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Summary
Background—Sputum smear microscopy is the most widely available diagnostic test for
pulmonary tuberculosis in countries with a high burden of the disease. Improving its accuracy is
crucial to achievement of case-detection targets established by the Millennium Development
Goals. Unfortunately, many patients are unable to submit all of the specimens needed for
examination or to return for treatment because standard sputum collection and reporting requires
several clinic visits. To inform policy recommendations by a WHO-convened Expert Group, we
aimed to assess the accuracy of sputum smear examination with strategies for obtaining sputum on
1 day compared with strategies for obtaining sputum over 2 days.

Methods—We did a systematic review and meta-analysis of research articles comparing the
accuracy of front-loaded or same-day microscopy and standard sputum smear microscopy for
diagnosis of culture-confirmed pulmonary tuberculosis. We searched Medline, Embase, Biosis,
and Web of Science for articles published between Jan 1, 2005, and Feb 14, 2012. Two
investigators identified eligible articles and extracted data for individual study sites. We generated
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pooled summary estimates (95% CIs) for sensitivity and specificity by use of random-effects
meta-analysis when four or more studies were available.

Findings—We identified eight relevant studies from five articles enrolling 7771 patients with
suspected tuberculosis in low-income countries. Compared with the standard approach of
examination of two smears with Ziehl-Neelsen light microscopy over 2 days, examination of two
smears taken on the same day had much the same sensitivity (64% [95% CI 60 to 69] for standard
microscopy vs 63% [58 to 68] for same-day microscopy) and specificity (98% [97 to 99] vs 98%
[97 to 99]). We noted similar results for studies employing light-emitting diode fluorescence
microscopy and for studies examining three smears, whether they were compared with two-smear
strategies or with one another.

Interpretation—Same-day sputum smear microscopy is as accurate as standard smear
microscopy. Data from tuberculosis programmes are needed to document the changes required in
the health system to successfully implement the strategy and understand its effects.

Introduction
Strategies to improve the efficiency of sputum smear microscopy, the most widely available
method for diagnosis of pulmonary tuberculosis, could improve rates of case detection and
treatment initiation in countries with a high incidence of the disease. Until 2007, WHO
recommended that individuals with suspected pulmonary tuberculosis provide three sputum
specimens for smear microscopy on 2 consecutive days, with one spot specimen collected
immediately and one early morning spot and one additional spot specimen collected the next
day. At that time, noting that the third specimen increases cumulative sensitivity by only 2–
5%,1 WHO began recommending that quality-assured laboratories examine only two sputum
specimens.2 This policy sought to decrease laboratory workloads and costs3 and to increase
time for smear examination,4,5 but did not address another disadvantage of smear
microscopy: the need for the patient to visit a health centre more than once. The high costs
of transportation, food, and lost wages associated with diagnostic visits can approach 50% of
the household income of patients with suspected tuberculosis, which is a burden that
measurably worsens poverty levels for these patients and their families, and leads a large
proportion (13–95%) to drop out of the diagnostic pathway before completing sputum
examination, receiving results, or starting treatment.6–15

Front-loaded microscopy is a new diagnostic strategy in which two smears are prepared
from one or more sputum specimens obtained on the first day a patient is assessed.16–18

When all samples are collected and the results reported on 1 day, the strategy is termed
same-day microscopy. In 2009, WHO convened an Expert Group to summarise the evidence
supporting same-day smear microscopy for the Strategic and Technical Advisory Group for
Tuberculosis (STAG-TB), which subsequently issued a new policy.19 We present the
findings of that process, updated with additional evidence from the scientific literature.

Methods
Search strategy and selection criteria

We did our study in accordance with standard guidelines and methods for systematic
reviews and meta-analyses of diagnostic tests.20 We formulated three review questions
comparing the accuracy of three strategies for diagnosis of pulmonary tuberculosis: first,
front-loaded versus standard two-smear microscopy; second, front-loaded versus standard
three-smear microscopy; and third, front-loaded two-smear versus front-loaded three-smear
microscopy. We assessed these questions in three subgroups of patients: first, patients who
had direct sputum smears stained with the Ziehl-Neelsen (ZN) method and assessed by
conventional light microscopy; second, patients who had direct sputum smears stained with
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auramine-O and examined with light-emitting diode (LED) fluorescence microscopy (FM);
and third, patients with HIV who were assessed with ZN and LED FM microscopy.

We searched Medline, Embase, Biosis, and Web of Science for primary studies in all
languages published from Jan 1, 2005, to Feb 14, 2012 (see appendix for search terms).
Additionally, we reviewed studies included in a previous systematic review on the yield of
serial sputum acid-fast bacilli examinations,1 hand-searched reference lists of eligible papers
and related reviews, and contacted researchers to identify unpublished or ongoing studies.

We included all studies that compared a front-loaded microscopy strategy with a standard
microscopy strategy for diagnosis of pulmonary tuberculosis after preparation of sputum
smears directly from one or more sputum samples without concentration. We included only
studies that used mycobacterial culture on solid or liquid media for one or more specimens
from each patient as a reference standard. Two reviewers (JLD and KRS) independently
screened the accumulated citations for relevance and reviewed full-text articles with
prespecified eligibility criteria; disagreements about study selection were resolved by
consensus.

We defined a study as any dataset arising from one country, and extracted data from
individual countries separately for multicountry assessments. We defined a diagnostic
strategy as an approach to collection of sputum and examination of two or three sputum
smears by microscopy. We defined a standard microscopy strategy as one in which one
sputum smear was examined on the first day of presentation, with additional specimens
obtained and examined the next day (ie, spot-morning or spot-morning-spot sputum-
collection schemes). We defined a front-loaded strategy as one in which two sputum smears
were examined on the first day the patient presented, and a same-day strategy as a front-
loaded strategy in which only two smears were examined overall.

Data extraction
Two reviewers (JLD and KRS) abstracted data and resolved differences by consensus. We
appraised study quality with the Quality Assessment Tool for Diagnostic Accuracy Studies
—a validated method for diagnostic studies (appendix)—and assessed whether study sites
employed external quality-assurance programmes for smear microscopy.21 We displayed the
proportion of studies meeting or reporting quality criteria graphically. The appendix lists
additional details of the data extraction and quality assessment procedures.

Statistical analysis
We calculated the sensitivity and specificity of each diagnostic strategy with mycobacterial
culture as a reference standard. To minimise expected heterogeneity, we decided a priori to
analyse data within certain subgroups: studies of ZN light microscopy, studies of FM, and
studies enrolling 30 or more patients infected with HIV for ZN microscopy and for LED
FM. For every review question and subgroup, we assessed heterogeneity visually with forest
plots and summary receiver-operating characteristic (ROC) curves with 95% prediction
regions, and statistically with χ² and I² statistics. We generated pooled summary estimates
and differences for sensitivity and specificity with 95% CIs by use of hierarchical summary
ROC (HSROC) or random-effects meta-analysis when four or more studies were available.
We plotted these estimates and 95% confidence regions in ROC space.

We postulated that sensitivity differences of no more than 10% and specificity differences of
no more than 2% would qualify two strategies as having similar diagnostic accuracy. We
summarised our findings with Grading of Recommendations Assessment, Development and
Evaluation (GRADE) guidelines.22,23
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Role of the funding source
WHO commissioned this review and meta-analysis to inform its policy statement, and
received an early version of the manuscript in the form of an official report. The funders had
no role in data collection or analysis. Three investigators (JLD, AC, and LEC) were also
investigators on one or more included studies. The corresponding author had full access to
all study data and had final responsibility for the decision to submit for publication.

Results
We identified 3691 citations, of which 258 were regarded as potentially relevant (figure 1).
After full-text review, five articles17,18,24–26 were included in our analysis, providing data
for eight studies from distinct clinical settings. We identified one ongoing study, which was
not included, but no completed unpublished studies.

Table 1 shows the characteristics of study design and setting. All studies were done in high
tuberculosis prevalence countries and enrolled representative populations (adult outpatients
with cough of 2–3 weeks or more; table 2).17,18,24–26 Five of eight studies reported
instructing patients on how to produce high-quality sputum.24–27 Six studies did solid
culture on Lowenstein-Jensen or Ogawa media,18,25,26 one study did liquid culture on
mycobacterial growth-indicator tube media,17 and one study did both solid and liquid
cultures.24

The methodological quality of studies was high for the ZN light microscopy subgroup, with
all studies fulfilling all quality criteria (appendix). Study quality was lower for the LED FM
(non-random selection in four studies) and HIV (self-selection and convenience sampling in
four studies; sparse data) subgroups.

Eight studies compared same-day and standard strategies for two smears with ZN light
microscopy. Figure 2 and the appendix show that sensitivity estimates were variable, but
specificity estimates were consistent between studies. Pooled summary estimates suggested
that sensitivities were much the same for standard microscopy and same-day microscopy;
specificities were identical (table 3). Plots of these summary points and their tightly
overlapping 95% confidence regions in ROC space confirmed these findings (appendix).
Sensitivities and specificities did not differ between standard and same-day microscopy, and
both sensitivity differences (p=0·71, I²=0·0%) and specificity differences (p=0·88, I²=0·0%)
were consistent between studies (figure 2). Exclusion of one study reporting a single-
specimen strategy24 did not change the pooled estimates (sensitivity difference 2·0% [−0·4
to 4·4%]; specificity difference 0·0% [−0·3 to 0·4]). Tables 3 and 4 summarise the results of
these and subsequent subgroup analyses.

Only one article, a randomised controlled trial25 including 6627 participants in Ethiopia,
Nepal, Nigeria, and Yemen, reported on differential losses to follow-up for the two
diagnostic strategies. Patients assigned to the same-day strategy were half as likely to fail to
submit a second specimen as were patients assigned to the standard strategy, but follow-up
rates were high in both groups (97·6% for the same-day strategy vs 94·2% for the standard
strategy; difference 3·4% [95% CI 2·3 to 4·6]; p<0·001).25

Seven studies compared front-loaded and standard strategies with ZN light microscopy
when three specimens were collected. Sensitivity estimates were variable, but specificity
estimates were consistent across studies (appendix). Pooled summary estimates showed
much the same sensitivities for standard microscopy and same-day microscopy; specificities
were identical (table 3). Sensitivities and specificities did not differ between standard and
front-loaded microscopy strategies (table 3), and these differences were consistent across
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studies for both sensitivity (p=0·77, I²=0·0%) and specificity (p=0·96, I²=0·0%; appendix).
In the one study reporting data for loss to follow-up, patients assigned to the front-loaded
strategy were no more likely to submit three specimens than were those assigned to the
standard strategy (94·1% for the front-loaded vs 92·8% for the standard approach; difference
1·2% [95% CI −0·4 to 2·8]).25

Seven studies compared three-specimen and two-specimen front-loaded strategies with ZN
light microscopy, with sensitivities and specificities as previously noted (appendix). Pooled
sensitivity and specificity differences showed that the three-specimen front-loaded strategy
was no more sensitive (difference 3·3% [95% CI −0·1 to 6·6]) or specific (difference −0·1%
[−0·5 to 0·3]) than the two-specimen front-loaded strategy. Specificity did not differ between
three-specimen and two-specimen strategies (table 4). Although sensitivity differences
varied (p=0·12, I²=41%), specificity differences were consistent (p=0·98, I²=0·0%) across
studies (appendix).

Five studies from two reports24,26 compared front-loaded and standard strategies with LED
FM. Pooled estimates of sensitivity and specificity were heterogeneous between studies
(appendix), but no heterogeneity was noted in terms of sensitivity differences (p=0·60,
I²=0·0%) or specificity differences (p=0·74, I²=0·0%; appendix). For the two-specimen LED
FM strategies, the sensitivities of standard and front-loaded strategies were much the same
(table 3). The summary points and their broad but overlapping 95% confidence regions
plotted in ROC space supported these findings (appendix). Specificities of standard LED
FM and front-loaded LED FM were much the same (table 3). Findings were much the same
for the three-specimen collection strategy (appendix). The sensitivities of standard LED FM
and front-loaded LED FM did not differ significantly (table 3). Equally, specificities of
standard LED FM and front-loaded LED FM did not differ with collection of three
specimens (table 3). Three-specimen front-loaded LED FM was not significantly more
sensitive than was two-specimen front-loaded LED FM, and was similarly specific (table 4,
appendix).

Two articles assessed front-loaded procedures versus standard collection with direct ZN
light microscopy and LED FM in patients infected with HIV. In one article,25 which
included 589 HIV-positive patients with suspected tuberculosis predominantly from one
study in Ethiopia and one study in Nigeria, a same-day ZN light microscopy strategy had
better sensitivity than did a standard two-specimen strategy (67% for the same-day strategy
vs 49% for the standard strategy; difference −18% [95% CI −35 to 0]) and similar
specificity (95% vs 97%; difference 2% [−1 to 5]), with much the same results for the three-
specimen strategies (two studies) and for two-specimen and three-specimen strategies
employing LED FM (one study). For 321 HIV-positive patients reported in a second article
from Uganda,24 same-day, single-specimen, two-smear microscopy and standard two-
specimen, two-smear ZN light microscopy had much the same sensitivities (49% for the
same-day strategy vs 51% for the standard approach, difference 2% [−3 to 5%]) and
specificities (97% vs 99%; difference 2% [−1 to 4]). A comparison of single-specimen and
standard strategies with LED FM in the same population produced much the same
sensitivities (57% vs 60%; difference 3% [−2 to 8]) and specificities (97% vs 97%;
difference 0 [−1 to 1]).

We rated the quality of evidence for all outcomes in the subgroup analyses of ZN light
microscopy and LED FM as moderate. We downgraded one point for indirectness because
test results (ie, true positives, false positives, false negatives, and true negatives) were used
as surrogates for patient-related outcomes (eg, numbers of patients who started treatment or
dropped out; appendix) in the paired studies, and because of heterogeneity and imprecision
in the randomised studies. We rated the quality of the LED FM studies as moderate, after
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deduction of points for indirectness in the paired studies and heterogeneity and imprecision
in the randomised studies. We did not deduct additional points for non-random sampling of
patients in the randomised studies because of the overall strength of the study design. The
quality of evidence among patients infected with HIV was rated as low, with an additional
point subtracted for convenience sampling and sparse data.

Discussion
In our systematic review of eight studies of direct ZN light microscopy enrolling 7771
patients, front-loaded and standard microscopy strategies had much the same diagnostic
accuracies for two-sputum and three-sputum smear strategies. Moreover, all estimates of
sensitivity differences were precise and smaller than the difference prespecified as
important. These findings suggest that one of the key limitations of sputum smear
microscopy as a tuberculosis case-finding technique, the requirement for repeated clinic
visits, could be eliminated with no loss in diagnostic accuracy. If widely implemented,
same-day microscopy could provide important benefits to several groups, including patients
with tuberculosis (reduced costs and earlier diagnosis), patients suspected of but not having
tuberculosis (reduced costs and earlier exclusion of tuberculosis), and tuberculosis
programmes (fewer visits for patients suspected of tuberculosis and fewer smear-positive
tuberculosis patients lost into the community).

We also addressed several additional questions important for implementation of same-day
microscopy. First, we identified no important sensitivity differences between the two-smear
and three-smear front-loaded strategies. Second, front-loaded LED FM was as sensitive as
standard LED FM when either two or three specimens were examined. Finally, for patients
infected with HIV, frontloaded and standard microscopy seemed much the same in terms of
diagnostic accuracy for ZN (three studies of two smears, two studies of three smears) and
LED FM (two studies of two smears, one study of three smears); however, because there
were few data, additional high-quality studies enrolling more patients infected with HIV at
more sites than were identified in our review would provide greater precision and more
generalisable evidence.

In 2009, findings from our systematic review were assessed by a WHO Expert Group and
subsequently by STAG-TB, an independent group that reviews tuberculosis policy drafts
and supporting documentation. In 2010, WHO issued a new policy stating that, “countries
that have successfully implemented current WHO policy for a two-specimen case-finding
strategy consider a switch to the same-day diagnosis approach, especially in settings where
patients are likely to default from the diagnostic process. Countries that are still using the
three specimen case-finding strategy should consider a gradual change to the same-day
diagnosis approach, once WHO-recommended external microscopy quality assurance
systems are in place and good quality microscopy results have been documented. It is
essential that implementation of a same-day-diagnosis approach consider the programmatic,
logistic, and operational implications at country level.”19

Our systematic review has several strengths, including a standardised protocol that accords
with published guidelines for systematic reviews and meta-analyses. We obtained equivalent
results through use of several approaches to data analysis (standard random-effects meta-
analysis, generalised estimating-equations modelling, and HSROC analysis), and the overall
methodological quality of included studies was high.

Although we did not systematically search for studies reporting patient-related outcomes,
our comprehensive search strategy, including contact with the authors of all primary studies,
make it likely that we would have identified such studies, and we did extract data for
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patient-related and programme-related outcomes when present. Unfortunately, we identified
only one report25 that mentioned patient-related outcomes, in which patients assessed with
front-loaded microscopy were half as likely to drop out of the diagnostic process as were
those assessed with standard microscopy. Although the absolute decrease in dropout in that
randomised controlled trial was small, greater reductions are likely in routine settings where
dropout rates from standard microscopy are high. Although we did not identify any
information about the timing of results reporting or treatment initiation, the WHO same-day
diagnosis policy statement recommends that smear examination and results reporting occur
before the patient leaves the health centre, to allow same-day treatment initiation among
smear-positives. Same-day reporting might also have significant benefits for patients with
negative smears, by reducing the economic burden of an additional clinic visit to collect
results. Data from routine settings are needed to document the health-system changes
required to successfully put the strategy into practice and understand its effect, comparing
time-to-treatment initiation in patients suspected of pulmonary tuberculosis, costs to the
patient, and satisfaction of the patient before and after implementation of same-day
microscopy. Demonstration of the benefits for these patient-related and health-system
outcomes would further strengthen the case for same-day microscopy.

Some observers have raised concerns about the potential effects of same-day microscopy on
nosocomial tuberculosis transmission, because patients could spend additional time at the
clinic on the day of initial assessment while submitting a second specimen and waiting for
results. WHO guidelines on tuberculosis infection control recommend “speeding up
management of [patients with suspected tuberculosis] so that they spend as little time as
possible at the [health-care] facility”,28 and future studies should assess strategies to achieve
this. Such measures include examination of two smears from one sputum collection and
collection of specimens from patients with cough and other tuberculosis symptoms
immediately after arrival in the clinic so that results are available while the clinician is
assessing the patient. The former strategy in particular merits further assessment, because it
might be simpler to implement in programmatic settings than would be collection of two
specimens 1 h apart. Adjunctive measures including provision of face masks to patients
suspected of tuberculosis and separating them from other clinic patients could also be
employed to compensate for the additional clinic waiting time needed by same-day
microscopy.29 Ultimately, if same-day microscopy can ensure that all smear-positive
patients receive immediate tuberculosis treatment, the benefits in reduced tuberculosis
transmission30 in the community would probably outweigh the nosocomial transmission risk
arising from having patients waiting for an additional 1 h in the clinic.

Finally, in high-income settings where sputum culture is done in addition to microscopy, the
effect of elimination of the morning sputum culture in those assessed with same-day
collection is unknown. The incremental yield of culture of morning sputum (9%)31 is similar
to that reported for culture of a second spot specimen (15%),32 but direct comparisons of
how different specimen collection strategies affect the accuracy and usefulness of sputum
culture are needed.

Same-day and front-loaded diagnostic strategies are a relatively new idea. All identified
studies were done recently, with the earliest publication from 2007. Our search strategy
might have missed relevant earlier studies, although we carefully reviewed bibliographies of
related reviews and contacted any author who we thought might have relevant data.
Statistical tests and graphical methods used to detect potential publication bias in meta-
analyses of randomised trials are not accurate when applied to diagnostic data.33 Therefore,
we cannot exclude the possibility of publication bias.
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Same-day and front-loaded strategies are much the same in terms of diagnostic accuracy as
are standard strategies for diagnosis of pulmonary tuberculosis by direct ZN light
microscopy, irrespective of whether two or three specimens are collected. Overall, the
moderate quality of evidence available supports introducing same-day microscopy into
routine practice. The proportion of patients completing diagnostic evaluation was slightly
greater with same-day than with standard microscopy in a large randomised controlled trial.
Additional data for other patient-related outcomes are needed from routine settings. Finally,
to realise the potential benefits of same-day strategies in sparing poor patients the costs of
making several visits to health facilities, in increasing tuberculosis case detection, and in
decreasing tuberculosis transmission in the community, sputum specimens ought not to just
be collected on the first day of assessment—they should also be examined on that day so
that results can be reported to clinicians and treatment started promptly.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study selection and stratification
ZN=Ziehl-Neelsen light microcopy. LED FM=light-emitting diode fluorescence
microscopy.
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Figure 2. Diagnostic accuracy of standard two-smear microscopy versus same-day two-smear
microscopy
(A) Sensitivity and specificity. (B) Sensitivity differences, calculated by subtraction of the
same-day estimate from the standard estimate. (C) Specificity differences, calculated by
subtraction of the same-day estimate from the standard estimate. ZN=Ziehl-Neelsen light
microscopy. TP=true positive. FP=false positive. FN=false negative. TN=true negative.
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Table 1

Characteristics of included studies

Setting Prevalence of
tuberculosis

Number of patients enrolled

Subgroup A (ZN) Subgroup B (LED
FM)

Subgroup C(HIV)

Paired observational studies

Ramsay et al (2009)18

  Nepal Primary health clinic 26%   206 ·· ··

  Nigeria* District hospital clinic 37%   224 ·· ··

  Yemen Subspecialty clinic 29%   250 ·· ··

Cattamanchi et al (2011)24

  Uganda Referral hospital 50%   464 464 ZN 321; LED FM 321

Randomised controlled trial

Cuevas et al (2011)25,26†

  Ethiopia Primary health clinic 33% 1909 468 ZN 101; LED FM 4

  Nepal Subspecialty clinic 13%   630 526 ZN 2; LED FM 2

  Nigeria* District hospital clinic 21% 1238 685 ZN 485; LED FM 236

  Yemen Subspecialty clinic 26% 2850 766 ZN 1; LED FM 0

ZN=Ziehl-Neelsen light microscopy. LED FM=light-emitting diode fluorescence microscopy.

*
Data also reported elsewhere.17

†
ZN and LED FM results reported separately.
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Table 2

Characteristics of included studies, by subgroup

Subgroup A (ZN) Subgroup B (LED FM) Subgroup C (HIV)

Number of studies 8 5 5

Number of patients enrolled 7771 2909 910

Health-care setting Outpatient Outpatient Outpatient

Participants Adults with suspected pulmonary
tuberculosis

Adults with suspected pulmonary
tuberculosis

HIV-positive adults with suspected
pulmonary tuberculosis

Front-loaded timing Spot-spot*(-morning) Spot-spot*(-morning) Spot-spot*(-morning)

Standard timing Spot-morning(-spot) Spot-morning(-spot) Spot-morning(-spot)

Smear preparation Direct Direct Direct

Staining ZN Auramine-O ZN

Reading Conventional LM LED FM Conventional LM

ZN=Ziehl-Neelsen light microscopy. LED FM=light-emitting diode fluorescence microscopy. Morning=early morning sputum. Spot=randomly
timed specimen. LM=light microscopy.

*
Apart from Cattamanchi and colleagues,24 in which both same-day smears were prepared from one spot specimen obtained on day 1.
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