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INTRODUCTION 
 

Tuberculosis (TB) is a communicable disease that is a 

major cause of ill health and one of the leading causes of 

death worldwide.
[1]

 Until the coronavirus (COVID- 19) 

pandemic, TB was the leading cause of death from a 

single infectious agent.
[2]

 TB is curable and preventable 

but can be lethal if not treated effectively.
[3]

 Despite high 

expectations regarding the elimination of TB, the 

disease's incidence is increasing in some parts of the 

world.
[4]

 Annually, about 10 million people become ill 

with TB and 1.5 million people die from the disease 

worldwide – making it the world’s top infectious killer.
[5]

 

According to the World Health Organization(WHO), an 

estimated 134 per 100,000 populations suffered from TB 

in 2020, resulting in about 1.6 million deaths among TB 

cases.
[6]

 In the Eastern Mediterranean Region (EMR), the 

TB incidence rate was 112 per 100,000 populations 

which accounts for about 8% of all global TB cases and 

there were 83 000 deaths in the region among TB 

patients.
[7]

 In Iraq, the TB incidence rate was 24 per 

100,000 population, which is considered one of the seven 

highest TB burden countries in the EMR, constituting 

3% of the total TB patients while the disease resulted in 

about 1000 deaths among TB cases.
[6,8]

 

 

The WHO End TB Strategy is an 80% reduction in the 

TB incidence rate and a 90% reduction in the annual 

number of TB deaths rate by 2030.
[2] 

 

This study was conducted in Mosul City; the center of 

Nineveh Governorate in the north of Iraq which is the 

2nd largest city in Iraq,
[9]

 that is badly invaded by ISIS 

during 2014-2017 which lead to the destruction of the 

surveillance system including the TB program and a 

sequel of this invasion, the situation of TB has not been 
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ABSTRACT 
 

Background: leading to the destruction of health system infrastructure including the national tuberculosis 

program (NTP). Mosul city is one of the largest cities in Iraq. Which was badly invaded by ISIS (2014-2017), And 

since Tuberculosis (TB) is one of the major communicable diseases worldwide and one of the leading causes of 

death from a single infectious agent. So, this study was established to estimate TB prevalence and to describe the 

epidemiological profile and treatment outcomes of TB in Mosul city after the ISIS invasion. Methods: a 

descriptive retrospective study of drug-susceptible TB patients in the National Tuberculosis Program Center(NTP) 

of Ninawa. The Recording data were reviewed during 2018patient’s demographic, clinical, and laboratory 

characteristics were analyzed and treatment outcomes were -2021. Information on the determined. Results: A total 

of 840 tuberculosis patients were recorded. the incidence rate per 100,000  population in Mosul city was 10.8, 

13.8, 11.1 and, 10.3 for the years 2018,2019, 2020 The age group 15–34 years were most affected with a 

percentage of 37%. The female patients were and 2021, respectively.  predominant. The treatment outcomes for 

the study period were as follows: treatment success of about 95%, 1.7. Conclusion: % death rate,2.3%lost to fo 

The incidence of TB is within the Acceptable rate during the study period. the most commonly llow-up, with zero 

treatment failure rate. affected age group was 15-34, with satisfactory treatment outcomes. The female incidence 

rate was predominanmobilizing support to eliminate underlying risk factors and assure gendert, with a high 

percentage of extrapulmonary tuberculosis (EXTB). So, we recommended -equitable access, including gender  

sensitive services for TB prevention, diagnosis, treatment, care and support.   
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well analyzed and unpackaged. Against this background, 

the present study was carried out.  

 

The present study aims to calculate the incidence of TB 

according to type, age, sex and residence in Mosul city 

during the period 2018-2021 and its epidemiological 

profile.  

 

METHODOLOGY 

a. Study design  

It was a cross-sectional study of all drugsusceptible TB 

patients in Mosul city. The Electronic Nominal 

Recording Reporting System (ENRS) data of TB patients 

were reviewed from January 2018– December 2021. 

Information on the demographic, clinical characteristics 

of the patients, and treatment outcomes for the 

mentioned years were analyzed.  

 

b. Setting  

The national tuberculosis program (NTP) also called the 

Respiratory and Chest Diseases clinic (RCDC), 

specialized center for managing and following up all 

forms of drug-susceptible TB patients. It is provided with 

a laboratory, radiology unit (chest X-ray (CXR)) and 

pharmacy unit mainly for providing anti-TB drugs. In 

Ninawa Governorate, there are eleven tuberculosis 

management units (TBMUs) responsible for monitoring 

the treatment of the patients in PHCCs at the peripheral 

level, These TBMUs are under the direct supervision of 

RCDC. All TB patients underwent human 

immunodeficiency virus (HIV) testing by the enzyme-

linked immunosorbent assay (ELISA) technique as a part 

of the routine evaluation of such patients. Anti-TB drugs 

were provided free of charge for TB patients.
[10] 

 

In this study, we analyze data from Mosul city which 

contain two health district right and left. The right health 

district has 22 PHCCs and the left health district has 20 

PHCCs.  

 

District Year Total 2018, 2019, 2020 and 2021. The crude 

population of Mosul city is 1810371, 1788163, 1834903 

and 1882896 which were obtained from the Statistics 

Division in the Nineveh Directorate of Health.  

 

c. Data collection tools  

The demographic and clinical profile of the TB records 

were collected according to age, gender, residence, site 

and treatment outcome of all forms of drug-susceptible 

TB patients. The descriptive purposes of the study were 

determined in numbers and percentages, and the 

incidence of TB according to type, age groups (0-4, 5- 

14,15-24, 25-34, 34-44, 45-54, 55-64, and 65+), sex and 

residence were calculated. Also, the treatment success 

rate, failure rate, mortality rate, and case fatality rate, 

were calculated for the years 20182021.  

  

d. variable definition the following case definitions: 

(Pulmonary tuberculosis (PTB), extrapulmonary 

tuberculosis (EPTB), drug-susceptible TB patient, cured, 

treatment complete, treatment failed, died, lost to follow-

up (LFUP), not evaluated, treatment success, smear-

positive, smear-negative and not applicable(NA)) was 

according to NTP.
[10] 

 

e. Statistical analysis  

The raw information of the patients had entered into a 

Microsoft Excel sheet for statistical analysis. The 

statistical calculations were performed in Microsoft  

Excel 2016 and Statistical Package for Social  Sciences 

version 26 (SPSS 26; IBM Corp., USA).  

 

The categorical data were analyzed using Pearson’s chi-

square test. The p- value of <0.05 was considered 

statistically significant.  

  

f. Ethical approval  

The study was based on recorded data; hence, approval 

from the Nineveh Directorate of Public Health was 

taken. All personal information was kept confidential.  

 

RESULT  
 

A total of 840 patients were diagnosed with active TB at 

the RCDC of Mosul city during the period 2018-2021, 

the highest incidence rate was in 2019.  

 

The study revealed that 517 TB patients with an 

incidence rate of 13.4/ 100,000 population during the 

study period were from the left district. Hence, the 

female incidence rate was higher, with a higher 

Pulmonary tuberculosis incidence rate (Table 1).  
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Table 1: The incidence rate of drug-susceptible TB patients in Mosul city over 2018–2021 (n=840) according to 

gender, residence and types of TB.  
 

Variable 
Years, n. (IR)* 

Total 
2018 2019 2020 2021 

Sex 
Male 

93 (11.2) 121 (13.3) 96 (10.2) 87 (9.0) 397 (10.9) 

Female 103 (10.5) 126 (14.4) 108 (12.0) 106 (11.5) 443 (12.1) 

Residence 
Right district 

 

92 (10.7) 

 

93 (11.0) 

 

67 (7.7) 

 

71 (7.9) 

 

323 (9.3) 

Left district 104 (10.9) 154 (16.4) 137 (14.2) 122 (12.3) 517 (13.4) 

Type of TB 
PTB 

 

120 (6.6) 

 

132 (7.4) 

 

120 (6.5) 

 

128 (6.8) 

 

500 (6.8) 

EXPT 76 (4.2) 115 (6.4) 84 (4.6) 65 (3.5) 340 (4.6) 

Total 196 (10.8) 247 (13.8) 204 (11.1) 193 (10.3) 840 (11.5) 

* IR=incidence rate/100,000 population.  

 

The highest percentage of patients was found among age 

groups 15–34 years which is (311, 37%)(Error!  

Reference source not found.).  

 

Table 2: Distribution of drug-susceptible TB patients according to age groups over 2018-2021 (n=840). 
 

Age groups 
(years) 

Years, n. (%)    
Grand Total 

2018 2019 2020 2021 

0-14 12 (6.1) 21 (8.5) 14 (6.9) 16 (8.3) 63 (7.5) 

15-24 46 (23.5) 51 (20.6) 43 (21.1) 44 (22.8) 184 (21.9) 

25-34 26 (13.3) 34 (13.8) 26 (12.7) 41 (21.2) 127 (15.1) 

35-44 31 (15.8) 36 (14.6) 27 (13.2) 15 (7.8) 109 (13.0) 

45-54 30 (15.3) 37 (15.0) 32 (15.7) 25 (13.0) 124 (14.8) 

55-64 27 (13.8) 30 (12.1) 32 (15.7) 31 (16.1) 120 (14.3) 

65+ 24 (12.2) 38 (15.4) 30 (14.7) 21 (10.9) 113 (13.5) 

Total 196 247 204 193 840 

 

Error! Reference source not found. represents the 

clinical Profile of drug- susceptible patients in Mosul 

city over 2018-2021, the PTB patients were 500 (59.5%), 

for EPTB patients the lymphatic TB (24.4%) and pleural 

TB (21.0) were the most predominant EPTBs during the 

study period.  

 

Table 3: Clinical Profile of drug-susceptible TB patients in Mosul city over 2018-2021. 
 

BT site 
Years, n (%)    

Total 
2018 2019 2020 2021 

PTB 120 (61.2) 132 (53.4) 120 (58.8) 128 (66.3) 500 (59.5) 

Smear positive 58 (29.6) 42 (17.0) 52 (25.5) 58 (30.1) 210 (25.0) 

Smear negative +NA 60 (30.6) 90 (36.4) 57 (27.9) 36 (18.7) 243 (28.9) 

Missing 2 (1.0) 0 (0.0) 11 (5.4) 34 (17.6) 47 (5.6) 

EXTB 76 (38.8) 115 (46.6) 84 (41.2) 65 (33.7) 340 (40.5) 

Lymph node 17 (8.7) 40 (16.2) 34 (16.7) 114 (59.1) 205 (24.4) 

Pleural 27 (13.8) 39 (15.8) 11 (5.4) 99 (51.3) 176 (21.0) 

Osteoarticular 11 (5.6) 12 (4.9) 7 (3.4) 47 (24.4) 77 (9.2) 

Meningitis 4 (2.0) 8 (3.2) 4 (2.0) 22 (11.4) 38 (4.5) 

Gastrointestinal tract 2 (1.0) 8 (3.2) 0 (0.0) 20 (10.4) 30 (3.6) 

Pericarditis 6 (3.1) 2 (0.8) 0 (0.0) 9 (4.7) 17 (2.0) 

Genito-urinary 3 (1.5) 0 (0.0) 3 (1.5) 6 (3.1) 12 (1.4) 

Others 6 (3.1) 6 (2.4) 6 (2.9) 23 (11.9) 41 (4.9) 

Total 196 246 195 203 840 
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On studying the association between TB sites with 

gender, it was statistically significant p=0.04, Pearson 

ChiSquare value 33.673 and degree of freedom (df) 1.  

 

the association between TB site and age groups was 

statistically significant p=0.000, with Pearson Chi-

Square value 33.7 with df =6(TableTable).  

Table 4: Comparison of PTB and EXTB patients with gender and age groups (n=840).  
 

Variable  
Site of TB n. (%)   

p-value* 
PTB EXTB TOTAL 

Gender Male 251 (50.2) 146 (42.9) 397 (47.3) 0.04 

 Female 249 (49.8) 194 (57.1) 443 (52.7)  

Age group 0-14 20 (4.0) 43 (12.6) 63 (7.5) 0.000 

(years) 15-24 111 (22.2) 73 (21.5) 184 (21.9)  

 25-34 81 (16.2) 46 (13.5) 127 (15.1)  

 35-44 53 (10.6) 56 (16.5) 109 (13.0)  

 45-54 77 (15.4) 47 (13.8) 124 (14.8)  

 55-64 80 (16.0) 40 (11.8) 120 (14.3)  

 65+ 78 (15.6) 35 (10.3) 113 (13.5)  

Total  500 340 840  

  

Also, the study revealed that most of the drug-susceptible 

TBs patients within Mosul city over 2018-2021 were 

treated successfully 791(94.4%), with case fatality rate 

and failure rate (2.4% and 2.7%), respectively. (Table 5).  

 

Table 5: Treatment outcome of TB patients of Mosul city over 2018-2021 (n=840).  
 

Outcome 
Years, n. % 

Total 
2018 2019 2020 2021 

Treatment success 181 92.3% 241 97.6% 201 98.5% 174 90.2% 797 94.9% 

Death* 6 3.1% 3 1.2% 0 0.0% 5 2.6% 14 1.7% 

LFUP 7 3.6% 2 0.8% 3 1.5% 7 3.6% 19 2.3% 

Not evaluated 2 1.0% 1 0.4% 0 0.0% 7 3.6% 10 1.2% 

Total 196 247 204 193 840 

 

Case fatality rate  

The mortality rates for the study years were 0.5/ 100,000 

population in 2018, 0.2/ 100,000 population in 2019, 0.1/ 

100,000 population in 2020 and 0.3/ 100,000 population 

in 2021.  

 

DISCUSSIONS 
 

Tuberculosis is considered a major global cause of 

disability and death, especially in developing countries. 

However, the burden of TB in Mosul City had not been 

well analyzed. And for this reason, this study has been 

performed to show demographic and clinical profiles and 

treatment outcomes in the city.  

 

In this study, the highest registered TB cases for the 

years 2018, 2019, 2020 and 2021was in the year 2019, 

due to the restoration of the surveillance system after 

four years of interruption of management and treatment 

of TBs patients due to the ISIS invasion. In addition, in 

these years, there was a peak of war by ISIS forcing 

internally displaced people (IDP) to flee their homes in 

Mosul and reside in IDP camps, which markedly 

increased the number of TB patients within the 

governorate. TB patients reported from the two districts 

of Mosul; showed that the highest count of 517 with a 

total incidence rate of 13.4/100,000 populations was 

from the left district as its location attracted the highest 

population density in comparison with other districts.  

 

After 2019, the number of TB patients had been slowly 

declining, which indicates improving the TB control 

program in Mosul city as well as the physical distancing 

interventions to limit the transmission of COVID-19, 

could result in lowering TB transmission.
[11,12]

 Although 

there was a slight drop in the incidence rate, it is not 

meeting the WHO goal of establishing a decline at a rate 

of 4%–5% per year by 2020 to achieve TB elimination.
[4]

 

The incidence rate of TB patients for the study period 

was 11.5/100,000 population. The rate is more than the 

total Ninawa rate which was 7/100,000.
[13]

 NTP in 

Ninawa during that time functioned only in 5 districts out 

of 11dictrict, the other 6 districts didn’t report any TB 

cases that’s why the overall rate is lower. the reported 

rate is less than the Iraq rate of 15/100,000. In 

comparison with neighbouring governorates, the present 

study revealed a rate higher than that of Salah-Aldin, 

Duhok, and Sulaymaniyah with an incidence rate of 

(10,8 and 11) /100,000 respectively. On the other hand, 

the rate was lower than that reported from Baghdad 

Rusafa (26/100,000), Kirkuk (13/100,000), and Erbil 

(13/100,000) according to data obtained from the Iraqi 

NTp.
[13]
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The most commonly affected age group was the young 

age, which was a similar finding in most developing and 

Arab countries.
[14]

 This was an expected finding as TB 

transmission mainly affects people who are in concurrent 

work.
[15]

 In contrast, the elderly are the most affected age 

group in developed countries, this difference had 

multiple reasons, particularly the increase of latent TB in 

the elderly.
[16]

 The present study revealed a 

predominance of female incidence rate on male 

incidence rate (12.1 vs 10.9)/100,000 population for the 

4-years study period. For the PTB patients, the male 

percentage is more than the female percentage. This 

finding was similar to the finding in several studies.
[4,17]

 

and in keeping with the 2021 global TB report for 

WHO.
[2]

 Kherad O, et al. explain that sex difference is 

related to higher smoking rates among male patients and 

other factors restricting females such as access to 

healthcare facilities and socioeconomic and cultural 

factors.
[18]

 In contrast, few studies from the EMR 

demonstrate the high rate in females.
[19] 

 

The study estimates the EXTB incidence rate 4.6/ 

100,000 population, considered lesser than that of Iraq (7 

/100,000),
[13]

 with a percentage of 40.5% of total TBs 

patients. According to the recent WHO report,
[2]

 EPTB 

represents 24% of the WHO-EMR. Although a high 

percentage of EPTB in the current study, there were no 

HIV co-infected reported patients. The most common 

extra-pulmonary clinical manifestations were Lymphatic 

TB followed by pleural TB. This finding was parallel to 

other studies where the majority of EPTB was affecting 

lymph nodes.
[16,18,20]

 

 

Furthermore, to address the association of certain 

variables with EPTB, female gender and age group of 

15–24 years were found to be statistically significant. 

This finding is in agreement with other studies.
[4,21] 

EPTB is associated with low immunity; hence, it is more 

common in children as their immune system is not 

completely developed.
[22]

 Therefore, young adult females 

should be targeted properly whenever there is suspicion 

of EPTB.  

 

The treatment success rate was about 95% among all 

drug-susceptible TB patients, which is considered higher 

than the WHO End TB Strategy goal of the 

recommended 90% target treatment success before 

2030.
[2]

 In 2021, Iraq reported approximately similar 

treatment success rate (94%),
[13]

 which is higher than that 

reported from neighbouring countries, 81% in Turkey, 

84% in Iran, 90% in Saudi Arabia and 91% in Syria.
[23]

 

in A study from Ethiopia presented a lower success rate 

by 88.2% and a higher rate of LTFU by 6.6%, death by 

4.8%, in comparison with our study
[24]

 In comparison to 

other research, the treatment outcome was generally 

excellent.
[18,25]

 This high treatment success rate indicated 

that the medical staff at the institution put in a lot of 

effort to monitor TB patients and their adherence to their 

anti-TB regimen. Additionally, the negative-HIV 

infection in this study improved the success rate because 

it is a known risk factor for treatment failure.  

 

The treatment failure for 4 years study was zero, which is 

considered lower than that of Iraq which is 1%.
[13]

 hence, 

the low failure rate in our study could be due to excellent 

patient compliance with therapy and the success of the 

DOTS strategy. Also, TB control and preventive 

measures such as prophylactic therapy for high- risk 

patients enhance the reduction of TB incidence. 

  

The limitation of our study is using secondary data to 

estimate the incidence rate; hence, there may be an 

underestimation of the true incidence because of missing 

or undiagnosed patients, also a lack of the kits for 

GeneXpert which might be a source of missing TB 

patients in the RCDC unit.  

 

CONCLUSION AND RECOMMENDATION  

TB is still a public health problem in Mosul city 

The most commonly affected age group was 1534 with 

37%, with satisfactory treatment outcomes. The female 

incidence rate was predominant, with a high percentage 

of EXTB about 57%. So, we recommended mobilizing 

support to remove underlying risk factors and assure 

gender-equitable access, including gendersensitive 

services for TB prevention, diagnosis, treatment, care 

and support.  
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