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 Background and rationale for this addendum

Sputum smear fluorescence microscopy (FM) is a well-established technique for the diagnosis of pulmonary TB. It is on average 10% more sensitive than the non-fluorescent, Ziehl-Neelsen  smear microscopy (ZN) [1].  In addition to its increased sensitivity, FM considerably reduces the time required to examine a smear.  The time required to stain smears for FM and ZN is the same.  Although FM is more efficient than ZN smear microscopy, it has proved difficult to implement in poor countries due to the high cost and maintenance of the equipment, the additional training required and perceived health risks of exposure to ultraviolet (UV) light.  Most of these obstacles to implementation are related to the need for mercury vapour lamps as the light sources in conventional FM equipment.

The lack of validated systems for the external quality assessment of sputum smear FM is an additional obstacle to implementation.  Most EQA schemes for ZN microscopy rely on quarterly blinded rechecking of stained smears.  Although it is well-established that, even in tropical conditions, ZN smears can be stored for 3 months or more and accurately re-read without restaining , it is not known for how long FM  smears can be stored and remain  re-readable with accuracy.  

Thus, although FM is currently recommended for laboratories with high throughput in developing countries [2], functioning FM-based laboratory services are uncommon and usually operate in the absence of adequate external quality assessment.. 

Recent developments with Light Emitting Diodes (LED) have facilitated the development of FM systems that are potentially more suitable for laboratories in resource-limited areas.  Some of these systems are integral to the microscope and require the purchase of new fluorescence microscopes, while others systems take the form of attachments that can convert existing light microscopes to fluorescence microscopy.  Both types of system may be advantageous in different situations. Different approaches to re-tooling national TB control programmes may be taken depending upon the condition of the pool of light microscopes being used in the country.  

The performance of LED FM is expected to be similar to that of conventional FM.  Several manufacturers are already phasing-out the production of conventional FM in favour of LED-based models.  However, there has been very limited formal evaluation of the LED systems for sputum smear-microscopy and none of these evaluations has been in the context of a front-loaded smear microscopy service.

We therefore seek to evaluate a LED FM device based on an attachment that converts a conventional light microscope into a FM microscope (Lumin-FM, LW Scientific).  This evaluation will be nested within the study protocol “Expedited Diagnosis of Tuberculosis through Examination of Two same Day Sputum Specimens”, which was approved by the committee in June 2007.  The evaluation will be independent of the manufacturers, developers and distributors of the FM device and would not require additional specimens or visits from the patients.  

4. Purpose:

In addition to the objectives of the original proposal (appendix 1), this study will also have the following objectives:

4.1 Primary objectives

1. To demonstrate that LED-based FM is more sensitive than ZN microscopy without losses of specificity.

2. To demonstrate that a frontloaded LED-based FM is more sensitive than a frontloaded ZN microscopy service.

4.2 Secondary objectives

3. To describe the time required to declare a FM smear as positive or negative as compared to ZN smears. 

4. To describe the acceptability of the LED based devices to laboratory staff.

5. To describe the length of time FM smears can be stored and reliably re-examined. 

Study plan

The original and modified plan for the study and the sequence of activities are shown in figure 1 and 2.  Figure 1 indicates that the study plan has not changed, as the additional components proposed do not require additional specimens or additional visits by the patients.  Figure 2 describes the steps required for processing specimens for LED-FM in the laboratory and the selection mechanisms.

Once specimens have been received in the laboratory a sample will be randomly selected for FM as the sample size required is smaller than that of the study in which the evaluation is nested .  Selected specimens will be identified from a list of study numbers that has pre-allocated a random selection of the patients.  All the specimens of a patient will be processed in the same way.  All three specimens of patients selected for LED microscopy will be examined using ZN and FM staining.  All specimens of patient not selected for FM will be examined using ZN only.  This randomisation will be independent of whether the specimens are collected as spot-spot-morning or spot-morning-spot.
Smear preparation and staining

In addition to ZN smear preparation, a smear will be prepared from each selected sputum specimen and stained for fluorescent microscopy.  Smears will be stained using Auramine O and counterstained with Potassium permanganate as described in the WHO manual for TB laboratory services [2].

Smear examination

All FM smears will be examined blindly using the LED-FM devices.  Each centre will have two FM devices available.  One of these will be a complete LED-FM device plus microscope as provided by the manufacturer and one will be the laboratory’s microscope to which the same type of LED-FM device has been attached.  Each of the microscopes retains the ability to examine ZN smears using conventional light microscopy as well as being enabled for fluorescence microscopy. ZN and FM stained smears will be examined using both microscopes with the appropriate light source for the type of stain used for the smears.   Each week, one microscope will be assigned to ZN microscopy while the other is used for FM microscopy.  Microscopes will then rotate at the end of the week and a note will be made of the microscope being used each week. This ensures that the results of the study are not confounded by differences between the two microscopes that are unrelated to the light sources.  Smears stained with FM are examined at a lower magnification than ZN smears.  For this reason, the number of acid-fast bacilli (AFB) observed under the microscope will be divided by a magnification factor to yield the approximate number that would have been observed if the same smear were examined at higher magnification.  A simple table using a magnification factor will be used to make ZN and FM results comparable regardless of the magnification used [2].  When less than 10 AFB are seen in the smear, whether in FM or ZN smears, the exact number of AFB seen will also be recorded.

Sample size 

Sample size for the FM component was calculated to establish that LED-FM is 10% or more sensitive than ZN.  It was assumed that ZN and FM would identify 50% and 55% of the patients with positive culture, respectively (a 10% increase with FM).  

The sample size computed assuming that samples were independent was 1605 patients.  It is however acknowledged that this is an overestimation, as calculating the sample size for paired samples would require a much smaller sample size.  The calculations for the sample size of paired samples however are based on an estimation of the discordance of the two tests and this information is not available.  For example, the sample size for paired samples with 10% discordance would require about 500 patients.  We have therefore retained the conservative calculations of the 1605 sample size assuming independence of the tests to be able to detect even smaller differences and explore whether FM sensitivity varies across settings.  

Selection of patients for FM

The original study will screen 6852 patients.  The 1605 participants to be assessed using FM will be selected randomly from this pool at a rate of 1:4.  The unit of selection will be a patient (not a sputum sample) and each centre will be provided with a list of study numbers from which 1:4 patients have been pre-selected at random to undergo FM.  

Additional capacity building and training required for this component.

The study sites will receive additional training for the preparation of fluorescent smears, reading and grading of the smears and maintenance of the equipment.  Fluorescent stains will be provided centrally by WHO/TDR to ensure that stains are of good quality.  Given the increased number of smears, provision is made to pay for additional staff for the laboratory work.

Designated staff at each study centre will receive training in the preparation, processing and examination of smears for FM.  In addition, laboratory services will be provided with a new microscope that incorporates FM and an attachment to transform the current microscopes of the service into a dual light/FM microscope.  All devices will be provided free of charge to the centres and will become the centres’ property at the end of the study.

Blinding and quality control procedures for reading smears will remain as proposed.

Benefit to the participants

FM is a well established technique for the diagnosis of TB and this study aims to confirm that the new light sources based on LEDS provide a more efficient and sensitive diagnostic tool than ZN microscopy [2].  Medical staff will be informed of the results of the smears, independently of whether these were ZN or FM. A revised patient information form is included in appendix 1 to reflect these changes. 

Study plan for secondary objectives

The secondary objectives aim to provide a systematic description of the time required to declare a FM smear as positive or negative; the acceptability of the FM devices by staff; and the length of time FM smears can be stored and reliable re-examined. 

These objectives are crucial for the successful implementation of fluorescence smear microscopy, as in the past, this technique was not accepted due to the need to use a dark room and safety fears to the UV light. The new devices use a wavelength that is within the natural and outside the UV light range and LED lights are brighter and eliminate the need to use a dark room, possibly making the devices more acceptable.

Laboratory technicians will be observed during smear examination to determine the time taken to declare a smear as positive or negative.  This will be completed under two conditions:  first, technicians will be told they will be timed and will be aware that the procedure is being conducted.  Once this component is completed, they will be told that they will be timed under operational conditions and while they are unaware of the timings.  This method has been successfully used in previous studies [3].  As staff will be processing many smears in a single day, it is very likely that they will become impervious to the novelty of the procedure very rapidly and resume the routine timings to read smears.  A minimum of 20 reading sessions with at least 10 smears being read in each session will be conducted in each study site while the technicians are aware of the timings. In addition 30 further reading sessions will be conducted in each study site while the technicians are unaware of the timings.  Reading times will be described using summary statistics for positive and negative smears and will correlate to the culture results.  

All laboratory staff will be interviewed using unstructured interviews to explore the acceptability of the FM device and will be invited to have informal discussions of the issues raised by peers.

To assess the time that smears can be stored, 50 smears with known AFB grades will be stored in a dark box and re-read blindly at different time intervals.  Ten smears each with negative, scanty, +, ++ and +++ grades will be selected.  Smears will be read 0, 4, 6, 8 and 12 weeks after staining.  These intervals were selected to reflect the time when smears would be sent for external quality control under programmatic conditions. All smears will be re-labelled before each reading and shuffled to ensure that they are read blindly.

Lifetime of the study

The study will run in parallel to the main study and will initiate as soon as logistically possible and after ethical approval has been obtained from the relevant ethical review committees.

Budget

The additional resources required are listed in the table below.  For a detail description of expenses, please refer to the budget justification below.

	
	amount
	Times (units)
	Sites
	Total

	Staff for data entry
	150
	10
	5
	7500

	Additional supervisory duties of local management team
	500
	10
	5
	25000

	Laboratory staff time for selection and blinding of smears, re-examination of stored smears
	150
	10
	5
	7500

	centrifuge
	1500
	1
	1
	1500

	Computers
	1400
	1
	5
	7000

	FM smears
	5
	4815
	1
	24075

	Workshops Brazil and UK
	12000
	2
	1
	24000

	Travel supervision and monitoring
	2500
	1
	5
	12500

	Open Access publication costs
	2500
	3
	1
	7500

	Total
	 
	 
	 
	116575


Justification of resources requested

1. Staff: Additional staff is required for additional supervision by the local management team, selection, blinding, preparation on reading of smears for FM; timing of readings and re-reading stored smears and data entry.  As FM smears are additional to the current diagnostic services provided by the centres the costs of preparing smears and grading FM was budgeted as $5.00/smear. The total of 4,815 FM smears required (from 1605 patients) would cost $25,075.00.  Senior management staff was budgeted as $500.00/month and data entry clerk at 150.00/month, both for 10 months.

2. Equipment: Laboratory centres will be strengthened to increase their capacity to process samples for smear microscopy and culture and data analysis.  These will require one centrifuge for Ethiopia; one microscope plus LED-FM attachment per study site (provided free) and one further LED-FM attachment per study site (provided free).  In addition dedicated portable computers for data management will be purchased for each site.  

3. Funding is requested to run two workshops for discussion and analysis of interim and final results. A key aim of these workshops would be to prepare for disseminating results to the study community, including through global patient activists groups. The meetings will also serve as a forum for discussion of results of the larger (frontloaded microscopy) study in which this evaluation is nested and for which no provision was made for workshops.  An interim workshop will be held in Brazil and the budget requested includes $2,000.00 for travelling expenses/subsistence per study site and $2,000 for the meeting expenses in Recife (Total of $12,000.00).  In addition a workshop will be held in Liverpool for discussion and analysis of the final results. The workshop expenses are similar to those requested for the interim workshop.  (total of $24,000.00 for both) 

4. Additional travel expenses ($15,000) are requested for the coordinating team.  The amount requested would allow additional monitoring visits to each site for both the frontloaded and the FM studies.  

5. Funding is also requested to facilitate publication of the results of the studies in open access journals.  Publication costs for these journals are about 2,500/publication.  A minimum of three major publications are expected from these studies.
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Figure 1. Study plan

Figure 2. Additional steps required for FM sputum processing (shaded steps)



Appendix 1 – revised consent form [Changes highlighted]

[Institution letterhead
]

Informed Consent Form

A copy of this information should be kept by all individuals invited to participate

This informed Consent Form is for men and women who attend clinic [Name your clinic] and who are invited to participate in a research to evaluate a new strategy for the diagnosis of tuberculosis.

[Name of Principal Investigator]

[Name of Organization]

World Health Organization / Tropical Disease Research Program
 “A Multi-centric trial of front-loaded smear microscopy in the diagnosis of tuberculosis”
This Informed Consent Form has two parts:

· Information Sheet (to share information about the research with you)

· Certificate of Consent (for signatures if you agree to participate)

You will be given a copy of the Full Informed Consent Form

PART I: Information Sheet

Introduction

I am [Name the person reading or giving the Informed Consent Form], working for the [Y Research Institute]. We are doing research on the diagnosis of tuberculosis, which is very common in this country. I am going to give you information and invite you to be part of this research. You do not have to decide today whether or not you will participate in the research. Before you decide, you can talk to anyone you feel comfortable with about the research.

If you decided to participate, we would ask your some questions about you and your current and previous illnesses, how did you come to the centre and the costs associated with coming to the clinic.   If there are some words in these pages or later in the interview that you do not understand, please ask me to stop as we go through the information and I will take time to explain. If you have questions later, you can ask them of me, the study doctor or the staff.  You are also free to not answer questions which you might feel embarrassing, or to stop the interview at any time if you changed your mind.
Purpose

Tuberculosis is a severe disease caused by a bacterium that infects the lung; it can cause cough, fatigue and night sweats.  The diagnosis is made by examining three sputum samples with a microscope to search for the bacteria.  The standard way to collect the samples is to ask you to give one sample today and two tomorrow: one at your home early in the morning and the second when you arrive at the clinic.  We think that we can reduce the time to diagnosis by collecting two samples on the first day. We are also testing a new instrument to examine the sputum samples which is called a fluorescent microscope.  We think this microscope will shorten the time to examine the smears and improve the quality of the laboratory work. This is why we ask you to participate to the study.

Type of Research Intervention

This research will modify the moment at which the three samples will be collected and examine the samples with a new fluorescent microscope. 

Participant Selection

All persons older than 18 years of age are asked to participate to the study.

Voluntary Participation

Your participation in this research is entirely voluntary. It is your choice whether to participate or not. Whether you choose to participate or not, all the services you receive at this clinic will continue and nothing will change. You may change your mind later and stop participating even if you agreed earlier.
Procedures and Protocol

Because we do not know if the new sample collection schedule is better than the currently available one for diagnosing tuberculosis, we need to compare the two. To do this, we will put people taking part in this research into two groups. The groups are selected by chance, as if by tossing a coin.

Participants in one group will be given the standard diagnostic schedule while participants in the other group will be given the research diagnostic schedule (see figure below).  This is the best way we have for testing without being influenced by what we think or hope might happen. We will then compare which of the two has the best results.
	
	
	
	
	
	
	

	Standard
	Day 1 →
	Sample 1
	
	Day 2 →
	Sample 2
	Sample 3

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Research
	Day 1 →
	Sample 1 
	Sample 2
	Day 2 →
	Sample 3
	

	
	
	
	
	
	
	


The treatment decisions will be made by the staff of the clinic based on the study results.  Current treatment is decided on the bases of collecting 3 sputum specimens and as the current study will still use 3 specimens.  The main difference is that the sputum will be collected at a different time, although the diagnosis will still follow current guidelines and the specimens will be examined using additional tests.  The treatment offered to patients participating in the study will also be the same as for patients not participating in the study.

Risks

There is no risk associated with this study. 

Discomforts 

None

Samples to be collected and stored

We will request that you submit three sputum samples for examination.  One of these sputum samples will be cultured to see if the germs grow in the following 12 weeks.  If the germs grow in the culture, we will store them in small tubes to complete further description of the germs (called genotyping) affecting most individuals with your symptoms and check if the germ is susceptible to the drugs for treatment.  The isolates will be stored for 3 years to facilitate the completion of these tests and then will be destroyed.  

Benefits

Because you are participating to this study, a sputum culture and fluorescent microscopy will be done.  This is not routinely offered in the diagnosis of tuberculosis in this country.  Culture is a more sensitive technique for the diagnosis of this disease.  It however is long and takes a month before it is positive.  If it is positive, we will call you back to the clinic for treatment.” Was modified to say: “.  If it is positive, and you are not registered for treatment in one of the treatment centres we will call you back to the clinic to explain the results and initiate treatment

Incentives

There are no incentives to be paid to participate in the study and participants will still have to pay for the routine tests if these are charged by the hospital. 

Confidentiality

This research is being done in your community and it is possible that if others in the community are aware that you are participating, they may ask you questions. We will not be sharing the identity of those participating in the research. 

The information that we collect from this research project will be kept confidential. Information about you that will be collected during the research will be put away and only the research sponsors, the institutional officials and ethics committee members may have access to the data. Any information about you will have a number on it instead of your name. Only the researchers will know what your number is and we will lock that information up with a lock and key. It will not be shared with or given to anyone except [name who will have access to the information].  

Right to Refuse or Withdraw

You do not have to take part in this research if you do not wish to do so and refusing to participate will not affect your treatment at this clinic in any way. You will still have all the benefits that you would otherwise have at this clinic. You may stop participating in the research at any time that you wish without losing any of your rights as a patient here. Your treatment at this clinic will not be affected in any way.
How the community will be informed of the study results.

At the end of the study, and once all the information is analysed, the doctors in the hospital and the Ministry of health will be informed of the result of the study, and how this information could be used to improve the diagnosis of TB in patients attending the health services.  If the Ministry of health wishes to adopt the new methods to screen patients for Tuberculosis, we will encourage the Ministry to prepare leaflets to inform new patients of the new methods that will be used and of the benefits this may have. In addition we will inform patient representative groups active in the TB organisation called the Stop TB partnership and the World Care Council.

Who to Contact

If you have any questions you may ask them now or later, even after the study has started. If you wish to ask questions later, you may contact any of the following: [name, address/telephone number/e-mail].

PART II: 

Certificate of Consent

I have been invited to participate in research of a new schedule to collect sputum samples and the examination of the samples using a new fluorescent microscope for the diagnosis of tuberculosis. I am aware that there may be no benefit to me personally and that I will not be compensated. I have been provided with the name of a researcher who can be easily contacted using the number and address I was given for that person.

I have read the foregoing information, or it has been read to me. I have had the opportunity to ask questions about it and any questions that I have asked have been answered to my satisfaction. I consent voluntarily to participate as a participant in this research and understand that I have the right to withdraw from the research at any time without in any way affecting my medical care.

Print Name of Participant__________________

Signature of Participant ___________________Date _______________________

Day/month/year

If illiterate

I have witnessed the accurate reading of the consent form to the potential participant, and the individual has had the opportunity to ask questions. I confirm that the individual has given consent freely.

Print name of witness__________________   AND Name and thumb print of participant

Signature of witness ______________________
Name
______________________


Date ________________________

Day/month/year

I have accurately read or witnessed the accurate reading of the consent form to the potential participant, and the individual has had the opportunity to ask questions. I confirm that the individual has given consent freely.

Print Name of Researcher________________________

Signature of Researcher _____________________Date ___________________

Day/month/year

A copy of this Informed Consent Form has been provided to participant _____ (initialled by the researcher/assistant)
Informed Consent Form for timing of FM smears
A copy of this information should be kept by all individuals invited to participate

This informed Consent Form is for all laboratory staff involved in the reading of fluorescent microscopy (FM) smears and who are invited to participate in a research to evaluate the timing required to read smears and acceptability of the microscopes.

[Name of Principal Investigator]

[Name of Organization]

World Health Organization / Tropical Disease Research Program
 “A Multi-centric trial of front-loaded smear microscopy in the diagnosis of tuberculosis”
This Informed Consent Form has two parts:

· Information Sheet (to share information about the research with you)

· Certificate of Consent (for signatures if you agree to participate)

You will be given a copy of the Full Informed Consent Form

PART I: Information Sheet

Introduction

I am [Name the person reading or giving the Informed Consent Form], working for the [Your Research Institute]. As you are aware, we are doing research on the diagnosis of tuberculosis in this centre. Although you are part of the team doing this research, a small component of the study is to observe how long does it take to read the smears using FM.  I am thus going to give you this information to formally invite you to be a participant of this research. You do not have to decide today whether or not you will participate in the research. Before you decide, you can talk to anyone you feel comfortable with about the research.

If you decided to participate, we would ask your some questions about how you like or dislike the FM microscopes we are evaluating and your feelings about using it as replacement for the conventional light microscopes. If there are some words in these pages or later in the interview that you do not understand, please ask me to stop as we go through the information and I will take time to explain. If you have questions later, you can ask them of me, the study doctor or the staff.  You are also free to not answer questions which you might feel embarrassing, or to stop the interview at any time if you changed your mind.
Purpose

We aim to measure the time it takes to read smears prepared using FM.  These include smears declared as positive and negative.  The standard way to collect this information is to measure the time it takes to read them while you are unaware that we are timing you.  We think this microscope will shorten the time to examine the smears and improve the quality of the laboratory work, but it may also result in other problems that we have not foreseen. This is why we ask you to participate to the study.
Type of Research Intervention

This research will modify the procedures in the laboratory and will take place in some, but not all occasions when you are examining the samples with the fluorescent microscope. 

Participant Selection

All technical staff routine reading smears are asked to participate to the study.

Voluntary Participation

Your participation in this research is entirely voluntary. It is your choice whether to participate or not. Whether you choose to participate or not, this will not affect your employment or esteem in this clinic. You may change your mind later and stop participating even if you agreed earlier.
Procedures and Protocol

Because people that are aware of being timed may read the smears more carefully, we need to time readings these when you are not aware of the procedure.  To do this, another member of staff will time you – at a distance – when you are not aware of the timing.  
Risks

There is no risk associated with this study. 

Discomforts 

None.  However you may feel unease by being timed.  As before, staff will continue to emphasize to spend enough time to read the smears, as recommended in the NTP guidelines.
Benefits

Because you are participating to this study, we will be able to decide later on if the microscopes are suitable for the centre.  FM is a more sensitive technique for the diagnosis of this disease and usually requires a shorted reading time per smear.  If the microscopes are suitable, they will become property of the centre.
Incentives

There are no further incentives to be paid to participate in the study, as you are already receiving an honorarium to read the smears for the study.  We will not stop this honorarium if you decided not to participate
Confidentiality

This research is being done in your centre and  it is possible that if others in the centre are aware that you are participating, they may ask you questions. We will not be sharing the performance of those participating in the research, unless these are requested individually.  You can then compare reading times if you wished.  A pooled analysis of all reading will be presented at a later time, for information. 

The information that we collect from this research project will be kept confidential. Information about you that will be collected during the research will be put away and only the research sponsors, the institutional officials and ethics committee members may have access to the data. Any information about you will have a number on it instead of your name. Only the researchers will know what your number is and we will lock that information up with a lock and key. It will not be shared with or given to anyone except [name who will have access to the information].  

Right to Refuse or Withdraw

You do not have to take part in this research if you do not wish to do so and refusing to participate will not affect your employment at this clinic in any way. You will still have all the working benefits that you would otherwise have at this clinic. You may stop participating in the research at any time that you wish without losing any of your rights as a patient here. Your treatment at this clinic will not be affected in any way.
How the staff will be informed of the study results.

At the end of the study, and once all the information is analysed, the staff in the hospital and the Ministry of health will be informed of the result of the study, and how this information could be used to improve the diagnosis of TB in patients attending the health services.  If the Ministry of health wishes to adopt the new methods to screen patients for Tuberculosis, we will encourage the Ministry to prepare leaflets to inform new patients of the new methods that will be used and of the benefits this may have. In addition we will inform patient representative groups active in the TB organisation called the Stop TB partnership and the World Care Council.

Who to Contact

If you have any questions you may ask them now or later, even after the study has started. If you wish to ask questions later, you may contact any of the following: [name, address/telephone number/e-mail].

PART II: 

Certificate of Consent
I have been invited to participate in research to time the readings of the samples using the standard and a new fluorescent microscope for the diagnosis of tuberculosis. I am aware that there may be no benefit to me personally and that I will not be compensated. I know the name of the researcher who can be easily contacted using the number and address I was given for that person.

I have read the foregoing information, or it has been read to me. I have had the opportunity to ask questions about it and any questions that I have asked have been answered to my satisfaction. I consent voluntarily to participate as a participant in this research and understand that I have the right to withdraw from the research at any time without in any way affecting my medical care.

Print Name of Participant__________________

Signature of Participant ___________________Date _______________________

Day/month/year

I have accurately read or witnessed the accurate reading of the consent form to the potential participant, and the individual has had the opportunity to ask questions. I confirm that the individual has given consent freely.

Print Name of Researcher________________________

Signature of Researcher _____________________Date ___________________

Day/month/year

A copy of this Informed Consent Form has been provided to participant _____ (initialled by the researcher/assistant)
	Identifiers and eligibility

	1
	Study site
	Option
	Brazil, Ethiopia, Nepal, Nigeria, Yemen

	2
	Study number
	Sequential number
	

	3
	Date and time of interview
	DD/MM/YYYY

00:00
	

	4
	TB treatment in last month
	Option
	Yes, no, not sure (if yes or not sure, ineligible to study)

	5
	Signed informed consent
	Option
	Yes, no (if no, ineligible to study)


Appendix 2 - Revised questionnaire [Changes highlighted]
	General characteristics

	6
	Age (years)
	Number, 2 digits
	99 = Unknown

	7
	Sex
	Option
	M, F

	8
	Marital status
	Option
	Single, with partner/married, divorced/separated, widowed

	9
	Residency

	Option
	Rural, same town, other town

	10
	Reading ability
	Option
	Yes, no

	11
	Education
	Option
	Nil, primary incomplete, primary complete, secondary, tertiary

	12
	Currently working
	Option
	Yes, no

	13
	Occupation
	Option
	Farmer, student, housewife, daily labourer, merchant, government employee, other

	14
	Number of residents in the household
	Number, 2 digits
	

	15
	Number of rooms
	Number, 2 digits
	

	15a
	Is there a BCG scar?
	Option
	Yes, no, not sure 

	15.b
	If present, size
	Number, 2 digits
	99 = not present


	Medical history

	16
	Is this your first contact with health services for this illness?
	Option
	Yes, no

	17
	If not, how many weeks ago was your first contact
	Number, 2 digits
	Weeks ago, 99 = unknown

	18
	First symptoms
	Option
	Cough, hemoptysis, fever, weight loss, night sweats, weakness, loss of appetite, other

	19
	How many weeks ago did you noticed the first symptom?
	Number, 2 digits 
	99 = unknown

	20
	For how many weeks have you had cough?
	Number, 2 digits
	99 = unknown

	21
	Presence of


Hemoptysis


Fever


Weight loss

      Chest pain


Night sweats


Weakness


Loss appetite


Other
	Yes, No

Yes, No

Yes, No

Yes, No

Yes, No

Yes, No

Yes, No

Specify
	Text format

	22
	Other known illnesses
	Yes, no
	Specify

	23
	HIV status
	Positive, negative, unknown
	


	Costs associated with attending the clinic

	24
	Cost of clinic fees 
	Number, n digits 
	

	25
	Did he/she come alone or with company?
	Option
	Alone, with company

	26
	If with company, who accompanied you?
	Option
	Husband/wife, other relative, friend, neighbour, other

	27
	Transport used to come to the clinic the first day?
	Option
	Walked, carried, bicycle, cart/horse, motorbike, bus, car, taxi, other.

	28
	Time it took to get here from home
	Number, 2 digits
	Number (hours, minutes),

	29
	Cost of transport to get to the clinic today?
	Number, n digits
	

	30
	Where are you staying overnight?
	Option
	Home, relative, hotel, street, shift, admitted to hospital 

	31
	Cost of this accommodation
	Number, n digits
	00 if home or relative

	32
	How are you coming to the clinic tomorrow?
	Option
	Walked, carried, bicycle, cart/horse, motorbike, bus, car, taxi, other.

	33
	Expected transport cost to come to the clinic tomorrow
	Number, n digits
	

	34
	How much did you pay for food today?
	Number, n digits
	

	35
	Any other expenditure?
	Yes, no
	

	36
	If yes, specify
	
	text


	Laboratory results

	37
	1st spot (A)
	Option
	Negative, scanty, +, ++, +++, not available

	38
	AFB number if 1st spot (A) scanty
	Number, 1 digit 
	

	39
	Time 1st spot read
	00:00
	

	40
	1st spot (B)
	Option
	Negative, scanty, +, ++, +++, not available

	41
	AFB number if 1st spot (B) scanty
	Number, 1 digit 
	

	42
	Extra spot (A)
	Option
	Negative, scanty, +, ++, +++, not available

	43
	AFB number if Extra spot (A) scanty
	Number, 1 digit
	

	44
	Time Extra spot read 
	00:00
	

	45
	Morning specimen 
	Option
	Negative, scanty, +, ++, +++, not available

	46
	AFB number if Morning specimen scanty
	Number, 1 digit
	

	47
	2nd spot
	Option
	Negative, scanty, +, ++, +++, not available 

	48
	AFB number if 2nd spot scanty
	Number, 1 digit
	

	49
	Selected for FM
	Number, 1 digit
	Yes, no

	50
	FM 1st spot (A)
	Option
	Negative, scanty, +, ++, +++, not available

	51
	FM AFB number if 1st spot scanty
	Number, 1 digit 
	

	52
	FM Extra spot (A)
	Option
	Negative, scanty, +, ++, +++, not available

	53
	FM AFB number if Extra spot (A) scanty
	Number, 1 digit
	

	54
	Morning specimen 
	Option
	Negative, scanty, +, ++, +++, not available

	55
	AFB number if Morning specimen scanty
	Number, 1 digit
	

	56
	2nd spot
	Option
	Negative, scanty, +, ++, +++, not available 

	57
	AFB number if 2nd spot scanty
	Number, 1 digit
	

	58
	Culture taken
	Option
	Yes, no

	59
	What specimen was cultured?
	Option
	1st spot, extra spot, morning, 2nd spot

	60
	Culture results
	Option
	Positive, negative, contaminated, not available

	61
	Date culture result available
	DD/MM/YYYY
	

	62
	HIV serology
	Option
	Positive, negative, not available


	Clinical management

	63
	Date this section was completed
	DD/MM/YYYY
	

	64
	Did the patient complete the diagnostic screening


	Option
	Yes, no

	65
	What was decided by the clinician after completion of smear microscopy?
	Options
	Diagnosed as TB and initiated treatment, Diagnosed as TB and referred to another centre, Referred for diagnosis, Continued further tests in the centre, Given a course of antibiotics, Other


Questionnaire for the collection of FM reading times
	Study site
	Brazil=1 Ethiopia=2, Nepal=3, Nigeria=4, Yemen=5

	Date and time observation started
	
DD/MM/YYYY

00:00

	Is the participant aware of the timing?
	Yes=1, no=2, not sure=3 

	Technician number 
	(allocated at the start of the study)


Study N
ZN=1/FM=2
Grade
 N. if scanty
    N fields  

min
sec


Guideline for the semi-structure interviews for FM microscopes
Interview schedule to be given to the staff in advance
Preamble: You have now been using the new FM microscopes for several weeks.  We would like to interview you to know how do you feel about the value of these microscopes for the service.  The following question will be used to start discussing your views, but feel free to add any other ideas, views you have:

1. How do you feel about these microscopes?  Do you think they are better, worse or the same than the light microscopes?

2. Are they easy to use?

3. Do you like them?

4. If I say that “the FM microscopes are less good than the light microscopes we use”, would you agree/disagree with this statement?  Why?

5. If you had the chance to select one microscope for private work, which one would you choose?

6. If you had to select microscopes to replace the current microscopes, which one would you choose?

7. If the FM microscopes stay in the centre, would you continue using them?  Why?

8. Are there any aspects of the FM microscope that could be improved?

9. Do you feel they are strong enough for this centre?

10. Do you prefer the conventional or the LED FM microscopes?

11. Do you have any other comments?
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Background and Rationale 

Tuberculosis (TB) care, including effective detection and treatment of patients is central to the global strategy to control the disease. Currently available diagnostics are either insensitive, time-consuming, or require laboratory infrastructures considerably more advanced than those commonly found in the developing countries where TB burdens are highest.  There is an urgent need for a new TB diagnostic test that is simple, rapid, sensitive and specific and can be made widely available. The test development pipeline is unlikely to deliver a test with such a profile in the short to medium term.  The Global Health Diagnostics Forum convened by the Bill and Melinda Gates Foundation has recently developed and utilized a model to evaluate the potential role of better diagnostics in improving tuberculosis control in developing countries [4].  This modelling exercise has predicted that improving the performance of sputum smear microscopy and reducing the loss of patients during the diagnostic process (e.g. through same-day results) would be associated with considerable public health impact [5].
Pulmonary tuberculosis patients with more than 105 Mycobacterium tuberculosis organisms per millilitre of sputum (approximately half of all pulmonary TB patients worldwide) may be diagnosed by direct sputum smear microscopy. Current international guidelines [6, 7] recommend the microscopic examination of three serial sputum specimens for acid-fast bacilli (AFB) in the investigation of patients suspected of having pulmonary tuberculosis. The first specimen is a “on-the-spot” specimen collected when the patient presents at the health facility.  The second specimen is an “early morning” specimen collected at home, and the third is a further “on-the-spot” specimen collected when the patient returns to the health facility to deliver the early morning specimen. At least one further visit to the health facility is usually required of a patient to collect smear results and attend a follow-up medical consultation.  The international guidelines [6, 7] define a positive smear as 10 or more AFB per 100 high power fields (HPF), and a smear positive case as a person with at least two positive smears. The guidelines in the United States of America (USA), in comparison, define a positive smear as 1 or more AFB per 100 HPF, and define a confirmed case of tuberculosis as one in which AFB have been demonstrated in a clinical specimen (in the absence of mycobacterial culture).  

Direct smear microscopy, as currently recommended [6, 7] is associated with two major problems: low and variable sensitivity and a considerable drop-out of patients during the diagnostic process.  A recent study in Cameroon has shown that inadequate examination of smears results in low sensitivity of sputum smear microscopy [8]. This is likely to occur where laboratories are overloaded with requests for sputum smear microscopy, as is common in many high-prevalence countries. Patient drop-out during the smear microscopy investigation is also common. A study in Malawi reported 15% of smear positive cases dropping out of the diagnostic pathway between submitting specimens and being offered treatment [9].

A recent systematic review demonstrated that the average incremental yield and/or increase in sensitivity of examining a third sputum specimen ranged from 2-5%, and concluded that reducing the number of specimens examined from three to two (particularly to two specimens collected on the same day) could potentially increase the number of patients that start treatment [5]. It was suggested that this may be realized through reducing workload in over-burdened laboratories (and so allowing adequate time for examination of smears) and through reducing the number of patient visits required (and so reducing patient drop-out).  Limitations of this review, as identified by the authors, were that few studies reported blinding, quality assurance procedures, the thresholds used to define a smear as positive or the timing of the sputum specimen. 

Direct sputum smear microscopy has been shown to be highly specific in high-prevalence settings. Several recent studies have shown the high specificity of single positive smear results and/or scanty smear results [10, 11] in high TB prevalence settings.  These studies have not, as yet, influenced policy change in regards to international guidelines on the definitions of a positive sputum smear or a sputum smear positive case.  

In this project we propose to further examine the issue of collecting "two samples in a single day" in five different laboratories and compare the sensitivity of this strategy as opposed to that of the accepted international standard proposed by WHO/IUATLD.  The study is designed to tackle the limitations identified in the systematic review.  Furthermore, we propose to evaluate this strategy in both HIV positive and negative persons in settings where the prevalence of HIV is sufficiently high.

3. Purpose and Objectives: 

3.1. Primary objectives:

· To determine the sensitivity, specificity and predictive values of a "two samples in a single day" strategy for the diagnosis of TB and compare it to the standard strategy.

· To determine the proportion of patients who could initiate treatment (or who are referred to initiate treatment) 24, 48 or ≥72 hours after consultation by the "two samples in a single day " and the standard strategies.

· To describe the effect of using different thresholds to define a positive smear and a smear positive case on the yield of the "two samples in a single day" and standard strategies.

3.2. Secondary objectives:

· To establish the time currently required to refer for treatment after diagnosis.

· To determine the sensitivity, specificity and predictive values of examining "two smears from a single specimen" for the diagnosis of TB.

· To describe the costs incurred by the patients of the "two samples in a single day" and the standard strategies.

· To describe the incremental yield of the second and third smears in both approaches.

3.3. Capacity building and training

· Designated staff from each participating centres will attend Good Clinical Laboratory Practices (GCLP) training in regional workshops.  Sites visits may identify additional capacity building required to conduct the study to international standards.

4. Study Plan 

The plan for the study and the sequence of activities for each of the partners in the performance of these field trials is shown on Figure 1.  WHO/TDR will coordinate the various components of the evaluation according to the study plan. Contact details are included on page 1.

This will be a prospective collaborative study with five participating centres in Brazil, Ethiopia, Nepal, Nigeria and Yemen and coordinated by the Liverpool School of Tropical Medicine.

The following procedures will be followed in each centre unless otherwise specified:

4.1. Case selection:

All consecutive patients attending the participating centre with cough for ≥ 2 weeks duration for which the clinician has a suspicion of pulmonary TB will be eligible to participate in the study.  Patients must be 18 year-old or more, and have signed the informed consent form (Appendix 1) after due explanations of the study purpose. All patients attending the centre with cough for ≥ 2 weeks duration will be registered in a single log book to monitor the proportion of patients enrolled in the study.  Patients will be asked a brief questionnaire to include relevant background, clinical information and costs associated with travelling to the centre and staying overnight.  

4.2. Specimen collection:

Three sputum samples will be requested from all patients enrolled over a period of 2 days.  The timing of these samples will vary between weeks and will follow two different schemes.  The collection scheme to be used each week will be pre-designated at random using a block randomised list with permutation blocks of 4 to ensure equal numbers in each scheme.  The scheme to be used in a given week will be disclosed at the start of the week by opening a sealed envelope.

Scheme ONE will be the experimental arm.  Each patient attending during this week will be requested to provide:

· One on-the-spot sputum sample at the time of the patient's first visit; 

· A second on-the-spot sample taken one hour after the first one;  

· An early morning sputum sample taken by the patient at home on the day following the initial visit.  

Scheme TWO will be current standard. Each patient attending during this week will be requested to provide:

· One on-the-spot sputum sample at the time of the patient's first visit 

· An early morning sputum sample taken by the patient at home on the day following the initial visit;  

· A second on-the-spot sample taken at the time the patient brings his early morning sample.  

Patients will be instructed on production of good quality sputum samples.  Specimens will be assessed macroscopically to inspect the quality and quantity and a record will be made.   HIV counselling and testing will be offered to patients in Nigeria and Ethiopia in the context of routine services and national guidelines.  In Nepal, patients may be requested to provide an additional morning sputum on the third day after consultation as this is a requirement of the National TB control programme for accessing free treatment. 

4.3. Smear preparation, staining and culture:

An appropriate portion of the sputum sample (from the most purulent portion) will be collected with an applicator stick or a wire loop and spread on the labelled side of the microscope slide. The slides will be air-dried and heat-fixed.  All smears will be stained by the hot Ziehl-Neelsen technique (Appendix 2).  The early morning sample, and if not available one of the specimens available, selected based on macroscopic quality of the specimen will be sent for culture. 

The first sample collected on-the-spot will be smeared on two different slides using two different applicators.  The second slide will be stained and read in the same fashion as the 3 other smears.  

It is acknowledged that participating centres may use different staining concentrations and procedures.  Standard operation procedures (SOPs) for sputum processing and Ziehl-Neelsen technique will be provided by each site to document local practices.

4.4. Examination:

All slides will be examined blindly by bright-field microscopy at 1000 X magnification.  The number of acid-fast bacilli (AFB) per 100 fields will be graded according to the following scheme: 

	N of AFB
	Report

	No AFB per 100 fields
	No AFB

	1-9 AFB per 100 fields
	Record exact figure

	10-99 AFB per 100 fields
	+

	1-10 AFB per field
	++

	> 10 AFB per field
	+++


4.5. Blinding 

All slides will be assigned a routine laboratory number, which will be written on the frosted side of the slide. To ensure blinding, an opaque wrap-around sticker will be used to cover the laboratory number and, once stained, the slides will be mixed before reading. Slides will be read by the laboratory technicians performing routine smear microscopy and the results and time of the reading will be written on the sticker. Once all slides in the batch have been read, the sticker will be removed by a second technician and the results and time will be entered into the study log book.  

4.6. Quality control

All positive and negative slides will be retained and lot quality assurance sampling (LQAS) will be used to define the required sample size for blinded re-checking to assure a sensitivity of 90% relative to controller.  This assessment will be contracted to an external laboratory.  One LQAS will be performed during site visits before initiation of the study and if acceptable, a second LQAS will be performed at the end of the study. Centres who do not reach the initial standard will be given corrective measures and the LQAS will be repeated after one month. Calculation of the number of slides to be randomly selected will be based on the smear positivity rate, number of negative smears examined and an accepted discrepancy number of 2. 

5. Selection of evaluation sites:

TDR issued a request for applications for diagnostic trial sites in late 2006. Potential sites were required to complete a questionnaire and sites were selected on the basis of pre-defined criteria which included access to populations of moderate to high disease prevalence, track record of the applicant and site staff at conducting field trials, site capacity and ability to carry out evaluations in a timely manner.  Preference was given to sites with an on-site laboratory or strong links to a laboratory where standard reference tests can be performed. Final selection decisions are dependent upon site visit and assessment of laboratory and clinical facilities by WHO/TDR. 

5.1. Description of Proposed Evaluation Sites

The proposed trial sites are: 

· In Brazil, the main enrolment centre is the Hospital Geral Otavio de Freitas in Recife.  This is a governmental referral hospital for pulmonary diseases including TB.  Approximately 100 patients are seen every month and 40 new cases of TB are diagnosed each month.  The laboratory is part of the NTP and receives regular supervisory visits.  Sputum culture can be done at a site that is approximately 30 minutes from the hospital.

· In Ethiopia, the main enrolment centre is the Bushullo Major Health Centre in Awassa.  This is a Catholic missionary centre which is a general primary care centre.  Approximately 260 patients are seen every month and 60 new cases of TB are diagnosed each month.  The laboratory is part of the NTP and receives regular supervisory visits.  Sputum culture is available in Yirgalem Hospital (50 km) or Addis Abba and samples can be delivered using public transport.

· In Nepal, the main enrolment centre is the Tribhuvan University Teaching Hospital.  This is a governmental referral hospital for pulmonary diseases including TB.  Approximately 1000 patients are seen every month and 200 new cases of TB are diagnosed each month.  The laboratory is part of the NTP.  Sputum culture can be done at a site that is approximately 30-40 minutes from the hospital.

· In Nigeria, the main enrolment centre is Wuse General Hospital.  This is a governmental general hospital.  Approximately 250 patients are seen every month and 50 new cases of TB are diagnosed each month.  The laboratory is part of the NTP and receives regular supervisory visits.  Sputum culture can be done at a site that is approximately 60 minutes from the hospital (Zankli Medical Research Laboratory).

· In Yemen, the main enrolment centre is the National Tuberculosis Institute in Sana’a.  This is a governmental referral centre for TB.  Approximately 780 patients are seen every month and 120 new cases of TB are diagnosed each month.  The laboratory is part of the NTP and receives regular supervisory visits.  Sputum culture can be done on site.

6. Sample size calculations 

Sample size was calculated to establish that the shortened approach (same-day approach) is not inferior to the standard 3-day diagnostic approach.  It was assumed that smear microscopy conducted using the standard approach (the reference group) would identify 50% of the patients with positive culture.  These are the yields observed in previous studies conducted in the field sites selected.  A sample size of 1713 for each arm would achieve 90% power to detect a non-inferiority margin difference between the arms proportions of 5%.  The proportion of cases with positive smear microscopy identified by the same-day approach was assumed to be 45% of culture positive patients under the null hypothesis of inferiority. The test statistic was computed for the case when the actual treatment group proportion is 50%.  The test statistic used is the one-sided Z test (unpooled).  The significance level of the test was targeted at 0.05.  It was also considered that the intra-cluster variation of the weeks randomized in blocks was very small and was not adjusted for.  

As the sample size of 1713 required per study arm was computed from patients with positive cultures and 50% of patients undergoing screening would have positive cultures, the number of patients to be screened is 6852 (1713x2x100/50).

7. Maximum per month/total.

The total number of subjects recruited by each study site will be based on the number of symptomatic patients attending each of the participating centres and their capacity to process the culture of a large number of specimens. Subgroup analysis based on HIV serostatus will be used only for Nigeria, Ethiopia and Nepal, which are the centres recruiting the larger number of cases.

8. STUDY MANAGEMENT

8.1. The study team

The multi-centre study coordination activities will be shared between TDR (Andy Ramsay) and the Liverpool School of Tropical Medicine (Luis Cuevas and Mohammed Yassin).  Since the research will be conducted at study sites within the context of routine clinical and laboratory practise, many of the procedures required will be performed by those providing patients’ services. However the study will require additional local staff for study specific responsibilities.  This staff will include a principal investigator who will oversee the study at the site, a research assistant who will deal with the day to day management, patient interviews and collection of specimens. Funding will also be provided on a per specimen basis for laboratory investigations that are not part of routine diagnostic investigations and costing for each smear and culture will include labour costs.  
8.2. Responsibilities of study team members
8.2.1. Responsibility of the sponsor will include:

· Development of initial protocol;

· Site assessment visits;

· Training in the principles and practice of Good Clinical Practice (GCP) and GCLP;

· Fund the multi-centre study coordination site and the study sites according to the specifics of the contract.

8.2.2. Responsibility of the multi-centre study coordination will include:

· Development of the initial protocol;

· Coordination of ethical approval applications;

· Development of standardised study forms and record keeping procedures;

· Development of standardised databases;

· Participation in site assessments and ensure that work is conducted to international standards;

· Facilitate study initiation;

· Study monitoring;

· Support data analysis and reporting;

· Analysis of combined databases for multi-centre interpretation of data.

8.2.3. Responsibility of the local management team at site:

· Participate in the development of the consensus evaluation protocol;

· Obtain ethical committee approval for the evaluation;

· Ensure the evaluation is conducted according to the consensus protocol, as approved;

· Participate in the overall review and analyses of evaluation results;

· Supervise the pilot run and the day to day clinic activities that are related to the patient recruitment, interview, specimen collection, labelling, storage and transport to the laboratory;

· Ensure that laboratory technicians are blinded to the results;

· Sign off the log book of test results each day;

· Ensure that results are provided to medical staff as soon they become available;

· Monitor the local registration or referral of patients to DOTS treatment centres;

· Collate the results from the clinic and laboratory staff and enter data into the databases provided by Multi-centre study coordination site;

· Use the data entry file provided by the Multi-centre study coordination site.

8.2.4. Laboratory staff:

· To register and process sputum specimens according to standard operational procedures and study protocol;

· Score smears using the WHO/IUATLD grading system;

· Record results in a laboratory record book;

· Archive smears for quality control procedures.

9. Trouble shooting

Clinical and laboratory staff should approach the study coordinators and in turn the latter should approach the principal investigators.  The principal investigators should consult with the multi-centre coordination.  External technical advise can be arranged by the multi-centre coordination.

10. Study Site Preparation

The master protocol

The principal investigators should review the master protocol with the study team to adapt the protocol to meet local needs. The adapted protocol should be sent (in English) to the multi-centre coordination for review to minimize procedural differences amongst sites that may account for the difference in study outcomes from site to site.  The finalised protocol (if required), study forms and informed consent forms should be translated into the appropriate language for the site.   

11. Ethical considerations:

Each evaluation site must obtain institutional review board or ethics committee approval for performing the evaluations in accordance with the final site protocol. The letter of approval with the names and affiliation of all the members of the ethics committee should be signed by the chair of the committee on behalf of the committee members and sent to WHO/TDR for documentation and for submission to the WHO Ethics Review Committee. Funding, through a WHO Technical Services Agreement, can only be provided to the sites on receipt of documentation of local and WHO ethical approval.  The translated consent form and patient information sheets must be submitted to WHO/TDR ethics committee who will seek an independent review of the content and translation.  The master protocol will be submitted for approval at the Ethics Research Committee of the Liverpool School of Tropical Medicine.

12. Benefits for Participants

All participants will have a culture, which is not current routine standard at these sites and therefore patients will obtain optimal TB diagnosis.  The timing of sputum collection and the quality of smear microscopy will be monitored, and therefore participants will be more thoroughly investigated. Within the context of a research study, patients are also likely to benefit from good medical services. No re-imbursement of patients costs will be offered as costs for patients will be equal or less than those incurred by attending the routine diagnostic services.

13.a Potential harms to the Participants

It is possible that disclosure of TB status and HIV serotesting could cause harm to the patients. Some participants may also find the questionnaire unpleasant and disturbing. TB and HIV status therefore will be disclosed by the staff of the Nastional TB Control Programme, within the context of the national public health services and following National Guidelines of councelling and testing.  Participants will be explained they do not need to answer any questions they find unpleasant or diaturbing.

13. Confirmation of site proficiency at performing reference standard tests

13.1. Workshops on GCP and GCLP

WHO/TDR will provide the study team with training in the principles and practice of GCP/GCLP with specific reference to the evaluation protocol.  Study sites will be visited to monitor the progress and quality of the studies.

13.2. Training for study staff 

Site assessment visits (WHO/TDR) and study initiation visits (LSTM) will be critical to ensure that training needs are identified and addressed and do not delay the study or compromise quality.  GCP/GCLP training will be provided to key staff members at study sites.  Training in standardised procedures integral to the study will be provided as necessary and may include use of the smear grading scheme used in the protocol, or interviewing techniques.

13.3. Piloting the study protocol

The study protocol will be implemented at each site for 3-5 days as a pilot phase, prior to collection of data to be included in the analysis.  This period will familiarise staff with the procedures and identify potential for errors.  This pilot phase will coincide with study initiation visits by LSTM.

14. Biosafety guidelines for clinic and laboratory staff (Appendix 3):

The risk of infection for health care workers is highest when TB suspects cough; sputum specimens should therefore be collected in the open air and as far away as possible from other people. Failing this, a separate, well ventilated room should be used. 

Laboratory workers are responsible for their own safety and that of their co-workers. Transmission of Mycobacterium tuberculosis results essentially from micro-aerosols, i.e., tubercle bacilli contained in droplet nuclei, 1 to 5 microns in diameter, which are sufficiently small to reach lung alveoli, yet sufficient large to adhere to the lining of the lung alveoli.  Bio-safety guidelines are included in appendix 3.

15. Recruitment of study subjects:

All consecutive patients attending the participating centre with cough for ≥2 weeks duration for which the clinician has a suspicion of pulmonary TB will be eligible to participate in the study.  Patients must be 18 year-old or more, and have signed the informed consent form (Appendix 1) after due explanations of the study purpose. Patients will be asked a brief questionnaire to include relevant background, clinical information and costs associated with travelling to the centre and staying overnight (Appendix 2). 

15.1. Inclusion criteria:

· Symptoms suggesting pulmonary TB: persistent cough (generally >2 weeks) 

· Provision of informed consent to participation

· Age > 18 years old

15.2. Exclusion criteria 

· Inability to provide informed consent (e.g. unfamiliarity with language of patient information/consent forms, prisoners, mentally impaired).

· Anti-tuberculous treatment in the last month

15.3. Withdrawal criteria

· Withdrawal of consent by patient,

15.4. End-point for the study

The end-points for the study will be 

· The proportion of patients with positive culture identified by smear microscopy 

· Dropout rates from the diagnostic process by each scheme and 

· Initiation of anti-tuberculosis treatment in the study site or referral to a tuberculosis treatment centre.  Patients who fail to come back on the second day will be considered as lost to follow-up.

16.5 Outcomes

The following main outcomes will be used for the analysis of the study.  These outcomes will be established for each diagnostic strategy and will use culture as gold standard:

1. Sensitivity, specificity, positive and negative predictive value of smear microscopy when using 

a. The WHO case definitions for smear-positive tuberculosis.

b. The first two specimens collected by each strategy (spot and extra-spot versus spot and morning).

2. The number of patients referred to a TB treatment centre 24, 48 and 72 hours after their initial consultation.

3. The number of patients who drop out of the diagnostic process.

Secondary endpoints will include:

1. Sensitivity, specificity, positive and negative predictive value of 

a. A single positive smear.

b. A single positive smear considering smears with scanty AFB as positive.

c. The smears collected as spot, extra-spot and morning or spot-morning-spot.

2. Proportion of patients with positive culture identified by two smears prepared from a single specimens.

3. The incremental yield of the second and third samples 

16.5 Statistical analysis

Summary statistics will be presented with their 95% confidence intervals. The incremental detection yield of the smears will be calculated for different combinations of smears (spot-extra spot versus spot-extra spot-morning and spot-morning-spot). The case detection rate will be calculated using culture as the gold standard.  Rates will be adjusted by the expected sensitivity of the gold standard.  

Several cut offs will be used for interpretation of smear microscopy.  These cut offs will combine the number of AFB accepted to classify a smear as positive (i.e. if a smear is classified as positive when ≥ 1, ≥ 4 or ≥ 10 AFB are detected) and the number of positive smears required to consider a case as smear-positive (i.e. ≥1 or ≥ 2 positive smears following current WHO case definitions).   McNemar’s tests for matched data will be used to compare the sensitivity, specificity and predictive values of the same day and standard approaches and will be adjusted for the expected sensitivity of culture. The mean time between the initial consultation and obtaining sufficient evidence to define a case as having tuberculosis will be calculated.  The proportion of patients who could be referred for treatment at 24, 48 and 72 hours and those who drop out of the diagnostic process will be measured for each approach.  Further analysis will include logistic regression to allow for the effect of the various positivity rate of each centre and risk of HIV on the parameters estimated.  

16. Protocols 

Detailed protocols for the collection and processing of sputum are provided in the appendices.  These procedures are the standard protocols published by WHO and IUATLD.  Instruction for transmission of clinical and laboratory information will be appended to the questionnaire.  A draft format of the questions to be asked to patients is provided in Appendix 2.

17. Evaluation of operational characteristics
If a same-day smear-based approach is to increase case-detection by reducing patient drop-out the results must be made available as soon as possible, preferably on the same day that the specimens were taken. This would reduce the number of visits patients would need to make to the health facility and presumably reduce patient costs.  The time taken from the collection of the specimens to the issue of results will be measured. Ensuring that results could be made available on the same day would require the collection of sputum specimens from TB suspects as early as possible on the day of presentation. This may require some reorganization of the clinical and laboratory service.  Each site will need to determine the best way to reorganize its services but it is likely that some sort of early triage of patients waiting in out-patient departments, and early collection of specimens, may be needed.  One of the advantage of early triage is that within clinic transmission of TB can be reduced.

Patients, laboratory staff and clinical staff will be interviewed using structured questionnaires to determine the acceptability of the same-day approach to patients and staff members. The same day smear approach if it was based on only 2 specimens examined could reduce laboratory workload and costs.  A study on assessing health system costs may be conducted in parallel with this study (SB Squire/G Mann).
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� Text in italic and within square brackets [ ] will have to be changed by each principal investigator as appropriate.
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