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Abstract

Background
Sputum-free alternatives for tuberculosis (TB) diagnosis are a public health priority. Nasopharyngeal
swabs (NPSs), a specimen routinely used for viral testing especially at-scale in outbreak investigations,
may have promise but has not been evaluated in people investigated for TB.

Methods
We evaluated Xpert MTB/RIF Ultra (Ultra; Cepheid, Sunnyvale, California, USA) on stored NPSs (NPSU)
from adults with presumptive TB consecutively presenting to primary care in Cape Town, South Africa.
Using a nested case-control design, all participants with TB had a NPS tested (n = 148) and people
without TB (n = 117) were randomly selected matched by HIV status. We used a microbiological (MRS)
and extended microbiological reference standards (eMRS). A subset of convenience-sampled cases-
controls also received flocked tongue swab Ultra (TSU) (n = 57 cases, n = 66 controls).

Results
Twenty-one (8%) of NPSUs were unsuccessful (all errors). NPSU sensitivity was 35% (95% CI 27, 43),
specificity 88% (80, 93). Sensitivity was lower in HIV-positive participants [24% (14, 36) vs. 44% (32, 56)].
TSU had higher sensitivity [67% (53, 79) vs. 28% (17, 42) in the head-to-head comparison, detecting 22
additional cases] than NPSU. Specificity was comparable.

Conclusion
NPSU sensitivity (35%) was lower than TSU and below the WHO target of 80% for non-sputum
confirmatory tests; specificity (88%) was also below the 98% target. NPSs may have utility if already
collected in mass testing campaigns for other diseases but unless performance can be optimized (e.g.,
by using purpose-built swab platforms) do not appear useful for TB diagnosis.

Background
Tuberculosis (TB) is the leading infectious cause of mortality, with 10.7 million incident cases and
1.23 million deaths in 20241. Despite progress in diagnostic technologies, 22% of TB cases are
undiagnosed or unreported, and only 54% of those notified were initially tested with a World Health
Organization (WHO)-recommended molecular test1. This persistent diagnostic gap impedes progress
towards the End-TB targets2. To address it, especially in people living with HIV (PLHIV) who often
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present with paucibacillary disease or inability to produce sputum3–5, non-sputum-based tests are a
priority6.

Molecular tests like Xpert MTB/RIF Ultra (Ultra; Cepheid, Sunnyvale, California, USA) improved TB
detection7,8. Given that Mycobacterium tuberculosis complex (MTBC) infection occurs primarily through
inhalation of aerosolized droplet nuclei that deposit along the respiratory tract9, the nasopharyngeal
mucosa represents an anatomically plausible sampling site for diagnosis. This is further supported by a
recent microbiome study of the respiratory tract in pulmonary TB, which found that, after the lungs, the
nasopharynx had the highest relative abundance of mycobacterial DNA10.

Nasopharyngeal swabs (NPSs) are routinely used for detection of respiratory pathogens and, as
demonstrated during COVID-1911–13, offer practical advantages, such as ease-of-collection, patient
acceptability, scalability, and easy shipping and transport. If used for TB, NPSs could expand testing in
those unable to produce sputum, enhancing diagnostic yield14,15. In case of future pandemics when
NPSs are collected anyway for respiratory pathogen diagnostic testing, concurrent testing for TB could
occur, mitigating stagnations in TB testing like those witnessed during COVID-1916,17.

To our knowledge, NPSs have not been evaluated for diagnosis in adults undergoing routine
investigation for TB. One study assessing Ultra on NPSs (NPSU) was conducted postmortem and
reported 70% (50, 86) sensitivity and 99% (96, 100) specificity7. This highlighted their potential; however,
bacillary distribution and burden in postmortem specimens may differ from those in ambulatory
patients. We therefore evaluated the diagnostic accuracy and yield of NPSU in adults with presumptive
pulmonary TB attending primary care. As tongue swabs (TSs) were recently endorsed by the WHO for TB
testing18 we also, using previously reported TS Ultra (TSU) performance data in a subset of the same
participants, compared performance with NPSU.

Methods

Study cohort
Adults (≥ 18 years) self-reporting with symptoms meeting WHO symptom criteria for presumptive
pulmonary TB19 (n = 732) were recruited from primary healthcare facilities in Cape Town, South Africa
between September 2020 and July 2023. Sociodemographic, clinical, and microbiological data were
recorded.

Sample size

We used guidance for the evaluation of confirmatory TB tests20. After a pilot (n = 65; 34 TB-positive),
NPSU had 44% sensitivity and 74% specificity against sputum culture. Using these point estimates with a
target 95% CI total width of 20%, we calculated a required sample size of 265 participants (148 with TB,
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117 without TB). This required testing all available NPSs from people with TB. In those without TB, we
randomly selected a similar proportion of HIV-positive and HIV-negative participants as in those with TB
(Fig. 1).

Specimen collection

Each participant provided two sputa (induction available if need21) and one NPS in no fixed order. One
sputum was processed for culture using the BACTEC MGIT (Mycobacteria Growth Indicator Tube) 960
system (Becton Dickinson, Sparks, Maryland, USA; with positive growth speciated using Ultra), and the
other sputum tested using Ultra (SU) as recommended22. NPSs were collected by trained study nurses
according to a standardised operating procedure and stored at − 20°C until testing [median (IQR) 14
months (10, 17)]. eNAT swabs (wet swabs; Copan, Brescia, Italy) were used for the first 145 participants
(these collection tubes contained 2 mL of guanidine thiocyanate) after which dry swabs were adopted.
This was based on limited availability of wet swabs and guidance that, for TSs, dry swabs were preferred
to wet swabs23. 46% of NPSU-tested participants (123/265) had TSU data available, these participants
were consecutively recruited and specimens collected and tested as described before24.

NPS processing and Ultra testing
NPSs were thawed at room temperature and heat inactivated (100°C, 10 min). For wet swabs, the swab-
containing collection tube was vortexed (17.8 × g, 30 s), after which 1.5 mL of the suspension was mixed
with 0.5 mL of Tris (10 mM, pH 8) EDTA (1 mM) (TE) buffer (HEPES Detergent, Cape Town, South Africa).
The resulting 2 mL was transferred into an Ultra cartridge and thereafter processed as per
manufacturer’s recommendation22. For dry swabs, 2 mL of TE was added following heat inactivation,
vortexed (17.8 × g, 30 s), and the entire volume was loaded into the cartridge. No Ultra Sample Reagent
(Cepheid) was used.

Definitions
The microbiological reference standard (MRS) was positive if the MGIT960 culture had MTBC-positive
growth (negative if no growth). The extended microbiological reference standard (eMRS) was positive if
MRS-positive or SU-positive and negative if both culture and Ultra were negative. Unsuccessful results
were those neither positive nor negative. Diagnostic yield among all those tested (DYT) was the
proportion of all participants tested in whom NPSU was positive14.

Analysis
Methods and reporting are per Standard for Reporting Diagnostic Accuracy (STARD) guidelines25,26

(Table S3).
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Baseline characteristics

Count data were summarised as proportions, continuous variables as medians with interquartile ranges
(IQR). Differences between groups were assessed using the chi-square test for categorical variables and
the Mann-Whitney U test for continuous variables. Morbidity score information (TBscore II) was
calculated from seven clinical variables (cough, haemoptysis, chest pain, night sweats, pale
conjunctivae, body mass index (BMI), and mid-upper arm circumference). Higher scores indicate higher
morbidity27.

Primary analysis

NPSU Sensitivity and specificity were estimated against the MRS and eMRS for the overall cohort and
stratified by HIV status, sputum smear status, and previous TB history, with MRS results presented
unless otherwise stated. DYT was calculated as Broger et al.14. Ultra sample processing control (SPC)
cycle threshold (CT) values were compared between NPS and sputum specimens to assess assay

inhibition, with higher SPC CT values (> 34) indicating inhibition28. Ultra semiquantitative categories were

reported as described in literature8.

Secondary analyses

Performance of wet versus dry NPSs was also compared, alongside head-to-head comparisons of NPSU,
SU and TSU within the same participants. UpSet plots were generated using ComplexUpset29,30, version
1.3.6 in R version 4.5.1 (R Foundation for Statistical Computing, Vienna, Austria).

Diagnostic metrics were calculated using Excel software (Microsoft 365, version 2605, Redmond,
Washington, USA) and compared using prtest31 and Fisher exact test in Stata software version 19.0
(StataCorp, College Station, Texas, USA), confidence intervals were computed using Wilson score
intervals. Two-sided p values ≤ 0.05 were considered statistically significant.

Ethics
The study was approved by the Stellenbosch University Health Research Ethics Committee
(M21/10/022, M22/02/004_Sub Study M20/06/017) and the Western Cape Department of Health
(WC_202106_055, WC_202203_035). Written informed consent was obtained from all participants.

Results

Participant characteristics
Of the 265 participants (148 with TB, 117 without TB), 118 (45%) were female and 95 (36%) had previous
TB. MRS-positive participants were younger, more likely to be male, and had a lower BMI, vs those who
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were MRS-negative. Among PLHIV, MRS-positivity was more common in those not receiving antiretroviral
therapy (ART) than those on ART (Table 1). 4/265 (2%) required induction to make sputum.

Unsuccessful nasopharyngeal swab Xpert MTB/RIF Ultra
results
Eight percent (21/265) of NPSUs were unsuccessful (all “error”), 12/21 (57%) from MRS-positive
participants.

Performance of nasopharyngeal swab Xpert MTB/RIF Ultra did not meet WHO benchmarks.

Sensitivity and specificity

Sensitivity was 35% (95% CI 27, 43) and specificity 88% (80, 93; Fig. 2). Sensitivity was lower in PLHIV
versus HIV-negative people [24% (14, 36) vs. 44% (32, 56); p = 0.014]. Sensitivity did not differ by sputum
smear status [40% (26, 54) in smear-positives vs. 31% in smear-negatives (22, 42); p = 0.321]. Specificity
did not differ by previous TB history [85% (69, 94) vs. 90% in those without previous TB (80, 96); p = 
0.422]. Performance against the eMRS was similar (Fig. 2). DYT was 23% (60/265).

False-negative and -positive results

Of the 136 MRS-positive participants with valid NPSU result, 89 (65%) had false-negative NPSU results,
more common in PLHIV and those with lower bacillary load (longer sputum-culture time-to-positivity;
Table 2). NPSU was false-positive in 13/108 (12%) of participants, 10/13 (77%) semi-quantified as
“trace” and 3/13 (23%) as “very low”. Among these, 8/13 (62%) were PLHIV, 6/13 (46%) had previous TB
and sputum Ultra was negative in all. Compared with paired sputum, NPSs had lower bacillary burden,
reflected by higher Ultra CT values [29 (28, 31) vs. 19 (18, 22); p < 0.001] (Fig. 3). Inhibition was detected
in 3 (1%) of SUs and no NPSUs.

Wet and dry swabs

Wet NPSUs showed higher sensitivity than dry NPSUs [45% (34, 57) vs. 21% (12, 34); p = 0.003], and
similar specificity [90% (79, 97) vs. 86% (74, 94); p = 0.499]. Wet NPSU sensitivity did not differ by HIV
status [42 (25, 61) in PLHIV vs. 48 (32, 63) HIV-negative people; p = 0.620], whereas dry NPSU sensitivity
was lower in PLHIV [6% (1, 21) vs. 38% (21, 58); p = 0.003; Table S1]. We evaluated if differences in
sputum bacterial load between people who gave a wet or dry swab may account for sensitivity
differences however, among MRS-positive participants, median (IQR) culture time-to-positivity was
similar between swab types [9 (6, 13) for wet vs. 8 days (6, 12) for dry; p = 0.582].

Tongue swabs were more sensitive than nasopharyngeal swabs.

TSU results were available for 123/265 (46%) of participants. Characteristics were similar in participants
with or without TSU, with the people previously tested using TSU having a low culture-positive rate (Table
S2). TSU sensitivity was higher than NPSU in this subset [67% (53, 79) vs. 28% (17, 42); p < 0.001], while
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specificity was comparable [97% (89, 100) vs. 89% (79, 96); p = 0.459]. Similar findings were observed
across HIV status, smear status, and previous TB strata (Table 3). NPSU missed 24 cases identified by
both SU and TSU (Fig. 4).

Discussion
We showed 1) NPSU sensitivity was low (35%) and specificity moderate (88%; improving with 97% with
reclassification of trace results), with neither meeting the WHO minimum benchmark for low complexity
non-sputum confirmatory tests (80% sensitivity, 98% specificity)6; 2) despite prior reports of high
mycobacterial read counts from NPs, NPSU results had lower sensitivity than SU as well as 3) TSU,
which is less invasive. Lastly, 4) use of wet swabs was associated with higher NPSU sensitivity than dry
swabs. Together, these data suggest NPSs are not valuable for TB diagnosis in our population.

NPSU sensitivity (35%) was similar to Ultra on other non-sputum specimens, including urine (32%)32 and
blood (37%)33 in PLHIV and comparable to pharyngeal swabs in HIV-negative adults (38%)34. Although

lower than the previously reported NPSU sensitivity in decedents (70%)7, the ambulatory cohort in our
study better reflects real-world conditions, providing a pragmatic estimate of NPSU performance in
routine care.

NPSU sensitivity was lower in PLHIV versus those without HIV, consistent with Ultra on other specimen
types35. The magnitude of this sensitivity reduction exceeded that reported for sputum Ultra36,37,
suggesting a greater HIV-associated bacillary reduction in the nasopharynx than in sputum. Specificity
did not differ by prior TB history, unlike Ultra on sputum36,37, possibly as prior TB in this cohort was
remote (~ 6 years). Although most NPSU results with a “trace” semi-quantitation category were true-
positive, false-positives were themselves predominantly “trace”, occurring more frequently in PLHIV.
Such false-positives represent low-level early active TB, transient upper-airway colonisation, or residual
nonviable DNA. Supporting the first possibility, a prospective study in Chile found most NPSU-positive TB
contacts were later diagnosed with active TB38. Overall, trace-positive NPSU results should be
interpreted cautiously.

Ultra positivity and bacillary load were lower in NPSs than sputum, suggesting the nasopharynx harbours
less MTBC than sputum with more individuals below Ultra’s limit of detection8,39. Other contributors to
lower sensitivity may include specimen dilution, small specimen volumes, and matrix effects that
hamper the release of material from the swab. This may explain why purpose-built swab molecular
assays, such as MiniDock MTB (Pluslife, China), outperform off-label use of sputum-optimised platforms
like Ultra on TSs40. Such platforms warrant evaluation with NPSs.

TSU had higher sensitivity than NPSU with comparable specificity, with TSU performance consistent by
HIV status, supporting TSU as the preferred specimen to NPSU. These findings align with emerging
evidence for oral sampling in high burden settings35,41 and WHO endorsement of TSs as simple,
accessible TB specimens18, with additional advantages in acceptability, affordability and comfort42,43.
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NPSU on wet swabs had higher sensitivity than on dry swabs, particularly among PLHIV. This may reflect
guanidine thiocyanate stabilising nucleic acids and improving downstream molecular detection after
storage. The similar sputum culture time-to-positivity across groups suggests performance differences
were unlikely due to bacterial burden differences. Together, these findings suggest preferential use of
wet swabs, especially in PLHIV, should NPSU testing be pursued and especially if dry swab testing
cannot be done promptly.

Our study had strengths and limitations. Strengths included use an eMRS, consecutive enrolment from
primary care, balanced HIV representation, and comparisons with tongue swab and sputum Ultra.
Limitations include a lack of direct head-to-head comparisons (wet vs dry NPSs, NPSs vs TSs) and
retrospective NPS testing (which may be partly responsible for sensitivity differences in wet vs dry
NPSs). Prospective testing of dry swabs may therefore generate sensitivity estimates closer to those
obtained retrospectively using wet swabs. Most of our population could expectorate sputum, limiting
relevance for sputum-scarce people who tend to have milder disease5. Finally, the nested case-control
design may limit generalisability of specificity estimates, as controls may not fully reflect the spectrum
of disease seen in routine practice.

In conclusion, although NPSU did not meet WHO target product profile benchmarks for a stand-alone
diagnostic test, NPSs may still warrant further investigation if already collected during mass testing
campaigns for other diseases, however, purpose-built swab-based TB test platforms should be used
prospectively. This future work should also focus on populations in which sputum expectoration is
challenging.

Abbreviations
ART
antiretroviral therapy
BMI
body mass index
IQR
interquartile range
PLHIV
people living with HIV
TBscore II
tuberculosis symptom score II27.
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Tables
Table 1. Baseline demographics and clinical characteristics. Participants with TB were more likely to be
men, be younger or have lower BMI, and, among those with HIV, likely to not be on ART. Data are median
(IQR) or n (%).

Characteristics Overall 
 n=265

MRS-negative
 n=117

MRS-positive
 n=148

p-value

Demographics        

Age, years 37 (28, 47) 40 (31, 48) 36 (28, 43) 0.033

Female 118 (45) 63 (54) 55 (37) 0.007

BMI (kg/m2) 19.9 (18.2, 23.7) 22.3 (19.0, 27.5) 19.2 (17.7, 21.4) <0.001

Clinical        

TBscore II 2 (2, 3) 2 (2, 3) 3 (2, 4) <0.001

PLHIV 126 (48) 56 (48) 70 (47) 0.927

on ART 65 (52) 42 (75) 23 (33) <0.001

Previous TB 95 (36) 41 (35) 54 (36) 0.808

Years since prior TB 7 (4, 13) 9 (5, 15) 7 (4, 11) 0.142

p-values compare characteristics of MRS-negative vs. MRS-positive, bold font denotes p-values ≤0.05.

Missing data: Interval since prior TB (n=35).

Abbreviations: ART: antiretroviral therapy, BMI: body mass index, IQR: interquartile range, PLHIV: people
living with HIV, TBscore II: tuberculosis symptom score II27.

Table 2. Factors associated with false-negative NPSU results among MRS-positive participants. False-
negative NPSU results were more common among PLHIV and those with lower bacillary load, reflected
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by longer sputum culture time-to-positivity. Data are median (IQR) or n (%).

Characteristics True-positive
 n=47

False-negative
 n=89

p-value

Demographics      

Age, years 33 (26, 40) 36 (28, 48) 0.046

Female 14 (30) 38 (43) 0.141

BMI (kg/m2) 18.8 (17.3, 20.7) 19.3 (17.7, 22.0) 0.158

Clinical      

Previous TB 18 (36) 33 (37) 0.889

TBscore II 3 (2, 4) 3 (2, 4) 0.875

PLHIV 15 (32) 48 (54) 0.014

On ART 5 (33) 14 (29) 0.757

Culture time to positivity 7 (5, 10) 10 (7, 13) 0.016

p-values compare true-positive vs. false-negative, bold font denotes p-values ≤0.05.

Abbreviations: ART: antiretroviral therapy, BMI: body mass index, IQR: interquartile range, PLHIV: people
living with HIV, TBscore II: tuberculosis symptom score II27.

Table 3. Ultra performance on NPSs compared with TSs. TSU-sensitivity was higher than that of NPSU
but specificity did not differ. TSU showed higher sensitivity than NPSU, while specificity was comparable
between specimens. Data are % (95% CI); n/N.
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Sensitivity Specificity

NPSU TSU NPSU TSU

Overall (n=123) 28 (17, 42);
 16/57

67 (53, 79);
 38/57

†p<0.001

89 (79, 96);
 59/66

97 (89, 100);
 64/66

†p=0.084

HIV-positive (n=58) 20 (7, 41);
 5/25

52 (31, 72);
 13/25

†p=0.018

85 (68, 95);
 28/33

97 (84, 100);
 32/33

†p=0.087

HIV-negative (n=65) 34 (19, 53);
 11/32

 

‡p=0.231

78 (60, 91);
 25/32

†p<0.001

‡p=0.038

94 (80, 99);
 31/33

 

‡p=0.087

97 (84, 100);
 32/33

†p=0.555

‡p>0.999

Smear-positive (n=14) 36 (13, 65);
 5/14

93 (66, 100);
 13/14

†p=0.002

Smear-negative (n=108) 26 (14, 41);
 11/43

 

‡p=0.464

58 (42, 73);
 25/43

†p=0.002

‡p=0.017

89 (79, 99);
 58/65

97 (89, 100);
 63/65

 

†p=0.084

Previous TB (n=46) 30 (13, 53);
 7/23

65 (43, 84);
 15/23

†p=0.018

91 (72, 99);
 21/23

100 (85, 100);
 23/23

†p=0.148

No previous TB (n=77) 26 (13, 44);
 9/34

 

‡p=0.744

68 (49, 83);
 23/34

†p<0.001

‡p=0.599

88 (75, 96);
 38/43

 

‡p=0.712

95 (84, 99);
 41/43

†p=0.237

‡p=0.294

Specificity could not be computed for the smear-positive subgroup because all participants had a
positive reference standard result.

†Within row p-values: NPSU vs. TSU.

‡Within column p-values: HIV-negative vs. HIV-positive, sputum smear-positive vs. smear-negative and
previous TB vs. no previous TB. Bold font denotes p≤0.05.
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Abbreviations: MRS: microbiological reference standard, NPSU: nasopharyngeal swab Ultra, TSU: tongue
swab Ultra, TB: tuberculosis.

Figures

Figure 1

Study profile. NPSU was done for 265 participants (148 TB-positive and 117 TB-negative). Sputum
smear microscopy, culture, and Ultra results were retrieved from the parent study database.
Abbreviations: NPSU: nasopharyngeal swab Ultra, RIF: Rifampicin.
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Figure 2

NPSU sensitivity (35%) and specificity did not meet WHO benchmarks. Sensitivity and specificity
estimates are presented for MRS and eMRS in the overall cohort and clinically relevant stratifications.
Vertical line at 80% sensitivity and 98% specificity show the respective minimum WHO performance
standards for non-sputum confirmatory tests. Abbreviations: eMRS: extended microbiological reference
standard, MRS: microbiological reference standard, WHO: World Health Organization.
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Figure 3

NPSU cycle threshold values were higher than those of paired sputum. Horizontal lines connect
individual participant’s specimens. Lower CT values correspond to higher bacillary load. Gray-scale
bands represent Ultra semi-quantitative categories. The dotted line at CT=40 shows the assay positivity
threshold. Abbreviations: CTmin: minimum cycle threshold for rpoB readout, NPS: nasopharyngeal swab.
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Figure 4

TSU identified more culture-positive TB cases than NPSU. UpSet plot shows overlap of results from
sputum culture, SU, NPSU and TSU among 121 participants with valid results for all tests. Bar heights
show the number of participants within each intersection, while connected black dots identify the
combination of tests contributing to that intersection. Notably, twenty-four participants were MRS-, SU-,
and TSU-positive but NPSU-negative. Abbreviations: MRS: microbiological reference standard, NPSU:
nasopharyngeal swab Ultra, SU: sputum Ultra, TSU: tongue swab Ultra.
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