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Background: Tuberculosis (TB) is an infectious and communicable disease and one of the 
top ten causes of death throughout the world. Monitoring and evaluating TB treatment 
outcomes provides the required data for taking the necessary measures to control TB. Thus, 
this study was carried out to find determinants of treatment failure among patients with 
smear-positive pulmonary TB in Khuzestan province during 2006-2014
Material and Methods: This retrospective cohort study was conducted over a 9-year period 
in Khuzestan province. Predictors of treatment failure were analyzed using multivariate 
logistic regression
Findings: Among 5342 patients, the cumulative incidence of unsuccessful TB treatment was 
1.85%. More than half of TB patients (59.2%) enrolled in this study were male, and most of 
them were living in urban areas (79.8%). Significant predictors of treatment failure were age 
(p=·001), weight (p= ·039), number of delayed days in diagnosis (p=·01), isoniazid resistance 
(p≤·001), and number of bacilli in patients` sputum at the beginning of treatment (p≤·001).
Conclusion: In this study, the rate of successful treatment was quite high; nevertheless, new 
cases of treatment failure could be prevented with special efforts such as prompt diagnosis 
and precise follow-up under Direct Observation Treatment Short course (DOTS) strategy. 

Copyright© 2021, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build 
upon the material) under the Attribution-NonCommercial terms.

10.52547/iem.7.4.289

Keywords: Tuberculosis, Treatment failure, DOTS, Khuzestan.

[1] World Health Organization. Global Tuberculosis... [2] World Health Organization, 
Global Tuberculosis... [3] Tola A, Minshore KM, Ayele Y, Mekuria NA. Tuberculosis... [4] 
Biruk M, Yimam B, Abrha H, Biruk S, Amdie FZ. Treatment outcomes of tuberculosis 
and... [5] Jasmer RM, Seaman CB, Gonzalez LC, Kawamura LM, Osmond DH, Daley 
CL.Tuberculosis treatment... [6] Sharma SK, Kumar S, Saha P, George N, Arora S, Gupta 
D, et al. Prevalence... [7] World Health Organization. Global... [8] Abassi A, Aarabi M. 
The efficacy of DOTS strategy in... [9] Endris M, Moges F, Belyhun Y, Woldehana E, 
Esmael A, Unakal C. Treatment outcome of 4. tuberculosis patients at... [10] Rahimi 
BA, Rahimy N, Mukaka M, Ahmadi Q, Hayat MS, Wasiq AW. Determinants of treatment 
failure among... [11] Ministry of Health of Iran. National Center for Tuberculosis and 
Leprosy Control web... [12] Talay F, Kumbetli S, Altin S. Factors associated... [13] Wen Y, 
Zhang Z, Li X, Xia D, Ma J, Dong Y, et al. Treatment outcomes and... [14] Melese A, Zeleke 
B, Ewnete B. Treatment outcome and associated factors among tuberculosis patients 
in... [15] Pradipta IS, van’t Boveneind-Vrubleuskaya N, Akkerman OW, Alffenaar JW, 
Hak E. Predictors for treatment outcomes among... [16] El-Shabrawy M, El-Shafei 
DA. Evaluation of treatment failure outcome and its predictors among pulmonary 
tuberculosis... [17] Umeokonkwoa CD, Okedo-Alex IN, Azuogu BN, Utulua R, Adeke 
AS, Disub YO. Trend and determinants of tuberculosis treatment... [18] Mohammed 
T, Daniel K, Helamo D, Leta T. Treatment outcomes of tuberculosis patients in... [19] 
Muture BN, Keraka MN, Kimuu PK, Kabiru EW, Ombeka VO, Oguya F. Factors associated 
with default from... [20] Mohammadzadeh K, Ghayoomi A, Maghsoudloo D. Evaluation 
of... [21] Adeneh HA, Motamedi B, Veisi M, Bagheri S. Risk factors of tuberculosis 
treatment failure in... [22] Ni W, Yan MA, Liu YH, Jian DU, Zhang H, Xie SH, et al. Risk 
of treatment failure in patients with drug-susceptible pulmonary... [23] Sharma B. 
Community contribution to... [24] Mohan A, Nassir H, Niazi A. Does routine... [25] Farazi 
AA, Jabbari Almasi M, Soufian M. [The effect of... [26] Htun YM, Khaing TMM, Aung NM, 
Yin Y, Myint Z, Aung ST, et al. Delay in ... [27] Helbling P, Altpeter E, Egger J-M, Zellweger 
J-P. Treatment...[28] Ministry of Health of Iran. National Center for Tuberculosis and 
Leprosy Control web site; 2017 [cited 2019]; Available from: http://tb-lep.behdasht.
gov.ir/TB_HIV_Situation_in_Iran.aspx. [29] Farazi AA, Jabbari Almasi M, Soufian M. 
The effect of intencity of sputum smear positive pulmonary tuberculosis patients on 
treatment response. Med Coun Islamic Rep J 2011; 29:150-6. 

CITATION LINKS

 [
 D

O
I:

 1
0.

52
54

7/
ie

m
.7

.4
.2

89
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
58

84
10

7.
20

21
.7

.4
.5

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ie
m

.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
18

 ]
 

                               1 / 8

http://www.modares.ac.ir
https://www.who.int/publications-detail-redirect/9789241565714
https://apps.who.int/iris/handle/10665/274453
https://www.hindawi.com/journals/trt/2019/1503219/
https://www.hindawi.com/journals/aph/2016/8504629/
https://www.atsjournals.org/doi/abs/10.1164/rccm.200401-095OC
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc3103157/
https://apps.who.int/iris/handle/10665/191102
https://www.sid.ir/en/journal/ViewPaper.aspx?ID=29751
https://www.hindawi.com/journals/trt/2014/726193/
https://www.ijmyco.org/article.asp?issn=2212-5531;year=2019;volume=8;issue=4;spage=359;epage=365;aulast=Rahimi
https://mlj.goums.ac.ir/article-1-1237-en.pdf
http://www.nih.go.jp/niid/JJID/61/25.pdf
https://link.springer.com/article/10.1186/s12879-018-3019-7
https://www.hindawi.com/journals/trt/2016/1354356/
https://www.sciencedirect.com/science/article/pii/S1198743X18307122
https://www.sciencedirect.com/science/article/pii/S0422763815301114
https://www.sciencedirect.com/science/article/pii/S1876034119303600
https://archpublichealth.biomedcentral.com/articles/10.1186/s13690-017-0184-x
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-696
https://apps.who.int/iris/handle/10665/255115
http://goums.ac.ir/journal/browse.php?a_id=2051&sid=1&slc_lang=en
https://www.sciencedirect.com/science/article/pii/S0895398816301003
https://apps.who.int/iris/bitstream/handle/10665/67594/WHO_CDS_TB_2002.302.pdf
https://apps.who.int/iris/handle/10665/119323
https://sjimu.medilam.ac.ir/article-1-2959-en.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0209932
https://pubmed.ncbi.nlm.nih.gov/25474040/
https://www.afro.who.int/sites/default/files/2019-06/4%20%20Tuberculosis%20Manual%20for%20Zambia_Final.pdf
https://sjimu.medilam.ac.ir/browse.php?sid=1&a_id=2959&slc_lang=en
http://dx.doi.org/10.52547/iem.7.4.289
https://dorl.net/dor/20.1001.1.25884107.2021.7.4.5.6
https://iem.modares.ac.ir/article-4-53931-en.html


Risk Factors of Tuberculosis Treatment Failure ...

Infection Epidemiology and Microbiology  Fall 2021, Volume 7, Issue 4

290

Introduction
Tuberculosis (TB) is an infectious and 
communicable disease and one of the top 
ten causes of death throughout the world. 
It is the leading cause of death from a 
single infectious agent, it ranks even higher 
than HIV/AIDS [1]. According to the Global 
Tuberculosis Report 2018, about 10 million 
people were infected with TB, of whom 
1.3 million and 330 thousand deaths were 
related to HIV-negative and HIV-positive 
patients, respectively [2]. About 97% of 
reported tuberculosis cases are in low- 
and middle-income countries; thus, these 
countries are most affected by this disease 
[2]. Despite proper strategies and 
management in TB control and the 
reduction in TB incidence in recent years, 
more strategies are needed to control 
the diseaseDespite proper programs and 
management in tuberculosis control and 
reducing the incidence of tuberculosis in 
recent years, more measures are needed to 
control the disease.
The programs and sound management in 
TB control and reduce the incidence of 
TB in recent years, the need for additional 
measures to control the disease.
 [3]. Based on the Global Tuberculosis Report 
2019, targets set in the end TB plan by 2030 
and 2035 are a 90 and 95% reduction in 
TB mortality, and a 80 and 90% reduction 
in TB incidence compared to levels in 2015, 
respectively. TB treatment prevented 48 
million deaths among HIV-negative people 
between 2000 and 2018 [1]. The mortality rate 
due to non-treated TB is high. Some studies 
have shown that according to the natural 
history of TB, only in 30% of sputum smear-
positive pulmonary TB cases, According 
to the history of tuberculosis, tuberculosis 
does not lead to death in only 30% of cases 
without the use of anti-tuberculosis drugs.
Based on the history of tuberculosis, 
tuberculosis without the use of anti-TB 

drugs in only 30% of cases are not fatal.
tuberculosis does not lead to death within 
10 years after diagnosis without the use 
of anti-tuberculosis drugs [2]. TB should be 
treated for at least 6 months. The first line 
of TB treatment is at least 6 months.
During this period, drugs (rifampicin, 
isoniazid, ethambutol, and pyrazinamide) 
are used During this period, drugs 
(rifampicin, isoniazid, ethambutol and 
pyrazinamide) are used.
In the course of drugs (rifampicin, isoniazid, 
ethambutol and pyrazinamide) is used 
under direct observation [4-5].  Inadequate 
treatment could lead to the emergence of 
strains resistant to treatment, and this has 
been a serious alarm for the TB control 
strategy in recent decades [6]. Monitoring 
and evaluating TB treatment outcomes, 
especially in health centers, provides 
useful and usable information about 
the effectiveness of the control plan[7]. 
Many studies have revealed a significant 
relationship between  Direct Observation 
Treatment Short course (DOTS) strategy 
and treatment failure index [8]. In a study in 
Ethiopia, known risk factors for treatment 
failure were listed as follows: age over 
55 years, male gender, re-treatment, and 
distance to treatment center [9]. In another 
study in Afghanistan, determinants that 
may cause treatment failure were shown to 
be re-treatment, absence of fever, absence 
of cough, living in rural areas, and no weight 
loss [10].
Treatment outcome is one of the best 
measures to explain how current TB 
regimens work [10]. Khuzestan is in the 
third place of TB infection after Sistan and 
Baluchistan and Golestan provinces [11].
Objectives: This study was carried out 
to find factors associated with treatment 
failure among patients with smear-positive 
pulmonary TB in Khuzestan province during 
2006-2014.
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Materials and Methods 
This retrospective cohort study was 
conducted to identify determinants of 
TB treatment failure and associated risk 
factors. Data were collected from 5342 TB 
patients diagnosed with routine methods 
and registered at the center for TB disease 
in Khuzestan province from 2006 to 2014. 
Demographic data, such as age, sex, place of 
residence, clinical data, HIV status, and other 
related information, were collected in the 
registration forms. Inclusion criteria were 
as follows: patients with smear-positive 
pulmonary TB and patients whose sputum 
smear tests were negative but changed to 
positive during treatment.
Patient whose sputum smear was TB 
negative before and after the beginning of 
treatment were excluded from the study.
Treatment failure was determined by the 
criteria of Iranian National Guideline for 
the Control of Tuberculosis as follows: all 
new smear-positive patients whose smear 
results were also positive at the end of the 
fifth month of treatment or all patients 
whose sputum smear was negative but 
turned to positive at any stage of treatment. 
For ethical aspects, patients’ names were 
replaced by numbers. To improve reliability, 
data were collected from both standardized 
paper-based treatment cards and electronic 
records and verified during data collection, 
entry, and analysis processes. After data 
collection, they were cleaned and analyzed 
using SPSS statistics package Version 19. The 
distribution of participants’ characteristics 
and cumulative incidences were examined 
using descriptive statistics.

Findings
During a 9-year period, a total of 5342 
patients were treated in public health 
facilities. The cumulative incidence of 
unsuccessful TB treatment was 1.85% (99 
of 5342). More than half of TB patients 

(59.2%) were male, and the male to female 
ratio was 1.5 to 1. Most patients were living 
in urban areas (79.8%). A total of 158 
patients (12.9% of tested patients) were 
HIV co-infected. Among whom, 8.2% had 
EPTB (extrapulmonary TB), and 8.3% had a 
history of prison (Table 1).
The univariate analysis results showed that 
treatment outcome was significantly (p< .05) 
associated with age (p= ·001), weight (p= 
·039), number of delayed days in diagnosis 
(p= ·01), isoniazid resistance (p≤ ·001), and 
number of bacilli in patients` sputum at 
the beginning of treatment (p≤ ·001). The 
treatment outcomes and treatment failure 
predictors are shown in Table 2.
In multivariate logistic regression, age, delay 
in diagnosis, misdiagnosis, and number of 
bacilli in patients` sputum at the beginning 
of treatment were found to be independently 
and significantly associated with treatment 
failure. The two variables of gender (p= 
·052) and weight (p= ·085) had a significant 
impact only on the univariate model. Table 3 
shows the analysis results of factors affecting 
treatment outcomes.

Discussion
TB is a major public health problem 
worldwide, especially in developing 
counrties. Monitoring TB treatment outcomes 
is a way to evaluate the performance and 
effectiveness of treatment strategies such 
as DOTS. This retrospective study aimed to 
assess TB treatment outcomes and associated 
factors. Treatment failure is a major problem 
in TB control. In this study, the cumulative 
incidence of treatment failure was 1.85%. 
Almost similar results have been reported in 
other studies conducted in different parts of 
the world, including Turkey (0.3%) [12], China 
(0.5%) [13], Ethiopia (1.2 and 3.5%) [3, 14], and 
Netherland (2.6%) [15]. Most patients in this 
study were male, which is compatible with 
other studies conducted worldwide [16-18], this 
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could be due to the fact that men are more 
likely to be infected in the community and 
use health facilities than women. The present 
study findings showed that treatment failrure 
is 50% more likely to occur in men than in 
women, and that male gender is an important 
predictor of treatment failure, which is in 
agreement with other studies results [19-20]. 
In a previous study, male gender was not 
identified as a risk factor for treatment failure, 
which may be due to insufficient sample size 
[21]. The present study showed that the risk 
of treatment failure significantly increased 
with increasing patients’ age, which is 
consistent with the findings of other studies 
[13, 16-17, 22], indicating that younger patients 
had a higher rate of treatment success. This 
could be attributed to the weakened immune 
system in the elderly, the cumulative effects 
of tobacco consumption, or air pollution, 
which were not addressed in this study. In 
a similar study conducted on 52 patients in 
another part of Iran with the same subject, no 

significant relationship was found between 
age and treatment failure, which could be 
ascribed to the discrepancy in the sample 
size of these two studies [16]. Another variable 
identified as a risk factor for unsuccessful TB 
treatment was misdiagnosis of patients. This 
is a new term specific  to the current study 
and refers to cases who are simutaneously 
infected with both pulmonary and non-
pulmonary TB and incorrectly classified into 
non-pulmonary group; thus, DOTS strategy is 
not used for them. Misdiagnosis increases the 
risk of treatment failure by indirectly affecting 
DOTS function, as the risk of treatment failure 
in misdiagnosed cases is 41% (RR=1.41). 
The results of other studies by Abbasi [8], 
Sharma [23], and Mohan [24] support our 
finding. Given that the DOTS strategy is only 
applicable to smear-positive pulmonary TB 
patients, those pulmonary patients who are 
incorrectly classified into non-pulmonary 
group receive no direct monitoring, justifying 
the relationship between misdiagnosis and 

Table 1) Demographic characteristics of patients with tuberculosis in Khuzestan province during 2006-2014

Characteristics N (%)

Sex
                         Male
                         Female

3164(59.2)
2178(40.8)

Form of TB
                         PTB
                         EPTB

4903(91.8)
429(8.2)

Country of birth
                        Iran
                       Afghanistan
                       Others

5261(98.5)
67(1.3)
14(0.2)

Residence
                       Urban
                       Rural
                      Nomadic

4264(79.8)
1040(19.6)
20(0.6)

HIV Status
                     Positive
                    Negative
                    Unknown

158(2.9)
522(10)
4651(87.1)

Prison history
                   Yes
                   No

445(8.2)
4897(91.7)
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Table 2) Univariate analysis of  factors associated with treatment failure in patients with Tuberculosis in Khuzestan 
province

Characteristics

Treatment Outcome
Relative 

Risk P-ValueSuccessful
N

Failed
N

Sex
                 Male
                 Female

3096
2147

68
31

1.50 .06

Country of birth1

                Iran
                Non-Iran

5162
81

99
0

* .4

Residence
               Urban
               Rural & nomadic

4183
1060

81
18

1.12 .69

HIV status
             Positive
             Negative

156
524

2
9

0.76 1.00

Prison history
             Yes
             No

438
4805

7
92

0.84 .85

Chest radiography2

             Rejected TB
             Suspected TB
            Confirmed TB

118
451

1594

0
5

31
* .17

History of TB contact
            Yes
            No

555
1894

14
42

1.14 .63

Drug side-effect
            Yes
            No

88
5155

2
97

2.75 .68

Sputum smear at the 
beginning of treatment3

           1-9 bacilli
           +
           ++
           +++

-
-

788
1738

17
4

12
47

* .0001

Imported case
          Yes
          No

46
5197

-
99

* 1

Recurrence
          Yes
          No

105
5138

-
99

* .26

Absence of treatment
      Yes
      No

165
5077

4
95

1.33 .55
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treatment failure. According to the results, 
TB treatment outcomes are significantly 
affected by the degree of smear positivity 
at the beginning of treatment; the more 
positive the smear is, the lower the treatment 
success index, this finding is consistent with 
the finding of another study by Farazi and 

colleagues (2010) [25]. Delay is an important 
index in TB treatment, which could be defined 
as delay in diagnosis and delay in treatment. 
This study results showed an association 
between the risk of treatment failure and 
delay in diagnosis. A study conducted in China 
reported that there is an inverse relationship 

Table 2) Univariate analysis of factors associated with treatment failure in patients with Tuberculosis in Khuzestan province

Characteristics
Treatment Outcome

Relative 
Risk P-ValueSuccessful

N
Failed

N
Misdiagnosis4

                Yes
                No

897
4346

22
77

1.41 .015

Isoniazid resistance
                Yes
                No

10
5230

1
97

5.55 .001

Age
               Mean ± SD 39 ± 18 45 ± 18 ** .001

Weight (kg)
              Mean ± SD 55 ± 12·4 53± 12 ** .039

Delay in treatment (day)
             Mean ± SD 5·9 ± 24 4·4 ± 7·8 ** ·08

Delay in diagnosis (day)
             Mean ± SD 79 ± 100 104 ± 125 ** ·011

1. Fisher test
2. +: 10-99 bacilli per 100 microscope high-power fields
    ++: 1-10 bacilli per microscope high-power field
    +++: more than 10 bacilli per microscope high-power field
3. Combined for testing rejected and suspected groups
4. People who were diagnosed as EPTB despite a positive sputum smear.
* Not calculable
** Not applicable

Table 3) Final model of multivariate analysis of factors related to treatment failure in tuberculosis patients in 
Khuzestan province

Characteristics Coefficient B Odds Ratio (CI95%) P=Value

Age 0.01 1.01(1-1.02) .001

Sex (male) 0.44 1.57(0.99-2.46) .052

Weight 0.016 0.98(0.96-1.0022) .085

Delay in diagnosis (day) 0.02 1.0016(1.00061-1.0031) .042

Misdiagnosis (yes) 0.63 1.87(1.16-3.030) .0097

Smear positive after 
treatment +++ 0.89 2.18(1.26-3.80) .0054
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between treatment success and delay in 
diagnosis, so that as the delay increases, the 
treatment success rate decreases [13]. Delay 
in treatment was not identified as a risk 
factor in this study; this finding is in line with 
the findings of other studies conducted in 
Myanmar and Switzerland [26-27]. Therefore, 
longer delays in treatment are likely to lead to 
poorer treatment outcomes; however, more 
studies are needed to investigate the impact 
of this risk factor on treatment outcomes. 

Conclusion
According to the results, accurate diagnosis 
of smear-positive pulmonary tuberculosis, 
timely treatment, and the use of DOTS 
strategy could prevent new cases of treatment 
failure. It is recommended that future studies 
evaluate the role of other variables such as the 
number of days DOTS is performed, smoking 
history, and smoking duration.
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