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Chapter 1
Introduction

 



1. Tuberculosis
An estimated 9.3 million new cases and 1.8 million deaths due to TB occurred in 2007, of which 1.4 
million cases and 0.5 million deaths were in HIV-positive people.1 An estimated 4.1 million (44%) of 
the new cases in 2007 would be sputum smear-positive. 1  The prevalence of TB in 2007 was 
estimated at 13.7 million cases globally.1  Half a million cases are estimated to be multi-drug 
resistant TB cases.1  Twenty-two high-burden countries (HBCs), all low and middle-income countries 
(LMICs), collectively account for 80% of the global TB burden.1

2. Mycobacterium tuberculosis infection and tuberculosis
The development of tuberculosis (TB) requires infection by bacteria of the Mycobacterium 
tuberculosis complex  (Mtb).  Infection with Mtb usually occurs through a potential host being 
exposed to the bacilli in airborne droplets.  Such infectious airborne droplets are produced by 
someone with active (infectious) pulmonary tuberculosis disease when they cough.  The bacilli when 
inhaled by the potential host can establish an infection in the lung (primary focus). 2  Bacilli may 
spread from this focus, via the lymphatic or blood circulatory system, to other parts of the body.   
Host defences form a granuloma around the infecting bacilli in the primary focus, which becomes 
caseous and necrotic at the centre.  In the majority of cases the immunocompetent host is able to 
arrest the growth of the bacilli within this primary focus, with no obvious signs of illness.2   However, 
in some cases the infection is not contained and disease ensues either at the site in the lung, at other 
sites to which the bacilli spread, or at both.  Infectious potential depends upon the site and extent 
of disease with advanced lung disease (involving cavity formation)  being the most common form 
with high infectious potential.  In most cases,  infection does not result in disease and the initial 
lesion resolves and eventually calcifi es.  Such old lesions may, however,  still harbour viable bacilli 
and the host is considered to have a latent TB infection (LTBI).  These latent infections may 
reactivate later, sometimes many years later, and result in disease.3

Exposure to the bacilli does not necessarily lead to infection, and Mtb infection does not necessarily 
lead to disease (either at the time of infection or through reactivation).  Disease does not always 
lead to infectiousness, nor death.  Risk factors are important, and a number of these are described 
later.4   The model depicted in Figure 1 provides a framework for understanding the epidemiology of 
tuberculosis and approaches to control of the disease.
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A model for tuberculosis epidemiology, following the pathogenesis of tuberculosis (Urban and Vogel).
Reproduced from HL R ieder. Epidemiologic basis of tuberculosis control. 1st Edition 1999. 
International Union against Tuberculosis and Lung Disease.
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3. Control of tuberculosis for public health and development
The rationale for tuberculosis control is simple.4  Infection with Mtb is necessary for the 
development of TB.  Mtb infection is newly acquired primarily through the inhalation of Mtb in the 
air. Since the only major source of infection is patients with tuberculosis who are coughing Mtb into 
the environment, the key to controlling the disease is to identify cases of tuberculosis as early as 
possible and treat them effectively.  This is also the key to providing the best care to patients. 

TB is one of the major infectious diseases of poverty and remains a considerable public health 
problem in most of the world.  Tuberculosis transmission, disease development and progression are 
driven by poverty through a number of direct and indirect channels, while poverty is as variously 
generated or exacerbated by tuberculosis.5  The dynamics are mutually reinforcing.5    The impact of 
tuberculosis and other major infectious diseases on poverty and international development is 
recognized and refl ected in the 8 UN Millenium Development Goals (MDGs) declared by the UN 
General Assembly in 2000.1    Targets for TB control have been set within the context of the 
Millenium Development Goals and by the World Health Assembly and the Stop TB Partnership.1  The 
impact  targets are to halt and begin to reverse incidence of TB by 2015, and to halve prevalence and 
death rates by 2015 compared to 1990 levels.  Mathematical modelling has been used to predict the 
trajectory of the TB epidemic in the presence of various interventions with various degrees of 
success.1  This has been used to identify process targets that must be reached to have the desired 
impact.  These process targets are a)  that at least 70% of the estimated new smear positive TB cases 
are detected and b) that 85% of those that are detected are successfully treated.1  The case 
detection rate for new smear-positive cases in DOTS programmes is 63% globally (ie, 2.6 million 
cases notifi ed of 4.1 million estimated to occur each year). 1  Treatment success rate is 84.7% globally 
(2006 fi gures). 1  After a period of impressive increase in the global case detection rate progress in 
case detection slowed down between 2005 and 2006, and stalled in India and China.   India, China 
and the WHO African region account for an estimated 69% of all undetected cases.6

4. Tuberculosis control activities and poverty
The Director-General of the World Health Organization, Dr Margaret Chan, recently warned: “If we 
want better health to work as a poverty reduction strategy we must reach the poor. Here is where 
we fail”. 7    Table 1 shows the estimated numbers of poor people (living on <2US$ per day) who are 
TB cases and are not detected under DOTS in the 22 highest TB burden countries.5  Undoubtedly, 
the methodology used to make the estimate, would underestimate the fi gures, since it considers 
the percentage of poor people in the general population to be the same as the percentage among 
undetected TB cases.  For many reasons, the percentage of poor people among undetected cases is 
likely to be higher than in the general population.  These reasons may include poor people having a) 
higher risk of exposure to infection through overcrowded living conditions; b) higher risk of 
developing infection and or disease due to sub-optimal nutrition or immunosuppressive co-
infections; and, c)  less access to quality health care. 4,5   Thus, it may be considered that,  based on 
the fi gures in Table 1,  at least 60% of those people undetected under DOTS in the 22 highest TB 
burden countries live on less than 2 US$ per day.  Initiatives to improve case-fi nding need to focus 
on the poor.

3 Chapter 1 
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TABLE 1. Minimum estimated TB incidence among the poor in the 22 highest TB burden countries. 5

Country Population 

(millions, 

2003)

Estimated 

incidence: all 

forms (in 

thousand, 2003)

Percentage of 

estimated TB 

cases detected 

under DOTS

Percentage of 

population living 

on <$US2/day

Estimated number 

of TB cases not 

detected under 

DOTS that are 

poor (<$US2/day) 

(in thousands)

Afghanistan 24 80 17.5 73.6 49

Bangladesh 147 361 24.4 82.8 226

Brazil 178 110 15.5 22.4 21

Cambodia 14 72 38.9 77.7 34

China 1304 1334 41.5 46.7 364

DR Congo 53 195 43.6 84.0 92

Ethiopia 71 252 46.4 77.8 105

India 1065 1788 46.8 80.6 767

Indonesia 220 627 28.4 52.4 235

Kenya 32 195 47.2 58.3 60

Mozambique 19 86 33.7 78.4 45

Myanmar 49 85 89.4 82.8 7

Nigeria 124 363 12.1 92.4 295

Pakistan 154 278 26.3 73.6 151

Philippines 80 237 56.5 47.5 49

Russian Fed 143 161 13.0 7.5 11

South Africa 45 242 93.8 34.1 5

Tanzania 37 137 45.3 72.5 54

Thailand 63 89 61.8 32.5 11

Uganda 26 106 39.6 58.3 37

Vietnam 81 145 64.1 82.8 43

Zimbabwe 13 85 62.4 83 27

TOTAL 3942 7027 41.5 60.3 2688

5. Why don’t interventions reach the poor?
This can be analysed using the Piot model. 8,9,10 The basis of the model is a description of the 
different stages between a person becoming ill and fi nally being successfully treated for the illness..  
At each stage, people may stall and not move on to the next stage, or be detained at particular 
stages only moving forward after some delay. 
When this model is used at a population level to evaluate the pathway to successful TB treatment it 
may be seen that people drop-out at various stages, with only a relatively small proportion of 
patients being detected and successfully treated.   Once patients get on to TB treatment  there are 
many obstacles to staying on treatment and these have been discussed elsewhere.11,12,13,14   These 
obstacles may include social, economic, health systems and geographical barriers. The major steps 
to accessing TB treatment, and the potential for drop-out, are described in Figure 2.  Six drop-out 
stages during the diagnostic process are described and three stages either before or after the 
diagnostic process.  The pre-diagnostic drop-out is essentially that before presentation to 
healthcare services.   Non-presentation or delay in presentation may be multi-causal and affected by 
social, economic, cultural and geographical factors.  It is a serious problem as it can jeopardize  



treatment success in individual patients and lead to increased transmission of infection in the 
community.  There may, however, be systemic weaknesses in the delivery of health services that 
increase the likelihood that these factors contribute to drop-out.   Drop-out during the diagnostic 
process may also be due to the same or similar factors that  affect pre-diagnostic drop-out but 
weaknesses in health service delivery and particularly weaknesses in the way that diagnostic 
technologies are applied, may increase the likelihood of drop-out.  The  framework in Figure 2 also 
recognizes two post-diagnostic drop-out stages where the patient is identifi ed by the laboratory as 
a TB case, the patient returns to the health facility but does not get access to anti-TB treatment.

Figure 2:  Pathway to TB treatment access (on left) and major drop-out stages (on right).
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Operational and diagnostics research can be used to determine which stages are most problematic, 
identify the barriers at each stage, and the effect of the barrier in terms of numbers of patients 
being stopped, and the likely contribution of the barrier to inadequate case-detection.  Research 
may also be able to identify barriers that particularly affect the poor. Research can also suggest 
interventions that may be used to remove barriers.    

6. Poor diagnostics as an obstacle to TB treatment for the poor.
HIV-associated TB and drug resistant TB (particularly multi-drug resistant TB and extensively-drug 
resistant TB, MDR-TB and XDR-TB respectively) present challenges to both diagnosis and 
treatment.15,16,17  This is important both in terms of control targets and the adequate care of the 
patient.  In most parts of the world smear microscopy is usually the only diagnostic test available for 
TB.  HIV-associated TB is more likely to be paucibacillary and smear-negative by direct sputum 
microscopy. 15   As well as compromising progress towards the case detection rate target, this leaves 
the patients without defi nitive diagnoses and reduces their chances of being treated for TB.  Smear 
microscopy moreover gives no information about the drug susceptibility profi le of an infecting 
strain of Mtb and in settings where drug-resistant TB is common cannot adequately guide 
treatment.   Diagnostics, currently available, that are more sensitive than smear microscopy and/or 
can detect drug resistant TB require advanced laboratory skills and levels of laboratory 
infrastructure rarely available in the poorer countries at present. 17  Examples of these diagnostic 
tests include Mtb culture and drug susceptibility (in solid or liquid media) and molecular diagnostics 
such as line-probe assays.  Most molecular diagnostics  are generally not more sensitive than culture 
and provide less potential information regarding drug resistance profi les, but have the advantage 
of being more rapid  than culture. 15  Building the laboratory infrastructure for expanding use of 
these tests will be challenging. 17

New simple rapid accurate diagnostics for TB that could identify cases at health centres closer to 
communities would almost certainly improve access to diagnosis and treatment.  Such tests are 
urgently needed but cannot be reasonably expected to be widely available to TB control 
programmes in the next 5 to 10 years. 18  Regardless of the format of any new test the improvement in 
case detection is unlikely to be achieved through the technology alone, but through the 
introduction of the test into strengthened patient-centred health services.  

Unfortunately, at least in the short to medium term, national TB control programmes will have to 
diagnose tuberculosis without the aid of new diagnostic tools.  Given this reality,  how can 
diagnostic services be made more convenient for patients?  What tools currently available could be 
used to replace or support smear microscopy?  What could be done to improve the quality of smear 
microscopy services?  How can the results of research related to these questions be used to change 
policy and practice?  These are the research questions that have led to this thesis.

Research objectives
A.   To describe patient healthcare-seeking behaviour and both patient and health service barriers 

to direct smear-based diagnosis of TB. (Chapters 6 & 7) 

B.   To evaluate the potential of commercially-available diagnostics, with test formats  appropriate 
for use at the lower levels of health services in LMICs,  to replace smear microscopy. (Chapter 2)

C. To evaluate approaches to optimizing sputum smear microscopy services. This included 
1. evaluating the effi ciency of current approaches to smear microscopy (Chapters 3 and 8); 
2. Evaluating the defi nition of a positive smear and a smear positive case (Chapters 10 and 13);



References

1. Global Tuberculosis Control: Epidemiology, Strategy, 
Financing. WHO Report 2009. WHO/HTM/
TB/2009.411.  World Health Organization. 

2. J Crofton, N Horne, F Miller.  Clinical Tuberculosis.  
1992.   TALC/IUATLD.

3. MD Iseman.  A Clinician’s Guide to Tuberculosis.  
Chapter 4. Immunity and Pathogenesis.  Lippincott 
Williams & Wilkins.  Philadelphia.  USA.  2000. 

4, HL Rieder.  Epidemiologic Basis of Tuberculosis 
Control.  International Union Against Tuberculosis and 
Lung Diseases, Paris. 1999.

5.  CL Hanson, DEC Weil, K Floyd. Tuberculosis in the 
Poverty Alleviation Agenda.  In: Reichman and 
Herschfi eld’s Tuberculosis: A Comprehensive 
International Approach. 3rd Edition.  Part B.  Informa 
Healthcare USA Inc.  New York. 2006

6. Global Tuberculosis Control 2008: Surveillance, 
Planning, Financing. WHO/HTM/TB/2008.393.  World 
Health Organization. 

7. Dr Margaret Chan, WHO Director-General. Address to 
the Regional Committee for the Americas. 59th Session. 
Washington DC, USA. 1st October 2007. http://www.
who.int/dg/speeches/2007/20071001_washington/
en/index.html  (Accessed 12 May 2009)

8. A simulation model for case-fi nding and treatment in 
tuberculosis programmes.  WHO/TB/Technical 
Information/67.53.  WHO, Geneva.).

9. Dujardin B,  Kegels G,  Buvé A, Mercenier P.  (1997).  
Editorial: Tuberculosis control:  did the programme fail 
or did we fail the programme?  Tropical Medicine and 
International Health. 2, 715-718.

10. Buvé A, Changalucha J, Mayaid P, et al. 2001 How many 
patients with sexually transmitted infection are cured 
by health services?  A study from Mwanza region, 
Tanzania.  Tropical Medicine and International Health. 
6, 971-979.  

11. Kruck ME, Schwalbe NR, Aguiar CA.  Timing of default 
from tuberculosis treatment: a systematic review.  
Tropical Medicine and International Health. 2008.13(5): 
703-12.

12. Franke MF, Appleton SC, Bavona J, Arteaga F, Palacios 
E, Llaro K, Shin SS, Becerra MC, Murray MB, Mitnick CD.  
Clinical Infectious Diseases 2008. 46(12): 1844-51. 

13. Jakubowiak W, Bogorodskaya E, Borisov S, Danilova I, 
Kourbatova E.  Treatment interruptions and duration 
associated with default among new patients with 
tuberculosis in six regions of Russia.  International 
Journal of Infectious Diseases. 2009.  13(3): 362-8.

14. Kittikraisak W, Burapat C, Kaewsa-ard S, 
Watthanaamornkiet W.  Factors associated with 
tuberculosis treatment default among HIV-infected 
tuberculosis patients in Thailand.  Transactions of the 
Royal Society of Tropical Medicine and Hygiene 2009. 
103(1): 59-66

15. Perkins MD, Cunningham J.  Facing the Crisis: Improving 
the Diagnosis of Tuberculosis in the HIV era.  Journal of 
Infectious Disease.  2007.  196 (Supplement 1): S15. 

16. Parrish N, Carrol K.  Importance of improved TB 
diagnostics in addressing the extensively drug-resistant 
TB crisis.  Future Microbiology.  2008. 3: 405-13

17. Fisher M.  Diagnosis of MDR-TB: a developing world 
problem on a developed world budget.  Expert Reviews 
of Molecular Diagnostics. 2002. 2(2):151-159.

18. Guillerm M, Usdine M, Arkinstall J.  Tuberculosis 
diagnosis and drug sensitivity testing: an overview of 
the current diagnostics pipeline.  2006.  Médecins Sans 
Frontières, Paris.  

3. Evaluating the requirement for sputum specimens to be collected over two days (Chapter 11); 
4. Evaluating the potential of new technologies or sputum processing methods to improve smear 

microscopy performance (Chapter 4); 
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detection (Chapter 12);   
6. Developing and evaluating a standardized sputum concentration method (Chapters 5 and 9).

D. To describe the process by which results of this research were translated into policy into 
practice (Chapter 14.1). 
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‘Both pulmonary and 
extrapulmonary TB present

diagnostic challenges.’

Imperative to improve tuberculosis 
diagnostic tests
Worldwide, tuberculosis (TB) takes an
enormous toll in morbidity and mortality. In
2005 alone, an estimated 8.8 million people
developed TB and 1.6 million people died [1].
TB most commonly affects the lungs, but may
involve any organ (extrapulmonary TB). In
countries with comprehensive systems for diag-
nosis and reporting, extrapulmonary disease
accounts for approximately 15–40% of reported
cases [101,102]. In the USA in 2005, approxi-
mately 71% of TB cases were pulmonary disease
and 20% were extrapulmonary disease. An addi-
tional 9% of cases had both pulmonary and
extrapulmonary involvement [2].

Both pulmonary and extrapulmonary TB
present diagnostic challenges. For the diagnosis
of pulmonary TB, direct sputum-smear micro-
scopy is often the sole diagnostic test used in
low-income countries where the vast majority of
patients reside. Microscopy has modest and vari-
able sensitivity (22–80%) compared with culture
methods [3,4]. In addition, microscopy contrib-
utes little to the diagnosis of pediatric pul-
monary TB [5] and does not, by definition,
identify smear-negative pulmonary TB, which is
disproportionately higher in HIV-positive than
HIV-negative individuals [6]. A major shortcom-
ing of microscopy, as currently recommended, is
the requirement for collection and microscopic
examination of multiple sputum specimens [7],
an issue that may result in delays in diagnosis [8].

Extrapulmonary TB occurs with greater rela-
tive frequency in persons with HIV infection
and in children, than in adults [5,9]. The diag-
nosis of extrapulmonary TB is often difficult to
establish, especially for patients in resource-lim-
ited areas. Signs and symptoms are nonspecific
and microscopic examination for acid-fast bacilli
lacks sensitivity for extrapulmonary disease [9].
Mycobacterial culture and histopathology are

more sensitive methods but are not commonly
available. Invasive procedures that are complex
and costly may be required to obtain the
necessary diagnostic specimens [9]. As a result of
these difficulties, misdiagnosis of extra-
pulmonary TB is common in all countries and
may result in unnecessary treatment if falsely
diagnosed, or greater morbidity and mortality if
the diagnosis is missed, especially in persons with
HIV infection [10,11].

The emergence of multidrug-resistant TB and
now extensively drug-resistant TB has high-
lighted the importance of developing new, rapid
and accurate TB diagnostics. In this article we
assess the performance of commercial serological
antibody detection tests for the diagnosis of
pulmonary and extrapulmonary TB.

‘...in low-income countries, where 
diagnostic tests are rarely subjected to 

regulatory review or approval, test 
manufacturers and distributors are 

marketing dozens of different antibody 
detection commercial kits.’

Serological tests for the diagnosis of TB
Serological (i.e., humoral and antibody-medi-
ated) tests are widely available, although no
guideline recommends their use for the diag-
nosis of TB. By contrast, blood-based tests for
cellular immune responses (i.e., T-cell-based
IFN-  release assays) have been recommended
for use in certain countries [12]. Currently, in
low-income countries, where diagnostic tests are
rarely subjected to regulatory review or
approval [13], test manufacturers and distributors
are marketing dozens of different antibody
detection commercial kits [103]. The extent of
their use is largely unknown; however, compa-
nies report sales volumes between 3000 and
300,000 tests per year [14].

Serological tests would appear to offer the
potential to improve TB diagnosis as currently
performed, as some of the test formats are suita-
ble for resource-limited areas. Major advantages
of these tests are their speed (in some cases results
may be available within minutes because of the

For reprint orders, please contact:
reprints@futuremedicine.com
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point-of-care format) and potential simplicity
compared with microscopy. The ELISA format
and immunochromatographic test format are
two commonly used designs for serological tests.
ELISA is a complex assay with several steps and
takes several hours to perform. The immuno-
chromatographic test is simpler and can be
completed in a few minutes. 

As part of a project commissioned by the
WHO Special Programme for Research and
Training in Tropical Diseases, a series of system-
atic reviews was conducted to synthesize existing
evidence and define a research agenda for key
areas in TB diagnostics. A previous editorial
described the findings from three reviews on spu-
tum microscopy [15]. The current paper focuses on
antibody detection tests for the diagnosis of TB;
in particular, findings from two systematic reviews
of commercial serological tests for the diagnosis of
pulmonary [16] and extrapulmonary TB [17] are
summarized in Table 1 and described below. In
addition, related findings from a comprehensive
review of rapid TB diagnostics by Dinnes and
coworkers are also discussed [18].

‘Serological tests would appear to 
offer the potential to improve TB 

diagnosis … as some of the test formats 
are suitable for resource-limited areas.’

How accurate are commercial 
serological tests for the diagnosis of 
pulmonary TB?
The review on commercial serological tests for
the diagnosis of pulmonary TB identified 68
eligible studies from 27 publications (Table 1) [16].
Nine commercial tests (three different tests used
distinct assays for detection of IgG, IgM and/or
IgA antibodies) were represented in the review.
Of the total 68 studies, only 17 (25%) were
considered to be of high quality. The review
yielded important findings:

• Overall, commercial tests varied widely in
performance (sensitivity of 10–90% and
specificity of 47–100%); 

• Accuracy was higher in smear-positive (41 stud-
ies) than smear-negative samples (27 studies); 

• In studies of smear-positive patients (ten stud-
ies), Anda-TB IgG (Anda Biologicals,
Strasbourg, France) by ELISA (the test most fre-
quently evaluated in the publications reviewed)
demonstrated limited sensitivity (63–85%) and
inconsistent specificity (73–100%);

• In smear microscopy-negative patients (four
studies), sensitivity estimates for Anda-TB
IgG were low and variable (64, 71, 73 and
35%); corresponding specificity estimates
were higher (93, 89, 91 and 88%); 

• Specificity was higher in healthy participants
than in patients for whom TB disease was ini-
tially suspected and subsequently ruled out (a
more appropriate test population); 

• There were insufficient data to determine the
accuracy of most commercial tests in smear-
negative patients, as well as their performance
in children or persons with HIV infection.
This was surprising given the importance of
these patient groups. 

Similarly, Dinnes and coworkers found that
commercial serological tests for pulmonary TB
did not perform well [18]. Their review, which
only included studies with a ‘cohort’ or ‘case
series’ type design, identified eight eligible stud-
ies. As a whole, commercial tests demonstrated
modest performance (diagnostic odds ratio
[DOR] of 7.30 [95% CI: 1.95–27.24]) with a
pooled mean sensitivity of 88% and mean specif-
icity of 50%. When only studies with at least
two quality criteria were considered (seven stud-
ies), the DOR declined to 6.35 (95% CI:
0.59–67.98) and the pooled mean sensitivity
decreased to 34%.

How accurate are commercial 
serological tests for the diagnosis of 
extrapulmonary TB?
The review on commercial serological tests for
the diagnosis of extrapulmonary TB identified
21 eligible studies from nine publications
(Table 1) [17]. Only those studies that based the
diagnosis of extrapulmonary TB on bacterio-
logically confirmed TB or the presence of case-
ating granulomas in histopathological
specimens were included. Five commercial tests
(one test used distinct assays for the detection of
IgG, IgM and IgA antibodies) were represented
in the review:

• Commercial tests were highly variable with
respect to sensitivity (0–100%) and specificity
(59–100%) for all extrapulmonary sites
combined;

• Anda-TB IgG (the test most frequently
evaluated in the publications reviewed)
demonstrated highly variable sensitivity
(26–100%) and specificity (59–100%) for all
extrapulmonary sites combined (ten studies); 
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• For all commercial tests combined, sensitivity
estimates for both lymph node TB (four studies,
23–100%) and pleural TB (four studies,
26–59%) were poor and inconsistent; 

• There were no data to determine the accuracy
of the tests for the diagnosis of extra-
pulmonary TB in children or patients with
HIV infection, the two groups for which the
test would be most useful. 

The review identified only one study that
assessed the accuracy of a commercial test in
patients with meningitis [19]. In this study

(56 culture-confirmed patients and 74 hospitalized
patients without TB), the sensitivity of the test was
poor at 48% (95% CI: 35–62%) and specificity
was modest at 82% (95% CI: 72–90%).

Dinnes and coworkers also found that com-
mercial serological tests performed poorly in the
diagnosis of extrapulmonary TB [18]. The
authors identified three eligible studies that eval-
uated commercial tests for pleural TB. Sensitiv-
ity values in all three studies were less than 50%
and specificity values ranged from 60 to 92%.
For three different studies evaluating commercial
tests for the diagnosis of miscellaneous sites of

Table 1. Findings from systematic reviews of commercial serological antibody detection tests for the 
diagnosis of pulmonary and extrapulmonary tuberculosis.

Systematic 
review 

Total 
number 
of studies 
in the 
review

Median 
sample 
size*

Tests evaluated Principal findings Ref.

Pulmonary TB 68 41(38–75)/
45 (40–107)

Anda-TB
Detect-TB 
ICT TB 
Kaolin agglutination test 
MycoDot
Pathozyme-Myco 
Pathozyme-TB Complex Plus 
TB enzyme immunoassay 
TB glycolipid assay 

Overall, tests varied widely in 
performance (sensitivity, 10–90% and 
specificity, 47–100%).
Sensitivity was higher in smear-positive 
than smear-negative samples.
In studies of smear-positive patients, 
Anda-TB IgG showed limited sensitivity 
(63–85%) and inconsistent specificity 
(73–100%).
Specificity was higher in healthy 
volunteers than in patients for whom TB 
disease was initially suspected and 
subsequently ruled out.
There were insufficient data to 
determine the accuracy of most 
commercial tests in smear-negative 
patients, as well as their performance in 
children or persons with HIV infection.

[16]

Extrapulmonary TB 21 35 (30–56)/
48 (37–194) 

Anda-TB 
ICT TB
Pathozyme-Myco 
Pathozyme-TB 
Complex Plus 
SEVA TB 

All tests provided highly variable 
estimates of sensitivity (0–100%) and 
specificity (59–100%) for all 
extrapulmonary sites combined.
Anda-TB IgG showed highly variable 
sensitivity (26–100%) and specificity 
(59–100%) for all extrapulmonary 
sites combined.
For all tests combined, sensitivity 
estimates for both lymph node TB 
(23–100%) and pleural TB (26–59%) 
were poor and inconsistent.
There were no data to determine 
accuracy of the tests in children or 
patients with HIV infection.

[17]

*Participants with TB/without TB (interquartile range).
TB: Tuberculosis.
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extrapulmonary TB, sensitivity values were also
low and inconsistent (59, 11 and 72%),
although specificity estimates tended to be
higher (82–99%). 

Conclusions & policy implication      
Available evidence suggests that, at this point in
time, published data on commercial serological
antibody detection tests for both pulmonary and
extrapulmonary TB produce inconsistent esti-
mates of sensitivity and specificity. For pulmo-
nary TB, there were insufficient data to
determine the accuracy of most commercial tests
in smear microscopy-negative patients and none
of the assays performed well enough to replace
microscopy. For extrapulmonary TB, it is partic-
ularly disappointing that there were no studies of
commercial tests of sufficient quality to enable
their evaluation in patients with HIV infection,
or in children, as it is in these groups that the
tests could be most useful. Thus, these tests must
be considered to have little or no role in the
diagnosis of TB at the present time. 

‘...at this point in time, published 
data on commercial serological 
antibody detection tests for both 

pulmonary and extrapulmonary TB 
produce inconsistent estimates of 

sensitivity and specificity.’

Future perspective & research directions
Available evidence underscores the need for
greater regulatory oversight of in vitro diagnos-
tics and improved capacity in countries to
design, conduct and report diagnostic test evalu-
ations, which, in turn, can guide procurement
and clinical practice. It is important that the lit-
erature from research laboratories that have eval-
uated the immunodiagnostic potential of
different antigens be reviewed to determine
whether there are useful antigens, which have
been described but whose potential has not been
fully exploited. Finally, it is essential that trials of
new serodiagnostic tests for TB adequately
address the particular challenges presented by
smear microscopy-negative patients, children
and people with HIV infection.

Over the past decades, much effort, as evi-
denced by the large number of published studies,
has gone into developing a serodiagnostic test for
TB based on antibody detection, but no test
with adequate sensitivity and specificity has yet
been identified. Why have these attempts failed?

Studies during the last decade have permitted an
understanding of the lacunae of efforts so far and
provided a basis for the research needed to
develop an immunodiagnostic test for TB. A sys-
tematic analysis of the humoral immune
responses produced by pulmonary TB patients
has demonstrated that the profile of antigenic
proteins of Mycobacterium tuberculosis recognized
by antibodies differs at different stages of the nat-
ural history of infection and disease [20–22]. Thus,
a serological test that can identify the different
stages of clinical TB may need to be based on a
combination of antigens. To the best of our
knowledge, an analysis of antigens expressed
during extrapulmonary replication of M. tuber-
culosis has not been performed. Identification
and study of M. tuberculosis genes expressed in
the different environments that characterize dif-
ferent sites of involvement may be able to pro-
vide the optimal reagents for devising a
serodiagnostic test for extrapulmonary forms of
the disease. It will also be important to examine
proteins expressed by M. tuberculosis and the pat-
tern of subsequent antigen recognition and
antibody reactivity in HIV/TB-coinfected
patients and children. Although much work
needs to be done, the understanding of the
humoral immune responses in TB patients and
the new tools of genomics and proteomics may
lead to the development of the simple and rapid
serodiagnostic test that has eluded us so far.
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Current international tuberculosis (TB) guidelines rec-
ommend the microscopic examination of three sputum
specimens for acid-fast bacilli in the evaluation of persons
suspected of having pulmonary TB. We conducted a sys-
tematic review of studies that quantified the diagnostic
yield of each of three sputum specimens. By searching
multiple databases and sources, we identified a total of
37 eligible studies. The incremental yield in smear-positive
results (in studies using all smear-positive cases as the de-
nominator) and the increase in sensitivity (in studies that
used all culture-positive cases as the denominator) of the
third specimen were the main outcomes of interest. Al-
though heterogeneity in study methods and results pre-
sented challenges for data synthesis, subgroup analyses
suggest that the average incremental yield and/or the in-

crease in sensitivity of examining a third specimen ranged
between 2% and 5%. Reducing the recommended num-
ber of specimens examined from three to two (particu-
larly to two specimens collected on the same day) could
benefit TB control programs, and potentially increase
case detection for several reasons. A number of opera-
tional research issues need to be addressed. Studies ex-
amining the most effective and efficient means to utilize
current technologies for microscopic examination of spu-
tum would be most useful if they followed an internation-
ally coordinated and standardized approach, both to
strengthen the country-specific evidence base and to per-
mit comparison among studies.
KEY WORDS: tuberculosis; smear microscopy; incre-
mental yield; acid-fast bacillus; serial sputum specimens

TUBERCULOSIS (TB) care, including effective detec-
tion and treatment of patients, is the core element of
TB control; thus, effective care is required for effec-
tive control.1 Based on mathematical modeling, it has
been projected that if 70% of the estimated number
of incident sputum smear-positive cases are identified
(case detection rate), and 85% of those are treated suc-
cessfully, the incidence of TB will decrease; conse-
quently, these percentages were set as global targets
for 2005.2 Although treatment success rates now ap-
proximate those targets (82% in 2003), case detection
rates still fall far short. In 2004, the case detection rate
was only 53%.3 Thus, the failure to promptly identify
and treat infectious cases stands out as a critical ob-
stacle to global TB control.4 In addition to focusing
on developing new technologies to support case find-
ing, existing technologies, approaches and recommen-

dations need to be examined carefully to determine
whether they are being utilized optimally and to iden-
tify areas in which improvements in efficacy and effi-
ciency can be made.

The current guidelines of the World Health Orga-
nization (WHO) and the International Union Against
Tuberculosis and Lung Disease (The Union) specify
that the essential step in the investigation of patients
who are suspected of having pulmonary tuberculosis
(PTB) should be the microscopic examination of at
least three serial sputum specimens for acid-fast ba-
cilli (AFB).5,6 The first and third sputum specimens
are generally collected in the health facility (spot spec-
imens) and the second is generally an early morning
specimen, usually collected at home.7,8

In addition to specifying the requirement for col-
lecting and examining three specimens, the WHO

Correspondence to: Sundari R Mase, MD, MPH, Deputy Health Officer/TB Controller, Santa Clara County Public Health
Department, Tuberculosis Prevention and Control Programme, 645 South Bascom Avenue, San Jose, CA 95128, USA.
Tel: (�1) 408 885 8564. Fax: (�1) 408 885 2331. e-mail: sundari.mase@hhs.sccgov.org, smase@nationaltbcenter.edu
Article submitted 19 July 2006. Final version accepted 28 December 2006. 

REVIEW ARTICLE



486 The International Journal of Tuberculosis and Lung Disease

guidelines define a ‘definite case of TB’ as ‘a patient
with positive culture for the Mycobacterium tubercu-
losis complex (in countries where culture is not rou-
tinely available, a patient with two sputum smears
positive for AFB is also considered a definite case)’.
Moreover, classifying a case as ‘PTB, sputum smear-
positive’ requires ‘1) two or more initial sputum smear
examinations positive for AFB, or, 2) one sputum
smear examination positive for AFB plus radiographic
abnormalities consistent with active PTB as deter-
mined by a clinician, or, 3) one sputum smear exam-
ination positive for AFB plus sputum culture’.5

These definitions reinforce the requirement for three
or more specimens for both diagnosis and classification.
However, several studies have shown that the added
diagnostic value of the third specimen is small.9–12 It is
argued that the slight increase in sensitivity of micros-
copy gained by requiring a third specimen is outweighed
by two disadvantages: 1) an increase in laboratory
workload that can reduce the accuracy of results, with
higher numbers of both false-positive and false-negative
interpretations,13 and 2) an increased burden on pa-
tients because of the requirement for repeated health
center visits. A study in Malawi has reported 15% of
smear-positive cases dropping out of the diagnostic
pathway between submitting specimens and being of-
fered treatment.14 If reducing the number of speci-
mens examined could result in a reduction in the
number of visits required of patients in obtaining a di-
agnosis, there may be fewer drop-outs, although this
assumption has yet to be tested.

To address these questions and to provide a solid
foundation on which rational recommendations could
be made, we conducted a systematic review of the lit-
erature. The aim of the review was to determine the di-
agnostic value of a third sputum specimen in the eval-
uation of suspected PTB as measured by incremental
yield or increase in sensitivity (see Appendix 1 for def-
initions). The review complements two other systematic
reviews by our group on the added value of sputum pro-
cessing methods and of fluorescence microscopy.15,16

Taken together, these reviews provide an understand-
ing of the baseline level of performance for sputum
smear microscopy, the current standard method for di-
agnosing TB in low-resource settings, to which newer
methods can be compared.

METHODS

Search strategy
We searched the following electronic databases for
primary studies and conference abstracts: PubMed,
BIOSIS, EmBase and Web of Science (searches up to
date as of December 2004). The PubMed search was
extended to May 2005. The key words and search
terms used included ‘tuberculosis’, ‘Mycobacterium
tuberculosis’, ‘acid-fast and bacilli’, ‘sputum and mi-
croscopy’, ‘bacteriology’, ‘sensitivity and specificity’,

‘sputum concentration’, ‘sputum smears’, and ‘direct
microscopy’.

We hand-searched the indices of the International
Journal of Tuberculosis and Lung Disease (1997–2005)
and the Indian Journal of Tuberculosis (1953–2004) for
additional relevant articles. We also searched refer-
ence lists from the primary studies we identified for
inclusion, as well as review articles and dissertations.
When necessary, we contacted authors requesting clar-
ification of studies.

Study selection
Our search strategy aimed to include all English lan-
guage publications that described the evaluation of TB
suspects using microscopic examination of three sep-
arate sputum specimens, and that reported the data in
such a way as to enable calculation of the incremental
yield and/or the increase in sensitivity of the second
and third specimens. We also included studies that de-
termined the incremental yield and/or the increase in
sensitivity of more than three specimens, but reana-
lyzed the data to report only the yield of the third spec-
imen, because more than three smears per suspect are
unlikely to be performed in routine practice.

The following studies were excluded: 1) investiga-
tions of specimens other than sputum, 2) studies in
which only one or two sputum specimens were col-
lected per suspected case, 3) studies focusing on
non-tuberculous mycobacteria (NTM), 4) studies in
which serial sputum smears were used to monitor
treatment response, 5) assessments only addressing
cost-effectiveness, 6) case reports and reviews. Two
reviewers (VN and MH) independently screened the
accumulated citations for study eligibility. Finally, a
third reviewer (SM) independently assessed all full-
text articles.

Data extraction
Two reviewers (SM and MP) created and piloted a data
extraction form with a subset of included studies.
Based upon experience gained in the pilot, the data
extraction form was finalized. One reviewer (SM) ex-
tracted data from eligible studies on the following
study characteristics: methodological quality, study
population, the number of suspected TB cases, labo-
ratory methods, reference standard employed, and
outcome data (defined as incremental yield or increase
in sensitivity of serial specimens). To verify reproduc-
ibility of data extraction, a second reviewer (MP)
independently extracted data from 10/37 (27%) in-
cluded studies. The inter-rater agreement between the
two reviewers for outcome data was 100%.

When data were not clearly reported, the informa-
tion was coded as ‘not reported’ (NR). Unresolved dif-
ferences concerning data were decided by consensus.
The reference standard, when reported, was a myco-
bacterial culture on the same specimen on which the
microscopic examination was performed. A smear-
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positive case, for the purposes of this review, was de-
fined as a positive result in at least one of three spec-
imens. It is important to note that this definition of a
smear-positive case is different from the case defini-
tion recommended by the WHO and The Union.5 The
implications of our definition of a smear-positive case
are discussed later. We assumed that any positive smear
was a true positive when no culture was performed.
Data were also collected on the yield of morning versus
spot sputum specimens from studies presenting re-
sults on this topic.

Assessment of study quality
Quality assessment criteria included the following
items:17,18 1) Was there blinded interpretation of
smear and culture results? 2) Was the reading of sub-
sequent smears blinded to the result of prior smears?
3) Did the study prospectively include consecutive pa-
tients suspected of having PTB?

Data synthesis and meta-analysis
As studies were heterogeneous in many respects, we
grouped them by characteristics such as study design,
number of sputum specimens examined, stain used,
sputum processing method and use of culture as a refer-
ence standard. The Table shows the subgroups formed
and the number of studies in each subgroup. For all
studies, we computed the incremental yield in smear
positivity and/or the increase in sensitivity (when cul-
tures were reported) of serial sputum specimens ex-
amined in the study. For those studies using a refer-
ence standard, incremental yield in smear positivity
and increase in sensitivity were calculated whenever
possible. We calculated these values in the following
manner: 1) when culture was used as the reference
standard, we used all culture-positive patients as the
denominator for calculating sensitivity; 2) regardless
of the use of culture, we used all smear-positive pa-
tients as the denominator for determining the incremen-
tal yield of microscopic examination of each specimen
(for the formulae used for calculations see Appendix
1). Weighted averages (with study size as the weight-

ing variable) for incremental yield and increase in sen-
sitivity of the second and third specimens were calcu-
lated for all subgroups analyzed. Data were analyzed
using Meta-DiSc software (version 1.1.1).19

RESULTS

Description of included studies
Of the 3538 citations identified by literature searches,
a total of 31 English-language publications (29 arti-
cles,9–11,20–45 1 letter46 and 1 unpublished communi-
cation47) met the eligibility criteria (Figure). Two
studies33,37 presented the data based on two separate
microscopy methods (Ziehl-Neelsen [ZN] and fluo-
rescence microscopy [FM]). One study45 presented
data from two separate laboratories. One multicenter
study34 presented data from four separate countries
and these were analyzed as separate studies. Thus, a
total of 37 studies (from 31 papers) were analyzed.

Of the 37 studies, 20 (54%) utilized culture as the

Table Incremental yield and increase in sensitivity of the third sputum specimen; weighted 
averages by subgroup

Subgroup

Incremental yield in number of
smear-positive cases identified*

% (95% CI)
Increase in sensitivity†

% (95%CI)

Overall 2.3 (1.8–2.9), n � 29 3.1 (2.1–4.2), n � 20
Prospective studies 2.4 (1.7–3.1), n � 15 3.1 (1.3–5.0), n � 9
Retrospective studies 2.2 (1.4–3.1), n � 14 3.1 (1.8–4.4), n � 11
Fluorescence microscopy 3.0 (1.2–4.8), n � 10 2.4 (1.1–3.8), n � 12
Ziehl-Neelsen microscopy 2.3 (1.7–2.9), n � 19 4.7 (3.3–6.0), n � 8
Direct smears 2.3 (1.6–2.9), n � 17 2.3 (0.6–4.0), n � 6
Processed smears 5.6 (3.6–7.6), n � 12 4.1 (2.7–5.5), n � 14
Multicentre studies 2.4 (0.3–4.4), n � 4 n � 0

* Incremental yield in smear positivity calculated with denominator � all smear-positive patients.
† Sensitivity calculated with denominator � all culture-positive patients.
CI � confidence interval.

Figure Flow diagram for study selection

Figure:  Flow diagram for study selection
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reference standard. Five (14%) studies collected four
sputum specimens and two (5%) collected eight spec-
imens. Eighteen (49%) studies used a prospective de-
sign and 19 (51%) used a retrospective design. Thirty-
five studies (95%) enrolled consecutive patients and
two (5%) did not report on enrollment sequence. The
average sample size, when the study population in-
cluded all smear-positive patients (n � 36), was 1134
patients (median 153; range 5–11 650). The average
sample size, when the study population included all
culture-positive patients (n � 20), was 155 patients
(median 84; range 9–554). Thirty-one (84%) studies
were published after 1980, and three (10%) of the 31
included information about patients infected with the
human immunodeficiency virus (HIV). Descriptive in-
formation on population characteristics, such as sex
and age category, was often not reported.

Twenty-four (65%) of the 37 studies utilized ZN
stain and 13 (35%) used FM. Thirteen studies (35%)
reported the use of some processing method, 23
(62%) reported the use of direct smear microscopy
and one (3%) did not describe the method. Only one
study reported that results of the microscopic examina-
tions were blinded to results of prior examinations.40

No study explicitly reported blinding of readings to the
reference standard. For the majority of studies, infor-
mation was not reported on sputum characteristics,
timing, manner of sputum collection, mycobacterial
culture methods or quality assurance for microscopy.
Six (16%) of the 37 studies reported data on the yield
of morning versus spot sputum collection. Appen-
dices 2 and 3 present detailed information on study
characteristics. Clarification regarding specific aspects
of their studies was provided by eight authors.

Incremental yield and increase in sensitivity: 
all studies combined
The overall weighted average incremental yield from
the third sputum specimen (IY3) for 29 studies was
2.3% (Table).9–11,20–25, 27–29,31–33,36–39,41–47 For that group
of studies, the overall weighted average percentage of
all cases that were detected with the first sputum spec-
imen was 85.8%. With the second sputum specimen,
the weighted average incremental yield (IY2) was
11.9% (data not presented). As the Table shows, the
overall weighted average increase in sensitivity pro-
vided by the third specimen for 20 studies using cul-
ture was 3.1%.20–29,31,33, 35–37,41,43,47 The weighted av-
erage sensitivity of the first specimen was 53.8% and
the weighted average increase in sensitivity of the sec-
ond specimen was 11.1%.

Incremental yield and increase in sensitivity: 
subgroup analyses

Incremental yield in smear positivity
The weighted average IY3 in prospective studies10,21,22,

25,28,32,33,37,41,42,45,46 was 2.4% compared with 2.2% in

retrospective studies (Table).9,11,20,23,24,27,29,31,36,38,39,43,

44,47 The weighted average IY3 in studies using fluo-
rescence microscopy20,21,23–25,29,31,33,37,47 was 3.0% com-
pared with a value of 2.3% in studies using conven-
tional microscopy.9–11,22,27,28,32,33,36–39,41–46 The weighted
average IY3 in studies using processed specimens20–24,

27,31,37, 43, 47 was 5.6%, while that in studies using di-
rect smear microscopy9–11,28,29,32,33,36,38,39,41,42,44–46 was
2.3%. The weighted average IY3 of four separate data
sets from the multicenter study34 was 2.4%.

Increase in sensitivity
The weighted average increase in sensitivity of the third
specimen in both prospective studies21,22,25,28,33,37,41

and retrospective studies20,23,24,26,27,29,31,35,36,43,47 was
3.1% (Table). The weighted average increase in sensi-
tivity of the third specimen in studies using fluores-
cence microscopy20,21,23–26,29,31,33,35,37,47 was 2.4%, com-
pared with 4.7% in studies using conventional
microscopy.22,27,28,33,36,37,41,43 The weighted average
increase in sensitivity of the third specimen in studies
using processed smears20–27,29,31,35,37,47 was 4.1%, while
that in studies using direct smear microscopy28,29,33,36,41

was 2.3%.

Studies with results stratified by HIV status
Of the three studies with results stratified by HIV sta-
tus,29,31,47 two29,31 found no difference in the increase
in sensitivity from examination of the third specimen
in HIV-positive compared with HIV-negative persons
(0% in both groups). One study47 found the increase
in sensitivity of the third specimen to be 16% in HIV-
positive compared with 7% in HIV-negative persons.

Unique studies using different methods not
consistent with the above
One study,30 performed in Malawi, used a completely
different study design and analysis from the others. In
1998, during a 6-month period (1 July–31 Decem-
ber), a strategy for screening all TB suspects with ex-
amination of two sputum specimens was utilized and
the results were compared with the results during the
previous 6 months (1 January–30 June), when the pol-
icy was to evaluate all persons suspected of having TB
with three sputum specimens. The percentages of cases
found in the two time periods were compared. Using
the two-sputum strategy, 186 (16.1%) of 1152 per-
sons evaluated had positive smears compared with
173 (15.6%) of 1106 using the three-sputum strategy.
The clinical features of TB during the two time peri-
ods were similar. Using the two-specimen strategy,
there was a 29% reduction in the number of speci-
mens collected and examined that resulted in a sav-
ings of US$220 in the cost of consumable items (e.g.,
slides, reagents).

Another study,40 performed in Ethiopia, also used a
different approach. A total of 243 persons being eval-
uated for TB had two spot sputum specimens obtained
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on the same day (the second specimen 1 hour after the
first), followed by the routine morning and spot spec-
imen on the second day. Of 52 patients with TB diag-
nosed by smear microscopy, 49/52 (94%) were de-
tected by the same-day method and 51/52 (98%)
were detected by standard methods.

Yield of morning versus spot specimens
Of six studies presenting data on the yield of morning
versus spot sputum specimens, the average yield of a
single spot specimen (four studies10,21,22,46) was 73.9%
compared with 86.4% for the average yield of a sin-
gle morning specimen (six studies10,11,21,22,44,46). The
average yield of two spot specimens in two studies11,44

was 92.2%.

DISCUSSION

Prompt and accurate diagnosis together with effective
treatment are the essential elements of TB care and
control. A confirmed diagnosis of PTB can only be es-
tablished by isolating the M. tuberculosis complex or
finding specific sequences of DNA in respiratory spec-
imens. However, because mycobacterial culture and
molecular tests are complex and costly, they are not
widely used in resource-poor settings where TB is
prevalent, and sputum smear microscopy remains the
cornerstone of case detection. Fortunately, in high-
burden settings, the finding of AFB by microscopy in
sputum smears is highly specific.48–50 Because of its
relatively low complexity and low cost, sputum smear
microscopy is well-suited to resource-poor settings.
Poor sensitivity, however, remains a significant prob-
lem. Consequently, the optimization of smear micros-
copy techniques to improve the sensitivity and the de-
velopment of new diagnostic tools are both areas of
active investigation.51,52 In addition, existing recom-
mendations regarding diagnosis are often not followed.
A global situation assessment reported by the WHO
suggested that delays in establishing a diagnosis are
common.1 This survey and other studies have also
shown that clinicians, especially those who work in
the private sector, often deviate from standard, inter-
nationally recommended diagnostic approaches.6–8

These deviations include under-utilization of sputum
smear microscopy and over-reliance on radiography
for diagnosis, as well as inappropriate utilization of
poorly validated diagnostic tests, such as serologic as-
says. Thus, in addition to optimum technical utiliza-
tion of sputum smear microscopy, educational and
other efforts that foster utilization of appropriate di-
agnostic evaluations are essential.53

Our review was designed to determine the incre-
mental yield in smear positivity and the increase in sen-
sitivity of the third sputum specimen. This information
could be used to determine if the current recommen-
dations that specify the examination of three sequen-
tial specimens for all persons suspected of having TB

is justified by evidence in the literature. Thirty-seven
studies met our rigorous criteria for inclusion. Our
analysis found that the overall incremental yield in
smear positivity and the overall increase in sensitivity
of the third specimen ranged from 0 to 11%, depend-
ing on numerous variables including study population,
study design, stain used and concentration method.
Various subgroup analyses suggest that, regardless of
the method of data stratification, the mean incremen-
tal yield in smear positivity and the mean increase in
sensitivity of the third specimen was 2% to 5%.

The two studies with unique study designs30,40 also
contribute data suggesting that the number or pro-
portion of smear-positive cases identified is not signif-
icantly reduced by using a two-specimen rather than a
three-specimen strategy, although workload and cost
are significantly reduced.

Limited data on the yield of examining morning
versus spot sputum specimens suggest that a single
morning specimen has an approximately 12% higher
yield than a single spot specimen.

The findings of this systematic review indicate that,
overall, the value of the third specimen is low, regard-
less of study design, study population, and micros-
copy methods. Evaluating 1000 persons suspected of
having TB, in which there was a 10% prevalence of
the disease, a three-specimen strategy would require
examination of more than 900 third smears to yield
an additional 2–5 cases (2–5% incremental yield).
Based on a 5-day working week and a laboratory tech-
nician being able to prepare and read a maximum of
25 smears per day competently, the 2–5 extra cases iden-
tified by the third specimen would take over 7 weeks
of full-time work. In high-burden settings, the elimi-
nation of the third specimen and the resultant reduc-
tion in workload may actually improve case detection
by improving the quality of examination of the first
two specimens. If it were possible to translate the re-
duction in specimens required into a reduction in the
number of patient visits required (e.g., by examining
two smears on the same day), case detection and the
proportion of all cases treated might be further in-
creased through a reduction in the number of patients
who drop out during the diagnostic process.40

Strengths and limitations of the review
Our review had several strengths. First, the compre-
hensive search strategy, using a variety of overlapping
search strategies, enabled us to retrieve relevant studies
dating as far back as 1959. We attempted to limit
publication bias by including journal articles as well
as conference abstracts and unpublished data. More-
over, two reviewers independently and reproducibly
completed screening, study selection and data extrac-
tion on a subset of studies. We analyzed data within
specific subgroups to account for heterogeneity and
highlight the impact of various differences in use of
gold standard, study design and microscopy technique
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on the incremental yield or the increase in sensitivity
of serial specimens.

This review also had limitations. First, we did not
address issues such as cost-effectiveness or reliability.
Likewise, we did not attempt to determine the speci-
ficity of a positive smear. We assumed all positive
smears were true positives; although studies have in-
dicated that false-positive smears occur, the rate is
generally low.49,50 The studies in our review presented
limited data on the clinical status of patients and the
disease spectrum of the study populations, potentially
introducing significant variability in findings across
studies. Most studies reported neither the interval be-
tween specimens nor the method of sputum collection
(i.e., morning vs. spot, daily vs. every 8 hours), and this
introduces heterogeneity into the analysis for which it
is difficult to control. Although we performed sub-
group analyses for studies based on variables such as
the use of culture as the reference standard, micros-
copy techniques and sputum processing methods, the
specific methods were not described in some studies.
In addition, in retrospective studies, the reported or-
der of specimens identified as one, two or three may
not represent the actual order of collection. Further-
more, different thresholds were used to define a posi-
tive smear, introducing variability in the interpreta-
tion of ‘smear-positive’.

The training of laboratory technicians is a very im-
portant factor affecting the accuracy of results; how-
ever, few studies reported on the specific training and
experience of the technicians who read the sputum
smears. Differences in the expertise of microscopists
could account in part for the variation in reported re-
sults. Only one study reported that readings of the
microscopy smears were blinded to results of prior
smears. No study explicitly reported blinding to the
reference standard. We attempted to discriminate on
the basis of blinding by stratifying studies by design,
on the assumption that prospective studies were more
likely to be blinded than retrospective studies; it is pos-
sible, however, that many of the prospective studies
were not blinded either. Finally, despite the compre-
hensive literature searches performed, we may have
missed some relevant studies, particularly older studies
on this topic. Some non-English publications were ex-
cluded from this review, perhaps contributing some-
what to publication bias.

Definition of a sputum smear-positive case
For the purposes of this review, a sputum smear-positive
case was defined as a positive result in at least one of
three specimens. If the first specimen was positive,
then the results of the subsequent two specimens were
irrelevant; if the first specimen was negative and the
second positive, then the result of the third specimen
was irrelevant. Therefore, the IY3 was calculated solely
from cases in which both the first and second speci-
mens were negative and the third positive (NNP). In

the absence of other criteria (such as a mycobacterial
culture, radiography or clinical findings), the WHO
definition requires two positive smears to register a
case as sputum smear-positive.5 To determine the addi-
tional yield of cases meeting this definition, we would
have to recalculate the additional yield of the third
smear as the yield added by those cases that would not
have been defined as cases were it not for the third spec-
imen. Using this alternative method based on the WHO
definition, one would expect the yield of the third spec-
imen to be greater. Yassin and colleagues40 in fact reana-
lyzed their data and found that the third smear, while
only yielding an additional 1% of patients with a single
positive smear, would yield an additional 11% of cases
eligible for registration as sputum smear-positive cases
(Dr Mohammed Yassin, Liverpool School of Tropical
Medicine, personal communication).

Implications for future research
The major implications for research relate to high
TB prevalence, resource-poor settings where spu-
tum microscopy is the main or only diagnostic tool
available, and particularly where laboratory services
are being overwhelmed with requests for sputum ex-
aminations. In addition to these settings, however,
studies should be conducted in settings that present a
variety of epidemiological circumstances, especially
in those with high and those with low HIV preva-
lence. All of the suggested studies would be most use-
ful if they followed an internationally standardized
approach specifying definitions, key variables to be
collected, and outcomes to be reported. Such an ap-
proach would both strengthen the country-specific
evidence base and enable comparisons to be made
among studies.

The performance of any new diagnostic approach
must be prospectively evaluated to determine the
impact on case finding under program conditions.
Research will be required to evaluate the need for
follow-up investigations of persons found to have
two negative specimens, or the need for follow-up
specimens to be collected for persons with only one
positive specimen of two examined. Research will
also be needed to determine the optimum sampling
strategy to improve case detection and get more pa-
tients into treatment programs. Different specimen
collection approaches should be evaluated under op-
erational conditions, including the collection of two
same-day specimens. Particular attention must be
given to the performance of a two-specimen approach
in HIV-infected persons.

Operational research should address the cost-
effectiveness and logistics of implementing a two-
specimen strategy for TB case finding, particularly in
high-prevalence, resource-poor settings. Patient costs
should also be considered in these studies. Evaluation
of the latter will help to determine the validity of the
current WHO smear-positive case definition.
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Implications for policy
The main implications for policy also relate mainly,
but not exclusively, to resource-poor settings of high
TB prevalence, where sputum smear microscopy is the
main or only diagnostic tool available, and particularly
where laboratory services are being overwhelmed with
requests for sputum smear microscopy. It is possible
that a two-specimen approach would either have a
negligible adverse impact on case finding or would ac-
tually improve results through improved quality of ser-
vice (including a shortened time to diagnosis). Omit-
ting the third specimen would reduce the number of
smears requiring rechecking in external quality as-
sessment schemes. The time saved from the inefficient
examination of a third smear may be applied towards
better quality testing for other diseases.

National TB control programs will need to care-
fully consider each of the following before changing
their policy to a two-specimen approach: 1) the smear
microscopy workload and the human resources avail-
able; 2) the potential decrease in numbers of patients
dropping out of the diagnostic pathway; 3) the sav-
ings in time and costs that could be potentially redi-
rected to improving the quality of microscopic exam-
ination or specimen collection procedures; 4) the
potential decrease in numbers of smears required for
blinded rechecking in quality assurance programs;
5) the potential for decreases as well as increases in
case detection; 6) strategies for obtaining a third spu-
tum specimen examination in the case of single posi-
tives to satisfy the WHO case definition of a smear-
positive case; and 7) strategies for following up those
patients who have two negative smears.

Some countries are already implementing, or are
considering implementing, a two-specimen approach.
We would advocate strongly for an operational research
component to implementation.
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R É S U M É

Les directives internationales actuelles en matière de tu-
berculose (TB) recommandent l’examen microscopique
de trois échantillons d’expectorations pour les bacilles
acido-résistants dans l’évaluation des suspects de TB
pulmonaire. Nous avons mené une revue systématique
des études qui quantifiaient le rendement diagnostique
de chacun de ces trois échantillons d’expectorations. En
faisant une recherche dans de multiples bases de données
et sources, nous avons identifié au total 37 études éligi-
bles. Leur rendement supplémentaire en bacilloscopies
positives des expectorations du troisième échantillon

(dans les études utilisant l’ensemble des cas à bacillo-
scopie positive comme dénominateur), ainsi que l’aug-
mentation de sensibilité (dans les études utilisant l’en-
semble des cas à culture positive comme dénominateur),
ont été les critères principaux intéressants. Quoique
l’hétérogénéité des méthodes d’étude et des résultats ait
représenté des défis pour la synthèse des données, les
analyses par sous-groupes suggèrent que le rendement
supplémentaire moyen et/ou l’augmentation de sensibi-
lité liés à l’examen d’un troisième échantillon se situent
entre 2% et 5%. La réduction du nombre recommandé
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Yield of serial sputum specimens for tuberculosis 493

APPENDIX 1

The following definitions are used for calculation of
incremental yield and increase in sensitivity.

For all studies with denominator �
all smear-positive* patients

1 Proportion positive of the first sputum specimen �
PXX � number of patients with first specimen
positive/number of smear-positive patients who
had three specimens examined, at least one of
which was positive.

Incremental yield

2 Incremental yield of the second specimen � NPX �
number of patients with first specimen negative and
second smear-positive/number of smear-positive
patients who had three specimens examined, at
least one of which was positive.

3 Incremental yield of the third specimen � NNP �
number of patients with first two specimens nega-
tive and third smear-positive/number of smear-
positive patients who had three specimens exam-
ined, at least one of which was positive.

For all studies with denominator �
all culture-positive patients

Sensitivity

1 Sensitivity of the first sputum specimen � PXX �
number of patients with first specimen positive/
number of patients who had three specimens exam-
ined by smear and culture, of which at least one
was culture-positive.

2 Sensitivity of the second specimen � NPX � num-
ber of patients with first specimen negative and sec-
ond specimen positive/number of patients who had
three specimens examined by smear and culture, of
which at least one was culture-positive.

3 Sensitivity of the third specimen � NNP � number
of patients with first two specimens negative and
third specimen positive/number of patients who
had three specimens examined by smear and cul-
ture, of which at least one was culture-positive.

d’échantillons à examiner de trois à deux (et particu-
lièrement à deux recueillis le même jour) pourrait com-
porter des avantages pour les programmes de lutte contre
la TB et même potentiellement pour diverses raisons
accroître la détection des cas. Un certain nombre de
problèmes de recherche opérationnelle doivent être réso-
lus. Les études examinant les moyens les plus efficaces et

les plus efficients d’utiliser les technologies actuelles
pour l’examen microscopique des expectorations se-
raient les plus utiles si elles suivaient une approche inter-
nationale coordonnée et standardisée, à la fois pour ren-
forcer la base d’éléments spécifiques aux pays et pour
permettre une comparaison entre les études.

R E S U M E N

Las actuales normas internacionales sobre tuberculosis
(TB) recomiendan el examen microscópico de tres mues-
tras de esputo en busca de bacilos acidorresistentes, a fin
de evaluar las personas con diagnóstico presuntivo de
TB pulmonar. Se realizó una revisión sistemática de los
estudios en los cuales se ha cuantificado el rendimiento
diagnóstico de cada una de las tres muestras de esputo.
Mediante la búsqueda en múltiples fuentes y bases de
datos se encontraron 37 estudios idóneos. Los princi-
pales criterios de valoración fueron el incremento del
rendimiento de los resultados de baciloscopias positivas
de la tercera muestra (en los estudios que tomaban todos
los casos de baciloscopia positiva como denominador) y
el aumento de la sensibilidad de la tercera muestra (en
los estudios que tomaban todos los cultivos positivos
como denominador). Aunque la heterogeneidad en los

métodos de estudio y los resultados interfirieron con la
síntesis de los datos, el análisis de subgrupos indicó que
con el examen de la tercera muestra el rendimiento, la
sensibilidad o ambos aumentaron entre el 2% y el 5%.
Una reducción del número recomendado de tres mues-
tras de esputo a dos (en particular dos muestras recogi-
das el mismo día) podría ser útil en los programas de
control de TB y aumentaría quizá la detección de casos
por varias razones. Es necesario comentar algunos as-
pectos de investigación operativa. Los estudios que anali-
zan los medios más eficaces y eficientes de utilizar las
técnicas actuales del examen microscópico del esputo
serían más rentables si aplicaran métodos coordinados y
estandarizados, a fin de fortalecer la base de datos espe-
cífica del país y facilitar la comparación de los estudios.

*Smear-positive � positive on at least one of three serial specimens.
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Optimizing sputum smear 
microscopy for the diagnosis of 
pulmonary tuberculosis
‘Sputum smear microscopy has high specificity in 
tuberculosis-endemic countries, but modest sensitivity 
that varies among laboratories. However, currently used 
microscopy methods can be optimized to generate 
higher sensitivity and yield.’
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The challenge of tuberculosis case detection
The global burden of disability and death due
to tuberculosis (TB) is immense. In 2005 alone,
an estimated 8.8 million people developed TB
and almost 2 million died, including 195,000
HIV-infected individuals [1]. Although the inci-
dence of TB is constant or falling in all regions
of the world, there has been a continued
increase in the total number of new TB cases
in Africa, Southeast Asia and the Eastern
Mediterranean region [1,2]. The expansion of
DOTS, the international TB control strategy,
has resulted in a new smear-positive case-
detection rate of 60% globally, approaching the
2005 WHO target of 70% case detection [1].
However, the majority of DOTS programs in
high TB-burden countries have fallen short of
this target [1].

More than 90% of TB patients live in low-
and middle-income countries [2], where the
diagnosis of TB relies primarily on identifica-
tion of acid-fast bacilli on sputum smears
using a conventional light microscope. In
these countries, most laboratories use smears
of unconcentrated sputum (direct smears)
with Ziehl–Neelsen (ZN) staining. The
DOTS strategy focuses on passive case
finding of sputum smear-positive patients [3].
Typically, a patient who presents to a local
health center or national TB program facility
with a cough lasting more than 2–3 weeks

submits a minimum of three consecutive
sputum specimens (spot, morning, spot) for
examination by sputum smear microscopy
(hereafter referred to as microscopy). Micros-
copy is relatively simple, inexpensive, widely
applicable and highly specific for Myco-
bacterium tuberculosis in TB-endemic coun-
tries [3]. Approximately 25 smears can be
prepared and examined by a microscopist in a
single day. In addition, microscopy identifies
the most infectious patients [4–6]. However,
microscopy has several limitations. Although
it has been reported to have more than 80%
sensitivity compared with culture for
identifying cases of pulmonary TB in some
settings [7,8], the sensitivity of the test has
been lower and variable in other reports
(range 20–80%) [9,10]. Moreover, the sensitiv-
ity of microscopy is limited in paucibacillary
disease (e.g., pediatric and HIV-associated
TB) [11,12].

In addition to the problem of variable sensi-
tivity, microscopy requires significant labor
and training. These factors result in missed
cases, reduced access to diagnostic services and
heavy workloads to already overburdened
health systems. Repeated visits by the patient
over several days may be required to establish a
diagnosis. Work in Malawi has shown that a
significant proportion of smear-positive
patients attending a district hospital drop out

For reprint orders, please contact:
reprints@future-drugs.com
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of the diagnostic pathway before their results can be communi-
cated to them and treatment started [13]. Thus, the modest
sensitivity of microscopy and the complex diagnostic pathway
contribute to delays in diagnosis, enabling the disease to
progress and increasing the potential for transmission of
M. tuberculosis [7].

A TB working group has estimated that a rapid and accessi-
ble test for TB with sensitivity for smear-positive and -nega-
tive cases greater than 85% and specificity of 97% could save
approximately 400,000 lives a year [14]. Experts in TB diag-
nostics have called attention to the need to improve and
possibly replace microscopy with a simpler test. Several new
diagnostic tools are currently in the pipeline but will take
time to develop and evaluate and, if found to be effective, to
implement [11,15,16]. However, few of the diagnostic tools
under development will be appropriate for the lower levels of
health systems in developing countries where the majority of
patients present. Therefore, in most resource-limited coun-
tries, microscopy will remain the primary means of micro-
biological diagnosis of TB for the foreseeable future. Thus,
strategies that optimize microscopy services need to be
explored urgently. 

As part of a project commissioned by the WHO Special
Programme for Research and Training in Tropical Diseases
(TDR), a series of systematic reviews were performed to deter-
mine the strength of existing evidence, identify knowledge gaps
and define a research agenda for microscopy. In particular, these
reviews addressed sputum processing methods [10], fluorescence
microscopy [17] and the yield of serial sputum specimen
examinations [18]. Findings from the three reviews are
summarized in TABLE 1 and described below. 

Is there evidence that microscopy can be optimized using 
chemical & physical sputum processing techniques?
The review on sputum processing methods identified a total of
83 studies [10]. Of these, 14 studies (culture used as the reference
standard) investigated the impact of centrifugation with a chemi-
cal (usually either bleach or sodium hydroxide) on microscopy.
Sputum processing yielded a mean of 18% (95% confidence
interval [CI]: 11–26%) increase in sensitivity with 13 studies
showing an increase and one study showing a decrease. The
review found moderate evidence for the use of bleach with
centrifugation in sputum processing prior to microscopy
(six studies using comparable methodologies and culture as the
reference standard). The mean increase in sensitivity was 13%
(95% CI: -1 to 26%). In all studies, sensitivity for processed
smears was higher than for direct smears. In the only study (with
mycobacterial culture) involving HIV-infected individuals
(96 patients), sensitivity increased by 11% following processing
with bleach and centrifugation [19]. A recent review conducted by
Ängeby and colleagues found similar results [20].

A total of eight studies (four using overnight sedimentation
and four using short sedimentation times of 30–45 min) inves-
tigated the effect of sedimentation with a variety of chemical
agents, usually either bleach or ammonium sulfate. All studies
used culture as the reference standard. In studies using over-
night sedimentation, the average increase in sensitivity was
23% (median 28%; range 2–34%), while in studies with short
sedimentation times, the average increase was more modest at
9% (median 1%; range 0–36%). 

The average specificity of microscopy following processing
with physical and chemical methods was 98%, comparable
with the direct smear method. The evidence in this review

Table 1. Findings from systematic reviews on optimization of sputum smear microscopy. 

Systematic review Total number 
of studies in 
the review

Median
sample size 
(range)

Outcome measures* Principal findings Ref.

Sputum processing 83 256 (8–3287) Sensitivity, specificity 
and incremental yield of 
positive smears

Sputum processing (mainly with bleach or 
sodium hydroxide) yielded an average 18% 
increase in sensitivity. Sputum subjected to 
overnight sedimentation preceded by 
treatment with ammonium sulfate or 
bleach was, on average, 23% more sensitive. 
Specificity was unaffected by 
sputum processing

[10]

Fluorescence 
microscopy 

45 493 (12–23,427) Sensitivity, specificity 
and incremental yield of 
positive smears

Fluorescence microscopy was, on average, 10% 
more sensitive than conventional microscopy. 
Specificity of both fluorescence and 
conventional microscopy was similar

[17]

Serial sputum 
specimens

37 153 (5–11,650)‡ Sensitivity and 
incremental yield of third 
sputum specimen

Mean incremental yield and/or increase in 
sensitivity from examination of third sputum 
specimen ranged between 2 and 5%

[18]

*Sensitivity is defined as the proportion of culture-positive samples found positive with the given microscopy method; specificity is defined as the proportion of 
culture-negative samples found negative with the given microscopy method.
‡For 36 studies, including all smear-positive patients.
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suggested that processing sputum by use of centrifugation and
various chemicals, including bleach and sodium hydroxide,
increases the sensitivity of microscopy compared with the direct
smear method and has similar specificity. However, the review
did not enable us to determine whether the methods studied here
would yield similar results if carried out in peripheral laboratories
in low-income countries owing to the following concerns: feasi-
bility of centrifugation in settings with irregular power supply;
limited human and financial resources; inadequate training
capacity and the potential biohazard posed by centrifugation. 

Is there evidence that microscopy can be optimized using 
fluorescence microscopy?
The review on fluorescence microscopy identified a total of
45 eligible studies [17]. The results (18 studies with culture as
the reference standard) showed that sensitivity of conventional
microscopy ranged from 32 to 94% and sensitivity of fluores-
cence microscopy ranged from 52 to 97%. Fluorescence micro-
scopy was on average 10% more sensitive than conventional
microscopy (95% CI: 5–15%). The average specificity of
fluorescence microscopy was 98%, similar to that of
conventional microscopy.

Two studies assessed the accuracy of fluorescence micros-
copy in patients with documented HIV infection. In one
study (339 patients) that used mycobacterial culture,
sensitivity of fluorescence microscopy
was twice as high as that of conven-
tional microscopy and specificity was
similar (fluorescence microscopy: sensi-
tivity 73%, specificity 100%; conven-
tional microscopy: sensitivity 36%,
specificity 100%) [21]. A second study
reported a 26% increase in yield of fluorescence microscopy
compared with conventional microscopy in HIV-infected
patients thought to have pulmonary TB on clinical and
radiological examination [22].

The finding of quicker examination times for smear results
with fluorescence microscopy compared with light micros-
copy using ZN staining was substantiated in this review.
Results from a large double-blinded study found that fluores-
cence microscopy, which took 1 min, had higher sensitivity
and equivalent specificity compared with conventional
microscopy, which took 4 min [23]. Although traditional fluo-
rescent microscopes with mercury vapor lamps have been
considered too expensive for use in resource-limited settings,
newer, less-expensive fluorescent microscopes with light-
emitting diodes (LEDs) are now available. Recently, Nguyen
and colleagues found good agreement between fluorescence
microscopy smear readings using LEDs and traditional high-
pressure mercury vapor lamps [24]. This is a key area for
further research [25].

In summary, the above-mentioned review demonstrated that,
compared with conventional microscopy, fluorescence micros-
copy has higher sensitivity and comparable specificity, thus
dispelling any lingering doubts regarding the loss of specificity

because of fluorescing artifacts. The available evidence suggests
that fluorescence microscopy may be promising in
HIV-infected individuals. In addition, fluorochrome-stained
smears take less time to examine than smears stained using the
ZN method. 

However, before changes in policy that support broad
implementation of fluorescence microscopy can be consid-
ered, particularly in low-income countries, several issues need
to be addressed: 

• Feasibility and sustainability of fluorescence microscopy in
settings with irregular electricity supply, limited human and
financial resources and inadequate training

• Lack of internationally agreed external quality assessment
methods for blinded rechecking of fluorescent smears

• Uncertainty regarding the stability of fluorescence
microscopy reagents under field conditions

• Uncertainty regarding the general acceptability of fluorescence
microscopy to laboratory workers in tropical settings

Is there evidence that microscopy can be optimized by the 
examination of two (not three) sputum specimens?
Current international TB guidelines recommend the micros-
copic examination of three sputum specimens for the evalua-
tion of individuals suspected of having pulmonary TB. Mase

and colleagues conducted a systematic
review of studies that quantified the
diagnostic yield of the third sputum
specimen [18]. This review identified a
total of 37 eligible studies that provided
data on incremental (additional) yield in
smear positivity and additional gain in

sensitivity of the third specimen. Although heterogeneity in
study methods and results presented challenges for data synthe-
sis, the analysis found that the incremental yield in smear posi-
tivity and the sensitivity of the third specimen, without per-
forming subgroup analyses, ranged from 0 to 11% depending
on numerous variables, such as the use of a reference standard,
study population, study design, microscopy stain used and pro-
cessing method. Various subgroup analyses suggest that, regard-
less of the method of data stratification, the mean incremental
yield in smear positivity and the mean sensitivity of the third
specimen were between 2 and 5%. 

Thus, the findings of this review have implications for policy
in areas of high TB prevalence and limited resources, where
microscopy is the main, or only, diagnostic tool available and
laboratory services are being overwhelmed with requests for
microscopy. It is possible that a two-specimen approach would
have either a negligible adverse impact on case finding or actu-
ally improve case finding through improved quality of service,
including a shortened time to diagnosis. Omitting the third
specimen could alleviate the overwhelming workload of labora-
tories, particularly in countries with high demands for micros-
copy and human resource crises. This would allow time to be
invested in more thorough examination of the two remaining

‘...compared with 
conventional microscopy, 

fluorescence microscopy has 
higher sensitivity and 

comparable specificity...’
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specimens and reduce the number of smears requiring recheck-
ing in external quality assessment schemes. In high-burden
settings, laboratories performing microscopy are not only
responsible for diagnosing TB but also for the diagnosis of
other conditions, such as HIV, anemia, syphilis and malaria.
Thus, the time saved from the inefficient examination of a
third specimen may be applied toward improvements in testing
for other diseases. 

However, national TB programs will need to consider several
issues carefully before adopting the two-specimen approach: 
• Microscopy workload and human resources available
• Potential decrease in numbers of patients dropping out of the

diagnostic pathway owing to loss to follow-up
• Savings in time and costs that could be potentially diverted

to improve the quality of microscopic examination or
specimen collection procedures

• Potential decrease in numbers of smears required for blinded
rechecking in quality-assurance programs

• Potential for both decreases and increases in case detection
• Strategies for obtaining a third sputum specimen examina-

tion in the case of a single positive smear in order to satisfy
the WHO definition of a smear-positive case

• Strategies for following-up those patients negative on two
smears

Conclusions & policy implications
In conclusion, recent systematic reviews on sputum processing,
fluorescence microscopy and serial sputum specimens suggest
that currently used microscopy methods can be optimized to
generate higher than usual yields. On the basis of the evidence
in these reviews and expert opinion, the TDR has launched an
initiative to support the development of diagnostic trial sites

that will conduct research on methods to optimize microscopy
[101]. This initiative will support the development of trial sites
that will undertake studies on: 

• Optimum timing and composition of sputum specimen sets
for efficient diagnosis of sputum smear-positive TB

• Use of lower-cost fluorescence microscopy systems for the
diagnosis of sputum smear-positive TB

• Sputum processing methods involving bleach digestion and a
physical concentration step (centrifugation or gravity
sedimentation) for the diagnosis of sputum smear-positive
pulmonary TB

• Potential for reducing time to diagnosis and number of
patient visits required by examining two specimens on the
same day that the patient first presents

We hope that these initiatives will address the major gaps we
identified in our reviews and generate quality evidence that will
inform global policies on TB care and control.
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The World Health Organization (WHO) and the Inter-
national Union Against Tuberculosis and Lung Disease
(The Union) recommend direct sputum smear micros-
copy for tuberculosis (TB) case finding in resource-poor
settings. This method is associated with poor sensitivity.
Digestion of sputum with bleach prior to smear prepara-
tion has been reported to increase sensitivity. Some
workers, having reviewed the relevant literature, have
called for the WHO and The Union to advocate for a

shift to this methodology for TB case finding. This arti-
cle highlights deficiencies in the scope and detail of avail-
able evidence, and cautions against the premature, and
possibly counter-productive, adoption of so-called ‘bleach
microscopy’. Further well-guided research is required to
answer policy-relevant gaps in our knowledge about this
promising technology.
KEY WORDS: bleach; hypochlorite; microscopy; tuber-
culosis; sputum; diagnosis

THE FACTORS determining whether research find-
ings influence health service delivery are varied and
complex. For health service providers seeking to base
their services on scientific evidence, the strength of
that evidence will be a major consideration. A review
published in the Journal in 2004 concluded that there
is enough evidence to promote the introduction of
bleach microscopy as part of the DOTS strategy, and
that relevant organisations should start to advocate a
shift to this methodology.1 Although bleach micros-
copy is promising, we cannot agree that the disparate
study results collated in this review constitute the re-
quired evidence. Despite some criticism, the review
has generated a demand for the widespread adoption
of bleach microscopy. We would like to caution against
this. Although the review includes a caveat that country-
specific evaluation should precede full-scale imple-
mentation, this glosses over important deficiencies in
the existing data.

Bleach (sodium hypochlorite) was being advocated
as a useful additive for sputum microscopy nearly
100 years ago2,3 and has, with a long list of other
agents,4–8 been used with centrifugation or sedimen-
tation to increase sensitivity. None have become a
part of standard sputum processing, most commonly
because the benefit they offered was small, or because
the effect could not be replicated, especially when put

into everyday use. Although the need for improved
diagnostic methods for tuberculosis (TB), especially
in the human immunodeficiency virus (HIV) era, is
urgent, we cannot ignore the need for solid evidence
prior to the introduction of new techniques.

The recommendation of the authors was based on
a review of recent studies evaluating methods in
which acid-fast bacilli (AFB) microscopy was per-
formed after bleach treatment of sputum. The heteroge-
neous series of papers included in the review evaluated
several different laboratory methodologies (e.g., var-
ious centrifugal forces or passive sedimentation peri-
ods) and study designs. Blinded and non-blinded studies
were considered together. Studies in which proce-
dures were performed on a single specimen were re-
viewed alongside those in which different specimens
from the same patient were used for different proce-
dures. The sensitivity benefit of bleach varied tremen-
dously between studies, with an increase of 0% to
over 100% in the number of smear-positive samples
detected.

It is difficult to construct policy out of such vari-
able results. Were we to accept the authors’ conclu-
sions, which of the various bleach methods should be
implemented? In what settings and for what patient
groups would it be used? The studies included in the
review do not address either of the two most impor-
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tant operational questions for microscopy today. The
first is whether bleach microscopy can be of benefit in
peripheral clinics where the majority of patients seek
care. Only three of the 19 papers included in this re-
view were carried out in peripheral health centres,
and, as the authors point out, in two of those three
studies bleach showed no clinically significant sensi-
tivity benefit over conventional microscopy. The sec-
ond is whether bleach microscopy is particularly help-
ful in HIV co-infected individuals, where the need for
improved detection of paucibacillary disease is most
critical. Although some studies have been conducted
in areas of high HIV seroprevalence, only a few spe-
cifically address this question.9

There are many attractions to household bleach as
a microscopy reagent. It is inexpensive and widely
available in low-income countries, even in rural areas.
However, adoption of a bleach microscopy method
would not be without difficulty. As pointed out by the
review, the common requirement for distilled water
or for bench-top centrifuges, neither of which may be
available in peripheral health centres, is a significant
impediment. Other possible operational disadvan-
tages of the bleach methods, such as the need for a timed
step in microscopy preparation, the increased fragility
of smear preparations, a danger of false-positives by
transfer, and potentially altered storage and restain-
ing characteristics of smears, need further study. The
treatment of specimens with bleach may reduce bio-
hazards associated with smear preparation, but more
research, under operational conditions, is required.10

Importantly, sodium hypochlorite, the active ingredi-
ent in household bleach, degrades over time, prima-
rily through oxidation, a process accelerated by
temperature and the presence of trace impurities. At
tropical temperatures (35�C), the activity of 5% unfil-
tered household bleach would be reduced by a half
within 3 months. None of the published studies in the
review described the storage history of the bleach or
assessed the amount of active hypochlorite in the
solutions used.

The mechanism through which hypochlorite would
improve sensitivity has not been investigated, aside
from one careful study using radiolabelled bacille
Calmette-Guérin.11 Whether the effect is on the buoy-
ant density of mycobacteria, their flocculation or dis-
persal through digestion of sputum remains unknown.

The end result of using bleach may be to turn smears
classified as ‘scanty’ into positives, an idea supported
by the largest of the reviewed studies included in this
review (3287 samples), which used American Tho-
racic Society (ATS)/Centers for Disease Control and
Prevention (CDC) rather than World Health Organi-
zation (WHO)/International Union Against Tubercu-
losis and Lung Disease (The Union) criteria for scor-
ing smears and found no difference between bleach-
treated and direct microscopy.12 If this were true, sim-
ply changing reading criteria, as has been suggested,

might have as much impact as changing the process-
ing methodology.13 The ATS/CDC criteria for smear
positivity are based on fewer AFB per 100 fields than
the WHO or Union systems.

The bleach methodologies are attractive since they
are likely to be appropriate in the developing country
settings, where improved diagnosis of TB is desper-
ately needed. However, given the cost and complexity
of introducing a new diagnostic method, Ministries of
Health, and the technical agencies that support them,
will want solid data illustrating the benefit of the
technology. We need more information on the relative
merits of the different bleach techniques, followed by
controlled multicentre clinical trials in highly struc-
tured settings to evaluate clinical sensitivity and spec-
ificity. Beyond this, operational research clarifying the
feasibility, impact and cost-effectiveness of these in-
terventions will be needed. Premature scale-up of a
suboptimal technique must be avoided, as it could
lead to the unwarranted discrediting of a promising
technological approach. Lack of data should drive us
to expand our research efforts, not to declare an early
victory.
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R É S U M É

L’Organisation Mondiale de la Santé (OMS) et L’Union
Contre la Tuberculose et le Maladies Respiratoires
(L’Union) recommandent l’examen microscopique di-
rect des frottis d’expectoration pour le dépistage des cas
de tuberculose (TB) dans des contextes à faibles ressour-
ces. Cette méthode comporte une faible sensibilité. La
digestion de l’expectoration avec de l’eau de Javel pré-
alablement à la préparation du frottis a été décrite
comme un moyen d’augmenter la sensibilité. Certains
chercheurs ayant fait la revue de la littérature concernée

ont demandé à l’OMS et à l’Union de plaider en faveur
du passage à cette méthodologie pour le dépistage des
cas de TB. Cet article insiste sur l’étendue et les détails
des preuves disponibles et invite à la prudence à l’égard
d’une adoption prématurée et peut-être contre-produc-
tive de la microscopie dite à l’eau de Javel. Des recher-
ches ultérieures bien conduites sont nécessaires pour
répondre aux carences dans nos connaissances, impor-
tantes pour la stratégie au sujet de cette technologie
prometteuse.

R E S U M E N

La Organización Mundial de la Salud (OMS) y La Unión
Internacional Contra la Tuberculosis y las Enferme-
dades Respiratorias (La Unión) recomiendan la bacilo-
scopia directa de las muestras de esputo para la detec-
ción de los casos de tuberculosis (TB) en medios con
escasos recursos. Este método presenta una baja sensibi-
lidad. Existen informes sobre un aumento de la sensibili-
dad mediante digestión de la muestra de esputo con lejía
(hipoclorito de sodio). Algunos autores, después de re-
visar la literatura pertinente, han sugerido que la OMS y

la Unión preconicen un cambio hacia esta técnica para la
detección de los casos de TB. En el presente artículo se
resalta la insuficiencia de las pruebas existentes sobre el
alcance y los detalles de este método y previene contra
una adopción prematura y eventualmente contraprodu-
cente de la baciloscopia con digestión por lejía. Se pre-
cisa una investigación bien orientada para responder a
las lagunas del conocimiento de los principios de esta
técnica prometedora.
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Duration and associated factors of patient delay during

tuberculosis screening in rural Cameroon

Alexis Cambanis1, Andy Ramsay2, Mohammed A. Yassin2 and Luis E. Cuevas2
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2 Liverpool School of Tropical Medicine, Liverpool, UK

Summary objectives (i) To determine patient delay – the time from the onset of symptoms to presentation at

a health facility – and its causes in patients undergoing sputum smear examination in Cameroon; and

(ii) to compare the results with those of a previous study in Ethiopia.

methods A cross-sectional study of 243 consecutive patients using a structured questionnaire.

results Median (interquartile range) patient delay in Cameroon was 2.0 (1–4) weeks, shorter than

the 4.3 (2–13) week delay in Ethiopia. Significantly fewer patients delayed more than 1, 2 and 3 months

in Cameroon than in Ethiopia (P < 0.001). Delays in Cameroon were significantly associated with

being the main income earner, the belief that TB is stigmatizing, and the use of traditional medicine – the

latter being the only factor significant in both studies.

conclusion Engaging traditional healers in TB control programs and reducing stigma through

education could help to reduce patient delays, accelerate diagnosis, improve clinical outcomes and

reduce disease transmission. These results, when placed in context of national human development

indices, suggest that economic development, investment in health care and literacy may all be involved in

improving access to TB services in sub-Saharan Africa.

keywords patient delay, tuberculosis, Cameroon, Ethiopia, traditional medicine

Introduction

The incidence of tuberculosis (TB) – still the leading

infectious cause of adult death – continues to rise, mostly in

association with HIV in sub-Saharan Africa (Dye 2006;

WHO 2006b). In most settings, the diagnosis of smear-

positive pulmonary TB relies on sputum smear microscopy

and requires attendance at a health facility. The length of

time between the onset of symptoms and a patient’s first

interface with a health facility (referred to as ‘patient

delay’) is a crucial variable in the path to diagnosis, and

longer delays are associated with worse clinical outcomes,

greater disease transmission and risk of death (Lienhardt

et al. 2001; Golub et al. 2006).

Ethiopian patients undergoing sputum examination for

the diagnosis of TB had amedian patient delay of 4.3 weeks,

and longer delays were associated with rural residence,

obstacles involving travel to the health facility (transport

time over 2 h, cost over US$1.40, overnight travel), having

to sell personal assets and the use of traditional medicines

(Cambanis et al. 2005). A number of studies have described

patient delay in accessing TB services and variables that

different areas share, but no studies to our knowledge have

used the same study design and entry criteria to facilitate

direct comparison between two countries. We report here a

study from Cameroon that used the same methods as the

study in Ethiopia to better understand the factors influencing

health-seeking behaviour.

Materials and methods

This cross-sectional study was conducted over a 6-month

period at St. Elizabeth Hospital, Shisong, in rural North-

west Cameroon, a medium-sized institution with over

23 000 consultations and 6300 admissions per year

(St. Elizabeth Catholic General Hospital Shisong 2005).

The TB programme registered 260 patients in 2006, 109 of

whom had smear-positive disease (unpublished). Details of

methods are described by Cambanis et al. (2005). To

match the study in Ethiopia, the same number of patients

was selected, and all patients whose sputum was collected

for laboratory evaluation were interviewed using the same

structured questionnaire. All patients referred to the

laboratory for sputum smear examination because of

suspicion of pulmonary TB were eligible for the study,

regardless of previous health-seeking behaviour.

The questionnaire addressed factors suspected to be

involved with health-seeking behaviour based on clinical

Tropical Medicine and International Health doi:10.1111/j.1365-3156.2007.01925.x
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experience and review of relevant literature using the

keywords ‘patient delay’, ‘tuberculosis’ and ‘diagnostic

delay’ in PubMed plus manual checks of relevant articles to

identify further papers. All patients who gave informed

oral consent were consecutively enrolled in the study until

the same sample size was achieved. Informed consent and

responses for children under 18 years of age (n = 10) were

obtained from the closest accompanying relative. All

invited patients agreed to participate in the study.

Data were entered into a database using epi info 2002

(Centers for Disease Control and Prevention, Atlanta, GA,

USA). Patient delay was defined as the time from symptom

onset to first consultation – whether at the hospital or

somewhere else. Symptom onset referred to the time at

which the first symptom of the illness for which a patient

seeking care began. Odds ratios (OR) and associated 95%

confidence intervals (CI) were calculated. Proportions were

compared using the chi-squared test. Logistic regression

was used to generate adjusted OR (AOR) for the binary

outcome of patient delay greater or less than 4 weeks, and

a linear regression model was used with delay as a

continuous variable. P-values <0.05 were regarded as

statistically significant.

The study was approved by the Ethics Committee of the

Hospital Board and was conducted with the knowledge of

the district medical officer and the Ministry of Health.

Results

The study population had a mean (SD) age of 39.4 (16.7)

years and 131 (54%) were male (Table 1). Most partici-

pants lived in rural areas (79%), the majority (65%) was

the main income earner of the family, and 37% relied on

agriculture. Occupations were diverse, including subsis-

tence farming, cattle rearing, services (i.e. traders, seam-

stresses) and government positions (i.e. teachers, police

officers). Half had reached primary school and 26%

attained secondary education or higher. Sixty-one (25%)

patients had acid-fast bacilli in their sputum.

Health-seeking characteristics reflected economic devel-

opment in Cameroon, with almost all patients using

motorized transport to reach the hospital (Table 2).

Median (interquartile range) transport time was 2.5

(1–6) h, and the median cost of transport was US$3.80

(1.50–4.76). About one-third of patients borrowed money

in the course of preparing to go to hospital, and a quarter

indicated they had to sell personal assets to raise funds,

including items of significant value (i.e. cows, land and

sewing machine). Most patients had made prior visits for

their health problem, mostly to government health centres

(38%) or other hospitals (18%). Traditional medicines had

been used by 61% at some point prior to the study.

Patient delay had a median (interquartile range) value of

2.0 (1–4) weeks, with 80% of patients seeking help within

4 weeks of symptom onset. The most commonly reported

index symptom was cough (71%); others included fever

(12%), chest pain (4%), abdominal pain (4%) and haem-

optysis (3%). Only 20% of patients waited for more than

1 month before accessing health services; 14% delayed over

2 months, 9% over 3 months and 4% over 6 months. Of

the 82 patients with presentation delay >3 weeks, 48%

cited financial problems, 33% believed their symptoms

would resolve on their own, and 10% had been waiting for

traditional medicine to take effect (Table 3).

Factors significantly associated with patient delay over

4 weeks in the univariate analysis were being the main

income earner, use of traditional medicine and the

perception that TB is stigmatizing (Table 4). After multi-

variate analyses, only the use of traditional medicine

Table 1 Demographic characteristics* of participants (n = 243)

Variable n (%)

Age (years; mean [SD]) 39.4 (16.7)
Male sex 131 (54)

Rural residence 192 (79)

Married 132 (54)

Main earner for family 158 (65)
Family size [median (interquartile range)] 7 (4–10)

Educational status:

None 57 (23)
Primary school 123 (51)

Secondary school 46 (19)

Post-secondary training 17 (7)

Agriculture as main source of income 132 (54)
Occupation:

Farmer 89 (37)

Trader or merchant 24 (10)

Driver 21 (9)
Student 17 (7)

Housewife 17 (7)

Cattle grazer 11 (4)
Seamstress ⁄ tailor 8 (3)

Hairdresser ⁄ barber 7 (3)

Teacher 7 (3)

Mechanic 5 (2)
Pensioner 4 (2)

Cleaner 4 (2)

Unemployed 4 (2)

Other� 25 (10)

* Figures are frequency and nearest percentage unless otherwise
specified.

� Builder (n = 2), day labourer (2), nurse (2), traditional healer (2),

palm wine tapper (2), and one each of the following: baby sitter,

bar owner, carpenter, cook, electrician, fish griller, gendarme,
leather worker, miller, newspaper distributor, restaurant owner,

rubber tapper, soldier, tea picker and veterinary nurse.
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remained significant [AOR (95% CI) = 2.99 (1.4–6.4),

P = 0.004], with being the main income earner close to

statistical significance [AOR (95% CI) = 2.07 (0.99–4.4),

P = 0.053].

Discussion

Understanding the factors associated with patient delays is

of paramount importance to the realization of the new

Global Plan to Stop TB, which aims to halve the prevalence

and death rates from TB by 2015 (Raviglione & Uplekar

2006). The concept of patient delay has garnered increas-

ing attention as a critical variable in the diagnostic process.

Recently, patient delays have been reported from Nigeria

(Odusanya & Babafemi 2004), Uganda (Kiwuwa et al.

2005), Burkina Faso (Ouedraogo et al. 2006), Yemen

(Date & Okita 2005), India (Tobgay et al. 2006), Thailand

(Rojpibulstit et al. 2006), Taiwan (Chiang et al. 2005),

Bolivia (Lambert et al. 2005), Italy (Gagliotti et al. 2006),

Norway (Farah et al. 2006), and the Middle East (WHO

2006a). Delays ranged from 1 to 8 weeks and were

associated with subsistence farming, age over 65, illiteracy,

mild illness and use of traditional healers. Health-system

delay was not addressed by the present analysis, which

sought rather to elucidate health-seeking behaviour and

highlight barriers to the health system.

The rationale for this study was to compare patient delay

in two sub-SaharanAfrican populations. The use of identical

study design and methodology as a previous study in

Ethiopia provided a framework to facilitate this comparison

(Cambanis et al. 2005). In both studies, the smear-positivity

rate exceeded 20% – suggesting sub-optimal screening

procedures (Huong et al. 2006) – but the potential bias

raised by this problem is similar in the two studies. Although

the patients attending the two study sites had similar socio-

demographic traits, patients in Cameroon waited less than

half as long to access health services as patients in Ethiopia,

and significantly fewer waited more than 2 months before

consulting the health system (P < 0.001).

What factors may account for this dramatic differ-

ence? According to United Nations development indices

[United Nations Development Programme (UNDP)

(2005)], Cameroon has a higher per capita income (US$

2118 vs. 711), higher literacy rate (68% vs. 42%), and a

less undernourished population (25% vs. 46%) than

Ethiopia. If most factors related to patient delay are socio-

economic, then patient delays may be expected to be

shorter in more affluent countries, and the results presented

here appear to conform to this hypothesis. The interpre-

tation of the relationship between national development

and patient delay is of course limited by the small sample

size in the studies (with patients not necessarily reflecting

the average population of their respective countries) and of

the study sites themselves (only two countries). The

comparison is still informative however and underlines the

importance of widening TB control efforts far beyond case

finding and cure rates.

Higher overall income may contribute to people being

less hesitant to spend money on transport, and indeed,

transport-related variables that were critical in Ethiopia

were not significant in Cameroon. Similar numbers of

Table 2 Health-seeking characteristics* of participants (n = 243)

Variable n (%)

Transport:
Vehicle 239 (98)

Walking 3 (1)

Air 1 (<1)

Transport time [h; median (IQR)] 2.5 (1–6)
Transport cost [US$; median (IQR)]� 3.80 (1.50–4.76)

Borrowed money 86 (35)

Had to sell something to raise funds 58 (24)
Item sold:

Cow 20 (8)

Maize 8 (3)

Beans 5 (2)
Land 3 (1)

Fowl 3 (1)

Goat 2 (<1)

Groundnuts 2 (<1)
Television 2 (<1)

Other� 13 (5)

Site of first health visit:
No prior contact 91 (37)

Health centre or private clinic 92 (38)

Another hospital 44 (18)

Same hospital (study site) 11 (4)
Chemist or healer 5 (2)

Used traditional medicine 148 (61)

IQR, interquartile range.

*Figures are frequency and percentage unless otherwise specified.

�CFA 2000 (800-2500), October 2005
� One each of the following: bananas, bed frame, cassava, coffee,

fish, gas bottle, hair dressing salon, mobile phone, motor parts,

oranges, palm oil, sewing machine and tomatoes.

Table 3 Reasons for patient delay >3 weeks (n = 82)

Reason n (%)

Financial inadequacy 39 (48)

Thought illness was harmless,

would resolve spontaneously

27 (33)

Using traditional medicine 8 (10)
Self-administration of drugs 6 (7)

Other* 2 (2)

*One each of the following: did not want to miss work, told that

illness would resolve after pregnancy.
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participants in both countries, however, had to sell

personal assets to raise funds – in some cases undergoing

severe economic sacrifice; hence, other variables must also

play a role.

A study in Uganda found that subsistence farming was

an independent predictor of patient delay (Kiwuwa et al.

2005). Rural life and its associated poverty are crucial

factors, as poverty precludes health seeking until the cost of

consultation becomes tolerable in the face of lost produc-

tivity. The fact that rural residency – just as common in the

study population in Cameroon as in Ethiopia – was not a

significant factor in health-seeking behaviour for the

Cameroonian patients suggests that overall economic

status (whether in a rural environment or not) may be the

critical variable, and that rural residence is a confounder of

poverty in these settings.

One factor strongly associated with patient delay in

Cameroon was being the main income earner, which may

imply that the breadwinner waits longer before consulting

to avoid disrupting the economic life of the family. In Asia,

younger people wait longer before seeking medical atten-

tion, suggesting that they have less flexibility to interrupt

economic activities on which children and the old depend

(Chiang et al. 2005; Rojpibulstit et al. 2006).

We have previously postulated that if health services

were more accessible, people would use them more readily

(Cambanis et al. 2005). The current study supports this

idea: Cameroon’s health expenditure per capita is more

than three times that of Ethiopia, 10 times more births are

attended by skilled personnel and there are more than

twice the number of physicians per population, all of which

demonstrate a more developed system of health care

(UNDP 2005). Tentative linkages between these indices

and shorter patient delay lend support to the argument that

economic development – not just higher income – affects

patient behaviour.

Traditional medicine, which is consistently associated

with patient delay in the literature, was the only variable

found to be significant after multivariate analysis in both

studies. Traditional culture is particularly strong in

Northwest Cameroon and may account for higher use of

traditional treatments (Brannen 2005). The importance of

traditional medicine cannot be over-emphasized; in rural

South Africa, patients who attended traditional healers had

longer treatment delays, worse performance status and

higher mortality rates than individuals who went directly

to a hospital (Barker et al. 2006). Traditional healers

therefore must be engaged by TB programmes to improve

the diagnostic process (Banerjee et al. 2000).

Another important factor may be awareness, as mea-

sured by literacy rates. In Yemen, illiterate patients

experienced much longer diagnostic delays than literate

patients (Date & Okita 2005), and in sub-Saharan Africa,

delays are partially attributed to the lack of awareness

about TB (Odusanya & Babafemi 2004; Ouedraogo et al.

2006). Patients in Cameroon and Ethiopia had similarly

low levels of knowledge regarding TB; hence, perhaps the

higher literacy rate in Cameroon translates into better

health system use in general.

The stigma of TB also discourages health seeking

(Liefooghe et al. 1997), with fatalism being a further

deterrent to health seeking in areas where TB is strongly

linked to HIV (Lawn 2000). These deterrents may include

worries about confidentiality, judgemental attitude of

health-care workers, and the availability of anti-retroviral

(ARV) therapy. TB in these settings is strongly linked or

confused with HIV, especially where ARV therapy is not –

or is not perceived to be – widely available. Cameroon and

Table 4 Association between selected

patient characteristics and patient delay

>4 weeks (n = 243)

Variable n % OR (95% CI) P AOR (95% CI) P

Rural residence 192 79 0.67 (0.3–1.4) 0.286

Main income earner 158 65 2.13 (1.0–4.4) 0.040* 2.07 (0.99–4.4) 0.053
Transport time >2 h 124 51 0.81 (0.4–1.5) 0.521

Overnight travel 37 15 1.11 (0.5–2.6) 0.810

Use of traditional
medicine

148 61 3.04 (1.4–6.4) 0.003* 2.99 (1.4–6.4) 0.004*

Suspect having TB 39 16 1.03 (0.4–2.4) 0.953

TB perceived as stigma 25 10 2.50 (1.0–6.1) 0.037*

No education 57 23 0.93 (0.4–2.0) 0.852
Unable to read 83 34 0.64 (0.3–1.3) 0.208

Being a student 17 7 0.23 (0–1.8) 0.128

Having to sell

personal assets

58 24 0.56 (0.2–1.3) 0.166

OR, odds ratio; AOR, adjusted odds ratio; TB, tuberculosis.
*P < 0.05.
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Ethiopia have different HIV prevalence rates, and there-

fore, possibly different public perceptions about

HIV ⁄AIDS. In this study, only 19% stated that the two

conditions were related, while in Ethiopia most people who

feared TB did so because of its association with HIV

(Gelaw et al. 2001).

Most studies examining patient delay are retrospective

analyses of diagnosed patients, while the studies in

Ethiopia and Cameroon enrolled individuals being

screened, fractions of which were ultimately diagnosed

with TB. The point at which a person seeking help from a

health provider undergoes sputum investigation is ulti-

mately a function of local practice. Current guidelines

indicate that patients with a cough of greater than

3 weeks’ duration should be evaluated for TB (Enarson

et al. 2000), but other variables affect this decision,

including HIV status, physical examination findings and

chest radiography. The time from symptom onset to

sputum examination and the time between symptom

onset and first contact with the health system (patient

delay) are not necessarily the same, as most initial contact

visits did not, in fact, result in sputum testing. Patients in

Cameroon thus waited for a median of 2 weeks prior to

accessing the formal health system, but their sputum

screening usually took place much later (data not shown).

The fact that very similar numbers of patients were found

to be smear positive suggests that the thresholds for

sending a patient for sputum testing were similar in both

settings, which strengthens the comparison of the two

study populations. Although this study enrolled symp-

tomatic individuals rather than confirmed cases (resulting

in a more heterogeneous population than in other

studies), it is useful to study these patients as they are the

target of screening efforts for case detection and can

inform about the issues control programmes must face to

improve health-care delivery.

Conclusion

As the global plan to stop TB embarks on the next decade,

the goal of 70% case detection of smear-positive cases

remains a challenge, which ultimately relies on symptom-

atic patients attending the health system for evaluation.

This approach does not directly address broader social

factors that may be contributing to the current TB

epidemic. Rather than advocating socioeconomic reform,

biomedical models have shifted focus from social inequal-

ities to individual behaviours (Freudenberg 1995; Fairchild

& Oppenheimer 1998; Paluzzi 2004). In Ethiopia, people

are faced with severe logistical and financial obstacles and

wait a long time before consulting, while in Cameroon,

there is significantly shorter patient delay. In the relative

economic context of the two countries, these results

suggest that factors implicit in human development play a

significant role, with a possible correlation between shorter

patient delay and higher income per capita, investment in

the health sector and literacy. We share the opinion that

the epidemiology of TB reflects complex interactions

between political, social, economic, cultural and environ-

mental factors, and that biosocial models offer critical and

innovative approaches to better understand and control

this disease (Farmer 1997; Grange et al. 2001). Our

findings should encourage TB programmes to push for

broader approaches to case finding by addressing economic

development, health-care infrastructure, human resources

and education.
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Abstract

Background: The diagnosis of TB requires multiple visits.  There is limited information on whether 
reducing the number of visits would make the process more accessible and result in signifi cant 
savings to the patients.
Objective:  To describe the direct costs incurred by patients with chronic cough consulting TB 
diagnostic centres. 
Method: Cross-sectional surveys of adults with cough >3 weeks duration were conducted using 
structured questionnaires in Yemen and Nepal to quantify their expenses.
Results: 456 adults were interviewed.  Most patients were accompanied and 20% were smear-positive. 
More patients in Nepal were male, resided in urban areas and were older than in Yemen (123/206 
(60%), 152 (74%) and mean of 41 years compared to 120/250 (48%), 114 (36%) and 35 years, 
respectively).  Most patients from rural areas stayed with relatives.  Clinic fees represented the highest 
expenditure (median of Nepalese Rs 300 and Yemeni YER450, respectively), followed by food and 
transport. Patients from rural areas paid more than patients from urban areas.  Clinic fees thus were the 
highest expenditure in both countries and rural patients paid more than urban patients in both settings. 
The expenses for diagnosis were equivalent to one week of the national income per capita.
Conclusion: Patients incur considerable costs for diagnosis and clinic fees represent a substantial 
component of these costs.  Patients requiring investigations for TB should be able to access 
diagnostic services free of charge.

Introduction

Tuberculosis (TB) is a disease fi rmly associated with poverty.  Low and Middle Income Countries 
(LMICs) bear the heaviest burden of TB and often lack the health system infrastructure to control 
the disease. Diagnostic services for TB are usually based on sputum smear microscopy and are often 
unevenly distributed in these settings.  Diagnosis involves the examination of specimens to be 
collected over a few days, most often as according to a ‘spot-morning-spot’ algorithm, where 
patients provide the fi rst specimen at the time of fi rst consultation, a second specimen is collected 
at home on the morning of the following day and a third specimen at the time the patient brings the 
morning specimen for examination. The morning specimen is considered important because it 
contains a higher number of acid fast bacilli, which may result in a higher sensitivity.  The scheme 
therefore requires at least two visits.

The aim of the Stop TB Partnership is to reduce by 2015 the global burden of TB by 50%, relative to 
1990 levels (1).  This will require detection of at least 70% of new smear-positive cases and the 
successful treatment of 85% of these cases.  Many countries now achieve cure rates of >85%, 
however the case detection rates are proving harder to attain.  Most National TB Control 
Programmes (NTP) in LMICs aim to provide anti-TB treatment through outlets close to where 
patients live to facilitate treatment uptake and adherence.  Yet, despite diagnosis being the 
gateway to effective treatment, smear microscopy centres are rarely very close to where patients 
live resulting in different costs for attendance of patients residing in more distant locations.  These 
may be considerable and have been reported as a cause of default during diagnosis.

The World Health Organisation (WHO) recently modifi ed the guidelines for the diagnosis of TB in 
high burden countries and the minimum number of sputum specimens screened has now been 
reduced from three to two (2).   This would be expected to result in only a very slight drop in the 
numbers of smear positive cases identifi ed, and the reduced number of smears would considerably 



lighten laboratory workloads.  However, the resulting spot-morning scheme would still require 
repeated visits, with negligible time and economic savings for the patients (3). 

It has been suggested that two specimens collected on the fi rst day of consultation could identify a 
similar number of smear-positive patients as two specimens collected over two days. (4, 5)  Although 
this scheme could result in more rapid referral for treatment, it is poorly documented whether it 
could also result in signifi cant economic savings for the patient.  These costs are also likely to vary 
according to the organisation of the service, place of residence and the extent to which patients have 
to travel.  This study therefore describes direct travel, food, accommodation and clinic costs 
associated with the diagnosis of TB for adults attending health centres in Yemen and Nepal.  Analysis 
of the expenses incurred by the patient for each day of attendance could inform whether diagnostic 
schemes that reduce the number of visits would result in signifi cant direct savings for patients

Material and Methods

The two studies reported were based at the National TB Institute in Sana’a, Yemen and Tribhuvan 
University Hospital in Kathmandu, Nepal in April and May 2007. In Nepal, patients were enrolled 
from the DOTS centre in Tribhuvan University Hospital and the Dirgh Jeevan TB and Chest Disease 
Clinic, both in Kathmandu.  In Yemen, patients were enrolled at the Tuberculosis Institute in Sana’a.  
The National TB Control Programme headquarters and Reference Laboratory are located here.  The 
Institute provides diagnosis and treatment services to the surrounding area and also to referred 
patients. Both centres are part of their respective National TB Control Programmes. In both 
settings, all patients are screened independently of whether they required hospitalization and thus 
represent patients with a range of mild and severe symptoms.  Patients who were latter hospitalized 
were included in the analysis but their costs were not documented.

Data were collected using cross sectional surveys with the same protocol and procedures. All 
consecutive patients > 18 years old with cough for more than 3 weeks duration were invited to 
participate.  All patients were included, independently of whether the diagnosis of TB was later 
confi rmed by the laboratory examinations.  As patients were selected once they had been screened 
by the attending clinician, the study excluded people who travelled to the TB clinic for diagnosis but 
did not meet the criteria for inclusion in the survey. All patients were asked to submit sputum 
samples over 2 consecutive days (spot-morning) following the NTP guidelines.  

Patient information was collected using structured questionnaires administered by a local research 
staff interviewer.  Interviews were conducted in the local language once they had been requested to 
provide sputum specimens by the attending clinician.  Information obtained included the patients’ 
demographic, economic background and medical history, as well as transport, food and 
accommodation expenses incurred each day of the process by the patient and any accompanying 
party.  Cost of accommodation and food not borne by the patient were excluded, as these were 
diffi cult to estimate by the patients. Similarly, distance from the residence to the health facility was 
not documented as this was considered very unreliable and dependent on the availability of roads 
and transport. Costs of clinic visits included, in addition to the offi cial fees, unoffi cial payments to 
health staff, as described by the patients. In addition, as it is very diffi cult to quantify lost wages in 
these populations, as a large proportion of the patients do not have wages or do not wish to disclose 
them due to the widespread perception that health staff may ask for additional payments, the cost of 
lost wages due to missed work for the patient or the person accompanying them were not included.
The costs incurred for attendance on the fi rst day and the patients’ anticipated costs for the second 
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day of consultation by place of residence were ascertained for each country.  Costs were assessed in 
the local currencies.  Total costs were converted to United States dollars to facilitate comparison 
and were calculated as a proportion of the average yearly income for the country, US $290 per capita 
for Nepal and 760 US$ for Yemen in 2007

Residency was classifi ed according to whether the patient resided in the same town, another town, 
or a rural area as patients resident in the latter locations are likely to have less access to health 
facilities and resources and residency maybe an important marker of poverty.  Continuous variables 
with normal distributions were compared using parametric statistics.  Medians and inter-quartile 
ranges were used to describe patient expenses (as most of these had skewed distributions) and 
were compared using non-parametric tests.  Categorical variables were compared using Chi-squares 
or Fisher exact tests, as necessary.  P values of <0.05 were considered statistically signifi cant.

Informed consent was obtained from all the patients and the Research Ethics Committees of the 
Liverpool School of Tropical Medicine, UK; the Tuberculosis Institute in Yemen and Tribhuvan 
University in Nepal approved the study protocol.

Results

Two hundred and six adults were enrolled in Nepal and 250 in Yemen.  Their general characteristics 
are shown in Table 1. In Nepal, patients were older and were more likely to be male than patients in 
Yemen.  The majority of patients in Nepal resided in Kathmandu and other urban areas (74%), while 
most participants in Yemen (53%) resided in rural areas.  Most patients in both countries (70%) were 
accompanied by another adult and this person was a relative in the majority of cases.  Similar 
proportions of patients in both countries were found to be smear positive  (51/206 (24.8%) and 
59/250 (23.6%), respectively).

The overall expenses for accessing diagnosis represented approximately one week’s of their respective 
national income per capita in both countries.  The majority of the patients (62%) in Nepal used buses to 
attend the clinic, with only 16% taking taxis and 13% walking to the centre (Table 2).  In contrast, most 
patients in Yemen used taxis (53%).  Nearly all patients had to pay for transport and the type of 
transport was independent of the place of residency.  Most of the patients from rural areas planned to 
stay overnight in a relative’s home (65% in Nepal, 60% in Yemen), with only a minority intending to 
stay in hotels. Very few patients in Nepal, but the majority in Yemen had to purchase food.  

The expenses incurred or anticipated for attending each day of consultation are shown in table 3. The 
median and 25th-75th quartiles costs for food in Nepal and for accommodation in both countries were 
0 as only few patients had paid for these items. In Nepal, only 18% of patients paid for food and only 
5% anticipated paying for accommodation.  In Yemen only 12% of patients anticipated paying for 
accommodation.  In Nepal, clinic fees represented the highest expenditure, followed by food and 
transport. The amount paid in clinic fees in Nepal varied by residence with patients from rural areas 
and other towns paying more than those from the same town.  Clinic fees included the cost of tests to 
be performed, and the higher fees for Nepalese patients from rural areas or other towns may 
represent a higher proportion of patients with more advanced disease stages being referred for 
investigation from these areas and requiring a higher number of tests, such as X-Rays. Overall 
expenditure was highest among patients residing in rural areas, although these differences were not 
statistically signifi cant. In Yemen, the highest expenditure was clinic fees, followed by transport and 
food and the later two were several-fold higher in patients residing in rural areas (p < 0.01 for both).



After exclusion of clinic fees, the costs anticipated for the second day of attendance were similar to 
those reported for the fi rst day.  In Nepal patients from rural areas reported spending less for 
accommodation than patients residing in urban areas, while in Yemen, accommodation costs were 
higher for patients travelling from outside Sana’a.  The costs for attendance increased if the 
patients resided in the same city, in other towns or in rural areas (p = 0.03 for both countries).   In 
summary, clinic fees were the highest expenditure in both countries and rural patients paid more 
than urban patients in both settings.

 
Discussion

TB control programmes in high TB burden countries require that patients with chronic cough attend 
diagnostic centres to undergo smear microscopy before they can be prescribed anti-TB treatment.  
If once they have undergone this process they are diagnosed with TB, the treatment is decentralized 
to more peripheral centres for the convenience of patients.  The need to attend diagnostics services 
that are more distant and the need for multiple visits to complete the submission of samples and 
receive results is associated with direct and indirect patient costs and may be considered a barrier to 
accessing TB treatment.  Many patients drop out during the diagnostic process and this is known to 
be, at least partly, due to its high costs and the inconvenience of attending the clinic on multiple 
occasions (6-11).  These factors have led to initiatives to optimize smear microscopy by developing 
approaches that minimize the number of visits required which, presumably, would reduce the 
patient costs (12). It is expected that these approaches can reduce patient default during the 
diagnostic process and increase the number of patients accessing treatment.   The sensitivity of 
different testing algorithms however is currently being tested, and will provide a better sense of the 
trade-off between the identifi cation of cases and the patient burden. Although it is possible that a 
single smear could reduce patient burden for some patients (e.g. one-visit day trip vs. two-visit 
overnight trip), it is not known whether that reduction in burden would motivate more people to 
access services or whether the potential increase in access would offset the false-negatives from a 
single smear algorithm.  The logic of this assumption however is appealing and several economic 
analyses of the diagnostic and treatment processes have been reported (13-15), although there are 
very few studies documenting the costs of attending each day of the diagnostic process. There is 
therefore little evidence that reducing the number of patient visits would result in signifi cant cost-
savings by patients.  In addition, there is a widespread misconception among health professionals 
that smear-based diagnostic services for TB are universally provided free of charge in the public 
sector of LMICs. However, a number of recent studies from high TB burden LMICs have reported 
that these services are often not free.  Patients with chronic cough, and those subsequently 
confi rmed to have TB, are required to pay clinic fees, as other patients do,  prior to accessing the 
diagnostic facilities (16) and costs for diagnostic tests are frequently built into these fees.  Rural 
patients in Nepal were more frequently referred from other facilities and were referred to private 
practices which were associated with higher fees.   Although the costs presented in the manuscript 
are representative of patients coming from a single centre (presumably operated by the NTP) in 
each country, and are thus not representative of all rural and urban patients, a major fi nding of this 
study is that clinic fees made up a considerable proportion of the total direct costs for the two day 
process in the two settings (approximately 40% in Nepal and 15% in Yemen) and most likely, in 
themselves represent a considerable barrier to accessing diagnosis and treatment. When clinic fees 
were excluded, the direct costs of attending on the second day are similar to those of attending on 
the fi rst. However it is necessary to be cautious when interpreting these fi ndings, as we don’t have 
evidence of the accuracy of the estimation of anticipated costs for the second day of diagnosis and 
patients did not know exactly what the diagnostic procedure entailed.  If these limitation is 
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considered and clinic fees are excluded, attendance on a second day doubles the direct costs 
incurred in seeking a diagnosis, but savings to the patient are smaller than expected given the 
considerable proportion represented by the clinic fees.  

Despite the differences in age, sex and residency, more than two-thirds of patients were 
accompanied during their visit, increasing the patient costs of accessing the services. in addition, 
this study only reports the direct costs paid by the patients and accompanying persons and further 
studies are needed to document indirect and opportunity costs.   Examples of indirect costs include 
expenses related to preparing and bringing food from home, staying in relatives’ houses, while 
opportunity costs relate to loses of income due to the visits (17, 18). Although the direct costs of the 
two days visits reported here were signifi cant, the full cost of accessing TB diagnosis is therefore 
likely to be higher and represent a signifi cant burden to the patients, especially the poor. The is also 
the possibility that travel time/distance is a more substantial barrier to access than the monetary 
costs described. It is not known whether patients who did not access the diagnostic services (not 
studied) would have behaved differently if the costs were lower or nil. It is thus possible that the 
notion of travelling while ill or being away from home is a more substantial barrier than the 
monetary cost. Furthermore, traveling to diagnostic centres also represent a risk to other 
individuals, with possible TB transmission when staying with friends and family while making their 
visits to the TB centre.  Individuals with chronic cough and active untreated TB travelling on buses 
and staying with host families are infectious and represent a publish heath hazard that is often 
ignored. Mobile smear microscopy or other strategies for decentralized diagnostic services may be 
justifi ed not only because they reduce a barrier for patients, but also because they may reduce the 
incidence of TB. 

In conclusion, patients with chronic cough in Nepal and Yemen incur considerable direct costs to 
undergo smear examinations for the investigation of TB.  The clinic fees that patients pay are a 
substantial component of the direct costs incurred and likely to present a considerable barrier to 
diagnosis and treatment.   Although the fi ndings of this study are not directly generalisable to other 
settings, patients experience a similar problem in two very different places: a high cost and 
signifi cant effort to access TB diagnosis.  Initiatives aimed at eliminating user-fees from health 
services in poorer countries may, if successful, remove a major obstacle to TB case detection and 
control.  The results of this study would also support the recent call of the Stop TB Partnership’s 
Subgroup on TB and Poverty (DOTS Expansion Working Group) and the International Union Against 
Tuberculosis and Lung Diseases for broad advocacy campaigns to ensure that patients who require 
investigations for TB can access a smear-based diagnostic service free of charge at the time and 
place of need (19, 20) [Personal communication. Dr S Bertel Squire, President, International Union 
Against Tuberculosis and Lung Diseases]. Reducing clinic fees may also need to accompanied by 
providing smear microscopy (or at least sputum collection) near the patients’ homes. 
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Table 1. Characteristics of participants in Nepal and Yemen 

Nepal Yemen P 

Number 206 250

Mean (SD) age [range] 41 (17) [15-81] 35 (17) [14-95] 0.001

Proportion male (%) 123 (60%) 120 (48%) <0.01

Residency       

             Same city 115 (56%)               97 (39%) <0.01

             Other town 37 (18%)                 17 (7%) <0.01

             Rural area 44 (26%)             133 (53%) <0.01

Accompanied participants 149 (72%) 215 (73%) NS

Person accompanying the patient

Husband / wife  21 (14%) 44 (10%) NS

Relative  106 (71%) 156 (73%) NS

Friend  20 (13%) 10 (5%) <0.01

Neighbour  2 (1%) 3 (1%) NS

Other  1 (1%) 2 (1%) NS

Number with smear positive TB 55 (22%) 61 (24%) NS
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Investing time in microscopy: an opportunity to optimise 
smear-based case detection of tuberculosis

A. Cambanis,* A. Ramsay,† V. Wirkom,* E. Tata,* L. E. Cuevas†

S U M M A R Y

* St Elizabeth General Hospital, Shisong, Kumbo, Cameroon; † Liverpool School of Tropical Medicine, Liverpool, UK

SETTING: St. Elizabeth Hospital, rural North-west Cam-
eroon, an area with high tuberculosis (TB) and human
immunodeficiency virus (HIV) incidence.
OBJECTIVE: To measure the time spent during routine
sputum smear microscopy and assess whether reexamin-
ing slides for 10 min translates into higher case detection
of smear-positive cases.
DESIGN: A prospective observational study over a
6-month period with three components: 1) timing of
routine sputum smear examination; 2) blinded reexami-
nation of all slides for 10 min and results compared with
initial readings; and 3) blinded re-examination, by the
original microscopists, of a portion of false-negative slides
mixed with true negatives for 10 min.
RESULTS: A total of 204 patients submitted 612 sputum

specimens for screening. The median routine examination
time was 2 min 6 seconds (interquartile range 1:30–2:30).
A 10 min examination significantly increased the num-
ber of positive smears from 82 to 116 (P � 0.0083), and
overall case detection from 28 to 48 patients (P � 0.011).
On review by the original readers, more than half of the
false-negative slides were reported as positive after 10 min.
CONCLUSION: Sputum smear microscopy has low sensi-
tivity if performed too quickly, and 10 min re-examination
significantly increases case detection. Ensuring that smears
are examined for the recommended duration may be a
simple and low-cost way to improve case detection.
KEY WORDS: tuberculosis case finding; diagnosis; smear-
positive; pulmonary; sputum smear microscopy

DESPITE CURRENT CONTROL EFFORTS, tuber-
culosis (TB) remains the leading infectious cause of
death in humans1 and its incidence continues to rise,
mostly due to human immunodeficiency virus (HIV)
associated disease in sub-Saharan Africa.2 The diagno-
sis of smear-positive TB relies on microscopic exami-
nation of sputum for the presence of acid-fast bacilli
(AFB). Methods of preparing, staining and examining
slides are well-described and form the basis of case
finding in national TB control programmes (NTPs).3
Microscopists are expected to examine at least 100
high-power fields before declaring a slide negative
for AFB, a process that should take between 5 and
10 min.4–6

Although these techniques are relatively simple,
smear microscopy is labour-intensive and requires sig-
nificant investment in equipment, supplies, trained per-
sonnel, supervision and quality control.7 Furthermore,
the large number of patients with respiratory symptoms
requiring investigation in sub-Saharan Africa has over-
burdened control programmes, where a heavy smear
examination workload poses a serious problem.8 This
stress is illustrated by a study in Malawi, where one

microscopist was available for two half-days per week
to examine 45 specimens each day (a full-time micros-
copist should be able to process and read around 20
specimens per day).9 Workloads of this magnitude are
not unusual in sub-Saharan Africa, and they compro-
mise the quality of smear microscopy by reducing the
time devoted to smear examination, rarely reaching
the recommended 10 min.10

Despite the critical importance of smear micros-
copy in TB control and anecdotal reports that routine
smear microscopy is frequently rushed, very few data
document the time spent on these examinations and
the impact of shorter examination times on case find-
ing. We therefore measured the time technicians spent
examining sputum smears in the routine smear mi-
croscopy service and assessed whether examination
times shorter than recommended resulted in miss-
ing cases.

MATERIALS AND METHODS

This prospective observational study was carried out
over a 6-month period at St. Elizabeth Hospital, Shi-

Correspondence to: Luis E Cuevas, Child and Reproductive Heath Research Unit, Liverpool School of Tropical Medicine,
Pembroke Place, Liverpool L3 5QA, UK. Tel: (�44) 1517 053 219. Fax: (�44) 1517 053 219. e-mail: cuevas@liv.ac.uk.
Article submitted 5 July 2006. Final version accepted 29 August 2006.
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song, Northwest Cameroon, a rural mission hospi-
tal with 23 000 consultations and over 6000 admis-
sions per year.11 All sputum specimens submitted for
AFB screening were processed using the standard hot
Ziehl-Neelsen (ZN) technique.6,12 Heat-fixed sputum
smears were covered by 0.3% carbol fuschin and heated
for 5 min, decolourised with acid alcohol for 3 min,
then counterstained with 0.3% methylene blue for
1 min. Reagents used during ZN staining are supplied
by the NTP in Yaounde and arrive in containers la-
belled with the names of the reagents only. Every batch
of reagents received is subjected to internal quality
control: two smears are prepared from the most re-
cent AFB-positive sputum specimen available; one is
stained using the stains from Yaounde, the other with
stains prepared by our laboratory using fuchsin and
methylene blue by Merck (Darmstadt, Germany)
and phenol crystals by BDH AnalaR (BDH, Poole,
UK). The two slides are then examined and AFB stain-
ing compared.

Two of the authors (VW and ET) are laboratory
supervisors; they measured the time spent during spu-
tum smear examination by any of three technicians
who routinely process sputum slides. The timing pro-
cedure was carried out using a concealed hand-held
stopwatch. As the technicians had to be unaware that
they were being timed, this procedure was only car-
ried out when the person doing the timing was at least
3 m from the technician and sitting or standing behind
the microscope. As the hospital is associated with a
laboratory school, there would often be 10–15 people
in the large main room of the laboratory at any given
time, carrying out various tests and training exercises—
an atmosphere conducive to blind timing.

All sputum slides were then stored and re-read blind
at 2-week intervals for 10 min each, using a timer, by
three of the authors (AC, VW and ET). Smears with
AFB were confirmed by a second person in all cases
during the 10-min re-examination. A selection of smears
reported as negative during the routine examination
but found to be positive after the 10-min reading were
mixed randomly (by tossing a coin) with true negatives
and re-examined blind for 10 min at a later date by
the original technicians to see if case detection would

increase. Grading of sputum smears followed the guide-
lines of the International Union Against Tuberculosis
and Lung Disease (The Union).6

Data were entered and verified in a database using
Epi Info 2002 (Centers for Disease Control and Pre-
vention, Atlanta, GA, USA). Times were entered in
seconds and reported as medians, means and quartiles.
The �2 test was used to compare proportions, and P
values �0.05 were regarded as statistically significant.

Immediate attempts were made to trace all patients
re-classified as smear-positive as a result of the second
reading; 16 of these 20 patients were found and started
on treatment, three died before the second reading and
one was lost to follow-up.

The study was approved by the ethics committee of
the hospital board and was carried out with the knowl-
edge of the local district medical officer and the Min-
istry of Health.

RESULTS

During the study period, 232 patients underwent spu-
tum smear microscopy, a relatively light workload
compared with other parts of sub-Saharan Africa.13

Of these, six (2.6%) did not submit three specimens,
and slides were lost after the initial reading in a fur-
ther 22 cases, leaving 204 patients for the analysis.

Covert timing of smear microscopy was carried out
on 113 occasions over the 6 months of the study. The
median (mean) time for slide examination was 2 min
and 6 seconds (1:55), with an interquartile range (IQR)
of 1:30–2:30 (Table 1).

A total of 612 sputum smear results were registered
in the laboratory sputum register. Of these, 82 (13.4%)
were read as AFB-positive, with 28 patients (13.7%)
receiving a diagnosis of smear-positive pulmonary tu-
berculosis (PTB) following the standard case defini-
tion.2 Of the 530 slides initially reported as negative,
34 (6.4%) were found to be AFB-positive after 10 min
of examination (Tables 2 and 3). The median time it
took to find AFB in these false-negative slides was 5
min (IQR 2:45–7:15) (Table 1). There were no false-
positives. Spending 10 min per slide significantly in-
creased both the number of positive slides from 82 to

Table 1 Time in minutes and seconds spent during sputum smear microscopy

Phase of study Median Mean
Interquartile range

(minimum–maximum)

First round (n � 113)
Initial examination by technicians 2:06 1:55 1:30–2:30 (0:23–3:30)

Second round (n � 612)
Repeat examination by controllers 10:00 10:00 10:00

Time to find AFB in slides initially
read as negative (n � 34) 5:00 4:59 2:45–7:15 (0:10–10:00)

Repeat examination by original technicians (n � 54) 10:00 10:00 10:00
Time to find AFB in slides initially

read as negative (n � 11) 3:10 4:05 2:00–6:00 (0:40–9:40)

AFB � acid-fast bacilli.
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116 (P � 0.0083) as well as overall case detection from
28 to 48 patients (P � 0.011). When compared with
the 10-min reading, the initial process had a sensitiv-
ity of only 58% for the diagnosis of smear-positive
PTB (Table 4).

Seventy per cent of the slides were graded as 2� or
3� after the initial reading (Table 5), while most (18)
of the 34 slides found to be positive after the 10-min
re-examination were 1�, three were 2�, and 13 were
‘scanty’, with 3–9 AFB/100 fields.

After the 8-month period, 20 false-negative slides
were mixed with 34 true-negative slides by coin toss
and divided into three batches of 18 slides. Each of
the three technicians who had read the slides initially
then re-examined one batch of 18 slides for 10 min
per slide. Eleven were identified as AFB-positive dur-
ing the 10-min examination after a mean of 4:05 min
(IQR 2:00–6:00) (Table 1).

DISCUSSION

Cameroon’s TB incidence is estimated at 179 per
100 000 population, with a 31% HIV prevalence in
incident cases,2 typical of much of sub-Saharan Africa
and thus a good site for this study. Reducing the global
burden of TB has focused on achieving a 70% case-
detection rate of smear-positive cases and an 85%
cure rate. These targets were not met. The new Stop
TB Strategy and the Global Plan to Stop TB 2006–
2015 have been launched and aim to halve the preva-
lence and death rates from TB by 2015. The 70% case
detection and 85% cure rate targets remain.14 A key
element of this initiative is to achieve universal access
to high quality diagnosis, and there have been increas-
ing calls to improve case finding by developing new
diagnostic tools for diagnosing TB.15–18 Although the
sensitivity and specificity of sputum microscopy has
been debated for decades,19–23 it is still the most suit-
able approach for detecting the most infectious cases
of TB in a community.24

The targets for global TB control present particular
challenges in sub-Saharan Africa, where case detec-
tion is currently around 49%.2,25 HIV is highly asso-
ciated with smear-negative TB.26–29 Case detection in
this region is further challenged by inadequate health
system infrastructures, in many cases inaccessible by
the poor.30

While it is clear that new diagnostic tests for the di-
agnosis of smear-negative and extra-pulmonary TB are
necessary, high quality light microscopy is still a key
tool for improving TB control.31 These data correlate
performance with microscopy time and clearly dem-
onstrate that routine microscopy under operational con-
ditions may be suboptimal and result in large numbers
of cases being missed. In our setting, which we feel is
typical of laboratory practice in the region, routine
microscopy had a sensitivity of only 58% when com-
pared with the 10-min approach, and missed 42% of
the confirmed cases.

The laboratory manual for Cameroon’s NTP gives
no specific recommendations for the time required to
examine a slide, but the grading system is based on
100 fields.12 Other sources clearly state that at least

Table 2 Sputum slide results from routine and 10-minute 
examinations (n � 612)

Second round:
repeat 10-minute

examination by controllers

First round
AFB-positive

n
AFB-negative

n
Total

n

Initial examination
by technicians

AFB-positive 82 0 82
AFB-negative 34 496 530

Total 116* 496 612

* P � 0.01.
AFB � acid-fast bacilli.

Table 3 Patient diagnoses from routine and 10-minute 
sputum examinations (n � 204)

Second round:
repeat 10-minute

examination by controllers

First round
SP PTB

n
Negative

n
Total

n

Initial examination
by technicians

SP PTB 28 0 28
Negative 20 156 176

Total 48* 156 204

* P � 0.05.
SP PTB � smear-positive pulmonary tuberculosis.

Table 4 Performance of routine sputum smear microscopy 
using 10-minute examination as gold standard

Slides
%

Patients
%

Sensitivity 70.7 58.3
Specificity 100 100
False-negative rate 6.5 11.4
False-positive rate 0 0

Table 5 Grade of initially detected AFB-positive slides and 
those additionally detected after 10-minute examination

Grade of sputum smear*

Phase of study
Scanty
n (%)

1�
n (%)

2�
n (%)

3�
n (%)

Initial round (n � 82) 5 ( 6) 20 (24) 29 (36) 28 (34)

Detected in addition
after 10-minute
examination (n � 34) 13 (38) 18 (53) 3 ( 9) 0

Total (n � 116) 18 (16) 38 (33) 32 (28) 28 (24)

* Scanty � 1–9 AFB/100 fields; 3 or more AFB were required to label a slide
as AFB-positive.
AFB � acid-fast bacilli.



10-minute examinations improve TB case detection 43

300 fields should be examined before concluding that a
slide is negative.4 To examine 300 fields in 10 min would
require examining one field every 2 seconds, and The
Union’s guideline of 100 fields in at least 5 min requires
examining each field in 3 seconds. Our results therefore
suggest that, in our setting, microscopists were reading
too few fields, reading each field too quickly, or both,
before declaring a slide negative for AFB.

How many fields should be examined for optimal
case detection? A study in HIV-negative Bangladeshi
TB patients showed that AFB were seen within 100
fields in over 99% of positive slides and 80% of scanty
slides.32 We did not measure how many fields were ex-
amined before AFB were found in the missed positives,
but based on our reading technique (2–3 seconds per
field), a median of 100–150 fields was required to iden-
tify AFB. Our population is heavily co-infected with
HIV (45% of smear-positive PTB cases in 2005, A
Cambanis, unpublished data), and thus demands longer
microscopy times to ensure that enough fields have
been examined, as the bacillary loads of co-infected
patients are significantly lower. 33

The large increase in case yield after the 10-min ex-
amination may have been partly due to differing qual-
ity of microscopy, as there was a change of readers for
the repeat examination. This disparity is a major lim-
itation which could be corrected by using the original
readers for the repeat 10-min examination in a future
study.

The technician reading the slides does not work
exclusively with sputum smears and is under pressure
to complete an array of tasks; during the study period,
the mean daily output of the laboratory during a 5-hour
shift included screening tests for malaria (42), stool
(23), haemoglobin (34), urine (22), VDRL (Venereal
Disease Laboratory Slide Tests) (22), HIV (11) and
transfusion services. The short examination time of spu-
tum smears may therefore indicate stress on already
overburdened laboratory staff. Insufficient staff has
been found to impede the efficacy of refresher training
programmes designed to maintain the quality of smear
microscopy.34 Conversely, lack of motivation is a se-
rious problem, although one that is difficult to quan-
tify or measure. The low salaries of health laboratory
workers may further dampen morale and impact upon
technical performance.

It is well known that storage of slides under hot
conditions and incomplete removal of immersion oil
cause fading of carbol fuchsin in stained smears.23

More recent studies have shown that fading is depen-
dent on many factors, including temperature, relative
humidity and type of immersion oil.35 Such practical
concerns may jeopardise effective quality control. Our
laboratory uses cedarwood immersion oil, which, along
with high relative humidity, has been found to accel-
erate fading. The fact that the technicians in this study
were able to identify only 11 of the 20 slides they ini-
tially missed may in part reflect these technical changes,

as the last part of the study—the 10-min examination
of a mixture of AFB-positive and negative slides—took
place at the end of the 6-month period to avoid any
potential bias by introducing the 10-min concept. De-
spite these problems, having the same technician find
AFB after 3 or 4 min in slides they themselves previ-
ously reported as negative shows that even modest in-
creases in examination times would significantly im-
prove case detection.

The 58% sensitivity of routine screening is unac-
ceptable, falling short of the recommended 75%–80%
minimum.36 How could this problem be otherwise de-
tected? In this area of Cameroon, the NTP does in-
clude quality assessment, but only five positive and
five negative slides are collected every trimester. Over
the last 2 years, laboratory staff have received no doc-
umented feedback, and quality control activities clearly
need strengthening. External controllers should take
time to communicate their findings to the periphery, al-
though we think they may face some of the same prob-
lems of our own staff, namely inadequate time, train-
ing or interest. Internal quality control may be more
effective and could entail saving all negative slides with
random sampling of 10% every 3 months. Discrepan-
cies could be used as training cases to keep readers as
alert as possible. This type of control depends on having
skilled personnel on site, and thus underlines the gen-
eral need for more specialised workers to staff screen-
ing laboratories.

In some hospitals, designated sputum technicians
whose sole responsibility is to collect, process and ex-
amine sputum specimens may perform differently from
multitask technicians, and having a full-time technician
wholly dedicated to this activity may address these
shortcomings. On the other hand, the introduction of
a repetitive task, perceived as being tedious and time
consuming, might still result in poor performance and
needs to be evaluated in our context.

This study shows how simply making sure that the
recommended duration of examination is adhered to
can result in considerable increases in cases detected.
However, in the context of the human resource crisis,
overworked laboratories and poor laboratory infra-
structure, such a simple intervention may not be all
that easy to implement. This study highlights the im-
portance of taking a broad approach in optimising
laboratory practice, and future studies could assess
the impact the extra time recommended for sputum
examinations would have on overall performance.

CONCLUSION

Pending the development of better diagnostic tests,
smear microscopy remains the only method for con-
firming TB with suitable timeliness in the developing
world.37 This study shows that a significant number
of patients with smear-positive TB are missed if the
sputum slides are examined too quickly. In this study,
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a 10-min re-examination of the slides almost doubled
the number of cases detected. While a great deal of at-
tention is focused on developing new diagnostic tests
and rolling out culture facilities, much can still be gained
by optimising smear microscopy. Spending 10 min per
slide should be a goal to which all programmes aspire,
and the human resource limitations preventing the im-
plementation of high quality microscopy need to be
addressed. Addressing these practical operational
issues would greatly improve the effectiveness of TB
case detection and contribute to the realisation of global
TB control.
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R É S U M É

CONTEXTE : Hôpital St Elizabeth, Nord-Ouest rural du
Cameroun, une zone où l’incidence de la tuberculose
(TB) et du virus de l’immunodéficience humaine (VIH)
est élevée.
OBJECTIF : Mesurer le temps consacré à une bacillo-
scopie des frottis d’expectoration et évaluer si le réexa-
men des lames pendant 10 minutes entraîne un taux plus
élevé de détection des cas à bacilloscopie positive.
SCHÉMA : Etude observationnelle prospective au cours
d’une période de 6 mois et comprenant trois compo-
santes : 1) la durée de l’examen bacilloscopique des frot-
tis d’expectoration en routine ; 2) le réexamen à l’aveugle
de toutes les lames pendant 10 minutes et comparaison
de son résultat avec les lectures initiales ; et 3) le réexa-
men à l’aveugle pendant 10 minutes par les microsco-
pistes initiaux d’une portion des lames faussement néga-
tives mélées à des lames vraiment négatives.

RÉSULTATS : Le dépistage a porté sur 612 échantillons
d’expectoration provenant de 204 patients. La durée mé-
diane de l’examen en routine a été de 2 minutes 6 secondes
(marge interquartile 1:30–2:30). Un examen de 10 mi-
nutes a augmenté de manière significative le nombre de
frottis positifs de 82 à 116 (P � 0,0083), ainsi que le
taux global de détection de 28 à 48 patients (P � 0,011).
Lors de leur relecture par les lecteurs initiaux, plus de la
moitié des lames faussement négatives ont été signalées
comme positives après 10 minutes.
CONCLUSION : Lorsqu’elle est pratiquée trop rapidement,
la bacilloscopie des frottis d’expectoration a une faible
sensibilité et le taux de détection des cas est augmenté de
manière significative par un second examen de 10 mi-
nutes. Veiller à ce que les frottis soient examinés pendant
la durée recommandée peut constituer une façon simple
et peu coûteuse d’améliorer la détection des cas.

R E S U M E N

MARCO DE REFERENCIA : El estudio se llevo a cabo en el
Hospital St Elizabeth, situado en un área rural en el no-
roeste de Camerún que tiene una alta incidencia de tubercu-
losis (TB) y del virus de inmunodeficiencia humana (VIH).
OBJETIVO : Medir el tiempo utilizado para leer las lami-
nillas durante la microscopia rutinaria y evaluar si su re-
lectura por 10 minutos mejoraría la detección de casos.
MÉTODO : Un estudio prospectivo de 8 meses con tres
componentes : 1) la medición del tiempo empleado para
leer las laminillas durante la microscopia de rutina ; 2) la
re-lectura en ciego de las laminillas por 10 minutos y su
comparación con los resultados iniciales ; 3) la re-lectura
por 10 minutos por los microscopistas iniciales de una
proporción de las laminillas erróneamente clasificadas
como negativas, mezcladas con una proporción de lami-
nillas negativas.
RESULTADOS : De 204 pacientes proporcionaron 612

especimenes de esputo. Las laminillas fueron leídas ruti-
nariamente por una media de 2 minutos y 6 segundos
(rango interquartil 1:30 a 2:30). La lectura por 10 minu-
tos aumentó el número de laminillas clasificadas como
positivas, pasando de 82 a 116 laminillas positivas (P �
0,0083), y la detección de casos, pasando de 28 a 48 pa-
cientes (P � 0,011). Cuando el microscopista original
revisó por 10 minutos sus lecturas iniciales, más de la
mitad de las laminillas originalmente clasificadas como
negativas fueron reportadas como positivas.
CONCLUSION : El examen microscópico del esputo tiene
una baja sensibilidad si las laminillas son leídas dema-
siado rápidamente y re-examen por 10 minutos aumen-
taría significativamente la detección de casos. El control
de que las laminillas sean leídas por un mínimo de 10 mi-
nutos sería una forma simple y de bajo costo para mejorar
la detección de casos.
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Bleach Sedimentation: An Opportunity to Optimize
Smear Microscopy for Tuberculosis Diagnosis in
Settings of High Prevalence of HIV

Maryline Bonnet,1 Andrew Ramsay,3,a Willie Githui,4 Laramie Gagnidze,1 Francis Varaine,2 and Philippe J. Guerin1

1Epicentre and 2Médecins Sans Frontières, Paris, France; 3Liverpool School of Tropical Medicine, Liverpool, United Kingdom; and 4Centre for
Respiratory Diseases Research, Kenya Medical Research Institute, Nairobi, Kenya

Background. The purpose of the study was to evaluate the performance and feasibility of tuberculosis diagnosis
by sputum microscopy after bleach sedimentation, compared with by conventional direct smear microscopy, in a
setting of high prevalence of HIV.

Methods. In a community-based study in Kenya (a population in which 50% of individuals with tuberculosis
are infected with HIV), individuals with suspected pulmonary tuberculosis submitted 3 sputum specimens during
2 consecutive days, which were examined by blind evaluation. Ziehl-Neelsen–stained smears were made of fresh
specimens and of specimens that were processed with 3.5% household bleach followed by overnight sedimentation.
Two different cutoffs for acid-fast bacilli (AFB) per 100 high-power fields (HPF) were used to define a positive
smear: 110 AFB/100 HPF and 1 AFB/100 HPF. Four smear-positive case definitions, based on 1 or 2 positive
smears with the 1 AFB or 10 AFB cutoff, were used.

Results. Of 1879 specimens from 644 patients, 363 (19.3%) and 460 (24.5%) were positive by bleach sedi-
mentation microscopy, compared with 301 (16.0%) and 374 (19.9%) by direct smear microscopy, with use of the
10 AFB/100 HPF ( ) and 1 AFB/100 HPF ( ) cutoffs, respectively. Regardless of the case definitionP ! .001 P ! .001
used, bleach sedimentation microscopy detected significantly more positive cases than did direct smear microscopy:
26.7% (172 of 644) versus 21.7% (140 of 644), respectively, with the case definition of 1 positive smear and the
1 AFB/100 HPF cutoff ( ), and 21.4% (138 of 644) versus 18.6% (120 of 644), respectively, with the caseP ! .001
definition of 1 positive smear and the 10 AFB/100 HPF cutoff ( ). Inter- and intrareader reproducibilityP ! .001
were favorable, with k coefficients of 0.83 and 0.91, respectively. Bleach sedimentation was relatively inexpensive
and was not time consuming.

Conclusions. Bleach sedimentation microscopy is an effective, simple method to improve the yield of smear
microscopy in a setting of high prevalence of HIV. Further evaluation of this method, under operational conditions,
is urgently needed to determine its potential as a tool for tuberculosis control.

Direct sputum smear microscopy, despite its low sen-

sitivity, remains the cornerstone of tuberculosis (TB)

diagnosis [1]. More-sensitive diagnostics are urgently

needed to replace microscopy in peripheral laboratories

and to allow diagnosis of tuberculosis at health care
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centers without laboratory facilities. Although several

promising diagnostic tests are in development, few are

likely to be suitable replacements for microscopy or to

bring tuberculosis diagnosis closer to communities in

the short term [2].

Recent series of systematic reviews have indicated

that microscopy for tuberculosis diagnosis may be op-

timized, with considerable benefits for patients and

health care services [3–7]. The proposed approaches

include the digestion of sputum with bleach, followed

by a specimen-concentration step, before the smear

preparation [3, 8].

Evaluations of diagnostics for infectious diseases are

frequently of poor quality [9]. Systematic reviews of

tuberculosis diagnostics, including the series on opti-

mizing smear microscopy referred to above, report that
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poorly designed and poorly implemented evaluations are com-

mon and result in highly variable results [3–5, 10, 11]. The

flaws include failure to conduct evaluation among the most-

appropriate patient populations (i.e., individuals with suspected

tuberculosis who attend outpatient facilities), lack of blinding

of the specimen evaluation, lack of quality control of micros-

copy, and lack of attention to bleach quality and stability. The

use of different criteria to define a suspected tuberculosis case

or different thresholds to define a positive smear or a smear-

positive case could all introduce variability [12]. Also, studies

of bleach microscopy have failed to answer 3 important op-

erational questions about microscopy for tuberculosis diag-

nosis: (1) can it benefit peripheral clinics, where the majority

of patients seek care; (2) can it improve tuberculosis diagnosis

in HIV-infected patients, for whom the need for improved

detection of paucibacillary disease is critical; and (3) what is

its benefit when a very sensitive acid-fast bacilli (AFB) cutoff

is used to define a positive smear and a smear-positive case

[4].

The bleach microscopy methods that have been evaluated

include those that employ different bleach concentrations and

different concentration methods (i.e., centrifugation, flotation,

or sedimentation). Furthermore, some workers described the

addition of distilled water to the sputum-bleach mixture before

the concentration step, whereas others did not. This shows that

there is an inadequate quantity of evidence about any particular

bleach method. Of the various proposed methods, those that

use locally obtained domestic bleach and overnight sedimen-

tation at room temperature appear to be inexpensive and suit-

able for peripheral laboratories in low-income countries. We

set out to evaluate such a method among patients with sus-

pected tuberculosis in a peripheral health care setting with a

high prevalence of HIV. Unfortunately, because culture for My-

cobacterium tuberculosis was not available in our clinic, as is

the case in many developing countries, we do not report culture

data.

METHODS

Setting and patients. Participants were drawn from the urban

outpatient clinic supported by the Kenyan Ministry of Health

and Médecins Sans Frontières (Doctors Without Borders),

which provides HIV and tuberculosis treatment to the com-

munity living in the slum of Mathare (Nairobi, Kenya). In 2001,

the HIV prevalence in the adult population of Nairobi was

15%, and 50% of patients with tuberculosis were infected with

HIV [13]. In Mathare, 76% of patients with smear-negative

suspected tuberculosis were HIV infected (M. Bonnet, personal

communication). Consecutive patients aged 115 years who pre-

sented with a cough for 12 weeks were eligible for the study

[14]. Intake of antituberculosis drugs or quinolone in the 4

weeks before the screening was an exclusion criterion. De-

mographic information, treatment history, and clinical char-

acteristics were recorded.

Specimen collection and processing. Patients submitted 3

sputum specimens during 2 consecutive days, after they were

given instructions on how to produce a good quality specimen

[15]. The first specimen was collected in the clinic at the initial

consultation, the second at home early the next day, and the

third in the clinic when the patient brought the morning spec-

imen [16]. A minimum quantity of 1 mL of specimen was

required. Smears were made from each specimen for direct

smear microscopy. Each smear was heat fixed and was stained

using the hot Ziehl-Neelsen method (1% filtered carbol-fuchsin

and 0.1% methylene blue). The remainder of the specimen was

transferred to a 15-mL disposable plastic conical tube with an

equal volume of neat commercial bleach (3.5% NaOCl). The

mixture was agitated using a vortex mixer and was placed ver-

tically on the bench, away from drafts, at room temperature

for overnight sedimentation (15–18 h). After sedimentation,

the supernatant was poured off, and the sediment was mixed

with the remaining fluid. One or 2 drops were transferred with

a sterile glass pipette to a slide. A bleach smear was made, was

air dried, was heat fixed, and was stained by the same Ziehl-

Neelsen method.

The direct smear and bleach smear specimens were examined

by bright-field microscopy (magnification, �1000) on site by

the same laboratory technician who was blind to the result of

previous smears from the same patient. Staff turnover of the

2 study technicians prevented the same technician from reading

all smears from the same patient. The exact number of AFB

observed in 100 high-power microscopic fields (HPF) of each

smear was recorded on unique, separate laboratory forms and

in the laboratory register by the laboratory supervisor. For both

direct smear and bleach sedimentation, a positive smear was

defined using 2 different grading scales: the World Health Or-

ganization–International Union Against Tuberculosis and Lung

Disease scale, requiring �10 AFB/100 HPF, and the scale rec-

ommended by the American Thoracic Society, requiring �1

AFB/100 HPF [16–18]. The microscopic appearance of a direct

smear was defined as “good” if blue cellular elements were

present without debris, as “too thick” if cells were lying on top

of each other, as “too thin” in cases of insufficient background

elements, as “under decolorized” if background was purple or

red, and as “overheated” if red crystals were seen. Similar as-

sessment of bleach smears was not conducted because of the

digestion of the cellular elements in the smears.

As part of internal quality management, 100% of positive

and 10% of negative bleach smears and direct smears were

blindly reexamined monthly by the laboratory supervisor. Ex-

ternal quality assessment consisted of 100 randomly selected

direct smears blindly reexamined at the end of the study by
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Figure 1. Study flow chart. ICF, informed consent form

the tuberculosis laboratory of Kenya Medical Research Institute

(KEMRI) (Nairobi, Kenya).

NaOCl solution. The 3.5% domestic bleach available on

the Kenyan market (Jik Bleach Regular; Reckitt Benckiser East

Africa; active ingredient, sodium hypochlorite at 3.5% mol/vol

when packed) was used without the addition of distilled water

[19]. The same batch of bleach was used during the entire 10-

month study duration. To reduce the risk of oxidation, the

solution was stored in 750-mL dark bottles, with minimum

head-space in a dark area [20]. The room temperature was

monitored. Each week, a 250-mL aliquot of bleach “working

solution” was collected to process the specimens for that week.

All remaining working solution was discarded at the end of the

week. The date and hour of aliquoting of the working solution

were recorded on the weekly container. Before use, the presence

of free chlorine was assessed using a swimming pool tester with

diethyl-p-phenylene diamine 1 (pocket type; chlorine range,

0.1–6.0 mg/L) after prior dilution at . The quality of4d p 2.10

NaOCl was considered adequate if the concentration was in

the range 1.5–2 mg/L, in accordance with manufacturer’s

recommendations.

Reproducibility assessment. Random selections of direct

smears and bleach smears were read a second time on the same

day by a different technician and were read by the same tech-

nician 24 h after the first reading, to assess inter- and intrareader

reproducibility, respectively. The laboratory supervisor masked

the identification of the slide to ensure that the reading was

blind.

Operational aspects. A list of parameters was measured to

evaluate the feasibility of bleach sedimentation microscopy

compared with that of direct smear microscopy: (1) the du-

ration of bleaching (i.e., the time spent adding the bleach to

the specimen in the tube and shaking the tube), (2) sedimen-

tation, (3) the smearing (including the drying of the slide) and

staining of a daily batch of specimens, and (4) the duration of

the reading of individual slides. The temperature at the start

and end of sedimentation was monitored. The cost of reagents

and consumables to perform bleach sedimentation microscopy

was assessed on the basis of Kenyan market price.

Sample size. The minimum sample size to detect at least

a 10% difference in the percentage of smear-positive cases

found by bleach sedimentation microscopy compared with di-

rect smear microscopy was calculated [8]. With an average of

20% smear-positive cases detected routinely by direct smear

microscopy in the study clinic, a risk of 0.05, a power of 80%,

and a 10% dropout rate, the sample size was 690 patients. With

a positive-smear detection rate of 20%, an expected k coefficient

10.8, and a precision of 10%, the minimum sample size re-

quired to assess the test reproducibility was 220 smears [21].

Data analysis. Data were double entered using Epidata 3.1

(EpiData Association) and were analyzed using SPSS 11.0 for

Windows (SPSS). Patient, specimen, and smear characteristics

were described. Positive smear specimens and patient detection

rates were compared between bleach sedimentation microscopy

and direct smear microscopy, with use of McNemar’s test for

matched data. Four definitions of a sputum smear-positive case

were used:

1. AFB on 2 of 3 smears examined, 1 of which had �10

AFB/100 HPF detected [22],

2. �1 AFB/100 HPF in 2 of 3 smears [14],

3. �10 AFB/100 HPF in 1 of 3 smears, and

4. �1 AFB/100 HPF in 1 of 3 smears.

The gain of bleach smears was calculated as the increase in

positive smears by bleach sedimentation microscopy, compared

with direct smear microscopy, divided by the total number of

positive smears detected by direct smear microscopy. Likewise,

the gain of direct smears was calculated as the increase in pos-

itive smears by direct smear microscopy, compared with bleach

sedimentation microscopy, divided by the total number of pos-

itive smears detected by bleach sedimentation microscopy. The

same calculation was made for smear-positive cases. The pos-

itive-smear–detection yield of bleach sedimentation microscopy

performed on the first specimen was compared with that of

direct smear microscopy performed on the first 2 specimens

and on all 3 specimens, with use of case definitions 3 and 4

described above. Inter- and intrareader reproducibility were

assessed by the calculation of the k coefficient, which measures

the agreement between 2 readings. A k coefficient �0.80 sig-

nifies almost perfect agreement.

The National Ethical Review Committee of KEMRI and the

Comité de Protection des Personnes (Saint Germain en Laye,
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Table 1. Positive-smear detection among 1879 specimens, with a threshold of 10 or 1
acid-fast bacilli (AFB) per 100 high-power fields (HPF).

Threshold

Direct smear
microscopy

Bleach sedimentation
microscopy

P

No. of
positive

specimens

Percentage
positive
(95% CI)

No. of
positive

specimens

Percentage
positive
(95% CI)

10 AFB/100 HPF 301 16.0 (14.4–17.6) 363 19.3 (17.6–21.2) !.001
1 AFB/100 HPF 374 19.9 (18.1–21.8) 460 24.5 (22.5–26.5) !.001

Table 2. Positive-smear detection among 1879 specimens by macroscopic aspect, with a threshold of 10 or 1 acid-fast
bacilli (AFB) per 100 high-power fields (HPF).

Specimen aspect

Threshold of 10 AFB/100 HPF Threshold of 1 AFB/100 HPF

Direct
smear

microscopy

Bleach
sedimentation

microscopy Gaina P

Direct
smear

microscopy

Bleach
sedimentation

microscopy Gaina P

Purulent ( )n p 1401 257 (18.3) 305 (21.8) 48 (18.7) .02 312 (22.3) 374 (26.7) 62 (19.9) .001
Mucoid ( )n p 414 34 (8.2) 46 (11.1) 12 (35.3) 49 (11.8) 69 (16.7) 20 (40.8)
Blood stained ( )n p 56 10 (17.9) 12 (21.4) 2 (20.0) 13 (23.2) 17 (30.4) 4 (30.8)
Salivary ( )n p 8 0 (0) 0 (0) … 0 (0) 0 (0) …

NOTE. Data are no. (%) positive specimens, unless otherwise indicated.
a Gain of bleach sedimentation microscopy, given as the increase in positive smears detected (% of total number of positive smears detected).

France) approved the study. Written informed consent was ob-

tained from the participants.

RESULTS

A total of 788 patients with suspected pulmonary tuberculosis

were screened, and 644 (81.7%) were recruited for the study

(figure 1). The mean age was 32 years (SD, 10.3), the male:

female ratio was 0.8 (287:356; data was missing for 1 patient),

121 (18.8%) of the patients had a history of tuberculosis, 37

(5.7%) received a course of broad-spectrum antibiotics in the

2 weeks before recruitment, and 12 (1.9%) had a chest radi-

ograph. All patients had sputum production, 593 (92.1%) had

a fever in the past week, 596 (92.5%) had chest pain, 109

(16.9%) had hemoptysis, 550 (85.4%) had night sweats, 245

(38.0%) had weight loss, and 484 (75.2%) had appetite loss.

Among the 644 recruited patients, 614 (95.3%) provided 3

specimens, 7 (1.1%) provided 2 specimens, and 23 (3.6%) pro-

vided 1 specimen. A total of 1879 specimens were collected

and processed. Of these specimens, 1401 (74.6%) were puru-

lent, 414 (22.0%) were mucoid, 56 (3.0%) were blood stained,

and 8 (0.4%) were salivary. Of 1879 direct smears, 1855 (98.7%)

were good, 5 (0.3%) were too thick, and 19 (1.0%) were too

thin.

The results of smear microscopy are presented in tables 1

and 2. In 36 (1.9%) of the 1879 specimens, bleach smears were

unreadable. Regardless of the threshold used to define a positive

smear, bleach sedimentation microscopy yielded significantly

more positive smears than did direct smear microscopy. With

the threshold of 10 AFB/100 HPF or 1 AFB/100 HPF, 62

(20.6%) of 301 positive smears and 86 (23.2%) of 371 positive

smears, respectively, were detected by bleach sedimentation,

compared with 10 (2.8%) of 363 positive smears and 2 (0.4%)

of 460 positive smears, respectively, detected by direct smear

microscopy. Significantly fewer positive smears were missed by

bleach sedimentation microscopy with the threshold of 1 AFB/

100 HPF than with the threshold of 10 AFB/100 HPF (P !

). Of 363 positive smears (with the threshold of 10 AFB/100.01

HPF) detected by bleach sedimentation microscopy, 289

(79.6%) were detected as positive by direct smear microscopy.

Of the remaining 74 positive smears detected only by bleach

sedimentation microscopy, 51 (68.9%) showed scanty results

(1–9 AFB/100 HPF) and 23 (31.1%) were negative by direct

smear microscopy. The benefit of the bleach sedimentation

method was greater for the mucoid specimens than for the

purulent specimens.

The results of smear-positive case detection are presented in

table 3. Regardless of case definition, bleach sedimentation mi-

croscopy detected significantly more smear-positive cases than

did direct smear microscopy. Compared with direct smear mi-

croscopy performed on 2 or 3 specimens, bleach sedimentation

microscopy performed on the first specimen detected as many

smear-positive cases with case definition 3 and detected sig-

nificantly more smear-positive cases with case definition 4 (ta-

ble 4). Both direct smear microscopy and bleach sedimentation
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Table 3. Smear-positive case detection with use of different case definitions.

Case definition

Direct smear
microscopy

Bleach sedimentation
microscopy

P

Gain of
bleach

sedimentation
microscopya

Gain of
direct
smear

microscopya

No. of
positive

specimens

Percentage
positive
(95% CI)

No. of
positive

specimens

Percentage
positive
(95% CI)

1 ( )n p 621 116 18.7 (15.7–22.0) 136 21.9 (18.7–21.4) !.001 20/116 (17.2) 1/136 (0.7)
2 ( )n p 621 126 20.3 (17.2–23.7) 155 25.0 (21.6–28.6) !.001 29/126 (23.0) 0
3 ( )n p 644 120 18.6 (16.0–21.9) 138 21.4 (18.3–24.8) !.001 18/120 (15.0) 1/138 (0.7)
4 ( )n p 644 140 21.7 (18.6–25.1) 172 26.7 (23.3–30.2) !.001 32/140 (22.9) 1/172 (0.6)

NOTE. Case definitions are as follows: (1) acid-fast bacilli (AFB) on 2 of 3 smears examined, in 1 of which the result is �10 AFB/100 high-
power fields (HPF); (2) �1 AFB/100 HPF in 2 of 3 smears; (3) �10 AFB/100 HPF in 1 of 3 smears; and (4) �1 AFB/100 HPF in 1 of 3 smears.

a Gain data are given as the increase in positive smears detected/total number of positive smears detected (%).

Table 4. Smear-positive case detection with use of bleach sedimentation microscopy and/or direct smear microscopy and case
definitions 3 and 4.

Case
definition

Bleach sedimentation
microscopy

on first specimen

Direct smear and bleach
sedimentation microscopy

on first specimen
Direct smear microscopy

on first 2 specimens
Direct smear microscopy

on 3 specimens

No. of
positive

specimens

Percentage
positive
(95% CI)

No. of
positive

specimens

Percentage
positive
(95% CI)

No. of
positive

specimens

Percentage
positive
(95% CI)

No. of
positive

specimens

Percentage
positive
(95% CI)

3 ( )n p 644 119 18.5 (15.5–21.7) 121 18.8 (15.8–22.0) 117 18.2 (15.3–21.4) 120 18.6 (16.0–21.9)
4 ( )n p 644 150 23.3 (20.1–26.7) 152 23.6 (20.4–27.1) 135 21.0 (17.9–24.3) 140 21.7 (18.6–25.1)

NOTE. Case definitions are as follows: (3) �10 acid-fast bacilli (AFB) per 100 high-power fields (HPF) in 1 of 3 smears and (4) �1 AFB/100 HPF in 1 of 3
smears. With use of case definition 3, bleach sedimentation microscopy performed on the first specimen had for comparison with direct smear microscopyP p .84
performed on 2 specimens and for comparison with direct smear microscopy performed on 3 specimens. and for the same comparisonsP p 1.00 P p .001 P p .03
with use of case definition 4. With use of case definition 3, direct smear microscopy and bleach sedimentation microscopy both performed on the first specimen
had for comparison with direct smear microscopy performed on 2 specimens and for comparison with direct smear microscopy performed onP p .52 P p 1.00
3 specimens. and for the same comparisons with use of case definition 4.P ! .001 P p .004

microscopy performed on the first specimen detected only 2

more cases than did bleach sedimentation microscopy alone.

Inter- and intrareader reproducibility of both methods

showed k coefficients �0.8 (table 5). Quality control reported

a 95%–100% agreement rate between the technician’s results

and the supervisor’s results for the monthly internal control

and a 99% rate for the external control.

Considering the operational aspects, a median of 12 speci-

mens (interquartile range [IQR], 8.5–15) were processed daily.

The mean � SD duration of bleaching was 18.6 � 7.6 min,

and the mean � SD duration of sedimentation was 16.8 �

0.8 h. The median temperature at the start (late afternoon) and

the end (early morning) of sedimentation was 30.0�C (IQR,

27.2–32.7) and 26.0�C (IQR, 23.7–28.0), respectively. Moni-

toring of the presence of free chlorine in the bleach solution

showed that levels were adequate, with NaOCl concentrations

in the range of 1.5–2 mg/L at weekly controls. The mean �

SD duration of smear preparation was longer for processed

specimens (52.9 � 25.6 min) than for fresh specimens (21.4

� 8.3 min; ), because of the longer drying time forP ! .001

slides made from processed specimens. The mean � SD du-

ration of staining was similar for both methods: 45 � 10.4

min for bleach sedimentation microscopy and 47.1 � 10.6 min

for direct smear microscopy ( ). No statistically signif-P p .12

icant difference was observed in the mean � SD duration for

reading a positive smear by bleach sedimentation microscopy

(3.1 � 0.6 min) compared with by direct smear microscopy

(3.0 � 0.6 min). The additional cost of specimen processing

was i0.20/specimen, which included the cost of bleach and of

disposable products (2-mL syringes, 15-mL plastic conical

tubes, and plastic pipettes).

DISCUSSION

We report a significant increase in the number of positive

smears and the number of affected patients detected using

bleach sedimentation microscopy compared with conventional

direct smear microscopy, regardless of the smear-positive case

definition and AFB threshold used. One digested smear per-

formed as well as 3 direct smears, which is consistent with

recent results from a hospital-based study in Nigeria with a

similar prevalence of concordant HIV infection and tubercu-

losis [23].

This study avoided the limitations associated with previous
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Table 5. Results of inter- and intrareader reproducibility studies.

Reproducibility

Direct smear
microscopy

Bleach sedimentation
microscopy

No. of
readings k (95% CI)

No. of
readings k (95% CI)

Interreader 180 0.83 (0.76–0.86) 219 0.86 (0.84–0.88)
Intrareader 187 0.91 (0.88–0.94) 190 0.93 (0.89–0.95)

studies and reported in a meta-analysis of sputum-processing

methods [3, 10]. First, it was a prospective, community-based

study in a setting of high prevalence of HIV. The criteria to

define a suspected case of tuberculosis were based on the World

Health Organization guidelines for smear-microscopy screening

in settings of high HIV prevalence [14]. The rate of smear-

positive cases among suspected cases of tuberculosis is in the

expected range of 5%–20% for countries in which tuberculosis

is one of the most frequent causes of chronic cough [16]. Sec-

ond, the quality of the smear microscopy was high, which was

the condition in which the lowest benefit of the specimen-

processing method would be expected [24]. Indeed, we report

a significant benefit associated with the use of bleach sedi-

mentation microscopy in a setting of care that already uses

optimized direct smear microscopy and collects high-quality

specimens. Third, the results were reported per specimen and

per patient, by use of different standards for the AFB threshold

and case definition. Fourth, our bleach method was standard-

ized as much as possible, and different practical aspects were

monitored. Unlike methods used in previous studies, the pro-

cessing method did not require distilled water, which simplified

the procedure and presumably avoided contamination of

smears with saprophytic AFB from tap water, which is used

routinely in conditions in which distilled water is not available

[24]. Finally, the study was strengthened by its methodology

based on recruitment of consecutive individuals with suspected

tuberculosis and a blind evaluation.

The bleach sedimentation method is simple and does not

require additional expertise beyond that required for conven-

tional direct smear microscopy. Materials and reagents are af-

fordable and are available locally in countries where tubercu-

losis is endemic. Specimen preparation does not require

significantly extra workload, and the longer time required for

the drying of slides (after smearing) involves no extra labor

time. We did not experience faster or easier reading (because

of AFB being more readily seen in smears with less debris) by

bleach sedimentation microscopy, as was reported in previous

studies [8]. Instead, technicians reported difficulties in focusing,

because of the lack of background material in the smears, and

complained of eye fatigue.

Bleach sedimentation can result in fragile smears [24]. The

36 (1.9%) unreadable bleach smears were mainly caused by the

smear washing out. Indeed, the smear can wash off during slide

staining, and care is required to avoid this problem. Over-

heating of slides may result in the formation of crystals of

hydroxide, which might compromise readings. Another draw-

back of bleach sedimentation is the poor stability of bleach

when stored in suboptimal conditions [3, 8]. In our study, we

monitored the presence of free chlorine in the bleach solution,

using a pool tester. This testing required previous dilution of

the solution, because the highest concentration for a simple

test to detect free chlorine is 250 mg/L (Color Comparator;

Wagtech), and higher concentrations require spectophotome-

tric titration. This monitoring requires additional work, which

can introduce dilution errors and may be difficult to perform

in routine conditions. Nevertheless, our experience and pre-

vious reports show that bleach solutions at concentrations of

!6% available chlorine have an acceptable shelf life of at least

6 months if stored under suitable conditions (i.e., a cool place

in opaque, nonreactive bottles with airtight caps) [20]. The 1-

day delay of the overnight bleach sedimentation is a limitation,

which may be overcome by use of a shorter sedimentation time

[3].

The percentage of smears with AFB that were missed by

bleach sedimentation microscopy, compared with by direct

smear microscopy, was relatively low (0.4% with the 1 AFB/

100 HPF threshold and 2.7% with the 10 AFB/100 HPF thresh-

old). Despite the absence of culture (a limitation of this study),

these bleach sedimentation–negative smears were likely to be

false-negative results, perhaps explained by the aforementioned

difficulty in focusing, the potential dispersion of AFB through-

out the specimen, the breaking up of AFB clumps after ho-

mogenization, or smear fragility [24, 25]. Because of the same

limitation of no culture, the proportion of positive smears

caused by Mycobacterium species other than M. tuberculosis

could not be reported. A recent survey conducted in a district

of Nairobi reported that the isolates in 8.2% of 85 positive

specimens were identified as Mycobacterium species other than

M. tuberculosis [26].

In conclusion, this study suggests that the bleach sedimen-

tation method can significantly improve the yield of microscopy

for tuberculosis diagnosis when used in a peripheral clinic in

a setting of a high prevalence of HIV. Its benefit remains sig-

nificant even when a sensitive AFB threshold is used. The
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method is simple, affordable, and appropriate for laboratories

that already perform microscopy. Additional evaluation, under

operational conditions, is urgently required to determine its

potential as a tool for tuberculosis control. Cost-effectiveness

analyses of strategies that combine direct smear microscopy

and bleach sedimentation microscopy are necessary to optimize

services and to balance the need for increased sensitivity with

the need to prevent patient dropout during diagnostic process.
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Reducing the number of sputum samples examined 
and thresholds for positivity: an opportunity to optimise
smear microscopy

M. Bonnet,* A. Ramsay,† L. Gagnidze,* W. Githui,‡ P. J. Guerin,* F. Varaine§

* Epicentre, Paris, France; † Liverpool School of Tropical Medicine, Liverpool, UK; ‡ Centre for Respiratory 

S U M M A R Y

Diseases Research, Kenya Medical Research Institute, Nairobi Kenya; § Médecins Sans Frontières, Paris, France

SETTING: Urban health clinic, Nairobi.
OBJECTIVE: To evaluate the impact on tuberculosis
(TB) case detection and laboratory workload of reduc-
ing the number of sputum smears examined and thresh-
olds for diagnosing positive smears and positive cases.
DESIGN: In this prospective study, three Ziehl-Neelsen
stained sputum smears from consecutive pulmonary TB
suspects were examined blind. The standard approach
(A), 	2 positive smears out of 3, using a cut-off of 10
acid-fast bacilli (AFB)/100 high-power fields (HPF), was
compared with approaches B, 	2 positive smears (	4
AFB/100 HPF) out of 3, one of which is 	10 AFB/100
HPF; C, 	2 positive smears (	4 AFB/100 HPF) out of 3;
D, 	1 positive smear (	10 AFB/100 HPF) out of 2; and
E, 	1 positive smear (	4 AFB/100 HPF) out of 2. The

microscopy gold standard was detection of at least one
positive smear (	4 AFB/100 HPF) out of 3.
RESULTS: Among 644 TB suspects, the alternative ap-
proaches detected from 114 (17.7%) (approach B) to
123 cases (19.1%) (approach E) compared to 105 cases
(16.3%) for approach A (P � 0.005). Sensitivity ranged
between 82.0% (105/128) for A and 96.1% (123/128)
for E. The single positive smear approaches reduced the
number of smears by 36% compared to approach A.
CONCLUSION: Reducing the number of specimens and
the positivity threshold to define a positive case increased
the sensitivity of microscopy and reduced laboratory
workload.
KEY WORDS: tuberculosis; microscopy; diagnosis

TUBERCULOSIS (TB) care that includes effective de-
tection and treatment of patients is central to the
global TB control strategy. Currently available diag-
nostics are either insensitive, time-consuming or re-
quire laboratory infrastructures that are considerably
more sophisticated 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 term.1 A recently developed model to evaluate
the potential role of better diagnostics in improving
TB control in developing countries has predicted that
improving the performance of sputum smear micros-
copy and reducing the loss of patients during the di-
agnostic process would be associated with consider-
able public health impact.2

Pulmonary TB patients with more than 105 My-
cobacterium tuberculosis organisms per ml of spu-
tum (approximately half of all pulmonary TB patients
worldwide) can be diagnosed using direct sputum smear

microscopy. International guidelines recommend the
microscopic examination of three serial sputum spec-
imens for acid-fast bacilli (AFB) in the investigation
of pulmonary TB suspects, and define a positive case
as a case with at least two smear-positive results.3–5

The first specimen is a ‘spot’ specimen collected when
the patient presents at the health facility. The second
is an ‘early morning’ specimen collected at home, and
the third a further ‘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 for the patient to col-
lect the smear results.

Smear microscopy as currently recommended is as-
sociated with two major problems: variable sensitiv-
ity in detecting smear-positive cases, and a high rate
of patient drop-out during the diagnostic process.6,7

A systematic review has demonstrated that the aver-
age incremental yield and/or increase in sensitivity of
examining a third sputum specimen ranged from 2%
to 5%, and concluded that reducing the number of spec-
imens examined from three to two (and particularly
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to two specimens collected on the same day) could
potentially increase case detection.8 It was suggested
that this could be achieved by reducing the workload
in over-burdened laboratories and the number of pa-
tient visits required. Limitations of the review, as iden-
tified by the authors, were that few studies were blinded
or reported microscopy quality assurance, thresholds
for defining a positive smear or the nature of the spu-
tum specimens (i.e., whether a specimen was a first spot,
morning or second spot specimen). Recent studies have
shown the high specificity of single positive smear re-
sults and/or scanty smear results in high TB prevalence
settings.9,10 These studies have not as yet influenced
policy change with regard to international guidelines
on the definitions of a smear-positive case.

We prospectively evaluated different approaches
to sputum smear microscopy based on the examina-
tion of two and three specimens, with differing defini-
tions of a ‘smear-positive’ case. In so doing we sought
to avoid the methodological deficiencies of many pre-
vious studies that were identified by the authors of the
afore-mentioned systematic review.8 We considered
the effect of the different approaches on case detec-
tion, laboratory workload and diagnostic delay.

STUDY POPULATION AND METHODS

The present study was conducted in an urban human
immunodeficiency virus (HIV)-TB health clinic sup-
ported by Médecins Sans Frontières in Mathare, a
slum area of Nairobi, Kenya. The clinic’s laboratory
routinely performs sputum smear microscopy. All con-
secutive patients aged 	15 years with cough �2 weeks
were eligible for the study. After providing written in-
formed consent, patients submitted three sputum spec-
imens over 2 consecutive days. The first specimen was
collected on the spot at the initial consultation, the
second at early morning and the third on the spot when
the patient delivered the morning specimen. The hot
Ziehl-Neelsen method (carbol-fuchsin 1%) was used.
Slides were examined using bright-field microscopy
(magnification � 1000) by two independent labora-
tory technicians blinded to the result of the previous
smear. The exact number of AFB observed in 100
high power fields (HPF) for each smear result was re-
corded on a separate laboratory form. Results were
then recorded independently in the programme labo-
ratory register by the study supervisor. Several ap-
proaches to sputum smear microscopy for the detec-
tion of smear-positive TB cases were compared (Table
1). The approaches varied in the AFB cut-off used to
define a positive smear, the number of positive smears
required to define a smear-positive case and whether
two or three specimens were examined.

Treatment of TB suspects referred to the laboratory
by the clinicians was decided based on microscopy re-
sult, clinical presentation and chest X-ray findings.
Every month the study supervisor blindly rechecked

50% to 100% of positive and 10% to 20% of ran-
domly selected negative slides. An external quality as-
sessment of 100 randomly selected slides at the end of
the study was performed blind at the TB laboratory
of the Centre for Respiratory Diseases Research of the
Kenyan Medical Research Institute (KEMRI), Nairobi,
Kenya. Inter-reader and intra-reader reliability was
assessed on a sample of 200 smears randomly selected
to be reread blind by the second reader or by the same
reader at 1-day intervals.

Data were double-entered using EpiData 3.1 (Epi-
Data, Odense, Denmark, www.epidata.org). Intention
to treat analysis was performed using SPSS® 11.0 for
Windows (SPSS Inc., Chicago, IL, USA).

The smear-positive case detection rate was calcu-
lated for each approach and compared between the
alternative approaches (B to E) and the standard ap-
proach (A), using McNemar’s test to compare matched
data. The performance of the different approaches was
measured using the detection of at least one smear with
	4 AFB/100 HPF out of three smears as the microscopy
‘gold standard’, based on the very good correlation
with culture results reported in previous studies.10,12

The detection yield of the first smear and the incre-
mental yield of the second smear compared to the first
smear and of the third smear compared to the first two
smears were calculated as the ratio of the number of
cases with first smear positive, first smear negative
and second smear positive, and two first smears neg-
ative and third smear positive, divided by the total
number of cases with at least one positive smear out
of three examined. The smear-positive detection rate
of the second, early morning, specimen was compared
with that of the third, on-the-spot, specimen, which
was prepared together with the second specimen.

Inter-reader and intra-reader reliability was assessed
by the calculation of the Kappa coefficient, which mea-
sures the extent to which the results of both tests vary
when read by two independent readers or at a 1-day
interval by the same reader. A 
 value between 0.80
and 1 signifies almost perfect agreement.

The mean time between initial consultation and
final smear results and the total number of slides read
per approach were calculated.

Table 1 Definitions of smear-positive cases according to the 
different smear microscopy approaches used in the study

Approach A3,4 At least 2 smear-positive results out of 3, using a 
cut-off of 10 AFB/100 HPF

Approach B5 At least 2 smear-positive results (	4 AFB/100 HPF)
out of 3, one of which being 	10 AFB/100 HPF

Approach C11 At least 2 smear-positive results out of 3, using a 
cut-off of 4 AFB/100 HPF

Approach D At least 1 smear-positive result out of the 2 first 
specimens collected, using a cut-off of 
10 AFB/100 HPF

Approach E At least 1 smear-positive result out of the 2 first 
specimens collected, using a cut-off of
4 AFB/100 HPF

AFB � acid-fast bacilli; HPF � high power fields.
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The study was approved by the Ethical Review
Committees of KEMRI (Nairobi, Kenya) and the
‘Comité de Protection des Personnes’, Saint Germain-
en-Laye, France.

RESULTS

Between February and December 2005, 644 patients
were included in the study (Figure), resulting in the
examination of 1879 specimens. The mean age was
32 years (standard deviation [SD] 10.3) and the male/
female sex ratio was 0.8 (287/356). One hundred and
twenty one patients (18.8%) had a past history of TB
and 37 (5.7%) had received broad-spectrum antibiot-
ics in the 2 weeks before sputum investigation. In ad-
dition to cough, 593 patients had a history of fever
(92.5%), 596 (92.5%) chest pain, 109 (16.9%) hae-
moptysis, 245 (38.0%) reported weight loss and 484
(75.2%) had loss of appetite. Of the 644 patients, 614
(95.3%) were able to produce three sputum specimens,
7 (1.1%) two and 23 (3.6%) only one.

Of the 1879 specimens, 1401 (74%) were macro-
scopically purulent or muco-purulent, 414 (22.0%)
were mucoid, 30 were blood-stained (3.0%) and 8 sal-
ivary (0.4%). A final total of 1855 (98.7%) good qual-
ity smears were defined microscopically by the presence
of blue cellular elements without debris or artifacts.

Standard approach A detected 105 smear-positive
cases (16.3%). Smear-positive detection of the alter-

native approaches B to E is reported in Table 2. All
detected significantly more smear-positive cases than
approach A. The microscopy gold standard detected
a total of 128 smear-positive cases. The performance
of the different approaches is presented in Table 3. D
and E were the most sensitive approaches.

Using a cut-off of 10 and 4 AFB/100 HPF, re-
spectively 120 and 128 patients were detected with at
least one smear-positive result out of three examined.
The incremental detection yield of the first, second
and third specimen is shown in Table 4. Regardless of
the cut-off, the incremental yield of the second smear
compared to the first smear was significant (P � 0.001).
This was not the case for the incremental yield of the
third smear compared to the two first smears (P �
0.25 for 10 AFB/100 HPF and P � 0.06 for 4 AFB/
100 HPF).

The smear-positive detection yield of the morning
specimen (using 10 AFB/100 HPF cut-off) was 18.4%
(114/621) compared to 14.2% (88/621) for the third
specimen (P � 0.001). Of the 26 cases detected as pos-
itive only after examination of the morning specimen,
23 (88.5%) had scanty results (1–9 AFB/100 HPF)
after examination of the third (on-the-spot) specimen.
Using 4 AFB/100 HPF as the cut-off, the detection yield
of the morning specimen was 19.0% (118/621) com-
pared to 17.6% (109/621) for the third specimen; the
difference was not significant (P � 0.06). Of nine cases
detected as positive only after examination of the sec-
ond specimen, 6 (66.7%) had 1–3 AFB/100 HPF after
examination of the third specimen.

Figure Study profile. ICF � informed consent form.

Table 2 Smear-positive case detection rates of the different 
approaches compared to the standard WHO approach (A)

Case
detection

n (%)

Comparison
with

approach A
P value

Increase of
cases detected
compared to
approach A

n/N (%)

Approach A 105 (16.3)
Approach B 114 (17.7) 0.004 9/105 (8.6)
Approach C 115 (17.9) 0.002 10/105 (9.5)
Approach D 117 (18.2) �0.001 12/105 (11.4)
Approach E 123 (19.1) �0.001 18/105 (17.1)

WHO � World Health Organization.

Table 3 Performance of the different approaches for 
detecting smear-positive TB cases using at least one positive 
smear (�4 AFB/100 HPF) result out of three as the microscopy 
gold standard

Detected
n

Sensitivity
%

Specificity
%

PPV
%

NPV
%

Approach A 105 82.0 100 100 95.7
Approach B 114 89.1 100 100 97.4
Approach C 115 89.8 100 100 97.5
Approach D 117 91.4 100 100 97.9
Approach E 123 96.1 100 100 99.0

TB � tuberculosis; AFB � acid-fast bacilli; HPF � high power fields; PPV �
positive predictive value; NPV � negative predictive value.

Table 4 Smear microscopy incremental yield of the first, 
second and third specimen using one positive smear to define 
a positive case and two different AFB cut-offs to define a 
positive smear

AFB cut-off

Positive
cases

n

Detected
case on

first
specimen

n (%)

Newly
detected
cases on
second

specimen
n (%)

Newly
detected
cases on

third
specimen

n (%)

10 AFB/100 HPF 120 88 (73.3) 29 (24.7) 3 (2.5)
4 AFB/100 HPF 128 109 (85.2) 14 (10.9) 5 (3.9)

AFB � acid-fast bacilli; HPF � high power fields.
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The mean time between the initial consultation and
the final smear results was 1.6 days (SD 2.9) using ap-
proaches D and E based on collection of two specimens,
compared to 2.0 days (SD 3.4) with approaches A–C
based on collection of three specimens (P � 0.001).

Inter-reader and intra-reader reliability were very
good, with a 
 coefficient of 0.83 (95% confidence in-
terval [CI] 0.76–0.86) and 0.91 (95%CI 0.88–0.94),
respectively. The sensitivity of the monthly quality con-
trol ranged between 92% and 100% and specificity be-
tween 95% and 100%. There was no positive/negative
discordance and only one scanty result controlled as
negative in the external quality control.

The three-specimen based approaches (A, B, C) re-
sulted in the reading of 1879 slides (644 � 621 � 614).
The two-specimen based approaches D and E resulted
in the reading of 1200 (644 � [644 � 88]) and 1179
slides (644 � [644 � 109]), respectively, which re-
duced by 36.1% (679/1879) and 37.2% (700/1932)
the number of slides to be read compared to the three-
specimen based approaches.

DISCUSSION

Adopting an approach based on two specimens and
defining a smear-positive patient as having at least one
positive smear result, regardless of AFB cut-off, would
increase smear-positive case detection significantly
compared to the use of the standard approach based
on two smear-positive results out of three specimens.
A national survey in Indonesia recently reported an
increase in prevalence of smear-positive cases from
104 to 120 per 100 000 population using one positive
smear instead of two to define a positive case.13

The addition of the third sputum smear did not sig-
nificantly increase the detection of smear-positive
cases: the incremental yield of the third compared to
the two first sputum samples was in the range of 2%
to 5%, as reported in a recent systematic review.8 A
recent retrospective laboratory registers-based study
in Mongolia and Zimbabwe reported 0.7–4.5% sus-
pects detected with a positive result only on the third
smear examination.14 Better smear-positive detection
was reported on the early morning specimen com-
pared to the on-the-spot specimen, as has already been
shown elsewhere, but was statistically non-significant
when a smear-positive result was defined by the detec-
tion of 	4 AFB /100 HPF.15 In our study, the increase
in detection was mainly the consequence of a better
concentration of AFB in the morning specimen and
was therefore more significant when using a higher
AFB cut-off. With the use of 4 AFB/HPF cut-off, our
results are consistent with the results of a recent study
that assessed the diagnostic yield of the examination
of two sputum specimens collected on a single day at
the initial consultation against the standard 2-day ap-
proach, and did not report a significantly different
smear-positive case detection rate.6

The use of a 4 AFB/100 HPF cut-off to define a
positive smear result rather than a 10 AFB cut-off in-
creased smear-positive case detection. Due to the ab-
sence of a culture gold standard in our study, we used
4 AFB/100 HPF as the cut-off rather than 1 AFB/100
HPF because previous studies in similar settings re-
ported a good correlation between culture results and
smear results with 	4 AFB when good, quality-assured
microscopy was in place, even in high HIV-prevalence
settings.9,10,16

This was the case in our study, in which the high
inter-reader reliability and good results of the quality
controls support the high quality of the smear micros-
copy. Our choice of AFB cut-off was strengthened by
the low rate of false-positive smear results (54/3830,
1.4%) reported by the very large study conducted in
1980 in four Eastern African laboratories assessing
the true specificity of smear microscopy by examina-
tion of spiked artificial specimens.17 Nevertheless, the
use of a more sensitive cut-off (4 AFB/100 HPF) com-
pared to the standard 10 AFB cut-off may not result
in more patients started on TB treatment under rou-
tine programme conditions, where patients with only
scanty results are treated anyway, even if they are re-
ported as being smear-negative.

In ideal conditions, when smears can be read on
the day of specimen collection, an approach using a
case definition based on one positive smear would re-
sult in two thirds of smear-positive patients starting
treatment on the first visit. This may be valuable, given
that some national TB programmes report patient
drop-out rates during the diagnostic phase of as high
as 37%.18 The time between initial consultation and
final smear result was reduced using approaches based
on two smear examinations compared to those with
three smears. However, the translation of these shorter
times to smear results into earlier treatment start
was not addressed in this study, and requires further
investigation.

In the present study, approaches based on two spu-
tum specimens resulted in a significant reduction in
the number of smears compared to those based on the
collection of three specimens. This could alleviate the
overwhelming workload of laboratories, particularly
in countries with high HIV prevalence, which have
experienced both a dramatic increase in TB cases and
a human resource crisis. Reducing the number of spu-
tum smears that need to be examined by one third
would allow more time for examination of the remain-
ing smears, may impact positively on the quality of
smear microscopy and would finally increase the
number of smear-positive TB cases detected. In addi-
tion, dropping the third smear will lead to a signifi-
cant reduction in costs.19,20

In conclusion, the approach using one positive smear
result after examination of two specimens in a high
HIV prevalence setting increases the sensitivity of the
method and reduces both the laboratory workload
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and diagnostic delays. Lowering the AFB threshold to
define a smear-positive case would increase the number
of smear-positive cases detected, and could be consid-
ered in settings with quality-assured smear microscopy.
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R É S U M É

CONTEXTE : Centre de santé urbain, Nairobi.
OBJECTIVE : Evaluer l’impact de la réduction du nombre
de crachats examinés et du seuil de positivité pour dé-
finir un frottis positif sur le taux de détection et la charge
de travail au laboratoire.
DESIGN : Etude prospective. Examen microscopique
(Ziehl-Neelsen) à l’aveugle de trois crachats de patients
consécutifs suspects de tuberculose. La méthode stan-
dard (A), 	2 frottis positifs sur 3, en utilisant un seuil de
10 bacilles acido-résistants (BAAR)/100 champs micro-
scopiques (CM) a été comparée avec B, 	 2 frottis posi-
tifs (	4 BAAR/100 CM) sur 3, un étant 	10 BAAR/
100 CM ; C, 	2 frottis positifs (	4 BAAR/100 CM) sur
3 ; D, 	1 frottis positif (	10 BAAR/100 CM) sur 2 ; et

E, 	1 frottis positif (	4 BAAR/100 CM) sur 2. La dé-
tection d’au moins 1 frottis positif (	4 BAAR/100 CM)
sur 3 était l’examen microscopique de référence.
RÉSULTS : Sur 644 suspects, les approches alternatives B
et E ont détecté entre 114 (17,7%) et 123 cas (19,1%)
par rapport à 105 cas (16,3%) pour A (P � 0,005). La
sensibilité variait entre 82,0% (105/128) pour A et 96,1%
(123/128) pour E. Les approches basées sur un frottis
positif réduisaient de 36% le nombre de frottis par rap-
port à l’approche A.
CONCLUSION : La réduction du nombre de crachats et
du seuil de positivité a augmenté la sensibilité de la mi-
croscopie et diminué la charge de travail.
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R E S U M E N

MARCO DE REFERENCIA : Dispensario urbano en
Nairobi.
OBJETIVO : Evaluación de la repercusión de una reduc-
ción de la cantidad de muestras de esputo examinadas y
de los valores discriminatorios que definen las bacilo-
scopias positivas y los casos de tuberculosis (TB) sobre
la detección de casos y el volumen de trabajo de los
laboratorios.
MÉTODO : Estudio prospectivo con anonimato en el cual
se examinaron, mediante coloración de Ziehl-Neelsen,
tres muestras de esputo de cada paciente consecutivo con
presunción clínica de TB. La estrategia (A), 	2 bacilo-
scopias positivas de un total de 3, con un valor discrimi-
natorio de 10 bacilos acidorresistentes (BAAR) por 100
campos con objetivo de gran aumento (CGA), se com-
paró con B, 	2 baciloscopias positivas de 3, con 	4
BAAR/100 CGA, una de las cuales con 	10 BAAR/100
CGA ; C, 2 o 3 baciloscopias positivas de 3, con 	4
BAAR/100 CGA ; D, 	1 baciloscopias positivas de 2,

con 	10 BAAR/100 CGA ; y con E, 	1 baciloscopias
positivas de 2, con 	4 BAAR/100 CGA . El rendimiento
diagnóstico se comparó con la estrategia de referencia :
por lo menos 1 baciloscopia positiva de un total de 3
(	4 BAAR/100 CGA).
RESULTADOS : En los 644 casos con presunción diagnó-
stica de TB, se detectaron entre 114 casos (17,7%) con
la estrategia B y 123 casos (19,1%) con la estrategia E,
en comparación con 105 casos (16,3%) detectados con
la estrategia A (P � 0,005). La sensibilidad osciló entre
82,0% (105/128) con la estrategia A y 96,1% (123/128)
con la estrategia E. La supresión de una muestra de es-
puto disminuyó de 36% la cantidad de baciloscopias exa-
minadas, en comparación con la estrategia de base A.
CONCLUSIÓN : La reducción de la cantidad de muestras
y del umbral de positividad con el fin de definir un caso
de tuberculosis aumenta la sensibilidad y reduce el volu-
men de trabajo de los laboratorios.
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Setting. Ethiopia, Nepal, Nigeria, and Yemen. Objective. To reduce the time to complete sputum microscopy. Design. Cross-sectional
surveys enrolling 923 patients with chronic cough in the 4 countries and using similar protocols. Spot-morning-spot sputum
specimens were collected. An additional sputum specimen (Xspot) was collected one hour after the first, and the yields of the first
two or the three specimens collected as spot-morning-spot or spot-Xspot-morning were compared. Results. 216 patients had≥ one
positive smear. 210 (97%) were identified by the spot-morning-spot, and 210 (97%) were identified by the spot-Xspot-morning
specimens, with 203 and 200 identified by the first 2 specimens of each approach, respectively. Neither difference was significant.
Conclusions. The time to complete smear microscopy could be reduced.
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1. Introduction

New diagnostics for pulmonary tuberculosis (PTB) that are
more sensitive than sputum smear microscopy and suitable
for primary health care (PHC) services in low- and middle-
income countries (LMICs) are urgently needed. Although
several promising new diagnostics are under development,
they are unlikely to become widely available at the lower
levels of LMIC health services in the near future [1]. In the
meantime, TB case detection must be improved through the
optimal use of existing diagnostic tools. The optimisation of
sputum microscopy services, often the only TB diagnostic

services possible at PHC level in LMICs, is urgently needed
[2–6]. Smear microscopy has several limitations, includ-
ing poor sensitivity, being labour intensive, and requiring
skilled microscopists. Furthermore, the need to collect serial
sputum specimens over multiple patient visits results in a
protracted diagnostic process with high rates of patient drop-
out [7, 8].

Recent studies examining the yield of serial sputum spec-
imens, usually collected as spot-morning-spot, have reported
that the majority of patients with smear-positive PTB are
identified by the first two sputum specimens [2], and the
World Health Organization (WHO) has recently changed
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its policy in this respect, reducing the minimum number of
sputum specimens examined for each patient from three to
two [9]. This will result in reduced laboratory workloads in
many settings, with the potential of improving the quality
of sputum microscopy [10]. Case detection may thus be
expected to increase in locations where the number of new
cases detected through improved microscopy quality exceeds
the 2% to 5% of cases missed by not examining the third
specimen [5].

The policy changes do not, however, specify the timing
for the collection of the two specimens. If specimens were
collected at the time of consultation (1st on-the-spot) and the
morning of the following day (morning sample), the spot-
morning specimens would still require a minimum of two
visits, which is the minimum required by the spot-morning-
spot scheme currently used in most diagnostic centres of
LMICs. In addition, the spot-morning and spot-morning-spot
schemes still examine a substantial proportion of samples the
second day of the diagnostic process. If the process could
be “front-loaded”, that is, if all or the majority of sputum
collections were conducted the first day of the diagnostic
process, this may reduce the number of visits required and
reduce patient drop-out, particularly if results could be made
available the same day.

This study describes the yield of a front-loaded diag-
nostic scheme, in which an additional on-the-spot specimen
(referred here as the Xspot) is collected one hour after the
first spot specimen. We hypothesised that the yield of this
specimen is similar to the yield of other specimens collected
on the spot, and that the overall yields of the spot-Xspot-
morning and the standard spot-morning-spot schemes are
similar. In addition, the study explores whether the first two
specimens collected identify the majority of smear-positive
patients.

2. Materials and Methods

Four separate studies were conducted in Ethiopia, Nepal,
Nigeria, and Yemen using similar study designs. All indi-
viduals 15 years of age or older with cough for ≥3 weeks
were invited to participate and were enrolled consecutively
at the time of presentation to the health services and after
obtaining informed consent. The services in all four settings
were busy outpatient clinics of district hospitals that were
integrated with the National TB Control Programme of the
country. Individuals either self-presented to these clinics
or had been referred from peripheral health centres for
assessment. Patients were requested to submit 3 sputum
specimens as spot-morning-spot (the standard approach),
and an additional specimen was collected one hour after the
first (the Xspot) on the first day of consultation (Figure 1).
All smears were stained using the hot Ziehl-Neelsen method,
were read blindly by trained laboratory technicians, and
graded using the WHO/IUATLD system. In accordance with
the recent WHO policy changes, all smears with ≥1 acid fast
bacillus /100 high power fields were considered positive. The
main difference in study design between the four sites was
that all morning specimens collected in Nepal and Yemen

were cultured on solid egg-based media to allow for the
calculation of sensitivity and specificity when considering
culture as the reference standard. The four study sites had
internal quality control procedures in place. External quality
assessment (EQA) of smear microscopy was conducted by
the Liverpool School of Tropical Medicine (LSTM), UK. For
all 4 sites, there was >98% agreement between the results of
the study microscopists and those of the controllers at LSTM.

Data were analysed to describe the yield of single smears
and the cumulative yields of the standard (spot-morning-
spot) versus the front-loaded (spot-Xspot-morning) schemes
and of the two smear spot-morning versus the front-loaded
spot-Xspot schemes. Proportions were described as percent-
ages and 95% confidence intervals (95%CI). A number of
patients (62, 7%) did not have complete sets of sputum
specimens for analysis. These patients were included in the
analysis for the additional yield, and missing smears were
considered as negative. As the schemes were not indepen-
dent, comparisons of marginal proportions were made using
matched McNemar tests. These included comparisons of the
extra yield of the third sputum for each scheme; the yield
of the “two” sample schemes and the comparison of the
dropouts if patients were examined by the standard and
frontloaded schemes. The extra yield of the third sputum
for each scheme was summarised in 3 × 3 tables using the
categories “positive on at least one of the first two samples”,
“positive on the third sample only”, and “negative on all
samples” and stratified by study setting. As this analysis
required complete sets of data, the 62 (7%) patients with
missing sputum samples were excluded from this analysis.
The yield for the “two” sample schemes was also compared
with 2 × 2 tables with the indicators for each scheme being
“positive on at least one of the two specimens” and “negative
on both specimens”. Patients with one of the two specimens
missing (36, 4%) were classified as negative if the specimen
available was negative. McNemar and Stuart MaxWell tests
for marginal heterogeneity were used for comparison of the
two and three specimen schemes, respectively, stratified by
study site.

Partial results of the studies in Ethiopia and Nigeria,
which described the yield of two smears collected as spot and
Xspot in a single day, have been reported previously [3, 4].
However, this report includes the yields of the spot-morning-
spot and spot-Xspot-morning schemes from these sites as well
as the data from two additional sites conducting studies with
similar design approaches.

Ethical approval for the study protocols was obtained
from the research ethics committees of the Liverpool School
of Tropical Medicine and the Institutional Review Boards of
the participating institutions in Ethiopia, Nepal, Nigeria, and
Yemen.

3. Results

A total of 923 consecutive patients were recruited. Of these,
243 were enrolled in Ethiopia, 206 in Nepal, 224 in Nigeria,
and 250 in Yemen. Two hundred and sixteen (23%) of
the 923 patients had one or more positive smears. The
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Day 1 Day 2 Scheme

1st spot Xspot Morning 2nd spot

Spot-Xspot-morning

Spot-morning-spot

Figure 1: Sputum samples collected and analysed for each scheme.

Table 1: Incremental yield of serial smears collected as spot-morning-spot or spot-Xspot-morning specimens.

Country N∗
≥1 pos. smear, First spot pos. Standard approach Front-loaded approach

N (%) N (%) Incremental yield, N (%) N (%) detected Incremental yield, N (%) N (%) detected

Morning Second spot Xspot Morning

Ethiopia 243 52 (21) 45 (87) 4 (8) 2 (4) 51(98) 4 (8) 3 (6) 52 (100)

Nepal 206 55 (25) 39 (71) 7 (13) 5 (9) 51 (93) 5 (9) 6 (11) 50 (91)

Nigeria 224 48 (21) 45 (94) 3 (6) 0 48 (100) 2 (4) 1 (2) 48 (100)

Yemen 250 61 (24) 52 (85) 8 (13) 0 60 (98) 7 (12) 1 (2) 60 (98)

All 923 216 (23) 181 (84) 22 (10) 7 (3) 210 (97) 18 (8) 11 (5) 210 (97)
∗N = number; pos = positive; Xspot = Extra spot collected one hour after the first spot sputum specimen.

first-spot, Xspot, morning, and second-spot specimens were
graded positive in 181 (20%), 186 (20%), 185 (20%), and
176 (19%) patients, respectively, as shown in Table 1. In
addition to the 181 patients identified by the first-spot,
22 (10%) and 7 (3%) additional patients were detected
by the morning and second-spot specimens, respectively,
resulting in a cumulative yield for the spot-morning-spot
scheme of 210 (23%) patients. In comparison, the Xspot and
morning specimens of the front-loaded approach detected
18 (8%) and 11 (5%) additional patients, also resulting
in a cumulative yield for the spot-Xspot-morning scheme
of 210 (23%) patients. The yield of the third smear was
the same in both approaches, independently on whether
this was thesecond spot or the morning specimen (P >.5).
A comparison of the yield of the third smear for samples
collected using the standard (spot-morning-spot) and the
front-loading (spot-Xspot-morning) approaches by country
is shown in Table 2. Although there were a few discrepant
results in the yield of the third specimen across the schemes,
the direction of these discrepancies varied across study sites,
and the discrepancies in each study site or combined were
not statistically significant.

The first two (spot-morning) smears of the spot-morning-
spot approach identified 203 (97%) smear-positive patients.
These two smears, therefore, would have missed 7 (3%,
95%CI 1%–6%) of the cases identified by the three smears,
as shown in Table 1. The first two (spot-Xspot) smears of the
spot-spot-morning approach identified 199 (95%, 91%–97%)
smear-positive patients. These two spot smears, therefore,
would have missed 11 cases (5%, 95%CI 3%–9%) identified
by the three smears. A matched comparison of the yield
of two smears collected using the standard (spot-morning)
and the front-loading (spot-Xspot) approaches stratified by

country is shown in Table 3. Again, the proportion of cases
missed by the spot-morning and the spot-spot smears is not
statistically different.

Fifty-one (25%) of the 206 patients in Nepal and 72
(29%) of the 250 patients in Yemen had a positive TB culture.
Thirty-nine and 37 of the 51 culture-positive patients in
Nepal were identified by the standard and the front-loaded
schemes, resulting in a sensitivity of 76% [95%CI 63%–
87%]and 73% [59%–83%], respectively. In Yemen, 51 and
52 of the 72 culture-positive patients were identified by the
standard and front-loaded schemes, respectively, (sensitivity
71% [60%–80%]and 72% [61%–82%]). There were no
statistical differences between the sensitivities of the standard
and front-loaded approaches.

The sensitivity of two smears collected as spot-morning
would be 69% (35 of 51 culture positive patients) in Nepal
and 71% (51 of 72) in Yemen. In comparison, the sensitivity
of the two smears collected as spot-Xspot would be 67% (34 of
51) in Nepal and 67% (48 of 72) in Yemen. These differences
are not statistically significant (P >.4 for both).

4. Discussion

Much progress has been made in recent years in the
development of new diagnostics for TB. However, few
of the newer diagnostic technologies are suitable for use
outside of reference laboratories in the public health services
of LMICs. TB control in resource-poor, high-prevalence
settings, therefore, will continue to rely upon sputum
smear microscopy until frontline services gain access to
the new technologies. Tuberculosis affects disproportionately
indigent populations who seek health services in areas with
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Table 2: Yield of the third smear for samples collected using the standard (spot-morning-spot) and the front-loading (spot-spot-morning)
approaches by country. 62 patients (15 from Yemen, 44 from Nepal, and 3 from Ethiopia) were excluded as they did not submit the third
specimen.

Standard approach Front-loading approach P∗

Yemen (N = 235) Pos on 1st two smears Only 3rd smear pos All negative

.14
Pos on 1st two smears 56 4 0

Only 3rd smear pos 0 0 0

All negative 0 0 175

Nepal (N = 162)

.76
Pos on 1st two smears 40 6 0

Pos on the 3rd smear 3 0 5

Negative in all 3 0 105

Nigeria (N = 224)

.61
Pos on 1st two smears 47 1 0

Pos on the 3rd smear 0 0 0

Negative in all 0 0 176

Ethiopia (N = 240)

.55
Pos on 1st two smears 46 3 0

Pos on the 3rd smear 2 0 0

Negative in all 1 0 188

All sites (N = 861)

.58
Pos on 1st two smears 189 14 0

Pos on the 3rd smear 5 0 5

Negative in all 4 0 644
∗Stuart-MaxWell test, (Marginal Heterogeneity).

Table 3: Yield of two smears collected using the standard (spot-morning) and the frontloading (spot-Xspot) approaches by country.

Standard approach Frontloading approach P∗

Yemen Positive Negative All

.18
Positive 56 4 60

Negative 1 189 190

All 57 193 250

Nepal

.53
Positive 40 6 46

Negative 4 156 160

All 44 162 206

Nigeria

.32
Positive 47 1 48

Negative 0 176 176

All 47 177 224

Ethiopia

1.0
Positive 46 3 49

Negative 3 191 194

All 49 194 243

All sites

.58
Positive 189 14 203

Negative 8 712 720

All 197 726 923
∗McNemar test.
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limited resources [11], and the costs incurred by patients can
be prohibitively high, even when services are provided free
of charge [12]. Individuals need to attend health facilities
on several occasions to see a clinician, submit sputum
specimens, receive results, and be put on treatment, and these
visits may incur loss of earnings and require repeated travel,
purchase of food, and accommodation [13]. A significant
proportion of people undergoing investigations for TB drop-
out of the smear diagnostic pathway, and these patients are
more likely to be the poor. Although few studies report the
proportion of patients who drop out during the diagnosis
of TB in LMIC, 13% of TB suspects in India [14], 15%
and 37% of smear-positive patients in rural [8], and urban
Malawi [15] dropout of the process, and unusually, the
diagnostic dropout rate can be as high as 95% [16]. Failing
to complete the diagnosis, therefore, is a major obstacle to
access treatment in these settings [8].

There is increasing interest in equity in health services,
as typified by the interim report of the WHO Commission
on Social Determinants of Health. Primary health care, once
again, plays a central role in WHO’s current agenda, and
the development of equitable diagnostic services is, therefore,
paramount to access treatment [17]. The investigation of
suspected PTB in many low-prevalence countries is based on
the examination of serial morning specimens because these
specimens have been associated with a significant additional
yield of patients. The proportion of patients who drop out
in these settings, however, is insignificant, and the spot-
morning-spot scheme was developed in the 1950s and 60s
in response to the need to reduce the number of visits
in high-prevalence areas, where patients often abandoned
the diagnostic process. Although it was widely accepted
that overnight specimens were more likely to contain more
bacilli, it was also acknowledged that in less favourable
circumstances, it was more practical to obtain specimens at
the time the patient was attending the service [18]. Two of
the morning specimens were replaced by spot specimens,
and shorter schemes that required a reduced number of
visits were developed. Although this was a remarkable
improvement, the continued need for multiple visits was still
a hindrance for many patients.

It is now recognised that the high bacillary threshold for
defining a smear as positive and the requirement to obtain
at least one confirmatory smear have unnecessarily reduced
the sensitivity of the test in the detection of smear positive
cases. These requirements also resulted in many laboratory
services being overwhelmed and leaving insufficient time
for the examination of smears. The recent WHO policy
changes reduce the smear microscopy thresholds [9] and
the minimum number of specimens to be examined. These
changes will reduce workload, particularly important in
areas, where skilled human resources are limited, potentially
increasing case detection through allowing more time to
examine the smears [10]. These policy changes might be
associated with larger gains in case detection if the timing
of sputum specimen collection and examination were more
convenient for patients, particularly poor patients, and help
to reduce drop-out.

This study shows that the spot-spot-morning and spot-
morning-spot schemes have similar yields. This indicates
that front-loaded TB diagnostic services (whether based on
the examination of two or three specimens) are feasible
and would not be associated with significantly less yield
than the equivalent standard approach. Both two-smear
strategies would miss about 3%–5% of the patients identified
by the three-specimen strategy, as suggested by a previous
systematic review [5, 19]. These losses are likely to be
compensated by increased quality of microscopy and lower
drop-out rates of patients. In addition, programmes where
≥10% of patients fail to return for the second day of
diagnosis would identify similar numbers using 2 smears
the first day of consultation than 2 or 3 smears collected
over two or more days. Countries adopting two-smear
schemes, therefore, may consider collecting and examining
the specimens in a single day to shorten the time required for
diagnosis.

The development of diagnostic approaches that are
responsive to the needs of the population may be feasible,
and larger studies are urgently required to validate the
findings of this study under operational conditions. If the
findings of this study are confirmed, smear microscopy
services should be front loaded in the interests of equity and
improved TB control.

5. Summary

The diagnosis of tuberculosis in high-burden settings relies
on sputum smear microscopy and requires multiple patients’
visits to the health facilities. This approach could be
improved if most specimens were collected the first day
of consultation. This study reports the smear microscopy
findings of 923 adults with chronic cough participating
in four cross-sectional surveysin Ethiopia, Nepal, Nigeria,
and Yemen. Sputum specimens were collected as spot-
morning-spot plus one additional specimen one hour after
the first spot (X-spot). The yield of two (spot-Xspot or
spot-morning) or three (spot-morning-spot or spot-X-spot-
morning) specimens was compared. 216 patients had ≥ one
positive smear. Of these, 210 (97%) were identified by the
spot-morning-spot, and 210 (97%) were identified by the
spot-Xspot-morning specimens. Spot-morning identified
203 and spot-Xspot specimens 200 patients, respectively,
(P >.1). The time, number of visits and patients’ costs to
complete smear microscopy could be reduced by frontload-
ing the collection of sputum specimens.
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Abstract

Background: To quantify the likely impact of recent WHO policy recommendations regarding smear microscopy and the
introduction of appropriate low-cost fluorescence microscopy on a) case detection and b) laboratory workload.

Methodology/Principal Findings: An audit of the laboratory register in an urban hospital, Lilongwe, Malawi, and the
application of a simple modelling framework. The adoption of the new definition of a smear-positive case could directly
increase case detection by up to 28%. Examining Ziehl-Neelsen (ZN) sputum smears for up to 10 minutes before declaring
them negative has previously been shown to increase case detection (over and above that gained by the adoption of the
new case definition) by 70% compared with examination times in routine practice. Three times the number of staff would
be required to adequately examine the current workload of smears using ZN microscopy. Through implementing new
policy recommendations and LED-based fluorescence microscopy the current laboratory staff complement could
investigate the same number of patients, examining auramine-stained smears to an extent that is equivalent to a 10
minutes ZN smear examination.

Conclusions/Significance: Combined implementation of the new WHO recommendations on smear microscopy and LED-
based fluorescence microscopy could result in substantial increases in smear positive case-detection using existing human
resources and minimal additional equipment.
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Introduction

There are an estimated 9.3 million new cases of tuberculosis

(TB) each year, with the majority occurring in low- and middle-

income countries (LMICs) [1]. Most LMICs rely almost entirely

on direct sputum smear microscopy (DSSM) for routine TB

diagnostic services [2]. The 2008 data indicate that 1.4 million of

the TB cases were in people living with HIV/AIDS (PLWHA)

who are particularly likely to be paucibacillary or smear-negative

[1,3].

The World Health Organization (WHO) has recently made

policy recommendations relevant to sputum microscopy in settings

with well-functioning External Quality Assessment (EQA)

schemes. The recommendations include lowering the thresholds

for: a) classifying a smear as positive from $10 Acid Fast Bacilli

(AFB)/100 High Power Fields (i.e. 1+ grade) to 1 AFB per smear

(ie. including all ‘‘scanty’’ smears), and b) classifying a patient as a

smear-positive case (from two positive smears to one) [4]. This has

been shown to significantly increase the numbers of cases classified

as smear positive [5,6].

The WHO, recognizing the minimal additional yield provided

by the third specimen, has also recommended that, in settings with

high laboratory workloads and limited human resources, the

minimum number of sputum specimens to be examined in the

investigation of suspected PTB could be reduced from three to two

[7,8]. The intention is to improve the quality of smear microscopy

(and improve case detection) through alleviating unmanageable

workloads and allowing more time for the examination of the two

most important specimens.

The sensitivity of smear microscopy is reported to be variable

even in epidemiologically similar settings. The amount of time

spent examining smears is critical but seldom reported. Adequate

time must be invested if paucibacillary cases are to be detected.

International guidelines recommend a 5 to 10 minute examina-

tion, equivalent to the examination of between 100–300 high-

power fields (HPF), before declaring a smear to be negative
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[2,9,10]. Inadequate examination times have been reported in

LMICs, often in association with heavy laboratory workloads and

shortages of trained personnel [11,12]. In a district hospital in

Cameroon the median duration of smear examination in routine

practice was 2 minutes 6 seconds [13]. Even after adoption of the

new WHO-approved reduced thresholds for defining a positive

smear and a smear positive case, re-examining the same smears for

up to 10 minutes increased case detection by 70% [13].

Unfortunately, overwhelming laboratory workloads and a lack of

human resources prevent such lengthy examination times in

developing countries, particularly in those countries badly affected

by the HIV pandemic.

It is recognized that fluorescence microscopy (FM) could also

increase case detection and reduce laboratory workloads. A recent

systematic review indicates that FM may increase sensitivity of

DSSM by around 10%. Perhaps more importantly, the examina-

tion of fluorochrome-stained smears can be achieved in 25% of the

time taken to examine Ziehl-Neelsen (ZN) stained smears (with

comparable specificity) [14,15]. Thus, the FM equivalent of a 10

minute ZN examination would be just 2.5 minutes - little more

than the routine examination times recorded in Cameroon. Until

recently the uptake of FM in LMICs has been hampered by the

high cost, complexity and poor user-acceptance of conventional

FM systems. Low-cost FM based on light-emitting diodes (LED) is

now becoming available and this new technology could lead to

more widespread use of FM [16,17].

Both the recent policy changes and LED-FM seem suitable for

diagnostic services in Malawi, which have endured long-standing

and severe human resource shortages [18,19]. Sputum smear

microscopy workloads in district level laboratories are very high

relative to the number of laboratory staff available [11,19]. The

Malawi National TB Control Programme (NTP) has a well-

established EQA Scheme [20]. There are however no estimates of

the likely benefits to be gained from implementing the new policies

and/or new technology, whether alone or in combination. Such

estimates would provide useful information to NTPs considering

diagnostic retooling [21–23].

Retrospective laboratory data from an urban hospital in Malawi

was used to model:

1. the increase in smear-positive case detection that might be

expected to stem directly from adoption of the WHO-

recommended lowered threshold for definition of a positive

smear and a smear-positive case;

2. the reduction in laboratory workload that might be expected

from adopting a two-specimen strategy for investigating

suspected pulmonary TB and

3. the potential for examining ZN stained sputum smears for the

recommended 10 minutes (or the LED-FM equivalent) with

the existing designated laboratory staff.

This is the first attempt to model the potential impact of these

interventions that has been reported as far as we are aware.

Materials and Methods

This retrospective analysis used data from the laboratory

register of Bwaila Hospital in Lilongwe District, Central Malawi

[24]. The hospital serves urban and rural populations and

provides essential medical laboratory services including DSSM,

malaria microscopy, basic haematology and clinical chemistry,

blood-grouping and cross-matching and stool and urine analysis.

At the time of the audit the laboratory was staffed by two

professional laboratory workers (one lab technician and one lab

assistant), three health surveillance assistants and one cleaner. One

health surveillance assistant was responsible for sputum specimen

registration, smear preparation and staining (non-microscopy) on

five full days per week. One professional laboratory worker was

responsible for microscopy on 4.5 days per week, since the week’s

first smears prepared for microscopy become available around

mid-day on a Monday.

Sputum smear microscopy is used to investigate patients

with $3 weeks cough (TB suspects) and to monitor response to

TB treatment (follow-up patients). TB suspects are asked to

submit three sputum specimens collected as spot-morning-spot

over two days. Follow-up patients are usually monitored during

the second and fifth months of treatment by examining two

sputum specimens on each occasion. Specimens are submitted

to the laboratory from Monday to Friday and records are kept

in standardized laboratory registers. Data extracted from the

register included the date the sputum was received, sex, patient

category (i.e. TB suspect or follow-up), the number of specimens

examined and result of smear microscopy. In order to minimize

disruption, data were extracted from the most recent laboratory

register that was not in daily use. Data were obtained for 24

April - 23 October 2006 (6 months). The data were used to

calculate: the numbers, sex and categories of patients investi-

gated; the number of specimens submitted; the number of

follow-up patients with positive smears; the number and sex of

TB suspects with positive smears; and the number and sex of

smear-positive cases as then defined. An international system of

laboratory workload measurement (Welcan) was used to

estimate the workload and staff requirements of actual practice

during the period [25]. The data were then used to model the

expected impact of implementing recent WHO policy recom-

mendations and LED-FM on annual case detection and, by

reapplication of the Welcan system, on the annual workload in

hands-on person-hours. The predicted impact of skill-mix

management on laboratory practice was also modelled.

The Welcan system assigns a value to laboratory tests in terms

of hands-on staff time required. Hands-on time may be defined as

time that a staff member is actively working. Hands-on time does

not, for example, include time while smears are being passively

stained (eg auramine staining for FM) but does if the stain needs to

be heated periodically (eg carbol fuchsin staining for ZN). The

Welcan system is based on observation and timing of procedures

in routine laboratories and takes account of batching of smears etc.

The system assigns a value of 15 minutes to the complete

processing of a single sputum specimen using ZN smear

microscopy (from specimen receipt to reporting). In the model, 5

of these minutes were assigned to the non-microscopy component

of the processing and a maximum of 10 of these minutes would be

assigned to the microscopic examination of the ZN smear until the

result was declared. All 10 minutes would be required to declare a

smear negative, and proportionately less for a 3+, 2+, 1+ and

scanty positive smear. The overall workload would thus be affected

by the proportion of positive smears and their grades, as these take

less time to examine. To estimate the workload more realistically

in the model, shortened examination times were be attributed to

positive ZN smears (0.5 minutes for ‘‘3+’’, 1 minute for ‘‘2+’’, 2.5
minutes for ‘‘1+’’ and 5 minutes for scanty smears). As data on the

grades of follow-up patients smears were not collected from the

laboratory register, an average of 2.5 minutes microscopy time was

attributed for each positive smear of follow-up patients. It is

assumed that the 5 minutes non-microscopy component of the

Welcan value for ZN smears is fixed as clerking and processing of

the samples is not affected by specimen positivity and there is little

opportunity for expediting the process.

Optimizing TB Microscopy
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The Welcan system assigns a value of five minutes to the

complete processing of a single sputum specimen using fluores-

cence microscopy (from specimen receipt to reporting). In the

model, 2.5 of these minutes were assigned to the non-microscopy

component of the processing and a maximum of 2.5 of these

minutes would be assigned to the microscopic examination of the

FM smear until the result was declared (i.e. 25% of the

recommended 10 minute ZN microscopy time). All 2.5 minutes

would be required to declare a smear negative, and proportion-

ately less for a 3+, 2+, 1+ and scanty positive smear. The overall

workload would thus be affected by the proportion of positive

smears and their grades, as these take less time to examine. To

estimate the workload more realistically in the model, shortened

examination times were be attributed to positive FM smears (0.25

minutes for ‘‘3+’’, 0.5 minute for ‘‘2+’’, 1.5 minutes for ‘‘1+’’ and 2

minutes for scanty smears). As data on the grades of follow-up

patients smears were not collected from the laboratory register, an

average of 1.5 minutes microscopy time was attributed for each

positive smear of follow-up patients.

The number of staff required for the workload arising from the

different interventions was then calculated, using reported details

of district laboratory working patterns in Malawi [26]. Finally the

total workload was apportioned according to the skills required for

processing the specimens at different stages. Level I was assigned

for the non-microscopy component and Level II for the

microscopy component, with Skill Level I activities conducted by

Health Surveillance Assistants (secondary school leavers) and Skill

Level II by laboratory assistants or technician (minimum of three

years training post-secondary school).

Ethical Approval
Permission for conducting the audit was obtained from the

Lilongwe District Health Office and the National Tuberculosis

Control Programme (NTP). General measures are provided in all

NTP facilities to ensure patient confidentiality. Data collected

during this audit did not include any personal identifiers. The

Malawi National Health Science Research Committee provides

general oversight and approval for collection and use of

programmatic data for monitoring and evaluation and improve-

ment of service delivery. The work described in this report was

conducted under this arrangement.

Results

A total of 2449 patients were registered with a median of 86

patients (range 48–178) and 239 (range 140–482) smears

examined per week. Of these, 1920 patients were TB suspects

and 529 follow ups. In total 6,796 smears, 5,730 (84.3%) from TB

suspects and 1,066 (15.7%) from follow-up patients, were

examined. Results from thirty smears from TB suspects were not

recorded (4 of 128 smear-positive males and 6 of 72 smear-positive

females did not submit the third specimen, the remaining 21

missing smears resulted from between 10 and 20 smear-negative

TB suspects submitting only 1 or 2 specimens). Eight follow-up

patients had 3 smear examinations recorded possibly in error. Five

hundred and sixty one (9.7%) of the 5,730 smears from TB

suspects and 49 (4.6%) of the 1,066 smears from follow-up patients

had $1 AFB resulting in 201 (10.5%) and 26 (4.9%) of the TB

suspects and follow up patients being smear-positive. A median of

7 (range 3–13) TB suspects and 1 (range 0–3) follow up patient

were positive per week and 19 (range 9–38) and 2 (range 0–6)

smears from TB suspect and follow up patients were positive each

week.

In total, 1099 (57.2%) of the 1920 TB suspects and 322 (60.9%)

of the 529 follow up patients were male. Among the TB suspects,

128 (11.6%) of 1099 males and 73 (8.9%) of 819 females had $
one smear with $1 AFB (p = 0.06), while among follow-ups, 15

(4.7%) of 322 male and 11 (5.3%) of 206 female were positive

(p = 0.8). Discrepancies between numbers are accounted for by

patients for whom no sex was recorded or whose smears were not

graded.

The Increase in Smear-Positive Case Detection That
Might Be Expected to Stem Directly from Adoption of the
WHO-Recommended Lowered Threshold for Definition
of a Positive Smear and a Smear-Positive Case
The numbers of TB suspects identified as having smear-positive

PTB stratified by the case definitions and sex are shown in Table 1.

Adoption of the new smear positive case definition could result in

up to 82% increases in the number of patients defined as smear

positive cases depending on the case definition in current use and

the availability of facilities for supplementary investigations such as

radiography or TB culture. Total smear positive TB case detection

increases from 110 cases to 200 when moving from a case

definition based on two smears with a minimum grade of 1+ to a

definition based on 1 smear with at least 1 AFB. Case detection

among males increased from 67 to 128 and among females from

43 to 72.

The Reduction in Laboratory Workload That Might Be
Expected from Adopting a Two-Specimen Strategy for
Investigating Suspected Pulmonary TB
If the 1,920 TB suspects had submitted three sputum specimens

5,760 smears should had been examined. Investigating TB

suspects by examining only 2 specimens would reduce the actual

Table 1. Number of TB suspects (by sex) classified as smear-positive PTB cases using different thresholds for case definition.

Number of TB suspects with

N
At least 2 smears at
1+ grade or above

At least 2 smears
with $1 AFB/smear

At least 1 smear at
1+ grade or above

At least 1 smear
with $1 AFB/smear

Male (%) 1099 (57.3%) 67 (6.1%)** 122 (11.1%) 98 (8.9%)* 128 (11.6%)

Female (%) 818 (42.6%) 43 (5.3%)** 68 (8.3%) 58 (7.1%) 72 (8.8%)

Unknown 2 (0.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Total 1919{ 110 (5.7%)** 190 (9.9%) 156 (8.1%)* 200 (10.4%)

*P,0.05 and **p,0.01 when compared to the definition ‘‘At least 1 smear with $1 AFB/smear’’; Chi square for trend, males, p,0.001; females p,0.05.
{sex not known for one patient.
doi:10.1371/journal.pone.0007760.t001
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workload from 5730 to 3840 smears. The first smear to be positive

was the first spot smear in 125 (98%) of the 128 males and 70

(97%) of the 72 females, the remaining 3 (2%) male and 2 (3%)

female patients were identified as smear positive on the morning

smear. If only one smear with $1 AFB were considered sufficient

for diagnosis, 195 of 200 patients, being positive on the first smear,

would not need examination of the second smear. This would

reduce the workload by a further 195 smears to 3645. In

accordance with current recommendations, the 529 follow-up

patients would continue to be monitored with two smears

regardless of the results of the first smear requiring 1,058 smears.

The total number of smears therefore would have been reduced

from 6788 to 4703 (a reduction of 31%).

The Potential for Examining ZN Stained Sputum Smears
for the Recommended 10 Minutes (or the FM Equivalent)
with the Existing Designated Laboratory Staff
Trained laboratory workers at district hospital level are

estimated to work 1240 hours per year (23.8 hours/week) [26].

The numbers of patients, smears, and smear grades during the six

month audit period were doubled to approximate one year’s work

(Table 2). The Welcan values of 15 minutes for ZN and 5 minutes

for FM microscopy, with modifications for positive smears based

on the grades of positivity, were applied to this workload. The

Welcan time was then calculated according to the non-microscopy

and microscopy components. The microscopy time was up to the

recommended 10 minutes examination time for negative ZN

smears, and up to 2.5 minutes examination time for negative FM

smears. The Welcan values for the total work times for ZN and

FM are given in Table 2. The 3840 TB suspects examined in one

year would require 163,950 minutes and the follow ups would

require a further 31,005 minutes to process all their specimens

using ZN smear microscopy. The total number of hands-on person

hours was then calculated for the non-microscopy and microscopy

components (Skill Levels I and II) resulting in 3,249 hours for ZN

and 1,108 hours for FM. These workloads would require 2.62 full

time hand-on equivalent (FTHOE) staff for ZN and 0.89 FTHOE

for FM, respectively. In practice this would require 5 to 6 staff to

be employed for these tasks since much time spent in the

laboratory could not be considered hands-on.

The workloads were re-calculated for ZN and FM if a two

specimen strategy were adopted for the investigation of TB

suspects, as shown in Table 3. This strategy would reduce the total

number of hours required for the investigation of TB suspects from

163,950 to 109,574 minutes when using ZN and from 56,009 to

37,666 minutes for FM, still requiring a total of 1.89 and 0.64

FTHOE, respectively.

Finally, the workloads were re-calculated for ZN and FM

assuming the adoption of a two specimen strategy for the

investigation of TB suspects and that one positive smear is

sufficient to define a smear-positive case, in accordance with the

newly recommended definition. In accordance with current

recommendations, examination of two smears was still required

for follow-up patients regardless of the result of the first smear. The

adoption of this approach would result only in a slightly reduced

time needed for microscopy since the second specimen from TB

suspects would still have been registered and a smear prepared,

fixed and stained. Overall, this approach would only reduce the

workload marginally for ZN, from 1.89 to 1.87 FTHOE, and not

at all for FM (FTHOE remains 0.64).

Discussion

At the time of this audit, two positive smears were required to

define a smear-positive case based on microscopy alone in Malawi

Table 2. Current workload based on examination of three specimens from TB suspects; comparison of ZN and FM.

No smears# ZN times FM times

Non-microscopy
65 mins Microscopy* Total

Non-microscopy
62.5 mins Microscopy** Total

TB suspects 3
specimens n = 3840

Neg 10,338 51,690 103,380 155,070 25,845 25,845 51,690

Scanty 420 2,100 2,100 4,200 1,050 840 1,890

1+ 356 1,780 890 2,670 890 534 1,424

2+ 214 1,070 214 1,284 535 107 642

3+ 132 660 66 726 330 33 363

Subtotal 11,460 57,300 106,650 163,950 28,650 27,359 56,009

Follow-ups n = 1058 Neg 2,018 10,090 20,180 30,270 5,045 5,045 10,090

Pos 98 490 245 735 245 147 392

Subtotal 2,116 10,580 20,425 31,005 5,290 5,192 10,482

Total 13,576

Workload No minutes 67,880 127,075 194,955 33,940 32,551 66,491

Total No hours 1131.3 2117.9 3249.3 565.7 542.5 1,108.2

Staff FTHOE{ Skill Level I Skill Level II All staff Skill Level I Skill Level II All staff

Total/1240 hrs 0.91 1.71 2.62 0.46 0.44 0.89

*Time taken to find a ZN smear neg = 10 mins; Scanty = 5 mins; 1+ =2.5 mins; 2+ =1.0 min; 3+ =0.5 min. FU pos = 2.5 mins.
**Time taken to find an FM smear neg = 2.5 mins; Scanty = 2.0 mins; 1+ =1.5 mins; 2+ = 0.5; 3+ =0.25 min. FU pos = 1.5 mins.
#No of negative smears and positive smears (at different grades) calculated based on proportions of smears that were negative and positive (at different grades) in
laboratory register at Bwaila Hospital.

{Staff Full Time (Hands-on) Equivalent based on real working hours reported by Mundy et al. [26].
doi:10.1371/journal.pone.0007760.t002
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and the required grading of the smears was not stated in its

national guidelines. A person with a single positive smear could be

categorized as a smear-positive case if they had radiographic

abnormalities consistent with TB, or had a positive TB culture. TB

culture was not routinely available for the diagnosis of new cases

and many diagnostic centres did not have ready access to chest

radiography. The situation is the same in 2009. This audit

indicates that adoption of the revised WHO smear-positive case

definition could significantly increase case detection in men and

women by up to 28% at centres without access to chest

radiography or TB culture depending on the grade of smear

currently accepted as positive. In contrast to a prospective study

conducted in Kenya, this retrospective analysis found that the

increase in case detection may be significantly higher in men than

in women [6]. An adequate explanation for the difference in

findings between these two studies, conducted in similar

epidemiological settings, is not immediately obvious.

This audit also demonstrates that the laboratory evaluated is

overwhelmed with requests for sputum smear microscopy relative

to its human resources and equipment. Similar smear microscopy

workloads and human resource shortages were described from

Ntcheu District Hospital in Malawi over 10 years ago. The

laboratory workload and available human resources at Bwaila

Hospital are likely to be similar to those at other district hospital

laboratories in Malawi and neighbouring countries [11,26]. If a

quality smear microscopy service, based on the recommended ZN

examination time of up to 10 minutes were to be provided for the

current workload, a total of 2.62 FTHOE staff would be required.

Calculating the number of hands-on staff required for services

does not take into account the large proportions of staff time that

are not actively engaged in laboratory tasks. Depending upon the

efficiency of time-management in the laboratory, 2.62 FTHOE

staff translates practically to the equivalent of 5–6 staff being

employed to manage the smear microscopy workload. As 1.71

FTHOE would be required just for the microscopy, 3–4 staff

would need to be employed for the ZN microscopy component of

the work. Each of these staff members would require a microscope.

The microscopy workload at Bwaila Hospital is currently being

performed by about 25% of the staff complement required. Since

the amount of time spent on the microscopic examination of each

smear will necessarily be short, poor sensitivity of DSSM (similar

to that seen in Cameroon) can be expected. If the implementation

of new policies and/or new technology could allow ZN smears to

be examined for up to 10 minutes, or FM slides for up to 2.5

minutes (to cover the equivalent area of a smear), case detection

might be expected to increase by 70%. This would be over and

above that resulting directly from the adoption of the new case

definition since the study in Cameroon used the new definition of a

smear positive case [13]. The time required to examine the FM

smear until reliably declared negative would be only 24 seconds

more than the average routine smear-examination time in the

Cameroon study.

Reducing the number of specimens examined in the investiga-

tion of TB suspects from three to two reduced the workload by

31%., but it still would require a total of 1.89 FTHOE staff if ZN

microscopy was used. This most likely represents 4 staff employed,

with 3 staff (each with a microscope) employed for the microscopy

component alone (1.23 FTHOE). In all approaches using ZN

smear microscopy the time taken for the microscopy component,

and the professional laboratory staff (Skill Level II) time required,

was around twice the time taken for the non-microscopy

component and the general staff (Skill Level I) time. This has

implications for service costs.

The introduction of fluorescence microscopy to an approach in

which three specimens from TB suspects are examined consider-

able reduced workload and particularly the time required of Skill

Table 3. Predicted reduction in workload through examining only two specimens from TB suspects; comparison of ZN and FM.

No smears# ZN times FM times

Non-microscopy
65 mins Microscopy* Total

Non-microscopy
62.5 mins Microscopy** Total

TB suspects 2
specimens n = 3840

Neg 6,900 34,500 69,000 103,500 17,250 17,250 34,500

Scanty 268 1,340 1,340 2,680 670 536 1,206

1+ 250 1,250 625 1,875 625 375 1,000

2+ 156 780 156 936 390 78 468

3+ 106 530 53 583 265 27 292

Subtotal 7,680 38,400 71,174 109,574 19,200 18,266 37,466

Follow-ups n = 1058 Neg 2,018 10,090 20,180 30,270 5,045 5,045 10,090

Pos 98 490 245 735 245 147 392

Subtotal 2,116 10,580 20,425 31,005 5,290 5,192 10,482

Total 9,796

Workload No minutes 48,980 91,599 140,579 24,490 23,458 47,948

Total No hours 816.3 1526.7 2343.0 408.2 391.0 799.1

Staff FTHOE{ Skill Level I Skill Level II All staff Skill Level I Skill Level II All Staff

Total/1240 hrs 0.66 1.23 1.89 0.33 0.32 0.64

*Time taken to find a ZN smear neg = 10 mins; scanty = 5 mins; 1+ = 2.5 mins; 2+ = 1.0 min; 3+ = 0.5 min. FU pos = 2.5 mins.
**Time taken to find an FM smear neg = 2.5 mins; scanty = 2.0 mins; 1+ = 1.5 mins; 2+ = 0.5; 3+ = 0.25 min. FU pos = 1.5 mins.
#No of negative smears and positive smears (at different grades) calculated based on proportions of smears that were negative and positive (at different grades) in
laboratory register at Bwaila Hospital.

{Staff Full Time (Hands-on) Equivalent based on real working hours reported by Mundy et al. [26].
doi:10.1371/journal.pone.0007760.t003
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Level II (microscopy) staff. A total FTHOE staff equivalent of 0.89

of which 0.44 FTHOE would be Skill Level II probably brings the

total employed staff required to around 2–3 staff. The combina-

tion of reducing the number of specimens examined in the

investigation of TB suspects and the adoption of fluorescence

microscopy brings the clearest indication that workload could be

reduced to the levels at which the existing staff employed on smear

microscopy at Bwaila Hospital could provide a quality smear

microscopy service. A total of 0.64 FTHOE staff split equally

between Skill Levels I and II (0.32 FTHOE) brings the total

employed staff required to two (one at Skill Level 1 and one at Skill

Level II).

The combination of adopting the new WHO recommendations

on smear microscopy and introducing fluorescence microscopy

can be expected to considerably reduce workload and almost

double smear-positive case detection. Furthermore this increase in

case detection would be achieved with the existing human

resources available and minimal additional equipment.

The adoption of the new WHO smear-positive case definition

directly increased case detection (at least by ZN), but the obviation

of confirmatory smears would have a negligible impact on

workload regardless of whether ZN or FM were used.

Interestingly, the laboratory was equipped with a functional

conventional fluorescence microscope, which was infrequently

used. Only one member of staff was trained to use it. There are

many reports of conventional fluorescence microscopes being

poorly accepted by laboratory staff in LMICs [14]. The

microscopes are often very complex, the mercury vapour lamps

have a limited useful life, they generate a lot of heat, and have to

be used in a dark room [14]. Furthermore, users often express

concerns about the health dangers of the ultra-violet (UV) light

emitted [14].

The new LED-based FM systems come as complete micro-

scopes or as adaptors for existing light microscopes [27–32]. The

diodes have long life-spans and low energy requirements. They are

simple to use, do not generate much heat, do not emit UV light,

and do not need a dark-room. A number of large-scale trials and

demonstration studies of LED-FM systems have recently been

completed and results are awaited [23].

A number of challenges need to be overcome before LED-FM

can be implemented widely in NTP diagnostic centres, including

the large-scale training that would be required. The most

challenging obstacle is the need to develop and validate adequate

EQA systems for fluoresce microscopy [14]. Once these are

overcome however, the implementation of the new WHO smear

microscopy policy recommendations together with LED-FM could

substantially reduce the workload and increase case detection.

Further research including the analysis of health system costs and

the likely impact on patient access to treatment is needed to

prospectively validate the gains predicted by this model.

Acknowledgments

The authors are grateful to Professor Martien Borgdorff, Professor Paul

Klatser and Dr Gillian Mann for their critical review of the manuscript

prior to submission.

Author Contributions

Conceived and designed the experiments: AR LEC CMN PC FMLS SM.

Performed the experiments: AR CMN PC SM. Analyzed the data: AR

LEC CM RD SBS FMLS. Contributed reagents/materials/analysis tools:

LEC FMLS SM. Wrote the paper: AR LEC CM CMN PC RD SBS

FMLS SM.

References

1. World Health Organization (2009) Global Tuberculosis Control: Epidemiology,

Strategy, Financing. WHO Report. WHO/HTM/TB/2009.411. Available:
http://www.who.int/tb/publications/global_report/2009/pdf/full_report.pdf

(accessed 2009 September 22.).

2. World Health Organization (1998) Laboratory Services in Tuberculosis Control.

Part II: Microscopy. WHO/TB/98.258.

3. Mugusi F, Villamor E, Urassa W, Saathoff E, Bosch RJ, et al. (2006) HIV

co-infection, CD4 cell counts and clinical correlates of bacillary density in
pulmonary tuberculosis. International Journal of Tuberculosis and Lung

Diseases 10: 663–669.

4. Available: http://www.who.int/tb/dots/laboratory/policy/en/index1.html.

Accessed 2009 September 22.

5. Bonnet M, Ramsay A, Varaine F, Githui W, Gagnidze L, et al. (2007) Reducing

the number of sputa examined, and thresholds for positivity: an opportunity to
optimize smear microscopy. International Journal of Tuberculosis and Lung

Diseases 11(9): 953–8.

6. Ramsay A, Bonnet M, Gagnidze L, Githui W, Varaine F, et al. (2009) Sputum,

sex and scanty smears: New case-definition may reduce sex disparities in
smear-positive tuberculosis. International Journal of Tuberculosis and Lung

Diseases 13(5): 613–619.

7. Mase SR, Ramsay A, Ng V, Hopewell PC, Cunningham J, et al. (2007) Yield of

serial sputum specimen examinations in the diagnosis of pulmonary tuberculosis:
a systematic review. International Journal of Tuberculosis and Lung Diseases

11(5): 485–495.

8. Available: http://www.who.int/tb/dots/laboratory/policy/en/index2.html.

Accessed 2009 September 22.

9. Fujiki A (1998) TB Microscopy. Tokyo, Japan: Research Institute of

Tuberculosis (RIT), Japan.

10. Enarson DA, Rieder HL, Arnadottir T, Trebucq A (1996) Tuberculosis Guide

for Low-Income Countries. Appendix 1: Technical Guide for Sputum
Examination for Tuberculosis by Direct Microscopy. 4th Edition, Paris.

International Union Against Tuberculosis and Lung Diseases.

11. Mundy CJ, Harries AD, Banerjee A, Salaniponi FM, Gilks CF, et al. (2002)

Quality assessment of sputum transportation, smear preparation and AFB
microscopy in a rural district in Malawi. International Journal of Tuberculosis

and Lung Diseases 6(1): 47–54.

12. Hawken MP, Muhindi DW, Chakaya JM, Bhatt SM, Ng’ang’a LW, et al. (2001)

Under-diagnosis of smear-positive pulmonary tuberculosis in Nairobi, Kenya.

International Journal of Tuberculosis and Lung Diseases 5(3): 360–363.

13. Cambanis A, Ramsay A, Wirkom V, Tata E, Cuevas LE (2007) Investing time in

microscopy: An opportunity to optimize smear-based case detection of

tuberculosis. International Journal of Tuberculosis and Lung Diseases 11(1):

40–45.

14. Steingart KR, Henry M, Ng V, Hopewell PC, Ramsay A, et al. (2006)

Fluorescence versus conventional sputum smear microscopy for tuberculosis: a

systematic review. Lancet Infectious Diseases 6(9): 570–81.

15. Bennedsen J, Larsen SO (1966) Examination for tubercle bacilli by fluorescence

microscopy. Scandinavian Journal of Respiratory Diseases 47: 114–20.

16. Anthony RM, Kolk AH, Kuijper S, Klatser PR (2006) Light-emitting diodes for

auramine O fluorescence microscopic screening of Mycobacterium tuberculosis.

International Journal of Tuberculosis and Lung Diseases 10(9): 1060–2.

17. Marais BJ, Brittle W, Painczyk K, Hesseling AC, Beyers N, et al. (2008) Use of

light-emitting diode fluorescence microscopy to detect acid-fast bacilli in sputum.

Clinical Infectious Diseases 47(2): 203–7.

18. McCoy D, McPake B, Mwapasa V (2008) The double burden of human

resource and HIV crises: a case study of Malawi. Human Resources for Health

6(16): BioMed Central.

19. World Health Organization Regional Office for Africa (2006) Africa Regional

Health Report: The Health of the People. (ISBN-10: 9290231033).

20. Malawi National Tuberculosis Control Programme (2008) Annual Report

(July 2007 - June 2008). Malawi Ministry of Health. 10 p.

21. World Health Organization (2007) Stop TB Partnership Retooling Task Force.

New Technologies for TB Control: A Framework for their Adoption,

Introduction and Implementation, (WHO/HTM/STB/2007.40).

22. World Health Organization (2008) Stop TB Partnership Retooling Task Force.

Engaging Stakeholders for Retooling TB Control.

23. World Health Organization (2009) Stop TB Partnership Retooling Task Force.

New Laboratory Diagnostic Tools for Tuberculosis.

24. Mabaera B, Lauriitsen JM, Katamba A, Laticevschi, Naranbat N, et al. (2008)

Making pragmatic sense of data in the tuberculosis laboratory register.

International Journal of Tuberculosis and Lung Diseases 12(3): 294–300.

25. Welcan UK (1990) Workload Measurement System for Pathology. Manual and

Schedule of Unit Values, Cardiff, Great Britain, Welsh Office.

26. Mundy CJF, Bates I, Nkhoma W, Floyd K, Kadewele G, et al. (2003) The

operation, quality and costs of a district hospital laboratory service in Malawi.

Transactions of the Royal Society of Tropical Medicine and Hygiene 97:

403–408.

Optimizing TB Microscopy

PLoS ONE | www.plosone.org 6 November 2009 | Volume 4 | Issue 11 | e7760

99 Chapter 12



27. The Foundation for Innovative New Diagnostics, Geneva, Switzerland.

http://www.finddiagnostics.org/. Accessed 2009 September 22.
28. LW Scientific. Lawrenceville, GA 30045, United States of America.

http://www.lwscientific.com/. Accessed 2009 September 22.

29. QBC Diagnostics. Philipsburg, PA 16866, United States of America.
http://www.qbcdiagnostics.com/. Accessed 2009 September 22.

30. FRAEN Corporation. Settimo M (Mi), Italy. http://www.fraen.com. Accessed

2009 September 22.
31. Carl Zeiss Inc. Available: http://www.zeiss.com. Accessed 2009 September 22.

32. Minion J, Sohn H, Pai M (2009) Light-emitting diode technologies for TB

diagnosis: what is on the market? Expert Reviews in Medical Devices 6(4):
341–345.

Optimizing TB Microscopy

PLoS ONE | www.plosone.org 7 November 2009 | Volume 4 | Issue 11 | e7760

100 Making the Most of Poor Diagnostics



Chapter 13
Sputum, sex and scanty smears: New case defi nition
may reduce sex disparities in smear-positive 
tuberculosis.

A Ramsay
M Bonnet 
L Gagnidze
W Githui
F Varaine
PJ Guerin

International Journal of Tuberculosis and Lung Diseases 2009. 13(5): 613-619. 



INT J TUBERC LUNG DIS 13(5):613–619
©   2009 The Union

Sputum, sex and scanty smears: new case defi nition may 
 reduce sex disparities in smear-positive tuberculosis

A. Ramsay,* M. Bonnet,† L. Gagnidze,† W. Githui,‡ F. Varaine,§ P. J. Guérin†

* Liverpool School of Tropical Medicine, Liverpool, UK; † Epicentre, Paris, France; ‡ Kenya Medical Research Institute, 
Nairobi, Kenya; § Médecins Sans Frontières, Paris, France

Correspondence to: Andrew Ramsay, UNICEF/UNDP/World Bank/World Health Organization Special Programme for Re-
search and Training in Tropical Diseases, WHO, Geneva, Switzerland. Tel: (+41) 22 791 3725. Fax: (+41) 22 791 4854. 
e-mail: ramsaya@who.int
Article submitted 24 May 2008. Final version accepted 11 December 2008.

S E T T I N G :  Urban clinic, Nairobi.
O B J E C T I V E S :  To evaluate the impact of specimen qual-
ity and different smear-positive tuberculosis (TB) case 
(SPC) defi nitions on SPC detection by sex.
D E S I G N :  Prospective study among TB suspects.
R E S U LT S :  A total of 695 patients were recruited: 644 
produced ⩾1 specimen for microscopy. The male/female 
sex ratio was 0.8. There were no signifi cant differences in 
numbers of men and women submitting three specimens 
(274/314 vs. 339/380, P = 0.43). Signifi cantly more men 
than women produced a set of three ‘good’ quality speci-
mens (175/274 vs. 182/339, P = 0.01). Lowering thresh-
olds for defi nitions to include scanty smears resulted in 
increases in SPC detection in both sexes; the increase was 
signifi cantly higher for women. The revised World Health 

Organization (WHO) case defi nition was associated 
with the highest detection rates in women. When analy-
sis was restricted only to patients submitting ‘good’ 
quality specimen sets, the difference in detection between 
sexes was on the threshold for signifi cance (P = 0.05).
C O N C L U S I O N S :  Higher SPC notifi cation rates in men 
are commonly reported by TB control programmes. The 
revised WHO SPC defi nition may reduce sex disparities 
in notifi cation. This should be considered when evaluat-
ing other interventions aimed at reducing these. Further 
study is required on the effects of the human immuno-
defi ciency virus and instructed specimen collection on 
sex-specifi c impact of new SPC defi nition.
K E Y  W O R D S :  tuberculosis; microscopy; sputum; diag-
nosis; sex; gender; HIV

UNTIL NEW DIAGNOSTICS become available, 
global tuberculosis (TB) control will remain reliant on 
sputum smear microscopy.1 Smear microscopy is an 
insensitive technique, dependent upon large numbers 
of acid-fast bacilli (AFB) being present in sputum. 
However, a recently described mathematical model 
has indicated that considerable public health impact 
may accrue from improving patient access to a smear-
based diagnosis.2 In 2006, only 61% of the world’s 
predicted sputum smear-positive cases (SPCs) were 
detected.3

Until recently, international guidelines recom-
mended the examination of three sputum specimens 
for AFB in the investigation of suspected pulmonary 
TB. These guidelines defi ned a positive smear as 
⩾10 AFB per 100 high-power microscopic fi elds 
(HPF), and an SPC as a person with at least two 
positive smears.4–6 Smears containing few bacilli (1–
9 AFB/100 HPF) are termed ‘scanty’ smears. They are 
not uncommon, and can account for 10% of all 
smears from TB suspects presenting to microscopy 
centres.7 There is good evidence that among clinical 

TB suspects in endemic countries, scanty smears are 
indicative of true positivity.7,8

In a study conducted in Nairobi, our group showed 
that lowering the thresholds for defi ning a positive 
smear to include scanty smears and for defi ning an 
SPC to a single positive smear considerably increased 
the number of cases detected.9

The World Health Organization (WHO) recently 
changed its policy with respect to the defi nitions of a 
positive smear from 10 AFB/100 HPF to 1 AFB per 
smear and an SPC from a patient with two positive 
smears to a patient with a single positive smear.10,11 
These changes are likely to increase the number of 
SPCs being diagnosed and/or notifi ed.

In most countries, SPC notifi cation rates are higher 
in men than in women.3 The reason for the disparate 
sex ratio is unclear, but is likely to be a complex mix-
ture of biological, epidemiological and socio-cultural 
determinants, compounded in some settings by inequi-
table access to health systems.12–22 It has been  reported 
that women are more likely than men to submit poor 
quality specimens.23,24 Specimen quality is a critical 
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determinant of smear microscopy performance, and 
poor quality specimens (as judged macroscopically) 
are associated with lower concentrations of AFB.25,26

It is important to understand whether recent changes 
in defi nitions, in addition to increasing the total num-
ber of reported SPCs, may affect sex disparities in case 
detection. This is important to ensure that the evalua-
tion of other initiatives aimed at reducing sex dispari-
ties can be properly interpreted in the light of the 
changed defi nitions.

We interrogated the data from the Nairobi study 
to determine: 1) whether women were more likely to 
submit poor quality specimens; 2) whether patients 
submitting poor quality specimens were more likely 
to benefi t from the reduced thresholds; and 3) whether 
women, regardless of specimen quality, were more 
likely to benefi t from the reduced thresholds.

STUDY POPULATION AND METHODS

The study was conducted in Mathare, Nairobi, be-
tween February and December 2005 in a clinic sup-
ported by the Kenyan Ministry of Health and Méde-
cins Sans Frontières. The study site and methods have 
been described previously.9 The clinic delivers TB-HIV 
(human immunodefi ciency virus) care to the local 
community. In 2001, 50% of TB patients in Nairobi 
were estimated to be HIV co-infected.27 The clinic’s 
laboratory routinely performs sputum microscopy.

All consecutive patients aged ⩾15 years with cough 
>2 weeks were eligible for the study. After providing 
written informed consent, patients were interviewed 
regarding symptoms and medical history using a stan-
dard form/questionnaire. They were asked to submit 
three specimens over 2 consecutive days. Patients were 
coached by a dedicated technician in deep breathing 
and sputum expectoration following standard oper-
ating procedures. The on-the-spot specimens were 
collected out of doors under supervision.

The fi rst specimen was collected on the spot at initial 
consultation, the second at home the following morn-
ing, and the third when the patient attended the clinic 
to deliver the second specimen. Patients submitting 
specimens of <1 ml in quantity were requested to pro-
duce others. Specimen appearance was assessed macro-
scopically. It was recognised that a mucoid or salivary 
specimen may not necessarily be a ‘poor’ specimen if 
the patient’s illness was not causing the production of 
purulent or mucopurulent sputum. The specimen qual-
ity was therefore defi ned as ‘good’ if it was purulent, 
mucopurulent and/or blood-stained, and ‘pos sibly 
poor’ in the case of mucoid and salivary specimens.

Smears were stained using the hot Ziehl-Neelsen 
(ZN) technique (carbol fuchsin 1% and 0.1% methy-
lene blue). Slides were examined at ×1000 magnifi -
cation by two independent microscopists blind to the 
results of other specimens from the patient. Smears 
were considered negative if no AFB were seen in 

100 HPFs. Positive smears were graded in accordance 
with the WHO/International Union Against Tubercu-
losis and Lung Disease system.4,6 Where <10 AFB 
were seen in 100 HPFs, the exact number of AFB ob-
served in 100 HPF was recorded.

After laboratory investigation, patients were re-
ferred back to the clinicians and decisions to treat for 
TB were made based on smear microscopy result, 
clinical presentation and chest X-ray fi ndings.

Inter- and intra-reader reliability was assessed on a 
sample of 200 smears, randomly selected to be blindly 
re-read by a second microscopist, or by the same mi-
croscopist after a 1-day interval. Slide identifi cation 
was masked by opaque tape by the study supervisor to 
ensure blinding. Every month, the study supervisor re-
checked, blind, a random selection of 50–100% of pos-
itive and 10–20% of negative smears. At the end of the 
study, 100 randomly selected smears were examined 
blind at the TB laboratory of the Centre for Respira-
tory Disease Research, Kenya Medical Research Insti-
tute (KEMRI) as external quality assessment (EQA).

To assess sex differences in SPC detection, several 
approaches were compared. The approaches varied 
in the AFB cut-off used to defi ne a positive smear, the 
number of positive smears required to defi ne an SPC, 
and whether two or three specimens were examined. 
The approaches are presented in Table 1.

The proportion of TB suspects found to be SPCs 
was calculated for each approach and reported with a 
95% confi dence interval (95%CI). The SPC rate of Ap-
proaches B, C, D and E were compared with the con-
ventional approach using McNemar’s test for matched 
data. Patients’ clinical characteristics, specimen qual-
ity and smear-positive detection rate were compared 
between males and females using χ2 and t-tests, re-
spectively, to compare proportions and means, and 
the rank sum test for non-normal distribution.

Inter- and intra-reader reliability was assessed by 
the calculation of the kappa (κ) coeffi cient, which mea-
sures the degree to which the results of both tests vary 
when read by two independent readers, or by the same 
reader after a 1-day interval. A κ coeffi cient of between 
0.80 and 1.00 signifi es an almost perfect agreement.

Data were double-entered using EpiData 3.1 (Epi-
Data Association, Odense, Denmark) and analysed us-

Table 1 Approaches to assess sex differences in tuberculosis 
detection

Approach A At least 2 smear-positive results out of 3, both 
⩾10 AFB/100 HPF 

Approach B At least 2 smear-positive results out of 3, one 
⩾10 AFB/100 HPF 

Approach C At least 2 smear-positive results out of 3, both 
⩾1 AFB/100 HPF

Approach D At least 1 smear-positive result (⩾10 AFB/
100 HPF) in the 2 fi rst specimens collected

Approach E At least 1 smear-positive result (⩾1 AFB/100 HPF) 
in the 2 fi rst specimens collected

AFB = acid-fast bacilli; HPF = high power microscopic fi eld.
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ing Stata/SE 9.1 (StataCorp LP, College Station, TX, 
USA).

The National Ethical Review Committee of KEMRI 
(Nairobi, Kenya) and the Comité de Protection des Per-
sonnes (Ile de France XI, France) approved the study.

RESULTS

A total of 695 suspected TB patients were included in 
the study and 644 could produce at least one sputum 
specimen (Figure). In total, 1879 specimens were ex-
amined. One patient’s sex was not recorded, 314 
(45.2%) were male, and 380 (54.7%) were female. 
The male/female sex ratio was 0.8. The median age 
was 30 years (interquartile range [IQR] 25–37). Males 
were older than females (median age 34.1 years, IQR 
26– 40 vs. 30 years, IQR 25–35, P < 0.001).

Past TB history, intake of antibiotics in the 2 weeks 
prior to specimen collection and patients’ clinical signs 
at presentation are reported in Table 2 for males and 

females, respectively. There were no signifi cant differ-
ences between male and female patients in reported 
symptoms.

Among the 644 TB suspects able to produce at 
least one specimen, the sex ratio was also 0.8. There 
was no signifi cant difference in the number of men 
and the number of women submitting three sputum 
specimens (274/314, 87.3% vs. 339/380, 89.2%, P = 
0.43). Purulent, mucopurulent (n = 1401) and blood-
stained (n = 56) specimens (i.e., ‘good’ quality speci-
mens) accounted for 77.5% of all specimens (1457/ 
1879), and mucoid (n = 414) and salivary (n = 8) 
specimens (i.e., ‘possibly poor quality’ specimens) for 
22.5% (422/1879). On the basis of this macroscopic 
classifi cation, signifi cantly more men than women pro-
duced a set of three ‘good’ quality specimens (175/274, 
63.9% vs. 182/339, 53.7%, P = 0.01). The propor-
tion of males and females who failed to submit any 
sputum specimens was not signifi cantly different, 
(8.6%, 27/314 vs. 6.3%, 24/380, P = 0.25).

Inter- and intra-reader reliability was very good, 
with a κ coeffi cient of respectively 0.83 (95%CI 
0.76–0.86) and 0.91 (95%CI 0.88–0.94). Among the 
200 smears blindly and randomly selected for inter-
 observer reliability assessment, nine smears were 

Table 2 Patient characteristics at inclusion (N = 694)*

Male
(n = 314) 

n (%)

Female
(n = 380) 

n (%) P value

TB past history  60 (19.1)  64 (16.8) 0.44

Course of antibiotics 
 in past 2 weeks  17 (5.4)  25 (6.6) 0.1

Clinical presentation
Sputum production 314 (100) 380 (100) 1
Fever 288 (91.7) 349 (91.8) 0.95
Chest pain 291 (92.8) 346 (91.0) 0.44
Night sweats 275 (87.6) 316 (83.2) 0.10
Weight loss 111 (35.3) 148 (38.9) 0.33
Haemoptysis  57 (18.1)  56 (14.7) 0.22
Loss of appetite 223 (71.0) 294 (77.4) 0.06

* One patient with sex data missing from the original 695 recruited.
TB = tuberculosis.

Figure Study profi le. ICF = informed consent form.

Table 3 Results of internal quality control by study supervisor

Month
2005

Smears
controller-
positive

n

Smears
controller-
negative

n
Total

n
Sensitivity

%
Specifi city

%

Errors by
controlled

microscopists

February  13  17  30 100 100  1 minor
March  45  31  76 100 100  2 minor
April  34  41  75 100 100  2 minor
May  36  41  77 100  95  2 major (false-positive)
June  35  42  77 100  95  2 major (false-positive)
July  31  38  69 100 100  2 minor
August  31  32  63 100 100  3 minor
September  52  24  76 100 100  1 minor
October  22  14  36 100 100  2 minor
November  28  18  46 100 100  1 minor
December  20  15  35 100 100  2 minor

Total 347 313 660 Mean 100 Mean 99.1 16 minor, 4 major
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graded as scanty by the fi rst observer. The second ob-
server graded six as scanty, one 1+ and two negative. 
Among the 200 smears blindly and randomly selected 
for intra-observer variation, six were graded as scanty 
on the fi rst day by the observer. The same observer 
also graded these six smears as scanty on the follow-
ing day. In terms of smear positivity/negativity, inter-
nal quality control found 95–100% agreement be-
tween the study microscopist and the controller, and 
EQA agreement was 99% (Tables 3 and 4).9

The use of 1 AFB/100 HPF threshold to defi ne a 
positive smear detected signifi cantly more positive 
smears compared to the use of 10 AFB/100 HPF as 
threshold (19.9%, 374/1879 vs. 16.0%, 301/1879, 
P < 0.001). Table 5 presents positive smear detection 
rates in the group of ‘good’ and ‘possibly poor’ qual-
ity specimens. The detection rate was signifi cantly 
higher for specimens of ‘good’ quality compared to 
those of ‘possibly poor’ quality, regardless of which 

AFB threshold was used. The increase in detection us-
ing a more sensitive threshold was signifi cantly more 
important in the group of ‘possibly poor’ quality 
specimens (P = 0.004).

The standard approach (A) detected 105 SPCs 
among 644 TB suspects (16.3%). The proportions 
of TB suspects found to be SPCs by the different 
 approaches (A–E) are reported in Table 6 for men and 
women. They all detected signifi cantly more SPCs than 
Approach A (P < 0.001). Regardless of the approach, 
signifi cantly more men than women were found to be 
smear-positive. There were 20/45 (44.4%) and 10/59 
(16.9%) extra cases detected by Approach E com-
pared to Approach A in women and men, respectively. 
The increase in detection was signifi cantly higher for 
women (P < 0.002). When we selected only patients 

Table 4 Results of external quality assessment by 
Tuberculosis Laboratory, KEMRI, Nairobi, Kenya*

Controller
(KEMRI)

Controlled microscopists

Negative Scanty 1+ 2+ 3+ Total

Negative 83 1  0  0 0  84
Scanty  0 3  2  0 0   5
1+  0 0  8  2 0  10
2+  0 0  1  9 3  13
3+  0 0  0  2 6   8

Total 83 4 11 13 9 120

* Total number of errors = 11 minor errors.
KEMRI = Kenya Medical Research Institute.

Table 5 Smear-positive results according to specimen quality (N = 1879)

Purulent, mucopurulent 
and blood-stained

(n = 1457)
Mucoid and salivary

(n= 422)

n % (95%CI) n % (95%CI) P value Total

⩾10 AFB/100 HPF 267 18.3 (16.4–20.4) 34  8.1 (5.6–11.1) <0.001 301
⩾1 AFB/100 HPF 325 22.3 (20.2–24.5) 49 11.6 (8.7–15.1) <0.001 374

Increase in detection  58 21.7 15 44.1 0.004

CI = confi dence interval; AFB = acid-fast bacilli; HPF = high power microscopic fi eld.

Table 6 Proportion of TB suspects found to be SPCs using different approaches to defi ne an SPC (difference of positivity rate 
between male and female)*

Total
(N = 644)†

Female
(n = 356)

Male
(n = 287)

n % (95%CI) n % (95%CI) n % (95%CI) P value

Approach A 105 16.3 (13.5–19.4) 45 12.6 (9.4–16.5) 59 20.6 (16.0–25.7) 0.007 
Approach B 116 18.0 (15.1–21.2) 52 14.6 (11.1–18.7) 63 21.9 (17.3–27.2) 0.006
Approach C 126 19.6 (16.6–22.8) 58 16.3 (12.6–20.5) 67 23.3 (18.6–28.7) 0.01
Approach D 117 18.2 (15.3–21.4) 54 15.2 (11.6–19.3) 62 21.6 (17.0–26.8) 0.03
Approach E 135 21.0 (17.9–24.3) 65 18.3 (14.4–22.7) 69 24.0 (19.2–29.4) 0.03

* Comparison between different approaches: A vs. B, P ⩽ 0.01; A vs. C, P ⩽ 0.01; A vs. D, P ⩽ 0.01; A vs. E, P ⩽ 0.01.
† One patient with sex data missing.
SPC = smear-positive TB case; CI = confi dence interval; TB = tuberculosis.

Table 7 Proportions of SPCs found among male and female 
tuberculosis suspects able to produce a set of three ‘good’ 
quality specimens and two ‘good’ quality specimens for 
approaches based on collection of three and two specimens, 
respectively (difference of positivity rate between males and 
females)

Females Males 

n % (95%CI) n % (95%CI) P value 

Three specimens (n = 182) (n = 175)
Approach A 32 17.6 (12.3–23.9) 45 25.7 (19.4–32.8) 0.06
Approach B 34 18.7 (13.3–25.1) 48 27.4 (21.0–34.7) 0.05
Approach C 37 20.3 (14.7–26.9) 51 29.1 (22.5–36.5) 0.05

Two specimens (n = 218) (n = 201)
Approach D 39 18.0 (13.0–23.6) 52 25.9 (20.0–32.5) 0.05
Approach E 46 21.1 (15.9–27.1) 59 29.3 (23.2–36.2) 0.05

SPC = smear-positive tuberculosis case; CI = confi dence interval.
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who were able to produce a set of ‘good’ quality spec-
imens, the difference in detection between men and 
women was on the threshold for signifi cance (P = 
0.05). Table 7 shows the proportion of TB suspects 
found to be SPCs among males and females able to 
produce a set of three ‘good’ quality specimens and 
two ‘good’ quality specimens for approaches based 
on the collection of three and two specimens, 
respectively.

HIV status was not determined for all patients, but 
153/696 (22.0%) were HIV-infected patients referred 
for TB investigation by the HIV clinic. Signifi cantly 
more women than men had been referred (107/380, 
28.2% vs. 46/314, 14.6%, P < 0.001).

DISCUSSION

This study suggests that using lower thresholds to de-
fi ne positive smears and SPCs may also result in a re-
duction in the sex disparities seen in SPC notifi cations 
in some settings. This is achieved primarily through 
increased fi nding of positive smears in ‘possibly poor’ 
quality specimens.

Our fi ndings indicate that: 1) men and women 
were both signifi cantly more likely to be classifi ed as 
SPCs using the reduced thresholds; 2) patients sub-
mitting ‘possibly poor’ quality specimens were signifi -
cantly more likely to be classifi ed as SPCs using the 
reduced thresholds; 3) women were signifi cantly more 
likely than men to produce ‘possibly poor’ quality 
specimens; and 4) although women were signifi cantly 
more likely than men to be classifi ed as smear-positive 
using the reduced threshold, this sex- or gender-
 specifi c effect may not be signifi cant when ‘possibly 
poor’ quality specimens were removed from the anal-
ysis (P = 0.05).

Lowering the thresholds for defi ning a positive 
smear to include scanty smears, and the threshold for 
defi ning an SPC to a single positive smear, consider-
ably increased the number of cases detected.9 The 
considerable increase in the number of cases detected 
could be achieved even when reducing the number of 
specimens examined from three to two, thus reducing 
the laboratory workload and, potentially, the number 
of patient visits required.9 Reducing the workload 
could help increase case detection by allowing more 
time for the examination of smears.28,29 Reducing the 
number of patient visits required could help increase 
case detection through reducing patient drop-out 
during the diagnostic investigation. TB suspect drop-
out rates of between 13% and 95% during the diag-
nostic process have been reported.30,31

Smear microscopy is dependent upon relatively 
large numbers of AFB being present in the sputum. 
Paucibacillary pulmonary TB leading to smear-
 negative results is common where rates of TB-HIV co-
morbidity are high, due most likely to altered patho-
logical processes in the immunocompromised host.32 

Any sex/gender disparities in HIV prevalence are likely 
to be refl ected in TB notifi cation due to the associa-
tion of HIV with a reduced probability of smear-
based diagnosis.

There may be other reasons for the under-notifi ca-
tion of female SPCs. A study in Kenya that reported a 
lower sensitivity of ZN microscopy in women found 
that it was not signifi cantly lower in women (after ad-
justment for HIV).22 Interestingly, in the same study, 
the use of fl uorescence microscopy—recently shown to 
be 10% more sensitive on average than ZN m icroscopy 
—reduced the sex differences.22,33

Absence, or reduced numbers, of AFB in sputum 
can be due to poor quality specimens.25,26 Undernoti-
fi cation of female SPCs may be expected if women 
are less likely to produce ‘good’ quality sputum 
specimens.23,24

Improving the specimen quality by providing pa-
tients with clear sputum collection instructions has 
been reported to markedly increase the sensitivity of 
ZN microscopy.23,34 A recent study in Pakistan re-
ported that such instructions reduced the frequency 
of submission of poor quality specimens and substan-
tially increased the number of women being consid-
ered SPCs (in accordance with the previous WHO 
defi nition).23 The large increase in sensitivity could 
not be explained wholly through the increased sub-
mission of higher quality sputum specimens.23 The 
effect of instruction on smear positivity in men was 
less, and was not statistically signifi cant.23

There were limitations associated with our study. 
First, sputum quantity was not recorded. Sputum 
quantity may be important: in this study, 51 patients 
were excluded because they could not produce spu-
tum specimens of at least 1 ml. The quantity of speci-
men (above the minimum 1 ml) submitted by patients 
was not recorded. It has been reported that in the ab-
sence of instruction, men submit larger volume speci-
mens and that specimens of at least 5 ml have a higher 
probability of testing smear-positive.23,35 However, a 
study in Kenya reported no signifi cant difference be-
tween the sexes in the volume of specimen submitted 
(Professor Paul Klatser, personal communication), and 
found that specimen volume was associated with nei-
ther smear nor culture positivity.22 Second, HIV sta-
tus was not determined for all subjects. Signifi cantly 
more of the female patients recruited had been referred 
from the HIV clinic and were known to be HIV-
 infected. The effect of HIV co-infection on the rate of 
submission of ‘possibly poor’ quality specimens needs 
further investigation. Finally, sputum samples were 
not cultured.

CONCLUSIONS

It is clear from this study that, even where patients 
are well-instructed in sputum collection and where 
microscopy services are of high quality, the lowering 
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of thresholds for defi ning a positive smear and an 
SPC results in more patients, particularly more female 
patients, being considered smear-positive cases.

The effects of HIV co-infection, coaching in speci-
men production, specimen volume and fl uorescence 
microscopy on the sex- or gender-specifi c impact of 
reduced thresholds for case defi nition require further 
study. Studies should also look at whether lowering 
the thresholds for defi ning an SPC results in more pa-
tients receiving treatment for TB, or whether the in-
crease in SPCs detected is only of signifi cance in noti-
fi cation and the monitoring and evaluation of TB 
control activities.
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C O N T E X T E  :   Une clinique urbaine de Nairobi, Kenya.
O B J E C T I F S  :   Evaluer l’impact de la qualité des crachats 
et de différentes défi nitions de cas de tuberculose (TB) à 
frottis positifs (SPC) sur le taux de détection de SPC chez 
les hommes et les femmes.
M É T H O D E  :   Etude prospective parmi les patients sus-
pects de TB.
R É S U LTAT S  :   Un total de 695 patients ont été recrutés : 
644 ont produit >1 spécimen pour l’examen microsco-
pique. Le sex-ratio (homme/femme) était de 0,8. Il n’y a 
pas eu de différence signifi cative entre les hommes et les 
femmes pouvant soumettre trois spécimens (274/314 vs. 
339/380 ; P = 0,43). Signifi cativement plus d’hommes 
que de femmes (175/274 vs. 182/339 ; P = 0,01) ont 
soumis un lot de trois échantillons de « bonne » qualité. 
La réduction des seuils de positivité pour défi nir un SPC 
en incluant les frottis faiblement positifs (« scanty ») 
s’est accompagnée d’une augmentation de la détection 
de SPC chez les hommes et les femmes. L’augmentation 

a été signifi cative chez les femmes. La défi nition révisée 
du SPC de l’Organisation Mondiale de la Santé (OMS) 
s’est accompagnée de la meilleure proportion de SPC 
chez les femmes. Quand l’analyse se limite aux patients 
ayant soumis un lot de spécimens de « bonne » qualité, 
la différence de détection entre les hommes et les femmes 
a été à la limite de la signifi cation statistique (P = 0,05).
C O N C L U S I O N S  :   Des taux de SPC supérieurs chez les 
hommes sont classiquement décrits. La révision de défi ni-
tion de l’OMS du cas peut réduire la disparité de notifi ca-
tion de SPC entre les hommes et les femmes, et ceci est à 
prendre en compte pour l’évaluation d’autres interven-
tions visant à réduire cette disparité. Les effets de la co-
infection par le virus de l’immuno défi cience humaine et 
de l’accompagnement pour la collecte des crachats, sur 
l’impact de la réduction des seuils de positivité pour dé-
fi nir un SPC chez les hommes et les femmes doivent en-
core être étudiés.

M A R C O  D E  R E F E R E N C I A  :   Un consultorio urbano en 
Nairobi, Kenia.
O B J E T I V O S  :   Evaluar la repercusión de la calidad de la 
muestra de esputo y de las diferentes defi niciones de caso 
de tuberculosis (TB) con baciloscopia positiva (SPC), 
sobre la detección de tales casos en hombres y mujeres.
M É T O D O S  :   Fue este un estudio prospectivo de pacientes 
con presunción clínica de TB.
R E S U LTA D O S  :   Se incluyeron en el estudio 695 pacien-
tes, de los cuales 644 aportaron como mínimo una mues-
tra de esputo para estudio microscópico. El cociente en-
tre hombres y mujeres fue de 0,8. No se observó una 
diferencia estadísticamente signifi cativa entre los hom-
bres y las mujeres que aportaron tres muestras (274/314 
vs. 339/380 ; P = 0,43). Más hombres que mujeres 
aportaron tres muestras de ‘buena calidad’ (175/274 vs. 
182/339 ; P = 0,01).  Cuando se bajó el umbral de la de-
fi nición de SPC y se incluyeron las muestras con escasos 
bacilos, se observó una mayor detección de casos en 

ambos sexos. El aumento de la detección fue signifi cati-
vamente mayor en las mujeres. La defi nición de SPC re-
visada de la Organización Mundial de la Salud (OMS) se 
asoció con las tasas más altas de detección en las mujeres. 
Cuando se restringió el análisis a los pacientes que apor-
taron varias muestras de buena calidad, la diferencia en 
la detección de casos entre hombres y mujeres alcanzó 
apenas el nivel de signifi cación estadística (P = 0,05).
C O N C L U S I O N E S  :   Es frecuente una mayor tasa de notifi -
cación de SPC en los hombres. La defi nición revisada 
puede disminuir las diferencias de notifi cación entre los 
sexos. Es importante considerar este aspecto cuando se 
evalúan otras intervenciones cuyo objetivo es reducir 
estas discrepancias. Es necesario estudiar con más de-
tenimiento los efectos de la coinfección por el virus de 
la inmunodefi ciencia humana y las indicaciones sobre la 
recogida del esputo, en la repercusión, específi ca de gé-
nero, de la disminución del umbral de número de bacilos 
en defi nición de caso.

R É S U M É

R E S U M E N
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There is great excitement in the 
tuberculosis (TB) scientific 
community over the introduction 

of new tools into TB control activities. 
The development of new tools is an 
important component of the Global 
Plan to Stop TB and the World 
Health Organization’s new global 
Stop TB Strategy [1,2]. Anticipating 
the introduction of new tools, the 
Stop TB Partnership has established 
a Retooling Task Force to develop a 
framework for engaging policy makers 
to foster accelerated adoption and 
implementation of new tools into TB 
control programs [3].

While new tools offer great promise 
in clinical medicine and in public 
health, limited resources and the 
movement toward evidence-based 
guidelines and policies require careful 
validation of new tools prior to their 
introduction for routine use. The 
world spends an estimated US$1 
billion per year on diagnostics for 
TB [4]. It is important to ensure that 
such expenditure is backed by strong 
evidence.

Ideally, clinical and policy decisions 
must be guided by the totality of 
evidence on a given topic. This is 
particularly relevant for TB, where 
concerns have been raised about 
the lack of emphasis on evidence of 
effectiveness in some of the existing 
TB guidelines and policies [5]. 
These concerns are being taken 
seriously [6,7], and the outcome 
should be evident in upcoming TB 
guidelines and policies. In fact, the 
World Health Organization (WHO) 
recently announced its approach 
for developing new policies on TB 
in a document entitled “Moving 
Research Findings into New WHO 
Policies” [7]. According to this 
document, in order to consider a 
global policy change, WHO must 
have solid evidence, including 
clinical trials or field evaluations in 
high TB prevalence settings. The 

steps involved in the policy process 
include a comprehensive review of the 
evidence, as well as expert opinion 
and judgment (Box 1).

High-quality evidence on TB 
diagnostics is critical for the 
development of evidence-based policies 
on TB diagnosis, and, ultimately, for 
effective control of the global TB 
epidemic. While primary diagnostic 
trials are needed to generate data 
on test accuracy and operational 
performance, systematic reviews provide 
the best synthesis of current evidence on 
any given diagnostic test [8]. Although a 
large number of trials on TB diagnostics 
have been published, surprisingly, no 
systematic reviews were published until 
recently. In the past few years, at least 
30 systematic reviews and meta-analyses 
have been published on various TB tests 
[9–38]. These reviews have synthesized 
the results of more than 1,000 primary 
studies, providing valuable insights into 
the diagnostic accuracy of various tests 
(Table 1, Box 2).

Implications for Clinical and 

Laboratory Practice 

For clinicians, systematic reviews 
provide several useful insights for 
diagnosis of latent TB infection, active 
TB disease, and drug resistance. 

For diagnosis of latent TB, 
clinicians have used the tuberculin 
skin test (TST) for decades. Recently, 
interferon-gamma release assays 
(IGRAs) have emerged as attractive 
alternatives. While the TST is known 
to have poor specificity in populations 
vaccinated with bacille Calmette-
Guérin (BCG) [34], meta-analyses have 
shown that IGRAs have much higher 
specificity for TB infection than the 
TST, and IGRA specificity is unaffected 
by BCG vaccination [21,26,37]. 
However, another meta-analysis 
showed that BCG vaccination received 
in infancy has a minimal effect on 
the TST, whereas BCG received after 
infancy produces more frequent, more 
persistent, and larger TST reactions 
[35]. Thus, the TST might retain 
high specificity in some populations, 
whereas it may perform poorly in 
others. IGRAs are particularly attractive 

in the latter setting. However, meta-
analyses on IGRAs have highlighted 
the lack of evidence on the predictive 
ability of these assays in identifying 
those individuals with TB infection who 
are at highest risk for progressing to 
active disease. Several cohort studies 
are ongoing (reviewed elsewhere 
[39]), and these should provide useful 
evidence on this unresolved issue.

For active TB, serological tests have 
been attempted for decades. Two 
meta-analyses have convincingly shown 
that existing commercial antibody-
based tests have poor accuracy and 
limited clinical utility [29,30]. Despite 
this evidence, dozens of commercial 
serological tests continue to be 
marketed, mostly in private sectors 
of countries that lack diagnostic 
regulatory bodies [4].

Nucleic acid amplification tests 
(NAATs) were considered to be a 
major breakthrough in TB diagnosis 
when they were first introduced. A 
series of meta-analyses have shown 
that NAATs have high specificity and 
positive predictive value, but modest 
and highly variable sensitivity, especially 
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in smear-negative and extrapulmonary 
TB [9,11,14,18,23,24,28].

Conventional tests such as smears 
and cultures perform poorly in 
extrapulmonary TB. A series of 
reviews have shown that biomarkers 
such as adenosine deaminase (ADA) 
and interferon-gamma (IFN-γ) have 
excellent accuracy for tuberculous 
pleural effusion [12,13,15,17]. These 
biomarkers, especially ADA, are easy 
to measure and inexpensive. Despite 
this evidence, these tests appear to be 
underutilized [40].

For the diagnosis of multidrug-
resistant TB (MDR-TB), available 
data suggest that phage-based assays 
do not perform well when directly 
applied to clinical specimens [25]. 

Line probe assays show great promise 
for rapid detection of rifampicin 
resistance in settings with high MDR-
TB prevalence [22,38]. Simple tests 
such as colorimetric redox methods 
and nitrate reductase assays appear to 
perform very well, but require culture 
isolation [19,36]. More evidence 
is needed on rapid tests for drug 
resistance, especially since the Global 
XDR-TB Response Plan calls for wide-
scale implementation of rapid methods 
to screen patients at risk of XDR-TB 
(extensively drug-resistant TB) and 
MDR-TB [41].

For laboratory practice, systematic 
reviews provide strong evidence that 
fluorescence microscopy is more 
sensitive than conventional light 

microscopy (with no significant loss 
in specificity) [31], that sputum 
processing methods (e.g., bleach 
or centrifugation) can be effective 
in increasing the yield of smear 
microscopy [32], and that liquid 
cultures are more rapid and sensitive 
than solid cultures [10].

Implications for Policies and 

Guidelines

In addition to informing evidence-
based TB diagnosis, systematic reviews 
have been helpful in informing policy 
decisions. For example, a series of 
recent reviews has shown that smear 
microscopy can be optimized using 
at least three different approaches: 
chemical and physical processing 
for concentration of sputum, use of 
fluorescence microscopy instead of 
conventional light microscopy, and the 
examination of two (as compared to 
three) sputum specimens [20,31,32]. 
The findings of these reviews were 
incorporated into the International 
Standards for TB Care [42], and 
have informed policy guidance on 
the diagnosis of smear-negative TB in 
people living with HIV/AIDS [43].

The review on incremental yield of 
serial smears showed that the average 
incremental yield and/or increase 
in sensitivity of examining a third 
sputum specimen ranged between 
2% and 5% [20]. This suggested that 
reducing the recommended number of 
specimens examined from three to two 
could potentially benefit TB control 
programs, and potentially increase 
case detection for several reasons [20]. 
Partly based on this evidence and 
expert opinion, WHO recently revised 
its policies on smear microscopy [44]. 
It now recommends that the number 
of specimens to be examined for 
screening of TB cases be reduced from 
three to two, in places where a well-
functioning external quality assurance 
system exists, where the workload is 
very high, and where human resources 
are limited [44]. The revised WHO 
definition of a new sputum smear-
positive pulmonary TB case is based on 
the presence of at least one acid fast 
bacillus in at least one sputum sample 
in countries with a well-functioning 
external quality assurance system [45]. 

These new policies have major 
implications for resource-poor settings 
with high TB prevalence where 
sputum microscopy is the main or 

Box 1. WHO Policy Process for Tuberculosis

1. Identifying the Need for a Policy Change

The need to formulate new or revised policies may arise from WHO’s ongoing 
monitoring of technical developments or from interested parties submitting requests 
with supporting documentation for policy or guideline development. WHO receives 
information about a new technology or approach via many channels, with the most 
direct lines coming from national TB programs and researchers themselves. To 
consider a global policy change, WHO must have solid evidence, including clinical 
trials or field evaluations in high TB prevalence settings.

2. Reviewing the Evidence

WHO may carry out or commission a review of the documentation of the technology’s 
clinical or programmatic performance, including newly published and “grey” research 
or reviews, “proof of principle” reports, large-scale field trials, and demonstration 
projects in different resource settings. Standardized evaluation criteria have been and 
are being developed by the New Diagnostics, New Drugs, and New Vaccines Working 
Groups of the Stop TB Partnership. 

3. Convening an Expert Panel

If the evidence base is compelling, WHO will convene an external panel of experts, 
excluding all original principal investigators from the studies. The panel will review 
the evidence and make a recommendation or propose draft policies or guidelines to 
WHO’s Strategic and Technical Advisory Group for Tuberculosis (STAG-TB). 

4. Assessing Draft Policies and Guidelines

STAG-TB provides objective, ongoing technical and strategic advice to WHO on TB 
care and control. STAG-TB’s objectives are to provide the Director-General, through 
the Stop TB Department, with an independent evaluation of the strategic, scientific, 
and technical aspects of WHO’s TB activities; review progress and challenges in 
WHO’s TB-related core functions; review and make recommendations on committees 
and working groups; and make recommendations on WHO’s TB activity priorities. 
STAG-TB reviews the policy drafts and supporting documentation during its annual 
meeting. STAG-TB may endorse the policy recommendation with or without revisions, 
request additional information and re-review the evidence in subsequent years, or 
reject the recommendation.

5. Formulating and Disseminating Policy

New WHO policies and guidelines will be disseminated through different channels 
to Member States, including through the World Health Assembly, WHO Web site, 
listservs, and journal publications. WHO also disseminates its recommendations to 
other agencies and donors engaged in TB control activities. 

Source: World Health Organization [7]
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only diagnostic test available, and 
particularly where laboratory services 
are being overwhelmed with demand 
for smear microscopy. Omitting the 
third smear could potentially reduce 
costs and alleviate the workload of 
laboratories, particularly in countries 
with human resource crises. In these 
settings, laboratories performing 
smear microscopy often have to deal 
with anemia, malaria, and other 
diseases. Thus, the time saved from 
the inefficient examination of a 
third smear may be applied toward 
improving laboratory testing for other 
diseases [20]. The adoption of the 
revised case definition and a two-smear 
approach may create the opportunity to 
examine both smears during a patient’s 
first presentation to a health facility, 
and thereby reduce the large numbers 
of patients known to drop out during 
the diagnostic process [46]. While 
these are reasonable assumptions, it 
is worth emphasizing that there is no 
hard evidence that the two-smear policy 
actually improves TB control in the 
real world. Such data will have to come 
from programmatic research at the 
country level and from data collected in 
routine public health program settings.

There is strong evidence that liquid 
cultures are more sensitive and rapid 
than solid media cultures [10]. Based 
on a review of available evidence 
and an expert consultation, WHO 
recently issued policy guidance on 
the use of liquid TB culture and drug 
susceptibility testing in low-resource 
settings [47]. The WHO policy 
recommends phased implementation 
of liquid culture systems as a part of a 
country-specific comprehensive plan 
for laboratory capacity strengthening 
that addresses issues such as biosafety, 
training, maintenance of infrastructure, 
and reporting of results [47]. These 
policies are expected to have an 
important impact in settings with high 
HIV prevalence [43] and in countries 
where MDR-TB is an increasing 
problem [41], helping to inform the 
needed global scale-up of culture and 
drug susceptibility testing capacity. 

However, implementation of culture 
testing requires a well-functioning 
health care system, adequate laboratory 
infrastructure, and trained personnel. 
Therefore, emphasis must be placed 
on capacity building and health 
system and laboratory strengthening 
[43,48]. Recognizing this, the Stop 

TB Partnership, WHO, and partners 
have launched a Global Laboratory 
Initiative to facilitate laboratory policy 
guidance, technical assistance, quality 
management, resource mobilization, 
and advocacy. Again, as in the case 
of the two-smear strategy, it must be 
emphasized that there is no strong 
evidence that the WHO policy on liquid 
cultures actually improves TB control at 
the routine programmatic level. Field 
studies and cost-effectiveness data are 
needed to better understand the real 
world implications of this policy.

In June 2008, WHO announced 
a new policy statement, endorsing 
the use of line probe assays for rapid 
screening of patients at risk of MDR-TB 
(http://www.who.int/tb/en/). This 
policy statement was based in part on 
evidence summarized in systematic 
reviews [22,38], expert opinion, and 
results of field demonstration projects. 
The recommended use of line probe 
assays is currently limited to culture 
isolates and direct testing of smear-
positive sputum specimens. Line probe 
assays are not recommended as a 
complete replacement for conventional 
culture and drug susceptibility testing. 
Culture is still required for smear-
negative specimens, and conventional 
drug susceptibility testing is still 
necessary to confirm XDR-TB.

Following this new policy, WHO, 
UNITAID, the Stop TB Partnership, 
and the Foundation for Innovative 
New Diagnostics (FIND) announced a 
new initiative to improve the diagnosis 
and treatment of MDR-TB in resource-
limited settings (http://www.who.int/
tb/features_archive/mdrtb_rapid_
tests/en/index.html). As part of this 
initiative, over the next few years, 16 
countries will begin using rapid tests 
to diagnose MDR-TB, including line 
probe assays. The countries will receive 
specially priced tests through the Stop 
TB Partnership’s Global Drug Facility, 
which provides countries with both 
drugs and diagnostic reagents.

Implications for Research and 

Development

Systematic reviews have been helpful 
in identifying key knowledge gaps 
and defining research agendas. 
For example, based on the smear 
microscopy reviews [20,31,32] and 
expert opinion, the UNICEF/UNDP/
World Bank/WHO Special Programme 
for Research and Training in Tropical 

doi:10.1371/journal.pmed.0050156.g001

Figure 1. Low-Cost LED-Based Fluorescence Microscopy Being Evaluated at a TDR/WHO Trial 
Site in Abuja, Nigeria
Photographer: Andrew Ramsay (Courtesy of TDR, Geneva)
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Diseases (TDR) recently launched a 
major research program aimed at the 
optimization of smear microscopy 
[49]. Large-scale field studies are 
ongoing in more than ten countries 
on issues such as optimum timing and 
composition of sputum specimen sets; 
use of lower-cost light-emitting diode 
(LED) fluorescence microscopy systems 
(Figure 1); sputum processing methods 
involving bleach digestion; and 
potential for reducing time to diagnosis 
and number of patient visits required 
by examining two specimens on the 
day that the patient first presents. The 
latter can be expected to reduce the 
considerable patient drop-out rates 
during diagnosis that are seen in many 
settings [46].

In parallel, FIND recently forged 
a partnership with Carl Zeiss 
MicroImaging (http://www.zeiss.com/
micro/) to develop an inexpensive, 
robust LED-based microscope that will 
be extensively evaluated for routine use 
in high-burden countries [50].

Systematic reviews on existing 
commercial serological tests and 
NAATs have shown that these assays 
have not performed as well as expected 
[14,18,29,30]. A recent evaluation of 
19 rapid commercial serological tests 
for TB using specimens from the TDR 
TB Specimen Bank confirmed the poor 
accuracy of existing serological tests for 
TB [51]. Such evidence has informed 
several initiatives to improve serological 
assays and NAATs. For example, 

FIND is supporting the development 
and evaluation of newer, improved 
NAATs (Figure 2) [52]. Several groups 
are working on methods to optimize 
serological assays, including the use 
of novel TB-specific antigens, the use 
of antigen combinations, and the 
development of point-of-care tests [52].

Systematic reviews on IGRAs 
have informed the development of 
guidelines and positions statements in 
many countries [53,54,55]. They have 

also facilitated the development of a 
comprehensive research agenda with a 
specific focus on the use of these assays 
in resource-limited settings [56].

Systematic reviews on TB diagnostics 
have revealed deficiencies in the quality 
of TB diagnostic trials. A recent analysis 
of systematic reviews showed that trials 
of TB diagnostics lack methodological 
rigor, and studies are often poorly 
reported [57]. Lack of methodological 
rigor in trials is a cause for concern, 
as it may prove to be a major hurdle 
for effective application of diagnostics 
in TB care and control. Biased results 
from poorly designed trials can lead 
to premature adoption of diagnostics 
that may have little or no benefit. The 
situation is exacerbated by the fact that 
most developing countries have poor 
regulatory mechanisms for licensing 
and post-marketing surveillance of 
diagnostics. For example, dozens 
of commercial serological tests are 
marketed in developing countries, 
despite lack of evidence on their utility 
[29,30,51].

It is clear that efforts are needed 
to improve both methodological 
quality and reporting of TB diagnostic 
trials [57,58]. TDR has developed 
guidelines for researchers on assessing 
the performance and operational 
characteristics of diagnostics for 
infectious diseases [59], and the 
STARD (Standards for Reporting 

doi:10.1371/journal.pmed.0050156.g002

Figure 2. A Simplified NAAT Being Evaluated at a FIND Trial Site in India
Photographer: Ralf Linke (Courtesy of FIND, Geneva)

Box 2. Five Key Papers in the Field

Dinnes et al., 2007 [10]. The most comprehensive systematic review of several rapid 
diagnostic tests for the detection of TB, sponsored by the UK Health Technology 
Assessment Programme.

Mase et al., 2007 [20]. This review on incremental yield of serial smears showed that 
the average incremental yield and/or the increase in sensitivity of examining a third 
sputum specimen ranged between 2% and 5%. This evidence partly informed the new 
WHO policy on smear microscopy.

Menzies et al., 2007 [21]. This meta-analysis showed that IGRAs for TB infection have 
excellent specificity (higher than the conventional TST), and are unaffected by prior BCG 
vaccination. This review also highlighted the key unresolved questions regarding the 
use of these assays in clinical practice. An update to this meta-analysis was published 
recently (Pai et al., 2008 [37]).

Steingart et al., 2007 [30]. This meta-analysis showed that serological tests for TB 
produce highly inconsistent estimates of sensitivity and specificity, and none of the 
currently available commercial assays perform well enough to replace microscopy. 
Several initiatives are now ongoing to develop improved point-of-care immune-based 
rapid tests for TB.

Steingart et al., 2006 [31]. This systematic review reported strong evidence that 
fluorescence microscopy is more sensitive than conventional microscopy. Several 
initiatives are now ongoing to develop simple, low-cost fluorescence microscopy 
systems to optimize smear microscopy.
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Table 1. Findings from Systematic Reviews on TB Diagnostic Tests

Diagnostic Test [References] Number of Reviews Disease/Site Major Findings/Results of Systematic Reviews

Diagnosis of active TB
Sputum smear microscopy [20,31,32] 3 Pulmonary TB Fluorescence microscopy is on average 10% more sensitive than 

conventional microscopy. Specificity of both fluorescence and 

conventional microscopy is similar.

Centrifugation and overnight sedimentation, preceded with 

any of several chemical methods (including bleach), is more 

sensitive than direct microscopy; specificity is unaffected by 

sputum processing methods. 

When serial sputum specimens are examined, the mean 

incremental yield and/or increase in sensitivity from examination 

of 3rd sputum specimen ranges between 2% and 5%.

NAATs [9,10,11,14,18,23,24,28] 8 Pulmonary and extrapulmonary TB NAATs have high specificity and positive predictive value. 

NAATs, however, have relatively lower (and highly variable) 

sensitivity and negative predictive value for all forms of TB, 

especially in smear-negative and extrapulmonary disease.

In-house (“home-brew”) NAATs produce highly inconsistent 

results as compared to commercial, standardized NAATs.

Commercial serological antibody 

detection tests [10,29,30]

3 Pulmonary and extrapulmonary TB Serological tests for both pulmonary and extrapulmonary 

TB produce highly inconsistent estimates of sensitivity and 

specificity; none of the assays perform well enough to replace 

microscopy.

ADA [12,13,17,27,33] 5 TB pleuritis, pericarditis, peritonitis Measurement of ADA levels in pleural, pericardial, and ascitic 

fluid has high sensitivity and specificity for extrapulmonary TB.

IFN-γ [13,15] 2 TB pleuritis Pleural fluid IFN-γ determination is a sensitive and specific test 

for the diagnosis of TB pleuritis.

Phage amplification assays [16] 1 Pulmonary TB Phage-based assays have high specificity but lower and 

variable sensitivity. 

Their performance characteristics are similar to sputum 

microscopy.

Automated liquid cultures [10] 1 Pulmonary TB Automated liquid cultures are more sensitive than solid 

cultures.

Time to detection is more rapid than solid cultures.

Diagnosis of latent TB infection
TST [34,35] 2 Latent TB infection Individuals who receive BCG vaccination are more likely to have 

a positive TST; the effect of BCG on TST results is less after 15 

years; positive TST with indurations of >15 mm are more likely to 

be the result of TB infection than of BCG vaccination.

The effect on TST of BCG received in infancy is minimal, 

especially 10 years after vaccination. BCG received after infancy 

produces more frequent, more persistent, and larger TST 

reactions.

Non-tuberculous mycobacterial (NTM) infection is not a 

clinically important cause of false-positive TST, except in 

populations with a high prevalence of NTM sensitization and a 

very low prevalence of TB infection.

T cell–based IGRAs [21,26,37] 3 Latent TB infection IGRAs have excellent specificity (higher than the TST), and are 

unaffected by prior BCG vaccination.

Diagnosis of drug-resistant TB
Phage amplification assays [25] 1 Rapid detection of 

rifampicin resistance

When used on culture isolates, phage assays have high 

sensitivity, but variable and lower specificity. 

In contrast, evidence is lacking on the accuracy of these assays 

when they are directly applied to sputum specimens.

Line probe assays: INNO-LiPA Rif. TB 

(LiPA) [22] and GenoType MTBDR 

assays [38]

2 Rapid detection of rifampicin 

resistance

LiPA is a highly sensitive and specific test for the detection 

of rifampicin resistance in culture isolates, with relatively 

lower sensitivity when used directly on clinical specimens. 

specificity for rifampicin resistance even when directly used on 

clinical specimens.

Colorimetric redox-indicator methods 

[19] and nitrate reductase assays [36]

2 Rapid detection of rifampicin and 

isoniazid resistance

Colorimetric methods and nitrate reductase assays are highly 

sensitive and specific for the rapid detection of rifampicin and 

isoniazid resistance in culture isolates.

doi:10.1371/journal.pmed.0050156.t001
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Diagnostic Accuracy) initiative was 
launched to improve the quality of 
reporting of diagnostic studies [60].

Conclusions

With the publication of several 
systematic reviews, there is now a strong 
evidence base to support global policy 
on TB diagnostics. A key challenge is 
to maintain the momentum gained 
in the past few years, and expand the 
scope and role of evidence synthesis to 
outcomes that go beyond conventional 
diagnostic accuracy. These outcomes 
include: accuracy of diagnostic 
algorithms (rather than single tests) 
and their relative contributions to the 
health care system; incremental or 
added value of new tests; impact of new 
tests on clinical decision-making and 
therapeutic choices; cost-effectiveness in 
routine programmatic settings; impact 
on patient-centered outcomes; and 
societal impact of new tools. Indeed, the 
GRADE (Grading of Recommendations 
Assessment, Development and 
Evaluation) approach to grading the 
quality of evidence and strength of 
recommendations for diagnostic tests 
recognizes that diagnostic accuracy 
results are surrogates for patient-
centered outcomes, and emphasizes 
that diagnostic tests are of value only if 
they result in improved outcomes for 
patients [61].

In addition to expanding the 
scope of evidence synthesis, it is also 
important to ensure that systematic 
reviews stay current by including new 
literature. Periodic updates are needed 
to ensure that systematic reviews 
provide the most current evidence 
available for clinical and policy 
decisions. For example, the literature 
on IGRAs has exploded in the past few 
years, and this necessitated an updated 
meta-analysis on this topic [37].

Recognizing the growing importance 
of evidence-based TB diagnosis 
and policy making, the Stop TB 
Partnership’s New Diagnostics Working 
Group has recently created a new 
subgroup on Evidence Synthesis for 
TB Diagnostics [62]. This subgroup 
will support the development of 
new systematic reviews, facilitate 
the development and dissemination 
of evidence summaries on new 
diagnostics, and actively promote 
their use in guideline and policy 
development processes, along the lines 
of the GRADE approach. �
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Chapter 14.2
Discussion



General Discussion 
1

In 2008, there were an estimated 9.3 million new cases of tuberculosis (TB), the majority occurring in 
low- and middle-income countries (LMICs).2   The most recent data  indicate that 1.4 million of the TB 
cases were in people living with HIV/AIDS (PLWHA). 2  Diagnosing TB on the basis of clinical and 
radiological fi ndings alone is known to be inaccurate, particularly in HIV-associated TB. 3,4  The 
defi nitive diagnosis is bacteriological.  Most LMICs rely almost entirely on direct sputum smear 
microscopy (DSSM) for routine TB diagnostic services. This involves the examination of a series of 
sputum specimens from each patient and requires repeated patient visits to health facilities to 
submit specimens and to collect results. International guidelines exist for the DSSM-based 
diagnosis and management of TB suspects, and patients and most countries have adopted these in 
their national programmes.5,6  International efforts to control TB, largely based on DSSM, ensure 
that millions of patients receive treatment and hundreds of thousands of lives are saved each year, 
but so far these efforts have failed to substantially reduce the annual global incidence. 2   

Three challenges in the control of TB have been identifi ed: resistance of Mycobacterium tuberculosis 
(MTB) to the currently-used anti-TB drugs, HIV infection and the weak health systems that exist in 
many countries.7   All of these impact negatively upon case-fi nding, and inadequate case-fi nding is 
recognized as one of the major obstacles to global control of the disease. This inadequacy may be 
considered both quantitative and qualitative.  Case-fi nding may be inadequate, quantitatively, in 
failing to identify the majority of those in the community with tuberculosis.  In many countries, in 
recent decades, HIV has compromised quantitative case-fi nding by altering the clinical 
presentation of TB and mitigating the immunological reaction to infection which in turn results in a 
lower sputum bacillary load.8  Case-fi nding may also be considered qualitatively inadequate in 
failing to distinguish between TB cases with and without critical patterns of drug resistance that 
impact upon treatment success and continued transmission.   Both forms of inadequate case-fi nding 
are exacerbated by the weak or frankly broken health systems that exist in many countries.  They are 
also exacerbated by widespread poverty in LMICs.   Many poor people who need to be investigated 
for tuberculosis are fi nancially unable to afford repeated visits to health facilities for smear 
diagnosis and frequently default during the diagnosis process.9   Services, based on new tools,  that 
can be delivered within resource-poor health systems, are sensitive to the poverty of many service-
users, and result in the increased identifi cation of HIV-associated and drug-resistant TB cases could 
make a very major contribution to global TB control.  

New point-of-care tests for TB are urgently needed but cannot be expected in the near future. 10,11,12 

Until recently, modern culture methods and nucleic acid detection tests have been considered 
either too complex or too expensive for implementation in LMICs.  Diagnosis through MTB culture 
or nucleic acid detection is more sensitive than direct sputum smear microscopy (DSSM), and 
particularly so in HIV-associated TB in which DSSM is notoriously insensitive. 12  These techniques 
also have the benefi t of making isolates or nucleic acids available for drug susceptibility testing and 
drug resistance detection.  A disadvantage of these tests is that they take considerably longer than 
smear microscopy for a result to be available for the management of the patient.  This may be 
because the test itself takes several weeks to complete (eg culture) and/or because it requires a 
sophisticated, bio-safe laboratory and, unavoidably, a centralized service of some kind.  Centralized 
services and the logistics involved in specimen transport and delivering laboratory reports within a 
clinically-useful time-frame are particularly diffi cult to organize within weak health systems. 13,14   
Where these tests have been introduced at National TB Reference Laboratory (NRL) level in 
resource-poor settings they have been associated with minimum impact on TB case management. 14  
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In the past two years, the World Health Organization has endorsed the use of both liquid culture 
systems (plus new rapid methods for identifying isolates) and molecular line-probe assays for TB 
control in LMICs.15,16   There are now considerable global efforts under way to assist National TB 
Programmes in LMICs to build laboratory capacity to introduce these new tools and develop 
services based on them.17   The implementation of these technologies in LMICs will present 
challenges.  The challenges are well recognized.  However, with little prospect of new technology 
platforms becoming available in the near future that will obviate the need for greatly increased 
laboratory capability/capacity, there is an imperative to act now.  It remains to be seen whether 
services based on these tools can be made widely accessible to patients. 18

The Retooling Task Force and the New Diagnostics Working Group of the Stop TB Partnership have 
recently described the pipeline of new diagnostic tools for TB.19   Of eight new tools considered to 
be in late stage development and perhaps available within the next few years, one is a nucleic acid 
detection test (which may be simpler than current line-probe assays for drug resistance detection) 
and four are culture-based diagnostics.   One of the remaining three tools in late stage development 
is the interferon gamma release assay (IGRA) which,  although available on the market, has not yet 
been endorsed by WHO for use in TB control programmes as there is considerable uncertainty about 
its likely contribution to case-fi nding in LMICs. 20    The remaining new diagnostic tools are 
improvements in sputum smear microscopy.   One of the improved microscopy tools is fl uorescence 
microscopy (FM) systems based on inexpensive battery-powered light-emitting diodes (LEDs) for 
DSSM.21    The other improved microscopy tool, frontloaded microscopy, is an approach rather than 
a technological change. 22  These optimized smear microscopy tools, though less sensitive than 
reference laboratory tests, may be more accessible and have the greater impact on quantitative 
case-fi nding in LMICs. 23 

Studies presented in this thesis show that patients in LMICs face many barriers to accessing a TB 
diagnosis.  The barriers identifi ed were mainly socioeconomic or related to health service 
accessibility.  Patients incur major expenses in travelling to health centres and the need to make 
repeated visits (over two days) to submit specimens and receive results.   The anticipation of these 
expenses result in patients delaying their presentation to healthcare facilities.  Diagnostic delay in 
different settings and the contribution of patients’ fi nancial hardship and other (mainly health 
service) factors have also been described by other researchers. 24,25,26,27,28,29,30

Research presented in this thesis indicates that, as of now, there are no commercially-available 
serological tests that can be used to replace smear microscopy and provide a more rapid TB 
diagnosis. These fi ndings were confi rmed by a laboratory-based evaluation of 19 commercially-
available rapid diagnostic tests for tuberculosis conducted by WHO/TDR in collaboration with the 
Institute of Tropical Medicine, Antwerp.31   This study also reported poor performance of serological 
tests with none of those evaluated performing well enough to replace sputum smear microscopy. 

In recent years there have been a number of reports describing drop-out  (initial default) during the 
diagnostic process among those listed in the laboratory register with at least one positive sputum 
smear.  Diagnostic drop-out rates among smear positive patients have been reported from: Andhra 
Pradesh, India (5%); Ho Chi Minh City, Viet Nam (8.3%); Ntcheu, Malawi (15%); Western Cape 
Province, South Africa (16%);  Stellenbosch, South Africa (17%); Gabarone, Botswana (27%); 
Karachi, Pakistan (28%).,32,33,34,35,36,37,38   High mortality within weeks of smear-diagnosis has been 
reported among initial defaulters.27,28  In addition, some studies have looked at diagnostic drop-out 
among TB suspects being investigated by smear microscopy.  Drop-out rates among TB suspects in 
different settings have been reported from Chennai, India (13%); Lilongwe, Malawi (37%) and 
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Lusaka, Zambia (95%). 39,40,41  As in the case of diagnostic delay, accessibility and acceptability of 
health services are the most important factors in patient adherence to the diagnostic pathway. 
42,43,44,45.    A key fi nding of studies in this thesis were that direct costs associated with each day of the 
two day process were similar so that completing the diagnostic process in a single day would 
approximately halve the direct costs to patients.  The other major fi nding was that although smear 
diagnosis is often considered to be  available free in national TB programme activities, a substantial 
component of the direct costs were clinic fees and other payments made in the healthcare facility.  
Thus further opportunities to optimize smear microscopy services, suggested by the research, 
would be to reduce the time required for the diagnostic process to a single day and to waive clinic 
fees associated with an investigation for tuberculosis.  The Stop TB Partnership’s TB and Poverty 
Sub-Group and others are calling for broad advocacy campaigns to ensure that patients who require 
investigations for TB can access a smear-based diagnostic service free of charge at the time and 
place of need. 46,47   

The research also identifi ed heavy laboratory workloads and inadequate smear examination times 
as additional barriers to smear-based diagnosis of TB.    

This thesis has suggested 5 approaches through which case-detection based on smear microscopy 
may be improved:

(1) Reducing the thresholds for defi ning a positive smear and a smear-positive case;
(2)  Reducing the workload and improve effi ciency of the service by reducing the minimum number 

of sputum specimens examined in the investigation of suspected pulmonary TB, from three to 
two.

(3) Reducing the number of patient visits required (and potentially reducing patient drop-out 
during diagnosis) through “frontloading” microscopy services and examining two specimens 
on the same day the patient presents.

(4) Increasing the sensitivity of smear microscopy and reducing smear examination times through 
introducing low-cost fl uorescence microscopy systems.

(5) Increasing the sensitivity of smear microscopy through introducing an overnight bleach 
sedimentation method

The results of this, and other, research were presented to the WHO in 2007 through a process 
described in Chapter 14.1.   The WHO was advised by its Strategic and Technical Advisory Group on 
TB (STAG-TB) that there was suffi cient evidence to infl uence policy.  This led directly to changes in 
global policy recommendations in which the thresholds for defi ning a positive smear and a smear-
positive case were lowered,  and the minimum number of specimens to be examined in the 
investigation of pulmonary tuberculosis was reduced from three to two. 48,49   Thus Approaches (1) 
and (2) have been WHO-endorsed and are recommended  to national TB programmes for 
implementation.

The studies presented in this thesis to support Approaches (3), (4) and (5), alone do not  provide 
suffi cient evidence to change policy.  

WHO/TDR has commissioned a large multi-centre pragmatic randomized trial of frontloaded 
microscopy (Approach 3) versus conventional microscopy in 4 countries and involving some 6,500 
patients.  Searches of the literature and requests for information from research colleagues would 
suggest that this is the only study of front-loaded microscopy being undertaken by any group.  
Recruitment to this study has fi nished. Analysis will be completed and available for inclusion in a 
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systematic review of the approach commissioned by the WHO Stop TB Department.  The systematic 
review and other evidence will be the subject of a WHO Expert Meeting on Optimizing Smear 
Microscopy scheduled for the 3rd Quarter of 2009.  The implications for research and policy will be 
considered.

Regardless of the fi ndings of the WHO Expert Meeting further research should be considered to 
strengthen the evidence that front-loaded microscopy services, either alone or in combination with 
other approaches, lead to increased access to TB treatment under routine NTP conditions in LMICs.   
A key area of interest would be the effect of introducing frontloaded microscopy on initial default 
rates in different settings, and whether the would-be initial defaulters who initiate treatment are 
able to adhere to it.  Studies could also focus on identifying barriers preventing patients from 
completing the frontloaded TB diagnostic process, and the changes that would be required in 
health service delivery systems to overcome them. 

A number of large-scale trials of  Approach (4), low cost fl uorescence microscopy systems based on 
light-emitting diodes (LEDs) are either underway or have recently been completed.  These include 
studies commissioned  by WHO/TDR, the Foundation for Innovative New Diagnostics (FIND), and 
the International Union Against Tuberculosis and Lung Diseases. Several small studies have already 
been published. 50,51,52   The preliminary results available suggest performance similar to that 
expected of conventional mercury vapour lamps and much better user-acceptability than 
conventional FM.  There have also been favourable reports on the cost-effectiveness of 
fl uorescence microscopy compared with conventional microscopy in high-burden TB settings. 53  
Recruitment in the large multi-centre WHO/TDR trial has been completed and analysis begun.  A 
report of the results will be available for inclusion in a systematic review of this technology 
commissioned by the WHO Stop TB Department.   The systematic review and other evidence will be 
the subject of a WHO Expert Meeting on Optimizing Smear Microscopy scheduled for the 3rd 
Quarter of 2009.  The implications for research and policy will be considered.  Regardless of the 
fi ndings of the WHO Expert Meeting further research should be considered to strengthen the 
evidence that LED-based fl uorescence microscopy, either alone or in combination with other 
approaches, lead to increased access to TB treatment under routine NTP conditions in LMICs.  
Considerable research may be required to permit the development of adequate quality assessment 
schemes for LED-FM.  The re-examination of fl uorochrome-stained smears through blinded re-
checking may be possible using automatic smear readers. 54,55   These are unlikely to be capable of 
smear microscopy that is as sensitive as a trained microscopist, but factoring in a decrease in 
sensitivity may allow adequate EQA to be done in an effi cient way.  This subject urgently needs 
further research.  Prospective studies of the workload and staff requirements of optimized 
microscopy are urgently needed.  Data from such studies may be used to adjust the model described 
in Chapter 12 of this thesis. 

Research on sputum processing using bleach and other chemicals followed by centrifugation or 
sedimentation continues to furbish widely varying results.56,57,58,59,60    A major limitation of the study 
described in Chapter 9 was the absence of TB culture as the Gold Standard.  A large-scale multi-
country evaluation of Approach (5), a standardized bleach sedimentation method,  that was 
commissioned by WHO/TDR is nearing completion in Bangladesh, Cameroon, Madagascar and 
Rwanda.   Solid TB culture was used as the Gold Standard in this evaluation.  Analysis will be 
completed and a report available for inclusion in a systematic review of the technique commissioned 
by the WHO Stop TB Department.  The systematic review and other evidence will be the subject of a 
WHO Expert Meeting on Optimizing Smear Microscopy scheduled for the 3rd Quarter of 2009.  The 
implications for research and policy will be considered.  Even if the multi-centre TDR study to show 
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the considerably increased sensitivity found in the original Mathare study, the variability of this 
kind of method in actual laboratory practice may not auger well for successful implementation in 
NTP activities.

These optimized smear microscopy tools, though less sensitive than reference laboratory tests, may 
be more accessible and have a greater public health impact in terms of quantitative case-fi nding.23  
However, they will not identify drug resistance. 

Diagnostic services based on new tools, whether new (or modifi ed) technologies or new approaches 
to delivery, have the potential to revolutionize TB case fi nding. The defi ciencies in both 
quantitative and qualitative case fi nding need to be addressed. Diagnostic services need to identify 
more TB cases AND to identify drug-resistant cases. Such services are unlikely, in the foreseeable 
future, to be based upon the introduction of a single new diagnostic tool. Rather, they will involve 
multiple tools being implemented in an integrated way within a tiered health system.19,23   The new 
diagnostic tools, as well as being integrated with the health systems, will need to be carefully 
integrated with algorithms for clinical management of cases. 

Simple new tools for the diagnosis of pulmonary TB at the lowest levels of health services (point-of-
care) are urgently needed.  They are not yet on the horizon.  In the meantime, optimized smear 
microscopy services must be considered an essential part of diagnostic services for TB.   A number of 
major initiatives aiming to increase diagnostic capacity for tuberculosis have recently been funded 
including a major collaboration of the Global Laboratory Initiative, the Foundation for Innovative 
New Diagnostics, the Global Drug Facility and UNITAID in 27 high-burden countries. 61    It is 
imperative that such initiatives support the introduction of optimized microscopy services at the 
lower levels of the health services as well as more advanced diagnostics in central laboratories.  Only 
in this way can the maximum public health impact of new diagnostic tools be realized.  

122 Making the Most of Poor Diagnostics

References

1. Much of this section is based on; Ramsay A & Harries 
AD.  The Clinical Value of New Diagnostic Tools for 
Tuberculosis.  F1000 Medicine Reports 2009. 1:36.  

2. World Health Organization (WHO): Global Tuberculosis 
Control: Epidemiology, Strategy, Financing. WHO 
Report 2009. WHO/HTM/TB/2009.411. 

3. Nyirenda TE, Harries AD, Banerjee A, Salaniponi FM: 
Accuracy of chest radiograph diagnosis for smear-
negative pulmonary tuberculosis suspects by hospital 
clinical staff in Malawi. Tropical Doctor. 1999, 29:219-20.

4. Colebunders R, Bastian I: A review of the diagnosis and 
treatment of smear-negative pulmonary tuberculosis. 
International Journal of Tuberculosis and Lung Diseases  
2000, 4:97-107.

5. World Health Organization (WHO): Treatment of 
Tuberculosis: Guidelines for National Programmes. 3rd 
edition. Geneva: WHO; 2003.

6. Enarson DA, Rieder HL, Arnadottir T, Trébucq A: 
Management of Tuberculosis: A Guide for Low Income 
Countries. 5th edition. Paris: International Union 
Against Tuberculosis and Lung Disease; 2000.

7. World Health Organization (WHO): Global Tuberculosis 
Control: Surveillance, Planning, Financing. WHO 
Report 2008. WHO/HTM/TB/2008.393.

8. Mugusi F, Villamor E, Urassa W, Saathof E, Bosch RJ, 
Fawzi WW.  HIV co-infection, CD4 cell counts and 
clinical correleates of bacillary density in pulmonary 
tuberculosis.  International Journal of Tuberculosis and 
Lung Diseases  2006, 10: 663-669.

9. Kemp JR, Mann GH, Nhlema-Simwaka B, Salaniponi 
FML, Squire SB.  Can Malawi’s poor afford free TB 
services?  Patient and household costs associated with 
TB diagnosis in Lilongwe.  Bulletin of the World Health 
Organization. 2007.  85(8): 580-585.

10. Pai M, O’Brien. New diagnostics for latent and active 
tuberculosis: State of the art and future prospects.  
Seminars in Respiratory and Critical Care Medicine.  
2008. 29(5): 560-568.

11. Young DB,  Perkins MD, Duncan K, Barry CE 3rd.  Confronting 
the scientifi c obstacles to global control of tuberculosis. 
Journal of Clinical Investigation. 2008.  118(4): 1255-65.

12. Perkins MD, Cunningham J.  Facing the crisis: Improving 
the diagnosis of tuberculosis in the HIV era.  Journal of 
Infectious Diseases. 2007. 196:S15-27 

13. Yagui M, Perales MT, Asencios L, Vergara L, Suarez C, 
Yale G, Salazar C, Saavedra M, Shin S, Ferrousier O, 
Ciegelski P.  Timely diagnosis of MDR-TB under 
program conditions: Is rapid drug susceptibility testing 
suffi cient? International Journal of Tuberculosis and 
Lung Diseases  2006, 10(8): 838-843.



14. Harries AD, Michongwe J, Nyirenda TE, Kemp JR, Squire 
SB, Ramsay AR, Godfrey-Faussett P, Salaniponi FML.  
Using a bus service for transporting sputum specimens 
to the Central Reference Laboratory: Effect on the 
routine TB culture service in Malawi.  International 
Journal of Tuberculosis and Lung Diseases. 2004. 8(2): 
204-210. 

15. World Health Organization: The use of liquid medium 
for culture and DST  http://www.who.int/tb/dots/
laboratory/policy/en/index3.html.

16. World Health Organization: Molecular line probe 
assays for rapid screening of patients at risk of 
multidrug-resistant tuberculosis (MDR-TB) 

  http://www.who.int/tb/features_archive/policy_
statement.pdf.

17. World Health Organization: Strengthening tuberculosis 
laboratories: case detection through quality-assured 
bacteriology http://www.who.int/tb/dots/laboratory/
en/index.html.

18. Pai M, Ramsay A, O’Brien R. Evidence-based 
tuberculosis diagnosis.  PLoS Medicine.  July 2008. 5(7): 
e156

19. New Laboratory Diagnostic Tools for Tuberculosis 
Control. 

 World Health Organization, 2009. http://www.stoptb.
org/retooling/assets/documents/Diagnostic_
Brochure_Final_Dec_08.pdf f

20. Barth RE, Mudrikova T, Hoepelman AI: Interferon-
gamma release assays (IGRAs) in high-endemic settings: 
could they play a role in optimizing global TB diagnostics. 
Evaluating the possibilities of using IGRAs to diagnose 
active TB in a rural African setting.  International Journal 
of  Infectious Diseases  2008, 12: e1-6.

21, Anthony RM, Kolk AH, Kujiper S, Klatser PR.  Light-
emitting Diodes for auramine O fl uorescence 
microscopy screening of Mycobacterium tuberculosis.   
International Journal of Tuberculosis and Lung 
Diseases. 2006. 10(9): 1060-2.

22. Ramsay A, Yassin MA, Cambanis A, Hirao S, Almotawa 
A, Gammo M, Lawson L, Arbide I, Al-Aghbari N, Al-
Sonboli N, Serchand JB, Gauchan P, Cuevas LE.  
Front-loading sputum microscopy services: an 
opportunity to optimise smear-based case detection of 
tuberculosis in high prevalence countries. Journal of 
Tropical Medicine. 2009. Article ID 398767

23. Keeler E, Perkins MD, Small P, Hanson C, Reed S, 
Cunningham J, Aledort JE, Hillborne L, Rafael ME, Girosi 
F, Dye C.  Reducing the global burden of tuberculosis: 
the contribution of improved diagnostics.  Nature 2006, 
444 (Supp 1): 49-57.

24. Long Q, Li Y, Wang Y, Yue Y, Tang C, Tang S, Squire SB, 
Tolhurst R.  Barriers to accessing TB diagnosis for rural-
to-urban migrants with chronic cough in Chonqing, 
China.  BMC Health Services Research. 2008. 8:202. 

25. Yimer S, Bjune G, Alene G.  Diagnostic and treatment 
delay among pulmonary tuberculosis patients in 
Ehiopia: a cross-sectional study.  BMC Infectious 
Diseases. 2005. 5:112.

26. Kiwuwa MS, K Charles, Harriet MK.  Patient and health 
service delay in pulmonary tuberculosis patients 
attending a referral hospital: a cross-sectional study.  
BMC Public Health.  2005.  5:122.

27. Chang CT, Esterman A.  Diagnostic delay among 
pulmonary tuberculosis patients in Sarawak, Malaysia: 
a cross-sectional study.  Rural and Remote Health.  
2007.  7:667.

28. Liam CK, Tang BC.  Delay in the diagnosis and treatment 
of pulmonary tuberculosis in patients attending a 
university teaching hospital.  International Journal of 
Tuberculosis and Lung Diseases. 1997. 1(4): 326-332. 

29. Zerbini A, Chirico MC, Salvadores B, Amigot B, Estrada S, 
Algorry G.  Delay in tuberculosis diagnosis and treatment 
in four provinces of Argentina. International Journal of 
Tuberculosis and Lung Diseases. 2008. 12(1): 63-68.  

30. Storla DG, Yimer S, Bjune GA.  A systematic review of 
delay in the diagnosis and treatment of tuberculosis. 
BMC Public Health.  2008.  8:15.

31. Laboratory-based evaluation of 19 commercially-
available rapid diagnostic tests for tuberculosis.  
UNICEF/UNDP/World Bank/WHO Special Programme 
for Research and Training in Tropical Diseases. World 
Health Organization, 2008. http://www.who.int/tdr/
publications/tdr-research-publications/diagnostics-
evaluation-2/pdf/diagnostic-evaluation-2.pdf 

32. Sai Babu B, Satyanarayana AVV, Venkateshwaralu G, 
Ramakrishna U, Vikram P, Sahu S, Wares F, Dewan PK, 
Santosha K, Jyoti J, Srinath S, Chethana R, Neelima T, 
Vinod P, Yogesh M, Chauhan LS.  Initial default among 
diagnosed sputum smear-positive pulmonary 
tuberculosis patients in Andhra Pradesh, India.  
International Journal of Tuberculosis and Lung 
Diseases. 2008. 12(9): 1055-1058.  

33. Buu TN, Lonnroth K, Quy HT.  Initial defaulting in the 
National Tuberculosis Programme in Ho Chi Minh City, 
Vietnam: a survey of extent, reasons and alternative 
actions taken following default.  International Journal 
of Tuberculosis and Lung Diseases. 2003. 7(8): 735-741.  

34. Squire SB, Belaye AK, Kashoti A, Salaniponi FML, 
Mundy CJF, Theobald S, Kemp J.  “Lost” smear-positive 
pulmonary tuberculosis cases: where are they and why 
did we lose them?  International Journal of Tuberculosis 
and Lung Diseases. 2005. 9(1): 25-31.  

35. Botha E, Den Boon S, Verver S, Dunbar R, Lawrence K-A, 
Bosman M, Enarson DA, Toms I, Beyers N.  Initial default 
from tuberculosis treatment: how often does it happen 
and what are the reasons?  International Journal of 
Tuberculosis and Lung Diseases. 2008. 12(7): 820-823.  

36. Botha E, Den Boon S, Lawrence K-A,  Reuter H, Verver S, 
Lombard CJ, Dye C, Enarson DA, Beyers N.  From 
suspect to patient: tuberculosis diagnosis and 
treatment initiation in health facilities in South Africa. 
International Journal of Tuberculosis and Lung 
Diseases. 2008. 12(8): 936-941.  

37. Creek TL, Lockman S, Kenyon TA, Makhoa M, Chimidza 
N, Moeti T, Sarpong BB, Binkin NJ, Tappero JW.  
Completeness and timeliness of treatment initiation 
after laboratory diagnosis in Gaberone, Botswana.  
International Journal of Tuberculosis and Lung 
Diseases. 2000. 4(10): 956-961.  

38. Rao NA, Anwer T, Saleem M.  Magnitude of initial 
default in pulmonary tuberculosis.  Journal of Pakistan 
Medical Association.  2009. 59(4): 223-225.

39. Chandrasekaran V, Ramachandran R, Cunningham J, 
Balasubramaniun R, Thomas A, Sudha G, Jegannatha Rao 
K, Perkins M, Narayanan PR.  Factors leading to 
tuberculosis diagnostic drop-out and delayed treatment 
initiation in Chennai, India.  International Journal of 
Tuberculosis and Lung Diseases. 2005. 9(S1): 172.  

40. Kemp J, Squire SB, Nyirenda IK, Salaniponi FML.  Is 
tuberculosis diagnosis a barrier to care?  Transactions of 
the Royal Society of Tropical medicine and Hygiene, 
1996. 90: 472.

123 Chapter 14.2



41. Nota A, Ayles H, Perkins M, Cunningham JA.  Factors 
leading to tuberculosis diagnostic drop-out and 
delayed treatment initiation in urban Lusaka. 
International Journal of Tuberculosis and Lung 
Diseases. 2005. 9(S1): 305.  

42. Ouyang H, Chepote, Gilman RH, Moore DAJ.  Failure to 
complete the TB diagnostic algorithm in urban Peru: a 
study of contributing factors.  Tropical Doctor. 2005. 
35:120-121.

43. Thongraung W, Chongsuvivatwong V, Pungrassamee P.  
Multilevel factors affecting tuberculosis diagnosis and 
initial treatment.  Journal of Evaluation in Clinical 
Practice. 2008. 14: 378-384.

44. Edginton ME, Wong ML, Phofa R, Mahlaba D, 
Hodkinson HJ.  Tuberculosis at Chris Hani Baragwanath 
Hospital: numbers of patients diagnosed and outcomes 
of referrals to district clinics. International Journal of 
Tuberculosis and Lung Diseases. 1997. 1(4): 326-332. 

45. Zhang T, Tang S, Jun G, Whitehead M.  Persistent 
problems of access to appropriate, affordable TB 
services in rural China: experiences of different socio-
economic groups. BMC Public Health. 2007.  7:19.

46. Stop TB Partnership.  DOTS Expansion Working Group.  
TB and Poverty Sub-Group.  Minutes of 2008 Annual 
Meeting, Paris 2008.  http://www.stoptb.org/
tbandpoverty/assets/documents/Subgroup%20meeti
ng%202008.pdf 

47. Ridde V, Haddad S.  Abolishing user fees in Africa.  PLoS 
Medicine.  2009; 6: e1000008.

48. http://www.who.int/tb/dots/laboratory/policy/en/
index1.html (Accessed 28 May 2009)

49. http://www.who.int/tb/dots/laboratory/policy/en/
index2.html (Accessed 28 May 2009)

50. Marais BJ, Brittle W, Painczyk K, Hesseling AC, Beyers 
N, Wasserman E, van Soolingen D, Warren RM: Use of 
light-emitting diode fl uorescence microscopy to detect 
acid-fast bacilli in sputum. Clinical Infectious Diseases  
2008, 47:203-7. 

51. Hung NV, Sy DN, Anthony RM, Cobelens FG, van 
Soolingen D. Fluorescence microscopy for tuberculosis 
diagnosis.  Lancet Infectious Diseases. 2007. 7(4): 238-9.

52. Van Deun A, Chonde TM, Gumusboga M, Rienthong S.  
Performance and acceptability of the FluoLED Easy™ 
Module for tuberculosis fl uorescence microscopy. 
International Journal of Tuberculosis and Lung 
Diseases. 2008. 12(9): 1009-1014.

53. Sohn H, Sinthuwattanawibool C, Rienthong S, Varma 
JK. Fluorescence microscopy is less expensive than 
Ziehl-Neelsen microscopy in Thailand.  International 
Journal of Tuberculosis and Lung Diseases. 2009. 13(2): 
266-269.

54. Veropoulos K, Learmonth G, Campbell C, Knight B, Simp-
son J. Automated identifi cation of tubercle bacilli in 
sputum: a preliminary investigation. Analytical and Quan-
titative Cytology and Histology.  1999.  21(4): 277-282 

55. Costa MG, Costa Filho CF, Sena JF, Salem J, deLima MO.  
Automatic identifi cation of Mycobacterium 
tuberculosis with convencional Light microscope.  
2008.  Engineering in Medicine and Biology Society.  
IEEE 2008 Conference Proceedings. 382-385.

56. Eyangoh SI, Torrea G, Tejiokem MC, Kamdem Y, Piam 
FF, Noeske J, van Deun A. HIV-related incremental yield 
of bleach sputum concentration and fl uorescence 
technique for the microscopic detection of 
tuberculosis.  European Journal of Clinical Microbiology 
and Infectious Diseases.  2008. 27(9): 849-855.

57. Merid Y, Yassin MA, Yamuah L, Kumar R, Engers H, 
Assefa A.  Validation of bleach-treated smears for the 
diagnosis of pulmonary tuberculosis.  International 
Journal of Tuberculosis and Lung Diseases. 2009. 13(1): 
136-141.

58. Daley P, Michael JS, Kalaiselvan S, Latha A, Mathai D, 
John KR, Pai M.  A pilot study of short-duration sputum 
pretreatment procedures for optimizing smear 
microscopy for tuberculosis.  PLoS ONE.  2009.  4(5): 
e5626.

59. Cattamanchi A, Dowdy DW, Davis JL, Worodria W, Yoo 
S, Joloba M, Matovu J, Hopewell PC, Huang L.  
Sensitivity of direct versus concentrated sputum smear 
microscopy in HIV-infected patients suspected of 
having pulmonary tuberculosis.  BMC Infectious 
Diseases. 2009. 6;9(1):53

60. Makunde WH, Makunde RA, Kamugisha LM, Mgema 
SG, Liwa A. Improved microscopy diagnosis of 
pulmonary tuberculosis using sodium hypochlorite 
concentration technique in Tanga, Tanzania.  Tanzanian 
Health Research Bulletin. 2007. 9(2): 87-93.

61. http://www.fi nddiagnostics.org/export/sites/default/
media/news/090518.html 

 (Accessed 28 May 2009)

124 Making the Most of Poor Diagnostics



125 Chapter 14.2





Summary
Tuberculosis remains a major cause of global morbidity and mortality, disproportionately affecting 
the poorer countries of the world.  The control of tuberculosis is dependent upon the early 
detection and effective treatment of cases.  Those patients who are shedding the largest numbers 
of TB bacilli in their sputum are likely to be most infectious.  These patients are also most likely to be 
sputum smear positive by microscopy.  Most national tuberculosis control programmes rely almost 
entirely upon passive case-fi nding for control ie. fi nding cases among symptomatic patients who 
self-present to healthcare facilities.  Direct sputum smear microscopy (DSSM) is often the only 
diagnostic test available in poorer countries and is used to investigate patients with symptoms 
suggestive of pulmonary tuberculosis.  Diagnostics tests with better laboratory performance, for 
example TB culture or molecular detection methods,  have not become widely available to date 
because of their cost or technical complexity.

DSSM is relatively insensitive (compared to TB culture, for example), however the sensitivity can 
vary greatly.  Sensitivity is dependent upon the diligence with which specimens are collected, 
smears are made, and stained smears are examined.  The sensitivity of smear microscopy is also 
compromised in HIV positive patients who, because of altered immunopathology,  are often 
paucibacillary.  From the perspective of the service provider DSSM is labour intensive, time-
consuming, requires skilled personnel, and requires internal and external  quality management.  
However, it is also cheap and does not depend upon very expensive or delicate instrumentation.  
This is why DSSM is the most common test available.  From the patients’ perspective, the DSSM 
diagnostic process may in itself be a barrier to diagnosis and treatment access. The need for a 
laboratory-based diagnostic procedure such as DSSM means that a diagnosis may not be available 
at the small health centres where most people with tuberculosis present in the fi rst instance.  
Patients often have to travel to a healthcare facility with a laboratory.  Patients furthermore are 
required to make repeated visits to the healthcare facility to submit multiple sputum specimens and 
receive test results. This background is described  in Chapter 1 of this thesis.

Part One describes a number of systematic reviews of the literature relevant to the optimization of 
diagnostic services for TB in resource-poor settings. Serological tests, some of them in a simple and 
rapid test format, are commercially-available and sold widely particularly in low- and middle-income 
countries.  In Chapter 2, we describe two systematic reviews, which focused on the performance of 
these serological antibody-detection tests.  Overall, tests varied widely in their performance as 
measured by sensitivity and specifi city and none performed well enough to replace smear microscopy.  
The chapter also draws attention to the poor quality of the serological test evaluations, and the lack of 
studies on the performance of serological tests is HIV positive patients and in children.  

The diagnosis of tuberculosis at the lower levels of health services in poorer countries is likely to 
remain dependent upon sputum smear microscopy for the short to medium term.  It is imperative 
that research identifi es and evaluates ways in which DSSM can support effi cient and patient-
friendly services that will increase the numbers of TB patients accessing treatment.   It is also 
important to explore ways in which smear microscopy can be made more sensitive.  

Until 2007, international guidelines recommended the microscopic examination of at least three 
sputum specimens in the investigation of pulmonary tuberculosis.  Chapter 3 describes a systematic 
review of studies that quantifi ed the diagnostic yield of each of the three sputum specimens that were 
required.  A total of 37 studies were eligible for inclusion in the review.  Analysis determined that the 
average incremental yield and/or increase in sensitivity of examining a third specimen ranged 
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between 2% and 5%.  The authors argued that reducing the minimum number of specimens examined 
from three to two could improve case detection by reducing unmanageable workloads in laboratories 
and indirectly improving the quality of smear microscopy performed.  It also suggested that if these 
two specimens could be examined on the same day, services may be made more convenient for 
patients.   It was recognized that most of the studies included in the systematic review did not 
adequately ensure that the fi rst, second and third specimens examined were indeed the fi rst, second 
and third specimen collected.   Thus, for services based on two same-day smears it was important to 
ensure that the second specimen collected (ie. the “early morning” specimen) was not critical to the  
sensitivity of such an approach.  It was also recognized that the reduction in the minimum number of 
specimens examined would only negligibly reduce the overall numbers of patients identifi ed as 
smear-positive so long as this was based on a single positive smear and that smears with only a few 
bacilli were considered positive.  Until 2007, the defi nition of a smear-positive case (that was based 
entirely upon smear microscopy) required two positive smears (each graded 1+ or above) and a 
reduction in the number of specimens examined could considerably reduce the number of 
confi rmatory smears and thus the number of cases defi ned as smear-positive.  In some countries, at 
that time, access to the best available treatment depended upon being defi ned as smear-positive.  

In Chapter 4,  we summarized two additional systematic reviews, that considered the evidence that 
smear microscopy could be optimized by: a) fl uorescence microscopy (FM); and b) prior chemical 
and physical sputum processing methods.   The FM review found that: a) direct fl uorescence 
microscopy was on average 10% more sensitive than direct Ziehl-Neelsen (ZN) microscopy, with 
comparable specifi city; b) that, to achieve the same sensitivity,  FM took approximately 25% of the 
time required for ZN microscopy; and c) that FM may have particular value in the investigation of 
paucibacillary HIV-positive patients.  It was noted however that conventional FM was complex and 
expensive and that there had been considerable diffi culties experienced implementing it in 
resource-poor settings.  On the positive side it highlighted the development of new, simple and 
robust FM systems based on light-emitting diodes that may become available for evaluation soon.  
The specimen processing review found that a) sputum processing (mainly with bleach or sodium 
hydroxide) yielded an average 18% increase in sensitivity over DSSM with comparable specifi city; b) 
that sputum subjected to overnight sedimentation preceded by treatment with ammonium 
sulphate or bleach, was on average 23% more sensitive with comparable specifi city; and c) that 
evidence for chemical processing sputum followed by centrifugation also increased sensitivity, with 
comparable specifi city, but concerns were raised about the feasibility and safety of methods 
requiring centrifugation of digested sputum in resource-poor settings. The results of this review, 
and of others, led to calls for the wide-spread adoption of bleach microscopy for case-fi nding in 
national TB control programmes.  In Chapter 5 we cautioned against this, highlighting defi ciencies 
in the scope and detail of the available evidence for bleach microscopy, fl aws in the design of 
evaluations to date and offering advice on the design of future evaluations. 

Part Two describes studies exploring the limitations of conventional DSSM.  Using the Piot Model 
described in the introduction several aspects of the diagnostic service that may be amenable to 
optimization were identifi ed and investigated.  Firstly, it is clear that patients often delay seeking 
medical help for the symptoms associated with TB, and sometimes these delays can be protracted.  
In Chapter 6 the results of a study on delayed presentation to TB services that was conducted in 
Cameroon were compared  with the results of an identical study previously conducted in Ethiopia.  
Patient delay was less common and less protracted in Cameroon than in Ethiopia.  In both locations 
fi nancial inadequacy was reported to be a cause of protracted delay.  The use of traditional healers 
was also associated with delay to medical health services and this was the case in both Cameroon 
and Ethiopia.  Our research suggests that in both countries, despite the economic and cultural 
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differences, interventions aimed at involving traditional healers in healthcare structures and 
encouraging the referral of patients with TB symptoms to medical healthcare facilities for smear 
microscopy may reduce delay and increase the number of TB cases detected.    

In Chapter 7 the direct patient costs associated with seeking a TB diagnosis were assessed in two 
studies in Nepal and Yemen.  These costs were found to be considerable.  A key fi nding of these 
studies was that direct costs associated with each day of the two day process were similar so that 
completing the diagnostic process in a single day would approximately halve the direct costs to 
patients.  The other major fi nding was that although we often think of a smear diagnosis as free, a 
substantial component of the direct costs were clinic fees and other payments made in the 
healthcare facility.  Thus further opportunities to optimize smear microscopy services, suggested by 
the research, would be to reduce the time required for the diagnostic process to a single day and to 
waive clinic fees associated with an investigation for tuberculosis.

In Chapter 8 a further limitation of sputum smear microscopy was identifi ed: a  major reason for the 
poor sensitivity of DSSM is the inadequate time invested in smear microscopy under routine 
conditions.  In a district hospital in Cameroon smears were examined for a median time of 2 minutes 
6 seconds.  Re-examining the smears for the internationally-recommended duration of examination 
(up to 10 minutes) increased case detection by up to 70%.  However, it was conceded that the 
workload and human resource constraints facing many health laboratories particularly in sub-
Saharan Africa make this impossible in practice.

Part Three describes studies that identifi ed and evaluated ways in which smear microscopy services 
could be optimized.  Chapter 9 describes an evaluation of a bleach overnight sedimentation method 
that stems directly from the work described in Chapters 4 and 5.  This study was conducted in a TB/
HIV Clinic in Mathare, Nairobi (Kenya).  This study sought to avoid the fl aws in the design of 
previous evaluations and  to address identifi ed defi ciencies in the available evidence.  Specimens 
were collected under guidance of trained staff, DSSM was of a demonstrated high quality,  and all 
microscopy was conducted by the same staff in the same facility with the same microscopes.  
Furthermore, microscopists were “blind” to other microscopy results.  A major improvement was 
that the processing method was standardised: “bleach” was identifi ed as sodium hypochlorite 
(3.5% NaOCl);  NaOCl was stored in accordance with evidence-based recommendations; and the 
activity of the NaOCl was chemically monitored on regular basis, In the high HIV prevalence setting 
of Mathare it was found that the standardized sodium hypochlorite bleach method was inexpensive 
and achieved gains in case detection of up to 23% over direct smear microscopy.  

Chapter 10 describes an evaluation of different thresholds for defi ning a positive sputum smear and 
a smear-positive case and was conducted in direct response to the policy-relevant research 
questions raised in Chapter 3.  This study, also conducted in the Mathare TB/HIV Clinic and in the 
high-quality DSSM and research context described above, evaluated the impact of reducing the 
number of specimens examined (from three to two) on smear-positive TB case detection and 
laboratory workload.  A smear positive case detection rate based on fi nding one positive smear with 
≥4 AFB/100 HPF increased the yield of cases detected by up to 17% compared with other defi nitions 
currently in use in national TB control programmes. The number of smears examined would be 
reduced by 36% using a one positive smear case defi nition.    An important fi nding, relevant to the 
proposed examination two sputum specimens on the same day, was that the morning specimens in 
this study, although likely to be quantitatively more positive (ie a higher grade of positive smear) 
than a spot specimen, and more likely to be considered positive with the then-current defi nition of a 
positive smear, were not more likely to be considered positive with the lowered threshold.
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In Chapter 11, building on the fi ndings of Chapters 3 and 10,  we explored “frontloading” smear 
microscopy services in which at least two smear examinations occur on the fi rst day.  We compared 
conventional approaches involving 3 specimens (as spot-morning-spot collections) and two 
specimens (as spot-morning collections) and compared then with a frontloaded equivalent, spot-
spot morning and spot-spot, respectively.  We found no difference between the conventional and 
frontloaded 3-specimen approaches, nor between the conventional and frontloaded 2-specimen 
approaches. We concluded that frontloaded microscopy services combined with the reduced 
thresholds for case defi nitions and the reduced number of  specimens examined could be a way of 
diagnosing TB cases and referring for treatment on the same day they present.  This might reasonably 
be expected to reduce the high rates of drop-out experienced in a number of national TB 
programmes and reduce the fi nancial burdens experienced by patients and described in Chapters 6 
and 7.

In Chapter 12, using data from the laboratory register of a busy district hospital in Malawi, we 
modelled the potential of the WHO policy changes related to smear microscopy (lowered threshold 
for a positive smear, changed defi nition of a smear positive case and the reduction in minimum 
number of specimens examined), combined with the introduction of fl uorescence microscopy, to 
improve smear microscopy services.  We found that the combined implementation of the new policy 
recommendations and LED-based fl uorescence microscopy could result in substantial increases in 
smear-positive case detection through:
 a)  increases in smear-positive case detection directly related to the lowered thresholds for the 

new case defi nition; and 
b)  reducing workload to allow the adequate smear examination times (equivalent to a 10 minute 

ZN  smear examination) that have been reported in Cameroon to be associated with increases 
in case detection of up to 70%.

The increases associated with the equivalent of a 10 minute ZN examination had been described in 
Chapter 8, but had been recognized as impossible with the then-current policies and technology.  The 
study described in Chapter 12 indicates that not only is it possible with the new policies and 
technologies, it can be achieved with existing staff and minimal additional expenditure on equipment.

In Chapter 13 we interrogated the data from the Nairobi study to determine whether patients 
submitting specimens that would be considered poor quality would particularly benefi t from the 
lowered thresholds for defi ning a positive smear and a smear positive case.  Since women, in several 
countries, have been reported to submit poor quality specimens more frequently than men we 
investigated whether women would be more likely to be defi ned as smear positive cases with a 
revised case defi nition.  In this study it was found that even where patients were well-instructed in 
sputum collection and where microscopy services were of high quality, lowering the thresholds 
resulted in more female patients being considered smear positive cases.  This was linked to the 
submission of specimens that were considered of poor quality which was more common in women.  
The effects of HIV on case detection with different case defi nitions still requires further study.  

During the period of this research the WHO developed a process for reviewing evidence related to 
new tools for TB control and for making recommendations on policy.  The details of this WHO policy 
process has been made public and will greatly facilitate the development, evaluation and WHO 
endorsement of new tools.   This policy process and the current evidence base for TB diagnosis is 
described in Chapter 14.1. A general discussion in Chapter 14.2 ends the main body of the thesis.  
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Samenvatting
Tuberculose (TBC) is nog steeds een belangrijke oorzaak van wereldwijde morbiditeit en mortaliteit 
en treft onevenredig vaak mensen in armere landen. Bestrijding van tuberculose is gebaseerd op 
vroege opsporing gevolgd door effectieve behandeling van patiënten. Die patiënten die de groot-
ste aantallen bacteriën (Mycobacterium tuberculosis) in hun sputum hebben, zoals bepaald met 
microscopie, zijn het meest besmettelijk. Vooral deze patiënten laten een positieve sputumuitstrijk 
(“sputum smear”) zien in de microscopie. De meeste nationale tuberculosebestrijdingsprogramma’s 
vertrouwen bijna volledig op het passief vinden van patiënten, d.w.z. zij vinden gevallen onder 
symptomatische patiënten die zichzelf aanmelden bij gezondheidszorginstellingen. De directe 
microscopie van het sputum (DSSM = directe sputum smear microscopie) wordt gebruikt om patiën-
ten te onderzoeken met symptomen die duiden op longtuberculose en is vaak de enige 
diagnostische methode die beschikbaar is in armere landen. Diagnostische testen met betere labo-
ratoriumprestaties, bijvoorbeeld bacteriekweek (TBC kweek) of moleculaire opsporingsmethodes, 
zijn tot op heden niet breed beschikbaar vanwege hun kosten en/of technische moeilijkheidsgraad. 

DSSM is vrij ongevoelig (vergeleken met de TBC kweek bijvoorbeeld), en de gevoeligheid kan zeer 
variëren. Deze is afhankelijk van de grondigheid waarmee de monsters worden verzameld, de smear 
gemaakt wordt, en de gekleurde smears worden onderzocht. De gevoeligheid van DSSM is ook 
lager in HIV-positieve patiënten die, wegens veranderde immunopathologie, vaak paucibacillair 
zijn (d.w.z. microscopisch geen aantoonbare bacteriën in het sputum vertonen). Vanuit het perspec-
tief van de tuberculosebestrijding is DSSM arbeidsintensief en tijdrovend, het vereist bekwaam 
personeel en interne en externe kwaliteitsbewaking. Het is echter ook goedkoop en niet afhankelijk 
van zeer dure of gevoelige instrumenten, vandaar dat DSSM als test het meest voor de hand ligt. 
Vanuit het perspectief van de patiënt kan het DSSM op zichzelf een barrière vormen voor diagnose 
en toegang tot behandeling. De behoefte aan een laboratoriumgebonden diagnostisch proces zoals 
DSSM betekent dat een diagnose niet in de kleine gezondheidscentra, waar de meeste mensen met 
tuberculose in eerste instantie komen, voorhanden zal zijn. De patiënten moeten vaak naar een 
gezondheidszorginstelling met een laboratorium reizen en herhaalde bezoeken aan de gezond-
heidszorginstelling afl eggen om meerdere sputummonsters af te staan en hun testresultaten te 
ontvangen. Deze achtergrond wordt beschreven in Hoofdstuk 1 van dit proefschrift. 

Het eerste deel van dit proefschrift beschrijft verder een aantal systematische reviews van de litera-
tuur relevant voor de optimalisering van de diagnostische diensten voor TBC in kansarme 
omgevingen. Serologische testen, waarvan sommige in een eenvoudig en snel testformaat beschik-
baar zijn, zijn commercieel verkrijgbaar en worden wijd en zijd verkocht, in het bijzonder in armere 
landen.
Hoofdstuk 2 beschrijft twee systematische literatuurreviews die zich concentreren op de prestaties 
van deze serologische testen. In het algemeen verschilden de testen sterk in hun gevoeligheid en 
specifi citeit en geen van de testen presteerde goed genoeg om microscopie te vervangen. Het 
hoofdstuk vestigt ook de aandacht op de slechte kwaliteit van de serologische testevaluaties, en 
het gebrek aan studies over de prestaties van deze testen in HIV-positieve patiënten en in kinderen. 

Op de korte en middellange termijn zal de diagnose van tuberculose op de perifere niveaus van de 
gezondheidszorg in armere landen vooralsnog afhankelijk blijven van de microscopie. Het is dus van 
belang dat door onderzoek manieren geïdentifi ceerd en geëvalueerd worden waarop DSSM effi -
ciënte en patiëntvriendelijke diensten kan ondersteunen om daarmee de toegankelijkheid van 
TBC-patiënten tot behandeling te verhogen. Het is ook belangrijk om manieren te onderzoeken 
waarop DSSM gevoeliger gemaakt kan worden.
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Tot 2007 schreven internationale richtlijnen voor om, voor de diagnose van longtuberculose, 
microscopische onderzoek op ten minste drie sputummonsters te doen. Hoofdstuk 3 beschrijft een 
systematisch review van studies die de diagnostische opbrengst van elk van de drie vereiste spu-
tummonsters kwantifi ceerden. Een totaal van 37 studies kwamen in aanmerking voor opname in de 
review. Analyse van deze studies bracht aan het licht dat door het onderzoeken van een derde mon-
ster de totale gevoeligheid gemiddeld met 2% tot 5% toenam. De auteurs van de geanalyseerde 
studies suggereerden dat het verminderen van het minimum aantal te onderzoeken monsters van 
drie tot twee de opsporing van TBC kon verbeteren door de onhandelbare werkbelasting in labora-
toria te verminderen, waarmee tevens indirect de kwaliteit van de uitgevoerde microscopie was te 
verbeteren. Er werd ook verondersteld dat als deze twee monsters op dezelfde dag zouden kunnen 
worden onderzocht, de dienstverlening aan patiënten klantvriendelijker zou worden. De meeste 
studies in de systematische review erkenden dat er onvoldoende bewijs was dat de eerste, tweede 
en derde onderzochte monsters ook inderdaad het eerste, tweede en derde verzamelde monster 
waren. Dus voor de diagnose die op twee sputummonsters van dezelfde dag gebaseerd wordt, is 
het belangrijk om ervoor te zorgen dat het tweede verzamelde monster (d.w.z. het  “ochtend”-mon-
ster) niet de gevoeligheid van een dergelijke benadering bepaalde. Men erkende ook dat de 
reductie van het minimum aantal onderzochte monsters de algemene aantallen patiënten, die als 
smearpositief worden geïdentifi ceerd, niet noemenswaardig zou verminderen mits dit gebaseerd is 
op één enkele positieve smear en dat een smear met slechts een paar bacteriën als positief wordt 
beschouwd. Tot 2007 vereiste de defi nitie van een smearpositieve patiënt (die volledig op deze 
microscopie was gebaseerd) twee positieve uitstrijken (elke op 1+ of meer gewaardeerd); een reduc-
tie van het aantal onderzochte monsters zou dan het aantal bevestigende smears en zo het aantal 
smearpositieve gevallen aanzienlijk verminderen. In sommige landen hing tot dan toe de toeganke-
lijkheid tot de beste beschikbare behandeling van TBC af van het al dan niet smearpositief zijn.

Hoofdstuk 4 vat twee systematische reviews samen waarin het bewijsmateriaal wordt besproken 
dat microscopie zou kunnen worden geoptimaliseerd door: a) fl uorescentiemicroscopie (FM); en b) 
chemische en/of fysische sputumverwerkingsmethoden. De review van de FM constateerde dat: a) 
de directe fl uorescentiemicroscopie gemiddeld 10% gevoeliger was dan de directe Ziehl-Neelsen 
(ZN) microscopie, met vergelijkbare specifi citeit; b) om dezelfde gevoeligheid te bereiken, FM 
ongeveer 25% van de tijd kostte van ZN microscopie; en c) dat FM bijzondere waarde heeft in het 
onderzoek van paucibacillaire HIV-positieve patiënten. FM werd echter ervaren als gecompliceerd 
en duur en er werden aanzienlijke moeilijkheden ervaren bij het invoeren in arme omgevingen. Aan 
de andere kant werd de positieve ontwikkeling belicht van nieuwe, eenvoudige en robuuste FM-
systemen gebaseerd op lichtgevende dioden (LEDs) die spoedig voor evaluatie beschikbaar zouden 
komen. De review over de monsterverwerking toonde aan dat a) sputumverwerking (hoofdzakelijk 
met bleekmiddel of natriumhydroxide) gemiddeld 18% gevoeliger was dan DSSM, met vergelijk-
bare specifi citeit; b) sputum wat gedurende de nacht aan sedimentatie wordt onderworpen, 
voorafgegaan door behandeling met ammoniumsulfaat of bleekmiddel, gemiddeld een 23% hogere 
gevoeligheid gaf met vergelijkbare specifi citeit; en c) het chemisch verwerken van sputum gevolgd 
door centrifugeren ook de gevoeligheid verhoogde, met vergelijkbare specifi citeit, maar er werden 
zorgen uitgesproken over de haalbaarheid en de veiligheid van methodes die centrifugeren van 
bewerkt sputum vereisen. De resultaten van dit en andere reviews, leidde tot de oproep voor wijd-
verspreide implementatie van sputumbewerking met bleekmiddel voor het opsporen van TBC in 
ontwikkelingslanden. In Hoofdstuk 5 wordt hier tegen gewaarschuwd en wordt de nadruk gelegd 
op de tekortkomingen in het bereik en in de details van het beschikbare bewijs voor het gebruik van 
bleekmiddel voor sputumverwerking voorafgaand aan microscopie, en op tekortkomingen in het 
ontwerp van de tot dan toe gedane evaluatiestudies. Dit hoofdstuk eindigt met advies voor verbe-
tering van de opzet van toekomstige evaluaties.
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Het tweede deel van dit proefschrift beschrijft studies die de beperkingen van de conventionele 
DSSM onderzoeken. Met gebruikmaking van het Piot Model dat in de inleiding wordt beschreven, 
werden verscheidene aspecten van DSSM die voor optimalisering in aanmerking kwamen geïdenti-
fi ceerd en onderzocht. Allereerst was het duidelijk dat veel patiënten met tuberculose-achtige 
verschijnselen het zoeken van medische hulp uitstellen en dat lang kunnen volhouden. In Hoofdstuk 
6 worden de resultaten van een studie in Kameroen over uitgesteld bezoek aan TBC centra vergele-
ken met de resultaten van een identieke studie die eerder in Ethiopië werd uitgevoerd. Uitstel van 
de kant van de patiënt kwam minder vaak voor in Kameroen dan in Ethiopië en duurde ook korter. In 
beide studies werden fi nanciële beperkingen gemeld als oorzaak van langdurig uitstel. Het bezoe-
ken van traditionele genezers werd ook geassocieerd met vertraagd gebruik van medische 
gezondheidszorg en dit was het geval in zowel Kameroen als in Ethiopië. Ons onderzoek brengt aan 
het licht dat in beide landen, ondanks de economische en culturele verschillen, acties gericht op het 
betrekken van traditionele genezers bij gezondheidszorg en het aanmoedigen van het doorverwij-
zen van patiënten met TBC symptomen naar medische instellingen voor het laten doen van DSSM, 
uitstel kan verminderen en het aantal ontdekte TBC gevallen van kan verhogen.

In Hoofdstuk 7 worden de directe patiëntenkosten gerelateerd aan het zoeken naar een TBC diag-
nose geanalyseerd in twee studies in Nepal en Jemen. Deze kosten bleken aanzienlijk. Een zeer 
belangrijke bevinding van deze studies was dat de directe kosten gerelateerd aan elke dag van het 
tweedaagse diagnostische proces gelijk waren, zodat voltooiing van de diagnostiek in één enkele 
dag de directe kosten voor patiënten ongeveer zou halveren. Een andere belangrijke bevinding was, 
dat - hoewel men vaak denkt dat een diagnose middels een sputumsmear gratis is - een wezenlijke 
component van de directe kosten uit betalingen aan de gezondheidszorginstelling bestaan. Dit 
onderzoek toonde dus verder aan dat kansen om de microscopische diagnostiek te optimaliseren 
liggen in het terugbrengen van het diagnostisch proces tot één enkele dag en het kwijtschelden van 
de vergoedingen aan de kliniek die betrekking hebben op het vaststellen van tuberculose.

In Hoofdstuk 8 wordt nog een verdere beperking van de microscopie van sputum geïdentifi ceerd: 
een belangrijke reden voor de slechte gevoeligheid van DSSM is de te korte tijd die onder routine-
omstandigheden in microscopie wordt geïnvesteerd. In een districtsziekenhuis in Kameroen 
werden sputumsmears gemiddeld 2 minuten en 6 seconden onderzocht. Het opnieuw onderzoeken 
van de uitstrijken gedurende de internationaal geadviseerde duur van het onderzoek (tot 10 minu-
ten), verhoogde het aantal bewezen gevallen met maximaal 70%. Wel bleek dat dit in de praktijk 
onmogelijk wordt gemaakt door de werkbelasting en personele beperkingen waarmee vele gezond-
heidslaboratoria te kampen hebben, in het bijzonder in sub-Sahara Afrika.

In deel drie van dit proefschrift worden studies beschreven die manieren identifi ceerden en evalu-
eerden waarmee de microscopie zou kunnen worden geoptimaliseerd. Hoofdstuk 9 beschrijft een 
evaluatie van een sputumbewerkingsmethode waarbij het sputum gedurende de nacht bewerkt 
wordt met bleekmiddel. Dit onderzoek komt direct voort uit het werk dat in Hoofdstukken 4 en 5 
wordt beschreven. Deze studie werd uitgevoerd in een TBC/HIV kliniek in Mathare, Nairobi (Kenia). 
Het doel van de studie was om de gebreken in het ontwerp van vorige evaluaties te vermijden en 
zich te richten op geïdentifi ceerde defi ciënties in het beschikbare bewijs. De monsters werden ver-
zameld onder begeleiding van opgeleid personeel, de DSSM was van een aangetoonde uitstekende 
kwaliteit, en alle microscopie werd uitgevoerd door hetzelfde personeel in één instelling met 
dezelfde microscopen. Voorts hadden de microscopisten geen kennis van andere microscopieresul-
taten. Een belangrijke verbetering was dat het verwerkingsproces gestandaardiseerd was: 
“chloorbleekmiddel” werd geïdentifi ceerd als natriumhypochloriet (3.5% NaOCl), NaOCl werd 
opgeslagen volgens op bewijs gestaafde aanbevelingen en de activiteit van NaOCl werd op regel-
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matige basis chemisch gecontroleerd. In Mathare, waar de HIV-prevalentie hoog is, constateerde 
men dat de gestandaardiseerde natriumhypochloriet bleekmiddelmethode goedkoop was en zelfs 
23% voordeliger was voor het opsporen van TBC-gevallen dan de directe microscopie.

Hoofdstuk 10 beschrijft een evaluatie van verschillende drempelwaarden voor het vaststellen van 
de positiviteit van een sputumsmear die werd uitgevoerd op basis van de beleidsrelevante onder-
zoeksvragen vermeld in Hoofdstuk 3. Deze studie, die ook in de Mathare TBC/HIV kliniek in Kenia 
werd gehouden met dezelfde strikte kwaliteitscriteria als hierboven beschreven, evalueerde het 
effect van het reduceren van het aantal onderzochte monsters (van drie tot twee) op de detectie van 
smearpositieve TBC-gevallen en op laboratoriumwerkbelasting. De detectie van smearpositieve 
gevallen steeg met maximaal 17% in vergelijking met andere defi nities die momenteel in gebruik 
zijn in nationale TBC-bestrijdingsprogramma’s, wanneer één positieve uitstrijk met ≥4 AFB/100 HPF 
als defi nitie voor positiviteit werd gehanteerd. Het totaal aantal onderzochte uitstrijken zou kun-
nen worden verlaagd met 36% als gebruik wordt gemaakt van de defi nitie die uitgaat van één 
positieve smear. Een belangrijke bevinding, relevant om onderzoek van twee sputummonsters op 
dezelfde dag voor te stellen, was dat de ochtendmonsters in deze studie, hoewel waarschijnlijk 
kwantitatief positiever (d.w.z. die een hogere mate van positiviteit hebben) dan een zgn. eerste of 
derde spot sputummonster met de verminderde drempel voor positiviteit, niet eerder als positief 
zouden worden beschouwd en waarschijnlijk eerder positief zouden worden bevonden met de toen 
gebruikelijke defi nitie van een positieve smear.

In Hoofdstuk 11, voortbordurend op de bevindingen van Hoofdstukken 3 en 10, onderzochten we 
“frontloading” microscopische dienstverlening waarbij minstens twee sputumonderzoeken op de 
eerste dag worden gedaan. We vergeleken conventionele methoden met methoden gebruikma-
kend van drie monsters (als zgn. spot-ochtend-spot inzamelingen) en twee monsters (als 
spot-ochtend) en vergeleken deze vervolgens met, respectievelijk, een frontloaded equivalent van 
spot-spot-ochtend en spot-spot. We vonden geen verschil tussen conventionele en frontloaded 3-
monster methoden, noch tussen conventionele en ”frontloaded” 2-monster methoden. We 
concludeerden dat frontloaded microscopiediensten gecombineerd met de verminderde drempel 
voor positiviteit en het verminderde aantal onderzochte monsters, een manier zou kunnen zijn om 
de patiënten verdacht van TBC nog op dezelfde dag te diagnosticeren en door te verwijzen voor 
behandeling. Naar verwachting zou dit redelijkerwijs de hoge aantallen van patiënten die uitvallen 
gedurende het diagnostisch proces in een aantal nationale TBC- programma’s alsook de fi nanciële 
lasten die door patiënten worden gedragen en die in Hoofdstukken 6 en 7 worden beschreven, ver-
minderen.

In Hoofdstuk 12, gebruikmakend van gegevens van het laboratoriumregister van een druk districts-
ziekenhuis in Malawi, modelleerden we het potentieel van de WHO beleidsveranderingen met 
betrekking tot deze microscopie (verlaagde drempel voor een positieve uitstrijk, een veranderde 
defi nitie van een positief geval en de vermindering van het minimum aantal onderzochte monsters), 
gecombineerd met de introductie van de fl uorescentiemicroscopie, om de diensten van deze 
microscopie te verbeteren. Het bleek dat de gecombineerde implementatie van de nieuwe beleids-
aanbevelingen en de LED-fl uorescentiemicroscopie de opsporing van smear-positieve 
TBC-gevallen wezenlijk kan verhogen.
a) De toename van smear positieve TBC detectie die direct gerelateerd was aan de verminderde 
drempels voor de nieuwe defi nitie voor een positieve uitslag en 
b) de vermindering van werkbelasting om die adequate tijden van het microscopisch smearonder-
zoek mogelijk te maken die in Kameroen werden gemeld, werden geassocieerd met verhoging van 
de TBC detectie tot zelfs 70%.
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De toename van de detectie door een verhoogde limiet van 10 minuten voor de miscroscopische 
detectie van TBC werd beschreven in Hoofdstuk 8, maar dit bleek onmogelijk met het toen heer-
sende beleid en de toen bestaande technologie. De studie die in Hoofdstuk 12 wordt beschreven 
wijst er op dat het wel mogelijk is met het nieuwe beleid en nieuwe technologieën en dat het kan 
worden bereikt met bestaand personeel en minimale extra uitgaven.

In Hoofdstuk 13 wordt de analyse van de gegevens van de Nairobi-studie beschreven om te bepalen 
of met name die patiënten die slechte kwaliteit sputummonsters voor onderzoek aanboden gebaat 
zouden zijn bij de verlaagde drempels voor het bepalen van positieve uitstrijkjes en de diagnose van 
een smearpositieve patiënt. Aangezien het in verscheidene landen wordt gemeld dat vrouwen vaker 
monsters van slechte kwaliteit produceren dan mannen, onderzochten wij of vrouwen eerder als 
smearpositieve gevallen zouden worden gedefi nieerd wanneer er gebruik wordt gemaakt van de 
herziene defi nitie van smearpositieve patiënten. In deze studie werd gevonden dat het verlagen van 
de drempels resulteerde in de detectie van meer positieve gevallen onder vrouwelijke patiënten, 
zelfs daar waar de patiënten al goed werden geïnstrueerd in het produceren van sputum en waar de 
microscopie van uitstekende kwaliteit was. Deze hogere detectie vond men voornamelijk met de 
sputummonsters die van slechte kwaliteit waren, wat meer bij vrouwen voorkwam. De gevolgen van 
HIV bij de detectie van TBC met verschillende defi nities vereist nog verdere studie. 

Tijdens de periode van dit onderzoek ontwikkelde de WHO een proces voor het evalueren van 
bewijs gerelateerd aan nieuwe middelen voor TBC-bestrijding en het uitbrengen van advies met 
betrekking tot beleid. 
De details van dit beleidsproces van de WHO zijn openbaar gemaakt en het blijkt dat de ontwikke-
ling, de evaluatie en de goedkeuring van de WHO van nieuwe middelen voor bestrijding hierdoor 
zeer vergemakkelijkt worden. Dit beleidsproces en de huidige basis voor bewijs voor de diagnose 
van TBC worden beschreven in Hoofdstuk 14.1. Een algemene discussie van de in dit proefschrift 
beschreven resultaten staat tenslotte in Hoofdstuk 14.2 beschreven.
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WHO recommendations infl uenced by this research 
2007-2009

1. Change in the defi nition of a positive sputum smear.  2007.
 www.who.int/tb/dots/laboratory/policy/en/index.html 

2. Change in the defi nition of a sputum smear-positive case. 2007.
 www.who.int/tb/dots/laboratory/policy/en/index.html 

3. Reduction in the minimum number of sputum specimens to be examined in the investigation of 
suspected pulmonary tuberculosis (from three to two). 2007.

 www.who.int/tb/dots/laboratory/policy/en/index.html 

4. Endorsement of frontloaded sputum smear microscopy services. 2009.
 www.who.int/tb/dots/laboratory/en/index.html (to be updated)

5. Endorsement of LED-based fl uorescence microscopy for sputum smear examinations. 2009.
 www.who.int/tb/dots/laboratory/en/index.html (to be updated)
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