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Abstract

Background: Pulmonary tuberculosis is the most common type of tuberculosis and few studies have investigated the
incidence and treatment outcome of smear-positive pulmonary tuberculosis in Golestan Province, Islamic Republic of
Iran.

Aims: To estimate the cumulative incidence and trends in incidence of smear-positive pulmonary tuberculosis in Golestan
Province between 2014 and 2019, and to determine the treatment outcomes.

Methods: All smear-positive pulmonary tuberculosis cases between 2014 and 2019 recorded in the tuberculosis registry in
Golestan Province, Islamic Republic of Iran, were included in this study. The yearly incidence and cumulative incidence
were calculated, and differences by sex and residence were examined. Treatment outcomes classified as success and
failure were determined. The Mann-Kendall test was used to assess the significance of the trend in incidence.

Results: A total of 2047 smear-positive pulmonary tuberculosis cases were evaluated. The cumulative incidence was
18.52 [95% confidence intervals (CI): 17.;72-19.33] per 100 000 population during 2014-2019. The incidence of smear-positive
pulmonary tuberculosis declined from 23.84 (95% CI: 21.57-26.11) per 100 000 population in 2014 to 15.02 (95% CIL: 13.29-
16.75) in 2019. Incidence rate was higher among men and among rural residents. Most patients (85.34%) were cured, 2.05%
completed their treatment, 1.17% were lost to follow-up, 4.40% had treatment failure, and 6.45% died.

Conclusion: The incidence of pulmonary tuberculosis in Golestan Province, Islamic Republic of Iran, declined during the
period of study. However, the proportion of patients who were cured decreased and the proportion who died increased.
Interventions are needed to improve the treatment success rate for pulmonary tuberculosis in the province.
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incidence of smear positive tuberculosis in the country
after Sistan and Baluchestan Province in the south-east
(7), despite the long distance between the two provinces.
Migration from Sistan and Baluchestan Province to
Golestan Province after natural disasters in recent years
and the easily available transportation between the two
provinces may explain their similar rankings.

Introduction

Tuberculosis, caused by Mycobacterium tuberculosis, is one
of the oldest infectious diseases of humankind (1). It is
estimated thattuberculosisinfected 10 million individuals
(132 per100 000 population) and was responsible for about
1.4 million deaths worldwide in 2019 (2). However, the
incidence of tuberculosis decreased 2% annually between
2015 and 2019, 9% overall (3). Tuberculosis has a specific
regional pattern:in 2019, the World Health Organization’s

M. tuberculosis attacks different organs (8), mostly
the lungs. Pulmonary tuberculosis is bacteriologically
confirmedin 84% of patients (smear-positive tuberculosis)

South-east Asian region had the highest percentage of
the new tuberculosis cases (44%), followed by the African
region (25%) and the Western Pacific region (18%) (4).
In Eastern Mediterranean region, in 2020, Pakistan
accounted for 70% of tuberculosis cases, Afghanistan for
9%, Iraq for 1.3% and the Islamic Republic of Iran for 1.3%
(5).The incidence of the disease in the Islamic Republic of
Iran was reported at 16 cases per 100 000 population in
2015, which decreased to 13 cases per 100 000 in 2019 (3,6).
Golestan Province in the north had the second highest

in high-income countries, with lower rates in low-income
countries. The remaining 16% pulmonary tuberculosis
cases are confirmed clinically (2,9). In the Islamic Republic
of Iran, the incidence of smear-positive pulmonary
tuberculosis was 6.25 per 100 000 population in 2015
which decreased to 5.46 per 100 000 population in 2018 (7).
Therefore, smear-positive pulmonary tuberculosis could
be used as an epidemiological indicator of tuberculosis
distribution, and it is useful to evaluate its incidence and
the outcome of its treatment.
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Tuberculosis is a complicated disease to treat and
different indicators, such as proportion of cured patients,
completed treatment, lost to follow-up and death, are used
to show treatment outcomes (10). For example, the World
Health Organization in its End TB strategy until 2020 set
a target of a 35% reduction in deaths and 20% reduction
in the incidence of tuberculosis for 2020 compared with
2015 (12).

In this study we aimed to estimate the cumulative
incidence of and trends in smear-positive tuberculosis
cases in Golestan Province between 2014 and 2019. We
compared the incidence of smear-positive pulmonary
tuberculosis by sex and residence, and determined the
distribution of smear-positive pulmonary tuberculosis
treatment outcomes.

Methods

This was a cross-sectional study of notification data
from Golestan Province between 2014 and 2019. Golestan
Province is one of the 31 provinces of the Islamic Republic
of Iran. It is located in the north-east of the country and
had a population of 1.8 million in 2016. All smear-positive
pulmonary tuberculosis patients (bacteriologically
confirmed) whose data were recorded in the tuberculosis
registration system at Golestan University of Medical
Sciences and Health Services between 21 March 2014 and
20March2oigwereincludedinthestudy. The tuberculosis
registry collects detailed data on all tuberculosis patients,
including on demographic and disease characteristics
and treatment outcomes at the Golestan Province
level. Data on age, sex, residence and smear-test results
were extracted from register. More information on the
tuberculosis register software are reported elsewhere
(12). Data on total population of the province for each year
of the study were obtained from the Golestan electronic
health record system which has collected these data for
the past 10 years. The records of eligible patients were
reviewed from diagnosis to the treatment outcomes
of interest or end of study. The treatment outcomes of
interest were based on WHO definitions (10): cured and
treatment completed were categorized as a successful
treatment; treatment failure, lost to follow-up and died
were categorized as unsuccessful treatment.

Smear-positive pulmonary tuberculosis diagnosis
was based on WHO guideline (13) in the Islamic Republic
of Iran. A smear-positive pulmonary tuberculosis patient
was: someone who had had at least 2 positive acid-fast
bacilli sputum smears; or someone who had only 1
positive acid-fast bacilli smear plus signs of pulmonary
tuberculosis in X-ray; or someone with 1 positive acid-
fast bacilli sputum smear and 1 positive acid-fast bacilli
sputum culture (14).

Statistical analysis

Demographic and clinical characteristics and treatment
outcomes were reported using descriptive statistics. The
cumulative incidence by sex and the residence (urban/
rural) of the smear-positive pulmonary tuberculosis
patients was calculated by the formula: number of cases/
total population x 100 000. The relative risk to compare
the incidence by sex and residence was calculated using
formula: cumulative incidence in males/cumulative
incidence in females, and cumulative incidence in rural
patients/cumulative incidence in urban patients. The
Mann-Kendall test was used to determine the incidence
trend. R software version 4.0.2 was used for data analysis.

Ethical considerations

All anonymized data were extracted from the tuberculosis
register and Golestan electronic health record system
with permission of the Ethical Committee of Golestan
University of Medical Sciences (ethics code: IRGOUMS.
REC.1399.168).

Results

A total of 2047 smear positive pulmonary tuberculosis
cases were evaluated. The mean (standard deviation) age
of the patients was 50.94 (20.19) years, 55.00% were male,
60.00% lived in rural areas and 36.20% had been diagnosed
with three or more smear tests. The average cumulative
incidence of smear-positive pulmonary tuberculosis
was 18.52 [95% confidence interval (CI): 17.72-19.33] per
100 000 population for years 2014 to 2019. The trend
in smear-positive pulmonary tuberculosis incidence
decreased during the study period (Table 1, Figure 1).

The highest cumulative incidence of smear-positive
pulmonary tuberculosis was among men living in the

Table 1 Incidence of smear-positive pulmonary tuberculosis, Golestan, Islamic Republic of Iran, 2014-2019

Year New cases,no. Population,no. Incidence, no. per100 000 (95% CI)  P-value®  Annual percentage decrease
2014 424 1778 359 23.84 (21.57-26.11) < 0.001 NA

2015 372 1801163 20.65 (18.55-22.75) 13.38

2016 363 1821774 19.93 (17.88-21.97) 3.49

2017 313 1844 767 16.97 (15.09-18.85) 14.85

2018 286 1879 911 15.21 (13.45-16.98) 10.37

2019 289 1923 701 15.02 (13.29-16.75) 1.25

Total 2047 11 049 675 18.52 (17.72-19.33) NA NA

CI: confidence intervals; NA: not applicable.
“ Mann-Kendall test.
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rural areas; the lowest incidence was among women
living in the urban areas (Table 2). Our findings indicated
that rural residence with cumulative incidence rate
178 (95% CI: 1.63-1.95) and male sex with cumulative
incidence rate 1.22 (95% CI: 1.12-1.33) could be considered
as risk factors for smear positive pulmonary tuberculosis
incidence.

The trend in the incidence of smear-positive
pulmonary tuberculosis was significantly higher in
males than females and in rural areas than urban areas;
Mann-Kendall P < 0.01 (Figure 2).

Of the 2047 cases of smear-positive pulmonary
tuberculosis registered during 2014 to 2019, 87.39% had
a successful treatment outcome (85.34% cured and 2.05%
completed treatment) and 12.02% had an unsuccessful
treatment outcome. The proportion with unsuccessful
treatment increased in the last 3 years of the study period.
The highest prevalence of death and loss to follow-up was
seenin 2019 (Table 3). Asignificant difference in treatment
outcomes by subgroup was seen between 2014 and 2019
(P < 0.05). We found that deaths increased considerably
in 2018 and 2019 compared with the previous years.

Discussion

The results of our study show that with the
implementation of the end tuberculosis strategy, the
incidence of smear-positive pulmonary tuberculosis
in Golestan Province decreased from 2014 to 2019.
However, it was still about 4 times higher than the
national average level. The declining trend observed in
our study is similar to other areas in the Islamic Republic
of Iran (15,16), the Eastern Mediterranean (17), Oman (18)
and other parts of the world (19). However, contrary to
the results of our study, a study in the Iranian province
of Hamadan reported a notable increase in the incidence
of tuberculosis during a 7-year period (20). It seems some
factors such as health system interventions, especially
the implementation of the end tuberculosis strategy,
improving economic situation, and increasing access to
health services may be influencing the declining trend
of tuberculosis in the world, including in the Islamic
Republic of Iran and Golestan Province.

Our results show that the incidence of smear-positive
pulmonary tuberculosis is higher in the rural areas,
which concurs with the results of other studies (21-23).
The high incidence of tuberculosis in the rural population
of Golestan Province compared with urban areas could
be due to the economic situation, population density in
rural families and the low literacy of residents in these
areas.

The incidence of smear-positive pulmonary tubercu-
losis was higher among men than women in our study.
Two other studies also showed a higher risk of pulmo-
nary tuberculosis among men in northern Islamic Re-
public of Iran (23). However, studies in Hamedan during
1995-2012 and in Golestan during 2005-2014 did not re-
port a difference in the incidence of tuberculosis by sex
(24). Another study on tuberculosis patients in Golestan
Province during the 2007-2016 showed that the stand-
ardized incidence rate of the disease was about 41.29 per
100 000 population and this rate was 41.22 and 41.40 per
100 000 for women and men, respectively, a non-signifi-
cant difference (21). The difference between our result and
those of other studies may be because of the different pe-
riods of the studies, tuberculosis type, or differences be-
tween incidence and the standardized incidence rate.

The average 6-year incidence of tuberculosis was
reported as 11.40 and 9.94 cases per 100 000 population
among females and males, respectively, in Kerman
Province during 2011-2016 (25). The difference between
these results and our findings may be due to the
relationship between disease incidence and geographical
location, and social or occupational behaviours. In other
words, more social contact and more contact with the
tuberculosis patients increases the risk of developing
tuberculosis in both men and women.

Our results show that the average rate of treatment
success was 87.39% in Golestan Province. This result
is a little lower than the Iranian national goal (in the
End TB strategy) for the treatment of smear-positive
pulmonary tuberculosis patients as well as the 93%
treatment success rate in Pakistan (26). However, it is
consistent with another study in two cities of Golestan
Province during 2012-2013, which reported a treatment
success rate of 85.63% (14). Other studies in Kepong

Figure 1 Cumulative incidence of smear-positive pulmonary tuberculosis, Golestan, Islamic Republic of Iran, 2014-2019
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Table 2 Incidence of smear positive pulmonary tuberculosis by sex and residence, Golestan, Islamic Republic of Iran, 2014-2019

Residence Cumulative incidence, no. per 100 000 (95% confidence intervals)

Males Females Total
Urban 15.89 (14.49-17.31) 11.43 (10.22-12.64) 13.66 (12.73-14.59)
Rural 25.74 (23.76-27.72) 23.02 (21.14-24.90) 24.39 (23.02-25.75)
Total 20.34 (19.15-21.53) 16.69 (15.62-17.78) 18.52 (17.72-19.33)

District, Kuala Lumpur (Malaysia) during 2014-2018
(27) and Afar, Eastern Ethiopia during 2011-2013 (28)
reported treatment success rates of 77.20% and 81.8%
respectively. The differences in treatment success
rates could be due to differences: in implementation
of directly observed treatment short course (DOTS); in
structures of the health system; in socioeconomic status;
or in disease distribution such as AIDS in Malaysia and
Ethiopia compared with the Islamic Republic of Iran.
The Islamic Republic of Iran implemented DOTS as
its main strategy to manage tuberculosis treatment
20 years ago using trained healthcare workers or other
designated individuals (excluding a family member) for
service provision (12). Based on this strategy and the stop
tuberculosis and end tuberculosis strategies, healthcare
workers provide patients with the tuberculosis treatment
drugs, which they take under their direct supervision.
Moreover, all laboratory tests and prescribed medicines
are provided free for tuberculosis patients.

A study in Kota Bharu, Kelantan during 2006-2007

reported a 93% treatment success rate (29), which is higher
than our success rate. This difference could be due to the

differences in the periods of the studies. In fact, the study
in Kelantan was conducted when there was a higher
incidence of tuberculosis worldwide and therefore the
treatment success would appear higher. Another reason
could be the detection system, as most patients in the
Kelantan study were diagnosed with a low-grade smear,
while in our study, 36.7% of patients were diagnosed with
three positive acid-fast bacilli sputum smears.

On average, 12.02% of cases had an unsuccessful
treatment outcome during the study period (2014-2019);
the highest rate was due to death (6.45%) and the lowest
was due to loss to follow-up (1.17%). Studies in Malaysia
(30), Republic of Korea (31) and in Hamadan Province
(32) reported death as the most frequent outcome for
unsuccessful treatment. However, studies in Morocco
(2014-2016) (33) and Ethiopia (2008-2017) (34) reported
that loss to follow-up was most frequent reason for
unsuccessful treatment. Timely detection of tuberculosis
cases, prevention of loss to follow-up, and reduction in
the number of deaths could be the reason for the decline
in unsuccessful treatments. Therefore, each community
should adopt and implement strategies based on their

Figure 2 Cumulative incidence of smear-positive pulmonary tuberculosis, by sex (panel A) and residence (panel B), Golestan,

Islamic Republic of Iran, 2014-2019

A

—o—— Male

25

= = =« Female

o

Qo
=

a]
:B:n- ee—

19) S

=20 Stea -\\
o Towg

o LY

o \\

9 15 N

= . [
- Qo ooo e >

(]

/10

§ 2014 2015 2016 2017 2018 2019
]
]} Year

B

—e— Urban ==e=-Rural

=

.2

%g 35 -

<

& 30 Sso

~ Sccoe

s 5 - o,~~~~

3 9--~_-

o 20 C®cand

o -,
1

o 15 N
(=W

2 10

é; 2014 2015 2016 2017 2018 2019

Year

420



Research article EMH]J - Vol. 29 No. 6 - 2023

Table 3 Treatment outcomes of registered smear-positive pulmonary tuberculosis cases, Golestan, Islamic Republic of Iran,
2014-2019

Treatment successful Treatment unsuccessful

Cured, Completed, Total, Lost to follow- Treatment Died,

no. (%) no. (%) no. (%) up, no. (%) failed, no. (%)
2014 368 (86.79) 2(0.47) 370 (87.26) 2(0.47) 25 (5.90) 27(6.37) 54 (12.74) 0.002
2015 326 (87.63) 7(1.88) 333 (89.52) 5(1.34) 19 (5.11) 15 (4.03) 9 (10.48)
2016 318 (87.60) 7(1.93) 325 (89.53) 5 (1.38) 12.(3.31) 21(5.79) 38 (10.47)
2017 276 (88.18) 3(0.96) 279 (89.14) 2(0.64) (4.15) 19 (6.07) 34 (10.86)
2018 239 (83.57) 9(3.15) 248 (86.71) 4 (1.40) 13 (4.55) 21(7.34) 38 (13.29)
2019 220 (76.12) 14 (4.84) 234 (80.97)* 6 (2.08) 8 (2.77) 29 (10.03) 43 (14.88)
Total 1747 (85.34) 42.(2.05) 1789 (87.39) 24 (117) 90 (4.40) 132 (6.45) 246 (12.02)

“ Based on the completion date of the follow-up (1 February 2019). Patients in 2018 and 2019 had a shorter follow-up, which led to the lower treatment success rate these years.

b Twelve patients did not complete the treatment process and were excluded from this analysis.

¢ The chi-squared test was used to compare the frequency distribution of treatment outcomes (cured, completed, lost to follow-up, failed, died) in smear-positive pulmonary tuberculosis during
2014-2019.

demographic conditions, health system infrastructure of patients who were cured fell and number of deaths
and treatment protocols. increased. It seems the Iranian health system needs to
Our study had some limitations. We used available implement appropriate multidimensional interventions.
data for our analysis. However, we had data for many Such interventions should include strategies to improve
tuberculosis cases which could be reprehensive of the the treatment success rate, for example: implementation
patients with tuberculosis disease in the population. of the end tuberculosis strategy by treatment support;
Moreover, we could not include some potential better management of drug side-effects; stigma
confounders such as ethnicity in our study because data reduction; and improving the quality-of-life of patients
on these variables were not collected in the tuberculosis (better access to treatment or healthy food, increased
register. insurance coverage for comorbidities and better access
to palliative cares). Efforts to educate the community to
. mitigate the stigma, improve control of the underlying
Conclusion diseases such as diabetes and provide social support
The incidence of pulmonary tuberculosis showed a should be considered. These interventions could help
declining trend from 2014 to 2019 in Golestan Province, achieve the targets of the end tuberculosis strategy by
Islamic Republic of Iran . At the same time, the proportion the end of 2030.
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Incidence de la tuberculose pulmonaire et issue thérapeutique en République
islamique d'Iran

Résumeé

Contexte: La tuberculose pulmonaire est le type de tuberculose le plus courant et peu d'études ont examiné
l'incidence de la tuberculose pulmonaire a frottis positif et 1'issue du traitement associé dans la province du Golestan,
en République islamique d'Tran.

Objectifs : Evaluer l'incidence cumulée et 1'évolution de l'incidence de la tuberculose pulmonaire a frottis positif dans
la province du Golestan entre 2014 et 2019, et analyser les résultats du traitement.

Méthodes: Tous les cas de tuberculose pulmonaire a frottis positif inscrits au registre de la tuberculose de la

province du Golestan (République islamique d'Iran) entre 2014 et 2019 ont été inclus dans cette étude. L'incidence
annuelle et l'incidence cumulée ont été calculées et les différences selon le sexe et le lieu de résidence ont été
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examinées. Les résultats du traitement, classés en fonction de leur réussite ou de leur échec, ont été déterminés. Le
test de Mann-Kendall a été utilisé pour évaluer la significativité de 1'évolution de l'incidence.

Résultats: Au total, 2047 cas de tuberculose pulmonaire a frottis positif ont été évalués. L'incidence cumulée était
de 18,52 [intervalles de confiance (IC) a 95 %: 17,72-19,33] pour 100 000 personnes entre 2014 et 2019. L'incidence de
la tuberculose pulmonaire a frottis positif a diminué, passant de 23,84 (IC a 95 %: 21,57-26,11) pour 100 000 en 2014
a 15,02 (IC a 95 %: 13,29-16,75) en 2019. Le taux d'incidence était plus élevé chez les hommes et parmi les habitants de
zones rurales. La plupart des patients (85,34 %) ont été guéris, 2,05 % ont terminé leur traitement, 1,17 % ont été perdus
au suivi, 4,40 % ont connu un échec thérapeutique et 6,45 % sont décédés.

Conclusion : L'incidence de la tuberculose pulmonaire dans la province du Golestan a diminué au cours de la période
couverte par 1'étude. Cependant, la proportion de patients guéris a diminué et celle des patients décédés a augmenté.
Des interventions sont nécessaires pour augmenter le taux de réussite du traitement de la tuberculose pulmonaire
dans la province.
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