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Pulmonary tuberculosis (PTB) is the major form of active tuberculosis (TB) disease, and
diagnosis mainly depends on detection of Mycobacterium tuberculosis in sputum (1, 2).

However, pediatric patients and patients with advanced HIV struggle to produce sputum
(3). Studies have also shown that sputum productivity decreases as patients progress past
2 months of treatment. The need for an alternative sample type to diagnose TB cannot be
more strongly emphasized. We have shown that viable M. tuberculosis bacilli are quantifi-
able by the TB molecular bacterial load assay (TB-MBLA) in stool samples processed using
OMNIgene-Sputum (OM-S) medium (4).

OM-S, which is manufactured by DNA Genotek (Canada), preserves the viability of
M. tuberculosis and suppresses contaminants in sputum, enabling samples to be transported
farther without requiring cold chain conditions (5, 6). In this letter, we provide data to demon-
strate that phosphate-buffered saline (PBS), a widely used laboratory reagent, is a potential
alternative sample-processing medium for stool-based diagnosis of TB.

A set of stool samples corresponding to those processed in the OM-S study were proc-
essed using PBS and stored at 220°C until RNA extraction was performed (4). Six grams of
stool per patient was processed within 20 min after collection, prior to storage. Bacillary
loads were measured by TB-MBLA and compared to those of OM-S-processed stool samples.
Prior to freezing, mycobacterial growth indicator tube (MGIT) culture was performed, and
contamination rates for the two stool-processing methods were determined. Stool TB-MBLA
sensitivity and specificity were calculated using sputum MGIT culture as a reference test.

Stool samples from 100 presumptive cases were analyzed, of which 61 (61%) were
confirmed to be PTB positive by sputum MGIT culture (Table 1). TB-MBLA positivity for PBS-
processed stool samples was 53% (53/100 samples), 4% less than the value for OM-S-proc-
essed stool samples from presumptive cases. Positivity was 77% (47/61 samples) for cases con-
firmed for TB by MGIT culture. The average bacillary load was 4.28 6 0.95 log10 estimated
CFU/mL in PBS-processed stool samples, on average 0.8 log10 eCFU/mL less than the load
detected in OM-S-processed stool samples (Mann-Whitney test, P = 0.003). TB-MBLA sensitivity
and specificity were 77% (95% confidence interval [CI], 65 to 87%) and 87% (95% CI, 73 to
96%), respectively, and were consistent with those for OM-S-processed stool samples. The TB-
MBLA positive predictive value for PBS-processed stool samples was 92%, 6% higher than that
for OM-S-processed stool samples. The MGIT culture contamination rate of 35% for PBS-proc-
essed stool samples was 23% higher than that for OM-S-processed stool samples (Table 2).

The findings show an;1-log-unit decrease in quantifiable bacterial load in PBS-processed
stool samples, compared to OM-S-processed stool samples. This could be explained by the
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fact that the TB-MBLA was performed on stool samples that had been stored at220°C for
more than 1 year, conditions under which the M. tuberculosis RNA-preserving ability might
have been lower than that of OM-S. This means that PBS-processed stool samples might
achieve similar sensitivity, compared to OM-S-processed samples, if TB-MBLA is performed
with freshly prepared stool samples.

OM-S was previously shown to be a strong preservative of M. tuberculosis, as well as
suppressing non-M. tuberculosis contaminants (5). However, TB-MBLA uses primers and
probes specific to M. tuberculosis and is not affected by non-M. tuberculosis contami-
nants found in patient sputum (7). This eliminates the need to use decontaminating
reagents to process stool samples or other samples for TB diagnosis using molecular
tests such as TB-MBLA; we previously showed that such processes reduce the viable
count by 0.6 log10 CFU/mL on average (8). Based on these findings, we think that PBS
may be an effective and inexpensive alternative for the preparation of stool samples
for TB-MBLA and other molecular applications in both resource-rich and resource-lim-
ited settings. Larger studies are needed to verify the performance of PBS in recovering
viable M. tuberculosis bacilli from both fresh and frozen stool samples, compared to the
established RNA-preserving reagents.

Data availability. Raw data will be available at the University of St Andrews upon
request and meeting of the ethical requirements according to which the samples were
collected.

TABLE 1 Demographic and clinical characteristics of study participants

Characteristica

Data for participants with PTB status ofb:

Pc
Overall
(n = 100)

Positive
(n = 61)

Negative
(n = 39)

Age (median [IQR]) (yr) 34 (25–42) 33 (25–41) 36 (26–45) 0.72
Female (no. [%]) 53 (53) 32 (52.5)d 21 (53.9)e 0.8
HIV-positive (no. [%]) 36 (35) 20 (33)d 16 (41)e 0.27
ART use (no. [%]) 20 (38) 10 (16.4)d 10 (26)e 0.31
CD41 cell count (median [IQR]) (cells/mm3)f 110 (44–228) 71 (26–171) 170 (66–254) 0.03
aIQR, interquartile range; ART, antiretroviral therapy.
bBacteriologically confirmed positive or negative cases.
cComparison between PTB-positive and PTB-negative participants.
dPercentage of bacteriologically confirmed TB cases.
ePercentage of bacteriologically confirmed TB-negative cases.
fMeasured for HIV-infected participants only (n = 36).

TABLE 2 Comparative performance of TB-MBLA and MGIT culture with PBS-processed versus OM-S-processed stool samples

Parameter

Data for:

P
OM-S-processed stool
samples (n = 100)

PBS-processed stool
samples (n = 100)

Confirmed PTB by MGIT sputum culture (no. [%]) 61 (61) 61 (61)
Positive by stool TB-MBLA only (no. [%]) 8 (8) 4 (4)a

Positive by both MGIT sputum culture and stool TB-MBLA (no. [%])b 49 (49) 47 (47)a

Bacterial load (mean6 SD) (log10 estimated CFU/mL)c 5.16 1.59 4.286 0.95 0.003
Threshold cycle (median [IQR]) 20 (15–25) 22 (21–25) 0.002
Stool contamination by MGIT culture (no. [%]) 26 (26) 69 (69)
Stool contamination by MGIT culture but TB-MBLA positive (no. [%]) 12 (46) 35 (51)
Sensitivity (% [95% CI]) 80 (68–89) 77 (65–87)
Specificity (% [95% CI]) 79 (63–90) 90 (76–97)
Positive predictive value (% [95% CI]) 86 (74–93) 92 (81–98)
Negative predictive value (% [95% CI]) 72 (56–85) 71 (57–83)
aForty-seven samples were sputumMGIT culture-stool TB-MBLA positive, while 4 samples were stool TB-MBLA positive only. Overall stool TB-MBLA positivity was 51% (51/
100 samples) or 77% (47/61 samples) considering sputumMGIT culture as the gold standard.

bSputumMGIT was used as the gold standard and reference test for TB-MBLA.
cBacterial load values were log transformed before the mean was calculated.

Letter to the Editor Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.00274-22 2

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00274-22


ACKNOWLEDGMENTS
We acknowledge all contributors to the paper (4) that is sister to the data set presented in

this letter.
Funding from the European Developing Clinical Trials Partnership through the PanACEA

II Consortium (grant TRIA2015-1102), a University of St. Andrews St. Leonard’s scholarship,
the Scottish Funding Council-Global Challenges Research Fund, Infectious Diseases Institute
of Makerere University, Lung MicroCHIP (NIH grant U01 HL098964), and K24 (NIH grant K24
HL087713) is acknowledged.

REFERENCES
1. Koenig SP, Furin J. 2016. Update in tuberculosis/pulmonary infections 2015. Am J

Respir Crit CareMed 194:142–146. https://doi.org/10.1164/rccm.201601-0129UP.
2. World Health Organization. 2021. Global tuberculosis report 2021. World

Health Organization, Geneva, Switzerland. https://www.who.int/teams/global
-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021.

3. Andresen D. 2007. Microbiological diagnostic procedures in respiratory
infections: mycobacterial infections. Paediatr Respir Rev 8:221–230. https://doi
.org/10.1016/j.prrv.2007.07.002.

4. Musisi E, Sessolo A, Kaswabuli S, Zawedde J, Byanyima P, Kasinga S, Sanyu
I, Uwimaana E, Walimbwa S, Olore J, Ssengooba W, Sekaggya C, Joloba ML,
Worodria W, Huang L, Gillespie SH, Sloan DJ, Sabiiti W. 2022. High Myco-
bacterium tuberculosis bacillary loads detected by tuberculosis molecular
bacterial load assay in patient stool: a potential alternative for nonsputum
diagnosis and treatment response monitoring of tuberculosis. Microbiol
Spectr 10:e0210021. https://doi.org/10.1128/spectrum.02100-21.

5. Azam K, Cadir N, Madeira C, Gillespie SH, Sabiiti W. 2018. OMNIgene.SPU-
TUM suppresses contaminants while maintaining Mycobacterium tubercu-
losis viability and obviates cold-chain transport. ERJ Open Res 4:00074-
2017. https://doi.org/10.1183/23120541.00074-2017.

6. DNA Genotek Inc. 2016. Specimen collection and handling protocol for col-
lecting sputumwith OMNIgene. SPUTUM reagent: protocol for specimen prep-
aration for smear, culture, Cepheid GeneXpert and molecular diagnostics. DNA
Genotek, Ottawa, Canada.

7. Gillespie SH, Sabiiti W, Oravcova K. 2017. Mycobacterial load assay, p
89–105. In Bishop-Lilly KA (ed), Diagnostic bacteriology: methods and pro-
tocols. Springer New York, New York, NY.

8. Mtafya B, Sabiiti W, Sabi I, John J, Sichone E, Ntinginya NE, Gillespie SH. 2019.
Molecular bacterial load assay concurs with culture on NaOH-induced loss of
Mycobacterium tuberculosis viability. J Clin Microbiol 57:e01992-18. https://doi
.org/10.1128/JCM.01992-18.

Letter to the Editor Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.00274-22 3

https://doi.org/10.1164/rccm.201601-0129UP
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://doi.org/10.1016/j.prrv.2007.07.002
https://doi.org/10.1016/j.prrv.2007.07.002
https://doi.org/10.1128/spectrum.02100-21
https://doi.org/10.1183/23120541.00074-2017
https://doi.org/10.1128/JCM.01992-18
https://doi.org/10.1128/JCM.01992-18
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00274-22

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

