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The sensitivity of microscopy for the diagnosis of tuberculosis (TB) is around 50% but decreases by about 15% in patients with
suspected TB who are coinfected with HIV. Here, we compared the accuracies of three microscopy methods for processing spu-
tum smears (concentration by centrifugation with or without N-acetyl-L-cysteine [NALC] and concentration by filtration on a
polycarbonate membrane) to that of culture on Ogawa-Kudoh medium as the gold standard method. Sputum samples were ob-
tained from 432 patients with suspected pulmonary TB, of whom 60% were infected with HIV. Analysis was performed using the
first specimen. Compared to the gold standard culture, the small-membrane-filter (SMF) method was the most sensitive micro-
scopic method. In HIV-infected TB patients, the sensitivity of the SMF method was significantly higher than those for centrifu-
gation of sputum samples with or without NALC treatment (61.9%, 47.6%, and 45.2%, respectively; P � 0.001). Similarly, in TB
patients without HIV infection, the sensitivity of the SMF method was significantly higher than those for centrifugation of spu-
tum samples with or without NALC treatment (81.8%, 63.6%, and 57.5%, respectively; P � 0.001). In the two study groups, TB
patients with or without HIV, no significant differences between the specificities of the three methods were observed. Handling
of the second sputum sample similarly by centrifugation with or without NALC and by the SMF method increased positivities by
13%, 11%, and 4%, respectively. The overall agreement between microscopy and culture was above 90% for all groups. Micro-
scopic evaluation of the sputum samples treated with NALC compared to those not treated with NALC did not show any increase
in sensitivity. Altogether, the sensitivity of the SMF method is higher than those of the other two microscopic methods studied
without a loss of specificity.

Diagnosing tuberculosis (TB) in HIV-infected patients still pres-
ents a major challenge since clinical and radiological findings are

often atypical (1, 2), and many cases of smear-negative pulmonary
TB are undiagnosed (3). Sputum smear microscopy, a low-cost
method, is important in resource-limited scenarios, where cultures
are not available, but it provides a lower sensitivity in HIV-infected
patients with suspected TB (4–6).

Filtration on a polycarbonate membrane, the small-mem-
brane-filter (SMF) method, was proved to have greater sensitivity
and specificity than direct microscopy, even after centrifugation of
sputum samples (7, 8), but the HIV status of the populations was
not reported in those studies.

Under the routine conditions of a bacteriology laboratory, we
evaluated this method in patients with suspected TB, most of
whom were infected with HIV, along with bacilloscopy after cen-
trifugation with or without decontamination. The three methods
were compared to culture on solid medium (Ogawa-Kudoh
[OK]), considered the gold standard for TB diagnosis in our set-
ting, and their sensitivities, specificities, and Cohen’s kappa coef-
ficients were calculated.

MATERIALS AND METHODS
Design and study setting. A prospective study was conducted between
September 2011 and January 2012 in Manaus, Amazonas, Brazil; the pa-
tients were recruited from Fundação de Medicina Tropical Doutor Heitor
Vieira Dourado (FMT-HVD) and Policlínica Cardoso Fontes, the re-
gional reference center for TB.

Enrollment. Patients suspected of having pulmonary TB were eligible
and were enrolled consecutively as they attended the clinics. The collec-
tion of clinical and demographic data was conducted prospectively using

a standardized questionnaire. A pulmonary tuberculosis case was defined
as a patient with positive sputum microscopy and/or a positive culture or
a patient with suggestive clinical and radiological findings treated as TB.

Sample collection. Two sputum samples on 2 consecutive days were
requested from each patient, but patients were included even if they had
only one sputum sample (Fig. 1). A total of 508 patients provided the first
sample, but the second was provided by only 227 patients. Sputum sam-
ples with a volume of �1.5 ml were included in the study. In the case of
HIV-positive subjects, blood samples were drawn for CD4 T-cell counts
and HIV plasma viral load tests via the routine laboratory service of the
FMT-HVD. Sample size calculations were based on an estimated prev-
alence of 13.1%, a sensitivity of 89.0%, and a specificity of 99.6%. The
precision of the estimates was based on 95% confidence intervals (CIs)
and a beta value of 20%. For a power of 80%, we needed 451 samples.
These expectations were based on a previous small-membrane-filter
study (7).

Centrifugation of sputum smears. The smears were prepared using a
500-�l aliquot after centrifugation at 3,000 � g at 4°C for 15 min and were
stained by the Ziehl-Neelsen (ZN) method (Fig. 2).

Centrifugation of sputum smears with NALC. The second aliquot
was digested with N-acetyl-L-cysteine (NALC) using a solution of 5%
NaOH–2.9% sodium citrate in a volume corresponding to 10% of the
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sputum sample, and it was left to rest for 15 min at 20°C. Later, the sample
was divided into two digested aliquots (9). In the first digested aliquot,
phosphate buffer (pH 6.8) was added up to 50 ml, and after centrifugation
at 3,000 � g, the solution was left to rest for 15 min at 4°C. The smear was
then stained by the ZN method.

Characteristics of the filtration system. The system described by Fen-
nelly et al. (7) was used with the following minor changes: (i) 10 vacuum
system stainless steel filtration points controlled by manual shutoff valves;
(ii) a prefilter nylon membrane of 25 mm with a pore size of 30 �m; (iii)
a filter with a white polycarbonate membrane of 13 mm with a pore size of
0.8 �m (Millipore); and (iv) an electric vacuum pump for applying neg-
ative pressure (5 mm Hg).

SMF method. Using the second digested aliquot, twice the aliquot
volume of 5% NaOCl was added. The sample was homogenized for 15
min, 95% ethanol–1% Triton X-100 in a volume equal to the volume of
the mixture was added, and the mixture was again homogenized for 15 s.
After the passage of sputum though the filter systems, the valves were
closed, and the membranes still in the filter were stained with the Kinyoun
method (10). The membranes were then transferred to microscope slides,
and a coverslip was placed on each slide for microscopic reading.

Reading and interpretation of microscopy. The slides were observed
under a bright-field microscope with a 100� immersion objective to de-
tect acid-fast bacilli (AFB) in 100 fields and interpreted on a semiquanti-
tative scale.

OK culture medium. Culture on OK medium was used as the gold
standard method. The first sputum aliquots were decontaminated by the
OK method (11) and plated onto solid culture medium. The cultures were
incubated at 37°C and read for up to 8 weeks, after which the culture
results were reported as negative. The culture results were reported as

positive when the growth of a CFU occurred, with the presence of AFB
confirmed by microscopy.

Identification of Mycobacteria isolates. Isolates of Mycobacteria tu-
berculosis were identified using the criteria of morphology, pigmentation
of colonies, microscopy, a niacin test, and a growth inhibition test in
medium with para-nitrobenzoic acid and in medium with thiophene-2-
carboxylic hydrazide.

Statistical analysis. The study population was characterized with sim-
ple descriptive statistics, and the patients with and without tuberculosis
were compared with the Wilcoxon rank sum test, t test, �2 test, and Fish-
er’s exact test accordingly. The sensitivities, specificities, and predictive
values of the three tests were estimated with 95% confidence intervals and
were determined by comparing those individually with the culture results
of the first sputum sample. The McNemar test was used to compare the
sensitivities of the different microscopy methods. To calculate the sensi-
tivity increase when two samples were used, positive results of the second
sample from patients whose first sputum test was negative were used as the
numerator, and the total number of patients diagnosed as having TB was
the denominator. Cohen’s kappa coefficient was used to determine the
agreement between culture results and 3 other diagnostic methods. The
data were analyzed with Epi Info (version 3.5.3).

Ethical aspects. This study was approved by the Research Ethics Com-
mittee of the FMT-HVD, protocol 1845/2011 of 9 September 2011. Each
patient signed an informed consent form.

RESULTS
Population and samples. Fig. 1 shows that of the 508 eligible
patients with suspected TB, 76 were excluded from the analysis:
1.8% (9/508) had a sample volume of �1.5 ml, 9.6% (49/508) had
samples that the system failed to filter, and 3.5% (18/508) had a
contaminated culture. Table 1 summarizes the characteristics of
432 patients included in the analysis. The mean age of the patients
was 39 years, and 60% (261/432) were HIV infected. Based on all
specimen culture results available (for the 1st or 2nd specimen),
the prevalence of pulmonary tuberculosis in the eligible group of
patients was 19.4% (95% CI, 15.9% to 23.4%; n � 84/432). From
those, 50% (42/84) were HIV positive. The prevalence of tubercu-
losis in the HIV-infected patients was 16.1% (95% CI, 12.0% to
20.9%; n � 42/261). Moreover, in 9 cases, the patients had positive
bacilloscopy results but a negative culture. The HIV-infected pa-
tients with positive TB cultures had lower mean CD4 counts than
the patients with negative cultures (mean CD4 count, 65 versus
279; P � 0.001).

Cohen’s kappa coefficient between the gold standard and mi-
croscopy methods. Table 2 shows the kappa coefficients between
cultures and sputum smears performed by the 3 different meth-

FIG 1 The study population and samples.

FIG 2 Processing of sputum specimens.

TABLE 1 Characteristics of patients by TB culture results

Characteristic

TB culture results

Total
(n � 432) P value

Positive
(n � 84)

Negative
(n � 348)

Age (mean [SD]a) (yr) 34.3 (11.4) 40.1 (14.5) 39 (14.2) �0.001
Gender, male (%) 63.1 63.5 63.4 0.944
Outpatient clinic (%) 73.8 87.9 85.2 �0.001
New TB case (%) 96.4 97.1 97.0 0.984
HIV positive (%) 58.3 60.9 60.4 0.664
CD4 cells, if HIV

positive (mean
[SD])

65 (54) 279 (231) 239 (226) �0.001

a SD, standard deviation.
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ods. In the HIV-infected group, the kappa results were considered
moderate (k � 0.55 and 0.578, respectively).

Performance of microscopy methods. As shown in Table 3,
when we computed results obtained by testing only the first spec-
imen, the sensitivity obtained using the SMF method was higher
than the sensitivity using centrifugation with or without NALC
(70.6% versus 54.6%, P � 0.001, and 70.6% versus 50.6%, P �
0.001, respectively). The SMF method presented the highest sen-
sitivities for the HIV-negative patient group and for the HIV-
positive patient group (81.8% and 61.4%, respectively, P �
0.001). There were no statistically significant differences between
the sensitivities of microscopy after centrifugation with or without
NALC (P � 0.246).

When the performances of all three processing methods using

the results from specimens 1 and 2 (Table 4) were analyzed, sim-
ilar results were obtained. Losses of sensitivity for the NALC and
the SMF methods were observed, but no significant differences
were seen (P � 0.05).

A second specimen was provided by 227 patients, and 47 of
these had a positive culture. The second specimen showed in-
creases of 13% (6/47) positivity for microscopy after centrifuga-
tion with NALC, 11% (5/47) positivity for microscopy after cen-
trifugation without NALC, and 4% (2/47) positivity with the SMF
method. Table 5 shows the performance of each microscopy
method for 227 patients who delivered a 1st and 2nd specimen.

DISCUSSION

In general, all TB diagnosis methods have poorer performance
and reduced sensitivities for patients coinfected with TB and HIV.

TABLE 2 Microscopy compared to solid culture methods in HIV-infected and -uninfected patient groups

Group Culture

Centrifugation Centrifugation-NALC SMF

Positive Negative Positive Negative Positive Negative

HIV infected (n � 261) Positive 19 23 20 22 26 16
Negative 2 217 2 217 3 216
% agreement 90.4 90.8 92.7
Kappa 0.555 0.578 0.692

HIV uninfected (n � 171) Positive 19 14 21 12 26 7
Negative 1 137 1 137 7 131
% agreement 91.2 92.3 92.9
Kappa 0.669 0.720 0.737

Total (n � 432) Positive 38 37 41 34 52 23
Negative 3 354 3 354 10 347
% agreement 90.7 91.4 92.8
Kappa 0.607 0.643 0.714

TABLE 3 Performance of microscopy methods compared to that of
solid culture in HIV-infected and -uninfected patient groups for results
of the first specimen

Microscopy
methoda

Microscopy results (% [95% CI]) for:

HIV-positive
patients
(n � 261)

HIV-negative
patients
(n � 171)

Total
(n � 432)

Centrifugation
Sensitivity 45.2 (28.9–61.4) 57.5 (39.2–75.9) 50.6 (38.6–62.6)
Specificity 99 (97.3–100) 99.3 (97.7–100) 99.1 (98.0–100)
PPV 90.4 (75.5–100) 95.00 (82.9–100) 92.6 (83.4–100)
NPV 89.6 (85.4–93.8) 91.7 (87.2–96.1) 90.5 (87.5–93.5)

Centrifugation with
NALC

Sensitivity 47.6 (31.3–63.9) 63.6 (45.7–81.5) 54.6 (42.7–66.6)
Specificity 99 (97.3–100) 99.3 (97.7–100) 99.1 (98.0–100)
PPV 90.9 (76.6–100) 95.4 (84.4–100) 93.1 (84.6–100)
NPV 90.0 (85.8–94.2) 92.8 (88.6–97.0) 91.2 (88.2–94.1)

SMF
Sensitivity 61.9 (46.0–77.7) 81.8 (67.1–96.4) 70.6 (59.7–81.6)
Specificity 98.5 (96.5–100) 96.7 (93.7–99.8) 97.4 (95.7–99.2)
PPV 89.6 (76.8–100) 84.3 (70.2–98.5) 85.4 (75.9–95.0)
NPV 92.5 (88.7–96.2) 96.1 (92.8–99.5) 94.0 (91.5–96.6)

a CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.

TABLE 4 Performance of microscopy methods compared to that of
solid culture in HIV-infected and -uninfected patient groups for 432
patients, considering positivity of the first and second specimens

Microscopy
methoda

Microscopy results (% [95% CI]) for:

HIV-positive
patients
(n � 261)

HIV-negative
patients
(n � 171)

Total
(n � 432)

Centrifugation
Sensitivity 46.9 (32.5–61.7) 57.1 (39.4–73.7) 51.2 (40.0–62.3)
Specificity 99.1 (96.6–99.9) 99.3 (96.0–99.9) 99.1 (97.5–99.8)
PPV 92 (73.9–98.8) 95.2 (76.1–99.2) 93.5 (82.1–98.6)
NPV 89.0 (84.3–92.7) 90.0 (84.0–94.3) 89.4 (85.9–92.3)

Centrifugation with
NALC

Sensitivity 49.0 (34.4–63.7) 62.9 (44.9–78.5) 54.8 (43.5–65.7)
Specificity 98.6 (95.9–99.7) 99.3 (96.0–99.9) 98.9 (97.1–99.7)
PPV 88.9 (70.8–97.5) 95.7 (78.0–99.3) 92.0 (80.8–97.7)
NPV 89.3 (84.6–93.0) 91.2 (85.5–95.2) 90.1 (86.6–92.9)

SMF
Sensitivity 57.1 (42.2–71.2) 74.3 (56.7–87.5) 64.3 (53.1–74.5)
Specificity 98.6 (95.9–99.7) 94.9 (89.7–97.9) 97.1 (94.8–98.6)
PPV 90.3 (74.2–97.9) 78.8 (61.1–91.0) 84.4 (73.1–92.2)
NPV 90.9 (86.38–94.3) 93.5 (88.0–97.0) 91.9 (88.6–94.4)

a CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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A rapid diagnostic tool for assisting in the diagnosis of TB in HIV-
infected patients is needed in order to improve the prognosis of
such patients. In our study, the sensitivity of sputum smear mi-
croscopy with NALC treatment in the HIV-infected patient group
was lower (47.6%) than the sensitivity of 61.8% in a study that
used a CD4 cell count of �200 cells/mm3 as an eligibility criterion
(12) and also lower than the 72% found in a study using fluores-
cence microscopy (13). On the other hand, we found sensitivity
similar to that of a study that used the hot Ziehl-Neelsen method
(14) and also similar to that of a study of outpatients with sus-
pected TB in a reference laboratory in South Africa (15), a country
with high TB and HIV burdens. The differences observed are likely
to be due to variations in patient populations and to the method-
ologies used in each study.

In our study, the specificities of smear microscopy after cen-
trifugation with and without NALC were virtually the same in the
HIV-infected and -uninfected patient groups. The specificities of
the smears after centrifugation with NALC among the infected
and noninfected HIV groups (99% and 99.3%, respectively) are
consistent with results from other studies (14, 16, 17).

The SMF method had a sensitivity of 61.9% for HIV-infected
patients in our study, higher than those for the other microscopic
methods used. The sensitivity of 81.8% in HIV-negative subjects
was similar to the sensitivities of 80% and 89% reported by Smith-
wick and Stratigos (8) and Fennelly et al. (7), respectively.

The Xpert MTB/RIF assay (Cepheid Inc., Sunnyvale, CA) is a
rapid molecular diagnostic test that has been endorsed by the
WHO. A recent systematic review found that this assay had a
sensitivity of 80% in an HIV-positive population (18), higher than
the sensitivity of 67% for the SMF method in our study. However,
the Xpert assay is considerably more expensive than other meth-
ods used for tuberculosis diagnosis and cannot be used to monitor
treatment because it does not distinguish between viable and non-

viable microorganisms. The SMF method could be an important
alternative, especially in peripheral health care settings.

The SMF method may have performed better if a more sensi-
tive culture medium had been used. Limitations of the cultures
used probably decreased the measured specificity of the SMF
method. Additional information for the microscopy-positive cul-
ture-negative cases was sought. Of these, 3 also had positive spu-
tum smears after centrifugation with and without NALC, and of
this group, 2 were HIV-infected patients, one of whom died of
sepsis and the other was diagnosed with pulmonary TB after a 3rd
positive sputum culture and was under treatment for TB. Of the 6
patients who only had positive SMF method results, 4 were diag-
nosed with pulmonary TB based on clinical and radiological find-
ings and responded to TB treatment, and 2 were diagnosed by
culture of the 3rd specimen, one with pulmonary and extrapul-
monary TB and one with pulmonary TB. These findings suggest
that sputum cultures performed on the first sample in this study
were not sensitive enough to detect TB in all cases due to intrinsic
limitations with solid media and TB cultures in general.

The Brazilian Ministry of Health suggests that 2 samples be
submitted for bacilloscopy (without centrifugation or decontam-
ination) (19) because of the limited sensitivity of microscopy. Due
to the higher sensitivity of the SMF method for the first sample,
our results suggest that the second sputum sample, which was
often missing, may be less important when this method is used.

The study was performed in routine settings, and some limita-
tions might have influenced the sensitivities and specificities of the
studied microscopy methods. One of them could be the use of a
solid culture medium, which has a lower sensitivity than liquid
media such as MGIT (20). Second, quality control of the SMF
readings was not performed mainly because the bacillus staining
of the SMF fades away after 24 h. As the two staining methods use
the same stain, it might be possible that the remaining hypochlo-
rite and/or Triton X-100 in the membrane fades the stain.

The SMF process takes twice as long as the 15 min for micros-
copy after centrifuging, and safety issues concerning the handling
of samples are similar to those for microscopy. The SMF method
requires greater technical expertise than the Xpert MTB/RIF assay
but is more affordable for places where the number of specimens
to be tested does not allow investments in costly equipment.

With respect to technical difficulties, the cleaning of SMF ma-
terial used in this study was laborious because disposable compo-
nents were not available, and due to technical problems, 10% of
the sputum samples could not be filtered. The clogged membranes
might have occurred due to the lack of some air in the filter holder.
It was not due to the thickness of samples as most of them were
salivary samples. The observed pitfalls led to improvements in the
filtration system with the use of disposable components and ad-
justments to the filtration process.

In conclusion, the sensitivity of the SMF method was superior
to the sensitivities of all other microscopic techniques applied
without any loss of specificity and may be a useful approach for the
diagnosis of TB in HIV-infected patients, reducing morbidity and
improving the patients’ prognoses. Treatment of the specimens
with NALC did not increase the sensitivity of smear microscopy
with centrifugation, indicating that the addition of such a proce-
dure is not necessary. We believe that the SMF method provides
considerable advantages for the detection of TB infection in HIV-
positive patients, especially considering that this GeneXpert sys-
tem might not be appropriate for monitoring patient treatments.

TABLE 5 Performance of microscopy methods compared to that of
solid culture in HIV-infected and -uninfected patient groups for 227
patients who delivered first and second specimens

Microscopy
methoda

Microscopy results (% [95% CI]) for:

HIV-positive
patients
(n � 163)

HIV-negative
patients
(n � 64)

Total
(n � 227)

Centrifugation
Sensitivity 31.3 (16.1–50.0) 60.0 (32.2–83.6) 40.4 (26.4–55.7)
Specificity 99.2 (95.8–99.9) 98.0 (89.1–99.7) 98.9 (96.0–99.8)
PPV 90.9 (58.7–98.5) 90.0 (55.5–98.3) 90.5 (69.6–98.6)
NPV 85.5 (78.9–90.7) 89.0 (77.4–95.8) 86.4 (81.0–90.8)

Centrifugation with
NALC

Sensitivity 49.0 (34.4–63.7) 73.3 (44.9–92.1) 53.2 (38.1–67.9)
Specificity 98.5 (94.6–99.8) 98.0 (89.1–99.7) 98.3 (95.2–99.6)
PPV 87.5 (61.6–98.1) 91.7 (61.5–98.6) 89.3 (71.8–97.6)
NPV 87.8 (81.3–92.6) 92.3 (81.4–97.8) 88.9 (83.7–92.9)

SMF
Sensitivity 53.1 (34.8–70.9) 73.3 (44.9–92.1) 59.6 (44.3–73.6)
Specificity 98.5 (94.6–99.8) 93.9 (83.1–98.7) 97.2 (93.6–99.1)
PPV 89.5 (68.8–98.4) 78.6 (49.2–95.1) 84.9 (68.1–94.8)
NPV 89.6 (83.4–94.1) 92.0 (80.75–97.7) 90.2 (85.1–94.0)

a CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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