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Smear microscopy has suboptimal sensitivity, and there is a need to improve its performance since it is commonly used to diag-
nose tuberculosis (TB). We prospectively evaluated the diagnostic accuracy of the small membrane filtration (SMF) method, an
approach that uses a vacuum manifold and is designed to concentrate bacilli onto a filter that can be examined microscopically.
We enrolled hospitalized adults suspected to have pulmonary TB in Kampala, Uganda. We obtained a clinical history and three
spontaneously expectorated sputum specimens for smear microscopy (direct, concentrated, and SMF), MGIT (mycobacterial
growth indicator tube) 960 and Lowenstein-Jensen (LJ) cultures, and Xpert MTB/RIF testing. We performed per-specimen (pri-
mary) and per-patient analyses. From October 2012 to June 2013, we enrolled 212 patients (579 sputum specimens). The partici-
pants were mostly female (63.2%), and 81.6% were HIV infected; their median CD4 cell count was 47 cells/�l. Overall, 19.0%,
20.4%, 27.1%, 25.2%, and 25.9% of specimens tested positive by direct smear, concentrated smear, MGIT culture, LJ culture, and
Xpert test, respectively. In the per-specimen analysis, the sensitivity of the SMF method (48.5%; 95% confidence interval [CI],
37.4 to 59.6) was lower than those of direct smear (60.9%; 51.4 to 70.5 [P � 0.0001]) and concentrated smear (63.3%; 53.6 to 73.1
[P < 0.0001]). Subgroup analyses showed that SMF performed poorly in specimens having a low volume or low bacterial load.
The SMF method performed poorly compared to standard smear techniques and was sensitive to sample preparation techniques.
The optimal laboratory SMF protocol may require striking a fine balance between sample dilution and filtration failure rate.

Tuberculosis (TB) remains a major global health problem (1).
Despite the recent development of new diagnostic modalities

(2), in much of the world, the diagnosis of pulmonary TB contin-
ues to rely on microscopic examination of stained sputum smears.
Acid-fast bacillus (AFB) smear microscopy is inexpensive and
rapid, has high positive predictive value in areas of high TB prev-
alence, and identifies the most infectious subset of TB patients (3).
However, despite its widespread use, the sensitivity of routine
smear microscopy ranges from 20% to 75% and its performance is
highly dependent on the number of bacilli in the specimen (4, 5).
The sensitivity of smear microscopy is notably poor in popula-
tions with a high burden of TB and under conditions that lead to
a low mycobacterial burden in clinical specimens, such as in chil-
dren, patients with HIV/AIDS-associated TB, early TB disease, or
pleural or meningeal TB (2, 4). Overall, the suboptimal sensitivity
of smear microscopy results in delays in diagnosis with conse-
quent disease progression, poor outcomes, and uninterrupted
transmission of M. tuberculosis (6).

Concentration of bacilli is a strategy to increase the sensitivity
of sputum AFB smear microscopy. Concentration through cen-
trifugation or gravity sedimentation results in modest (5 to 10%)
gains in sensitivity (3), but centrifugation carries a risk of aerosol
generation and requires equipment, while gravity sedimentation
increases the specimen testing time. The small membrane filtra-
tion (SMF) method uses a vacuum manifold to concentrate bacilli
present in a clinical sample onto a small membrane that can sub-
sequently be stained and examined microscopically for AFB. By
increasing the concentration of bacilli in the microscopic field, the

SMF method may increase the sensitivity of smear microscopy.
The SMF method reduces biohazard potential through the use of
bleach (sodium hypochlorite), which kills M. tuberculosis bacilli
(7), and a sealed processing system that limits sample manipula-
tion, and thus, the method might be amenable for use in the ex-
isting global network of facilities that already use smear micros-
copy. Two prior studies using earlier, more rudimentary (full
manual operation) versions of the vacuum manifold showed
promising results for both HIV-uninfected (8) and HIV-infected
(9) patients, but the processing failure rates were high, since 5 to
20% of samples failed to fully filter through the membrane.

This study prospectively evaluated the diagnostic accuracy of
the SMF method using a new, multitest vacuum manifold that
allowed semiautomation and a new laboratory protocol intended
to reduce the filtration failure rate by dilution of the sputum sam-
ple. The study focused mainly on HIV-infected adults with sus-
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pected pulmonary TB—a population predicted to include a large
proportion of individuals with relatively low bacillary burdens in
their sputum and in whom the concentration effect of the SMF
method would be most useful.

MATERIALS AND METHODS
Participants. We prospectively enrolled hospitalized adults at Mulago
National Referral Hospital in Kampala, Uganda. Uganda is on the
WHO list of high-burden countries, with an estimated annual TB in-
cidence rate in 2012 of 179 cases per 100,000 and with an HIV preva-
lence of approximately 50% among TB patients (1). Nonstudy clini-
cians referred potentially eligible, interested individuals to study
personnel. All consecutive individuals were eligible to participate pro-
vided they were (i) �18 years old, (ii) suspected of active pulmonary
TB based on having had a cough for �2 weeks and one or more of
fever, night sweats, or unexplained weight loss, and (iii) willing and
able to comply with the study protocol, including HIV testing. Indi-
viduals were excluded if they had received �2 days of antituberculous
treatment within the previous 60 days. This study was approved by
institutional review boards of Johns Hopkins Medicine, Boston Uni-
versity Medical Center, the Mulago Hospital Research and Ethics
Committee, and the Uganda National Council for Science and Tech-
nology, and all participants provided written informed consent.

Clinical data. We used a questionnaire to collect demographic and
clinical information. Individuals with no documented HIV results were
offered HIV testing; a CD4� lymphocyte cell count was measured in HIV-

infected patients. For each participant, two sputum samples were col-
lected on the day of enrollment (spot specimens), and a third sputum
sample was collected, usually the day after enrollment but within 4 days
(morning specimen). A posteroanterior chest radiograph was performed
on all nonpregnant study participants.

SMF manifold. The SMF manifold (version 5.0) device consists of a
cylindrical manifold connected to a single vacuum and uses separate con-
trol valves at each station for independent operation (Fig. 1A and B). The
manifold is made of anodized aluminum, which is durable and light-
weight, has large port openings for easy cleaning and sanitizing, and has
1/4-in. stainless steel drain plugs, chrome-plated brass valves, Viton O
rings, and 1/4-in. nylon adapters. The prototype manifold shown contains
10 workstations, each fitted with a stainless steel screw-on port that holds
an SMF filter apparatus. Each SMF filter apparatus is comprised of four
parts, as follows: (i) a reservoir with a membrane filter, (ii) a first inlet-
outlet port in communication with a second reservoir, (iii) a second res-
ervoir containing a prefilter, positioned adjacent to the second surface,
and (iv) a third reservoir designed to work with standard 50-ml centrifuge
tubes, which eliminates sample transfer and cross contamination risk.
This filter apparatus allows efficient staining of bacilli after they have been
collected and immobilized on the membrane, which minimizes mem-
brane loss or disruption. When samples are ready for processing, vacuum
is applied to draw a sample through the metal holders containing a nylon
net prefilter (pore size, 30 �m; Millipore) and a smaller Isopore mem-
brane filter (pore size, 0.8 �m; Millipore). The version of the manifold
prototype (version 5.0) evaluated in this study had several design and

FIG 1 (A) Small membrane filtration (SMF) manifold (version 5.0) evaluated. The SMF manifold device consists of a cylindrical manifold connected to a single
vacuum and uses separate control valves at each station for independent operation. (B) The prototype manifold shown contains 10 workstations, each fitted with
a stainless steel screw-on port that holds an SMF filter apparatus. (C) Sputum processing and aliquoting protocol.
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technical improvements over the manifold used (version 4.0) in a recent
study in Brazil (9), including (i) a modification of the neck holder in order
to fit the screw caps of 50-ml polypropylene tubes (to minimize cross-
contamination), (ii) a modification to the tube holder to allow membrane
staining, (iii) replacement of O rings, and (iv) fine adjustment of the
rotation key to turn or adjust the holder’s set screws.

Laboratory assessments. All laboratory testing was performed on site
in Kampala, Uganda, in the Mycobacteriology (biosafety level 3 [BSL-3])
laboratory of the Department of Medical Microbiology, College of Health
Sciences, Makerere University, with internationally acceptable quality
standards. Sputum testing was initiated directly after collection and deliv-
ery to the laboratory. Upon arrival, sputum samples were visually exam-
ined for volume and viscosity; sterile distilled water was added to speci-
mens of �5 ml to obtain a total sample volume of �5 ml. Samples were
then homogenized using sterile glass beads (4 mm; Fisher Scientific,
Hampton, NH, USA) and split into three aliquots (in tubes labeled A, B,
and C) of approximately equal volume (Fig. 1C). The tube A aliquot
(original specimen container) underwent processing for direct smear re-
view using standardized WHO/IUATLD fluorescence microscopy (FM)
methods and was examined for acid-fast bacilli (AFB) and graded (10). An
additional portion of the tube A specimen was tested on the Xpert MTB/
RIF (Cepheid, Sunnyvale, CA, USA) platform according to the manufac-
turer’s instructions (May 2012, 2:1 [vol/vol] sample reagent/sputum vol-
ume). The specimen in tube B was digested and decontaminated using
N-acetyl-L-cysteine (NALC)–NaOH (11) and resuspended with approxi-
mately 2 ml of phosphate-buffered saline (PBS); a 0.05-ml portion of the
sputum sediment was smeared and reviewed using standardized WHO/
IUATLD FM methods and smear grading scheme (10). An additional 0.5
ml of the sediment was cultured using the Bactec MGIT (mycobacterial
growth indicator tube) 960 system (Becton and Dickinson, Sparks, MD,
USA), and 0.2 ml was inoculated onto Lowenstein-Jensen (LJ) medium
(prepared in-house at the National Tuberculosis Reference Laboratory).
Cultures were incubated using either the automated MGIT 960 system for
up to 6 weeks or at 37°C on LJ medium for up to 8 weeks. Cultures positive
for growth were assessed for AFB using Ziehl-Neelsen (ZN) staining and
light microscopy, and mycobacterial growth was identified to the species
level as M. tuberculosis complex versus not M. tuberculosis complex using
an anti-MPB64 antibody assay (SD MPT64TB Ag kit; SD Bioline, South
Korea).

Tube C was processed for SMF testing. The SMF method was per-
formed by trained laboratory personnel according to a written manual
of procedures. Briefly, aliquot C was transferred to a 50-ml conical
tube, a mixture of NALC-sodium citrate was added (equal to one-half
volume of the original sample), and the sample was vortexed. One
milliliter of this sample was then mixed with 2 ml 5% sodium hypo-
chlorite (JIK brand; Reckitt Benckiser, Kampala, Uganda) and 3 ml
Triton X-100-ethanol (final concentration, 95% ethanol–1% Triton
X-100) (Triton X-100 was from Sigma-Aldrich, USA), for a final fil-
terable volume of �6 ml. The conical tube was then attached to the
SMF manifold, and the sample was filtered. Once the sample had been
completely filtered, the 0.8-�m Isopore membrane filter containing
trapped material was attached to a standard glass microscopy slide
(Fisher Scientific), heat fixed at 80°C for 10 min, and stained and
graded using standardized WHO/IUATLD FM methods (10). All
methods were quality controlled, and the personnel interpreting the
SMF smears were blinded to the results of other diagnostic tests.

Statistical methods. We report the results according to the Standards
for Reporting of Diagnostic Accuracy (STARD) guidelines (12, 13). Bi-
variate comparisons were made using Fisher’s exact test for dichotomous
variables and the Wilcoxon rank sum test for continuous variables. Sen-
sitivity and specificity were calculated at both a per-specimen and per-
participant level using culture and Xpert MTB/RIF results as separate
reference standards. Smears were considered positive if they were graded
scanty, 1�, 2�, or 3�. A specimen was considered culture positive if the
MGIT and/or LJ culture was positive for M. tuberculosis, culture negative

if both the MGIT and LJ culture were negative for M. tuberculosis, and
contaminated if both the MGIT and LJ cultures were contaminated. A
participant was considered culture positive if any culture was positive for
M. tuberculosis, culture negative if all cultures were negative for M. tuber-
culosis, and contaminated if all cultures were contaminated. Cultures pos-
itive only for nontuberculous mycobacteria were considered negative for
M. tuberculosis. A ratio estimator was used to adjust confidence intervals
for clustering in the per-specimen analysis. All participants were included
irrespective of the number of specimens provided. Specimens were ex-
cluded from the SMF diagnostic accuracy analysis if all cultures were
contaminated. Comparisons between smear methods were made using
McNemar’s test. Analyses were performed using SAS version 9.3. All P
values are two sided, with statistical significance defined as a P value of
�0.05.

RESULTS

From October 2012 to June 2013, we screened 368 potentially
eligible patients for study participation (Fig. 2). Of the 228 pa-
tients with possible TB who consented, we excluded 16 (7%) pa-
tients (10 were on TB treatment and 6 were unable or unwilling to
comply). This analysis includes the 212 patients with possible TB
with �1 sputum test (per-patient analysis) and the 579 corre-
sponding sputum specimens (per-specimen analysis).

Study population. The study participants were mostly female
(63.2%) and had a median age of 32 years (interquartile range
[IQR], 27 to 41) (Table 1). The majority (81.6%) were HIV in-
fected, with a median CD4 count of 47 cells/�l (IQR, 11 to 222).
The distribution of clinical symptoms among study participants
was as follows: cough (100%), fatigue (97.6%), poor appetite
(97.2%), fever (92.5%), weight loss (92.0%), and night sweats
(72.2%). Of the 187 (88%) patients with chest X-ray results,
69.5% were abnormal, and the most common radiographic find-
ings were infiltrates (97.7%), adenopathy (64.6%), and pleural
disease/effusion (27.7%); 9.6% had lung cavitations.

Sputum characteristics and standard laboratory results. Of
the 212 patients enrolled, 164 (77%) provided three sputum spec-
imens, 39 (18%) provided two specimens, and 9 (4%) provided a
single specimen, totaling 579 sputum specimens available for
analysis (Table 1). Among the sputum specimens, 255/579
(44.0%) were watery and 302/579 (52.2%) were viscous. There
was a wide variation in the volume of sputum specimens (median,
3 ml; IQR, 2 to 4 ml; range, 0.2 to 30 ml).

In the per-specimen analysis shown in Table 1, 110/579
(19.0%) specimens were positive by direct smear microscopy and
118/579 (20.4%) were positive by concentrated smear micros-
copy; 157/579 (27.1%), 146/579 (25.2%), and 150/579 (25.9%)
specimens were positive for M. tuberculosis by MGIT culture, LJ
culture, and Xpert test, respectively. In the per-patient analysis,
54/212 (25.5%) participants were positive by direct smear and
59/212 (27.8%) were positive by concentrated smear; 70/212
(33.0%), 72/212 (34.0%), and 70/212 (33.0%) of participants were
positive for M. tuberculosis by MGIT culture, LJ culture, and Xpert
test, respectively.

Sensitivity of SMF method (per-specimen analysis). All spec-
imens were successfully filtered using the SMF method (i.e., no
filtration failures). The median filtration time was 2 min 47 s
(IQR, 1 min 37 s to 4 min 59 s). The sensitivities of the three smear
methods (direct, concentrated, and SMF) compared to those of
culture (any positive culture result) and Xpert test as reference
standards in a per-specimen analysis are shown in Table 2. Using
culture as the reference standard, the sensitivity of the SMF
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method (82/169, 48.5%) was significantly lower than those of
both the direct (103/169, 60.9%, P � 0.0001) and the concen-
trated (107/169, 63.3%, P � 0.0001) smear methods. We observed
similar results using Xpert as the reference standard (Table 2).

Sensitivity of SMF method (per-patient analysis). The sensi-
tivities of the three smear methods in a per-patient analysis com-
pared to those of culture and Xpert test as the reference standards
are shown in Table 3. Using culture as the reference standard, the
sensitivity of the SMF method (39/76, 51.3%) was significantly
lower than those of the direct (51/76, 67.1% [P � 0.0004]) and
concentrated (52/76, 68.4% [P � 0.0002]) smear methods. Again,
the use of Xpert test as the reference standard did not significantly
change these results (Table 3).

Specificity of SMF method. In the per-specimen analysis (Ta-
ble 2), the specificity for all three AFB smear methods using cul-
ture or Xpert test as the reference standard was high (�97%);
however, the specificity of the concentrated smear method was
significantly lower than that of the SMF method (P � 0.004 for
culture as the reference standard and P � 0.008 for Xpert as the
reference standard). Similarly, in the per-patient analysis with cul-
ture as the reference standard (Table 3), the specificity of the con-
centrated smear method was lower (94.8%, P � 0.031) than that
of the SMF method.

Subgroup analyses. To further understand the effects that
specimen volume, viscosity, and bacterial load had on the perfor-
mance of the SMF method, we performed subgroup analyses by
HIV status, specimen volume and viscosity, and semiquantitative
LJ culture results, using culture as the reference standard. In HIV-
uninfected patients, the sensitivities of the direct (14/17, 82.4%),
concentrated (14/17, 82.4%), and SMF (13/17, 76.5%) smear
methods were similar (P � 1.0), and the specificities of all three
methods (�97%) were comparable (Fig. 3A; see also Table S1 in
the supplemental material). In HIV-infected patients, however,
the sensitivity of SMF (68/151, 45.0%) was significantly lower
than those of both the direct (88/151, 58.3% [P � 0.0003]) and
concentrated (92/151, 60.9% [P � 0.0001]) smear methods.

In a subgroup analysis by volume, we grouped samples into
low (�2 ml), intermediate (2.1 to 4.9 ml), and high (�5 ml)
volumes (Fig. 3B). Whereas the sensitivities of the direct and con-
centrated smear methods varied slightly across volume categories,
the sensitivity of the SMF method decreased with decreasing spu-
tum volumes. The sensitivity of the SMF method was lower in
viscous samples than in watery samples (Fig. 3C). Finally, whereas
the sensitivity of all three smear methods decreased as the number
of M. tuberculosis colonies in LJ culture decreased, the drop in
sensitivity of the SMF method was the largest (Fig. 3D).

Pre-screenedpatients
n=368

Screenedpatients
n=228

Refused(140)

Enrolled patients
n=212

On TB treatment (10)
Unwillingto comply (6)

Sputum specimens
with SMF smear done

n=579

SMF smearnegativeSMF smearpositive
84

Inconclusiveresult 
(unfilterable)n=495n=84 n=0

Testedwith culture
n=84

Testedwith culture
n=495

MTB positive
n=82

MTB negative
n=2

MTB positive
n=87

MTB negative
n=400

Contaminated
n=8

Contaminated
n=0

FIG 2 Study profile. SMF, small membrane filtration method; MTB, Mycobacterium tuberculosis; NTM, nontuberculous mycobacteria.
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DISCUSSION

This study is the first prospective evaluation of the SMF smear
microscopy method using a new, multitest, semiautomated man-
ifold and a new laboratory protocol. In the population studied,
comprised of patients suspected to have pulmonary TB, most of
whom had advanced HIV-related immunosuppression, the sensi-
tivity of the SMF method was significantly lower than those of the

direct and the concentrated AFB smear microscopy techniques.
This finding was consistent across per-specimen and per-partici-
pant analyses and whether culture or the Xpert MTB/RIF test was
considered the gold standard. Our results suggest that the new
laboratory SMF protocol, which was developed to minimize the
filtration failure rate by diluting the clinical sample, may have
compromised the performance of the method in specimens with a
low bacterial load (or low volume) where the concentrating capac-
ity of the SMF method would be most useful.

Prior studies in both HIV-uninfected and HIV-infected pa-
tients with pulmonary TB had shown promising results with pre-
vious versions of the SMF method (8, 9). In a study of 313 HIV-
uninfected TB suspects using solid Ogawa culture as the reference
standard, the mean sensitivity of the SMF method on the first
sputum specimen using either light microscopy (LM) or fluores-
cence microscopy (FM) was 89% (95% CI, 80 to 94), compared to
sensitivities of 60% (95% CI, 49 to 70) for centrifuged smears and
56.1% (95% CI, 40 to 71) for direct smears. In a subset of 55
subjects with two specimens each, the sensitivities were 97% (95%
CI, 83 to 99) for the SMF method and 70% (95% CI, 53 to 83) for
the centrifuged smear method. The incremental yield (41%) of the
SMF method was largest in specimens with a low concentration of
bacilli on culture (1 to 200 CFU) (8). Among smear-negative/
culture-positive patients, the sensitivity of the SMF method using
FM was 73% (95% CI, 56 to 85), similar to the sensitivity of the
Xpert MTB/RIF test for traditionally smear-negative specimens.
However, this proof-of-concept study used a time-consuming
manual version of the SMF method (version 1.0), and approxi-
mately 5% of samples failed to filter because the SMF membrane
became clogged with debris (personal communication, M. Pa-
laci). In a second study in Manaus, Brazil, that included 432 pa-
tients (60% HIV positive), the SMF method also performed well.
In HIV-uninfected patients, the sensitivity of the SMF method
(81.8%) was lower than that of the initial study but significantly
higher than those for centrifugation of sputum samples with or
without NALC treatment (63.6% and 57.5%, respectively). In
HIV-infected TB patients, the sensitivity of the SMF method
(61.9%) was significantly higher than the sensitivities achieved by
centrifugation of sputum samples with or without NALC treat-
ment (47.6% and 45.2%, respectively). However, the sample fil-
tration failure rate was as high as 20% using an earlier version
(version 4.0) of the semiautomated manifold evaluated in this
study and a different sample preparation protocol (9).

In this study, the SMF method performed particularly poorly
in viscous sputum samples with either a low specimen volume or
low bacterial load (as measured by M. tuberculosis growth in semi-
quantitative Lowenstein-Jensen culture) where the concentrating
capacity of the SMF method would be most useful. The impor-
tance of sputum quality, specimen volume, and bacterial load
content in the performance of AFB smear microscopy methods is
well known (3, 5). In a large, prospective study by Warren et al.,
the sensitivity of smears during a 39-month period (n � 1,849)
using �5.0 ml of sputum was 92.0%, significantly greater (P �
0.001) than the sensitivity of 72.5% in a previous 24-month period
(n � 3,486) when all specimens were processed regardless of vol-
ume (14). In a recent study, sputum gross appearance and volume
were associated with direct smear positivity (15). A related issue in
TB diagnostic studies is the difficulty in accurately evaluating low-
volume samples, as specimen splitting is likely to provide a more
robust comparison of diagnostic performance than testing sister

TABLE 1 Demographic and clinical description of study population

Parametera

Median no.b

[interquartile range]
or no. (%)

Patients 212
Age (yr) 32 [27–41]
Female 134 (63.2)
History of TB 24 (11.3)
HIV status

HIV infected 173 (81.6)
CD4 cell count (cells/ml) 47 [11–222]
ART status 134

Currently on ART 80 (59.7)
Prior ART 7 (5.2)
Never on ART 47 (35.1)

Result of chest radiograph 187
Normal 57 (30.5)
Abnormal 130 (69.5)

Infiltrates 127 (67.9)
Adenopathy 84 (44.9)
Pleural disease/effusion 36 (19.3)
Cavitation 18 (9.6)
Miliary infiltrate 10 (5.3)
Otherc 6 (3.2)

Sputum specimens 579
Collection time

Spot 407 (70.3)
Early morning 172 (29.7)

Vol (ml) 3 [2–4]
Visual description

Blood stained 30 (5.2)
Watery 255 (44.0)
Viscous 302 (52.2)
Very viscous 22 (3.8)

AFB smear microscopy
(direct/concentrated sputum)

Negative 469 (81.0)/461 (79.6)
Scanty 25 (4.3)/30 (5.2)
1� 35 (6.0)/27 (4.7)
2� 17 (2.9)/19 (3.3)
3� 33 (5.7)/42 (7.2)

Sputum culture
MGIT 960 positive 157 (27.1)
LJ medium positive 146 (25.2)

�50 colonies 34 (23.3)
1� (50–100 colonies) 37 (25.3)
2� (100–200 colonies) 29 (19.9)
3� (200–500 colonies) 36 (24.7)
4� (�500 colonies) 10 (6.9)

Xpert MTB/RIF positive 150 (25.9)
a ART, antiretroviral therapy; AFB, acid-fast bacillus; MGIT, mycobacterial growth
indicator tube; LJ medium, Lowenstein-Jensen medium.
b Number of patients or specimens.
c Pericardial effusion (n � 5) and bone disease (n � 1).
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samples from the same patient (16). In this study, our specimen
processing and splitting protocol may have unexpectedly im-
proved the performance of the direct smear (17) and, therefore,
further masked the performance of the SMF method. However,
our specimen-splitting protocol would have similarly masked the
performance of concentrated smears and both types of culture. In
an effort to assess the resulting bacillary load present in the three
specimen aliquots that were tested, we performed a theoretical
analysis that included various specimen volume and AFB/ml sce-

narios (data not shown) and found that the expected total bacil-
lary load available upon inoculation of each aliquot was compa-
rable.

This study had several limitations. The study population was
restricted to hospitalized patients suspected to have TB (most with
advanced HIV/AIDS), and thus, we do not know if the results of
this study are applicable to TB patients in outpatient settings.
However, because we did not exclude patients with low-volume
sputum samples or those with missing samples, the results of this

FIG 3 (A to D) Sensitivity of the SMF method compared to those of direct and concentrated AFB smear microscopy in a per-specimen analysis with MGIT
culture as the reference standard. Only MGIT culture-positive specimens were included. Results show sensitivity by HIV infection status (n � 168; one HIV result
was missing) (A), sputum volume (n � 168; one volume was missing) (B), sputum viscosity (visual determination) (C), and number of M. tuberculosis CFU in
Lowenstein-Jensen (LJ) culture (n � 146; 23 specimens were negative or contaminated on LJ culture) (D).
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study are broadly applicable to the intended study population—
namely, patients suspected to have TB, with advanced HIV/AIDS,
producing challenging, low-quality sputum samples for diagnos-
tic purposes. The sputum samples submitted for study were ma-
nipulated (volume top-off if the volume was �5 ml, dilution, and
homogenization with glass beads) in an effort to generate compa-
rable aliquots for parallel testing. These laboratory modifications,
which would not typically be performed in real-world specimens,
may have modified our study results; in particular, the direct
smear technique we employed may not be representative of the
standard smear microscopy used in field laboratories. However,
the standard microbiological results (MGIT culture, LJ culture,
and Xpert test) from this well-conducted study (minimal losses
and protocol-specified, quality-controlled laboratory methods)
were consistent with those of other diagnostic studies in similar
settings.

In conclusion, the results from this study show that the SMF
smear microscopy method using a new, multitest, semiautomated
manifold and a new laboratory protocol did not improve sensitiv-
ity using either culture or Xpert MTB/RIF as the reference stan-
dard. Our results suggest that the SMF method is sensitive to sam-
ple preparation techniques and that refinements in specimen
processing are required to minimize filtration failures and yet pre-
serve recovery of bacilli on the SMF membrane.
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