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DEFINITIONS OF TERMS 

The definitions in this study are adopted from the World Health Organization  

 

TERM DEFINITION 

An Adolescent  Is any person aged between 10 and 19 years. 

Young Adult  Is any person aged between 20 and 24 years. 

Adolescent and 
Young Adult 

 Is any person between the ages of 10–24 years. 

Poor Treatment 
Outcome  

Refers to treatment failure, loss to follow-up/defaulting, and death  

Successful 
Treatment 
Outcome  

Refers to cured tuberculosis infection. 

Tuberculosis  
Treatment Failure 

Is a patient whose sputum smear microscopy or culture is positive after five 
months of anti-tuberculosis treatment.  

Death  Refers to a  patient with tuberculosis who dies for any reason during treatment. 

Lost to Follow-Up  Is a patient with tuberculosis whose treatment is interrupted for two consecutive 
months or more. 

Incidence Refers to new cases of tuberculosis that were diagnosed between 1st January 
2020 to 31st December 2023. 
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ABSTRACT 

  

Background: Adolescents and young adults (AYA) with HIV infection in sub-Saharan 

Africa are at high risk of dying from tuberculosis (TB) due to extreme poverty, violence 

and stigma, and defaulting TB treatment. Despite these risks, estimates of poor TB 

treatment outcomes among this population are limited in Tanzania as majority of the TB 

reports divide the population in two group adults (over 15 years old) and children (ages 0-

14) ignoring 15-24 years as a distinct group. This study aimed to evaluate the incidence of 

TB and predictors for poor TB treatment outcomes among 10-24 years old adolescents and 

young adults (AYA) starting antiretroviral therapy (ART) in Dar es Salaam.  

Study objective: To determine the incidence rate of TB and predictors for poor TB 

treatment outcomes among AYA living with HIV in Dar es Salaam. 

Method: A retrospective cohort study, conducted in Dar es Salaam using data collected 

from Care and Treatment Centre (CTC) 2 database between January 2020 to December 

2023. Patients with HIV aged 10 to 24 years who were on ART between January 2020 and 

December 2023 were included The incidence of TB was calculated by dividing newly . 

diagnosed cases by person-years of follow-up. TB prevalence was calculated by the 

number of HIV-infected AYA tested positive for TB over the total number of HIV-infected 

AYA during the study period. A multivariable Cox proportional hazards regression model 

was used to identify risk factors for poor TB treatment outcomes. 

Result: Among 19,021 HIV-infected AYA, 34 (0.2%) had TB, with a high prevalence in 

the 20-24 year age group (67.6%). The TB incidence rate was 8.6 per 1000 person year 

(95% CI; 5.2-14.1/cases per 1000 person year at risk), with the highest rates observed in 

males 20.5 per 1000 person year (95% CI; 9.2-45.7/1000 person years at risk), young 

adults 9.1per 1000 person year (95% CI; 5.1-16.1/1000 person years at risk), and WHO 

clinical stage 4 had 46.3 per 1000 person year (95% CI; 14.9-143.6/1000 person years at 

risk). The outcome of death was high 11/31 (35.5%). We did not identify significant 

predictors for poor treatment outcomes in this study.  

Conclusion: We observed a low prevalence of TB, low incidence of TB, and the most 

affected age group was 20-24 years in terms of burden, incidence and mortality. To achieve 

the goal of reducing poor treatment outcomes, it is recommended to sustain the existing 
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strategies such as the TPT provision and ART adherence, to improve early TB case 

detection, to strengthen follow-up of 20-24 years after initiation of treatment, further 

investigation is needed using a large National dataset to get a more comprehensive findings
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CHAPTER ONE 

1. INTRODUCTION 
 

1.1. Background 

 

In 2021, it was estimated that 10.6 million individuals globally have suffered from 

tuberculosis (TB). Between 2020 and 2021, there was a 3.6% rise in the number of new 

cases (incidents) of tuberculosis per 100,000 persons (1). An estimated 1.8 

million adolescents (10–19 years old) and young adults (20–24 years old) contract TB 

annually, accounting for roughly 18% of all TB cases worldwide (2). There were 1.60 

million TB cases among adolescents and young adults (AYA) in 2017, based on 

information from the World Health Organization (WHO). Furthermore, 90,000 deaths from 

TB occurred in young adults (20-24 years), higher than in young adolescents (10 -14 years) 

with 11,000 and in older adolescents aged (15-19 years) with 60,000 deaths from TB (3). 

HIV and TB are related to public health issues. HIV reduces immunity, which increases the 

risk of contracting TB and having it recur or reactivate (4). For people who are HIV 

positive TB is the primary cause of mortality (5). Furthermore, among patients living with 

HIV (PLHIV), especially AYA, one of the main causes of illness and death is TB (6).  

AYA are susceptible to TB illness, infection, and unfavorable treatment outcome. Because 

AYA develop the disease and contribute to its transmission, they provide unique 

challenges for case detection and treatment (7). During AYA, high TB transmission causes 

a fast increase in TB incidence. 

Additionally, AYAs comprise a half of new HIV infections globally, meaning they are at a 

high risk of infection (8). In 2019, two out of every seven new cases of HIV infection were 

brought on by AYA (9). AYA is 1.2 billion, of which 10 million estimated to be HIV 

positive. Findings revealed that, in Sub-Saharan Africa (SSA) more teenage girls and 

young females acquired HIV globally than males (10,11). TB development is more likely 

to occur in AYAs who are HIV positive, leading to unfavorable treatment outcome. 

Moreover, it advised that TB/HIV patients get antiretroviral treatment (ART) earlier, 

however it raises the possibility of immune reconstitution inflammatory syndrome (IRIS) 

for those with subclinical TB within 3 months. Before starting anti-TB treatment, patients 

on ART were divided into those who started ART 90 days or less, more than 90 days, 

within 14 days, after 14 days, or did not have ART. 
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Studies have shown that factors of being older adolescents have a 75% higher risk of loss 

to follow-up (LFTU) than younger adolescents (11). Those with pulmonary TB had 92% 

times higher risk of LFTU, treatment failure, and death than those with extra pulmonary 

TB (12). Having HIV co-infection was 413% times higher risk of LFTU, treatment failure, 

and death, compared to those without HIV co-infection (13). Moreover, lack of a contact 

person (a person who takes care of the patient had 37% higher risk of treatment failure, 

death and LFTU, than those with a contact person (14). Being a males are 152% more 

likely to experience treatment failures, LFTU, and deaths than females (15). Factor of 

smear-positive were 88.2% higher risk of LFTU compared to smear negative results (16). 

Tanzania reported 22,000 TB patients who were HIV-negative and 16,000 TB patients who 

were HIV-positive in 2018 (17). The Only 85% of HIV/TB treatments are successful, with 

15% having unfavorable results (18). Despite of HIV-infected AYA often overlooked in 

TB prevention and care strategies. Most of the literature in Tanzania divides the population 

into children and adults (19,20) ignoring AYA with distinct social, developmental, and 

biological characteristics that need for specialized methods of case detection for case 

detection, care, and prevention (21). This study determine the burden of TB and predictors 

of poor treatment outcomes among AYA living with HIV. The purpose of this study was to 

improve TB treatment outcomes, reduce transmission of TB, and avoid drug resistance. 

1.2. Problem statement 

 

Death from TB among HIV-infected individuals increased to 11% from all deaths in 2017  

(22). Likewise in 2019, TB HIV infected people was about 3.4 million, however real TB 

burden among HIV-positive AYA is uncertain, which reveals that the AYA population is a 

neglected group (23,24). AYAs face age-related challenges in accessing issues of 

healthcare services, especially in TB-endemic places without concentrating on adolescent 

health services. Despite WHO and other organizations emphasizing the need for healthcare 

services to address the specific needs of AYAs with HIV infection. Still HIV HIV-infected 

AYAs are at risk for TB infection, illness, and unfavorable outcomes in TB treatment since 

this age group faces social, developmental, and physiological characteristics that require 

dedicated approaches to increase attention in case identification, treatment, and prevention 

within the worldwide End TB Strategy. 
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In Tanzania, more initiatives aimed at reducing the TB burden in two age groups as 

children and/or adults living with HIV, while the AYAs group was disregarded in 

prevention and care policies. The specific needs of HIV-infected AYAs must be considered 

and addressed to improve outcomes in the AYA group. 

There is little information on the TB burden and predictors of poor TB treatment outcomes 

among HIV-infected AYA in Tanzania. This study assessed the burden of TB and 

predictors of death, LTFU, and treatment failure among HIV-infected AYA in Dar es 

Salaam, aimed to improve treatment outcomes, reduce TB transmission, and avoid drug 

resistance. 

1.3. Conceptual framework 

 

Young adults had a 57% times higher risk of LTFU compared to young adolescents (25). 

Previously reported males had two times higher risk of LTFU than females (26). 

Additionally, compared to patients who received Antiretroviral Therapy (ART) more than 

8 weeks after their TB diagnosis, those who had never been on ART but received it less 

than that period had a 59% decreased chance of dying. The WHO clinical stage had a 

118% increased risk of death in every increase of the WHO stage (27).TB HIV coinfection 

patients was 350% times higher risk of adverse treatment outcomes compared to non-HIV 

TB patients (28). 
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Figure 1: Factors associated with poor TB treatment outcome among AYA living with HIV. 

 

1.4. Rationale 
 

HIV infected AYA faced challenges of stigma, economic and education factors in TB 

treatment and cause poor treatment outcome, however many studies and other organization 

in Tanzania focusing in children and adults ignoring AYA age group. The findings will be 

used to improve treatment outcome for TB and prevent further TB transmission among 

HIV infected AYA. Moreover, the finding will help Ministry of Health (MoH) through 

National Tuberculosis and Leprosy Program (NTLP) to advise, evaluate the policies and 

strategies to age specific friendly services for AYA. Additionally, NTLP they may benefit 

from the findings by using it to improve the epidemiological data by age disaggregation of 

TB data. Further, it will help the health care provider to take into account and tend to 

AYAs' particular demands in their health facilities. 
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1.5. Research questions 

 

What is the incidence of TB and predictors of unfavorable treatment outcomes among 

newly diagnosed AYA (10-24 years) initiating ART in Dar es Salaam, 2020-2023? 

1.6. Objectives 

 

1.6.1. Broad objective 

 

To assess the incidence of TB and predictors of poor TB treatment outcomes among 

AYA (10-24 years) initiating ART in Dar es Salaam. 

1.6.2. Specific objectives 

 

a. To determine the prevalence of TB among HIV-infected AYA after initiation of 

antiretroviral therapy  

b. To determine the incidence of TB among HIV-infected AYA after initiation of 

antiretroviral therapy. 

c. To determine treatment outcomes among HIV-infected AYA on anti-TB treatment. 

d. To determine the predictors for poor TB treatment outcome among HIV-infected AYA 

on anti-TB treatment. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1 Overview of TB-HIV Co-infection 

TB is among opportunistic infection (OI) which are infections that affect persons with 

weakened immunity more frequently or more severely than they affect those with healthy 

immune systems. HIV impairs the immune system, exposing HIV-positive individuals at 

higher risk for TB. The combination of HIV and TB infection known as HIV/TB 

coinfection. Compared to people without HIV, persons with HIV are more likely to get TB 

illness from an untreated latent TB infection (29). HIV and TB have well-documented 

epidemiological and biological interactions that affect the prevalence, course, and 

outcomes of both illnesses. The global increase of TB cases is mostly due to the HIV 

epidemic, and the largest risk factor for acquiring TB is HIV infection (30). Globally, 

patients living with HIV (PLHIV) are eighteen times more likely to get active TB 

compared to individuals without HIV. Similarly, the approximate number of TB cases were 

10 million, 8.2% of the population had HIV in 2019 (31). 

WHO reported, SSA has the highest rate of HIV and TB co-infection in the globally, where 

the co-infection continues to have severe effects on the human population. The burden of 

co-infection differs significantly between Regions and Nations. In Ghana showed the 

increase in prevalence of TB HIV, a research conducted in Accra in 2020 found a 

prevalence of TB/HIV of 22.9%. Furthermore, demographic research from the Volta area 

revealed that TB/HIV prevalence reached 19.1% in 2019 after 18.2% in 2017 (32). The 

frequency of TB-HIV co-infection is quite high in South Africa (23%), which maintaining 

two separate and frequently overlapping TB and HIV treatment programs it identified as an 

inefficient use of resources, hence policymakers advocated for the unification of TB and 

HIV treatments (33). 

Tanzania is a country with a high TB burden as well as a high TB/HIV burden 31% 

(48,000) of the 154,000 newly reported cases of TB in Tanzania in 2017 were also HIV 

positive, according to estimates from WHO (2018). According to Mollel et al. (2019), 

incidence of TB was 2.08 for every 1,000 person-years, and recognized as the main cause 

of death for those living with HIV, making it crucial to closely monitor its prevalence in 

this population (34). 
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2.2 Prevalence of TB in Adolescents and Young Adults living with HIV 

 

There are many people in this age group worldwide nearly 2 billion people, or 90% of 

those in the 15–24 age range, reside in low-income nations, which frequently have the 

highest rates of TB (35). A study in South Africa showed, TB/HIV co-infection in young 

adults (33.1%) had the highest prevalence, following that, older adolescents (12.9%) and 

younger adolescents (18.5%) (36). In Gaborone, the percentage of TB registrations with 

unreported HIV status is 1.8% among adults, 4.8% among 20–24-year-olds, and 9.2% 

among those aged 10–19 (37). In study conducted in rural areas of India revealed that 

prevalence of TB infection was 16.7% in adolescents (38). In Tanzania, the Prevalence of 

TB was 19% of 12 and 16 years old in Mwanza (39). To the best of knowledge there is a 

little available information on the prevalence of TB in HIV infected AYA in Tanzania. 

2.3 Incidence of TB among Adolescents and Young Adults (AYA) Living With HIV 

 

In 2012 an estimated 1.78 million AYA became infected with TB every year, making up 

around 18% of the annual worldwide TB incidence. The largest number of TB cases were 

in the WHO African region. Among AYA, with 534,000 cases in the same year (40). 

According to the report of the CDC in Ghana, it is estimated that in 2020 the incidence of 

TB in HIV-infected individual was 143 for every 100,000 people (41). Moreover, in 2013, 

worldwide TB incidence has decreased by 2% and a 4% African decline. However, 

reported 10 million newly identified cases of TB in 2017, with 87% occurring in 30 

African nations and Tanzania is one of the nation having a high TB burden. Currently, SSA 

the incidence rate of TB in individuals living with HIV continues to be highly variable, 

both within individual countries (such as Tanzania, Uganda, South Africa, and Ethiopia) 

and across the continent (42). However, this finding regardless of AYA's HIV status, these 

results apply to all ages. In SSA the incidence rate of HIV-positive children and 

adolescents once treatment began was lower 5.4 per 100 person-years, than prior to the 

initiation of combination antiretroviral treatment was 10.5 per 100 individual years (42) 

Additionally, Tanzania is a country with a high TB burden as well as a high TB/HIV 

burden. Based on the research that was done, by Majigo et al showed general population, 

overall incidence rate of TB among individuals who tested positive for HIV was high in 

persons not using ART (43) 
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2.4 TB Treatment Outcomes among HIV Infected AYA 

 

A study done in India revealed that co-infected individuals who were not receiving 

antiretroviral therapy (ART) had a considerably lower treatment success rate (54%) than 

those who were (80%); also, the non-ART group had greater risks of mortality and default 

(44). On top of that, a study reveals that the success rate of treatment for TB/HIV co- 

infection was 58.0% and the rates of treatment failure were 0.5% treatment failure, 24.2% 

LTFU, and 4.5% death. Although a majority of deaths, 80% happened two months after 

anti-TB treatment was started (45). Additionally, TB HIV co infected individuals have a 

5.6% treatment failure rate. For individuals with co-infections of HIV and TB, the 

treatment success rate was 86.4% (46). Moreover, a study done in rural Kenya revealed 

that individuals with co-infections of HIV and TB had poor treatment results for TB of 

80% complete treatment, 12% death, and 4.2% LTFU than those with HIV-negative 

patients of 86% complete treatment, 5.6% death, and 4.4 LTFU, however these findings 

not detailed AYA age group (47). In Tanzania, only 85% of HIV/TB patients in Tanzania 

receive successful treatment, and the remaining 15% have unsatisfactory treatment (48). 

Furthermore, NTLP noticed in 2020, the total success rate of treatment for both new and 

relapsed TB patients was 96%. and the remaining 4% was unsuccessful treatment with 

0.08% non-completing patients, 3.3% died while receiving the treatment, and 0.92% were 

lost to follow-up in all age group TB patients (49). Nevertheless, the HIV-infected AYA 

age group has not been taken into consideration in these findings. 

 

2.5 Unfavorable TB treatment outcome among HIV infected AYA 

 

HIV TB co-infection prevalent were 56% of patients who were unsuccessful in treatment 

outcome of death, lost to follow up and treatment failure. This shown that individuals with 

HIV positive have a significantly higher risk of being unsuccessful treatment for TB than 

patients with HIV negative status (50). In addition, loss to follow-up, death and treatment 

failure in TB treatment was 72% higher in those with HIV and TB coinfection than in those 

without (51). 

Another study revealed HIV TB co-infected patients were 76% times more risk of death 

compared to those with HIV negative (52). Additional findings from Tanzania by Njiro BJ 

et al. 2024 showed that patients with TB-HIV co-infection accounted for 62% extra odds of 
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unfavorable treatment outcomes compared to their HIV-negative, however, this study done 

for recurrent TB in the age group of children and adults (20). Another study carried out in 

Mumbai, India, poor outcome were seven individuals (64%) where by four patients 

(36.5%) died, one patient died 16 days after treatment started, whereas three of these 

individuals who passed away never got TB or antiretroviral therapy. These may be due to 

HIV co-infection increases the probability of death in MDR- TB patients. Similarly, Co-

infected people may experience severe Immune Reconstitution Inflammatory Syndrome 

(IRIS) after starting antiretroviral therapy (ART), which has been linked to death (36). 

A study done in Mumbai showed that 64% had poor treatment outcomes with three (27%) 

treatments failed with the reason of illness severity also drug resistance, notably to 

fluoroquinolones, also linked to poorer treatment results (38). Western Cape Province, 

individuals with HIV co-infection aged 15–19 and 20–24 years had a high risk of treatment 

failure of 0.3%. This reported as due to disengagement from treatment could make it more 

likely that others will contract TB (53). 

In a study conducted in 2020 revealed, that loss to follow-up was more frequent among 

those 10 to 18 years old than those under five (23). In another study revealed that, when 

treatment began, older adolescents and young adults were 70% higher of loss to 

follow up in care than younger adolescents (54). Adolescents lack the ability to manage 

their own finances, solve problems, and make long-term plans. Other causes include 

factors like home instability and poverty. Adolescents with HIV co-infection face 

additional difficulties in sticking to complicated ongoing treatment plans, adverse 

medication reactions, and the stigma associated with co-infection with both HIV and TB, 

all of which might negatively affect their coping strategies and result in unsatisfactory 

treatment outcomes. 

2.6 Predictors for unfavorable TB treatment outcomes in HIV-infected AYA 

2.6.1 Age 

 

There was a larger risk of a LTFU in the participant groups that were young adults age of 

15-18 years of LTFU in the study conducted in Netherlands (55). Another study revealed 

the highest LTFU as a poor treatment outcome rates in South Africa were 15% and 16% for 

TB/HIV co-infected 15–19 and 20–24 year olds, respectively (56). Moreover, another study 
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in Cape Town, South Africa, a place with high rates of TB and HIV, discovered that 

adolescents with drug-susceptible TB had a higher death risk (57). 

In this factor, different age groups are faced with various challenges, such as developmental 

factors, socioeconomic factors, and psychological issues that might cause poor treatment 

outcomes of either death or Lost to follow up. However, no assessment of age in relation to 

unfavorable TB treatment outcomes in HIV-infected AYA in Tanzania. 

2.6.2 Sex 

 

Different studies showed that, sex associated with poor treatment outcome such as being a 

male young adults had a higher mortality risk than female young adults (57). In a study 

conducted in Cape Town, South Africa, a region with a high prevalence of TB and HIV, it 

was discovered that among adolescents with drug-susceptible TB aged 15 to 19 years, 

female adolescents had a mortality risk that was more than twice as high as that of male 

adolescents. A study in Nigeria done by Chukwuma B. et al. revealed, males had higher 

levels of treatment failure, loss to follow up and death than females, although female had 

higher treatment success rates (92.4%) than their male counterparts (71.8%) (58). Several 

research have supported this pattern of lower success rates among men, However, the age 

of poor treatment outcomes in HIV-infected AYA was not categorized in this study. 

Biological variations between sexes can also have a role, for example female, may have 

various adverse effects from ART, which might impact their adherence and overall health 

outcomes. 

Nevertheless, sex in relation to predictors of unfavorable TB treatment outcome in HIV 

infected AYA in Tanzania not evaluated. 

 

2.6.3 Residence 

 

The distance, transportation, cost, availability, and acceptance of TB services are just a few 

of the obstacles that AYA residing in rural locations may encounter while trying to access 

healthcare. AYAs who reside in metropolitan areas may experience more difficulties 

finishing therapy due to factors like prejudice, stigma, mobility, or loss of follow-up 

(59).Living in rural areas has a 174% higher risk of treatment failure, death, and LFTU 

compared to urban dwellers (60). TB notification, case detection, treatment start, treatment 

adherence, and treatment outcomes among AYA living in rural or urban regions vary 
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depending on where you live. 

Individuals living in remote area frequently encounter obstacles such as restricted access to 

healthcare facilities, transportation concerns, and a lack of healthcare resources. These 

restrictions can result in a greater incidence of LTFU and death. While those residing in 

urban often have stronger healthcare facilities, factors like stigma, congested clinics, and 

socioeconomic inequality can all contribute to LTFU and mortality. 

Hence, this study also aimed at establishing the association between residence and 

predictors of unfavorable TB treatment outcome in HIV infected AYA in Tanzania 

 

2.6.4 WHO clinical stage 

 

There was an increased in three times more risk of a poor result from TB therapy in 

individuals with initial WHO stage III, nevertheless individuals in WHO stage IV were six 

times more likely of increased risk of unsatisfactory treatment outcome compared to those 

WHO stage II patients (61) . In addition, patients who are in WHO stage IV have three 

times higher odds of having a poor treatment outcome than patients who are not in WHO 

stage IV (62). 

Advanced stage of HIV is frequently accompanied by visible symptoms, which can 

enhance stigma and discrimination. This social pressure could discourage AYA from 

completing their therapy and follow-up visits and death may occur. 

Findings observed in other studies are contradicting, therefore this study predicts WHO 

clinical stage in relation to unfavorable TB treatment outcome in HIV infected AYA in 

Tanzania 

2.6.5 ART adherence 

 

According to the study revealed that, poor ART adherence to treatment for TB is 

associated with LTFU as a poor treatment outcome (63). Furthermore, another study done 

in Malaysia it is encouraged to enhance adherence counseling so that the causes can be 

found and dealt with. This is crucial since poor treatment compliance and frequent 

treatment pauses can result in the emergence of resistant TB, treatment failure, relapse, 

prolonged infections, and even death (64). However, the study population was not 

categorized in Adolescents and Young Adults with HIV infection. 
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2.6.6 CD4 Cell count 

 

Numerous studies revealed that the strongest clinical factor of death in TB/HIV co-infected 

patients is a low CD4 T-lymphocyte count. A study done in Uganda by Lumu I, et al. 2023 

revealed a CD4 count of less than 200 cells/mL had 81% higher risk of mortality among 

HIV-positive individuals compared with a CD4 count of greater than 200 cells/ mL 

(65). Furthermore, Patients who had a CD4 count of less than 200 cells/mL were 289% 

increased risk of mortality compared to those who had a CD4 count of more than 200 

cells/mL (66). 

2.6.7 Type of TB 

 

A Cameroonian research found, having extra pulmonary were 89% times more risk of 

mortality than those who had pulmonary TB (67). Additionally, another study showed that 

children with extra-pulmonary TB infection were a 190% times higher risk of 

mortality than those with infection of pulmonary TB (68). These might result from the 

challenge of extra-pulmonary TB diagnosis in our clinical environment with limited 

resources, which is frequently exacerbated by patients' inability to afford timely, targeted 

diagnostic testing. 



25 
 

 

CHAPTER THREE 

3 METHODOLOGY 

 

3.1 Study design and duration 

 

This was retrospective cohort study, based on routinely collected data from 92 Care and 

Treatment Clinics (CTC) out of 249 CTCs in Dar es Salaam. The data included in this 

study was from January 2020 to April 2024. Enrolment time was from January 2020 to 

December 2023. Follow up time was from January 2020 to April 2024. The start time was 

taken from 1 January 2020, or the date of first enrollment at the CTC if enrollment was 

after 1 January 2020. Patients were followed for the first episode of TB to happen. End 

time was defined as whichever came first among the following; the date there were last 

seen at a CTC, the date of death, transferred out, treatment failure or loss to follow up or 

31
st
 April 2024. 

3.2 Study area 

 

This study was carried out at Dar es Salaam CTCs, supported by the Management and 

Development for Health (MDH). MDH is a non-governmental organization that works in 

Tanzania and is supported by the US Centers for Disease Control and Prevention (CDC) 

under the President's Emergency Plan for AIDS Relief (PEPFAR) to offer HIV 

management and care as well as access to ART in Tanzania. These clinics receive technical 

assistance, laboratory services, and infrastructure from MDH. Dar es Salaam is Tanzania's 

largest city and its main commercial city, with almost 6 million populations. 

3.3 Study population 

 

All AYA living with HIV who are attending CTC initiating ART in Dar es Salaam. 

 

3.4 Data inclusion and exclusion 

 

3.4.1 Inclusion criteria 

 

HIV infected patients aged 10-24 years, who were on ART January 2020 and December 

2023. 
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3.4.2 Exclusion criteria 

 

All adolescents and young adults 10-24 years missing Outcome variables of TB results and 

the final treatment outcome of TB required for analysis 

3.5 Sampling method 

 

 Purposive sampling methods of CTC selection was used. All AYA meeting the inclusion 

criteria were enrolled into the study. 
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3.6 Power of the study 

 

The formula for estimating the power of cohort studies was 
 

 

 

 

Where 

 

Δ = difference of risk of disease between exposed group and unexposed group 

κ = ratio of sample size: unexposed group / exposed group 

p1= risk of disease among the exposed group; 

p2= risk of disease among the unexposed group; 

p = (p1*n1+p2*n2) / (n1+n2) 

q= 1-p 

n1= available sample size among the exposed group. 

 

Assumptions of power of the study: 

 

The following assumptions were used in order to calculate the power of the study: The 

two-sided confidence interval of 95% was used. HIV only cases were considered as a non-

exposed group and coinfected TB/HIV cases as an exposed group. The number of 

coinfected TB/HIV cases were 34 while HIV only cases were 18,987. The ratio of sample 

size among non-exposed group and exposed group (K) was 0.002. Risk of poor treatment 

outcome among exposed was 55.9% while risk of poor treatment outcome among non- 

exposed was 0.1%. Power calculation using OpenEpi software Version 3.01 available at 

https://www.openepi.com/Menu/OE_Menu.htm yielded a power of 100%. 
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3.7 Data abstraction procedure and Dataset description 

 

Data was abstracted from CTC2 electronic data systems. The database store demographic 

and clinical information that is collected from CTC2 card for the HIV infected patients. 

Primary data generated in the CTC was captured on facility-held information collection 

tools designated as CTC2 card. 

Data were exported from the CTC 2 database systems to Microsoft Excel 2016 and then 

imported into Stata Version 15.0 for analysis. Before analysis, data were cleaned and 

checked to ensure that the data lie within the maximum and minimum fixed values and are 

logical. The outcomes were TB, and TB treatment outcome. Independent variables were 

socio-demographic and clinical characteristics available in the CTC 2 database. Social 

demographic factors includes BMI, age, sex, and client referred from. Clinical 

characteristics included ART adherence, WHO clinical stage, HIV regimen used, nutrition 

status and duration of HIV treatment. 

In the database, these variables were recorded as follows, age as a continuous variable 

which categorized as (10-14 years, 15-19 years, and 20–24 years), sex (male and female), 

client referrals from (OPD, , IPD, Community and Laboratory), ART adherence (Yes, No), 

WHO clinical stage ( 1
st
stage, 2

nd
stage, 3

rd
stage, 4

th
stage), HIV regimen used (1

st
line, 

2
nd

line), BMI (Underweight, Normal, Overweight, Obese) and duration of HIV treatment 

(<=1year, >1year).The dependent variables was recorded as treatment outcome (cured: A 

TB patient with confirmed TB at the beginning of treatment who was smear or culture-

negative in the last month of treatment, death: refers to a TB patient who dies for any 

reason during treatment and lost to follow up: is a TB patient whose treatment is 

interrupted for two consecutive months or more.  

3.8 Data analysis 

 

Categorical variables summarized using frequency and proportions, numerical variables 

was summarized using measures of mean and Standard Deviation (SD). 

The time between enrollment in CTC and TB diagnosed was time in months, TB negative 

were censored. The time in months between TB treatment initiation until cured, loss to 

follow up, transferred out and death was used. Patients who were cured who had their 
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treatment classified as success were censored at the outcome date. 

The incidence of TB was calculated as the number of HIV-infected AYA newly diagnosed 

TB started anti TB medications divided by the person-month of follow-up. 

The prevalence of TB was calculated as the number of HIV-infected AYA tested positive 

for TB as the numerator and the total number of HIV-infected AYA tested as the 

denominator for the entire patient population who are at risk in the of year January 2020- 

December 2023). 

To handle missing data, missing key variables was omitted and large sample size was 

included in this study, so that may not affect the power of the study. 

An extended Cox model (time-dependent Cox proportional model) was used for univariate 

and multivariate analyses after verification of the proportional-hazard assumption using the 

Schoenfeld’s test. Factors that were statistically significant at a p-value of ≤0.2 in the 

univariate analysis were considered as potential risk factors and included in the 

multivariable model. We assessed both a main effects multivariable model and a model 

including significant two-way interaction terms between covariates.  

 

3.9 Ethical considerations 

 

Ethical approval and waiver of informed consent was sought from the Institutional Review 

Board (IRB) at Muhimbili University of Health and Allied Sciences (MUHAS). 

Permission to use HIV data was obtained from data manager at The Management and 

Development for Health (MDH). To ensure data security, the patient unique Identification 

number was used instead of using patient names. In additional, computer that contain data 

had password protected and access was only be granted to people who was authorized. 

(Appendix I and II) 
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34 TB Positive AYA with HIV 

infection 

Good treatment outcome 

97 TB Negative AYA 

18,890 HIV infected AYA 

with no TB symptoms 

131 TB presumptive AYA 

(Those with TB symptoms) 

19,021 HIV infected AYA initiating ART 

from January 2020 to December 2023 were 

included in the study 

18 participants were 

excluded due to missing of 

outcome variables. 

19,039 HIV infected AYA initiating ART 

from January 2020 to December 2023 were 

extracted from CTC2 database 

CHAPETR FOUR 

 

4 RESULTS 

 

4.1 Descriptive results 

 

Data were extracted and analyzed from records of 19,039 AYA enrolled in HIV care and 

treatment services between January 2020 and December 2023. 18 HIV infected AYA were 

excluded due to missing of outcome variables. 19,021 Participants were enrolled in this 

study. Participants who had no symptoms of TB were 18,890 and 131 HIV infected AYA 

they had TB symptoms, 34 were positive TB and 97 were TB negative. Figure 2. 

 

 

 

 Figure 2: Flow chart showing the procedure used to select subjects 
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4.2 Prevalence of TB among HIV infected AYA 

This study involves 19,021 participants of HIV infected AYA on ART from January 2020 

to December 2023. Majority 14,921 (78.4%) of the study cohort were aged between 20-

24 years and the mean (SD) age was 20 ± 3.6 years. Female sex were accounted for 

15,429 (81.1%) among the study population. Those who were referred from the 

community had 10,081 (54.9%). Among all participants, those with no TB symptoms 

were 18,890 (99.3%). The overall prevalence of TB in HIV infected AYA is 0.2. Among 

those who were TB presumptive majority 92 (0.4%) were cured. Table 1. 

Table 1.  Social and clinical characteristics of HIV infected AYA initiated ART from  

                January 2020 to December 2023 in Dar es Salaam (N= 19,021) 

Variable Frequency Percentage 

Age   

10 - 14 145 0.8 

15 - 19 3,955 20.8 

20 - 24 14,921 78.4 

Mean 20±3.6SD   

Sex   

Male 3,592 18.9 

Female 15,429 81.1 

Client referred 
from 

  

OPD 8,808 46.3 

IPD 120 0.6 

CTC 32 0.2 

Community 10,061 52.9 

TB presumptive   

Yes 131 0.7 

No 18,890 99.3 

TB results 
  

Positive 34 0.2 

Negative 18,987 99.8 
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4.2.1 Prevalence of TB among HIV infected AYA age group 

 

In the present study we observed the overall prevalence was 0.2 with high prevalence of TB in 

young adults’ age group of 20-24 years compared to other age groups of adolescents as shown in 

figure 3. TB prevalence in this study found to be high in female compared to male shown in 

figure 4 below 

 

 
   Figure 3: TB prevalence in HIV infected AYA by age group  
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    Figure 3: TB prevalence in HIV infected AYA by sex            

             

     

                                             

4.3 The incidence of TB among HIV infected AY on anti TB 

 

We found, the total follow up time of 1,853.3 person year in 19,021 HIV infected AYA 

and 16 (0.1%) TB cases was obtained. The overall incidence rate of TB in HIV infected 

AYA 8.6 per 1000 person years at risk (95% CI; 5.2-14.1/1000 person year at risk).  

Male had high TB incident rate than female 20.5 per 1000 person years at risk (95% CI; 

9.2- 45.7/1000 person year at risk). The age group of young adults (20-24 years) had high 

incident rate of 9.1 per 1000 person years at risk (95% CI 5.1-16.1/1000 person year at 

risk) than other age group. WHO clinical stage 4 had high TB incident rate of 46.3 per 

1000 person years at risk (95% CI; 14.9-143.6/1000 person year at risk) compared to 

other stages, however WHO clinical stage 2 than stage 1 had low TB incident rate of 3.4 

per 1000 person years at risk (95% CI 0.85-13.6/1000 person year at risk) due to few 

number of TB cases. Table 2. 

 

 

Male, 41% 

Female, 59% 
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Table 2: Incidence of TB in HIV infected AYA initiated ART from January 2020 to   

December 2023 in Dar es Salaam 

Charact

eristics 

Number 

of 

TB cases 

1000 

Person year 

TB incident 

rate/1000 

person-years 

(95%CI) 

 

Overall 

 

16 

 

1,853.3 

 

8.6 (5.2-14.1) 

 

Sex 

   

Male 6 292.2 20.5 (9.2 – 45.7) 

Fema

le 

10 1561.1 6.4 (3.4 – 11.9) 

Age 

group 

   

10-19 

20-24 

4 

12 

534.2 

1561.1 

7.5 (2.8 – 19.9) 

6.4 (3.4 -11.9) 

 

 

WHO clinical 

stage 

   

1 5 806.7 6.2 (2.9 - 65.0) 

2 2 585.9 3.4(0.85-13.6) 

3 6 395.9 15.1(6.8 – 33.7) 

4 3 64.7 46.3(14.9-143.6) 
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4.4 Treatment outcome of TB among HIV infected AYA 

 

In our study we found that, poor treatment outcome of death proportion was 11/31 (35.5%) 

during the TB treatment compared to other poor treatment outcome of Loss to follow up. 

Table 3. 

 

Table 3: Treatment outcomes among HIV infected AYA 

 
      Treatment outcome 

Variables Cured n (%) 

Dead n 

(%) LTF n (%) 

Total 15 (48.4) 11 (35.5) 5(16.1) 

Sex 

   
     Male 5(33.3) 5(45.5) 2(40.0) 

      Female 10(66.7) 6(54.5) 3(60.0) 

Age group 

   
     10-14 2(13.3) 2(18.2) 0(0) 

     15-19 4(26.7) 2(18.2) 1(20.0) 

     20-24 9(60.0) 7(63.6) 4(80.0) 
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4.5. Predictors of poor TB treatment outcome among HIV infected AYA 

 

In bivariate analyses, five predictors of Client referred from, ART adherence, WHO 

clinical stage, HIV regimen used and Duration of HIV treatment had P value of <0.2 

as shown in table 4. Accordingly, these variables were subjected to multivariate Cox 

regression analysis and found no factors with significance associated with the poor TB 

treatment outcome. 

 

Table 4: Bivariate analysis of predictors for poor TB treatment outcome among HIV- infected 

AYA on anti-TB treatment, January 2020 to December 2023, Dar es Salaam 

Variables Treatment outcome of TB P Value 

 Favorable 

(%) 

Unfavorable 

(%) 

 

Age   0.397 

10-19 6(54.5) 5(45.5)  

20-24 9(39.1) 14(60.9)  

Total 15(44.1) 19(55.9)  

Sex   0.409 

Male 5(35.7) 9(64.3)  

Female 10(50.0) 10(50.0)  

Total 15(44.1) 19(55.9)  

Marital status 

(n=30) 

  0.411 

Single 7(46.7) 8(53.3)  

Married/ 

Cohabiting 

             6(54.6) 

 

     6(45.4) 

 

 

Widow  0(0) 1(100)  

Divorced  0(0) 2(100)  

Total 13(44.8) 17(55.2)  

BMI   0.841 

Underweight 13(44.8) 16(55.2)  

Normal 2(40.0) 3(60.0)  

Overweight 0(0) 0(0)  

 Obese 0(0) 0(0)  

Total 15(44.1) 19(55.9)  

Client referred 

from 

            0.129 

OPD 3(25.0) 9(75.0)  

IPD 2(66.7) 1(33.3)  

    

Community 10(52.6) 9(47.4)  

Total 15(44.1) 19(55.9)  
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Variables Treatment outcome of TB P 

Value 
 Favorable 

(%) 
Unfavorable 
(%) 

 

ART 
adherence 

  
0.253 

Yes 14(42.4) 19(57.6)  

No 1(100) 0(0)  

Total 15(44.1) 19(55.9)  

WHO 

clinical stage 

  0.06 

1
st
stage 2(20.0) 8(80.0)  

2
nd

stage 6(85.7) 1(14.3)  

3
rd

 stage  
6(40.0) 

 
9(60.0) 

 

4
th

 stage 1(50.0) 1(50.0)  

Total 15(44.1) 19(55.9)  

HIV regimen 

used 

  0.253 

1
st
 line 14(42.4) 19(57.6)  

2
nd

 line 1(100) 0(0)  

Total 15(44.1) 19(55.9)  
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CHAPTER FIVE 

5 DISCUSSION 

 

The purpose of this study was determine the prevalence of TB, incidents of TB, treatment 

outcomes, and predictors of poor treatment outcomes of HIV-infected AYA in Dar es 

Salaam from January 2020 to December 2023. The overall TB prevalence of AYA with 

HIV infection was low 0.172 (172 cases/1000 population). The overall incidence rate of 

TB in HIV-infected AYA was low 8.6 (95% CI 5.2-14.1) cases per 1000 person-year. The 

study found a high proportion of poor treatment outcome of death (35.5%). The most 

affected age group was the age of 20-24years. This study did not determine predictors of 

poor treatment outcomes of TB in HIV-infected AYA. 

 

The findings from this study found the prevalence of TB in HIV-infected AYA is low. 

This might be due to several reasons, the improvement in treatment and care of HIV 

simply because ART in HIV patients it prevents the inactive form of TB from developing 

to active form of TB disease. Another factor could be due to the implementation of 

collaborative TB and HIV activities in Tanzania. Similar findings observed in a study 

done in Tanzania between 2011 to 2014 revealed the prevalence of TB decreased in 

PLHIV on ART than those who are not on ART (43). Contrary with the study done in 

DRC, Mukuku et al reported 20.95% prevalence of TB in HIV infected children (69). The 

difference might be due to differences in HIV burden, access to health services, and 

quality of the health services. 

According to this study, young adults were more affected than adolescents. This finding 

may be explained by the possibility of different social and behavioral patterns, such as 

increased mobility or substance use, which may be related to higher rates of TB 

transmission. Moreover, may encounter challenges while seeking to get access to 

healthcare, including testing and treatment for HIV and TB, which can cause a delay in 

TB diagnosis and treatment. Our findings supported by a study done on AYA in South 

Africa by Mulongeni P et al result showed the young adults had high prevalence of 

TB/HIV co- infection than adolescents (11). Moreover, similar findings were reported in a 

study done among AYA in Botswana by Enane et al 2020 (37). 
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In the present study, we found the overall TB incidence was a low among HIV-infected 

AYA. Similar findings were observed in the study done by Said K et al. 2017 in Tanzania 

with the overall TB incidence among HIV-infected adults was low (0.8 per 100 PY), this 

could be due to the effectiveness of health interventions in TB management and also 

improvement in national interventions such as the uptake of ART, provision of IPT (70). 

In this study we observed male gender had a higher incidence of TB than females, these 

findings might be due these findings might be due to less health seeking behavior of men, 

causing men to be more likely to get TB due to undiagnosed and untreated HIV co-

infection. The similar findings observed in the studies done by Mollel et al in the 

Tanzania (34). 

Compared to other age groups, our study found that young adults had a greater incidence 

of TB. This may be because of the stigma facing this age group, quality of counseling 

provoded, and challenges in adherence to TPT and ART due to movement of young 

adults such that, attending school or in economic activities. Similarly findings in the 

studies done in Botswana and South Africa (11,37). 

In our findings, WHO clinical stage 4 showed high TB incidence among HIV-infected 

AYA compared to other stages, this corresponds to advanced HIV disease with 

severe immunosuppression. At this point, patients are particularly susceptible to 

opportunistic infections like TB. These findings were supported by the study that revealed 

advanced WHO stages 3 & 4 had high TB incidence in HIV-infected patients (71). 

Another study showed a similar finding that WHO stage 3 & 4 was significantly 

associated with TB incidence (72). However this study showed WHO clinical stage 2 had 

low TB incidence rate than stage 1, it could be due to low number of new TB cases in 

stage 2. 

In our study, we observed out of the total reviewed AYA records high proportion of 

patients had unsuccessful treatment outcomes. Most of the AYA with poor treatment 

outcomes, more than half had outcome of death than LTF. Comparable results were 

observed in a study done by Amante et al. that, a high proportion of poor treatment 

outcomes, and among the participants with unsuccessful treatment outcomes majority 

were because of death (14). A study in Ethiopia, done by Katana et al. 2022 in Kenya 
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revealed high Mortality of 7.3% (51). The reasons could be due to depression of the 

patients, lack of social support, early presentation to CTC for management and treatment. 

In this study we found death was high in the age group of 20-24years. Similar findings 

observed in the study by to Osman et al. 2021 conducted in South Africa, showed the age 

of  20-24 years had high death proportion than other age group (57). Contrast findings 

observed in study done in Tanzania by E M Bukundi at al. 2021, revealed mortality rate 

was high in advanced aged might be due to disrupted immunity and age- related co-

morbidities that contributed to an increased risk of TB mortality among this age group 

(73) 

In the present study we found out five predictors of poor treatment outcome of TB; Client 

referred from, ART adherence, WHO clinical stage, HIV regimen used and Duration of 

HIV treatment had P value of <0.2 in bivariate analysis. Those predictors were failed to 

run in a mathematical model due to few observations of outcome variable. However 

different studies observed there are predictors for poor TB treatment outcome. 

 

5.1 Study limitation 

 

The study had limitation of few variables of interest limited the statistical power to 

identify     independent risk factors. Likewise some variables were missing in the data set 

such as CD4, client information support and type of TB.  Missing variables were not 

included in the analysis. 
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6.  CONCLUSION 
 

Our study showed an improvement in TB HIV integration services. This study found the 

overall prevalence of TB in HIV-infected AYA was low. Also we observed the overall 

Incidence rate of TB in HIV-infected AYA was low. Moreover, the prevalence of TB, the 

incidence of TB and Mortality of TB in HIV infected AYA the most affected age group 

was 20-24 years. 

7. RECOMMENDATION 

 

In order to achieve and maintain the WHO end-of-TB milestones, which involve a 95% 

reduction in poor treatment outcomes, we recommend to sustain the existing strategies 

such as the TPT provision to PLHIV and ART adherence. Additionally, to improve early 

TB case detection, especially in the population of 20-24 years who were HIV infected. 

Moreover, to strengthen follow-up of 20-24 years after initiation of treatment to reduce 

mortality in this group. Lastly, further investigation is needed using a large National 

dataset to get a more comprehensive picture 
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