NCTBLD), Tbilisi, Georgia. Informa-
tion on treatment outcomes was collected using the 
standard reporting and recording form. These forms 
are fi lled out for each TB patient at the end of treat-
ment by a TB physician and sent to the regional data-
base manager for quality monitoring and entry into 
the database. 

Definitions
Type of TB case was classifi ed into one of the fol-
lowing categories based on WHO guidelines. New 
TB cases were defi ned as patients who had never re-
ceived treatment or had received <1 month of anti-
tuberculosis treatment, while previously treated cases 
were patients who had been treated for >1 month 
with fi rst- and/or second-line anti-tuberculosis drugs.17 

Treatment outcomes were divided into two groups. 
‘Successful’ treatment outcomes were those patients 
meeting WHO defi nitions of ‘cured’ and ‘treatment 
completed’. ‘Poor’ treatment outcomes were those 
patients meeting program defi nitions of ‘died’ (during 
treatment), ‘failed’ or ‘defaulted’. The category ‘other’ 
was used to defi ne all cases that did not fi t the above 
defi nitions, such as patients for whom it was not 
known whether or not they had been previously 
treated; who were previously treated but for whom 
the outcome of the previous treatment was unknown; 
and/or who had returned to treatment with smear-
negative pulmonary TB or bacteriologically negative 
extra-pulmonary TB. The term ‘transfer out’ refers to 
a patient who had been transferred to another re-
cording and reporting unit and whose treatment out-
come was unknown. ‘Moved to Category IV’ was ap-
plied to all patients who started standard treatment 
and were switched to treatment with second-line drugs 
during treatment.18 

Statistical analysis
Statistical analyses were performed using SAS version 
9.1 (SAS Inc, Cary, NC, USA) and Stata Version 9 
(Stata Corp LP, College Station, TX, USA). Treatment 
outcomes among new and previously treated patients 
with INH or INH+SM resistance were assessed. 
Trends were investigated using the χ2 test for trend. 
Univariable associations were reported and multi-
variable logistic regression was used to identify inde-
pendent associations between measured covariates 
and the probability of treatment success (i.e., cured 
or completed treatment). The fi nal multivariable 
model was constructed fi rst by including all variables 
considered in the univariable analysis, then by se-
quentially removing explanatory variables with the 
greatest P value. If the effect size of the other explan-
atory variables changed by less than 10%, the vari-
able was dropped from the model, otherwise it was 
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retained. Interactions of clinical interest were investi-
gated through the use of likelihood ratio tests.

Ethical approval
The study was reviewed and approved by the Ethical 
Review Board at the National Center for Tuberculo-
sis and Lung Disease in Tbilisi, Georgia. Institutional 
review board approval for the US-based investigators 
(TC and JF) was given by their affi liated institutions.

RESULTS

A total of 8752 smear-positive pulmonary TB patients 
were registered in Georgia between 2007 and 2009 
(72.9% of all TB cases). Of these, 909 had either INH 
monoresistance or INH+SM resistance, and are in-
cluded in this analysis. Baseline demographics and case 
defi nitions for these patients are shown in Table 1. 

Treatment outcomes among these patients are 
shown in Table 2, comparing new and previously 
treated patients. Among those patients with recorded 
treatment outcomes (n = 889), the overall probabil-
ity of treatment success was 71% (data not shown). 
There was no evidence of temporal trend for changes 
in the probability of treatment success for new or re-
treatment patients (P = 0.56 and 0.38, respectively; 
data not shown). The probability of a successful out-
come was signifi cantly higher among patients receiv-
ing a fi rst course of treatment (76%) than among 
those who had been previously treated for TB (58%, 
P < 0.001). 

During the same period in Georgia, outcomes for 
INH- and INH+SM-resistant patients being treated 
with 9REZ were poorer than those for patients with 

INH-susceptible disease being treated with the stan-
dard 6-month drug regimen (2HREZ/4HR*): new pa-
tients with INH-susceptible disease had an 83% prob-
ability (3124/3759) of treatment success (P < 0.001); 
while retreatment patients with INH-susceptible dis-
ease had a 67% (608/906) probability of treatment 
success (P = 0.008). The percentage of default among 
the two groups was similar, with 20.6% defaulters 
among those with INH- or INH+SM-resistant dis-
ease and 15.6% among those with INH-susceptible 
disease (data not shown).

Multivariable analysis
A multivariable analysis was performed to identify 
risk factors for poor treatment outcomes among pa-
tients with INH- or INH+SM-resistant disease. The 
fi nal model included the following variables: Logit P 
(Y = 1, successful treatment outcome) = β0 + β1 re-
treatment status + β2 age + β3 extra-pulmonary dis-
ease + β4 employment status+ β5 prison + β6 base-
line SM resistance + β7 (retreatment status × baseline 
SM resistance). In this multivariable analysis, increas-
ing age was an independent risk factor for poor treat-
ment outcome (adjusted odds ratio [aOR] 0.98, 95% 
confi dence interval [CI] 0.97–0.99). We found effect 
modifi cation of the relationship between retreatment 
status and baseline SM resistance. Retreatment status 
was associated with poor treatment outcome, but re-
treatment cases with baseline SM resistance actually 
appeared to fare better than retreatment cases with-
out baseline SM resistance (aOR 0.57 vs. aOR 0.30, 
respectively). The fi nal multivariable model with aOR 
and 95%CI is shown in Table 3. 

Table 1 Baseline characteristics of patients with INH 
monoresistance or INH+SM resistance enrolled in the 
Georgian NTP, 2007–2009 

n (%)

Total 909

Sex
 Male 711 (78)

Age, years, median [IQR]  35 [26–47]

Case definitions
 New 655 (72)
 Previously treated  81 (32)
 Relapse  67
 Failure   6
 Default  44
 Other 133
 Chronic   3
 Transfer   1

Baseline resistance
 INH monoresistance
  New 208
  Previously treated  79
 INH+SM resistance
  New 447
  Previously treated 175

INH = isoniazid; SM = streptomycin; NTP = National Tuberculosis Control 
Program; IQR = interquartile range.

Table 2 Outcomes recorded for new and previously treated 
tuberculosis patients with INH monoresistance or INH+SM 
resistance enrolled in the Georgian NTP, 2007–2009 (n = 889)

Outcome
Previously treated

n (%)*
New

n (%)*

Successful 145 (58) 486 (76)
 Cure 110 361
 Completed  35 125

Unsuccessful 103 (42)  32 (24)
 Default  51  77
 Death  11  19
 Failure  17  20

Transfer to Category IV regimen†  14  28
 Transfer out  10  11

Unrecorded   6  14 

  Total with recorded outcomes 248 641

*Percentages with specific outcomes are calculated considering only the to-
tal number of individuals with recorded outcomes as the denominator. 
† Patients whose drug susceptibility testing results changed from susceptible 
to resistant.
INH = isoniazid; SM = streptomycin; NTP = National Tuberculosis Program.

* H = isoniazid. Numbers before the letters indicate the duration 
in months of the phase of treatment.
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DISCUSSION

This retrospective record review conducted among pa-
tients with INH- or INH+SM-resistant TB in Geor-
gia between 1 January 2007 and 31 December 2009 
has several interesting fi ndings. First, 10% (909/8752) 
of smear-positive pulmonary TB patients in Georgia 
demonstrated INH or INH+SM resistance during 
this period. Although a proportion of these patients 
had previously been treated for TB, the majority were 
newly diagnosed. This suggests ongoing primary trans-
mission of INH- and INH+SM-resistant strains of 
TB in Georgia, and is cause for concern.

Second, compared with individuals with INH-
susceptible TB, those with INH or INH+SM resis-
tance had signifi cantly worse outcomes, even when 
treated with a WHO-recommended regimen. This may 
be due to several factors, including the extended length 
of the 9RZE regimen and the need for it to be taken 
daily, both of which may be associated with reduced 
adherence. It also suggests that, in contrast to studies 
performed in settings with low background rates of 
drug-resistant TB, INH or INH+SM resistance may 
require a different treatment strategy among patients 
in epidemiologic settings where drug-resistant TB is 
more common, such as Georgia. Finally, the fi ndings 
may also suggest inherent differences in the health 
care system between Georgia and the United States, 
such as the greater number of medical providers and 
a lower disease burden on public TB programs in the 
United States, leading to different results in the two 
settings. It should be noted, however, that all patients 
enrolled in the study received their daily medication 
under DOT. 

An interesting fi nding was that among retreatment 
patients with INH resistance, those with additional 
SM resistance had better treatment outcomes com-
pared to retreatment patients with INH resistance 
alone. The reasons for better outcomes among this 
subgroup with additional resistance is not clear, but 
could be explained by increased fi tness costs in myco-
bacteria when resistance to both INH and SM oc-
curs, although this was not observed among previ-
ously untreated patients.

Finally, we found that even among those patients 
with INH- or INH+SM-resistant disease, treatment 
outcomes were worse among certain subgroups, spe-
cifi cally older patients and those with a history of 
prior treatment for active TB. These fi ndings suggest 
that a different therapeutic strategy may be needed 
among patients with INH or INH+SM resistance 
who have been treated previously. A history of previ-
ous treatment may be associated with a longer period 
of illness, worse lung parenchymal damage, and over-
all poorer health status. Furthermore, patients with a 
history of previous treatment may be more likely to 
default from treatment, particularly when given a 
regimen of a longer duration. Finally, patients with 
a previous history of TB may be more likely to have 
minority subpopulations of mycobacteria with ad-
ditional resistance to other fi rst-line agents (i.e., 
h eteroresistance or polyclonal infection).19,20 This 
would be diffi cult to detect in a single clinical sam-
ple, but could contribute to a poorer treatment re-
sponse and eventually be picked up as apparent ‘ac-
quisition’ of MDR-TB. All of these possibilities merit 
further evaluation.

CONCLUSIONS

This study has some major limitations, primarily re-
lated to its retrospective design. In addition, it was 
conducted in a population of patients with pulmonary 
TB receiving care from the NTP in Georgia and thus 
may not be generalizable to other populations. A num-
ber of the variables had missing data, especially con-
cerning employment status. In addition, data on some 
covariates, such as adherence and socio-economic sta-
tus, were not collected. This will be remedied in future 
work. Finally, the health care systems in the United 
States, where the 9-month regimen was studied most 
extensively, and Georgia are different, and differences 
in outcomes may not refl ect a difference in effi cacy 
of the regimen, but rather in the way it was deliv-
ered. Many countries with the highest burdens of TB 
and drug-resistant TB often have health care systems 
that differ widely from the US system. Thus, whether 
a problem in effi cacy or delivery, this study raises 

Table 3 Univariable and multivariable associations with successful treatment outcome

Variable n

Univariable Multivariable

OR (95%CI) P value aOR (95%CI) P value

Male 889  0.79 (0.55–1.13)   0.19 — —
Age, per year 889  0.98 (0.97–0.99) <0.001 0.98 (0.97–0.99)*   0.002*
Retreatment 889  0.45 (0.33–0.61) <0.001 0.30 (0.17–0.53)* <0.001*
Baseline SM resistance 889  1.09 (0.80–1.49)   0.57 0.87 (0.58–1.31)   0.51
Extra-pulmonary 889 10.16 (1.36–75.51)   0.02 6.03 (0.79–46.01)   0.08
Internally displaced person 855  1.04 (0.50–2.21)   0.91 — —
Employed 830  1.69 (1.02–2.80)   0.04 1.42 (0.84–2.39)   0.19
Prisoner 862  0.85 (0.57–1.27)   0.43 0.81 (0.52–1.25)   0.34
Retreatment × baseline SM resistance — — 2.18 (1.09–4.39)*   0.03*

* Statistically significant (P < 0.05).
OR = odds ratio; CI = confidence interval; aOR = adjusted OR; SM = streptomycin.
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concerns about the currently recommended 9-month 
treatment regimen outside of the United States.

Despite its limitations, this study has important 
fi ndings. The ongoing transmission of INH and 
INH+SM resistance in Georgia suggest the need for 
an aggressive control strategy based on increased case 
detection and successful management of those with 
these forms of disease. The currently recommended 
treatment regimen may not be adequate in Georgia, 
as patients in this study were found to have a high 
probability of poor outcome, signifi cantly worse than 
for those with pan-susceptible disease. Among pa-
tients with INH- or INH+SM-resistant disease, those 
with a history of previous treatment did worse, sug-
gesting that a more aggressive treatment strategy 
may be needed to improve outcomes among these 
groups of individuals. It is clear that more work is 
needed in managing patients with INH and INH+SM 
resistance, particularly in countries with high rates of 
drug-resistant TB. We hope that this study will guide 
future research into how best to manage patients with 
INH-resistant TB. 
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C O N T E X T E  :   On a largement débattu la stratégie opti-

male de prise en charge des patients atteints d’une forme 

de tuberculose (TB) monorésistante à l’isoniazide (INH). 

Le régime actuel quotidien de 9 mois comportant rifam-

picine, pyrazinamide et éthambutol a été mis en route en 

se basant principalement sur des essais dans les con-

textes où les taux de TB sont faibles et les taux de rési-

stance aux médicaments également faibles. 

O B J E C T I F  :   Explorer les résultats chez les patients at-

teints d’une TB monorésistante à l’INH dans le pays 

de Géorgie, un contexte comportant à la fois des taux 

élevés de TB et de formes de maladie résistantes aux 

médicaments.

M É T H O D E S  :   En Géorgie, revue rétrospective des dos-

siers de tous les patients chez qui a été porté le diagno-

stic de TB pulmonaire à bacilloscopie positive et rési-

stante soit à l’INH, soit à l’INH et à la streptomycine 

(SM) en Géorgie entre 2007 et 2009.

R É S U LTAT S  :   Sur les 8752 patients enregistrés comme 

TB pulmonaire en Géorgie, une résistance à l’INH ou à 

l’INH+SM a été observée chez 909 patients. Les résul-

tats du traitement sont relativement médiocres dans ce 

groupe et comportent seulement 71% de traitements 

couronnés de succès. Les résultats sont significativement 

plus mauvais chez les patients plus âgés et avec des an-

técédents de traitement antérieur.

C O N C L U S I O N S  :   La résistance à l’INH ou à l’INH+SM 

est courante chez les patients atteints de TB pulmonaire 

en Géorgie. Les taux faibles de succès du traitement sug-

gèrent la nécessité d’un régime amélioré de traitement 

pour les patients à germes résistants à ces médicaments 

de première ligne ; cette nécessité est particulièrement 

marquée dans le sous-groupe de patients avec antécé-

dents de traitement préalable.

M A R C O  D E  R E F E R E N C I A :   La estrategia óptima de ma-

nejo de los pacientes que padecen tuberculosis (TB) 

monorresistente a isoniazida (INH) se ha discutido am-

pliamente. La pauta vigente de 9 meses de administra-

ción diaria de rifampicina, pirazinamida y etambutol se 

estableció, en gran parte, con base en estudios realizados 

en entornos con bajas tasas de TB y farmacorresistencia. 

O B J E T I V O :   Explorar los desenlaces terapéuticos de paci-

entes con TB monorresistente a INH en el país de Geor-

gia, un medio con altas tasas de TB y de formas resi-

stentes de la enfermedad. 

M É T O D O :   Se llevo a cabo un estudio retrospectivo de 

las historias clínicas de todos los pacientes en quienes se 

diagnosticó TB pulmonar con baciloscopia positiva y 

resistencia a INH o a INH y estreptomicina (SM) entre 

el 2007 y el 2009 en Georgia. 

R E S U LTA D O S :   De los 8752 pacientes con TB pulmonar 

registrados, 909 presentaron resistencia a INH o a INH 

y SM. Los desenlaces terapéuticos fueron relativamente 

mediocres en este grupo, con solo un 71% de éxito. Los 

resultados fueron significativamente más desfavorables 

en los pacientes ancianos y con antecedente de trata-

miento previo. 

C O N C L U S I Ó N :   En Georgia, los pacientes con TB pul-

monar presentan con frecuencia resistencia a INH o a 

INH y SM. Las bajas tasas de éxito terapéutico indican 

la necesidad de mejorar la pauta de tratamiento de los 

pacientes con resistencia a estos medicamentos de pri-

mera línea; esta necesidad adquiere una importancia 

particular en el subgrupo de pacientes que han recibido 

tratamiento antituberculoso en el pasado.

R É S U M É

R E S U M E N
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