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Community-wide screening for bacteriologically confirmed
pulmonary tuberculosis may reduce the tuberculosis burden,
although concerns of overtreatment remain because of false
positive diagnoses due to subpar specificity of current
bacteriological tests for screening. Our review and data
analysis show that clinic-based test specificity estimates of
Xpert against culture underestimate performance in
communities, for both Xpert MTB/RIF(99.8% for community
vs 98.4% for clinic) and Xpert Ultra (99.4% vs 95.6%,
respectively), reducing the presumed false positivity of
sputum Xpert, using culture as the reference, by 86.8% and
85.4%, respectively, compared with clinic-based specificity
estimates. These findings support large-scale evaluation of
community-wide screening for tuberculosis.
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Tuberculosis is the world’s deadliest infectious disease, with an
estimated 1.25 million attributable deaths in 2023. The tubercu-
losis incidence remains high, with 10.8 million individuals
acquiring the disease in 2023 [1]. A key challenge in ending tu-
berculosis is that about half of individuals with bacteriologically
confirmed tuberculosis in national prevalence surveys do not
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report tuberculosis-suggestive symptoms (so-called asymp-
tomatic tuberculosis) [2]. These individuals, who are likely in-
fectious, do not seek care, and the current passive case finding
system has therefore failed to stop Mycobacterium tuberculosis
transmission [3], while symptom-agnostic community-wide
screening is able to do so [4].

Mass screening in communities brings concerns on potential
overtreatment as a result of false positive tuberculosis diagnoses
due to subpar specificity of diagnostic tests for screening [5-7].
Besides unnecessary treatment, false positive diagnoses also
affect households of individuals with tuberculosis, healthcare
systems, and surveillance data [7]. Perceived risks of overtreat-
ment contribute to the current World Health Organization
(WHO) Global TB Programme screening guidelines recom-
mending community-wide screening only in populations
with a prevalence of >500/100 000 [5].

Conversely, the magnitude of false positive diagnoses might
be overestimated when relying on the recorded performance of
bacteriological tests as evaluated in clinic attendees. A negative
association between specificity and prevalence exists, which
likely reflects so-called “spectrum bias” [8], where the a priori
risk of bacteriologically confirmed tuberculosis is lower because
of the unenriched populations screened in community-wide
studies compared with enriched populations, such as individu-
als presenting to healthcare facilities with symptoms, or symp-
tom and/or chest radiographic screen-positive individuals in
prevalence surveys. This should be factored into decisions on
the design and implementation of community-wide tuberculosis
screening. Here we compare the specificity of GeneXpert MTB/
RIF (Xpert MTB/RIF) and GeneXpertMTB/RIF Ultra (Xpert
Ultra) as an initial screening test in unenriched community-wide
studies with the performance among enriched populations in
prevalence studies and clinic-based settings.

METHODS

We reviewed and extracted test performance data of screening
studies in the general population, excluding high-risk popula-
tions, using Xpert assays (see Supplementary File 1 for our re-
view strategy), widely implemented WHO-recommended
rapid diagnostic tests. We searched the literature available in
PubMed for studies that used sputum-based Xpert as an initial
tool for bacteriologically confirmed tuberculosis screening in
an unenriched community but also performed sputum culture
testing. We also included prevalence surveys that performed
both sputum-based Xpert and culture in screen-positive indi-
viduals (with symptoms and/or chest radiographic abnormali-
ties). To compare Xpert performance in these studies with
clinic-based performance, we used the diagnostic accuracy of
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Xpert compared with culture among individuals with pre-
sumed pulmonary tuberculosis in primary care facilities and lo-
cal hospitals reported in a review by Zifodya et al [9].

The sensitivity (if possible) and specificity of sputum Xpert
were determined, with sputum culture used as the reference.
Standard methods for sensitivity and specificity with Wilson
confidence intervals (CIs) were used for prevalence survey
data, since sputum from all screen-positive individuals was
tested with both culture and Xpert. Pooled estimates were cal-
culated with Wilson CIs. In community studies, sputum culture
testing was done only for individuals with a positive Xpert re-
sult, resulting in the absence of true negative and false negative
numbers. For this reason, standard methods could not be ap-
plied, and the specificity of Xpert in community studies was cal-
culated as follows:

Specificity = 1 — probability of returning a positive
Xpert test result if culture negative,

Specificity = 1

No. false postive

and

* Estimated No. of individuals with negative culture’

No. false postive

Specificity =1 —
pectiictty No. individuals consented -

(No. true positive/sensitivity [%] X 100).

(See Supplementary File 1 for rationale and derivation, and R
packages used.)

We calculated the specificity of the Xpert Ultra in 2 ways: (1)
classifying trace results as Xpert Ultra positive, as primary anal-
ysis, and (2) classifying trace results as Xpert Ultra negative. A
false positive diagnosis was defined as a positive Xpert result
with a paired negative culture result.

We determined the number of false positive diagnoses per 1
true positive diagnosis by Xpert as reported by the studies, and
we also estimated this ratio for each of the studies, assuming a
sputum culture-positive tuberculosis prevalence of 500/100 000
(0.5%) [5]. Moreover, we determined the proportion of false
positives among all Xpert-positive results (Supplementary
File 1). Finally, we performed a sample size calculation for a
community-wide population study establishing test perfor-
mance in terms of specificity and sensitivity in a community
with a sputum culture-positive tuberculosis prevalence of 0.5%.

RESULTS

We included published data from community-wide screening
studies in Vietnam [10] and Uganda [11], where sputum
Xpert MTB/RIF (Vietnam) or Xpert Ultra (Uganda) were used
to screen all adults. We also included data from 8 prevalence sur-
veys that used sputum Xpert MTB/RIF (50%) or Xpert Ultra
(50%) for confirmatory testing of adults who screened positive

based on symptoms and/or chest radiography (Supplementary
Table 1). In a Vietnamese community with an estimated preva-
lence of culture-positive tuberculosis of 0.3%, the Xpert MTB/
RIF specificity was 99.8% (95% CI, 99.8%-99.9%) [10 ], substan-
tially higher than the clinic-based estimate of 98.4% (95% cred-
ible interval [CrI], 97.0%-99.3%) [9]. Similarly, in a Ugandan
community with an estimated culture-positive prevalence of
0.4%, the specificity of Xpert Ultra (with trace results classified
as positive) was 99.4% (95% CI, 99.3%-99.5%) [11], far exceed-
ing the clinic-based estimate of 95.6% (95% Crl, 93.0%-97.4%)
[9]. When trace results were classified as negative, the Xpert
Ultra specificity further increased to 99.9% (95% CI, 99.8%-
100%) (Figure 1 and Supplementary Tables 2-4).

In prevalence surveys, the Xpert test specificity among indi-
viduals positive at screening often overlapped with the 95%
Crl of clinic-based estimates. The pooled specificity was 98.8%
(95% CI, 98.2%-99.2%) for Xpert MTB/RIF, and 97.7% (95%
CIL, 96.3%-98.6%) for Xpert Ultra (with trace results classified
as positive) (Figure 1). The pooled sensitivity of Xpert MTB/
RIF was 73.2% (95% CI, 63.3%-81.3%) compared with culture
and 84.7% (95% Crl, 78.6%-89.9%) in
(Supplementary Table 5). For Xpert Ultra, the pooled sensitivity
was 82.5% (95% CI, 75.9%-87.6%) when trace results were clas-
sified as positive compared with 90.9% (95% CrI, 86.2%-94.7%)
in clinics [9] and 65.3% (95% CI, 57.8%-72.1%) when trace re-
sults were classified as negative.

clinics [9]

In a community with a prevalence of culture-positive tuber-
culosis of 500/100 000, we estimated false positive to true pos-
itive ratios of 0.5:1 for Xpert MTB/RIF and 1.4:1 for Xpert Ultra
(with trace results classified as positive) (Figure 1). These ratios
are 86.8% and 85.4% lower, respectively, than the false positive
to true positive ratios of 3.8:1 for Xpert MTB/RIF and 9.6:1 for
Xpert Ultra (with trace results classified as positive), estimated
among individuals with presumptive tuberculosis reporting to
a clinic. In prevalence surveys, these ratios among screening-
positive individuals were not consistently lower than estimates de-
rived from clinic-data and showed less deviation from their re-
spective clinic-based estimation (Figure 1 and Supplementary
Table 6). In a community with a sputum culture-positive tu-
berculosis prevalence of 0.5%, the required sample size would
be 5757 to confirm an Xpert test specificity of 99.4% and 1927
for a specificity of 99.8%, with a 95% CI width of +0.2
(Supplementary Tables 7-8).

DISCUSSION

This analysis shows how we overestimate the expected number
of false positive diagnoses if clinic-based estimates of Xpert per-
formance against culture are applied to scenarios of
community-wide tuberculosis screening. In a community with
a culture-positive tuberculosis prevalence of 500/100 000, we
estimated that clinic-based specificity values would lead to a
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FPs per 1 TP when
culture-positive tuberculosis
prevalence is 0.5%

Specificity (95% Cl)  Study data Clinic data Reference
Vietnam (2014—2015) Clinic-based data Lal 0.998 (.998-.999) 0.5 3.8 Hoetal
Bangladesh (2015—2016) : gl 0.993 (.992-.994) 1.6 3.8 = WHO
Kenya (2015—-2016) —eo—l 0.990 (.988-.992) 2.9 3.8 g WHO
Philippines (2016) + 0.985 (.983-.987) 43 38 T WHO
Vietnam (2017—-2018) >—F~ 0.982 (.977-.985) 54 38 Nguyen et al
=
Uganda (2019) e 0.999 (.998-1.000) 0.3 5 Kendall et al
Treats ZMB (2017—-2021) _ 0.988 (.976—.994) 3.0 ? Floyd et al
Treats ZAF (2017—2021) 0.971(.945—.984) 10.7 g Floyd et al
South Africa (2017—2019) — 0.990 (.987—.992) 3.0 é Moyo et al
Lesotho (2019) —e— 0.990 (.987—.992) 3.0 % Matji et al
Uganda (2019) Clinic-based data 2gl 0.994 (.993-.995) 14 9.6 Kendall et al
Treats ZMB (2017—-2021) ———— 0.978 (.964—.987) 5.0 9.6 Floyd et al
Treats ZAF (2017-2021) | - 0.951(.921-.970) 113 9.6 Floyd et al
South Africa (2017—2019) e 0.984 (.981-.987) 4.0 9.6 Moyo et al
Lesotho (2019) =] 0.981(.978—.984) 4.7 9.6 Matji et al

092 093 094 095 096 097
Specificity (95% Cl)

- Community - Prevalence survey

Figure 1. Xpert test performance with culture as the reference standard. Specificities are displayed for Xpert MTB/RIF (top panel), Xpert Ultra with trace results classified
as negative (middle panel), and Xpert Ultra with trace results as positive (bottom panel), among screen-positive individuals in prevalence surveys and individuals in the
community, compared with clinic settings. The number of false positive diagnoses (FPs) per 1 true positive diagnosis (TP) are also displayed, with the estimated specificity
and sensitivity applied to a culture-positive tuberculosis prevalence of 500/100 000. Dashed lines represent point estimates; gray areas, 95% credible intervals (Crls) from
clinic-based estimates by Zifodya et al [9]: sensitivity (35% Crl) and specificity (95% Crl), 0.847 (.786—.899) and 0.984 (.970—.993), respectively, for Xpert MTB/RIF and 0.909
(.862—.947) and 0.956 (.930—.974) for Xpert Ultra. Abbreviations: Cl, confidence interval; WHO, World Health Organization; Treats ZAF, treats study in South Africa; Treats

ZMB, treats study in Zambia. See Supplementary Table 1 for references.

7-fold overestimation of the number of false positive Xpert
Ultra diagnoses relative to each true positive diagnosis.
Relying on clinic-based Xpert specificity in decision making
and mathematical modeling could significantly underestimate
the positive impact of Xpert community-wide screening in re-
ducing the tuberculosis burden.

The high specificity of Xpert observed in community-wide
screening studies limits the negative impact of false positives
and strengthens the rationale for implementing a community-
wide screening. Previously stated concerns about an expected
high number of false positive Xpert diagnoses in prevalence
surveys align with our findings [6, 7]. However, we are at risk
of strongly overestimating the negative effects of community-
wide screening with Xpert as initial screening if we apply clinic-
based specificity. Notably, the increased specificity of Xpert in a
community setting is characterized by lower overall sensitivity.
This decline is expected, since individuals in a community are
more likely to present less severe states of disease than those in
clinic settings, which is referred to as “spectrum bias” in diag-
nostic accuracy studies [8]. Nevertheless, the overall reduced
sensitivity minimally affects the beneficial epidemiological im-
pact of screening [7], and sensitivity remains high among those
with the most severe and infectious forms of tuberculosis [8].

To support implementation of community-wide Xpert
screening in countries with a high tuberculosis burden, we
must better understand why some individuals have positive spu-
tum Xpert results but negative sputum cultures and whether this
has implications for treatment. First, bacteriologically confirmed
tuberculosis could have been correctly captured by Xpert but
missed by culture, since the performance of culture is affected
by sputum quality, sputum handling, and the number of sputum
specimen cultured [12], likely underestimating the number of
individuals with viable M. tuberculosis in their sputum [13].
Second, in high-burden settings, Xpert might be more sensitive
to the high prevalence of biologically irrelevant M. tuberculosis
colonization or nonreplicating M. tuberculosis in the respiratory
tract than sputum culture. In South Africa, approximately 90%
of individuals with presumed tuberculosis produced M. tubercu-
losis—containing bioaerosols, compared with approximately 80%
of randomly recruited individuals in the community [14].
However, since tuberculosis exists on a spectrum, a positive
Xpert test result with a negative culture likely indicates a high
risk of progression to culture-positive disease, suggesting that
such individuals could still benefit from treatment.

Third, false positive results can be caused by sample process-
ing methods, including increased cross-contamination risk in
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clinics relative to lower prevalence community settings. Fourth,
individuals who have recovered, either naturally or through
treatment, may return a positive Xpert result, due to residual
mycobacterial DNA [15]. In community settings, the propor-
tion of individuals with a history of tuberculosis might be lower
than in clinics, therefore reducing the probability of false pos-
itives. This phenomenon is more likely for “trace positive”
Xpert Ultra results and could explain why the specificity of
Xpert MTB/RIF is more similar to that of Xpert Ultra if trace
results are classified as negative [13]. To reduce overtreatment
even further, we must consider the potential importance of
clinical evaluation after a positive Xpert screening result (eg,
tuberculosis-suggestive symptoms, chest radiographic findings,
an epidemiological indication, or a response to broad-spectrum
antibiotics) and how this varies by a priori risk of bacteriolog-
ically confirmed tuberculosis and factors leading to a positive
Xpert test result despite a negative culture.

The main limitation of this study was the unknown num-
ber of true and false negatives in community studies due to
the lack of sputum culture testing for individuals with a neg-
ative sputum Xpert result. Nevertheless, our analysis indi-
cates that the use of Xpert as an initial screening test might
be a better community screening strategy than previously
considered. This highlights the significant value of informa-
tion in extending validation studies beyond the clinic and
into the community, confirming the high specificity of
(new) bacteriological screening tests, which is notably small-
er than the size needed to establish sensitivity. Notably, future
studies should carefully consider the criteria for “good-
quality” sputum samples and how these affect diagnostic
yield. In addition, prevalence survey data were limited by var-
iations in methods, incomplete sensitivity of chest radio-
graphic screening, and missing or contaminated cultures.
Most importantly however, surveys uniformly show that fo-
cus on passive case finding alone will leave undiagnosed
and untreated a major proportion of individuals with bacter-
iologically confirmable tuberculosis [2].

Our work highlights the clinic-community gap, where Xpert
demonstrates substantially higher specificity as an initial
screening tool in community settings compared with its use
in clinics. As community-wide symptom-agnostic screening
is the only tool currently supported by evidence to effectively
reduce the prevalence of bacteriologically confirmed tuberculo-
sis [4], the evaluation of the potential benefits and harms of
screening approaches should use high-quality data on test per-
formance. We should be concerned about overtreatment, but
we must be able to rely on appropriate data on test performance
to determine the magnitude of overtreatment, assess cost-
effectiveness, and inform epidemiological modeling studies.
Therefore, studies should also establish the specificity of poten-
tial screening tests in the community, rather than in clinic

populations.
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