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Tuberculosis 
Tuberculosis (TB), primarily a lung disease which dates back many years, is caused 

by the bacteria Mycobacterium tuberculosis.1 It is spread through the air from an 

infected person to others through coughing and sneezing.2 A person may be infected 

with TB but may not develop active TB disease due to the ability of the immune 

system to render the TB bacteria inactive.3 An estimated 25% of people globally have 

such latent TB infection.4 There is a 5 to 10% lifetime risk of a person with latent TB 

infection progressing to TB disease if the immune system becomes compromised.2 

Risk factors for developing TB include HIV infection, conditions impairing the 

immune system, undernutrition, alcohol use disorder and tobacco smoking.2 

Symptoms of pulmonary TB disease include cough, production of sputum which may 

be bloody, chest pain, weight loss, fever and night sweats.2 Findings from TB 

prevalence surveys have however highlighted that a considerable proportion of 

people may have TB without showing any symptoms.5 Consequently the usefulness 

of x-ray as a screening tool for pulmonary TB has gained acceptance. Extrapulmonary 

TB (EPTB) in which TB affects organs and tissues such as lymph nodes, bones, 

central nervous system may occur in up to 25% of TB cases and is due to spread of 

the TB bacteria through the blood and lymphatic fluid. 6  

The cascade of TB care spans identification of presumed TB cases for diagnostic 

workup and confirmation, enrolment into treatment, achieving treatment success or 

survival free of recurrence.7 There are however constraints that could potentially 

contribute to patient losses along the continuum of care including inadequate access 

to TB tests, low sensitivity of available TB tests, loss to follow up before initiation of 

treatment and sub-optimal treatment record keeping. 7 People presumed to have TB 

may be identified passively as in people on their own seeking care for symptoms 

suggestive of TB and actively by systematic or provider-initiated screening for TB 

among targeted groups.8 Rapid molecular diagnostic tests such as GeneXpert 

MTB/RIF are recommended by WHO as the first line diagnostic test for persons with 

symptoms suggestive of TB. 2 This is due to the ability and sensitivity of these tests 

to facilitate early detection of TB including drug-resistant strains.2 Samples for TB 
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testing include sputum and in the case of EPTB, samples/fluids obtained from 

affected tissues and organs.9 First line treatment for patients with drug-susceptible 

consists of a 6-month course that is rifampicin based regimen that also includes 

isoniazid, ethambutol and pyrazinamide.10 Multi-drug resistant TB which refers to TB 

for which isoniazid and rifampicin, the backbone of the short course regimen is no 

longer effective require longer regimens that are potentially more toxic to patients 

and relatively more expensive.2 Persons living with HIV have a much higher risk of 

contracting TB than their HIV negative counterparts requiring synergy between HIV 

and TB programs to enhance prevention and optimum care for those who are co-

infected.2 

The END and STOP TB strategies build on the landmark Directly Observed Therapy 

Short Course (DOTS) expansion strategy DOTS strategy which outlined the 

framework for effective TB control activities. 11-14 Key elements underpinning these 

strategies include early case detection, diagnosis of TB and standardized treatment 

for people with TB inclusive of drug resistant TB, political commitment and 

supportive systems for TB care and uptake of new tools and innovation.1 

Clearly, early case detection coupled with a high treatment success leads to a cure of 

infectious TB cases and cuts the risk of transmission ultimately reducing the burden 

of TB. To this end and in line with the Millennium Development Goals, the targets 

of 70% case detection rate (CDR) and 85% treatment success were set for countries.13 

Over the years there was a steady improvement in CDR with an estimated global level 

of 65% in 2010 up from 54–60% in 2005 and 40–45% in 1995.15 This has involved 

several countries adopting various strategies to improve the TB case finding and 

management. The END TB strategy now urges countries to reach a target of 90% of 

estimated TB incident cases being notified and treated and 90% treatment success 

rate for notified TB cases. 14 

 

The Global TB Burden 
Despite the various control strategies implemented over time, TB continues to be a 

disease of public health concern in the twenty first century and is listed among the 
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top 10 causes of death across the globe. 1 It is estimated that there were 10 million 

incident cases of TB globally in 2019, with a mortality of 1.2 million among HIV-

negative cases and an additional 208,000 deaths among people who were HIV-

positive.1 A major factor of TB incidence in Africa has been the HIV pandemic which 

drove up TB cases in many African countries in previous decades.15 However 

improvement in HIV care has contributed to a decrease in TB incidence in Africa.15 

Notwithstanding, about 25% of those who developed TB in 2019, an estimated 2.4 

million incident cases, were in the WHO region of Africa.1 Considering that Africa 

has less than 17% of the world’s population, the TB cases reported highlights the 

disproportionate burden of TB on this continent.16 In Ghana, like many African 

countries, TB is a disease of public health importance. More than 13, 800 cases of TB 

were reported in 2019 in this West African country which was designated as having 

a high TB/HIV burden.1 At country level, the Ghana National TB Program (NTP) is 

addressing TB by implementing programs driven by global strategies.17 Insights into 

such local level TB prevention and control activities highlight the efforts that 

contribute to combating TB, a global disease which is not only treatable but 

preventable.    

 

The Ghana TB Program 
TB was recognized as a public health concern in Ghana as far back as the colonial 

era.17 TB prevention and control were however not streamlined and suffered from 

unpredictable funding.18 With the formal set up of the National TB Control Program 

in 1994 and more dedicated funding from the government, Global Fund and other 

partner funding mechanisms, multiple TB control interventions have been 

implemented across various levels of the health sector.18-23 Since inception, NTP 

activities have been under the direction of four strategic plans which have sought to 

address quality gaps in TB care, scale up private sector involvement in TB care, 

prioritize HIV/TB and drug resistant TB, strengthen case detection, surveillance and 

monitoring and evaluation systems. 18-23 TB control is integrated into the primary 

health care making use of health staff at sub-national levels.18 Directly Observed 
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Treatment Short Course (TB DOTS) is available through 1,600 facilities across the 

country, 75 of which are private.18 There are about 325 TB diagnostic laboratories 

across the country giving an estimated ratio of 1 microscopy center to 90,000 

population.18,20 GeneXpert has now been made the first line diagnostic tool for new 

presumed TB cases facilitating the identification and treatment of multi-drug resistant 

TB.21 From 2013 to 2018, treatment success has been above 84% with the highest 

over the period being 87.4% in 2017.21 TB mortality has been in the range of 6 to 9% 

with higher mortality rates recorded among prisoners (32.6%) and persons living with 

HIV (20%).22 

The NTP had in place the Enabler’s Package, an incentive program which made 

available support such as food and transport vouchers to patients to reduce the cost 

burden of seeking TB diagnosis and treatment.20 This patient support program was 

one of the successful strategies to enhance TB case holding but due to limited funding 

had to be scaled back.20,21 TB in Ghana is managed according to WHO treatment 

guidelines using quality assured drugs accessed through the Global Drug Facility.20 

TB medicines including those for drug resistant TB, are procured and distributed in 

accordance with the country’s procurement and supply chain management plan.20,21 

A joint TB/HIV coordinating body oversees TB/HIV collaborative services in line 

with the country’s TB/HIV policy and guidelines for collaborative activities and 

clinical management for TB/HIV co-infection.20  

The District Health Information Management System 2 (DHIMS2) software which is 

the web-based data entry platform has served as the repository for TB data from 

across the country since 2014.18 TB data generated from facilities within a district is 

usually entered into DHIMS2 by facility or district level staff with data validation 

undertaken regularly at the district.  Data access is controlled by user rights. Staff at 

various levels of the health system can access and analyze TB to monitor trends and 

other information that is relevant to guide program implementation.  
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3% were reported.23 From about 3,000 TB cases reported in 1986, the highest number 

of cases reported in any given year was 15,849 in 2011.20,21,23 Over the period 2013-

2019, Ghana on the average reported 14,500 TB cases annually. 21  

 

 
Figure 1. Notified TB cases in Ghana 2000-2019 18,20,21 

TB case notification rate peaked at 64.4 per 100,000 in 2009.18,21 The 2013 TB 

prevalence survey conducted in Ghana however revealed that the prevalence of 

bacteriologically confirmed TB was 356 per 100,000 population highlighting a gross 

under-detection of TB burden in the years preceding the survey.24  Estimates put the 

number of people with TB in 2019 as 44,000 with 1,200 of them being drug resistant 

TB.21, 25Among TB cases, coinfection with HIV is approximately 21%.25 Men 

constitute about 65% while children below 15 years account for less than 6%.18   
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The Burden of TB in Ghana 
Two TB prevalence surveys have been held in Ghana.23,24 In the first survey 

conducted in 1957, the point TB prevalence was reported in the range of 0.2 % to 

0.9% in the general population while in gold mining communities, rates of 0.4% to 

3% were reported.23 From about 3,000 TB cases reported in 1986, the highest number 

of cases reported in any given year was 15,849 in 2011.20,21,23 Over the period 2013-
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detection as a challenge to TB control (28% for all TB cases and 37% for smear-

positive cases).17 Consequently the National Tuberculosis Health Sector Strategic 

Plan for Ghana (2009-2013) clearly identified TB case detection as one of the areas 

for intervention.18 Despite this recognition, several years down the line, only just 

about a third of estimated incident cases is detected.25 

Some of the reasons accounting for these gaps include limited access to TB diagnostic 

tests and for some of those who are able to get tested, failure to receive the results of 

the positive test for TB.7 Beyond the person being tested with TB, there is a sequential 

decrease in the numbers of people diagnosed with TB, being registered for treatment, 

accessing medicines for the full period of treatment and achieving treatment success 

and recurrence free survival at each stage in the TB care cascade.7 In Ghana several 

studies have identified a myriad of patient and health system factors affecting access 

to and delivery of TB prevention and control services contributing to the stepwise 

reduction in numbers in the TB care pathway.26-35 Limited knowledge, myths and 

misconceptions about TB transmission, low perceptions of vulnerability to TB 

infection, stigma and financial barriers limit demand for and access to TB diagnostic 

services, enrolment in care and follow through for successful treatment.26-32 In a 

qualitative study of TB patients in Ghana, participants failed to reveal they had been 

coughing for prolonged periods but rather reported non-specific symptoms which 

ultimately led to delay in the TB diagnosis.26 Health system factors that contribute to 

the gaps in the TB care pathway in Ghana include limited access to TB diagnostic 

tests, inadequate funding of TB services, low interest of some health care providers 

in TB prevention and control, discriminatory attitude of health facility staff.21, 31-35 It 

is estimated that about half of out-patient attendants seek care in health facilities that 

do not have TB diagnostic tests on-site.21 Findings from these studies have informed 

some of the NTP’s flagship programs such as the flagship Enabler’s package which 

significantly augmented treatment success.18  

 

Several of the studies highlighted above on TB in Ghana have focused a quite a bit 

on the challenges and gaps and relatively less on solutions. There are however several 

under-researched areas in TB control which would benefit immensely from evidence-
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based data to shape policy and inform program implementation. Though one of the 

weak links in Ghana’s fight against TB is case detection, there is a clear knowledge 

gap on what effective approaches to improve case finding are. The traditional passive 

case finding is limited partly due to some of the barriers listed such as poor access to 

diagnostic tests, missed opportunities for identifying presumed TB cases at health 

facilities. Consequently, several outstanding gnawing questions include what 

innovative active case finding approaches can be explored in the resource constrained 

Ghana setting to improve case finding people with TB? Given that, people presenting 

to health facilities for whatever reason could potentially have TB, could an intensified 

case finding approach through out-patient screening for TB symptoms identify 

presumed TB patients for diagnostic testing? Another question is how feasible and 

how successful would active case finding interventions implemented under 

programmatic conditions be among higher risk TB populations such as and persons 

living with HIV and diabetes attending their review clinic? Drawing from other 

studies conducted among persons with HIV, would symptom screening conducted by 

facility health staff using shorter duration of cough and other symptoms such as fever, 

night sweats and weight loss be more effective in TB case finding than the use of the 

more traditional approach of prolonged cough?36 For those vulnerable populations at 

high risk TB who have limited access to facility-based TB services, could community 

screening for TB using mobile teams be a worthwhile enhanced case-finding 

strategy?  

 

Going back to the TB care cascade, even though some literature has shed light on 

some of the factors contributing to the gaps in the pathway, much of what is known 

has however come from studies on pulmonary TB in the adult population. On the 

other hand, there is relatively little known about outcomes of persons diagnosed with 

extrapulmonary TB and childhood TB. EPTB should be of critical interest to TB 

control programs as it may account for up to a quarter of all TB cases while among 

children and those with compromised immune systems, the proportion of EPTB could 

be even higher.6 Likewise, childhood TB also serves as a marker for recent TB 

transmission which has implication for TB control activities.37 The varying nature of 
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extrapulmonary TB disease presentation, the different sites affected and limitations 

in the availability of sensitive tests make the diagnosis of EPTB challenging.6 Similar 

challenges including the atypical nature of presentation and availability of sensitive 

tests confront the diagnosis of TB in children. 5Whether these challenges have played 

a role in the knowledge gap on EPTB on childhood TB is speculative but there is 

clear need to address the outstanding research questions on these two areas in Ghana 

such as what is the scope of those affected and how do they fare on the TB care 

pathway including potential for being diagnosed and the treatment outcomes? How 

does treatment outcome in EPTB compare to pulmonary TB patients and what factors 

are associated with mortality among EPTB? In a country of limited resources, it is 

imperative to bridge this significant knowledge gap to provide vital evidence-based 

data to drive targeted interventions, shape policy and inform rational planning while 

providing lessons for other programs to learn from.  The research in this thesis comes 

on the heels of this knowledge gap. 

 

Objectives of research and structure of thesis 
The overarching objective of the research was to assess outcomes of case finding 

interventions implemented, as well as investigate aspects of the pathways of TB care 

focusing on under-researched topics in Ghana namely extrapulmonary tuberculosis 

and childhood TB.  

 

Overarching research questions:  

1. What innovative TB case detection approaches can be deployed to intensify 

and enhance TB case finding in health facilities and in the community 

respectively? 

2. What are the treatment outcomes and the factors that are associated with the 

worst outcome, death along the TB care cascade for EPTB and Childhood 

TB? 
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Routine data collected by the National Tuberculosis Control Program (NTP) were the 

primary data source for the analyses performed in this research. The routine NTP data 

had been submitted by institutional TB coordinators in facilities implementing case 

find interventions or collected by outreach teams conducting enhanced case finding 

activities among vulnerable communities with high risk of TB in hard-to-reach areas. 

Routine data collected by the national TB program is largely an underutilized but 

exceptionally valuable resource of data. The programmatic database can be harnessed 

to answer a variety of gaping questions and address the research needs of TB 

programs to guide tailored adjustments and improvement in program implementation. 

Key among the advantages of leveraging routine data for analyses include its ready 

availability, the wide scope of demographic and clinical variables which enable 

analyses of different dimensions of TB prevention and control such as gender 

sensitive aspects and a variety of subject that enable exploration of the various stages 

of the TB case pathway.  

 

Chapter 2: Provider initiated tuberculosis case finding in outpatient 

departments of health care facilities in Ghana: yield by screening strategy and 

target group  

BMC Infectious Diseases (2017) 17:739  

https://doi.org/10.1186/s12879-017-2843-5 

 

Research question: Does a shorter duration symptom screening increase case 

notification or only earlier case finding?   

Synopsis: It is estimated that about two-thirds of TB cases in Ghana are not detected 

and yet there are limited studies on assessing TB case finding strategies and the ability 

to improve the low yield of TB. We assess whether using symptom screening based 

on shorter duration of cough in combination with other symptoms has an advantage 

over the traditional 2 weeks cough in increasing the yield of TB cases. In the 1st 

approach, patients with a cough of 2 weeks or more and in the 2nd approach, patients 

with a cough of 24 hours as well a history of fever or weight loss were asked to 

provide sputum for smear testing. This study compares the yield of the 2 approaches 
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and the results between OPD groups. Case notification trends in Accra are compared 

to those of a control area. 

 

Chapter 3: Yield of tuberculosis among household contacts of tuberculosis 

patients in Accra, Ghana. 

Infectious Diseases of Poverty (2018) 7:14  

https://doi.org/10.1186/s40249-018-0396-5 

 

Research question: What is the feasibility and yield of implementing contact 

investigation activities under programmatic conditions in Ghana?   

Synopsis: Even though contacts of individuals diagnosed with TB are identified 

among risk groups to be screened for TB, contact investigation is not usually routinely 

in Ghana and little is known about the feasibility of implementing TB contact 

investigations and what the yield could be. This study therefore seeks to examine the 

outcomes and feasibility of implementing contact investigation activities under 

programmatic conditions in Ghana and identify barriers for successful 

implementation to inform NTP programming. The study assesses various proportions 

and yield from number of contacts needed to screen (NNS) and number needed to test 

(NNT) to detect a TB case. 

 

Chapter 4: Case finding of tuberculosis among mining communities in Ghana 

PLoS ONE (2019) 16(3): e0248718. 

https://doi.org/10.1371/journal.pone.0248718 

 

Research question: What is the yield of TB cases from TB screening activities among 

artisanal mining communities (AMC) in Ghana?   

Synopsis: Miners are among risk groups that are recommended for targeted TB 

screening. Artisanal miners are not only vulnerable to TB, they may operate in hard 

to reach areas with potentially limited access to health care services. The NTP has a 

keen interest to conduct TB case finding among miners given their high risk for TB 

with. Evidence-based data to guide these case identification activities among artisanal 
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gold mining communities (AMC) is however sparse not only in Ghana but Africa as 

well. Against this knowledge gap, the study assesses the conduct of TB screening 

activities as well as screening methods including the use of chest x-ray among AMC 

in 3 regions of Ghana. We also evaluate the number needed to screen (NNS) and the 

number needed to test (NNT) to detect a TB case, the factors associated with TB in 

these communities and the performance of the screening methods chest X-ray and 

symptoms in the detection of TB cases. 

 

Chapter 5: Childhood tuberculosis and treatment outcomes in Accra: a 

retrospective analysis  

BMC Infectious Diseases (2019) 19:749 

 https://doi.org/10.1186/s12879-019-4392-6 

 

Research question: What are the treatment outcomes of children with TB from 

multiple health facilities in Accra, Ghana?   

Synopsis: Tuberculosis (TB) is a leading cause of death in children and adults. Unlike 

for adults, there’s a paucity of data on the TB care pathway for children in several 

countries in Africa including Ghana. TB in children is a marker for recent TB 

infection necessitating documented studies to shape programs targeted at childhood 

TB for optimum outcomes. In Chapter 5, the study assesses the demographic and 

clinical characteristics and treatment outcomes of children less than 15 years with TB 

from multiple health facilities in Accra, Ghana and also determines predictors of 

mortality. 

 

Chapter 6: Extra-pulmonary tuberculosis: A retrospective study of patients in 

Accra, Ghana 

PLoS ONE (2019) 14(1): e0209650 https://doi.org/10.1371/journal.pone.0209650  

Research question: What are the treatment outcomes of patients with extra-pulmonary 

TB and the risk factors for mortality?   

Synopsis: There is limited data on the TB care cascade for extrapulmonary TB 

(EPTB) in sub-Sahara Africa and Ghana is no exception. Data on patients with all 
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types of TB from diagnosis to treatment retention and outcomes are necessary to 

facilitate a wholistic approach to TB control. This warrants studies that will explore 

the characteristics of those contracting EPTB and their outcomes to understand how 

to address the gaps in diagnosis and management. To this end, this study explores the 

dimensions and treatment outcomes of EPTB among patients from different types of 

health facilities including comparison between EPTB and pulmonary TB (PTB) and 

factors associated with death among EPTB patients. 

 

In summary, chapters 2, 3 and 4 address the question on the TB case detection 

approaches that can be deployed to intensify and enhance TB case finding in health 

facilities and in the community respectively.  

Chapters 5 and 6 delve into the questions on the TB care cascade for childhood TB 

and EPTB highlighting treatment outcomes and the factors that are associated with 

the worst outcome, death.  

 

 Chapter 7: Discussion 

The seventh chapter ties in the results of the different studies and highlights the key 

findings, recommendations for policy makers, study limitations and conclusions. 
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Abstract 
Background: Meticulous identification and investigation of patients presenting with 

tuberculosis (TB) suggestive symptoms rarely happen in crowded outpatient 

departments (OPDs). Making health providers in OPDs diligently follow screening 

procedures may help increase TB case detection. From July 2010 to December 2013, 

two symptom-based TB screening approaches of varying cough duration were used 

to screen and test for TB among general outpatients, PLHIV, diabetics and contacts 

in Accra, Ghana.   

Methods:  This study was a retrospective analysis comparing the yield of TB cases 

using two different screening approaches allocated to selected public health facilities. 

In the first approach, the conventional 2 weeks cough duration with or without other 

TB suggestive symptoms was the criterion to test for TB in attendants of 7 general 

OPDs. In the second approach the screening criteria cough of >24 hours, as well as a 

history of at least one of the following symptoms: fever, weight loss and drenching 

night sweats were used to screen and test for TB among attendants of 3 general OPDs, 

7 HIV clinics and 2 diabetes clinics. Contact investigation was initiated for index TB 

patients. The facilities documented the number of patients verbally screened, with 

presumptive TB, tested using smear microscopy and those diagnosed with TB in 

order to calculate the yield and number needed to screen (NNS) to find one TB case. 

Case notification trends in Accra were compared to those of a control area. 

Results: In the approach using >24-hour cough, significantly more presumptive TB 

cases were identified among outpatients (0.82% versus 0.63%), more were tested 

(90.1% versus 86.7%), but less smear positive patients were identified among those 

tested (8.0% versus 9.4%). Overall, all forms of TB cases identified per 100,000 

screened were significantly higher in the >24-hour cough approach at OPDs (92.7 for 

cough >24 hour compared to 82.7 for cough >2 weeks), and even higher in diabetics 

(364), among contacts (693) and PLHIV (995). NNS (95% Confidence Interval) 

varied from 100 (93-109) for PLHIV, 144 (112-202) for contacts, 275 (197-451) for 

diabetics and 1144 (1101-1190) for OPD attendants. About 80% of the TB cases were 
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detected in general OPDs.  Despite the intervention, notifications trends were similar 

in the intervention and control areas.  

Conclusion: The >24-hour cough approach yielded more TB cases though required 

TB testing for a larger number of patients. The yield of TB cases per 100,000 

population screened was highest among PLHIV, contacts, and diabetics, but the 

majority of cases were detected in general OPDs. The intervention had no discernible 

impact on general case notification.  

 

Keywords: tuberculosis, screening, case finding, Ghana 
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Background 

Ensuring early detection of tuberculosis (TB) cases is one of the key components of 

the End TB Strategy [1]. It is estimated by the World Health Organization (WHO) 

that there were 10.4 million incident cases of TB globally in 2015, and 1.8 million 

deaths due to TB [2]. Undetected active TB cases, as well as the pool of persons with 

latent TB infection which consists of a third of the human population, serve as an 

infectious reservoir for potential new cases, thereby posing a challenge to TB 

elimination [3]. Identification of TB cases usually depends on symptomatic patients 

voluntarily reporting to the health facility for diagnosis. Usually, a history of cough 

for 2 or more weeks, with or without other TB suggestive symptoms, is the criterion 

used to identify people to be tested for TB. However, using this method may be 

limited by factors such as patient health seeking behaviour, health worker alertness 

and low sensitivity. Some individuals may not have TB suggestive symptoms at all 

or may have less prominent symptoms that fail to elicit attention for testing for TB. 

Therefore, diagnosis of these cases is potentially missed or delayed with the risk of 

sub-optimal treatment outcomes, health sequelae and continued transmission of TB 

in health facilities and the general population [4, 5].  

Diagnostic delays and low TB case notification pose important challenges, prompting 

the need to explore interventions that increase TB case detection. In implementing 

these interventions, however, it is pertinent that they are cost effective and targeted 

at selected risk groups. Additionally, it is necessary to take into consideration the 

potential yield of TB cases, benefits, and harms, as well as the feasibility and costs 

[4].  

HIV clinics rank high among the settings for increased yield of TB cases due to the 

high risk of TB among people with HIV [6, 7]. Similarly, studies among diabetics 

have shown that the risk of developing TB is higher among persons with diabetes 

compared to non-diabetics [8, 9]. Contacts of TB cases are another risk group; data 

from multiple studies from low- and middle-income countries showed pooled 

prevalence of 3.1% active TB in all contacts [10].  
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Outpatient departments (OPD) of health facilities are feasible settings for TB 

symptoms screening [6, 11]. Patients presenting themselves at the health facility, 

although not constituting a specific TB risk group, constitute a “captive audience” 

requiring limited logistic arrangements compared to the labour-intensive case finding 

methods employed in non-facility-based settings.  

The 2007 comprehensive review of the Ghana National TB Program (NTP) 

highlighted low TB case detection as a challenge to TB control in Ghana [12]. With 

case detection estimated at 27% for all TB cases and 37% for smear-positive cases in 

2008, the National Tuberculosis Health Sector Strategic Plan for Ghana (2009-2013) 

clearly identified TB case detection as one of the areas for intervention [13].  With 

support from WHO and Canadian International Development Agency (CIDA), the 

Ghana NTP subsequently implemented a provider-initiated enhanced TB case finding 

strategy in the capital Accra. The selection of Accra for the initiative was because of 

proximity to facilitate oversight and monitoring of activities by the national office of 

the NTP which is located in Accra. This was done under programmatic settings 

among attendants of general outpatient departments (OPD), HIV clinics, diabetes 

clinics and contacts of identified TB cases to augment TB case detection [14]. Two 

approaches which used different durations of cough and other TB suggestive 

symptoms were used to identify patients for sputum smear testing for TB. 

While multiple studies have been published on screening for TB cases in different 

settings and countries, there is very little in the literature on enhanced TB case 

detection efforts in Ghana [15, 16]. The first objective of this paper was to compare 

the yield of the two different approaches used in two sets of general OPD clinics in 

Accra, with one of the screening approaches using a shorter duration of cough as well 

as other TB suggestive symptoms. The second objective was to compare the yield 

from the four groups; namely general outpatients, PLHIV, diabetics and contacts, 

using the approach with the shorter duration of cough and other TB suggestive 

symptoms. Finally, as a third objective, case notification trends in Accra were 

compared to those of a control area. 
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Methods 

This study is a retrospective analysis comparing the yield of TB cases using two 

different approaches to identify people eligible for TB testing from July of 2010 to 

December 2013. The approaches were implemented as part of an enhanced TB case 

finding intervention in Accra Metropolis, the largest city and capital of Ghana, 

located in the Greater Accra Region (GAR). The following criteria were used to select 

public health facilities to participate in the intervention: availability of TB 

microscopy services and functioning DOTS centres, large OPD clientele and capacity 

to implement the intervention under programmatic settings which translated into the 

facility management indicating ability to implement the intervention activities in the 

existing setting using the existing staff. Eleven major public health facilities in Accra, 

some having and others not having separate independently-ran HIV and diabetic 

clinics in addition to the general OPD services, fulfilled the criteria and were selected 

to participate in the intervention. OPD attendance ranged from 100 per day in the 

smallest facility to 500 per day in the largest facility. The intervention was 

implemented in the outpatient departments in ten facilities as well as HIV clinics and 

diabetic clinics that were operating in these facilities, but in the eleventh facility, the 

intervention was implemented in only the HIV clinic. These 11 facilities made up 

24% of the 46 TB diagnostic facilities in Accra, but accounted for approximately 70% 

of cases reported in Accra city and 53% of TB cases reported in Greater Accra Region 

in 2009. Accra residents as well as the residents of the neighbouring districts in GAR, 

who flock into the city during the day to transact various activities including work 

and educational pursuits, patronize these facilities. To facilitate ownership and buy-

in, management and all health care staff of the facilities were sensitized about the 

modalities of intervention. Standard operating procedures (SOPs) were developed to 

guide operations at the facilities and health care staff in the OPD, consulting rooms, 

laboratory and TB DOTS centres who were directly involved in the implementation 

of the initiative were trained in their use. Tools that were produced to track data 

included registers for contact tracing, presumptive TB patients, PLHIV screened for 
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TB and presumptive TB referral forms and screening tool for the two screening 

approaches. 

 

Screening methods 

In the first approach, assigned to 7 general OPDs, the history of cough of two or more 

weeks with or without other TB suggestive symptoms was elicited from all patients, 

regardless of the presenting symptoms, by the attending OPD nurse responsible for 

taking vital signs.  If the patient affirmed a cough of 2 weeks or more, this was 

indicated on the patient’s folder/OPD treatment card to alert the clinician. The OPD 

nurse then filled a sputum request form for the patient, who was then sent to the 

laboratory for the first collection of sputum specimen. It was ensured that such 

patients kept their place in the queue to see the clinician. Subsequently, during the 

consultation, the clinician would conduct a thorough clinical examination to assess 

for extra-pulmonary TB in addition to making a diagnosis for the patient’s presenting 

symptoms. The clinician would then refer the patient to the laboratory for the second 

sputum smear examination, even when extra-pulmonary TB was presumed.  

The second approach was assigned to 3 general OPDs, 7 HIV clinics - one of 

which was in a tertiary hospital - and 2 diabetes clinics, using a similar process. The 

difference in the second approach was that the patients were asked for a history of 

cough of >24 hours, as well as a history of any of the following symptoms: fever, 

weight loss, and drenching night sweats. See Fig. 1 for the diagnostic algorithm. The 

assignment of approaches among the clinics was purposely done in such a way that 

all the HIV and diabetes clinics used the second approach, hereafter referred to as 

>24-hour cough approach. This was in consideration of improving identification of 

TB in those patients who may not have the typical prolonged cough associated with 

TB [17]. The main reason for the selection of the three facilities to implement the >24 

hour-cough approach in their OPD was because they had a relatively larger OPD 

clientele and it was expected that their laboratories would be able to handle the 

potentially larger volume of samples for sputum examination expected given the 

criteria of >24 hours of cough and other TB suggestive symptoms. While the patient 

population in the two sets of facilities was likely similar, it is important to note that 
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the intervention was not implemented as a trial. Therefore, consideration was not 

given to baseline characteristics of the patient population at the facilities that could 

pose as potential confounding factors. We compared the yield from the two different 

approaches used in two sets of general OPD clinics in Accra and also compared the 

yield between the four groups, namely general outpatients, PLHIV, diabetics and 

contacts using the >24-hour cough approach. 

Contact investigation for TB was not a routine practice of the facility staff. It was 

therefore implemented as one of the case finding interventions with the pool of people 

screened being contacts of TB cases, in contrast to patients attending the respective 

clinics for the other groups. Index TB patients from all facilities, with the exception 

of one that cited inadequate logistics to carry out contact investigations, were invited 

to list their contacts. Depending on the preference of the index patient, contacts 

identified were either screened during home verification of the index patient before 

treatment initiation, or at the health facility while accompanying the index patient.  

The screening approach in use at the facility of the index patient was employed for 

the screening of contacts. Contacts presumed to be TB cases followed the standard 

diagnostic algorithm. At the time of the intervention, Ziehl Nielsen staining method 

was used in the diagnosis of TB. A diagnosis of sputum smear positive TB (SS+ve) 

was made when at least one acid-fast bacilli (AFB) was detected in 100 fields in one 

out of two slides. A diagnosis of smear negative pulmonary TB was made only after 

the smear negative sputum result had been followed up with clinician assessment and 

chest x-ray with findings consistent with TB coupled with the clinician decision to 

treat with a full course of TB treatment. 

The data was cross-checked during periodic monitoring and supervisory support 

visits to the facilities by the Accra Metropolis Health Directorate TB team and NTP 

staff. The quarterly figures from the two different screening approaches used in the 

OPDs were plotted to show the trend of those screened, identified with TB suggestive 

symptoms, tested, and the yield of TB cases over the period of the intervention. 
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Fig. 1 Algorithm for diagnosing TB among out-patient attendees in 11 health 
facilities in Accra 
 
The proportion of all forms of TB and SS+ve cases among the numbers screened, the 

presumptive TB cases and those tested for TB and the number needed to screen 

(NNS) to identify one SS+ve case, as well as all forms of TB for the two different 

approaches used in the two sets of general OPD clinics, HIV clinics, diabetes clinics 

and contact investigations were calculated. Two-sample tests of proportion were used 

to determine the 95% confidence intervals for these proportions to enable comparison 
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between the two approaches used in the two sets of general OPD clinics in Accra and 

across the four groups, namely general outpatients, PLHIV, diabetics and contacts, to 

identify significant differences. STATA Data Analysis and Statistical Software 

version 12 was used for the analysis. For the third objective of the paper, the 

comparison of TB case notification trends at the population level, Greater Accra 

Region (GAR), in which Accra is located, was assessed as the evaluation population 

[18]. Like many major cities, the city of Accra is a congregating hub for residents in 

surrounding districts who come into the city daily for a myriad of activities including 

accessing health care in the city’s facilities. A series of re-demarcation of the districts 

in GAR has resulted in some residents originally in the geographic region of Accra 

being assigned to new or other districts in Greater Accra Region, and in some 

instances residents from the districts bordering Accra have been reassigned to the 

Accra population [19]. The potential of a spill over effect from the fluid population 

and the changes in population figures from the re-demarcation exercise necessitated 

the use of a larger evaluation population and geographic area in order to avoid 

distortions in the measurements of intervention effects [18].   Ashanti Region, with 

similar characteristics to GAR, was selected as the control population to compare 

with GAR. Kumasi, the second largest city in Ghana, is located in Ashanti Region 

and shares a similar profile with Accra city in population, human resource for health 

capacity, health infrastructure and economic activities. It also has residents 

commuting daily from neighbouring districts to the city for various endeavours, 

creating the potential for similar spill over effects [20]. In the same vain, a 

demarcation exercise in Ashanti Region resulted in changes in Kumasi’s population 

and geographic spread. In summary, because of the risk of distortion from the 

demarcation exercises in Accra and Kumasi and spillover effect from fluid 

populations, we decided to compare notification data from Greater Accra Region and 

Ashanti Region instead of comparing notification data from Accra and Kumasi. 

Quarterly notification rates (for all forms of TB and smear positive TB) per 100,000 

population were plotted using Microsoft Excel 2010, using figures obtained from the 

NTP and Ghana Statistical Service for the period 2008 to 2013 for the 2 regions. A 

linear-trend line was drawn through the quarterly historical TB notification data 
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during the baseline (the first quarter of 2008 up to the second quarter of 2010) to 

project TB notification expected during the intervention period for Greater Accra 

Region and for Ashanti Region. A linear-trend line was also drawn through the actual 

TB notification data during the intervention period (third quarter 2010 to fourth 

quarter 2013) for each region. The graphs showed how the two linear-trend lines 

compared to each other in the intervention area Greater Accra and in the control area 

Ashanti Region.  

 

Ethical consideration 

Ethical clearance for the study was obtained from the Ghana Ministry of Health 

Research Division Ethical Review Board. Permission was also sought from the NTP 

and the participating facilities to use the data for the study. The data used in the 

analyses did not involve personal identifiers, but confidentiality was nevertheless 

maintained. 

 

Results 

During the implementation period, out of the reported 2,954,057 persons screened in 

the various clinics in participating facilities, approximately 1 out of 100 (24,562) were 

identified as having symptoms suggestive of TB (Table 1). About 90% (21,890) of 

these presumptive TB cases were tested for TB. Among these 21,890 presumed TB 

cases tested, 84.3% were from OPD, 11.9% from the HIV clinic, 2.0% from the 

diabetes clinic and 1.7% from contacts investigation.  Overall, 3,162 TB patients (all 

forms) were identified, with 79.7% from the OPD, 18% from the HIV clinic, 0.8% 

from the diabetic clinic, and 1.5% from the contact investigation. Among the TB 

patients, 57.9% (1,833) were sputum smear positive. 
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Fig. 2 Number of people verbally screened for TB, identified as presumptive TB, tested for TB, 
diagnosed with all forms of TB and diagnosed with sputum positive TB identified by the quarter 
from third quarter 2010 to fourth quarter 2013 for 2-week cough and >24-hour cough 
approaches in Accra Metropolis facilities 
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Quarterly variations 

The TB cases detected ranged from 170.8 per 100,000 screened in the fourth quarter 

of 2010 to 73.8 per 100,000 in the fourth quarter of 2012. Figure 2 shows the trend 

of the number of people verbally screened, identified as presumptive TB, tested for 

TB, and diagnosed with TB by quarter, from the third quarter of 2010 to the last 

quarter of 2013 for the two different screening approaches from the OPD clinics.  

While fluctuations were observed in these parameters over the period, there was no 

clear-cut pattern over the course of time. Linear-trends lines for the respective graphs 

showed that while there was an increasing trend among those verbally screened over 

the course of the intervention, a decreasing trend was generally identified for the 

number of presumptive TB cases identified and for numbers tested. Yield from clinics 

A comparison of the 2 approaches used in the general OPD setting showed that in the 

>24 hour-cough approach, significantly more presumptive TB cases were identified 

among general outpatients (0.82% versus 0.63%; p=0.0000). 

Also, more patients were tested (90.1% versus 86.7%; p=0.0000) and fewer smear 

positive patients were identified among those tested (8.0% versus 9.4%; p<0.007) 

(Table 1). Overall, the rate of TB cases (all forms) identified among the outpatients 

screened was higher in the >24 hour-cough approach (92.7 per 100,000 versus 82.7 

per 100,000; p=0.004). More patients needed to be screened to identify one TB patient 

in the 2-week cough approach  (NNS=1209, 95% confidence interval (95%CI) 1145 

- 1280) compared to the >24 hour-cough approach (NNS=1079, 95%CI 1022 - 1142). 

The differences between the 2 approaches in all of the above-mentioned indicators 

were statistically significant. However, the proportion of SS+ve TB diagnosed among 

all forms of TB did not differ between the two approaches.   

Approximately 7% of those verbally screened in the diabetes clinic and contacts of 

index patients were identified as presumptive TB cases compared to about 5% in the 

HIV clinic. In the various groups, over 80% of people identified to be presumptive 

TB cases were tested. However, the HIV clinic had the highest proportion of 

presumptive TB cases being tested for TB (94.9%), as well as the highest proportion 

of those tested being diagnosed with TB (21.8%). HIV clinic attendees had the lowest 

proportion of cases confirmed with sputum smear microscopy (36%). Rates of TB 
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among those screened were also highest among the HIV patients (995 per 100,000), 

followed by contact investigation (693 per 100,000). Consequently, the number of 

people needed to screen (NNS) to identify one TB case was lowest at100 for HIV 

patients, followed by contacts at 144.   

 

Evaluation versus control area 

Both projected TB notification and the actual TB notification for all forms of TB and 

smear positive TB during the intervention period showed a downward trend in 

Greater Accra Region (Figs. 3 and 4). However, the actual notification data for smear 

positive TB cases was less than the projection using the historical data.  For Ashanti 

Region, the control region, projected notification data for all forms of TB and smear 

positive TB using historical data for the projection also showed a downward trend. 

However, while actual notification data for smear positive TB during the intervention 

period was similar to the figures projected from historical data, more TB cases (all 

forms) were reported in Ashanti Region compared to the projected data. In other 

words, over the period of the intervention, more TB cases (all forms) were identified 

among the control population (Ashanti Region), while fewer SS+ve cases were 

identified in the intervention population (Greater Accra Region) compared to 

projected figures using historical data. 



40

Chapter 2

36
 

 T
ab

le
 1

 R
es

ul
ts

 fr
om

 T
B

 c
as

e 
fin

di
ng

 a
ct

iv
iti

es
 in

 c
lin

ic
s i

n 
A

cc
ra

 M
et

ro
po

lis
 fr

om
 J

ul
y 

20
10

 to
 D

ec
em

be
r 

20
13

 

 
O

PD
 

H
IV

 
D

ia
be

te
s 

C
on

ta
ct

s 
T

ot
al

 

In
di

ca
to

rs
 

O
pt

io
n 

1 
O

pt
io

n 
2 

T
ot

al
 

O
pt

io
n 

2 
O

pt
io

n 
2 

T
ot

al
 

T
ot

al
 

N
um

be
r o

f f
ac

ili
tie

s 
7 

3 
10

 
7 

2 
10

 
29

 
(A

) N
um

be
r o

f p
eo

pl
e 

sc
re

en
ed

 
1,

52
2,

29
7 

1,
36

0,
84

6 
2,

88
3,

14
3 

57
,2

65
 

6,
86

6 
6,

78
3 

2,
95

4,
05

7 

(B
) N

um
be

r o
f p

re
su

m
pt

iv
e 

TB
 p

at
ie

nt
s i

de
nt

ifi
ed

 
9,

64
8 

11
,2

11
 

20
,8

59
 

2,
75

1 
49

5 
45

7 
24

56
2 

(C
) N

um
be

r o
f p

eo
pl

e 
te

ste
d/

ev
al

ua
te

d 
fo

r T
B

 d
is

ea
se

 
8,

35
8 

10
,1

00
 

18
,4

58
 

2,
61

0 
44

1 
38

1 
21

89
0 

(D
) N

um
be

r o
f p

eo
pl

e 
di

ag
no

se
d 

w
ith

 a
ll 

fo
rm

s o
f T

B
 

1,
25

9 
1,

26
1 

2,
52

0 
57

0 
25

 
47

 
31

62
 

(E
) N

um
be

r o
f p

eo
pl

e 
di

ag
no

se
d 

w
ith

 S
S+

 T
B

 
78

7 
80

3 
15

90
 

20
5 

14
 

24
 

18
33

 

%
 p

re
su

m
pt

iv
e 

TB
 c

as
es

 a
m

on
g 

th
os

e 
sc

re
en

ed
 (B

/A
) 

0.
63

%
 

0.
82

%
 

0.
72

%
 

4.
80

%
 

7.
21

%
 

6.
74

%
 

0.
83

%
 

95
%

C
I 

(0
.6

2-
0.

65
) 

(0
.8

1-
0.

84
) 

(0
.7

1-
0.

73
) 

(4
.6

3-
5.

00
) 

(6
.6

0-
7.

82
) 

(6
.1

4-
7.

33
) 

 

%
 p

eo
pl

e 
te

ste
d 

fo
r T

B
 a

m
on

g 
pr

es
um

pt
iv

e 
TB

 p
at

ie
nt

s (
C

/B
) 

86
.6

%
 

90
.1

%
 

88
.5

%
 

94
.9

%
 

89
.1

%
 

83
.4

%
 

89
.1

%
 

95
%

C
I 

(8
6.

0-
87

.3
) 

(8
9.

5-
90

.6
) 

(8
8.

1-
88

.9
) 

(9
4.

1-
95

.7
) 

(8
6.

3-
91

.8
) 

(8
0.

0-
86

.8
) 

 

%
 S

S+
 T

B
 p

at
ie

nt
s a

m
on

g 
th

os
e 

te
ste

d 
(E

/C
) 

9.
4%

 
8.

0%
 

8.
6%

 
7.

9%
 

3.
2%

 
6.

3%
 

8.
4%

 

95
%

C
I 

(8
.8

-1
0.

0)
 

(7
.4

-8
.5

) 
(8

.2
-9

.0
) 

(6
.8

-8
.9

) 
(1

.5
-4

.8
) 

(3
.9

-8
.7

) 
 

Pa
tie

nt
s w

ith
 a

ll 
fo

rm
s o

f T
B

 a
m

on
g 

th
os

e 
sc

re
en

ed
 (D

/A
) p

er
 1

00
,0

00
 

82
.7

 
92

.7
 

87
.4

 
99

5.
4 

36
4.

1 
69

2.
9 

10
7.

0 
95

%
C

I 
(7

8.
1-

87
.3

) 
(8

7.
6-

97
.8

) 
(8

4.
0-

90
.8

) 
(9

14
.1

-1
07

6.
7)

 
(2

21
.6

-5
06

.6
) 

(4
95

.5
-8

90
.3

) 
 

SS
+T

B
 p

at
ie

nt
s a

m
on

g 
th

os
e 

sc
re

en
ed

 (E
/A

) p
er

 1
00

,0
00

 
51

.7
 

59
.0

 
55

.1
 

35
8.

0 
20

3.
9 

35
3.

8 
62

.1
 

95
%

C
I 

(4
8.

1-
55

.3
) 

(5
4.

9-
63

.1
) 

(5
2.

4-
57

.9
) 

(3
09

.1
-4

06
.9

) 
(9

7.
2-

31
0.

6)
 

(2
12

.5
-4

95
.1

) 
 

%
 S

S+
ve

 T
B

 p
at

ie
nt

s a
m

on
g 

to
ta

l n
um

be
r o

f T
B

 p
at

ie
nt

s (
E/

D
) 

62
.5

%
 

63
.7

%
 

63
.1

%
 

36
.0

%
 

56
.0

%
 

51
.1

%
 

58
.0

%
 

95
%

C
I 

(5
9.

8-
65

.2
) 

(6
1.

0-
66

.3
) 

(6
1.

2-
65

.0
) 

(3
2.

0-
40

.0
) 

(3
6.

5-
75

.5
) 

(3
6.

8-
65

.4
) 

 

N
um

be
r N

ee
de

d 
to

 S
cr

ee
n 

to
 fi

nd
 o

ne
 T

B
 p

at
ie

nt
 a

ll 
fo

rm
s (

N
N

S1
) (

A
/D

) 
12

09
 

10
79

 
11

44
 

10
0 

27
5 

14
4 

93
4 

95
%

C
I 

(1
14

5-
12

80
) 

(1
02

2-
11

42
) 

(1
10

1-
11

90
) 

(9
3-

10
9)

 
(1

97
-4

51
) 

(1
12

-2
02

) 
 

N
um

be
r N

ee
de

d 
to

 S
cr

ee
n 

to
 fi

nd
 o

ne
 S

S+
TB

 p
at

ie
nt

 (N
N

S2
)  

(A
/E

) 
19

34
 

16
95

 
18

13
 

27
9 

49
0 

28
3 

16
12

 
95

%
C

I 
(1

80
8-

20
80

) 
(1

58
4-

18
21

) 
(1

72
7-

19
08

) 
(2

46
-3

24
) 

(3
22

-1
02

9)
 

(2
02

-4
71

) 
  

>2
-w

ee
k 

co
ug

h 
– 

sc
re

en
in

g 
ap

pr
oa

ch
 u

si
ng

 a
 h

is
to

ry
 o

f c
ou

gh
 o

f 2
 o

r m
or

e 
w

ee
ks

 w
ith

 o
r w

ith
ou

t o
th

er
 T

B 
sy

m
pt

om
s;

  >
24

-h
ou

r c
ou

gh
 –

 s
cr

ee
ni

ng
 a

pp
ro

ac
h 

us
in

g 
a 

hi
st

or
y 

of
 c

ou
gh

 o
f >

24
 h

ou
rs

 a
s 

w
el

l a
 h

is
to

ry
 o

f a
ny

 o
f t

he
 fo

llo
w

in
g 

sy
m

pt
om

s 
fe

ve
r, 

w
ei

gh
t l

os
s 

an
d 

dr
en

ch
in

g 
ni

gh
t s

w
ea

ts
. 9

5%
 C

I –
 9

5%
 C

on
fid

en
ce

 in
te

rv
al

s

36
 

 T
ab

le
 1

 R
es

ul
ts

 fr
om

 T
B

 c
as

e 
fin

di
ng

 a
ct

iv
iti

es
 in

 c
lin

ic
s i

n 
A

cc
ra

 M
et

ro
po

lis
 fr

om
 J

ul
y 

20
10

 to
 D

ec
em

be
r 

20
13

 

 
O

PD
 

H
IV

 
D

ia
be

te
s 

C
on

ta
ct

s 
T

ot
al

 

In
di

ca
to

rs
 

O
pt

io
n 

1 
O

pt
io

n 
2 

T
ot

al
 

O
pt

io
n 

2 
O

pt
io

n 
2 

T
ot

al
 

T
ot

al
 

N
um

be
r o

f f
ac

ili
tie

s 
7 

3 
10

 
7 

2 
10

 
29

 
(A

) N
um

be
r o

f p
eo

pl
e 

sc
re

en
ed

 
1,

52
2,

29
7 

1,
36

0,
84

6 
2,

88
3,

14
3 

57
,2

65
 

6,
86

6 
6,

78
3 

2,
95

4,
05

7 

(B
) N

um
be

r o
f p

re
su

m
pt

iv
e 

TB
 p

at
ie

nt
s i

de
nt

ifi
ed

 
9,

64
8 

11
,2

11
 

20
,8

59
 

2,
75

1 
49

5 
45

7 
24

56
2 

(C
) N

um
be

r o
f p

eo
pl

e 
te

ste
d/

ev
al

ua
te

d 
fo

r T
B

 d
is

ea
se

 
8,

35
8 

10
,1

00
 

18
,4

58
 

2,
61

0 
44

1 
38

1 
21

89
0 

(D
) N

um
be

r o
f p

eo
pl

e 
di

ag
no

se
d 

w
ith

 a
ll 

fo
rm

s o
f T

B
 

1,
25

9 
1,

26
1 

2,
52

0 
57

0 
25

 
47

 
31

62
 

(E
) N

um
be

r o
f p

eo
pl

e 
di

ag
no

se
d 

w
ith

 S
S+

 T
B

 
78

7 
80

3 
15

90
 

20
5 

14
 

24
 

18
33

 

%
 p

re
su

m
pt

iv
e 

TB
 c

as
es

 a
m

on
g 

th
os

e 
sc

re
en

ed
 (B

/A
) 

0.
63

%
 

0.
82

%
 

0.
72

%
 

4.
80

%
 

7.
21

%
 

6.
74

%
 

0.
83

%
 

95
%

C
I 

(0
.6

2-
0.

65
) 

(0
.8

1-
0.

84
) 

(0
.7

1-
0.

73
) 

(4
.6

3-
5.

00
) 

(6
.6

0-
7.

82
) 

(6
.1

4-
7.

33
) 

 

%
 p

eo
pl

e 
te

ste
d 

fo
r T

B
 a

m
on

g 
pr

es
um

pt
iv

e 
TB

 p
at

ie
nt

s (
C

/B
) 

86
.6

%
 

90
.1

%
 

88
.5

%
 

94
.9

%
 

89
.1

%
 

83
.4

%
 

89
.1

%
 

95
%

C
I 

(8
6.

0-
87

.3
) 

(8
9.

5-
90

.6
) 

(8
8.

1-
88

.9
) 

(9
4.

1-
95

.7
) 

(8
6.

3-
91

.8
) 

(8
0.

0-
86

.8
) 

 

%
 S

S+
 T

B
 p

at
ie

nt
s a

m
on

g 
th

os
e 

te
ste

d 
(E

/C
) 

9.
4%

 
8.

0%
 

8.
6%

 
7.

9%
 

3.
2%

 
6.

3%
 

8.
4%

 

95
%

C
I 

(8
.8

-1
0.

0)
 

(7
.4

-8
.5

) 
(8

.2
-9

.0
) 

(6
.8

-8
.9

) 
(1

.5
-4

.8
) 

(3
.9

-8
.7

) 
 

Pa
tie

nt
s w

ith
 a

ll 
fo

rm
s o

f T
B

 a
m

on
g 

th
os

e 
sc

re
en

ed
 (D

/A
) p

er
 1

00
,0

00
 

82
.7

 
92

.7
 

87
.4

 
99

5.
4 

36
4.

1 
69

2.
9 

10
7.

0 
95

%
C

I 
(7

8.
1-

87
.3

) 
(8

7.
6-

97
.8

) 
(8

4.
0-

90
.8

) 
(9

14
.1

-1
07

6.
7)

 
(2

21
.6

-5
06

.6
) 

(4
95

.5
-8

90
.3

) 
 

SS
+T

B
 p

at
ie

nt
s a

m
on

g 
th

os
e 

sc
re

en
ed

 (E
/A

) p
er

 1
00

,0
00

 
51

.7
 

59
.0

 
55

.1
 

35
8.

0 
20

3.
9 

35
3.

8 
62

.1
 

95
%

C
I 

(4
8.

1-
55

.3
) 

(5
4.

9-
63

.1
) 

(5
2.

4-
57

.9
) 

(3
09

.1
-4

06
.9

) 
(9

7.
2-

31
0.

6)
 

(2
12

.5
-4

95
.1

) 
 

%
 S

S+
ve

 T
B

 p
at

ie
nt

s a
m

on
g 

to
ta

l n
um

be
r o

f T
B

 p
at

ie
nt

s (
E/

D
) 

62
.5

%
 

63
.7

%
 

63
.1

%
 

36
.0

%
 

56
.0

%
 

51
.1

%
 

58
.0

%
 

95
%

C
I 

(5
9.

8-
65

.2
) 

(6
1.

0-
66

.3
) 

(6
1.

2-
65

.0
) 

(3
2.

0-
40

.0
) 

(3
6.

5-
75

.5
) 

(3
6.

8-
65

.4
) 

 

N
um

be
r N

ee
de

d 
to

 S
cr

ee
n 

to
 fi

nd
 o

ne
 T

B
 p

at
ie

nt
 a

ll 
fo

rm
s (

N
N

S1
) (

A
/D

) 
12

09
 

10
79

 
11

44
 

10
0 

27
5 

14
4 

93
4 

95
%

C
I 

(1
14

5-
12

80
) 

(1
02

2-
11

42
) 

(1
10

1-
11

90
) 

(9
3-

10
9)

 
(1

97
-4

51
) 

(1
12

-2
02

) 
 

N
um

be
r N

ee
de

d 
to

 S
cr

ee
n 

to
 fi

nd
 o

ne
 S

S+
TB

 p
at

ie
nt

 (N
N

S2
)  

(A
/E

) 
19

34
 

16
95

 
18

13
 

27
9 

49
0 

28
3 

16
12

 
95

%
C

I 
(1

80
8-

20
80

) 
(1

58
4-

18
21

) 
(1

72
7-

19
08

) 
(2

46
-3

24
) 

(3
22

-1
02

9)
 

(2
02

-4
71

) 
  

>2
-w

ee
k 

co
ug

h 
– 

sc
re

en
in

g 
ap

pr
oa

ch
 u

si
ng

 a
 h

is
to

ry
 o

f c
ou

gh
 o

f 2
 o

r m
or

e 
w

ee
ks

 w
ith

 o
r w

ith
ou

t o
th

er
 T

B 
sy

m
pt

om
s;

  >
24

-h
ou

r c
ou

gh
 –

 s
cr

ee
ni

ng
 a

pp
ro

ac
h 

us
in

g 
a 

hi
st

or
y 

of
 c

ou
gh

 o
f >

24
 h

ou
rs

 a
s 

w
el

l a
 h

is
to

ry
 o

f a
ny

 o
f t

he
 fo

llo
w

in
g 

sy
m

pt
om

s 
fe

ve
r, 

w
ei

gh
t l

os
s 

an
d 

dr
en

ch
in

g 
ni

gh
t s

w
ea

ts
. 9

5%
 C

I –
 9

5%
 C

on
fid

en
ce

 in
te

rv
al

s



41

TB case finding in outpatients

37
 

 

 

Fi
g.

 3
 Q

ua
rt

er
ly

 n
ot

ifi
ca

tio
n 

ra
te

s o
f a

ll 
T

B
 c

as
es

 fo
r 

G
re

at
er

 A
cc

ra
 (G

A
) a

nd
 A

sh
an

ti 
(A

S)
 R

eg
io

ns
 w

ith
 li

ne
ar

-t
re

nd
 li

ne
s f

ro
m

 2
00

8 
to

 
20

13
 

Q
: Q

ua
rte

r, 
   

 G
A

-A
T:

 G
re

at
er

 A
cc

ra
 a

ll 
TB

 c
as

es
,  

   
   

  A
S-

A
T:

  A
sh

an
ti 

al
l T

B
 c

as
es

. B
as

el
in

e 
tre

nd
 –

 re
fe

rs
 to

 th
e 

lin
ea

r-
tre

nd
 li

ne
 d

ra
w

n 
to

 
pr

oj
ec

t T
B

 n
ot

ifi
ca

tio
n 

ex
pe

ct
ed

 d
ur

in
g 

th
e 

in
te

rv
en

tio
n 

pe
rio

d 
fo

r b
ot

h 
re

gi
on

s u
si

ng
 q

ua
rte

rly
 h

is
to

ric
al

 T
B

 n
ot

ifi
ca

tio
n 

da
ta

 fr
om

 G
re

at
er

 
A

cc
ra

 a
nd

 A
sh

an
ti 

R
eg

io
ns

 d
ur

in
g 

th
e 

ba
se

lin
e 

pe
rio

d 
(f

irs
t q

ua
rte

r o
f 2

00
8 

up
 to

 th
e 

se
co

nd
 q

ua
rte

r o
f 2

01
0)

 b
ef

or
e 

th
e 

in
te

rv
en

tio
n 

st
ar

te
d.

 
In

te
rv

en
tio

n 
tre

nd
 –

 re
fe

rs
 to

 th
e 

lin
ea

r-
tre

nd
 li

ne
 d

ra
w

n 
th

ro
ug

h 
th

e 
ac

tu
al

 T
B

 n
ot

ifi
ca

tio
n 

da
ta

 fr
om

 G
re

at
er

 A
cc

ra
 R

eg
io

n 
du

rin
g 

th
e 

in
te

rv
en

tio
n 

pe
rio

d 
(th

ird
 q

ua
rte

r 2
01

0 
to

 fo
ur

th
 q

ua
rte

r 2
01

3)
. C

on
tro

l t
re

nd
 –

 re
fe

rs
 to

 th
e 

lin
ea

r-
tre

nd
 li

ne
 d

ra
w

n 
th

ro
ug

h 
th

e 
ac

tu
al

 T
B

 
no

tif
ic

at
io

n 
da

ta
 fr

om
 A

sh
an

ti 
R

eg
io

n 
du

rin
g 

th
e 

pe
rio

d 
(th

ird
 q

ua
rte

r 2
01

0 
to

 fo
ur

th
 q

ua
rte

r 2
01

3)
. 

0.
0

5.
0

10
.0

15
.0

20
.0

25
.0

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

20
08

20
09

20
10

20
11

20
12

20
13

TB Notification (per 100,000)

Qu
ar

te
rs

G
re

at
er

 A
cc

ra
 A

ll 
TB

 C
as

es
A

sh
an

ti 
A

ll 
TB

 C
as

es
B

as
el

in
e 

tre
nd

 G
A

-A
T

B
as

el
in

e 
tre

nd
 A

S-
A

T
In

te
rv

en
tio

n 
tre

nd
 G

A
-A

T
C

on
tro

l t
re

nd
 A

S-
A

T



42

Chapter 2

38
 

 

 
Fi

g.
 4

 Q
ua

rt
er

ly
 n

ot
ifi

ca
tio

n 
ra

te
s f

or
 sp

ut
um

 sm
ea

r 
po

sit
iv

e 
ca

se
s f

or
 G

re
at

er
 A

cc
ra

 (G
A

) a
nd

 A
sh

an
ti 

(A
S)

 R
eg

io
ns

 w
ith

 li
ne

ar
-t

re
nd

 
lin

es
 fr

om
 2

00
8 

to
 2

01
3 

Q
: Q

ua
rte

r, 
   

 G
A

-S
S:

 G
re

at
er

 A
cc

ra
 sp

ut
um

 sm
ea

r p
os

iti
ve

 c
as

es
,  

   
   

  A
S-

SS
:  

A
sh

an
ti 

sp
ut

um
 sm

ea
r p

os
iti

ve
 c

as
es

 
B

as
el

in
e 

tre
nd

 –
 re

fe
rs

 to
 th

e 
lin

ea
r-

tre
nd

 li
ne

 d
ra

w
n 

to
 p

ro
je

ct
 T

B
 n

ot
ifi

ca
tio

n 
ex

pe
ct

ed
 d

ur
in

g 
th

e 
in

te
rv

en
tio

n 
pe

rio
d 

fo
r b

ot
h 

re
gi

on
s u

si
ng

 
qu

ar
te

rly
 h

is
to

ric
al

 T
B

 n
ot

ifi
ca

tio
n 

da
ta

 fr
om

 G
re

at
er

 A
cc

ra
 a

nd
 A

sh
an

ti 
R

eg
io

ns
 d

ur
in

g 
th

e 
ba

se
lin

e 
pe

rio
d 

(f
irs

t q
ua

rte
r o

f 2
00

8 
up

 to
 th

e 
se

co
nd

 q
ua

rte
r o

f 2
01

0)
 b

ef
or

e 
th

e 
in

te
rv

en
tio

n 
st

ar
te

d.
 In

te
rv

en
tio

n 
tre

nd
 –

 re
fe

rs
 to

 th
e 

lin
ea

r-
tre

nd
 li

ne
 d

ra
w

n 
th

ro
ug

h 
th

e 
ac

tu
al

 T
B

 
no

tif
ic

at
io

n 
da

ta
 fr

om
 G

re
at

er
 A

cc
ra

 R
eg

io
n 

du
rin

g 
th

e 
in

te
rv

en
tio

n 
pe

rio
d 

(th
ird

 q
ua

rte
r 2

01
0 

to
 fo

ur
th

 q
ua

rte
r 2

01
3)

. C
on

tro
l t

re
nd

 –
 re

fe
rs

 to
 

th
e 

lin
ea

r-
tre

nd
 li

ne
 d

ra
w

n 
th

ro
ug

h 
th

e 
ac

tu
al

 T
B

 n
ot

ifi
ca

tio
n 

da
ta

 fr
om

 A
sh

an
ti 

R
eg

io
n 

du
rin

g 
th

e 
pe

rio
d 

(th
ird

 q
ua

rte
r 2

01
0 

to
 fo

ur
th

 q
ua

rte
r 

20
13

). 

0.
0

2.
0

4.
0

6.
0

8.
0

10
.0

12
.0

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

20
08

20
09

20
10

20
11

20
12

20
13

TB Notification (per 100,000)

Qu
ar

te
rs

G
re

at
er

 A
cc

ra
 N

ew
 S

S+
ve

A
sh

an
ti 

N
ew

 S
S+

ve
B

as
el

in
e 

tre
nd

 G
A

-S
S

B
as

el
in

e 
tre

nd
 A

S-
SS

In
te

rv
en

tio
n 

tre
nd

 G
A

-S
S

C
on

tro
l t

re
nd

 A
S-

SS

38
 

 

 
Fi

g.
 4

 Q
ua

rt
er

ly
 n

ot
ifi

ca
tio

n 
ra

te
s f

or
 sp

ut
um

 sm
ea

r 
po

sit
iv

e 
ca

se
s f

or
 G

re
at

er
 A

cc
ra

 (G
A

) a
nd

 A
sh

an
ti 

(A
S)

 R
eg

io
ns

 w
ith

 li
ne

ar
-t

re
nd

 
lin

es
 fr

om
 2

00
8 

to
 2

01
3 

Q
: Q

ua
rte

r, 
   

 G
A

-S
S:

 G
re

at
er

 A
cc

ra
 sp

ut
um

 sm
ea

r p
os

iti
ve

 c
as

es
,  

   
   

  A
S-

SS
:  

A
sh

an
ti 

sp
ut

um
 sm

ea
r p

os
iti

ve
 c

as
es

 
B

as
el

in
e 

tre
nd

 –
 re

fe
rs

 to
 th

e 
lin

ea
r-

tre
nd

 li
ne

 d
ra

w
n 

to
 p

ro
je

ct
 T

B
 n

ot
ifi

ca
tio

n 
ex

pe
ct

ed
 d

ur
in

g 
th

e 
in

te
rv

en
tio

n 
pe

rio
d 

fo
r b

ot
h 

re
gi

on
s u

si
ng

 
qu

ar
te

rly
 h

is
to

ric
al

 T
B

 n
ot

ifi
ca

tio
n 

da
ta

 fr
om

 G
re

at
er

 A
cc

ra
 a

nd
 A

sh
an

ti 
R

eg
io

ns
 d

ur
in

g 
th

e 
ba

se
lin

e 
pe

rio
d 

(f
irs

t q
ua

rte
r o

f 2
00

8 
up

 to
 th

e 
se

co
nd

 q
ua

rte
r o

f 2
01

0)
 b

ef
or

e 
th

e 
in

te
rv

en
tio

n 
st

ar
te

d.
 In

te
rv

en
tio

n 
tre

nd
 –

 re
fe

rs
 to

 th
e 

lin
ea

r-
tre

nd
 li

ne
 d

ra
w

n 
th

ro
ug

h 
th

e 
ac

tu
al

 T
B

 
no

tif
ic

at
io

n 
da

ta
 fr

om
 G

re
at

er
 A

cc
ra

 R
eg

io
n 

du
rin

g 
th

e 
in

te
rv

en
tio

n 
pe

rio
d 

(th
ird

 q
ua

rte
r 2

01
0 

to
 fo

ur
th

 q
ua

rte
r 2

01
3)

. C
on

tro
l t

re
nd

 –
 re

fe
rs

 to
 

th
e 

lin
ea

r-
tre

nd
 li

ne
 d

ra
w

n 
th

ro
ug

h 
th

e 
ac

tu
al

 T
B

 n
ot

ifi
ca

tio
n 

da
ta

 fr
om

 A
sh

an
ti 

R
eg

io
n 

du
rin

g 
th

e 
pe

rio
d 

(th
ird

 q
ua

rte
r 2

01
0 

to
 fo

ur
th

 q
ua

rte
r 

20
13

). 

0.
0

2.
0

4.
0

6.
0

8.
0

10
.0

12
.0

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

20
08

20
09

20
10

20
11

20
12

20
13

TB Notification (per 100,000)

Qu
ar

te
rs

G
re

at
er

 A
cc

ra
 N

ew
 S

S+
ve

A
sh

an
ti 

N
ew

 S
S+

ve
B

as
el

in
e 

tre
nd

 G
A

-S
S

B
as

el
in

e 
tre

nd
 A

S-
SS

In
te

rv
en

tio
n 

tre
nd

 G
A

-S
S

C
on

tro
l t

re
nd

 A
S-

SS



43

TB case finding in outpatients

39 
 

Discussion 

Various TB case finding strategies across different population groups globally have 

been implemented as a means of diagnosing undetected TB cases that would 

otherwise be difficult to identify relying only on symptomatic patients reporting to 

the health facility for diagnosis [21]. The yield of TB cases is affected by several 

factors including the screening and diagnostic methods, setting and the population 

being screened, which could range from those considered to be at high risk for TB to 

the general population. The Ghana NTP implemented a TB case finding intervention 

across four different groups: OPD attendants, PLHIV, diabetics, and contacts of TB 

cases. Among the OPD attendants, two screening approaches, which differed on 

duration of cough, were used.  As expected, more people with presumptive TB were 

identified and tested for TB among the OPD clinics using the >24 hour-cough 

screening approach, and comparatively fewer numbers of people needed to be 

screened to detect one TB case (all forms).  Across the four groups, the number that 

needed to be screened to identify a TB case was lowest among PLHIV and highest 

among the OPD attendants. Despite implementing this initiative, the decreasing trend 

in the TB notification for all forms of TB noted in the preceding two years before the 

start of the intervention continued. A similar phenomenon was noted in the control 

population. 

Screening by using more sensitive methods results in an increase in the pool of 

presumptive TB cases from which actual cases can be identified, because the net is 

cast wider. This is, however, at the expense of specificity [22]. It was therefore not 

surprising that our study showed that compared to the OPD attendees with cough of 

2 weeks or more, the OPD attendants with a shorter duration of cough yielded a higher 

proportion of candidates for TB testing but a lower proportion of TB cases among 

those tested. Yet our overall yield of 0.72% of OPD attendees identified as 

presumptive TB cases to be tested for TB was quite low when compared to the 2.6% 

to 3.5% range found in studies on the yield of potential TB cases among OPD 

attendees in Tanzania and Kenya [23-25]. There could be a number of reasons for 

this marked difference. For one, different screening criteria were used. For another, 
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unlike strictly supervised study settings with screening conducted over shorter 

periods of time our screening occurred over a period of three and a half years and 

under programmatic settings with inherent challenges.  It is therefore possible that 

the yield could have been higher since under the programmatic conditions, there may 

have been gaps in following all steps in the algorithm possibly contributing to missed 

opportunities to screen all patients to ensure that all presumptive cases identified 

underwent sputum smear microscopy. 

Given the higher risk of TB among PLHIV and diabetics and by using the screening 

criteria of cough of any duration and at least one TB suggestive symptom, we found 

higher proportions of presumptive TB cases among the attendees in the HIV and DM 

clinics than in the OPD [7,8]. It was noted that presumptive TB cases among PLHIV 

had the highest rate of testing for TB. This is indicative of good adherence to the set 

guidelines, requiring PLHIV with symptoms suggestive of TB to be investigated [26].  

In our study the proportion with sputum smear positive results of those tested from 

the OPD (8.6%) fell within the range of what was found in two studies from Tanzania 

(6.1%) and Ethiopia (13.5%) [27,28]. The variation could be due to the differences 

in settings (a tertiary facility in Tanzania and 5 public and private health facilities in 

Ethiopia) and the different durations of data collection. The rate of sputum smear 

positive results among PLHIV patients tested for TB was similar to what was found 

in the study by Seni and colleagues in Tanzania [27]. 

The proportion of sputum smear positive TB cases among all forms of TB varies in 

different reports and may be related to the population studied, the setting, the 

sensitivity of the diagnostic method and microscopy quality assurance issues [29-35]. 

Consequently, the diverse circumstances and populations studied contribute to the 

range of 31.6% to 77% found in studies from different parts of the world [29-35].  

The proportion of SS+ve TB among the various categories of patients in our study 

fell within this range. The finding of the PLHIV TB patients having relatively lower 

prevalence of SS+ve positive is not out of place, since this falls in line with studies 

reporting higher prevalence of sputum smear negative TB in PLHIV [36-38].  

The ranking of the number of TB cases identified per 100,000 populations of the 

various groups in our study resonates with what others have found, with OPD 
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attendees having the lowest and PLHIV the highest and more than 10 times the figure 

for the OPD attendees [9,39]. Overall, slightly more TB cases (all forms) were 

identified among the outpatients screened in the >24 hour-cough approach (92.7 per 

100,000 outpatients versus 82.7/100,000). Although the difference was significant, it 

is important to consider the implications of the increased burden on the laboratory 

having to test so many presumptive TB patients. The numbers needed to screen to 

find one TB patient (NNS) for all the categories of patients was in sync with what 

one would find in a low to moderate TB incidence country like Ghana [15].  

The discovery that the case finding intervention did not demonstrate an increase in 

TB case notification in the intervention population compared to the comparator and 

even showed a downward trend compared to historical data was unexpected. It is 

possible that the number of extra cases was too small to see an effect. Another 

possibility is that some of the TB patients detected during the program would 

otherwise also have been detected though perhaps a bit later. It is also important to 

note that the intervention was facility-based and used symptoms screening to identify 

potential TB cases for testing, which also limited its ability to identify TB patients 

not exhibiting these TB suggestive symptoms and those not accessing the facilities 

for care. Prevalence surveys have demonstrated that 50% or more of those with 

bacteriologically confirmed TB may not have symptoms commonly used to presume 

TB [4, 40]. Considering that the 2013 TB prevalence survey in Ghana showed an 

estimated TB prevalence of 290 cases per 100,000 which was more than quadruple 

the WHO estimate at the time of the project, a lot more needs to be done to improve 

case finding among the general population and groups at high risk of contracting TB 

including miners, PLHIV and diabetics, prisoners and contacts of TB patients [41,42] 

. Some of these key groups may also not access health care regularly and therefore 

may not be reached in interventions such as these which are facility based. As 

reiterated by the End TB Strategy, it is imperative to ensure universal access to early 

and accurate diagnosis of TB which among others includes education to trigger care 

seeking among those with symptoms suggestive of TB and screening among high risk 

groups [42].  In employing these active and enhanced case finding methods, there is 

a need to scale up the use of more sensitive diagnostic methods beyond sputum smear 
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microscopy that include new molecular diagnostics and employ additional screening 

tools beyond symptom screening such as chest X-ray to identify other forms of TB 

including extra-pulmonary and bacteriologically negative forms as well as TB in 

children [21,42].  

Since the projection from the baseline historical data indicated a downward trend 

similar to the decreasing TB case notification nationally over the intervention years, 

it is also possible that there might be some underlying programmatic constraints 

contributing to fewer cases being detected [41]. This could be a subject for further 

investigation. Contrary to study settings in which there is meticulous supervision, 

monitoring and measures put in place to ensure adherence to protocols, this 

intervention was implemented under programmatic conditions.  

There are some limitations to this study. Since it was a retrospective assessment of 

an intervention that was not implemented under rigorous trial conditions, some 

elements of bias, such as the assignment of the screening approach to the facilities, 

could have been introduced in the execution of the intervention. Secondly, validation 

of the diagnosis of TB cases was not possible. Finally, the study did not explore the 

possible events and prevailing circumstances that may have affected the outcomes 

and thrown light on some of the findings, such as suspension of OPD services that 

occurred as a result of industrial actions by health workers or shortage of diagnostic 

reagents during the intervention period. Despite these drawbacks, to our knowledge 

this study is the first in Ghana to assess the yield of TB cases from symptomatic 

screening of different categories of patients. Further study building on the finding of 

this paper should explore treatment enrolment and outcomes of the TB cases 

identified from the different settings. 

 

Conclusion 

In this study the screening approach using a shorter duration of cough (>24 hours) 

had a somewhat better yield of TB cases and appears feasible for implementation. 

The increased workload on the laboratory, however, warrants further study to assess 

whether this is outweighed by the higher number of TB cases identified. This study 
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reiterated that the yield of TB cases was highest among PLHIV, contacts of TB 

patients and diabetics screened but the vast majority of cases were detected in general 

OPDs. Though in Ghana screening of PLHIV for TB is being implemented to an 

appreciable extent in HIV clinics, it is important to ensure that it is being done 

systematically. Screening of contacts of TB cases and diabetics has been virtually 

non-existent. Since it is already a policy in Ghana to undertake home verification of 

TB cases before the initiation of treatment, tagging along screening of the contacts of 

the TB cases during these home visits could facilitate the identification of potential 

cases in this high risk group. Greater collaboration between the NTP and the Non-

Communicable Disease Control Program could facilitate the introduction of TB 

screening in all diabetes clinics. When considering a TB screening program, it is 

essential to simultaneously look at the overall health system functions and enhance 

capacity to facilitate early detection. This would involve ensuring that more sensitive 

screening and diagnostic tools such as chest X-rays (CXR) and Gene Xpert (GXP) 

are available where needed throughout the system. The NTP is rolling out programs 

to further improve case detection among risk groups and including the deployment of 

GXPs and the launch of a digital X-ray project in health facilities [41]. Considering 

that the study could not demonstrate any impact on overall case notification, further 

research is needed to assess the impact of the introduction of these initiatives which 

use more sensitive methods for screening and diagnosis of TB on yield and 

notification.  

 

While the study could not demonstrate any impact on overall case notification, in 

view of the significant pool of TB cases yet to be diagnosed sole reliance on 

identifying TB among patients presenting with TB suggestive symptoms or those 

accessing care at health facilities may limit timely diagnosis creating the conditions 

for disease transmission and worse outcomes.  
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Abstract 
Background: The End TB Strategy calls for systematic screening of selected high-

risk groups including contacts of tuberculosis (TB) cases to facilitate early TB case 

detection. Contact investigation is not usually routinely practiced in low TB burden 

countries, such as Ghana, with consequent paucity of data on the yield of TB case 

detection from such interventions. This study’s objective was to document the 

outcomes and feasibility of implementing contact investigation activities under 

programmatic conditions in Ghana. 

Methods: Retrospective analyses were conducted of abstracted data from the 

National TB Program, following a contact investigation intervention for TB cases 

diagnosed in 10 facilities in Accra from June 2010 to December 2014. Various 

proportions and yield from number of contacts needed to screen (NNS) and number 

needed to test (NNT) to detect a TB case were assessed. 

Results: Overall, out of the 8,519 listed contacts of 3,267 index cases, 8,166 (96%) 

were screened and 614 (7.5%) were identified as presumptive TB. Out of these, 438 

(71%) underwent sputum smear microscopy/evaluation and 53 TB cases were 

diagnosed. Of these, 56.6% were males, and 49% had sputum smear-positive TB, 

38% had sputum smear-negative TB, and 7% had extrapulmonary TB. The NNS and 

NNT to detect a TB case of all forms were 154 and 8, respectively. The proportion of 

TB cases with contacts listed and proportion of contacts screened annually were 88 – 

96% and 83 – 100%, respectively. The proportion of presumptive TB cases tested 

and proportion of TB cases diagnosed among contacts tested that were 100% and 

36%, respectively, in 2010 dropped to 40% and 14%, respectively, by 2014.  

Conclusions: The study demonstrates that contact identification and prioritization 

components of a contact investigation were feasible, but overall yield of TB cases 

may have been lower due to the declining rate of clinical evaluation of presumptive 

TB contacts over time. Addressing barriers to accessing appropriate diagnostic tests 

may enhance yield from contact investigation in Ghana. 

 

Keywords: Ghana, tuberculosis, tuberculosis contact investigation, screening 
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Background 
Tuberculosis (TB) remains a disease of public health concern globally. The World 

Health Organization (WHO) Global TB Report 2016 shows that in 2015, there were 

an estimated 10.4 million new TB cases worldwide [1]. A significant portion of this 

figure, more than 40% (about 4.3 million), is however not notified. This pool of 

unidentified TB cases poses a risk for further transmission of TB. Consequently to 

ensure that this high burden of undiagnosed TB is reduced, it is imperative that 

strategies that enhance TB case detection with subsequent appropriate treatment are 

scaled up.  

Contact investigation has been proposed as a worthwhile strategy to enhance 

early detection of TB cases and reduce transmission in high incidence localities [2, 

3]. Contacts of TB cases are at a higher risk of acquiring TB than the general 

population because of their direct exposure to airborne droplets containing 

Mycobacterium tuberculosis [4]. Reviews of studies from low- and middle-income 

settings looking at contact investigation for TB have reported the prevalence of active 

TB in all contacts to be in the range of 3.1 – 4.5% and that for microbiologically-

proven TB to be 1.2 – 2.3% [2, 4]. While in high-income countries, contact 

investigation is common practice, the same cannot be said for lower-income settings, 

where resource constraints and inadequate procedures pose as challenges [3]. 

Furthermore, given the paucity of data on the yield and contribution of TB case 

detection from contact investigation in these settings, the ability to assess the 

contribution of implementing this intervention in reducing transmission in these 

countries is also limited [3].  

One of the challenges identified in the 2009 – 2013 National Tuberculosis 

Control Program (NTP) Strategic Plan was the low TB case detection rate in Ghana, 

estimated at 36% of pulmonary smear positive cases [5]. Therefore, improving case 

detection was targeted as an area for intervention using different innovative strategies. 

Investigation of contacts of TB cases was among the activities identified to be 

implemented in the Ghana TB strategic plan, as there was no structured and 
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systematic way of conducting contact tracing in the country. In 2009, the WHO with 

funding from the Canadian International Development Agency (CIDA) supported a 

number of case detection initiatives implemented by the NTP in health facilities in 

the Accra metropolis in Ghana [6, 7]. Among them was a TB contact investigation 

component, which was initiated in 2010 and supported until 2013.  

Given the dearth of data on the subject in a number of African countries and 

Ghana in particular, the objective of this paper is to document the outcomes of the 

contact investigation activities implemented in an urban area, highlighting the 

feasibility of implementing such an intervention under programmatic conditions. 

 

Methods 
Study design and setting 

This study is a retrospective analysis of the performance of a contact investigation 

intervention implemented by the NTP in 10 facilities in Accra, the capital of Ghana, 

which has a population of 1.5 million.  

Tuberculosis control in Accra, as in the rest of the country, is supported by 

the NTP, which has the mandate of leading the health sector response to TB control 

[5]. The NTP staff at the national level comprising the program manager and technical 

officers liaise with TB coordinators and multidisciplinary TB teams at subnational 

levels to facilitate TB control activities. At community and facility levels, there is a 

dedicated TB focal person who is supported by community health workers, 

volunteers, and treatment supporters to implement activities including registration, 

home verification, management, and follow-up of TB patients. The control of TB is 

integrated into all levels of care with 100% directly observed treatment, short-course 

(DOTS) coverage.  

In the years preceding the initiative, the TB case notification rate ranged from 

57 to 64 per 100,000, with treatment success reaching 85% [6]. Sputum smear 

microscopy was the mainstay of TB diagnosis, though steps were being taken to make 

culture services available. GeneXpert had also not been introduced for TB diagnosis 
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at that time. Case detection was mainly passive with symptomatic patients self-

reporting at health facilities.  

Before the introduction of the WHO/CIDA supported case finding initiative, 

there was no structured or systematic way of conducting contact tracing. As a result, 

systems put in place by the NTP to facilitate this exercise included the development 

of operating guidelines for conducting contact investigation, a contact investigation 

register, a questionnaire for screening of contacts, and a monthly contact investigation 

reporting form that the staff submitted to the NTP. Staff members in the participating 

facilities were also trained in the contact investigation operating guidelines to 

undertake the exercise.  

Following the identification of an index TB case, defined in the guidelines as 

a confirmed patient with sputum smear-positive (SS+ve) TB, sputum smear-negative 

(SS-ve) TB, or extrapulmonary TB (EPTB), the person was requested to list all their 

contacts. The definition of a contact was derived from what was used in the Ghana 

Demographic and Health Survey: namely, persons living together in the same house 

sharing the same housekeeping arrangements and eating together [8]. With the 

consent of the index patient, the designated contact investigation focal person at the 

facility, usually a community health officer, visited the home at an agreed time with 

the list of contacts to do conduct screening for. The index patient also had the option 

of coming to the health facility with the contacts to be screened. Using a questionnaire 

that asked for symptoms of cough, fever, drenching night sweats, and weight loss, the 

contacts were screened and assigned a score depending on the responses given. Those 

who were suspected to have TB were requested to undergo sputum smear 

examination at the nearest facility. In these cases, two specimens of sputum were 

collected, one on the spot and the other at least one hour later or early in the morning 

within 24 hours, for examination under a microscope for acid fast bacilli (AFB). A 

diagnosis of SS+ve TB was made if at least one sample was found to be positive for 

AFB, defined as at least one AFB identified in 100 fields. A clinician diagnosed SS-

ve TB after clinical examination and X-ray findings suggestive of TB, following SS-

ve microscopy results. Contacts who were subsequently diagnosed with TB were 

referred for treatment at the nearest TB DOTS facility. In households with contacts 
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aged under five years, the children were referred to an experienced clinician or a 

pediatrician for a thorough examination. If active TB disease was confirmed, the child 

would be put on full-course anti-TB treatment. The guidelines indicated that those 

children who were not found to have active TB disease were to be put on isoniazid 

prophylaxis for six months at a dose of 10 mg/kg.  

 

Data collection and analyses 

The data repository of the NTP was the key source of data for these analyses. The 

following data, which each facility conducting contact investigation submitted on a 

monthly basis to the NTP, were compiled into annual data: the number of index cases 

identified and those for whom contacts were listed, the number of contacts listed, the 

number of those listed who were screened, the number identified as presumed TB 

among those screened, and the number tested and diagnosed with TB. The data 

analyzed covered the period from June 2010 to 2013, as well as 2014 during which 

funding for the project officially ceased, but facilities continued contact investigation 

of index cases.  

Among those diagnosed with TB, the sex of the patient and the type of TB 

were also reported (SS+ve, SS-ve, or EPTB). Children who could not undergo smear 

microscopy but who were diagnosed clinically as having TB had their type of TB 

categorized as ‘other’. There was no age variable on the reporting form and therefore 

the ages of the contacts who were diagnosed as TB patients were not available for 

analyses.  

The key outcome of the analyses was the prevalence of TB cases among 

contacts of index TB patients. The following indicators were assessed: proportion of 

index cases for whom contacts were listed, proportion of contacts listed screened for 

TB, proportion of contacts suspected to have TB (also referred to as presumed TB 

contacts), and proportion of presumed TB contacts who underwent sputum smear 

microscopy. The number of contacts needed to screen (NNS) to identify a TB case 

(contacts screened/new cases) overall and per year, and the number of contacts 

needed to test (NNT) to identify a TB cases (contacts tested/new cases) were also 
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calculated. Using the chi-square test, the types of TB in terms of sex were analyzed. 

The level of statistical significance was pegged at a P-value of <0.05.  

The Ministry of Health Research Division Ethical Review Board gave ethical 

clearance for the study, while the NTP granted permission for the use of data. 

Confidentiality was maintained in the conduct of the analyses. 

 

Results 
From June 2010 to December 2014, 3,505 index TB patients were identified from the 

facilities participating in the contact investigation (see Figure 1). Contact listing was 

undertaken for 3,267 (93%) patients.  

On average, 2.5 contacts were listed per index patient. Approximately 96% 

of the contacts listed (8,166) were screened using the questionnaire and 614 were 

suspected to have TB (7.5%). Of these, 71% underwent sputum smear 

microscopy/were evaluated for TB, with 53 cases of TB being diagnosed, 

representing 12.2% of those evaluated. Overall, the prevalence of TB among the 

contacts screened was 0.65%. To identify one TB case, the NNS was 154 and the 

NNT was 8. 

Among the contacts diagnosed with TB, 30 (56.6%) were males. Almost half 

(49%) were SS+ve TB cases, representing 5.9% of the contacts tested/evaluated for 

TB. Sputum smear was negative in 38% of the contacts diagnosed with TB while 7% 

had extrapulmonary TB. More males than females had SS+ve TB, while reversely 

more females than males had SS-ve TB (see Figure 2). The differences across sex, 

however, were not statistically significant. All four EPTB cases diagnosed were 

males. Three of the cases (5.7%) were clinically diagnosed TB. 

Compared to the other years, there was a relatively smaller number of index 

TB cases in 2010, as the intervention started mid-year (see Table 1).  

The number of contacts suspected to have TB was also comparatively smaller 

in 2010, however, the yield of TB cases among the contacts screened was the highest. 

The highest number of contacts listed, screened, and tested for TB was in 2012.  
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Fig. 1 Flow diagram showing outcome of contact investigation 2010–2014, Accra 
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Fig. 2 Type of TB diagnosed among contacts of index TB patients by gender 

 

Table 1: Outcome of TB contact investigation in Accra, 2010–2014 

Year Number of 
index TB 

cases 
registered 

Number 
of index 

cases 
with 

contacts 
listed 

Number 
of 

contacts 
listed 

Number 
of 

contacts 
screened 

Number 
of 

contacts 
suspected 

to have 
TB 

Number 
of 

contacts 
suspected 
with TB 

who were 
tested 

TB 
cases 

identified  

Prevalence 
of TB 
among 

contacts 
screened 

(%) 

NNS  NNT 

2010* 359 316 811 679 28 28 10 1.5 68 2.8 

2011 873 826 2,051 1,953 136 136 15 0.8 130 9 

2012 872 794 2,285 2,219 175 153 11 0.5 202 13.9 

2013 797 749 1,930 1,945 139 64 9 0.5 216 7 

2014*
* 

604 582 1,442 1,370 136 57 8 0.6 171 7 

Total 3,505 3,267 8,519 8,166 614 438 53 0.65 154 8 

 
*The data from 2010 reflects only seven months of that year, from June to December. 
**In 2014, contact investigation activities continued for the entire year up to December 
31 even though funding for the project ceased. 
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**In 2014, contact investigation activities continued for the entire year up to December 
31 even though funding for the project ceased. 
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The proportion of TB cases with contacts listed each year was stable over the 

course of the five years, ranging from 88% to 96% (see Figure 3). Starting from 

100%, the proportion of contacts suspected to have TB who were tested dropped by 

more than half to 40% in 2014. The year 2010 recorded the highest proportion of TB 

cases diagnosed among the contacts tested (36%). 
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note that various definitions of index cases and household contacts may account for 

the discrepancy of figures reported in different studies [3, 4, 11, 12, 13]. In our study, 

the definition of a household contact did not specify the period that the contact was 

in close proximity to the index case and it is not known whether this had an effect on 

the outcome. The consensus definition of household contacts is “a person who shared 

the same enclosed living space for one or more nights or for frequent or extended 

periods during the day with the index case during the 3 months before commencement 

of the current treatment episode” [3]. For standardization and comparability, it is 

recommended that TB control programs apply this definition to enhance monitoring 

and evaluation, and contribute to evidence on the impact of contact investigations [3]. 

Over the course of the contact investigation initiative, the proportion of listed 

contacts who had symptom screening, identified as presumptive TB and eventually 

tested for TB, fell within what was found in studies conducted in other countries [10, 

14, 15]. Contact investigation of TB patients has been shown to identify significant 

numbers of TB cases in various contexts and improve TB case detection depending 

on the diagnostic tools used [9, 15, 16]. Comparative meta-analyses of TB case 

finding interventions in several low- and middle-resource high burden TB countries 

using sputum smear microscopy to diagnose TB showed that contact investigation 

interventions contributed from 0.1% to 14.2% of notified SS+ve TB cases, with a 

yield of 0.6% to 4.8% of all forms of TB diagnosed through contact investigation 

[15]. The yield from our study, which also used sputum smear microscopy as the 

main diagnostic procedure, falls within this range, even though Ghana is a low burden 

TB country. Blok et al. showed that the use of less restrictive criteria for identifying 

those eligible for sputum examination was associated with a higher yield of TB cases 

among contacts [15].  

Nevertheless, the use of symptom screening and the low sensitivity of sputum 

smear microscopy in the diagnosis of TB limit the opportunity to detect TB early in 

high-risk groups, including contacts. This highlights the importance of promoting 

more sensitive screening tools, such as X-ray, to identify those who need to be further 

investigated for TB [17, 18].  The use of more sensitive diagnostic methods beyond 

conventional microscopy further improves the yield of TB cases among those 
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suspected to have TB. It is therefore possible that the yield observed in our study may 

also be related to the use of conventional microscopy, which has relatively lower 

sensitivity than other TB diagnostic methods, yet was the mainstay of TB diagnosis 

at the time [19].  

In consonance with other studies, the proportion of males and females among 

the contacts identified with TB were similar [16, 20]. While in our study the 

proportion of SS+ve and SS-ve TB cases were similar, Gashu and colleagues found 

that SS-ve TB was predominant among contacts diagnosed with TB in Ethiopia [11]. 

Blok et al. found that SS+ve index cases correlated with a higher percentage yield of 

SS+ve contacts compared to SS-ve index cases [15]. It is therefore plausible that there 

may have been a relatively higher proportion of SS+ve cases among the index patients 

in our study and this possibly explains the proportion of SS+ve cases among the 

contacts. Shapiro et al. also found a higher proportion of SS-ve cases in South Africa, 

but all these patients were found to be culture positive, highlighting the importance 

of using more sensitive tests such as culture or GeneXpert to improve detection of 

SS-ve TB, in cases where smear microscopy results are negative [16, 21].  

The additional benefit of these tests is the ability to identify drug-resistant 

TB (DR-TB) [19]. While DR-TB cases had been identified at the time of the study in 

the country, the prevalence was not known. Given that TB in contacts of DR-TB cases 

is also likely to be drug resistant, the availability of more sensitive diagnostic tests 

for TB will enable the detection of drug resistance among contacts diagnosed with 

TB [19]. 

In our study, the NNS over the years was within what has been reported from 

contact investigation studies conducted in low TB incidence countries [22]. The NNT 

to identify one TB case in the initial year of our study was comparable to what was 

reported by Jerene et al. [14]. The observation that in 2010, the year the initiative 

started, both NNS and NNT were the lowest and the yield of TB cases among the 

contacts suspected to have TB was the highest may suggest closer adherence to the 

protocols following the training that kickstarted the initiative. 

It can be said that the first component of contact investigation, which consists 

of contact identification and prioritization, was satisfactorily carried out in the 
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intervention reported on in this paper [3]. It demonstrates the feasibility of 

successfully listing contacts and screening those suspected to have TB and therefore 

eligible for testing, as these rates remained high in the intervention years and the year 

afterwards. As home verification of TB before initiation of treatment is routine 

practice, as instructed by the NTP, adding contact identification and prioritization 

was practical and thereby contributed to this achievement.  

The same, however, cannot be said for the second component of contact 

investigation, namely contact clinical evaluation across the period of assessment: 

there was a noticeable drop of more than 50% in the proportion of presumed positive 

TB contacts tested/evaluated in the final year of the intervention (2013) and in the 

following year. The decrease, which could have been due to several reasons, suggests 

challenges with the steps in the referral system as well as functional laboratory 

diagnostic services, ranging from limited follow up of presumed TB cases, to 

ensuring arrival at the microscopy center for testing, to shortages of laboratory 

diagnostic reagents. This raises concerns of missed opportunities to diagnose TB and 

the overall effect on the yield of TB cases among the contacts, necessitating further 

investigation to identify the contributory factors to the decrease.  

The End TB Strategy calls for the removal of barriers to seeking care so it is 

imperative that steps are taken to ensure that presumptive TB cases, who have 

interacted with the healthcare system, benefit from early and appropriate diagnostic 

tests as soon as possible to reduce the risk of advanced disease and transmission [17]. 

Apart from identifying active TB cases, contact investigation can also be a means of 

preventing disease transmission, as the effective treatment of TB diagnosed among 

contacts will limit the potential of these persons being a source of infection to others. 

With the exception of information on the sex of the TB cases identified 

among the contacts and the type of TB diagnosed, the database from which the 

analyses for this study were conducted had no disaggregation by sex for the rest of 

the measures; consequently there was no information on the sex of the index TB cases 

nor the contacts listed or evaluated. There was also no data on age for any variable. 

This limitation precluded the ability to conduct demographic or disaggregated 

analyses by the type of TB of the index case and especially children, considering that 
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a considerable proportion of childhood TB is diagnosed through household contact 

investigation [23]. Another limitation of the study is that there was no examination 

of the possible prevailing factors that accounted for some of the changes in the trends 

observed in the findings. Despite these limitations, the strength of this paper lies in 

the documentation of the outcomes of the various components of contact 

investigation, namely contact identification and prioritization and contact clinical 

evaluation, over a number of years in a low TB incidence country, where contact 

investigation has not been routinely practiced. 

 

Conclusions 
This study demonstrates that the contact identification and prioritization components 

of contact investigation were feasible, but the overall yield of TB cases may have 

been lower than it could have been if the rate of clinical evaluation of presumptive 

TB contacts had been sustained over time. Contact investigation as a case finding 

initiative could be enhanced if actively conducted with the adoption of standardized 

protocols and sensitive screening tools, training of relevant staff in their use, and 

removal of barriers to contact screening. Where presumptive TB cases have been 

identified, it is imperative for the NTP to address possible barriers to accessing 

recommended sensitive diagnostic tests to enable the maximum yield from contact 

investigation to be achieved. In the event of scaling up contact investigation, it is also 

recommended that the NTP widens the scope of the variables in the data collection 

tools to include minimum key variables such as age (especially children aged under 

five years), sex, type of TB diagnosed, human immunodeficiency virus (HIV) status 

of contacts diagnosed with TB and children aged under five years, and persons living 

with HIV initiated on isoniazid preventive treatment. This will facilitate meaningful 

analyses of outcomes in specific groups, and subsequent monitoring and tracking of 

program performance indicators, as per the WHO guidelines.  
 

 
 
 



70

Chapter 3

64 
 

Additional file 
Additional file 1: Multilingual abstracts in the six official working languages of the United 
Nations. (PDF 578 kb) 
 
Abbreviations 
AFB: acid fast bacilli; CIDA: Canadian International Development Agency; DOTS: directly 
observed treatment, short-course; DR-TB: drug-resistant tuberculosis; EPTB: extrapulmonary 
tuberculosis; HIV: human immunodeficiency virus; NNS: number of contacts needed to 
screen; NNT: number of contacts needed to test; NTP: National Tuberculosis Control 
Program; SS+ve: sputum smear-positive; SS-ve: sputum smear-negative; TB: tuberculosis; 
WHO: World Health Organization 
 
Acknowledgements 
The authors wish to thank the staff and patients of the Ridge Hospital, Achimota Hospital, 
Legon Hospital, Maamobi Hospital, Princess Marie Louise Hospital, La General Hospital, 
Kaneshie Polyclinic, Mamprobi Polyclinic, Ussher Polyclinic, and Dansoman Polyclinic for 
their immense contribution to the TB case finding initiative and, ultimately, this study. The 
authors are also grateful to Dr. Mukund Uplekar, Dr. Knut Lönnroth, Dr. Salah Ottmani, and 
Dr. Jacob Creswell for their valuable technical assistance in the implementation of the TB 
case finding initiative in Ghana. The CIDA is duly acknowledged for funding the TB case 
finding intervention.  
 
Funding 
The TB case finding intervention was funded by the CIDA, with technical support from the 
WHO. Funds were not allocated to support these analyses. 
 
Availability of data and materials 
The Ghana National TB Control Program is the custodian of the data for this study. The data 
are not accessible online, but may be made available upon written request to the NTP through 
the authors, if in line with the Ethical Review Board guidelines. 
 
Authors’ contributions 
S-AO conceptualized and drafted the paper. AS, SD, and FA compiled the data. S-AO 
analyzed the data. FB, NNH-N, PK, MB, and S-AO contributed to the writing of the paper. 
All authors approved the final paper. 
 
Authors’ information 
S-AO is a WHO staff member. The contents of this paper are the responsibility of the authors 
and do not necessarily reflect the decisions or policies of the WHO.  
 
Ethics approval and consent to participate 
The Ministry of Health Research Division Ethical Review Board gave ethical approval for the 
study. The study was a secondary data analysis and did not involve contact with individual 
patients so consent to participate was not applicable.  
 
Consent for publication 
Not applicable.  
 



71

Yield of TB among household contacts

65 
 

Competing interests 
The authors declare no competing interests. 
 
Author details 
1World Health Organization Country Office, 29 Volta Street Airport, Airport Residential 
Area, P.O. Box MB 142, Accra, Ghana. 2National Tuberculosis Control Program, Accra, 
Ghana. 3Department of Global Health, Academic Medical Centre, Amsterdam Institute of 
Global Health and Development, Amsterdam, The Netherlands. 4KIT Health, Royal 
Tropical Institute (KIT), Amsterdam, The Netherlands. 
 
Received: 6 June 2017 Accepted: 12 February 2018  
Published online: 27 February 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



72

Chapter 3

66 
 

References  
1. World Health Organization (WHO). Global tuberculosis report 2016. 2016. 

http://www.who.int/tb/publications/global_report/en/  Accessed 12 Feb 2018. 
2. Morrison J,  Pai M, Hopewell PC. Tuberculosis and latent tuberculosis infection 

in close contacts of people with pulmonary tuberculosis in low-income and 
middle-income countries: a systematic review and meta-analysis. Lancet Infect 
Dis 2008; 8: 359–68. 

3. World Health Organization: Recommendations for investigating contacts of 
persons with infectious tuberculosis in low and middle-income countries. 2012. 
http://www.who.int/tb/publications/2012/contact_investigation2012/en/  
Accessed 12 Feb 2018. 

4. Fox GJ, Barry SE, Britton WJ, Marks GB. Contact investigation for 
tuberculosis: a systematic review and meta-analysis. Eur Respir J. 2013; 41: 
140–156. 

5. Ministry of Health. National tuberculosis health sector strategic plan for Ghana 
2009-2013. Accra: Ghana Ministry of Health; 2009. 

6. Bonsu FA, Hanson-Nortey NN, Afutu FK, Kulevome DK, Dzata F, Ahiabu 
MA, etal. The National Tuberculosis Health Sector Strategic Plan for Ghana 
2015–2020.  Accra: Ghana Health Service/Ministry of Health; 2014. 

7. World Health Organization. WHO-CIDA Initiative: Intensifying TB case 
detection Update 2011. 
2011.  http://www.who.int/tb/WHO_CIDA_Initiative_TBUpdate_Ghana.pdf  
Accessed 12 Feb 2018. 

8. Ghana Statistical Service (GSS), Ghana Health Service (GHS), and ICF 
Macro: Ghana Demographic and Health Survey 2008. 2009.  
http://dhsprogram.com/publications/publication-fr221-dhs-final-reports.cfm 
Accessed 12 Feb 2018. 

9. Nair D, Rajshekhar N, Klinton JS, Watson B, Velayutham B, Tripathy JP, et al. 
Household contact screening and yield of tuberculosis cases —A clinic based 
study in Chennai, South India. PLoS ONE 2016; 11(9):e0162090.  

10. Volkmann T, Okelloh D, Agaya J, Cain K, Ooko B, Malika T, Burton D. Pilot 
implementation of a contact tracing intervention for tuberculosis case detection 
in Kisumu County, Kenya. PHA. 2016; 6(4):217-219 

11. Gashu Z, Jerene D, Ensermu M, Habte D, Melese M, Hiruy N, et al. The yield 
of community-based “retrospective” tuberculosis contact investigation in a high 
burden setting in Ethiopia. PLoS ONE 2016; 11(8): e0160514.  

12. Loredo C. Cailleaux–Cezar M, Efron A, Queiroz de Mello FC, Marcus Barreto 
Conde MB. Yield of close contact tracing using two different programmatic 
approaches from tuberculosis index cases: a retrospective quasi-experimental 
study. BMC Pulmonary Medicine 2014; 14:133. 

13. Guwatudde D, Nakakeeto M, Jones-Lopez MEC, Maganda A, Chiunda A, 
Mugerwa RD, et al. Tuberculosis in household contacts of infectious cases in 
Kampala, Uganda. Am J Epidemiol. 2003;158(9):887–898. 



73

Yield of TB among household contacts

67 
 

14. Jerene D, Melese M, Kassie Y, Alem G, Daba SH, Hiruye N, et al. The yield of 
a tuberculosis household contact investigation in two regions of Ethiopia. Int J 
Tuberc Lung Dis. 2015;19(8):898-903.  

15. Blok L, Sahu S, Creswell J, Alba S, Stevens R, Bakker MI (2015) Comparative 
meta-analysis of tuberculosis contact investigation interventions in eleven high 
burden countries. PLoS ONE 10(3):e0119822.  

16. Shapiro AE, Variava E, Rakgokong M, Moodley N, Luke B, Saeed Salimi S, et 
al. Community-based targeted case finding for tuberculosis and HIV in 
household contacts of patients with tuberculosis in South Africa. Am J Respir 
Crit Care Med. 2012;185(10):1110-6 

17. World Health Organization: The End TB Strategy: Global strategy and targets 
for tuberculosis prevention, care and control after 2015. 2014 
http://www.who.int/tb/strategy/End_TB_Strategy.pdf?ua=1   Accessed 12 Feb 
2018. 

18. Gupta M,  Saibannavar AA, and Kumar V. Household symptomatic contact 
screening of newly diagnosed sputum smears positive tuberculosis patients - An 
effective case detection tool. Lung India. 2016(2):159–162.  

19. TB CARE I: International Standards for Tuberculosis Care, 3rd edition 3. 2014 
http://www.tbcare1.org/publications/  Accessed 12 Feb 2018. 

20. Singh J, Sankar MM, Kumar S, Gopinath K, Singh N, Mani K, et al. Incidence 
and prevalence of tuberculosis among household contacts of pulmonary 
tuberculosis patients in a peri-urban population of South Delhi, India. PLoS 
ONE. 2013;8(7):e69730.  

21. World Health Organization: Early detection of tuberculosis: An overview of 
approaches, guidelines and tools. 2011. 
http://apps.who.int/iris/handle/10665/70824 Accessed 12 Feb 2018. 

22. Shapiro AE, Chakravorty R, Akande T, Lonnroth K, Golub JE. A systematic 
review of the number needed to screen to detect a case of active tuberculosis in 
different risk groups. 2013. 
http://www.who.int/tb/Review3NNS_case_active_TB_riskgroups.pdf Accessed 
12 Feb 2018. 

23. Ottmani S, Zignol M, Bencheikh N, Laasri L, Blanc L, Mahjour J. TB contact 
investigations: 12 years of experience in the National TB Programme, Morocco 
1993–2004. East Mediterr Health J. 2009; 15(3):494–503. 

 
 
 
 
 

 

 

 

 





Chapter 4

PLoS ONE (2019) 16(3): e0248718.
 https://doi.org/10.1371/journal.pone.0248718

Sally-Ann Ohene, Frank Bonsu, Yaw Adusi-Poku, Francisca Dzata, Mirjam Bakker 

Case finding of tuberculosis among mining 
communities in Ghana

75





77

TB among mining communities 

69 
 

Abstract 

Background: Data on active TB case finding activities among artisanal gold mining 

communities (AMC) is limited. The study assessed the yield of TB cases from the 

TB screening activities among AMC in Ghana, the factors associated with TB in these 

communities and the correlation between the screening methods and a diagnosis of 

TB.  

Methods: We conducted secondary data analyses of NTP program data collected 

from TB case finding activities using symptom screening and mobile X-ray 

implemented in hard to reach AMC. Yield of TB cases, number needed to screen 

(NNS) and the number needed to test (NNT) to detect a TB case were assessed and 

logistic regression were conducted to assess factors associated with TB. The 

performance of screening methods chest X-ray and symptoms in the detection of TB 

cases was also evaluated. 

Results: In total 10,441 people from 78 communities in 24 districts were screened, 

55% were female and 60% (6,296) were in the aged 25 to 54 years. Ninety-five TB 

cases were identified, 910 TB cases per 100,000 population screened; 5.6% of the TB 

cases were rifampicin resistant. Being male (aOR 5.96, 95% CI 3.25–10.92, P < 

0.001), a miner (aOR 2.70, 95% CI 1.47–4.96, P = 0.001) and age group 35 to 54 

years (aOR 2.27, 95% CI 1.35–3.84, P =0.002) were risk factors for TB. NNS and 

NNT were 110 and 24 respectively. Cough of any duration had the strongest 

association with X-ray suggestive of TB with a correlation coefficient of 0.48. Cough 

was most sensitive for a diagnosis of TB; sensitivity of 86.3% (95% CI 79.4 -93.2) 

followed by X-ray, sensitivity 81.1% (95% CI 71.7-88.4). The specificities of the 

symptoms and X-rays ranged from 80.2% (cough) to 97.3% (sputum).  

Conclusion: The high risk of TB in the artisanal mining communities and in miners 

in this study reinforces the need to target these populations with outreach programs 

particularly in hard to reach areas. The diagnostic value of cough highlights the 

usefulness of symptom screening in this population that may be harnessed even in the 

absence of X-ray to identify those suspected to have TB for further evaluation. 

Key words: Ghana, tuberculosis, mining communities 
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Introduction 
Tuberculosis (TB) remains the leading cause of death from an infectious agent in the 

twenty first century despite being curable with antimicrobial drugs [1]. An estimated 

10 million people developed TB in 2019, while about 1.4 million deaths occurred as 

a result of the disease [1]. The WHO African Region has the highest TB incidence 

rate of 226 per 100,000 population [1]. Ghana classified a high HIV/TB burden, like 

several countries in the African region, grapples with TB control activities [2]. The 

TB cases notified annually in Ghana averaged 14, 500 TB cases in the years preceding 

the national prevalence survey conducted in 2013 and thereafter [2,3]. The prevalence 

survey findings however suggested that people being detected with TB represent just 

about 21% of actual cases highlighting the need to adopt different strategies to 

identify more cases [2]. The END TB Strategy of the World Health Organization 

emphasizes early diagnosis of TB that involves  systematic screening of contacts and 

high-risk groups, universal drug–susceptibility testing and standardized treatment of 

TB and drug-resistant TB forms [4]. Early case detection coupled with a high 

treatment success leads to a cure of infectious TB cases and cuts the risk of 

transmission ultimately reducing the burden of TB. This has led to several countries 

adopting various strategies to improve case detection [5-7]. 

Ghana is one such country in which a 2013 comprehensive review of the Ghana 

National TB Program highlighted the need to improve access to TB prevention, 

treatment, care and support services for key affected populations including PLHIV, 

children, diabetics, and miners or those exposed to silica [8]. Consequently, the 

National TB Health Sector Strategic Plan for Ghana (2015-2020) clearly identified 

TB case detection among mining populations as one of these key populations for 

intervention [2].  

High risk populations such as miners especially those engaged in illegal mining 

activities may however be in hard to reach areas where they may encounter challenges 

accessing health services including those for diagnosing TB [9,10]. Strategies such 

as deployment of mobile teams proved to be useful in identifying people with TB in 

such hard to reach populations and mining communities [10-12]. The implementation 
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of active case finding (ACF) activities using mobile teams in hard to reach mining 

communities in Myanmar identified significantly higher TB prevalence in these 

townships than in the rest of the country [11]. In a study conducted among South 

African miners, death from TB was more than 2 times higher among those with TB 

diagnosed through passive case finding than those diagnosed through active 

screening exercises [13].  

The Ghana NTP with funding from the Global Fund supported interventions to 

improve TB case finding among artisanal gold mining communities in the country 

[14]. Given the limited data on active TB case finding activities among small scale 

mining communities in Ghana, the aim of the study was to assess the yield of TB 

cases from the TB screening activities among artisanal mining communities, the 

factors associated with TB in these communities and the correlation between the 

screening methods and a diagnosis of TB.  

 

Methods 
Study Design and Setting 

The study was cross-sectional consisting of secondary data analyses of routine NTP 

program data collected from TB case finding activities implemented in selected 

artisanal mining communities in which mining activities are generally operated 

without license from authorities. These activities were undertaken from May 2017 to 

January 2018 as part of NTP’s efforts to make available TB screening, testing and 

treatment to vulnerable populations in these hard to reach artisanal mining areas [2]. 

The communities were deemed to be at high risk for TB but with limited access to 

TB services. Having already undertaken passive TB control activities in artisanal 

mining areas in Ashanti, Brong Ahafo and Western regions (collective estimated 

population of 11,200,955 in 2017), the NTP in consultation with the respective 

Regional Health Directorates (RHD) selected 3, 6 and 12 districts respectively from 

each region with intense artisanal mining activities.  

These 21 districts consisted of an estimated total population of 2,120,660 in 2017 

with TB notification rates ranging from 37 to 394/100,000 population.  In 
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consultation with the RHD and District Health Directorates (DHD), 78 communities 

having artisanal mining activities, were selected from these districts for TB screening. 

In these communities, unlicensed gold extraction using crude mining extraction 

methods along terraces, mineral deposits in water ways and underground mines are 

undertaken by small-scale artisanal miners (locally known to as galamsey) [15,16]. 

These unregulated mining activities usually occur in hard to reach areas with limited 

access to health services. The communities were thus selected on the basis of their 

vulnerability to TB and being in hard to reach areas. 

The conduct of the TB screening exercise was similar in the respective communities 

in which they were conducted across the three regions. The NTP deployed mobile 

teams consisting of a team leader to superintend the screening team, field coordinator 

to coordinate the field activities, radiographer to operate the digital X-ray machine, a 

physician-assistant to read the digital X-ray information technologist to maintain 

network connectivity for the transmission and storage of X-ray images and data, 

engineer to maintain the X –ray equipment and electrical generators, support team 

members to conduct screening and collect sputum samples and drivers for the digital 

X-ray van and vehicle to transport the team and other logistics. A week before the 

arrival of the team to the community, the district TB focal person in collaboration 

with the community volunteers undertook community mobilization using various 

methods including house to house sensitization and community radio announcements 

informing the community member of the upcoming free TB screening exercise, the 

date and the place where the team will be located.  

Study population and data collection 

The TB screening exercise was offered purely on voluntary basis to all community 

members 15 years and above who were willing to participate. Sampling or 

randomization of the population was therefore not done and neither was enumeration 

of community members done before the exercise. All community members 15 years 

and above who voluntarily made themselves available in the designated communities 

were eligible to be included in the screening exercise though the dataset showed that 

a handful of children less than 15 years were also screened. On the day of the exercise, 

community members voluntarily presenting themselves at the location of the mobile 
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team were registered and their socio-demographic information recorded. A TB 

symptom screening was administered using a questionnaire inquiring about the 

presence or absence of cough, fever, sputum production, chest pain, weight loss, night 

sweats and fever. With the exception of the following; pregnant or possibly pregnant 

women, those who for one reason or the other could not take or declined taking the 

chest X-ray, everyone’s X-ray was taken using the digital X-ray machine. A physician 

assistant trained to read digital X-ray images categorized the X-ray finding into 3 

groups: normal, abnormal suggestive of TB and abnormal but unlikely to be TB. 

Those reported to have an abnormal X-ray suggestive of TB, those admitting having 

a cough of 2 weeks or any duration with at least one other symptom were presumed 

to have TB and were requested to produce 1 spot sample of sputum. Also included in 

the presumed TB group and asked to produce sputum for testing were those unable 

to have an X-ray taken as indicated above and HIV positive individuals. The samples 

were transported to designated laboratories with a GeneXpert machine for testing. 

The GeneXpert results were reported as Mycobacterium tuberculosis (MTB) not 

detected, MTB detected rifampicin sensitive and MTB detected rifampicin resistance 

detected. The field coordinator followed up on the results and arranged for those 

found to have TB to be registered at the district level to start TB treatment. The 

analyses of the treatment outcomes of these TB patients were beyond the scope of 

this paper. 

Statistical analyses 

The NTP dataset contained data on only the people who volunteered for the screening 

and did not have data on the total number of people in the communities nor the 

demographics of the total community population. The analyses for the study was 

therefore limited to the population that was screened. Descriptive analyses were 

conducted for the following variables district, age group, sex, occupation, X-ray 

reading, presence of TB symptoms and GeneXpert results according to region. Due 

to the lack of census data of the communities targeted, screening coverage, (the 

proportion of the population screened) could not be assessed; neither was it possible 

to assess how the study population (the people who showed up for the screening) 

compared to the demographics of the communities from which they came. Data on 
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the proportions of age groups and sex by region of persons 15 years and above was 

however obtained from the 2010 Ghana census data and used as proxy data for the 

communities to allow for comparison of age group and sex with the study population 

with the assumption that the community demographics were similar to the census 

data [17]. Among the population screened, the prevalence of TB was calculated and 

so were the number needed to screen (NNS) and the number needed to test (NNT) to 

detect a TB case.  

Univariate logistic regression was initially conducted to assess factors associated with 

TB diagnosis. Given the few characteristics being examined, all variables were then 

entered into a binomial logistic regression model with the outcome variable being a 

diagnosis of TB confirmed by GeneXpert. Odds ratio and 95% confidence (95%CI) 

interval were assessed. The strength of association between symptoms and having X-

ray suggestive of TB was also determined by assessing Pearson’s phi correlation 

coefficient as well as multivariable logistics regression controlling for age and sex. 

Finally, the diagnostic value of the screening methods chest X-ray and symptoms in 

the detection of TB cases was also evaluated using receiver operating characteristic 

(ROC) curves. The predictive strengths were determined from the models by 

calculating the area under the ROC curve (AUC). In the sensitivity analysis, all those 

not tested for TB were assumed not to have TB. STATA version 13 was used for 

statistical analyses and p<0.05 was set as the level of significance. The Ghana Health 

Service Ethical Review Committee gave ethical approval for the conduct of the study.  

 

Results 
Demographic characteristics and yield of TB among screened population 

From among the 3 regions Brong Ahafo, Ashanti and Western, a total of 10,441 

people from 78 communities in 21 districts were screened. On the average, 226 

people were screened a day. The number of people screened per community ranged 

from 39 to 202 while for the districts, the numbers screened ranged from 282 to 826. 

The demographic characteristics of the study population by region and the census 

data are presented in Table 1.  
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Table 1. Demographic characteristics and TB screening results of person 
screened in mining communities in Ashanti, Brong Ahafo And Western Regions, 
Ghana, May 2017 to January 2018 compared to 2010 regional census statistics 
 

 Ashanti 
Total= 
1896 

 

Proportions 
of age 

groups 15+ 
from 

Ashanti 
census data 

Brong 
Ahafo 

Total=3252 
n (%) 

Proportions 
of age 

groups 15+ 
from Brong 

Ahafo 
census data 

Western 
Total=5293 

n (%) 

Proportions 
of age 

groups 15+ 
from 

Western 
census data 

Districts 3 6 12 
Communities 14 24 40 
 n (%) (%) n (%) (%) n (%) (%) 
Age (years) 
<15 
15 – 24 
25 – 34  
35 – 44  
45 – 54 
55 – 64  
65+ 
Missing 

 
0 

240 (12.7) 
368 (19.4) 
351 (18.5) 
350 (18.5) 
312 (16.5) 
272 (14.3) 

3 (0.2) 

 
 

33.2 
25.2 
17.3 
11.3 
6.1 
6.9 

 
13 (0.4) 

357 (11.0) 
676 (20.8) 
653 (20.1) 
581 (17.9) 
433 (13.3) 
536 (16.5) 

3 (0.1) 

 
 

33.9 
24.0 
17.0 
11.5 
6.1 
7.5 

 
10 (0.2) 

686 (13.0) 
1,225 (23.1) 
1,095 (20.7) 
997 (18.8) 
650 (12.3) 
620 (11.7) 

9 (0.2) 

 
 

33.2 
24.9 
17.9 
11.8 
6.1 
6.2 

Sex 
Male 
Female 
Missing 

 
882 (47.0) 
995 (52.5) 

9 (0.5) 

 
48.4 
51.6 

 
1481 (45.5) 
1769 (54.4) 

2 (0.1) 

 
49.6 
50.4 

 
2,268 (42.9) 
3,018 (57.0) 

7 (0.1) 

 
50.0 
50.0 

Occupation 
Agriculture  
Professional 
Miner  
Sales and 
services 
Manual labour  
Unemployed 
Missing 

 
771 (37.5) 
130 (6.9) 
103 (5.4) 

497 (26.2) 
114 (6.0) 

319 (16.8) 
22 (1.2) 

  
1639 (50.4) 
242 (7.4) 
278 (8.6) 

587 (18.1) 
281 (8.6) 
182 (5.6) 
43 (1.3) 

  
1,911 (36.1) 

250 (4.7) 
486 (9.2) 

1,496 (28.3) 
447 (8.5) 
489 (9.2) 
214 (4.0) 

 

Symptoms 
Cough any 
duration  
Sputum 
Chest pain  
Weight loss   
Night sweats 
Fever 
No symptoms 

 
484 (25.5) 

2 (0.1) 
527 (27.8) 
442 (23.3) 
309 (16.3) 
251 (13.2) 

1037 (54.7) 

  
575 (17.7) 
232 (7.1) 

336 (10.3) 
154 (4.7) 
206 (6.3) 
57 (1.8) 

2388 (73.4) 

  
1,074 (20.3) 

50 (0.9) 
772 (14.6) 
644 (12.2) 
518 (9.8) 
399 (7.5) 

3697 (69.8) 

 

X-ray Results 
Normal 
Abnormal TB 
Abnormal 
Non-TB 
Missing 

 
1,082 (57.1) 
387 (20.4) 
413 (21.8) 
14 (0.7) 

  
2937 (90.3) 
213 (6.6) 
79 (2.4) 
23 (0.7) 

  
3,572 (67.5) 
848 (16.0) 
798 (15.1) 
75 (1.4) 

 

 

 

Overall among those screened, 45% were male compared to 49% in the census data 

showing that among those screened, slightly fewer men showed up. While census 

data showed that among those aged 15 years and above in the general population 

about 33% were between 15 to 24 years, among those screened about 12% were in 
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this age group. Those screened in the TB screening exercise consisted of a relatively 

higher proportion of older people compared to what would be expected in the 

community using census data as proxy. This general trend was noted across the 3 

regions.  There were 23 children (0.2%) less than 15 years. About 42% of the people 

screened were in the agriculture sector while miners comprised 8.5%. 
About half of those screened 50.7%, were from Western Region. Ashanti Region had 

the smallest proportion of miners 5.4% while 50.4% of those screened in Brong 

Ahafo were in the agriculture sector. The districts in which the TB case finding 

activities were undertaken are shown in Fig 1.  

Fig 2 shows the algorithm of the overall TB screening process and the yield. 

Among those who had a chest X-ray done (10,329), almost 14% (1,448) were 

reported to have findings suggestive of TB. About 23% of those screened were 

identified as presumed TB cases. The 95 TB cases identified out of the 10,441 people 

screened was equivalent to 910 TB cases per 100,000 population screened. Out of the 

78 communities, thirty-seven (47%) did not have any TB cases detected, fourteen 

communities had 1 TB case, sixteen had 2, two had 3 TB cases detected. Six 

communities had 4 TB cases, two had 5 and 1 had 9 TB cases detected. The TB 

prevalence among the population screened varied between 0 and 6.8%. No TB cases 

were identified in 3 districts out of the 21 districts undertaking TB case finding 

activities. Ashanti recorded the highest yield of TB cases among those screened 

1.32%, compared to Western 1.11% and Brong Ahafo 0.34%.  Table 2 shows the 

yield of TB cases by regions following TB case finding exercises undertaken in 

selected mining communities in selected districts. 

Western Region accounted for 62% (59) of the TB cases while 26% (25) were from 

Ashanti Region.  Males made up 84% (80) of the total TB cases detected among the 

population screened, 70% of those with TB were in the age range of 25 to 54 years 

and miners had the highest prevalence of TB 2.65% compared to 1.41% among those 

engaged in skilled manual labour and 0.68% among those involved in the agriculture 

sector. 
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Fig 1. Map of Ghana showing districts in which case finding activities were 
undertaken in selected mining   2017 to January 2018.                                                                  
Fig 1 legend shows the range of the number of TB cases detected per 1000 persons 
screened from the TB case finding exercise in the respective districts. 
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Fig 2. Flow chart of TB case finding screening exercise undertaken in mining 
communities in 21 districts in Ghana from May 2017 to January 2018  
 
 
 
 
 
 

Total number of community 
members screened    

N=10,441 

 

Chest X-ray done 
N=10,329 (98.9%)     

 

Presence of 1 or more symptoms 
N=3,319 (31.8%) 

Chest X-ray suggests TB 
N=1,448 (13.9%)     

 

Cough and ≥1 other symptom(s) 
N=1,520 (45.8%)     

 

Presumed TB among number screened                                              
(X-ray suggests TB or presence of cough 

and at least 1 other symptom)                    
N=2,389 (22.9%)     

 

Number tested out of presumed TB     
N=2,250 (94.2%)     

 
Bacteriologically positive out of number tested    N=95 (4.2%)         

Rifampicin resistant N=5 (5/95, 5.6%)   
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Table 2. Yield of TB cases from TB case finding exercise undertaken in 
3 regions in Ghana, May 2017 to January 2018 
 

Regions Ashanti Brong Ahafo Western Total 
Number screened 1896 3252 5293 10441 
Presumptive TB (% out of 
screened) 

444 (23.4) 536 (16.5) 1,409 
(26.0) 

2,389 
(22.9) 

Number tested (% of 
presumptive TB) 

441 (99.3) 401 (74.8) 1408 (99.9) 2250 
(94.2) 

Number bacteriologically 
positive (% out of tested) 

25 (5.6%) 11 (2.8%) 59 (4.2) 95 (4.2) 

Number rifampicin 
resistant (% out of TB 
cases) 

1 (4%) 1 (9.1%) 3 (5.1) 5 (5.3) 

NNT (Number needed to 
test) 

18 36 24 24 

NNS (Number needed to 
screen) 

76 296 90 110 

 
 
The overall TB prevalence among non-miners in the screened population was 0.64%. 

Five of the TB cases had rifampicin resistant TB. All 5 were male in the 35 to 44 year 

age group with 2 of them being miners from Western Region giving a rate of 8.7% 

rifampicin resistant TB among the miners with TB.  

The regional distribution of TB cases across the demographic variables is shown in 

Table 3.  

 

In the Ashanti Region, all but 1 of the 25 TB case identified were male. Even though 

miners formed 9.6 % of those screened in the Western Region, 27% of those with TB 

in the region were miners.  
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Table 3. Distribution of TB and those without TB across demographic 
variables among persons screened in selected artisanal mining communities by 
region in Ghana  May 2017 to January 2018 
 

 Ashanti 
N=1896 

Brong Ahafo 
N=3252 

Western 
N=5293 

 No TB TB No TB TB No TB TB 
 N=1871 N=25 N=3241 N=11 N=5234 N=59 
Age Years) 
<15 
15 – 24 
25 – 34  
35 – 44  
45 – 54 
55 – 64  
65+ 
Missing 

 
0 

240 (12.8) 
361 (19.3) 
345 (18.4) 
346(18.5) 
307(16.4) 
269 (14.4) 

3 (0.2) 

 
0 
0 

7 (28.0) 
6 (24.0) 
4 (16.0) 
5 (20.0) 

0 

 
13 (0.4) 

357 (11.0) 
674 (20.8) 
650 (20.1) 
579 (17.9) 
432 (13.3) 
533 (16.4) 

3 (0.1) 

 
0 
0 

2 (18.2) 
3 (27.3) 
2 (18.2) 
1 (9.1) 
3 (27.3) 

0 

 
10 (0.2) 

681 (13.0) 
1212 (23.2) 
1079 (20.6) 
983 (18.8) 
642 (12.3) 
618 (11.8) 

9 (0.2) 

 
0 

5 (8.5) 
13 (22.0) 
16 (27.1) 
14 (23.7) 
8 (13.6) 
3 (5.1) 

0 
Sex 
Male 
Female  
Missing 

 
868 (46.4) 
994 (53.1) 

9 (0.5) 

 
24 (96.0) 
1 (4.0) 

0 

 
1472 (45.4) 
1767 (54.5) 

2 (0.1) 

 
9 (82.8) 
2 (18.2) 

0 

 
2221 (42.4) 
3006 (57.4) 

7 (0.1) 

 
47 (79.7) 
12 (20.3) 

0 
Occupation 
Agriculture  
Professional 
Miner  
Sales and services 
Manual lab  
Unemployed 
Missing 

 
700 (37.4) 
130 (7.0) 
98 (5.0) 

495 (26.5) 
112 (6.0) 

314 (16.8) 
22 (1.2) 

 
11 (44.0) 

0 
5 (20.0) 
2 (8.0) 
2 (8.0) 
5 (20.0) 

0 

 
1636 (50.5) 

242 (7.5) 
276 (8.5) 

586 (18.1) 
278 (8.6) 
182 (5.6) 
41 (1.3) 

 
3 (27.3) 

0 
2 (18.2) 
1 (9.1) 
3 (27.3) 

0 
2 (18.2) 

 
1896 (36.2) 

250 (0.8) 
470 (9.0) 

1487 (28.4) 
442 (8.4) 
476 (9.1) 
213 (4.1) 

 
15 (25.4) 

0 
16 (27.1) 
9 (15.3) 
5 (8.5) 

13 (22.0) 
1 (1.7) 

 
 
Factors associated with TB 

In univariate analyses, shown in Table 4, being a male, miner and unemployed 

were risk factors for having TB as was coming from Western and Ashanti 

regions. In multivariate analyses also in Table 4, being in the age group 35 to 

54 years became a risk factor for TB, (OR [aOR] 2.27, 95% CI 1.35–3.84, P 

=0.002). Being male, (OR [aOR] 5.96, 95% CI 3.25–10.92, P < 0.001) miners 

(OR [aOR] 2.70, 95% CI 1.47–4.96, P = 0.001), unemployed (OR [aOR] 3.15, 

95% CI 1.66–5.95, P < 0.001) and coming from Ashanti (OR [aOR] 4.12, 95% 

CI 1.89–8.98, P < 0.001) and Western Regions (OR [aOR] 3.84, 95% CI 1.90–

7.80, P < 0.001) were risk factors for having TB. 
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Table 4. Logistic regression analyses of factors associated with TB 
diagnosis among persons screened in selected artisanal mining 
communities in Ghana, May 2017 to January 2018, N=10,441 
 
 Univariate OR 

(%CI) 
p Multivariate aOR 

(95CI) 
p 

Age (years) 
<35  
35 –54 
≥55 

 
1 

1.49 (0.92 - 2.40) 
1.08 (0.62 - 1.89) 

 
 

0.106 
0.789 

 
1 

2.27 (1.35 - 3.84) 
1.82 (0.98 - 3.39) 

 
 

0.002 
0.055 

Sex 
Female  
Male 

 
1 

6.74 (3.88-11.72) 

 
 

<0.001 

 
1 

5.96 (3.25-10.92) 

 
 

 <0.001 
Occupation 
Agriculture  
Professional  
Miner  
Sales and services 
Manual labour  
Unemployed 

 
1 
- 

3.98 (2.29 - 6.91) 
0.68 (0.35 - 1.34) 
1.75 (0.85 – 3.61) 
2.70 (1.49 - 4.89) 

 
 
 

<0.001 
0.266 
0.127 
0.001 

 
1 
- 

2.70 (1.47 - 4.96) 
1.12 (0.55 - 2.29) 
1.08 (0.51 - 2.30) 
3.15 (1.66 – 5.95) 

 
 
 

0.001 
0.751 
0.738 

<0.001 
Region 
Brong Ahafo 
Ashanti 
Western 

 
1 

3.94 (1.93 - 8.02) 
3.32 (1.74 - 6.33) 

 
 

<0.001 
<0.001 

 
1 

4.12 (1.89 – 8.98) 
3.84 (1.90 – 7.80) 

 
1 

<0.001 
<0.001 

OR – Odds ratio, aOR – adjusted odds ratio 
 
Correlation between TB symptoms and X-ray suggestive of TB.  

The analysis to assess the correlation between the symptoms and X-ray 

suggestive of TB is shown in Table 5. Cough of any duration was found to 

have the strongest correlation with X-ray suggestive of TB with a correlation 

coefficient of 0.48 pointing to a strong positive relationship while sputum 

ranked at the bottom.  

In the analysis assessing the performance of symptoms and X-ray at screening 

and a diagnosis of TB confirmed with GeneXpert, cough was also the most 

sensitive symptom for a diagnosis of TB at a sensitivity of 86.3% (95% CI 

79.4 -93.2) followed by weight loss 67.4 % (95% CI 57.0-76.6) and chest pain 

63.2% (95% CI 52.6-72.8) with sensitivities that were overlapping Table 6.  
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Table 5. Correlation between symptoms among persons screened in 
selected artisanal mining communities in Ghana, May 2017 to January 
2018 and X-ray suggestive of TB using Phi Correlation Coefficient  
 

 X-ray 
suggestive 

of TB    
 N=1,448 

X-ray not suggestive 
of TB N=8,881 

 Phi correlation 
coefficient (r) 

p 

Cough any duration  
Yes 
No 

 
988 (68.2)  
460 (31.8) 

 
1,122 (12.6) 
7,759 (87.4) 

 
 

0. 48 

 
 

<0.001 
Sputum 
Yes  
No 

 
146 (10.1)  

1,302 (89.9) 

 
135 (1.5) 

8,746 (98.5) 

 
 

0.18 

 
 

<0.001 
Chest pain  
Yes  
No 

 
686 (47.4)  
762 (52.6) 

 
939 (10.6) 

7,942 (89.4) 

 
 

0.35 

 
 

<0.001 
Weight loss   
Yes  
No 

 
612 (42.3) 
836 (57.7) 

 
625 (7.0) 

8,256 (93.0) 

 
 

0.38 

 
 

<0.001 
Night sweats 
Yes  
No 

 
488 (33.7)  
960 (66.3) 

 
541 (6.1) 

8,340 (93.9) 

 
 

0.32  

 
 

<0.001 
Fever 
Yes  
No 

 
372 (25.7)  

1,076 (74.3) 

 
334 (3.8) 

8,547 (96.2) 

 
 

0.30  

 
 

<0.001 
95%CI – 95% Confidence Interval, aOR Adjusted Odds Ratio 
 
  

Sputum production had the least sensitivity 8.4% (95% CI 3.7-15.9). The 

sensitivity of X-ray in the diagnosis of TB 81.1% (95% CI 71.7-88.4) ranked 

after that of cough but was comparable. The combination of cough and chest 

X-ray had the highest sensitivity 94.7 (95% CI). The specificities of the 

symptoms and X-rays ranged from 80.2% (cough) to 97.3% (sputum). The 

positive predictive values of all the symptoms and X-ray suggestive of TB 

were all low <7%. The diagnostic value of the screening methods, summarized 

by the AUC, highlighted cough (0.83) and X-ray (0.84) as being at par.  
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Table 6. Sensitivity and specificity of symptoms and X-ray at screening 
in the diagnosis of TB 
  

 TB 
cases 

No TB Sensitivity 
(95%CI) 

Specificity 
(95%CI) 

PPV 
(95%CI) 

AUC 

Cough any 
duration 
Yes  
No 

  
 

82 
13 

 
 

2,051 
8,295 

 
 

86.3 (77.7 -92.5) 

 
 

80.2 (79.4-80.9) 

 
 

3.8 (3.1-4.8) 

 
 

0.83 (0.80-0.87) 

Sputum 
Yes  
No 

 
8 

87 

 
276 

10,070 

 
8.4 (3.7-15.9) 

 
97.3 (97.0-97.6) 

 
2.8 (1.2-5.5) 

 
0.53 (0.50-0.56) 

 
Chest pain  
Yes  
No 

 
60 
35 

 
1,575 
8,771 

 
63.2 (52.6-72.8) 

 
84.8 (84.1-85.5) 

 
3.7 (2.8-4.7) 

 
0.74 (0.69-0.79) 

Weight loss   
Yes  
No 

 
64 
31 

 
1,176 
9,170 

 
67.4 (57.0-76.6) 

 
88.6 (88.0-89.2) 

 
5.2 (4.0-6.5) 

 
0.78 (0.73-0.83) 

Night sweats 
Yes  
No 

 
34 
61 

 
999 

9,347 

 
35.8 (26.2-46.3) 

 
90.3 (89.8-90.9) 

 
3.3 (2.3-4.6) 

 
0.63 (0.58-0.68) 

Fever 
Yes  
No 

 
35 
60 

 
672 

9,674 

 
36.8 (27.2-47.4) 

 
93.5 (93.0-94.0) 

 
4.9 (3.5-6.8) 

 
0.65 (0.60-0.70) 

X-ray  
Yes  
No 

 
77 
18 

 
1,371 
8,863 

 
81.1 (71.7-88.4) 

 
86.6 (85.9-87.3) 

 
5.3 (4.2-6.5) 

 
0.84 (0.80-0.88) 

Cough and 
X-ray Yes 
No 

 
90 
5 

 
2,503 
7,843 

 
94.7 (88.1-98.3) 

 
75.8 (75.0-76.6) 

 
3.5 (2.8-4.3) 

 
0.85 (0.83-0.88) 

95%CI – 95% Confidence Interval, PPV – Positive predictive value, AUC – Area under the curve 
 

 

Discussion 
Miners and the communities in which they live are identified as being at higher 

risk for TB than the general population [18]. Forging ahead with the End TB 

Strategy, responsive programs for such key populations require data that will 

inform and guide stakeholders in the appropriate planning and delivering of 

services [4,19]. In this study, which is the first to the best of our knowledge to 

highlight active TB case finding among artisanal mining communities in 

Ghana using mobile X-ray and symptom screening, the study population 

consisted of people who volunteered for the screening exercise. The overall 

rate of TB among the people screened was found to be 910 per 100,000 people 

screened with 5.3% of the TB cases having rifampicin resistant TB. The NNS 

and NNT were 110 and 24 respectively. Risk factors for TB were being male, 
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a miner and location in Ashanti and Western Regions. Cough regardless of 

duration correlated with X-ray findings suggestive of TB and a diagnosis of 

TB. It is not straightforward to compare these findings from our study 

population (in which sampling was not done) to others from TB prevalence 

and similar studies in which the populations are sampled and the results 

reasonably reflect the communities in which the surveys are conducted. Given 

the different methodologies, contexts and the point that it was not possible to 

tell whether the people screened in our study fairly represented the rest of the 

community, interpretations of these comparisons should therefore consider the 

background of our study setting. 

Using census data as proxy for the community demographics, it was noted that 

fewer men and relatively older community members offered themselves for 

the screening exercise in our study. Some studies conducted among small scale 

miners in Ghana show that about 70% or more of those surveyed were less 

than 40 years suggesting one would expect more younger men in such mining 

communities [20-21]. It may therefore be possible that the screening exercise 

conducted in the AMC in our study missed relatively younger people. In case, 

a significant proportion of those missed were miners, given the higher risk of 

TB among miners, it could be possible that our results may be an 

underestimation of the TB burden in AMC studied [18]. The prevalence of TB 

among the people screened in the artisanal mining communities in this study 

was more than two and half times what was reported for the general population 

in Ghana in the TB prevalence survey (356 bacteriologically confirmed TB 

per 100,000), on the face value re-iterating the data on the higher risk of TB 

among mining communities [9,18,22]. The overall TB prevalence among the 

community members screened was however lower than that reported in other 

mining communities such as the copper belt in Zambia (1.2%) and mining 

communities in Myanmar (2.7%) [11,23]. The TB prevalence among the 
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miners in our study (2.65%), while also lower than that cited in other studies 

in South Africa (5.4%) and Zambia (9.5%), was higher than that in miners in 

Myanmar (1.7%) [11,23,24]. These differences may be related to several 

factors including varying methods for diagnosing TB in the miners such as 

sputum microscopy as opposed to GeneXpert, the type of mining, the exposure 

to silica dust and the duration of exposure to mining conditions [23]. In the 

Zambia study, study participants were underground miners in copper mines 

while the miners in our study were likely involved in gold exploration using 

different mining methods ranging from surface to underground mining [15,16, 

23, 25, 26].  

The rate of rifampicin resistance found among our study population (5.3%) 

was slightly higher than the 4.3% drug resistance recorded among South 

African gold miners and their dependents but much higher than the 1.3% 

reported from the 2018 national surveillance data from Ghana [27,28]. The 

setting in the South Africa study was a formal gold mine employment with a 

well-functioning TB control program that was keeping track of drug resistant 

TB. In contrast, but for the outreach program to these mining communities, it 

is not possible to tell how long it would have taken for these drug resistant 

cases to be detected. This highlights the importance of mainstreaming TB 

screening services for such high-risk populations [29].  

In general males are more at risk for TB in Ghana and other countries and our 

study findings are in line with this [22,29]. It is reported that in illegal artisanal 

small-scale mining settings in Ghana, women may constitute up to 50% of the 

labour force and play various roles [16,30,31]. The men however undertake 

more hazardous activities including underground mining which may expose 

them more to silica increasing the risk for TB [23,30-32].  

TB prevalence surveys have shown chest X-rays to be more sensitive than 

symptom screening for TB detection since some people with TB may not have 
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symptoms [33]. In our study the sensitivity and specificity of chest x-ray as a 

screening tool for TB fell within the range of what has been reported [34]. 

Symptom screening, particularly cough of any duration, on the other hand is 

reported to be less sensitive with pooled sensitivity and specificity in the range 

of 40 to 74% and 69 to 90% respectively [34]. Several studies on the diagnostic 

value of x-ray and symptoms screening for TB case detection have been 

conducted in different populations and among miners but there’s a dearth of 

such studies in artisanal mining communities to compare with [5, 35-39]. 

Comparing across such studies may however not be straightforward because 

of the different modalities of symptom definitions, screening criteria and 

subjectivity in reading of X-rays. [38,40] In our study the sensitivity (86.3%) 

of cough of any duration as a screening tool for the detection of TB was 

relatively high and even ranked higher than that of chest X-ray even though it 

was comparable. The combination of cough and X-ray raised the sensitivity to 

95%. This finding is similar to what van’t Hoog and colleagues reported in a 

prevalence study in Kenya even though the cough in their study was 2 weeks 

or more in duration [38].  

In this TB case detection outreach to the artisanal mining communities, those 

who were eligible to produce sputum for testing consisted of those who had 

an X-ray suggestive of TB, symptoms suggestive of TB and those who for 

some reason could not take X-ray totalling about 23% of the population who 

presented themselves for screening. This is relatively higher compared to the 

13% identified during the TB prevalence survey [17]. The difference may be 

related to the expertise in reading the X-rays (radiologists in the prevalence 

survey as opposed to physician assistants in our survey), the cough criteria (2 

weeks cough in the prevalence survey) the possibility that some of those who 

had symptoms or were reported as having X-ray suggestive of TB could also 

have had silicosis which may have symptoms and X-ray findings similar to 
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that of TB [41,42]. It is also however important to note that, in the TB 

prevalence survey the population screened were sampled unlike the study 

population in our study who came voluntarily for screening with the 

possibility of some selection bias. The yield of TB cases was however much 

higher and may make the case for the use of this approach of combining 

symptom and x-ray screening used in the mining communities as opposed to 

a sequential algorithm of symptom screening following by X-ray [33]. Other 

studies have explored sequential algorithms in active TB case finding but in 

settings different from our study which limit comparability with our results 

[40,43]. The commonality however lies in the benefit of including X-ray to 

enhance the identification of TB in the case finding exercise.  Further studies 

assessing a cost benefit analyses and factoring in yield of TB cases may shed 

more light on the more beneficial and cost-effective approach to use in high 

risk populations in hard to reach communities.  

This study has a number of limitations. The NTP dataset used for the analysis 

did not have data on the number of people in the communities in which 

screening was conducted nor the demographics of the communities. This 

limited the ability to assess the size of the community, the proportion of the 

community population that was screened and whether the demographics of 

those screened were comparable to those not screened. The diagnosis of TB 

was based on results from GeneXpert to the exclusion of those who may have 

had clinically diagnosed TB. Having used routine data already collected, there 

was no control over standardizing the measurement and reporting of variables 

to enable further analyses of interest nor was it not possible to apply quality 

control measures or checks. For example, in the data set the recording cough 

of any duration without always specifying the duration for each participant 

limited the ability to assess the sensitivities of the different durations of cough 

in the diagnosis of TB. It is therefore being recommended to the NTP to have 
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standardized data collection tools for all teams engaged in outreach programs 

to enable optimum analyses of data to inform programming. Finally, with this 

study being conducted in artisanal mining communities the findings may not 

be generalizable to other communities in the country. 

 

Conclusion  
The high risk of TB in the artisanal mining communities and in miners as 

shown in this study reinforces the need to target these populations with 

outreach programs particularly given that they may be in hard to reach areas. 

Even though the combination of cough and chest X-ray had the highest 

sensitivity, the diagnostic value of cough highlights the usefulness of symptom 

screening in this population that may be harnessed even in the absence of X-

ray to identify those suspected to have TB for TB diagnostic evaluation. 
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Abstract 
Background: Tuberculosis (TB) is a leading cause of death in children and 

adults. Unlike for adults, there is paucity of data on childhood TB in several 

countries in Africa. The study objective was to assess the characteristics and 

treatment outcomes of children with TB from multiple health facilities in 

Accra, Ghana.  

Methods: A retrospective analyses was conducted using secondary data on 

children less than 15 years collected from 11 facilities during a TB case finding 

initiative in Accra from June 2010 to December 2013.  Demographic and 

clinical characteristics as well as treatment outcomes were assessed. 

Multivariable logistic regression was conducted to assess predictors of 

mortality. 

Results: Out of the total 3,704 TB cases reported, 5.9% (219) consisted of 

children with a female : male ratio of 1:1.1. Children less than 5 years made 

up 56.2% of the patients while 44.2% were HIV positive. The distribution of 

TB type were as follows: smear positive pulmonary TB (SPPTB), 46.5%, 

clinically diagnosed pulmonary TB 36.4%.%, extra-pulmonary TB 17.4%. 

Among the 214 children (97.7%) for whom treatment outcome was 

documented, 194 (90.7%) were successfully treated consisting of 81.3% who 

completed treatment and 9.4% who were cured. Eighteen children (8.4%) 

died. Mortality was significantly higher among the 1-4 year group (p < 0.001), 

those with SPPTB (p < 0.001) and HIV positive children (p < 0.001). In 

logistic regression, SPPTB and HIV positivity were predictors of mortality.  

Conclusion: The proportion of children in Accra successfully treated for TB 

met the target of END TB Strategy treatment success indicator. HIV positivity 

was a risk factor for death. Reducing mortality in TB-HIV co-infected children 

will further improve treatment outcomes of children with TB in Accra. 

Keywords: Ghana, TB, Children, Treatment outcomes  
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Background 

It is estimated that there were 1million new cases of tuberculosis (TB) among 

children less than 15 years globally in 2017 representing 10% of the TB cases 

worldwide [1]. About 234,000 children were also projected to have died from 

TB in the same year [1]. This burden highlights the need to surmount the 

barriers to tackling TB in children which is identified as one of the top causes 

of death in this age group [2, 3]. There has been a growing interest in childhood 

TB with the recognition that efforts at TB control are bound to fail if children 

who serve as potential sources of future infection are ignored [2, 4]. This is in 

addition to the compelling obligation to diagnose and treat a disease for which 

drugs are available to effect cure [4]. Considering that TB in childhood also 

serves as a marker for recent disease transmission and therefore control 

activities, it is important for national TB control programs to have a good 

understanding of the burden of childhood TB in the respective settings [4]. 

This will facilitate the adoption of appropriate strategies to implement the 

END TB Strategy which among others call for the expansion of services to 

manage TB among children [5].   

Over the years several studies have been carried out in African countries that 

have thrown light on the burden, diagnosis and treatment outcomes of 

childhood TB [6-11]. While some studies on TB in adults have been published 

in Ghana, there is very limited data on childhood TB to inform programming 

and planning for this age group [12-14]. To address this gap, this study was 

undertaken with the objective of assessing the demographic and clinical 

characteristics as well as treatment outcomes and risk factors for mortality 

among children diagnosed with TB from multiple health facilities in Accra, 

Ghana. 
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Methods 

Study design, setting and population 

The study was retrospective in nature analyzing secondary data from a 

database of TB patients diagnosed from June 2010 to December 2013 during 

a TB case finding initiative implemented in 11 health facilities in Accra, the 

capital of Ghana. The main strategies of the TB case finding initiative involved 

identification of patients suspected to have TB through symptomatic screening 

in the OPDs and HIV clinics in these facilities and contact tracing. The 

presumed TB patients identified through the screening process were 

investigated for TB and those confirmed to have TB were put on TB treatment 

as per the NTP guidelines. The 11 public health facilities participating in the 

initiative included a children’s hospital which provided in and outpatient care 

for children, 3 polyclinics which had only out-patient services for all ages and 

seven hospitals which consisted of 5 general hospitals, a regional hospital and 

a teaching hospital all providing both in and outpatient services.  For the 

analyses the regional and teaching hospitals which are referral facilities 

providing more specialized care were grouped into one category termed 

“specialized” hospitals to distinguish them from the general hospitals.   These 

facilities which implement the directly observed treatment short course 

(DOTS) strategy in line with the Ghana National TB Control Program (NTP) 

guidelines together manage about 70% of TB cases in Accra. Further details 

of the initiative are described elsewhere [15]. 

The study population consisted of children less than 15 years identified during 

the period of the case finding initiative over the stated period. Children below 

15 years make up approximately 29% of Accra’s population [16]. The NTP 

guidelines for the diagnosis and management of TB in children made use of a 

screening tool adapted from Osborne’s scoring system. The tool revolved 

around the identification of clinical features including cough, weight loss or 
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failure to gain weight and history of contact with a TB patient to detect 

children suspected to have TB [17-19]. In the event that the child was able to 

produce sputum or gastric lavage could be performed, 2 samples were sent for 

smear microscopy for acid fast bacilli. Although culture services were 

accessible, GeneXpert services were not readily available during the time of 

the initiative. Children in whom smear results were positive were classified as 

smear positive TB. Those with smear negative results were designated smear 

negative TB if after further evaluation by means of a thorough clinical 

assessment, chest X-ray, tuberculin skin test, the clinician determined the child 

had TB. Extra-pulmonary TB (EPTB) was also diagnosed after various 

relevant investigations had been conducted on samples obtained from children 

with suggestive clinical presentations. Examples of samples included 

cerebrospinal fluid for TB meningitis and fine needle aspiration of suspected 

TB adenitis [17, 18]. Children designated as having clinically diagnosed TB 

were those who may not have been able to produce sputum or for whom gastric 

lavage could not be done and so did not have sputum microscopy done but had 

physical signs, chest X-ray suggestive of pulmonary TB, a history of contact 

with a person infected with TB and were assessed by a clinician to have TB.  

Children diagnosed with TB were put on a standard 6 months regimen as per 

the NTP and WHO guidelines consisting of a 2-month intensive phase with 4 

drugs (isoniazid, rifampicin, ethambutol and pyrazinamide) followed by 4 

months continuation phase with isoniazid and rifampicin [17, 18]. For 

tuberculous meningitis and osteo-articular TB the continuous phase covered a 

period of 10 months [18, 19]. TB Treatment in children was directly observed 

with a care taker identified to be the DOTS provider. At the end of the 

continuation phase, treatment outcomes were declared as cured, treatment 

completed, treatment failed, died, lost to follow up and not evaluated defined 
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in Table 1 [20]. The sum of children with outcomes “cured” and “treatment 

completed” made up those who were successfully treated. 

Table 1 Definition of treatment outcomes 

Outcome Definition 
Cured A smear positive patient who completed treatment with a negative 

sputum smear in the final month of treatment and on at least one previous 
occasion 

Treatment Completed A sputum smear negative or extra-pulmonary TB registered patient or 
one with smear not done who has completed a full course of treatment 

Treatment failed A patient whose sputum smear is positive 5 months of treatment or later  
Died Patient who dies for any reason while on TB treatment  
Lost to follow up   A patient with interrupted treatment for 2 or more consecutive months 
Not evaluated A person whose treatment outcome is unknown 
Treatment success A combination of cure and treatment completed 
 

All children who were suspected to have TB were expected to be tested for HIV as 

per the National AIDS Control Program Guidelines (NACP) and those found to be 

positive initiated on ART within 2 weeks of starting TB treatment [21].  

Data collection and analyses 

The data for the study was obtained from the database of patient information 

compiled from the 11 facilities participating in the case finding initiative over the 

period June 2010 to December 2013. This case finding initiative database was 

selected because it was readily available and included data on children less than 15 

years, the age group of interest for the study.  
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By way of definition, those designated as having “treatment success” consisted of 

patients who were cured and completed treatment while all other patients; those who 

died, were lost to follow up or failed treatment were classified as having poor 

treatment outcome.  Odds ratio with 95% confidence interval (95%CI) were assessed 

from univariable (unadjusted) and multivariable (adjusted) logistic regression 

conducted to identify risk factors for mortality compared to those treated successfully. 

Given the relatively few variables being assessed, all variables were included in the 

preliminary multivariable regression model. A backward stepwise elimination 

process was then employed to account for confounders in the dataset. Significant 

variables were retained at a p-value of 0.05. 

 

Results 
Over the course of the TB-case finding initiative, 219 children less than 15 years were 

diagnosed with TB representing 5.9% out of the total 3,704 TB cases reported. The 

female:male ratio was 1:1.1. The median age was 3 years with a range of 3 months to 

14 years and children less than 5 years made up 56.2% of the patients. Table 2 shows 

the characteristics of the study population.   

The majority of the children were new TB cases with the exception of 8 (3.8%) 7 of 

whom were retreatment cases and 1 relapse. Among the smear positive TB cases, 67 

(66.3%) were aged less than 5 years and 79 (78.2%) were diagnosed in the children’s 

hospitals. Chest X-ray results were known for 162 (74%) of the children out of whom 

159 (98%) were reported to have findings suggestive of TB.  

A total of 79 children had clinically diagnosed pulmonary TB. Forty-five of 

them had a sputum smear negative result. Out of the remaining 34 children 

who did not have sputum microscopy done, 27 (80%) were less than 5 years 

and 29 (85%) were diagnosed in general hospitals. Among the 37 children 

(17%) with extra-pulmonary TB, lymph nodes were most commonly affected 

as shown in Figure 1.  Among the 5 children with EPTB in the bones and 

joints, the sites affected were femur (2), hip (2) and tibia (1).  

 



111

Childhood TB and treatment outcome

101 
 

Table 2 Demographic clinical and characteristic of children with TB in Accra 
June 2010 to December 2013 
 
Characteristic Number (%)  
 

 

Sex  
Male 113 (52.6) 
Female 102 (47.4) 
  
Age (years)  
< 1 31 (14.4) 
1 – 4   88 (40.9) 
5 – 9  50 (23.3) 
10 – 14  46 (21.4) 
  
TB Type  
Clinically diagnosed pulmonary TB 79 (36.4) 
Extra-pulmonary 37 (17.1) 
Smear positive PTB 101 (46.5) 
  
HIV status  
Negative  117 (54.7) 
Positive 97 (45.3) 
  
Facility  
Children’s Hospital 102 (46.6) 
General Hospitals  66 (30.1) 
Specialized Hospitals 36 (16.4) 
Polyclinics  15 (6.9) 

 

The HIV status was documented for virtually all the children (97.7%). Forty-four 

percent of the children were HIV positive. More children (30%) were diagnosed in 

2010 from June to December compared to the other years which were full calendar 

years as shown in Figure 2.  
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Figure 1 Distribution of extra-pulmonary infection sites among 37 children < 15 
years in Accra, June 2010 to December 2013 
 

Almost half of the children (45.6%) were diagnosed in the children’s hospital. Less 

than 10% were diagnosed in the polyclinics. Of the 36 children diagnosed in the 

specialized hospitals, 4 came from the teaching hospital and the rest were from the 

regional hospital. There was no significant association between sex and the 

demographic and clinical variables analyzed. 
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Figure 2 Distribution of children diagnosed with TB during TB case 
finding initiative by year and sex in Accra, June 2010 to December 2013 
 

Treatment outcome 

Treatment outcome was documented for 214 children (97.7%).  One hundred and 

ninety-four of these, 90.7%, were successfully treated consisting of 81.3% who 

completed treatment and 9.4% who were cured. All the children were successfully 

treated in 2011. An adverse outcome was recorded for 20 patients; 18 (8.4% of the 

total with treatment outcome stated) died; 1 was not evaluated and 1 failed treatment. 

As shown in Table 3, there was significant association between treatment outcome 

and age, TB type, HIV status, facility attended.  

The 10-14 year age group and the polyclinics had the highest proportion of those 

cured (35.6% and 28.6% respectively. Treatment completion was highest among 

children with clinically diagnosed pulmonary TB (91.6%). The highest percentage of 

deaths was recorded among those in the age group 1 to 4 years (13.3%), HIV positive 

(12.6%), smear positive pulmonary TB (12%) and at the children’s hospital (12%). 

A male HIV positive child who had new smear positive PTB failed treatment while a 
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female child with EPTB was not evaluated. No child was reported to have been lost 

to follow up. 

 

Table 3 Treatment outcome of children with TB in Accra June 2010 to 
December 2013 presented according to demographic and clinical variables 
 
 

Characteristic Cured 
Number 

(%) 
 
 

Treatment 
completed 

Number (%) 

Treatment 
failed  

Number 
(%) 

Died 
Number 

(%) 

Lost to 
follow up 
Number 

(%) 

Not 
evaluated 
Number 

(%) 

P-value 

Sex        
Male 8(7.2) 94(84.7) 1(0.9) 8(7.2) 0 0 0.426 
Female 11(11.1) 77(77.8) 0 10(10.1) 0 1(1.0) 
Age (years)        
< 1 0 27(93.1) 0 2(6.90) 0 0  

<0.001 1 – 4   2(2.2) 76(84.4) 0 12(13.3) 0 0 
5 – 9  2(4.0) 46(92.0) 0 1(2.00) 0 1(2.0) 
10 – 14  16(35.6) 25(55.5) 1(2.2) 3(6.7) 0 0 
TB type        
Clinically 
diagnosed 
pulmonary TB 

0 74(96.10) 0 3(3.90) 0 0 
<0.001 

EPTB 0 33(91.67) 0 2(5.56) 0 1(2.78)  
PTB smear 
positive 

20(20.20) 66(66.67) 0 12(12.12) 0 0  

HIV status        
Negative  18(15.6) 90(78.3) 0 6(5.2) 0 1(0.9)  

0.001 Positive 1(1.0) 81(85.3) 1(1.0) 12(12.6) 0 0 
Unknown 1(25.0) 3(75.0) 0 0 0 0 
Facility        
Children’s 
Hospital 

5(5.0) 83(83.0) 0 12(12.0) 0 0  
 
 

0.009* 
General 
Hospitals  

9(13.9) 53(81.5) 0 3(4.6) 0 0 

Specialized 
Hospitals 

2 (5.7) 30 (85.7) 1 (2.9) 2 (5.7) 0 0 

Polyclinics  4(28.6) 8(57.1) 0 1(7.1) 0 1(7.1) 
 

The results of the regression analyses to assess predictors for mortality are shown in 

Table 4. Smear positive TB was identified as a risk factor for mortality in the 

univariable regression analyses. The preliminary multivariable logistic regression 

model showed that children with sputum smear positive TB (SPPTB) had higher odds 

of mortality compared to those with clinically diagnosed pulmonary TB  [AOR = 6.1 

(1.04, 35.57), p =0.045]; and HIV positive children had a higher odds of mortality 

compared to those who were HIV negative  [AOR = 3.85 (1.24, 11.4), p =0.020]. In 
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the final regression model, SPPTB [AOR = 4.21 (1.13, 15.6), p =0.032] and HIV 

positivity [AOR = 3.24(1.15, 9.14), p =0.026] remained risk factors for mortality. 

 
Table 4 Univariable and multivariable logistic regression analyses showing the 
risk factors for mortality among children with TB patients in Accra, 2010 to 
2013 

 
 
 

Discussion 

Calls for urgent action to protect children from TB and preventable deaths from this 

disease brings to the fore the increasing attention being paid to the global epidemic 

of childhood TB [22, 23]. This highlights the need to understand the characteristics 

and management outcomes of pediatric TB in various settings to inform appropriate 

planning and use of resources to enhance diagnosis, treatment and reporting in 

childhood TB services for better results [14].  In this study, the first to characterize 

Characteristic Died Successfully 
treated Univariable analyses Multivariable analyses 

 N (%) N (%) Unadjusted  
Odds Ratio 
(95% CI) 

p-
value 

Adjusted  Odds 
Ratio (95% CI) 

p-
value 

Sex 
Male 8 (7.2) 103 (82.7) Ref  Ref  
Female 10 (10.2) 88 (89.8) 1.42 (0.56, 3.58) 0.461 2.0 (0.71, 5.60) 0.187 
Age 
< 1 2 (6.90) 27 (93.1) Ref  Ref  
1 – 4   12 (13.3) 78 (86.7) 2.1 (0.44, 9.88) 0.358 2.1(0.40, 10.9) 0.386 
5 – 9  1 (2.0) 48 (98.0) 0.56 (0.07, 4.22) 0.576 0.74(0.09, 6.11) 0.778 
10 – 14  3 (6.8) 41 (93.2) 1.32 (0.22, 7.70) 0.760 1.24(0.16, 9.93) 0.838 
TB type 
Clinically 
diagnosed 
pulmonary TB 

3 (3.9) 74 (96.1) Ref  Ref 
 

EPTB 2 (5.7) 33 (94.3) 2.24 (0.43, 11.70) 0.338 2.75(0.45, 16.88) 0.274 
Sputum smear 
PTB 

12 (12.2) 86 (87.8) 3.73 (1.02, 13.59) 0.046 6.10(1.04, 35.57) 0.045 

HIV status 
Negative 6 (5.3) 108 (94.7) Ref  Ref  
Positive 12 (12.8) 82 (87.2) 2.45 (0.93, 6.41) 0.069 3.85(1.24, 11.4) 0.020 
Facility 
Children’s 
Hospital 

12 (12.0) 88 (88.0) Ref  Ref  

General 
Hospitals  

3 (4.6) 62 (95.4) 0.35 (0.10, 1.31) 0.120 1.30 (0.21, 8.20) 0.778 

Specialized 
Hospitals 

2 (5.9) 32 (94.1) 1.22 (0.24, 6.14) 0.807 4.00 (0.45, 35.34) 0.212 

Polyclinics  1 (7.7) 12 (92.3) 0.69 (0.18, 2.59) 0.580 1.85 (0.29, 11.7) 0.514 
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the demographic, clinical and treatment outcomes of children diagnosed with TB in 

Accra, Ghana, children less than 15 years constituted about 6% of the total TB burden 

in the participating health facilities. Nine out of ten of the children had a successful 

treatment outcome. HIV positivity was a risk factor for mortality. 

The proportion of childhood TB cases among the total TB cases recorded in this study 

is similar to figures reported for Ghana [24], and comparable to findings from studies 

in cities like Lagos (6.3%) and Abidjan (6.6%) which are also in the West African 

sub-Region [8, 9].  The global TB reports indicate that children less than 15 accounts 

for 7% of TB cases notified. [1, 25]. Assessing the true burden of childhood TB is 

fraught with a number of challenges including constraints in bacteriologically 

confirming TB in children, under-reporting and inadequate TB diagnostic capacity in 

facilities where children are seen. This is highlighted in our study which showed that 

most of the children clinically diagnosed with TB were from the general hospitals 

which may have had limited capacity to adequately investigate and confirm TB in 

children. At the time of the study smear microscopy was the main stay of TB 

diagnosis as molecular tests for TB had not yet become widely available. It is 

expected that with the subsequent Ghana NTP policy to roll out additional screening 

tools such as digital Chest X-ray and Gene Xpert equipment for testing coupled with 

appropriate training for health staff, early detection and reliable diagnosis of TB in 

children will improve [5,24].  

Several studies on childhood TB like ours report slightly more males than females 

with TB; in sync with the ratio of 1.1:1 reported globally [1, 6, 7, 9, 26, 27, 29]. Age 

wise, more than half of the TB cases in our study were in the younger age group. This 

is not unusual as younger children are reported to have a higher risk of progression 

from TB infection to disease [4, 30]. More than two out of five of the children in our 

study, were diagnosed with sputum smear positive TB similar to a study by Dangisso 

and colleagues in southern Ethiopia [27]. In contrast, other studies report higher 

proportions of sputum smear negative TB among children [8, 11, 31]. With TB in 

children being usually paucibacillary in nature and with the smaller amounts of 

sputum produced by children being swallowed, bacterial confirmation of TB in 

children is less common [32, 33]. It is possible that the high percentage of sputum 
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smear positivity in our study may have been due to under diagnosis of smear negative 

and clinically diagnosed TB especially among younger children [27, 28]. Kunkel et 

al argue that since children 4 years and below are less likely to be sputum smear 

positive (0.5%) than older children (14%) and adults (52%), reliance on sputum smear 

for diagnosis (which was the practice at the time of the case finding initiative) was 

associated with the risk of under diagnosing and under estimating TB in children. 

The proportion of 17% EPTB among the study population was within range reported 

from studies in Benin [34], Turkey [35] and Cote D’Ivoire [8] while the finding of 

lymph nodes being the most commonly affected extrapulmonary TB site was also 

consistent with other studies [6, 36-41]. It is however interesting to note that globally, 

the proportion of EPTB among children with TB spans a wide range from 6% to 72% 

depending on the country reporting [8, 9, 26, 29, 31, 40].  A myriad of reasons have 

been suggested for this observation ranging from under-reporting and missing of  

EPTB cases, challenges with diagnosis, [29] to over diagnosis of EPTB and HIV 

infection rates of the population being studied [26, 29, 40]. The diagnosis of TB in 

children has long been recognized as challenging necessitating the use of multiple 

strategies including chest X-ray as a screening tool, clinical criteria and more 

sensitive molecular diagnostic methods [5, 41]. It was good to note that X-ray was 

being utilized in the TB diagnostic process in our study as three out of four of the 

children had an X-ray done compared to the 61% recorded in a Congolese study [26]. 

Unlike other studies in which as much as 75% of the study participants had no HIV 

status  documented, the rate of HIV testing with results known among our study 

population was quite high [8, 26, 29, 31]. HIV status was not documented in only 

about 2% . This is commendable and showed that the health facilities were complying 

with the policy to test and counsel all TB patients for HIV [20].  

The HIV infection rate in our children was similar to a study in Uganda [28] but 

relatively higher than other studies in Togo and Nigeria [9, 10]. In some of these 

studies, only a proportion of children had HIV status documented highlighting the 

possibility that the HIV infection rates reported may not have been a true reflection 

of the actual picture.  HIV prevalence among children with TB from different parts 

of the world ranges from 10 to 60% [42]. Reported HIV-TB co- infection rates reflect 
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the prevailing national HIV infection rates and other associated factors such as extent 

of immune suppression [43, 44]. This again reiterates the importance of HIV testing 

and counselling for all children with TB and TB evaluation for children with 

symptoms suggestive of TB or history of contact with a person with infectious TB 

[42].  

 

The treatment success of over 90% in our study is in sync with the trend of treatment 

success  reported for the Greater Accra Region of Ghana where this study was 

conducted [45]. Our level of treatment success was however generally higher than 

figures reported from studies conducted in a number of countries Ethiopia (85%), 

Nigeria (77%), Malawi (77%) in the African Region though lower than the 98% 

reported from Cote D’Ivoire [6, 8, 9, 46]. In these studies with lower treatment 

success, the poor outcomes were for the most part due to the patients being lost to 

follow up or not being evaluated. The treatment success recorded in our study may 

reflect good case management and the adherence to the DOTS strategy implemented 

by the NTP in Greater Accra Region in particular and the country as a whole [24]. 

Amo-Adjei in his paper assessing measures put in place by the NTP in Ghana and the 

relationship with treatment outcome found that the reduction in TB associated stigma 

among community members and health workers, the use of treatment supporters and 

the enablers’ package contributed to improved TB treatment outcomes and 

contributed to a two-fold increase from 44% in 1997 to 87% in 2010 and fewer 

patients lost to follow up [12]. In our study, mortality accounted for most of the 

children with poor outcome with the percentage of deaths higher in children with 

sputum smear positive TB and those co-infected with HIV. The mortality rate of 8.4% 

was not too far off from the figures reported from Malawi (9.5%), Botswana (10.5%) 

and Tanzania (10.9%), countries with a relatively higher HIV prevalence than Ghana 

[6, 47, 48]. In the logistic regression HIV positivity was associated with mortality, a 

finding corroborated in other studies [50]. Some of the possible reasons include the 

presence of other comorbidities, poor adherence due to an increase burden of drugs 

to take and drug resistance in co-infected children [40]. Considering the risk of latent 

TB developing into disease in persons living with HIV and the contribution of TB to 
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deaths among those co-infected, implementation of the Three I’s for HIV/TB: 

intensified case-finding of TB (ICF), isoniazid preventive therapy (IPT) and infection 

control for TB provides opportunity to reduce morbidity and mortality in those 

without symptoms and signs of TB [49].  

A review of the health sector TB program in Ghana indicated that IPT for children 

was not practiced universally neither was contact tracing conducted routinely [45].  

These highlighted missed opportunities to identify children at risk of TB to protect 

them from developing the disease; and facilitate early diagnosis and initiation of 

treatment for those already with TB to limit negative outcomes. Subsequently, the 

NTP included the systemic screening of children as part of contact investigation and 

the promotion of IPT in its strategic plan [24]. Further studies are needed to assess 

the progress and outcome of the implementation of these strategies and the effect of 

preventing TB especially among HIV positive children. It was observed that 2010 

recorded more TB cases over the 7-month period compared to the other full calendar 

years. This may have been due to the staff in the facilities adhering more closely to 

the case finding protocols in the first year soon after being trained for the new 

initiative as well as possibly more regular supervision in the starting months of 

implementation.  

This study has some limitations. In making use of secondary data for the analyses, it 

was not possible to verify the diagnosis of TB in the study population nor distinguish 

between those that were probable and possible TB cases among those that were 

clinically diagnosed. It was also not possible to assess the clinical status of the 

children who were successfully treated especially since the majority was reported to 

have completed treatment. Another limitation is that there were some missing data in 

the database. Finally with the study population consisting of children with TB in 

Accra the findings may not be generalizable to those in other parts of the country. 

Notwithstanding these limitations, to our knowledge this is the first study to throw 

light on the treatment outcome of children derived from different categories of health 

facilities diagnosed and treated for TB in Ghana.  
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Conclusions 

This study highlights the demographic, clinical characteristics and treatment 

outcomes of children with TB in Accra, Ghana. Strengths identified in the childhood 

TB management include the high testing and documentation of HIV status in these 

children and the high treatment success recorded which met the target of END TB 

Strategy treatment success indicator. This baseline data on childhood TB in Accra 

throws a challenge to the NTP to at best maintain these standards especially as it rolls 

out case finding and preventive strategies as well as more sensitive TB diagnostic 

methods as outlined in the health sector tuberculosis strategic plan. The study also 

showed that HIV positivity was associated with lower treatment success while death 

accounted for the majority of those with poor treatment outcome. As the NTP rolls 

out its interventions, paying close attention to children with smear positive pulmonary 

TB and those who are HIV positive may reduce mortality among them and improve 

treatment outcomes. 
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Abstract 
Background: Information on extrapulmonary TB (EPTB) patients is limited in 

many African countries including Ghana. The study objective was to describe the 

epidemiology of EPTB patients diagnosed from different categories of health 

facilities in Accra, Ghana compared to pulmonary TB (PTB) patients and identify 

risk factors for mortality among EPTB patients. 

Method: We conducted retrospective analyses of demographic and clinical data 

accessed from medical records of EPTB and PTB patients from different types of 

health facilities from June 2010 to December 2013. Factors at diagnosis associated 

with EPTB compared to pulmonary TB (PTB) and factors associated with treatment 

outcome death among EPTB patients were assessed using logistic regression.  

Results: Out of 3,342 new TB patients ≥15 years diagnosed, 728 (21.8%) had 

EPTB with a male: female ratio of 1.17. The EPTB sites commonly affected were 

disseminated 32.8%, pleura 21%, spine 13%, and Central Nervous System (CNS) 

11%. Treatment success rate for EPTB was 70.1% compared to 84.2% for PTB 

(p<0.001). In logistic regression, HIV positivity (adjusted Odds Ratio [aOR] 3.19; 

95% confidence interval [CI] 2.69 – 3.79) and female gender (aOR 1.59; 95% CI 

1.35 – 1.88) were found to be significantly associated with EPTB compared with 

PTB.  Older age, being HIV positive (aOR 3.15; 95% CI 1.20 – 8.25) and having 

CNS TB (aOR 3.88; 95% CI 1.14 – 13.23) were associated with mortality among 

EPTB patients. While more EPTB patients were diagnosed in the tertiary hospital, 

health facility type was not associated with mortality.  

Conclusion: EPTB patients in Accra have a worse treatment outcome compared to 

PTB patients with mortality of EPTB being associated with HIV, older age and 

CNS TB. Being HIV positive and female gender were found to be significantly 

associated with EPTB. Increased awareness of these factors may facilitate early 

case finding and better management outcomes for these patients 

Key words: Ghana, extrapulmonary tuberculosis, mortality 
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Introduction  
Despite major strides in prevention, diagnosis and treatment, tuberculosis continues 

to be a major leading cause of death globally [1]. An estimated 1.67 million people 

died from TB in 2016 [1]. The causative organism Mycobacterium tuberculosis, 

which is predominantly air-borne, affects the lung causing pulmonary TB. When TB 

is bacteriologically confirmed or clinically diagnosed in other parts of the body other 

than the lung such as the abdomen, meninges, genitourinary tract, joints, bones, 

lymph nodes and skin it is classified as extrapulmonary tuberculosis (EPTB). The 

prevalence of EPTB among new and relapse TB cases globally in 2016 was 15% [1]. 

The lowest prevalence (8%) was recorded in the WHO Western Pacific Region while 

the highest (24%) was recorded in the Eastern Mediterranean. The figure for the 

African Region was 16% [1].  

The African Region, which has 13% of the world’s population, accounted for 23% of 

the 918,011 EPTB cases reported globally in 2016 [1]. There is variation in the 

proportion of EPTB among TB cases in Africa with 5.2%, 31.7 % and 41.3% reported 

for Nigeria and Ethiopia and Djibouti respectively [2].  EPTB rates are even higher 

in the North African countries with Morocco and Algeria reporting 44.4% and 60% 

respectively [2]. Ghana, a high HIV/TB burden country, with an estimated 28 million 

population reported 14,675 TB cases in 2016 [3]. The proportion of EPTB patients 

reported among new TB cases has been in the range of 8 to 10% over the period 

between 2006 and 2016 [3,4].   Even though data from the Ghana National TB Control 

Program (NTP) indicate that the prevalence of EPTB among TB patients has 

remained fairly stable there is concern about the mortality among EPTB patients 

which almost doubled from 7.8% in 2006 to 14% in 2012 [4,5]. The investigation of 

contributory factors to this mortality rate was highlighted as an area of interest for 

research in the NTP 2015 -2020 Strategic Plan [5].   

Various risk factors reported to be associated with EPTB include 

immunosuppression, HIV infection, male gender and younger age [6-13]. On the 

other hand, other studies have found females and increasing age to more associated 

with EPTB [14-17]. The sites of EPTB vary by age group and gender across different 
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populations studied, however lymph nodes and pleura invariably feature among the 

top reported sites from a myriad of studies [11,13,15,16,18,19]. In view of the 

peculiarities of EPTB including the atypical nature of presentation, understanding the 

epidemiology of EPTB in diverse settings is of interest given the relevance of EPTB 

to TB control [14]. Except for two teaching hospital setting studies on EPTB 

conducted in Ghana, studies on the EPTB in-country are limited [20,21]. The current 

study therefore sought to highlight the epidemiology of EPTB patients diagnosed 

from different categories of health facilities in Accra compared to pulmonary TB 

(PTB) patients and identify risk factors for mortality among EPTB patients.  

 

Methods 
The study was a retrospective secondary data analyses making use of the 

database of TB patients diagnosed from June 2010 to December 2013 during a TB 

case finding initiative implemented in 11 health facilities in Accra, the capital of 

Ghana. The details of the TB finding initiative were described elsewhere [22]. Accra, 

with a population of 1.7 million in the 2010 census, recorded HIV prevalence of  2.1% 

among antenatal clinic attendees  over the period of 2010 to 2013 [23,24]. The 

facilities from which the study participants were derived included outpatient 

departments (OPD), HIV clinics and diabetes clinics in polyclinics, general hospitals, 

a regional hospital and a teaching hospital. The participants from the teaching hospital 

were from the HIV clinic only and did not include patients from the OPD or other 

clinics. These facilities accounted for 70% of TB cases in Accra at the time. From the 

TB case finding initiative database which consisted of 3,704 records, the participants 

for this study were selected using the following inclusion criteria: patients 15 years 

and older newly diagnosed with smear positive pulmonary TB, smear negative 

pulmonary TB or extra-pulmonary TB. The exclusion criteria were patients less than 

15 years and those previously treated for TB. The classification of PTB and EPTB by 

the National Tuberculosis Control Program (NTP) in Ghana falls in line with WHO 

guidelines [25]. With the exception of cerebro-spinal fluid (CSF) samples, which 

were usually quite small in volume, EPTB samples for microscopy and culture were 
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taken through a decontamination process to get rid of other bacteria using a 4% 

sodium hydroxide (NaOh) and N-acetyl L-cysteine (NALC) preparation. [26] An 

equal volume of NaOH-NALC solution was added to the sample for a quarter of an 

hour followed by neutralization with phosphate buffer solution pH 6.8. The 

preparation was then subjected to centrifugation for concentration of the specimen 

and to wash off the sodium hydroxide reagent. The decontaminated concentrated 

sample was then inoculated for culture and smear preparation. At the time of the case 

finding initiative, sputum smear samples for examination under light or light emitting 

diode (LED) microscopy were processed using Ziehl Nielsen staining method. 

Sputum smear positive PTB was defined as a patient with acid fast bacilli in at least 

one sample of sputum. A patient was considered to have sputum smear negative PTB 

if he or she had two sputum smears negative for mycobacteria on microscopy, but 

Chest X-ray showed evidence consistent with active tuberculosis. EPTB was 

classified as per organs or systems affected exclusive of the lungs, such as lymphatic 

comprising of TB in lymph nodes, pleura, spine, TB in bones and joints other than 

the spine, central nervous systems CNS (TB meningitis, brain), abdominal and other 

such as genito-urinary tract. EPTB diagnosis was based on having one culture-

positive specimen using fine needle aspiration biopsy or organ fluid samples such as 

ascetic or pleural fluid depending on the suspected site involved, or histological 

evidence or strong clinical confirmation of active EPTB for which the clinician makes 

the decision to treat with a full course of TB drugs. Culture methods available 

included solid culture using Lowenstein-Jensen media and liquid culture by means of 

Bactec Mycobacteria Growth Indicator Tube (MGIT960, BD, Sparks, USA). These 

diagnostic methods were available at the teaching hospital laboratory which also 

performed culture on samples that were delivered from other lower level facilities. In 

the event that a patient has EPTB in several organs, the patient is classified according 

to the site that is most severely affected. In NTP registration, patients diagnosed with 

both PTB and EPTB were registered as pulmonary TB. It is therefore not possible to 

distinguish which patients had both types of TB. At the time of the case-finding 

initiative, the same standardized first line TB drugs were used to treat new cases of 

EPTB and PTB for the duration of 6 months [25]. Classification of treatment 
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outcomes were cure, treatment completed, default, died, transfer out and treatment 

failure as per WHO guidelines. The combination of those recorded as having been 

cured and completed treatment were designated as having a favorable treatment 

outcome.  Data of study participants obtained from their medical records included 

age, gender, HIV status, type of TB, site of the EPTB, facility of diagnosis, year of 

diagnosis and treatment outcome.  

Data analysis was done by means of STATA version 12. The frequencies and 

percentages of the respective types of EPTB in totality and then stratified by gender 

and the age distribution were assessed.  Multi-variate logistic regression analysis was 

conducted to identify factors associated with EPTB relative to PTB and risk factors 

associated with mortality among EPTB patients. Baseline characteristics including 

age group, gender, HIV status were included in the first model. In the second model 

those with who died during treatment were compared to those successfully finishing 

their treatment. Age group, gender, HIV status, affected site and facility of diagnosis 

were all included in the second model. Adjusted OR, 95% CI and p-values were 

calculated for each potential predictor variable with p-value of <0.05 set as the level 

of significance. 

Data collected for the analysis did not have any personal identifying 

information and was handled with strict confidentiality.  Ethics approval for the study 

was obtained from the Ghana Health Service Ethical Review Committee.  

 

Results 
  Out of 3,704 TB patients recorded in the TB case finding initiative database, 

219 children less than 15 years and 143 patients who were not new TB cases were 

excluded from the analysis. The study participants consisted of 3,342 new TB patients 

who were aged 15 years and above. The overall male female ratio was 1.68. A total 

of 1,443 (42.9%) of these TB patients, were from the polyclinics; 775 (23.2%) were 

from the general hospital; 775 (23.2%) were from the HIV clinic of the teaching 

hospital and 359 patients (10.7%) were from the regional hospital. There were 728 

patients (21.8%) who had extra-pulmonary TB while 2,614 patients had pulmonary 
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TB.   Out of the 728 EPTB patients, 400 (55%) were diagnosed from the HIV clinic 

of the teaching hospital. Almost half (48.5%) of the 2,614 pulmonary TB patients, 

were diagnosed in the general hospitals. 

For 646 (88.7%) of the EPTB patients, the site affected was recorded. Two 

hundred and twelve (32.8%) of the EPTB patients had the classification of 

disseminated TB, while for 134 patients (18.4%) the site affected was the pleura (Fig 

1). Twenty patients (2.9 % of EPTB cases) making up the category of “other” had 

various sites affected including pericardial, genitourinary, skin, and breast. 

Significantly more males 25.4% (87/343) reported pleural TB compared to  females:  

15.6% (47/302) p<0.01, while CNS TB was more common among females 15.2% 

(46/302) than men: 8.2% (28/343)  p<0.01. For the other categories of EPTB, almost 

similar proportions of males and females were affected. 

 

 

Fig 1. Distribution of 645 extrapulmonary patients by infection site and gender 
in Accra, 2010-2013.  
 
The figure shows the distribution of EPTB across various sites for males and females.  

A significantly higher proportion of males had pleural TB while a significantly higher 

proportion of females had CNS TB compared to males. 
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Treatment outcome was documented for 665 (91.3%) EPTB patients. The 

overall treatment success rate was 70.1% for the EPTB patients (Table 1) with 6 

patients reported to be cured. Treatment success ranged from 57.9% to 74.6% with 

2012 being the year that treatment success rate was highest. The lowest treatment 

success rate was documented for 2013, possibly related to the low proportion of 

EPTB patients for which the treatment outcome was known (68%). Among EPTB 

patients, the overall mortality rate was 28.7%. The mortality rate was highest among 

those with CNS EPTB (52%) and disseminated EPTB (47%). Death rate among those 

with pericardial EPTB was also very high, but the number was very small (3/5 

patients).  Among PTB patients, the overall treatment success rate was 84.2% while 

the mortality rate was 12.6%. 

 

Table 1. Treatment outcome of 665 EPTB patients with documented treatment 
outcomes out of 728 diagnosed EPTB patients in Accra from 2010 to 2013. 

 
 

There was male predominance for both EPTB and PTB. For EPTB, the male: female 

ratio was 1.17:1 while for PTB, the male: female ratio was 1.87:1. The proportion of 

females with EPTB was significantly more than the proportion of females with PTB 

(p < 0.001) Table 2.   

 

 

Year of 
diagnosis 

Total 
number of 

EPTB 
patients 

diagnosed 
(% with 

treatment 
outcome 

documented) 

Cured 
n (%) 

Treatment 
completed 

n (%) 

Treatment 
failed 
n (%) 

Died 
n (%) 

Lost to 
follow 
up n 
(%) 

Not 
evaluated 

n (%) 

Treatment 
success 
n (%) 

2010 175 (98.9) 5 (2.9) 116 (67.1) 0 49 
(28.3) 

3 (1.7) 0 121 (69.9) 

2011 215 (98.6) 0 154 (72.6) 0 57 
(26.9) 

0 1 (0.5) 154 (72.6) 

2012 182 (95.1) 1 (0.6) 128 (74.0) 0 43 
(24.9) 

1 (0.6) 0 129 (74.6) 

2013 156 (68.6) 0 62 (58.0) 0 42 
(39.3) 

0 3 (2.8) 62 (57.9) 

Total 728 6 (0.9) 460 (69.2) 0 191 
(28.7) 

4 (0.6) 4 (0.6) 466 (70.1) 
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Table 2 Comparison of EPTB and PTB across demographic and clinical 
variables among TB patients in Accra 2010 to 2013 
 

Characteristic EPTB n (%) PTB n (%) p-value 

Gender    
Male 392 (54.0) 1,698 (65.1)  
Female 334 (46.0) 909 (34.9) <0.0001 
Age (years)    
Median 38 39  
Mean 40.4 (13.5) 40.6 (14.3)  
15 – 34  270 (37.1) 950 (36.4) 0.722 
35 – 54  342 (47.0) 1232 (47.2) 0.928 
≥55 116 (15.9) 430 (16.5) 0.601 
HIV status    
Positive 454 (62.4) 895 (32.4)  
Negative  268 (36.8) 1,686 (64.5) <0.0001 
Facility    
Polyclinic 72 (9.9) 703 (26.9) <0.002 
General Hospital 165 (22.7) 1,268 (48.5) <0.0001 
Regional Hospital 91 (12.5) 268 (10.2) 0.5411 
Teaching Hospital 400 (55.0) 375 (14.3) <0.0001 
Treatment Outcome    
Treatment success 466 (70.1) 2118 (84.2) <0.0001 

 

The age distribution for both EPTB and PTB by gender is shown in Fig 2. Treatment 

success was significantly higher among PTB patients than EPTB patients. 

The HIV status was known for almost all the TB patients (98.8%). Among these 

patients for whom the HIV status was known, about two fifths (40.8%) were HIV 

positive.  About 62% of EPTB patients were HIV positive compared to 32.4% of 

the PTB patients. The participants in the study from the teaching hospital came 

from the HIV clinic and as such all these TB patients were HIV positive. Among 

these HIV positive patients from the teaching hospital, 52% had EPTB.  

Among those who were HIV positive in the regional hospital, 20.5% had EPTB 

while the general hospitals and polyclinics had 8.3% and 6.3% respectively of the 

HIV positive patients having EPTB. 
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Fig 2. Age distribution of PTB and EPTB by gender among TB patients in Accra, 
2010 to 2013. PTB: pulmonary TB EPTB: extrapulmonary TB 
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The multivariate logistic regression analysis showed that EPTB patients were 

more often female and HIV positive compared to PTB patients (Table 3). The 

likelihood of developing EPTB was more than 3 times among those with HIV. On 

the other hand, the age groups did not show any differential association with EPTB.  

 

Table 3. Multi-variate logistic regression model determining the risk factors 
for developing extra pulmonary tuberculosis relative to pulmonary 
tuberculosis among 3,342 TB patients in Accra, 2010 to 2013 
 

Variable Adjusted odds 
ratio 

95% CI p-Value 

Age (Years)    
15 – 34  1   
35 – 54  0.98 0.81 – 1.17 0.834 
≥55 0.95 0.74 – 1.21 0.723 
Gender    
Male 1   
Female 1.59 1.35 – 1.88 <0.0001 
HIV status    
Negative 1   
Positive 3.19 2.69 – 3.79 <0.0001 

 

Table 4 shows the results of a multivariate logistic regression with mortality as 

outcome compared to those treated successfully among EPTB patients. Risk factors 

for death included increasing age, HIV positivity and CNS TB. Going by the cut off 

for statistical significance, the type of health facility attended by the EPTB patients 

did not appear to be associated with mortality, however mortality among EPTB 

patients attending the teaching hospital was worse than for the other facilities with 

the p value just falling shy of the level of significance at 0.077. 

 

Discussion 
This study elaborates on EPTB diagnosed among patients attending different types of 

facilities and HIV clinics in Accra over a period of three and a half years and 
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compares demographic and clinical characteristics of these patients with those having 

pulmonary TB. One fifth of the newly diagnosed tuberculosis had EPTB. 

Table 4. Association of clinical factors and facility type with mortality among 
657 EPTB patients in Accra 2010 to 2013  
 
Variable N % Died Adjusted 

odds ratio 
95% CI p-Value 

Age (Years)      
15-24 68 8.8% 1   
25-34 176 33.5% 3.79 1.32 – 10.84 0.013 
35-44 191 31.4% 2.54 0.88 – 7.23 0.082 
45-54 115 31.3% 3.57 1.19 – 10.68 0.023 
>54 107 28.0% 5.53 1.77 – 17.19 0.003 

Gender      
Female 301 32.6% 1   
Male 354 26.0% 0.96 0.63 – 1.47 0.850 

HIV status      
HIV- 249 8.8% 1   
HIV+ 402 41.5% 3.15 1.20 – 8.25 0.020 
unknown 4 33.3%    

Site affected      
Abdominal 30 13.3% 1   
Bone and joint 37 5.4% 0.56 0.14 – 3.64 0.547 
CNS 67 53.7% 3.88 1.14 – 13.23 0.030 
Disseminated 188 47.3% 2.85 0.89  – 9.11 0.078 
Lymph nodes 47 14.9% 1.04 0.26  – 4.25 0.952 
Other 13 15.4% 0.98 0.14  – 6.65 0.982 
Pericardial 5 60.0% 4.15 0.49  – 35.30 0.193 
Pleural 118 16.1% 0.84 0.24 – 2.89 0.780 
Spine 78 12.8% 1.11 0.28 – 4.34 0.880 

Facility      
General Hospital 148 11.5% 1   
Teaching Hospital 353 43.6% 2.40 0.91 – 6.31 0.077 
Polyclinic 69 8.7% 1.54 0.45 – 5.23 0.489 
Regional Hospital 87 16.1% 2.15 0.82 – 5.56 0.116 

 

 

The most common form of EPTB was disseminated TB followed by pleural 

TB. A favorable treatment outcome was observed for seven out of ten EPTB patients 

with documented treatment outcome. Being HIV positive and female gender were 

found to be significantly associated with EPTB compared with PTB while older age, 

being HIV positive and having CNS TB was associated with mortality among EPTB 
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patients.  The reported proportion of EPTB among TB patients in our study (21.8%) 

fell within the range of what has been reported for other countries such as Swaziland 

(18.4%),  Cameroon (19.4%) and Botswana (25%), which like Ghana are also 

classified as having a high HIV/TB burden [1,4]. In this same category of HIV/TB 

burden countries, Uganda and Malawi have EPTB prevalence reported of 11% and 

41%, respectively, highlighting the wide variation of the EPTB prevalence across 

countries and the uncertainty of reasons for this observation [4,13]. Interestingly, the 

prevalence in our study was relatively higher than the countrywide data in the range 

of 8-10% reported for Ghana [4]. It is worthy to note that our study population was 

derived from facilities in Accra and also consisted of patients from the country’s 

premier teaching hospital HIV clinic, which has a large clientele. Usually such 

tertiary facilities have more sensitive diagnostic options for identifying EPTB. 

Secondly being a referral hospital, it receives a range of patients from other facilities 

including possibly HIV positive EPTB patients who may have been referred because 

of difficulties in making a diagnosis. This may explain the preponderance of the 

EPTB patients from the teaching hospital and the observed prevalence of EPTB [12]. 

The HIV prevalence of 40% among our patients was also high compared to the 24% 

reported for Ghana because of the selection of the clinics for the case finding initiative 

which in the teaching hospital involved only the HIV clinic to the exclusion of the 

OPD and other clinics [4, 22]. 

Different studies report the pleura and the lymphatic system as the commonly affected 

extra pulmonary sites, while in our study disseminated TB topped the list followed 

by the pleura and other sites similar to what others have reported [12,13, 18, 27,28]. 

The rate of disseminated TB that we found was similar to what was reported in a 

study of EPTB patients seen in a referral hospital in the capital of Cameroon [28]. 

Disseminated TB is a severe form of EPTB usually associated with HIV infection 

with progression linked to the immuno-suppression and delayed treatment [29]. 

Given the HIV coinfection in our study population and with disseminated TB 

presenting with systemic symptoms, it is possible that delayed diagnosis may have 

contributed to this magnitude of disseminated TB [6,12, 20].  
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In consonance with other studies, our study found an association between female 

gender and EPTB [10,13,27,30]. While the reasons for this finding have not been 

clearly identified, it is suggested that genetic factors, gender differences in exposure 

to TB and the presence of other risk factors such as smoking could possibly be the 

linking factors [12,15]. Further studies are needed to clearly delineate the linkages. 

The distribution of the site affected by EPTB across gender however does not appear 

to follow a clear pattern as various studies show similar or slightly different gender 

predominance in one site or the other [11, 12,14,16]. The predominance of males 

among those with pleural TB found in our study has also been reported by other 

researchers [10,27,28]. Similar to what was observed in other studies, we found no 

association between EPTB and age [15,31].  

The treatment success rate for EPTB in our study was comparable to what 

Gomes et al. reports for EPTB patients in Brazil but lower than what was reported by 

studies conducted in Benin, Ethiopia and India [10,15, 32,33]. On the other hand, it 

is higher than what was reported by other researchers in Nigeria [34,35]. Various 

systems of DOTS implementation may be contributory factors to the differences. The 

treatment success rate for Ghana has shown consistent improvement over the years 

with figures exceeding 85% over the course of the time during which data for our 

study was recorded [4,36]. This achievement has been attributed to various factors 

including social and biomedical factors including the enablers package, community 

involvement in treatment and the used of fixed dose combinations [36]. The EPTB 

patients in our study had a relatively lower treatment success rate than the national 

average for the country. Among those with poor outcomes, it was observed that death 

was responsible for an overwhelming majority.  The rate of disseminated TB among 

our patients may be associated with the mortality observed given that in their study 

of mortality among Ghanaian TB patients, Nassikas et al. and Burton and colleagues 

showed disseminated TB as one of the highest risk factors for death [20,37]. The HIV 

co-infection predominance among EPTB patients compared to PTB and the finding 

of HIV and CNS TB as risk factors for death in our study corroborates findings from 

different studies and highlights the importance of early initiation of anti-retroviral 

therapy for the survival of HIV-infected EPTB patients [7, 10,29,37-39]. As pointed 



142

Chapter 6

130 
 

out by Ade et al. severe immune-suppression found in HIV patients with EPTB 

predisposes to these patients succumbing to opportunistic infection and ultimately 

death especially when anti-retroviral therapy is started late [10]. This re-iterates the 

importance of vigilance to facilitate early diagnosis of EPTB to improve treatment 

outcomes and minimize the risk of progression to advanced forms and death [40,41].  

TB infection in people is mainly caused by Mycobacterium tuberculosis complex 

[42]. The data on the causative pathogens for EPTB was however not available to this 

study. Unlike for pulmonary tuberculosis, very little has been studied on the 

Mycobacterium tuberculosis complex species responsible for EPTB in Ghana. One 

study conducted in Accra however found M. tuberculosis to be the predominant 

organism (eighty-eight percent of the samples) with M. africanum being the only 

other organism accounting for the remainder [26]. In various studies on pulmonary 

TB in Ghana in which samples were analyzed, M. tuberculosis was also the major 

organism of M. tuberculosis complex isolated followed by M. africanum accounting 

for 73% to 97.6% and 2.4% to 23% of samples respectively [42-45]. M. Bovis was 

however isolated in fewer studies and accounted for 0.4 to 3% of the samples [42,44]. 

EPTB diagnosis in general poses a challenge given the problem of obtaining 

the appropriate specimen from suspected EPTB sites and the fewer Mycobacterium 

bacilli in EPTB samples limiting the identification of AFP using microscopy [41].  At 

the time of the TB case finding initiative, microscopy which has low sensitivity but 

high specificity, was the main stay of TB diagnosis in these lower level facilities 

though further tests such as cultures on samples could be accessed at the teaching 

hospital laboratory. Fewer cases of EPTB were diagnosed in general hospitals and 

clinics in our study and may reflect a lack of appropriate well-defined diagnostic 

algorithms as available for PTB as well as inadequate facility resources and clinical 

expertise [30]. Since generally more people access health care at lower level health 

facilities compared to tertiary hospitals, the cost benefit may be in favour of enabling 

these non-tertiary facilities using appropriate algorithms to freely access molecular 

tests and culture, which have higher sensitivity and specificity compared to 

microscopy [46].  This may improve timely diagnosis of EPTB especially among 

those living with HIV to ultimately reduce morbidity and mortality [41]. Our study 
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shows that health facility type was not significantly associated with mortality. Further 

studies could explore possible factors at play including the association if any between 

the time to diagnosis and initiation of treatment at the respective facilities and 

treatment outcomes. 

Our study has some limitations. It involved secondary data analyses with the 

data source being the TB-case finding initiative database. Consequently there could 

be potential errors in the data since it was not possible to verify the diagnosis of EPTB 

or assess whether some of the study participants were misdiagnosed as EPTB. 

Similarly, the clinical improvement of patients who completed treatment could not 

be verified. Secondly, it was also not possible to distinguish patients who had 

concurrent EPTB and PTB among the study population as this information was not 

clearly indicated. This is against the background that in reporting as per Ghana NTP 

guideline, patients with both EPTB and PTB are recorded as PTB. There was also the 

challenge of incomplete documentation. The data from the teaching hospital 

consisted only of patients from the HIV clinic which may have introduced an element 

of bias in the results showing the association between EPTB and HIV. This result 

should therefore be interpreted against the light of this potential bias. Finally, with 

the study population being derived from Accra, the study findings may preclude 

generalization to the rest of the country. Despite these limitations, a major strength is 

that, to our knowledge, this is the first study that uses data from different facility types 

in Ghana to elaborate on EPTB in comparison to PTB, the treatment outcomes of 

EPTB patients and the risk factors for mortality.  

 

Conclusion 
This study in summary showed female gender and HIV co-infection as risk factors 

for EPTB, and HIV and CNS TB as risk factors for death among EPTB patients. 

Increased awareness of these factors, provision of and training in country-adapted 

diagnostic algorithms and making more sensitive diagnostic tools accessible may 

contribute to earlier case finding and diagnosis of EPTB patients especially at lower 
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level health facilities for initiation of treatment and possibly better management 

outcomes [41,47].  
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Introduction 
The global END TB Strategy stresses that driving the TB epidemic down requires 

interventions that transcend traditional means of TB diagnosis and treatment to 

exploring a mix of different proactive strategies that make available the range of TB 

services to all those who need these services. 1 Among others, this calls for learning 

from and implementing programs that are adapted to local settings taking into 

consideration the concepts of universal health coverage. Ghana NTP’s goal to early 

detect and increase TB case identification for prompt enrollment into care ultimately 

to attain higher treatment success and reduced mortality from TB draws from the 

vision of the END TB Strategy. 2 Against this backdrop, this thesis presents studies 

assessing components of the TB care cascade, examining outcomes of case finding 

interventions, the gateway to accessing TB care and evaluating treatment outcomes 

the last stage of the pathway, looking at childhood TB and extrapulmonary 

tuberculosis. The objectives of the studies were to investigate what innovative TB 

case detection approaches could be deployed to intensify and enhance TB case 

finding in health facilities and in the community respectively and also, assess 

treatment outcomes and the factors that are associated with the worst outcome, death 

for EPTB and Childhood TB to outline priorities to improve treatment success. The 

study findings highlighted the feasibility of implementing viable TB case-finding 

strategies such as short duration symptom screening leveraging existing structures, 

and the need to pay attention to enhancing TB/HIV program collaboration and health 

system strengthening including deployment of relevant tools to improve treatment 

outcomes.  

These studies were however conducted before the era of the COVID-19 pandemic 

which begun as a health problem but has subsequently affected almost every sector 

globally. In 2020, the demands of responding to the COVID outbreak compromised 

delivery of essential health services and TB services were not left out. 3 In a survey 

of 105 countries, 42% of the countries reported partial disruption of TB case detection 

and treatment. 3 The Ghana NTP reported a 15% decline in TB cases notified in 2020 

compared to the previous year, attributing this reduction to the impact of the COVID 
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pandemic.4 As this concluding Chapter ties in the findings from the studies and 

highlights promising potentials for implementation, the current COVID context 

makes an argument to strengthen the health system with the necessary support and 

make it resilient to stand the shocks of future emergencies to minimize essential 

service disruption and erosion of gains such as those attained for TB.   

 

TB case finding 
Given the long-standing challenge of low TB case finding in Ghana, we sought to 

address questions on whether innovative TB case detection approaches could be 

deployed successfully under programmatic conditions to intensify and enhance TB 

case finding in health facilities and in the community, respectively. This involved 

comparing a shorter cough duration combined with other symptoms screening 

approach and the traditional 2-week cough in different clinic settings to assess for 

superiority (Chapter 2).  In view of the hitherto largely untapped high-risk group of 

TB case contacts, the yield of TB from investigated contacts of known TB cases after 

symptomatic screening in the community was also assessed (Chapter 3). In the 

community setting, TB case finding this time among vulnerable populations in hard-

to-reach areas was assessed. This involved evaluating the outcomes of TB screening 

activities undertaken by mobile teams among artisanal mining communities (Chapter 

4). 

 

Case finding in health facilities 
The implementation of the case finding approaches in the health facilities showed 

that the symptom cum shorter cough duration (>24-hour) approach significantly 

yielded more people presumed to have TB (0.82% versus 0.63%) and more TB cases 

per 100,000 screened compared to the longer duration >2-week cough screening 

approach. Across the groups, PLHIV, diabetics, OPD attendees and contacts, that 

were screened using the >24-hour approach, the yield per 100,000 from the HIV 

clinic (995.4) topped followed by that from the contacts (692.9), diabetes clinic 

(364.1) and OPD (92.7). The implementation of the intervention was nevertheless not 
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associated with an increase in TB notification. The assessment of historical NTP TB 

notification data projected a downward trend over the time frame of the intervention. 

Actual NTP data corroborated these projections implying there could be some 

intrinsic programmatic bottlenecks that require further investigation. 4 

The value of TB case search in health facilities particularly among outpatients found 

in this study has however been buttressed by other studies.5-7 In the quest to increase 

the pool of TB cases detected however, the use of cough of any duration and other 

TB symptoms has the advantage of improving sensitivity though at the expense of 

specificity and having to deal with a higher demand for TB diagnostic tests.8-10 The 

advantage is even more striking for high risk populations such as persons living with 

HIV, diabetics and contacts of TB cases as shown in our study. This screening 

approach in OPDs has been adopted by the NTP and complemented by availability 

of other sensitive screening tools and diagnostic tests such as chest x-ray and 

GeneXpert. An estimated 126 GeneXpert sites had become available in the country 

in 2020 compared to 15 in 2014. 4,11 This strengthening of the health system is a boost 

for improving TB diagnosis and case detection.  

 

TB contact investigation 
TB contact investigation is recommended given that contact of TB patients are at high 

risk for contracting TB and yet this practice was virtually non-existent in Ghana under 

the NTP. 8,13,14 The findings from our study however highlighted that contact 

investigation of TB cases to identify presumed TB cases for further investigation was 

feasible under programmatic conditions. More than 90% of TB index patients had 

their contacts listed and screened similar to what was reported in Armstrong’s study 

on contact investigation cascade under the NTP in urban Uganda.15 The overall yield 

of TB cases among contacts screened (0.65%) was within range of what has been 

reported in other studies. 16,17 It is however likely that this yield underestimates the 

real burden of TB among the contacts investigated, because a decline in the number 

of presumed TB cases among the contacts tested for TB was observed over time and 

may have been due to challenges following through the referral for testing, while 
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sputum microscopy was the TB diagnostic test in use at the time. Ayakaka and 

colleagues’ study in Kampala identified stigma, unfriendly clinic services and travel 

costs among the barriers to successful investigation of contacts, while education and 

personalized services were found to be facilitators. 18 Through follow up visits and 

calls, community health volunteers in Kenya were found to play an effective role in 

referred presumed TB contacts making it to the health facilities for testing in a study 

by Abongo et al. 19 In addition to exploring these measures that affect drop out of 

contacts being investigated, the deployment of TB diagnostic tools that are more 

sensitive and the adoption of CXR screening algorithms cannot be underscored as a 

means of improving the diagnosis of TB among this high risk TB group. 8,20,21 The 

NTP in 2019 introduced the system of transporting sputum samples from facilities to 

sites with GenXpert machines testing for testing. 22 This is very laudable as a means 

of improving access to testing samples from peripheral facilities. Ensuring sample 

collection from eligible contacts who may not present themselves at the facilities 

would go a step further to minimize missed opportunities.  

 

Case finding among mining communities 
We found that the prevalence of TB among the people screened in the artisanal 

mining communities in this study was more than two and half times what was 

reported for the general population in the TB prevalence survey while the rate of 

rifampicin resistance exceeded four times that from surveillance data. Miners are 

among the groups of people recommended for TB screening given their risk for TB.8 

Rambiki and colleagues in their study of miners in Malawi found that those in 

informal mining were even more likely to develop TB compared to those in formal 

mining. 23 Although artisanal mining communities may be hot spots for TB, they may 

be found in remote and out of way communities necessitating outreach programs to 

make TB services accessible to them. 24,25 WHO recommends a chest X-ray  (CXR) 

based screening approach in combination with symptom screening.8 In our study, 

CXR was one of the screening tools used but the sensitivity of cough of any duration 

as a screening tool for the detection of TB was comparable to that of chest X-ray. In 
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this regard, limited accessibility to CXR should not pose a problem in the quest to 

leave no one behind when it comes to making available to this group of people TB 

screening services and enrolment into the TB care pathway. 

 

Treatment outcomes 
One of the central components of the END TB Strategy integrated patient-centered 

TB care pillar is the treatment of all people with TB. 26 To this end, having been 

diagnosed with TB, successfully registered and initiated on TB, the goal is for the 

person regardless of age or type of TB to achieve treatment success. Given that in the 

TB care pathway, much attention has been paid to treatment outcomes in those with 

pulmonary TB, the searchlight was turned in the direction of children diagnosed with 

TB and those with extrapulmonary TB. In Chapter 5, an assessment of demographic 

and clinical characteristics and treatment of children with TB was undertaken with an 

analysis on the predictors of mortality. In a similar vein, in Chapter 6 the dimensions 

and treatment outcomes of people with EPTB diagnosed from a range of care 

facilities were investigated. Factors associated with the worst treatment outcome 

death were determined. 

 

Treatment outcome in children with TB 
Our study findings indicated that children less than 15 years made up 6% of the TB 

cases reported. Nine out of ten children (90.7%) put on treatment were successfully 

treated while the mortality rate was 8.4%. Mortality was highest among those in the 

1 to 4-year group, those coinfected with HIV and those diagnosed with sputum smear 

positive TB (SSPT).  HIV and SSPT were found to be risk factors for mortality. These 

findings are in consonance with studies assessing treatment outcomes in children 

from different countries. 27-29 Persons living with HIV and children less than 5 years 

who are contacts of persons with TB are considered at risk populations in relation to 

latent TB infection being reactivated to active TB disease. 26 As such, the value of 

these children being listed as contacts, investigated and initiation of TB preventive 

therapy (TPT) as relevant in reducing this risk cannot be underscored. 26 The roll out 



157

Discussion

143 
 

of TPT is in the Ghana TB strategic plan and guidelines have been developed. 2,30 

With such commitments made, rallying round the necessary stakeholders such as HIV 

service providers, strengthening the health system requirements and deployment of 

the required tools such as simplified algorithms may pave the way for 

implementation. 26 SSPT in children may signal more severe TB disease therefore the 

deployment of more sensitive diagnostic tools to facilitate earlier diagnosis of TB in 

children and TB treatment initiation and completion may also improve outcomes. 29,31 

Parents are key stakeholders for treatment success in children on TB treatment and a 

conducive relationship with health care workers augurs well for parents positively 

supporting their children on treatment. 32,33 

 

Treatment outcome in EPTB 
From our study, being female and HIV positive was associated with EPTB. Seven 

out of ten persons with extrapulmonary TB were treated successfully but this 

proportion was significantly lower than that for pulmonary TB. Almost all (>95%) of 

those with a poor treatment outcome died. Being older, HIV positivity and having 

CNS TB were associated with death among EPTB patients. Our study findings are 

similar to what other studies on EPTB have found.34-37 The importance of paying 

attention to HIV treatment and early diagnosis and management of CNS TB is 

therefore paramount if the End TB strategy treatment success rate of 90% is to be 

achieved among those with EPTB.26 As Ghana has adopted a treat all strategy, 

ensuring early initiation and adherence to antiretroviral therapy (ART) for persons 

living with HIV serves to augment immune-suppression improving survival.38,39 It is 

therefore imperative to address the bottlenecks in HIV service delivery which 

includes reported shortages of ART. 40 Zurcher et al reported a lower association with 

mortality among EPTB patients with bacteriologic confirmation compared to those 

with negative result with the suggestion of lower immunosuppression in the latter. 34 

This reiterates the advantage of making available simple diagnostic algorithms and 

more sensitive diagnostics tests accessible in lower level health facilities where the 

majority of people access care to facilitate timely identification of EPTB for 
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treatment. 31,34 In addition, support to promote adherence to complete treatment may 

be of particular benefit for those with CNS TB to improve outcomes given the 

treatment regimen is relatively longer. 31, 36,41  

 

Policy implications 
In these studies investigating TB case find initiatives and treatment outcomes, there 

are underlying themes cutting across the studies. These are the need for the NTP to 

facilitate decentralized deployment  of simplified active case finding screening 

algorithms and molecular diagnosis tests at facility and community levels to enhance 

TB diagnosis across board for timely enrolment into care and initiation on treatment, 

complemented by collaboration with other programs particularly the HIV program to 

enhance the continuum of integrated care and optimum treatment outcomes. 

For TB care delivery to be a reality as expounded in the END TB Strategy, there’s a 

need to go beyond passive TB case finding which relies on the patient’s initiative and 

several other factors to adopting provider-initiated strategies leveraging already 

available resources in the health system. 20 People presenting to health facilities with 

various ailments or those presenting to high risk clinics are a “captive audience”. Our 

studies suggest that, with the help of simple sensitive screening algorithms such as 

that involving a shorter cough duration with other TB symptoms administered by 

OPD staff taking vital signs, presumed TB cases can be identified for further 

investigation among OPD attendants especially among those at high risk for TB at 

HIV and Diabetes clinics. The identification of more people presumed to have TB 

however usually leads to a higher demand for TB tests which could turn out to be a 

bottleneck if the laboratory is not adequately prepared to handle the additional tests. 

Planning to cope with this demand is therefore imperative in the implementation of 

active case finding programs. 42  

Implementation of contact investigation was also found to be feasible under 

programmatic conditions. Given that as part of the protocol for initiation of TB 

treatment home visitation is undertaken for home verification, contact identification 

and screening can be added on. Finding ways to address all access to testing barriers 
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such as sample collection and transport for the presumed TB cases among contacts 

could improve the yield of TB cases. Continuous supervision of the contact 

investigation steps is imperative to avoid the yield reducing overtime. 

Scaling up access to diagnostic molecular tests either at a physical location or through 

the sample transport mechanisms is imperative to minimize delays and missed 

opportunities for early diagnosis and treatment initiation.  

The TB screening outreach to case mining communities aligns with the tenets of 

universal health coverage which is a target in the sustainable development goals. 43 

While deployment of X-ray equipped mobile teams into the mining communities may 

not always be practicable, symptom screening using simplified tools administered by 

community health workers on outreach within their catchment areas could be the 

bridge to accessing the TB care cascade.  

Our findings showed HIV as a key risk factor for poor treatment outcome for EPTB 

and childhood TB. Identification of and addressing bottlenecks to the promotion and 

increased coverage of integrated TB/HIV services including at maternal and child 

health delivery care points will enhance doorstep management of those coinfected 

ultimately improving survival. 26 

 

Study Strengths and Limitations 
There are several strengths of the studies in this thesis worthy to be elaborated. For 

one, these studies objectively assessed innovative program activities to provide 

evidence-based data on the outcomes of case finding activities and the feasibility of 

implementing the interventions making use of existing structures. The findings 

pointed out the strengths of the interventions, the gaps and areas for improvement to 

maximize yield of TB case detection and treatment outcomes.  

The methodology for conducting the studies was rigorous and made use of routine 

data collected by the national TB program. Data from the NTP, largely an 

underutilized but exceptionally valuable resource of “real world” data, easily allow 

the expedient and effective assessment of the TB situation. The programmatic 

database can be harnessed to answer a variety of gaping questions and address the 
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research needs of TB programs to guide tailored adjustments and improvement in 

program implementation. Key among the advantages of leveraging routine data for 

analyses include its cost effectiveness and ready availability. The wide scope of 

demographic and clinical variables enables analyses of different dimensions of TB 

prevention and control such as gender sensitive aspects and a variety of subjects that 

enable exploration of the various stages of the TB case pathway. Similar conclusions 

can be drawn with secondary data analysis as is done with primary data analysis. The 

routine data are the same data that are compiled to track TB trends that are described 

locally and globally such as in annual WHO TB reports to shape policy and the 

strategic direction for combatting TB. 

Another strength is that the diverse study populations and settings evaluated in these 

case detection and treatment outcomes studies namely OPD patients, contacts of 

index TB patients, artisanal mining communities in hard to reach areas, children with 

TB and extrapulmonary TB patients present a unique opportunity to learn different 

lessons as the TB care pathway is explored.  

Finally, to the best of our knowledge, the study investigating TB case detection 

among communities involved in artisanal mining using different methods including 

X-ray is novel and has made available data in the relatively under-researched area of 

TB in small scale mining communities.  

There are a few limitations of the studies in the thesis. Routine programmatic data 

collected by the National TB Program was the primary data source. Though readily 

available to answer a variety of questions, the quality may less controlled. Secondly, 

since the data has already been collected, the parameters are set and cannot be 

manipulated to explore other variables that may be of interest but have not been 

captured. The dataset for the contact investigation assessment for example did not 

have age disaggregated data to explore analyses on children who may have contracted 

TB through contact with an index TB case. The NTP may therefore want to explore 

deficient data collecting tools to include elements of age, sex, type of TB diagnosed, 

HIV status of TB cases and PLHIV initiated on TB preventive treatment.  

Unlike interventional studies which may be conducted within strict laid down 

protocols and criteria, activities implemented by NTPs are usually rolled out under 
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programmatic settings and may not be free of certain biases. In the health facility-

based TB case finding intervention, selection and assignment of facilities to the 

different screening methods were not randomized. As a result, the potential for biases 

due to particular factors associated with the implementing facilities could not be ruled 

out. 

Though there was no means of confirming the diagnosis of TB reported, the NTP 

however reports this same data to WHO for the TB reports and the data are recognized 

as official for the country and consistent with what is reported globally. 

The studies in the thesis utilized data collected in specific locations as opposed to 

nationwide data. The findings may therefore not be generalizable across board.  

 

Recommendations for future research: 
1. As more sensitive diagnostic tools are introduced, it would be useful to conduct 

operational research to assess the impact of this deployment in terms of yield of 

TB cases in addressing the TB case finding gap. 

2. With the ultimate goal of TB case identification being successful treatment, 

further research could investigate the remaining steps of the TB care pathway up 

to treatment outcomes for TB cases identified through intensified and enhanced 

case finding initiatives to determine the barriers to optimum treatment outcomes 

if any.  

3. An assessment of facilitators and barriers to effective integration of TB/HIV 

services would unearth useful data that can be used to enhance collaborative 

services for improved treatment outcomes for TB/HIV coinfected persons. 

 

Conclusion 
The TB care pathway spans various steps from the number of people infected with 

TB in the population accessing a TB test to those achieving successful treatment with 

patient losses along the way. Narrowing the gap between estimated incident and 

reported TB cases calls for innovative TB case finding strategies. The studies in the 

thesis have investigated TB case finding approaches and highlighted that systematic 
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screening of high risk OPD patients particularly PLHIV and diabetics, using a short 

duration symptom screening and screening of other targeted specific risk groups in 

the community (such as the miners and contacts of index TB patients) making use of 

existing structures can significantly enhance TB case finding if complemented by 

access to sensitive screening algorithms and diagnostic tests with the relevant 

capacity built. For those with extrapulmonary and childhood TB, mortality accounted 

for poor treatment outcome and HIV positivity was the major risk factor. Enhancing 

TB/HIV collaborative services to minimize barriers to integrated care delivery could 

improve survival and have a positive impact on treatment outcome. 

If an estimated two-thirds of incident TB cases are not being identified to get tested 

as is the case for Ghana, the goal of ending TB will be a pipe dream even if treatment 

outcomes are good as TB transmission will continue to pose a challenge. The findings 

from these studies provide the NTP with evidence of innovative low-hanging fruit 

interventions for implementation. 
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Samenvatting 
In dit proefschrift worden verschillende aspecten van het tuberculose (TBC) 

zorgtraject in Ghana onderzocht en wordt gewezen op een aantal potentiële 

gebieden voor het verbeteren van de opsporing van mensen met TBC. Ook zijn 

behandelingsresultaten beoordeeld van belangrijke patiëntengroepen die vaak buiten 

beschouwing worden gelaten, namelijk kinderen en mensen met extrapulmonale 

TBC. 

 

Hoofdstuk 1, de inleiding, legt de basis voor het proefschrift door licht te werpen op 

TBC, wat het is en de wereldwijde strategie voor de bestrijding van de ziekte. Het 

beeld van de TBC-epidemiologie wereldwijd en lokaal in Ghana wordt beschreven. 

De interventies en activiteiten, die door het Nationale TBC Programma worden 

uitgevoerd om TBC te bestrijden, worden aangestipt. Ook wordt gewezen op de 

leemten in de kennis van TBC-onderzoek in Ghana en deze vormden de basis voor 

het onderzoek. Naast de overkoepelende doelstelling van het onderzoek en de 

onderzoeksvragen worden hier ook de synopsis van de specifieke onderzoeksvraag 

van elk hoofdstuk gepresenteerd. De kern van het onderzoek in dit proefschrift is 

het onderzoeken van aspecten van de TBC zorgtrajecten door het beoordelen van de 

resultaten van TBC opsporingsinterventies en behandelingsresultaten bij kinderen 

en mensen met extrapulmonale TBC (EPTBC). Daartoe werden de volgende 

onderzoeksvragen gesteld:  

1. Welke innovatieve benaderingen voor het opsporen van mensen met TBC 

kunnen worden toegepast om het opsporen van TBC-patiënten te 

intensiveren en te verbeteren, respectievelijk in gezondheidsinstellingen en 

in de gemeenschap? 

2. Wat zijn de behandelingsresultaten en de factoren die geassocieerd zijn met 

het slechtste resultaat, namelijk overlijden, in het TBC-zorgtraject van 

EPTBC en kinder-TBC? 
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In hoofdstuk 2 worden de resultaten van een onderzoek voor het opsporen van 

mensen met TBC beoordeeld, waarbij de standaard hoestduur van 2 weken en hoest 

van elke duur in combinatie met andere TBC-symptomen, worden gebruikt als 

screeningsmethoden voor TBC in de algemene polikliniek, HIV- en 

diabetesklinieken en bij contacten. Het aantal mensen met TBC per gescreende 

persoon met de kortere hoestduurmethode was het hoogst bij mensen met HIV, 

contacten en diabetici, maar er werden meer mensen geïdentificeerd in de algemene 

polikliniek wegens schaalvoordelen. De invoering van dit screeningsprotocol, 

aangevuld met de inzet van meer gevoelige diagnostische instrumenten, biedt 

veelbelovende vooruitzichten voor het verbeteren van de opsporing van mensen met 

TBC in gezondheidsinstellingen. 

 

Hoofdstuk 3 evalueert een programma voor contactonderzoek op opbrengst en 

haalbaarheid van implementatie onder programmatische omstandigheden. Het aantal 

mensen met TBC onder de gescreende contacten was vergelijkbaar met andere 

studies, maar werd hoogstwaarschijnlijk onderschat doordat niet alle geïdentificeerde 

contacten met symptomen die wezen op TBC getest werden. Het gebruik van 

gevoelige screeninginstrumenten door opgeleid personeel en het aanpakken van de 

knelpunten bij het testen met sensitieve diagnostische tests zullen de voordelen van 

contactonderzoek als een aanpak voor het opsporen van mensen met TBC 

maximaliseren. 

 

Het opsporen van TBC bij artisinale mijnwerkersgemeenschappen is onderzocht in 

hoofdstuk 4. De prevalentie van TBC onder de gescreende bevolking van 910 per 

100.000 was aanzienlijk hoger dan de 356 per 100.000 die in de algemene bevolking 

werd gevonden, hetgeen het belang van het opsporen van mensen met TBC in 

dergelijke gemeenschappen onderstreept. De diagnostische waarde van hoest bij de 

screening in deze populatie suggereert dat het mogelijk is vermoedelijke TBC-

gevallen in deze populatie te identificeren door middel van symptoomscreening, zelfs 

bij het ontbreken van de aanbevolen röntgenfoto van de borstkas als 

screeningsinstrument. 
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De resultaten van de behandeling en het risico op sterfte bij kinderen met TBC was 

het onderwerp van onderzoek in hoofdstuk 5. Bijna alle kinderen hadden een 

gedocumenteerde HIV status en tenminste 90% van de kinderen die onder 

behandeling waren voor TBC werden succesvol behandeld. Een positieve 

sputumuitstrijk en HIV-positiviteit waren risicofactoren voor sterfte. Hoewel de 

doelstelling van de END TB strategie van de World Health Organization (WHO) voor 

een succesvolle behandeling werd bereikt, kunnen de behandelingsresultaten voor 

kinderen verder worden verbeterd door meer aandacht te besteden aan kinderen met 

een TBC/HIV co-infectie en door de samenwerking tussen de TBC en HIV 

programma’s zo te optimaliseren dat geïntegreerde diensten van contactonderzoek en 

TBC preventieve therapie mogelijk worden. 

 

Hoofdstuk 6 richt zich op extrapulmonale TBC, waarnaar in Ghana relatief weinig 

onderzoek is gedaan. De resultaten van de behandeling van mensen met EPTBC en 

de risicofactoren voor sterfte werden geanalyseerd. Het resultaat van de behandeling 

was slechter voor mensen met EPTBC vergeleken met mensen met pulmonale TBC 

met respectievelijk 70,1% en 84,2% behandelsucces. Ouderdom, HIV-positiviteit en 

TBC in het centrale zenuwstelsel bleken significante risicofactoren voor sterfte onder 

EPTBC-patiënten. Investeren in meer sensitieve tests voor een vroegere diagnose en 

het versterken van partnerschappen met HIV-diensten in gezondheidsinstellingen, 

vooral in de lagere niveaus waar de meerderheid van de mensen zorg zoekt, kan 

helpen om de resultaten van de behandeling van mensen met EPTBC te verbeteren. 

 

In hoofdstuk 7 worden de belangrijkste bevindingen van de studies bediscussieerd in 

het licht van de overkoepelende doelstelling van het proefschrift om innovatieve 

benaderingen voor de opsporing van mensen met TBC te onderzoeken en de 

resultaten van de behandeling bij onvoldoende bestudeerde groepen te beoordelen om 

prioriteiten te kunnen stellen voor de verbetering van het behandelingssucces. De 

discussie wordt in een meer actuele context geplaatst, waarbij rekening wordt 

gehouden met geactualiseerde strategieën om een einde te maken aan TBC die zijn 

ontwikkeld sinds de uitvoering van sommige van de interventies in de studies. Ook 
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wordt de COVID-19 pandemie in gedachten gehouden die een bedreiging vormt voor 

de verlening van essentiële gezondheidsdiensten, waaronder die voor de bestrijding 

van TBC. Implicaties voor het beleid, de sterke punten en de beperkingen van de 

studies en aanbevelingen voor toekomstig onderzoek worden ook in dit slothoofdstuk 

gepresenteerd, evenals de conclusie. 
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Summary in English 
This thesis investigated aspects of the TB care pathway in Ghana and highlighted 

several potential areas for augmenting TB case finding and assessed treatment 

outcomes for largely unstudied key groups of people affected by TB namely children 

and those with extrapulmonary. 

 

Chapter 1, the introduction, laid the foundation for the thesis by throwing light on 

TB, what it is and the global strategy for addressing the disease. The picture of TB 

epidemiology globally and locally in Ghana was described. The interventions and 

activities being implemented by the National TB Program to control TB were touched 

on. The knowledge gaps in TB research in Ghana that set the stage for undertaking 

the research in the book and the rational for the studies were also highlighted in the 

first Chapter.  

 

In Chapter 2, the outcomes of a TB case finding initiative using different durations of 

cough, the standard 2 weeks cough and cough of any duration with other TB 

symptoms, as TB screening methods in general OPD, HIV and diabetic clinics and 

among contacts were assessed. The yield of TB cases per persons screened using the 

shorter duration method was highest among PLHIV, contacts and diabetic but more 

people were identified from the general OPD due to economy of scale. Incorporation 

of this screening protocol complemented by deployment of more sensitive diagnostic 

tools has promising prospects for augmenting TB case finding in health facility 

settings. 

 

Chapter 3 evaluated a contact investigation program for yield and feasibility of 

implementation under programmatic conditions. The yield of TB cases among 

contacts screened was comparable to other studies but was most likely 

underestimated due to missed opportunity to test for TB among those identified 

contacts presumed to have TB. The use of sensitive screening tools by trained staff 
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and addressing the bottlenecks to testing with sensitive diagnostic tests will maximize 

the benefits of contact investigation as a TB case finding approach. 

 

TB case finding among artisanal mining communities was investigated in Chapter 4. 

The prevalence of TB among the population screened  910 per 100,000 was 

considerably higher than that found in the general population 356 per 100,000, 

buttressing the importance of TB case finding in such communities. The diagnostic 

value of cough for screening in this population suggests that even in the absence of 

the recommended Chest X-ray as a screening tool, it is still possible to identify 

presumed TB cases in this population using symptom screening for further 

investigation for TB. 

 

Treatment outcomes and risk for mortality in children with TB was the subject for 

research in Chapter 5. Almost all the children had documented HIV status and at least 

90% of children put on treatment for TB were treated successfully. Smear positive 

pulmonary TB and HIV positivity were risk factors for mortality. Even though the 

END TB strategy target for treatment success was achieved, treatment outcomes for 

children can be improved further by paying closer attention to TB/HIV co-infected 

children and optimizing collaboration of the TB and HIV programs to facilitate 

integrated services that enable contact investigation and TB preventive therapy. 

 

Chapter 6 focused on Extrapulmonary TB which is relatively under-researched in 

Ghana. The outcomes of those with EPTB put on treatment and risk factors for 

mortality were assessed. Treatment outcome was worse for those with EPTB 

compared to counterparts with pulmonary TB with 70.1% and 84.2% treatment 

success respectively. Being older, HIV positivity and Central Nervous System (CNS) 

TB were identified as significant risk factors for mortality among EPTB patients. 

Investing in more sensitive tests for earlier diagnosis and strengthening partnerships 

with HIV services in health facilities especially lower level ones where the majority 

of people seek care may help to improve treatment outcomes in those with EPTB. 
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In Chapter 7, the key findings of the respective studies are discussed in the light of 

the overarching objective of the thesis to investigate innovative TB case detection 

approaches and assess treatment outcomes in understudied groups to outline priorities 

to improve treatment success. The discussion is situated in a more current context 

taking into consideration updated strategies to end TB which have evolved since the 

implementation of some of the interventions in the studies and bearing in mind the 

COVID-19 pandemic which threatened delivery of essential health services including 

TB services. Policy implications, the strengths and limitations of the studies and 

recommendations for future research are also presented in this final chapter with the 

conclusion to crown it all. 
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