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TITLE: Is smear negative tuberculosis over diagnosed? 
Determining the diagnosis in those beginning treatment for 
smear negative TB. 

Applicants:  

Principal Investigator (PI): Dr. Michael Maze 

Position 1: Position pending at University of Otago, Christchurch 

Proposed role in project: Study design, co-ordination, data collection and analysis. 

Department 1: Department of Medicine, University of Otago, Christchurch 

Position 2: Final year PhD student 

Department 2: Centre for International Health, Department of Preventive and Social 
Medicine, University of Otago 

Email address: michael.maze@postgrad.otago.ac.nz 

Collaborator/s: 

Dr. Kajiru Kilonzo 

Position: Head of Department 

Proposed role in project: Study design, and analysis 

Department of Internal Medicine, Kilimanjaro Christian Medical Centre, Tanzania 

Email address: mtundumliasi@googlemail.com  

 

Dr. Matthew Rubach 

Position: Head of Collaboration 

Proposed role in project: Study design, laboratory work supervision 

Kilimanjaro Christian Medical Centre – Duke University Collaboration, Duke 
University, United States of America 

Email: matthew.rubach@duke.edu  

 

Prof. John A. Crump 
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Position: McKinlay Professor of Global Health 

Proposed role in project: Advisory role 

Centre for International Health, Department of Preventive and Social Medicine, 
University of Otago, New Zealand 

Email: john.crump@otago.ac.nz  

LAY SUMMARY 

Tuberculosis is considered one of the leading causes of death in low and middle 
income countries, such as Tanzania. Due to inaccurate diagnostic tests, over half of 
people who are treated for tuberculosis in Tanzania do so presumptively, without a 
proven diagnosis. We think that many patients diagnosed with tuberculosis in fact 
have a disease other than tuberculosis. If correct, this has major implications for 
individual patients and global tuberculosis control. Our pilot study will investigate 
how commonly tuberculosis is being overdiagnosed, and which diseases are most 
commonly overlooked. We will recruit patients diagnosed with tuberculosis without 
microbiological proof, and perform a thorough range of investigations to identify a 
range of possible alternative diagnoses.  We expect our results will open up new 
lines of inquiry in understanding the major causes of respiratory illness in Africa, and 
develop a new research stream within an existing OGHI collaboration. 

DETAILS OF FINANCIAL SUPPORT REQUESTED  

 Amount Justification 

Data collection $11,500 $470 per patient to cover recruitment 
costs, radiological and microbiological 
investigations (enrolment costs $25, 
induced sputum and testing $50, CT chest 
$150, bronchoscopy and lavage (BAL) 
$150, antigen testing $20, BAL culture 
$75) x 25 participants.  

Data analysis $0  

Report preparation $0  

Meetings $0  

Stationary/ Printing $250 Printing of questionnaires, radiology 
forms 

Email/ telephone 
costs 

$0  

mailto:john.crump@otago.ac.nz
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Travel/ 
accommodation 

$3000 Return economy class airfares New 
Zealand - Moshi, and 6 weeks 
accommodation. 

Description of Project 

1. Background and significance 
Tuberculosis is one of the leading causes of global morbidity and mortality with >1.2 
million deaths during 2016 (1). The World Health Organisation has launched the End 
TB strategy that aims to reduce the incidence of tuberuclosis by 90% and the number 
of tuberculosis deaths by 95% by 2030 (2).  To achieve these goals, much effort has 
gone into improving diagnostic tools for tuberculosis, but currently all diagnostic tests 
are imperfect and over half of tuberculosis patients are treated without microbiologic 
evidence of tuberculosis. In Tanzania, the main diagnostic test for tuberculosis is 
sputum microscopy, with the more advanced tools of nucleic acid amplification and 
culture often unavailable. In Tanzania during 2016, 52% of patients beginning 
treatment for tuberculosis had negative sputum microscopy tests, and were 
diagnosed with ‘smear negative tuberculosis’ (3).  For patients with smear negative 
tuberculosis, the decision to treat is based on the patient’s symptoms, and chest 
radiograph appearance. Neither is specific for tuberculosis, and may result in 
misdiagnosis. Overdiagnosis of tuberculosis compromises individual patient 
outcomes, confidence in national tuberculosis programmes, and the End TB strategy. 
It is therefore concerning that there is accumulating evidence that suggest that many 
patients treated for tuberculosis have been misdiagnosed. Firstly, outcomes for smear 
negative tuberculosis are worse than smear positive tuberculosis, and this cannot be 
fully explained by co-morbidities (4). Secondly, there are reports suggesting that other 
diseases with similar symptoms, such as aspergillosis (5), bronchiectasis (6, 7), 
histoplasmosis (8, 9), and Pneumocystis jiroveci pneumonia (10) are under-recognised 
in Africa. Thirdly, trials of intensified tuberculosis diagnostics, including from northern 
Tanzania, have demonstrated over-treatment of tuberuclosis, as the most common 
treatment error in patients in whom tuberculosis is suspected (11). A systematic 
approach is needed to determine the prevalence of overdiagnosis of tuberculosis, and 
to identify the prevalence of important differential diagnoses that clinicians should 
consider prior to diagnosis of smear negative tuberculosis.  
 
Our aim is identify the proportion of patients incorrectly diagnosed with smear 
negative tuberculosis, and identify which diseases are most prevalence among 
misdiagnosed patients. To do this we will conduct a pilot study investigating patients 
diagnosed with smear negative tuberculosis in Tanzania to determine:  

1. The prevalence of culture-positive tuberculosis 
2. The prevalence of chronic suppurative bacterial infection (bronchiectasis and 

bacterial lung abscess), chronic fungal infection (cryptococcosis, 
histoplasmosis, and aspergillosis), and non-infective lung disease (interstitial 
lung disease including pneumoconiosis, and lung cancer). 

 
Interdisciplinary Research 
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Our project aims to enhance inter-departmental and inter-campus collaboration at 
the University of Otago. Dr. Maze is set to take on a role with the Department of 
Medicine, University of Otago Christchurch during 2018. The University of Otago, 
Christchurch has a track record of research into respiratory infections and 
stengthening connections between the University of Otago Christchurch and the 
Department of Preventive and Social Medicine, Dunedin will foster inter-disciplinary 
research. In addition, our project aims to enhance OGHI collaboration with leading 
research institutions in sub-Saharan Africa. Tanzania is recognised as a low income 
country, with a gross national income of USD900 per capita in 2016 (12). Kilimanjaro 
Christian Medical Centre is the zonal referral hospital for 15 million people living in 
northern Tanzania, and with collaborators has conducted research funded by major 
international institutions such as the US National Institutes of Health, and the Bill and 
Melinda Gates Fundation. Kilimanjaro Christian Medical Centre has an existing 
partnership with the Otago Global Health Institute. Professor Crump has several active 
research project investigating febrile illness and zoonotic diseases. However, there is 
no current research partnership relating to respiratory health, and our project 
represents an opportunity to develop an existing partnership, opening additional 
possibilities for collaborative research.  

2. Methodology 

Design: 
We will conduct a prospective cross sectional study of patients referred to begin 
treatment for smear negative tuberculosis. 

Study setting: 

The study will be conducted among patients attending Kilimanjaro Christian Medical 
Centre, a zonal referral hospital for northern Tanzania, and Mawenzi Regional Referral 
Hospital, the referral hospital for the Kilimanjaro Region of Tanzania (population 1.5 
million).  

Sample size:  

We estimate that a sample size of 25 participants, will provide 95% confidence level 
of determining a prevalence of tuberculosis mis-diagnosis of 0.5 ± 0.2.  
Enrolment criteria: 

Inclusion: Adults referred to begin treatment for tuberculosis who have tested 
negative for tuberculosis with sputum microscopy. 

Exclusion: Patients with imparied consciousness (alter, voice, pain, unresponsive 
[AVPU] score < alert), or requiring >3L/min supplemental oxygen, or with evidence of 
shock (systolic blood pressure <90mmHg or diastolic blood pressure <60mmHg, or 
severe uncontrolled asthma.  

Procedures:  
We will approach consecutive patients, who have been diagnosed with smear 
negative tuberculosis, at the tuberculosis clinic. The scope and order of procedures is 
shown in Figure 1. All participants will be offered HIV counselling and testing in 
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keeping with Tanzanian Ministry of Health guidelines.  After obtaining informed 
consent, all participants will undergo sputum induction using 4% hypertonic saline via 
an ultrasonic nebuliser. Sputum will be tested using smear microscopy, and the 
GeneXpert nucleic acid amplification test (NAAT), testing for the presence of 
tuberculosis, and rifampicin resistance. Patients who are negative on both tests will 
proceed to further investigation. These investigations will include a computed 
tomography (CT) scan of the chest, fibre-optic bronchoscopy with broncho-alveolar 
lavage of the affected segments of lung, serum anitgen tests for cryptococcal antigen 
and urinary Histoplasma antigen detection enzyme immunoassay. Bronchial lavage 
fluid will undergo aerobic bacterial culture mycobacterial culture, and fungal culture. 
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Figure 1. Flow chart of investigations offered to participants diagnosed with smear 
negative tuberculosis in northern Tanzania 

 

 

Availablity of results: Results will be made available to treating clinicians as soon as 
they become available.  For most investigations this will be in a clinically relevant 
timeframe. 

Disease definitions: Diagnosis of tuberculosis will be defined as either a GeneXpert 
detecting M.tuberculosis on an induced sputum sample, or broncho-alveolar lavage 
fluid that grows M. tuberculosis on culture. Diagnoses of non-tuberculosis diagnoses 
will be based on a combination of clinical, radiological and microbiological results. 

Data analysis: We will determine the prevalence of tuberculosis, and the prevalence 
of the major differential diagnoses.  
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3. Timeline 
Task Timeline 

Establish standard operating procedures 1 April 2018 – 1 May 2018 
Establish and validate laboratory assays 1 April 2018 – 1 October 2018 
Obtain approval from ethics review panels 1 May – 1 October 
Enrol patients 1 October 2018 – 31 November 2018 
Complete laboratory and radiology investigations 1 December 2018 – 1 February 2019 
Conduct clinico-radiologico-pathological conferences 1 December 2018 – 1 February 2019 
Data analysis  1 February – 1 March 
Write scientific reports 1 March - 31 March 

 
4. External funding potential 
 
This seed project has the potential to challenge the current standard of  diagnosis of 
a globally important disease. If our hypothesis is correct, our next step would be to 
seek external funding to further define the prevalence of the diseases that were 
most prevalent in patients mis-diagnosed with smear negative tuberculosis, 
investigate diagnostic assays to diagnose these diseases, and diagnostic pathways to 
aid clinicians and patients. We think that if overdiagnosis of tuberculosis approached 
50% of patients, then follow-up research  may attract external funding from New 
Zealand based funding organisations such as NZ Ministry of Foreign Affairs and Trade 
development programme (NZAID), and internationally focused funding organisations 
such as the the Bill & Melinda Gates Foundation, the US National Institutes of 
Health, or the Wellcome Trust. 
 
Our group is well positioned to apply for external funding, due to a strong clinical-
research collaboration in Moshi, a well established, quality assured diagnostic 
laboratory, and a track record of both grant success and publication.  
 
There is an established connection between the University of Otago, and  our 
collaborators. However, our project represents a new direction investigating 
diseases outside of previous research. It also engages with new academic partners 
within Kilimanjaro Christian Medical Centre, and Mawenzi Regional Referral 
Hospital.  
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