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(See the Editorial commentary by Wong on pages e1044–6.)

Background. New, sensitive diagnostic tests facilitate identification and investigation of milder forms of tuberculosis (TB) di-
sease. We used community-based TB testing with the Xpert MTB/RIF Ultra assay (“Ultra”) to characterize individuals with previ-
ously undiagnosed TB and compare them to those from the same community who were diagnosed with TB through routine care.

Methods. We offered community-based sputum Ultra testing to adult residents of a well-defined area (population 34 000 adults) 
in Kampala, Uganda, via door-to-door screening and venue-based testing, then used detailed interview and laboratory testing to 
characterize TB-positive individuals. We compared these individuals to residents diagnosed with pulmonary TB at local health fa-
cilities and a representative sample of residents without TB (controls).

Results. Of 12 032 residents with interpretable Ultra results, 113 (940 [95% confidence interval {CI}, 780–1130] per 100 000) 
tested positive, including 71 (63%) positive at the lowest (trace) level. A spectrum of TB disease was observed in terms of chronic 
cough (93% among health facility–diagnosed cases, 77% among residents with positive community-based Ultra results at levels 
above trace, 33% among trace-positive community participants, and 18% among TB-negative controls), TB symptom prevalence 
(99%, 87%, 60%, and 38%, respectively), and C-reactive protein (75th percentile: 101 mg/L, 28 mg/L, 6 mg/L, and 4 mg/L, respec-
tively). Community-diagnosed cases were less likely than health facility–diagnosed cases to have human immunodeficiency virus 
coinfection or previous TB. The specificity of Ultra was 99.4% (95% CI, 99.2%–99.5%) relative to a single spot sputum culture.

Conclusions. People with undiagnosed prevalent TB in the community have different characteristics than those diagnosed with 
pulmonary TB in health facilities. Newer diagnostic tests may identify a group of people with early or very mild disease.

Keywords.  active case-finding; Xpert MTB/RIF Ultra; subclinical tuberculosis; prevalent tuberculosis.

Tuberculosis (TB) is the leading infectious cause of mortality, 
killing >1.4 million people every year [1]; yet, the spectrum of 
TB disease remains poorly characterized. Nationally represen-
tative surveys have documented a large burden of undiagnosed 
prevalent TB [1], much of which is not associated with classic 
TB symptoms [2]. A recent trial in rural Vietnam demonstrated 
that universal bacteriologic testing could reduce TB burden at 
the community level [3], but more scalable case-finding ap-
proaches now need to be developed.

Designing targeted interventions to reduce this burden re-
quires a better understanding of how people living with undiag-
nosed active TB (henceforth referred to as “prevalent TB”) differ 

from those who are routinely diagnosed in health facilities. New 
diagnostic tests for TB disease, such as Xpert MTB/RIF Ultra 
assay (hereafter “Ultra”), offer high diagnostic sensitivity [4, 5], 
and their use as research tools may facilitate a deeper under-
standing of the spectrum of TB disease at the community level 
than was previously possible.

METHODS

Study Overview

In a community-based, cross-sectional study, we performed TB 
testing with Ultra on sputum, through a combination of door-
to-door and venue-based screening, from adult (≥15 years old) 
residents of a defined geographic area in Kampala, Uganda. 
People with a positive Ultra result formed 1 arm of a compar-
ison between 3 populations:

 1. Residents with a positive Ultra test in community-based 
testing (community-based cases).

 2. Residents from the same community who were diagnosed 
with pulmonary TB through routine care at local health 
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facilities (health-facility cases) over a 22-month period that 
included the 10-month community-based testing campaign.

 3. Representative residents without TB from the same commu-
nity (community controls).

The study area was a prespecified, densely populated, largely 
residential urban region in central Kampala, Uganda, con-
sisting of 38 contiguous zones (the lowest administrative level 
in Uganda) with a combined area of 2.2 km2.

Community-Wide TB Testing

From February to November 2019, research staff moved 
systematically through the study area; they enumerated all 
households, collected household composition data from resi-
dents or neighbors, and asked adult residents to provide ex-
pectorated sputum for TB testing, regardless of symptoms 
or treatment history. Recruitment was attempted at all resi-
dences and at nonresidential locations such as workplaces. 
In parallel, 10 scheduled venue-based screening events 
were held in public spaces (eg, community halls or markets) 
selected with input from community leaders. Sputum Ultra 
testing was performed at Makerere University according to 
standard protocols [6]. The Supplementary Data describe 
additional details of community-based testing, population 
enumeration, venue-based screening events, methods to pre-
vent duplicate enrollment, and methods to increase yield of 
sputum expectoration.

Community-Based Case Enrollment

Residents with a positive Ultra result in community-wide 
testing were referred to clinical care (with treatment decisions 
left to clinicians) and enrolled as community-based cases.

Community-based cases underwent human immuno-
deficiency virus (HIV) testing (Abbott Determine [Abbott 
Laboratories] with STAT Pack confirmation [ChemBio]); serum 
C-reactive protein (CRP) testing (i-CHROMA [Boditech, 
Korea] or Eurolyser [Eurolyser Diagnostica, Austria]); a stand-
ardized interview (including TB symptoms of self-reported 
chronic cough [≥2 weeks], fever, night sweats, or weight loss); 
and repeat sputum expectoration for liquid and solid culture 
using standard, previously described methods [7].

We performed Ultra testing or retesting of adult contacts of 
enrolled cases (details shown in the Supplementary Data); those 
with a positive result (n = 2) were also enrolled as community-
based cases.

Health-Facility Case Enrollment

We also enrolled, from May 2018 through February 2020, all 
adult residents who were diagnosed with pulmonary TB at 
any of the 4 TB diagnosis and treatment centers located within 
the study area. An initial review of TB treatment in all nearby 
facilities [8] had suggested that 90% of study area residents 

diagnosed with TB were treated in these 4 facilities (1 public, 
3 private).

Health-facility cases who agreed to participate underwent 
the same evaluation as community-based cases (with contact 
investigation performed only during the community-wide case-
finding campaign). Sputum culture was performed on a new 
spot specimen obtained the day of enrollment.

Community Control Enrollment

For each community-based case, and for each health-facility case 
enrolled during the community-wide testing period, we ran-
domly selected 1 Ultra-negative community participant (here-
after “control”) matched by zone of residence (Supplementary 
Data). Controls underwent the same interview, HIV testing, 
CRP measurement, and sputum mycobacterial culture as cases. 
Controls with Mycobacterium tuberculosis–positive sputum 
culture (n = 2) were reclassified as cases and replaced with new 
controls.

Statistical Methods

Binary variables were summarized as proportions with 95% 
binomial confidence intervals (CIs), event rates as means with 
95% CIs based on Poisson-distributed counts, and other con-
tinuous variables as medians with interquartile ranges (IQRs). 
Comparisons used Fisher exact test for categorical variables, 
Wilcoxon rank-sum tests for continuous variables, and logistic 
regression for sex-adjusted comparisons. All analyses used R 
version 3.5.2 software [9].

We estimated the prevalence of Ultra-positive results (in-
cluding trace-positive) among individuals who completed 
community-based screening with an interpretable result. We 
compared this result to estimates (Supplementary Table 1) of 
(1) age- and sex-adjusted prevalence; (2) the proportion of par-
ticipants diagnosed with TB through all active case-finding ac-
tivities (including contact investigation and sputum culture); 
(3) prevalence among all who attempted screening, including 
those unable to produce sputum; (4) the prevalence of Ultra-
positive, culture-confirmed TB; (5) the prevalence of culture-
positive TB, extrapolating the observed prevalence of positive 
culture among randomly selected Ultra-negative controls to the 
full population; and (6) the proportion of residents diagnosed 
with TB (including at health facilities) during the community-
based case-finding period.

Finally, we estimated the specificity of Ultra relative to a single 
spot sputum culture, assuming that sputum culture would have 
been negative, if performed, for 98.6% of Ultra-negative partici-
pants who did not undergo sputum culture; the Supplementary 
Data describe details and sensitivity analyses.

Ethical Considerations

The Ethics Review Committee of the Makerere University 
School of Public Health approved the study. All participants 
provided informed consent/assent.
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RESULTS

Results of Community-Based Ultra Testing

Of an estimated 34 135 adults who lived in the designated study 
area (along with 16  301 children; Supplementary Figure 1), 
12  301 adults were contacted and consented to screening, of 
whom 12 032 (98%) successfully submitted sputum that gener-
ated a valid Ultra result (Figure 1). Of specimens with valid re-
sults, 7998 (66.5%) were collected at participants’ homes; reasons 
for not enrolling at home are enumerated in the Supplementary 
Data. Another 753 Ultra results (6.3% of all valid results) were 
obtained through 10 venue-based screening events, and 3281 
(27.3%) were collected at other away-from-home testing loca-
tions (public or commercial spaces, homes of other residents, 
or venue-based screening events). Supplementary Table 2 
provides age- and sex-stratified estimates of prevalence. Men 
were less likely than women to participate in testing overall 
(odds ratio [OR], 0.87 [95% CI, .84–.91]) but comprised the 
majority of participants at away-from-home testing locations 
(Supplementary Table 3).

Of the 12  032 valid community-based Ultra results, 113 
(0.94%) were positive, including 42 (37% of positives, 0.35% of 
all results) at levels greater than trace and 71 (63% of positives, 

0.59% of all results) at the trace level. Men accounted for 58% of 
positive tests (OR of positive result, 1.7 [95% CI, 1.2–2.5], com-
pared to women). A higher proportion of results were positive at 
venue-based screening events (22 of 753 [2.9%]) than in home-
based testing (60 of 7998 [0.8%]) or other away-from-home lo-
cations (27 of 3281 [0.9%]). The prevalence among venue-based 
screening participants remained elevated after adjusting for age 
and sex (3.0% [95% CI, 1.8%–4.7%]; Supplementary Table 3). 
Community-based cases were found in 27 of the community’s 
38 zones.

Two-thirds of submitted sputum specimens were graded as 
salivary, and half had volume ≤1 mL; however, these specimens 
had reasonable levels of positivity (0.7% for salivary vs 1.4% 
nonsalivary; 0.9% for ≤1 mL vs 1.1% for >1 mL; Supplementary 
Table 4).

Enrollment of Health Facility and Community Controls

One hundred four community-based cases were enrolled: 
100 identified through community-wide testing (90% of 
111 eligible Ultra-positive individuals), 2 identified through 
contact investigation, and 2 identified through sputum cul-
ture of Ultra-negative community controls (Figure  1). Thus, 

Figure 1. Flow diagram of population tuberculosis screening and sputum Xpert MTB/RIF Ultra testing results. Community cases were drawn from those diagnosed in 
community-wide screening (either at home [n = 60] or in away-from-home locations [n = 51 after 2 were determined to live outside the study area]) diagnosed in the com-
munity through sputum culture (n = 1) or contact investigation (n = 3). One person died prior to enrollment (11 days after testing). Two community-based cases sought care 
for symptoms at local healthcare facilities while awaiting results and were also enrolled as health-facility cases (46 and 59 days after testing). Participants in boxes with 
bold outlines formed the basis of our primary prevalence estimate. See Supplementary Figure 1 for full flow diagram including estimation of population and all reasons for 
exclusion. Abbreviations: M.tb, Mycobacterium tuberculosis; TB, tuberculosis.
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community-based testing identified 11.5 cases per month (95% 
CI, 9.5–13.8) during the 10 months of community-based case-
finding, while local health facilities diagnosed 6.1 (95% CI 
5.7–6.5) cases per month over the 22-month study period. The 
health facility diagnosis rate did not differ significantly for the 
time periods before vs during or after the case-finding cam-
paign (Supplementary Figure 2). Of 134 eligible health-facility 
cases, 95 enrolled in the study (Supplementary Figure 1).

Ultra Accuracy and Community TB Prevalence

Of the community-based cases with interpretable sputum 
culture results (94 of 102 cases with positive Ultra results; 
Supplementary Table 5), 11 of 38 (29%) who were Ultra-positive 
at levels greater than trace had a negative culture result, com-
pared with 48 of 56 (86%) of those with a trace-positive Ultra. 
Taking the single spot sputum culture as a reference, the speci-
ficity of Ultra was 99.4% (95% CI, 99.2%–99.5%) and robust to 
sensitivity analyses (Supplementary Table 6).

The number of Ultra-negative individuals who underwent 
culture was too small to estimate sensitivity with precision, but 

2 (1.4% [95% CI, .07%–5.4%]) of the 139 Ultra-negative indi-
viduals enrolled as controls had a positive culture result.

The estimated community prevalence of a positive Ultra re-
sult was 940 (95% CI, 780–1130) per 100  000 adults. If indi-
viduals with Ultra trace-positive, culture-negative sputum were 
excluded, the estimated prevalence of TB fell to 420 (95% CI, 
320–550) per 100 000 adults. Alternative estimates of TB prev-
alence are shown and compared to the estimated national TB 
prevalence in Figure 2.

Comparison of Cases by Place of Diagnosis

Relative to controls, individuals with TB were more often 
male (67% vs 38%, P < .0001), older (median, 31 vs 26 years, 
P = .001), current smokers (20% vs 7%, P = .0005), previously 
incarcerated (36% vs 12%, P < .0001, most for <7 nights and 
>3  years prior), and symptomatic (any TB symptom: 84% 
vs 38%, P < .0001; chronic cough: 70% vs 18%, P < .0001). 
These differences were present for cases identified by routine 
diagnosis, door-to-door screening, and away-from-home 
screening (Table 1), and persisted after adjusting for sex.

Figure 2. Estimated prevalence of tuberculosis (TB) among adults aged ≥15 years in an urban Ugandan community. The study’s primary measure (top bar) is compared to 
multiple alternative definitions and to the Ugandan national prevalence survey estimate for urban areas, as detailed in Supplementary Table 1. The estimated prevalence 
increased slightly when adjusted for the age and sex of those screened, because younger men were both more likely to have TB and more likely to be missed by screening 
(Supplementary Table 3), and decreased slightly if the 70 consenting adults who were unable to produce sputum (0.6%) and the 199 with an invalid or missing Xpert MTB/RIF 
Ultra result (1.7%) were included. Exclusion of cases who were trace positive but culture negative shifted prevalence estimates more significantly. Conversely, including an 
estimate of the number who were Ultra negative but would have been culture positive increased the prevalence estimate dramatically, but our small sample size of cultures 
in Ultra-negative individuals is reflected in the large uncertainty around this estimate. Error bars indicate 95% confidence intervals.
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People diagnosed with TB through routine health serv-
ices differed from those diagnosed through community-wide 
testing (as well as from controls) in terms of both HIV infec-
tion (38% prevalence among health-facility cases vs 12% among 
community-based cases and 10% among controls) and previous 
treatment for TB (24% prevalence among health-facility cases, 
7% among community-based cases, and 3% among controls). 
Community-based cases had less contact with the healthcare 
system (eg, 37% visiting less than once per year) than either 
health-facility cases (22%) or controls (23%) (Supplementary 
Table 9).

Of the community-based cases with positive Ultra results at 
levels greater than trace, most (87%) reported chronic cough 
or another characteristic TB symptom, and 95% reported a 
cough at the time of enrollment. These same community-
based cases had similar duration of symptoms compared to 
health-facility cases (median, 8 [IQR, 3–16] weeks vs 8 [IQR, 

4–16] weeks), similar distribution of individual symptoms 
(Table 2; Supplementary Table 9), and similar sputum bacillary 
loads (sputum smear positivity in 44% vs 55%, P = .3, with a 
modest tendency toward lower semi-quantitative Xpert results 
in community-based cases; Figure  3B, P = .06 after excluding 
trace-positives). However, community-based cases had much 
lower CRP values than health-facility cases, even when lim-
ited to community-based cases with Ultra greater than trace 
(median, 6  mg/L vs 51  mg/L; Figure  3A). Within each case 
type, symptoms and CRP values were not strongly correlated 
(Supplementary Table 7).

Characteristics of Ultra Trace-Positive Individuals

Community-based cases with trace-positive Ultra results had 
similar prevalence of known TB exposure as other community-
based cases, with a recent or close TB contact reported by 49% 
of non-trace-positive cases, 51% of trace-positive cases, and 

Table 1. Clinical and Bacteriologic Characteristics of Community-Based Tuberculosis Cases, by Place of Diagnosis

Characteristic

Place of Diagnosis of Community-Based Cases

Home   
(n = 59)

Screening Event   
(n = 20)

Other Location   
(n = 25)

Age, y, median (IQR) 28 (23–34) 31 (24–35) 35 (25–47)

Sex    

 Male 23 (39) 13 (65) 23 (92)

 Female 36 (61) 7 (35) 2 (8)

HIV and ART status    

 Negative 50 (85) 19 (95) 23 (92)

 Positive not on ART 3 (5) 0 (0) 0 (0)

 Positive on ART 6 (10) 1 (5) 2 (8)

History of prior TB treatment    

 Yes 3 (5) 2 (10) 2 (8)

 No 56 (95) 18 (90) 23 (92)

TB contact (same household or past 12 mo) 29 (49) 13 (65) 10 (40)

Smoking status    

 Current smoker 11 (19) 4 (20) 9 (36)

 Former smoker 1 (2) 3 (15) 3 (12)

 Never smoker 47 (80) 13 (65) 13 (52)

Any TB symptom 38 (64) 15 (75) 20 (80)

Chronic cough (≥2 wk) 23 (39) 13 (65) 15 (60)

Duration of TB symptoms, wk, median (IQR) 2.0 (0–8.0) 4.0 (0.75–16) 3.0 (2.0–6.0)

Coughed during 5-min observation period 8 (14) 5 (25) 6 (24)

Serum CRP, mg/L    

 Median (IQR) <LLDa (2.5–9.3) 3.6 (<LLDa–5.7) 4.3 (<LLDa–32)

 Missing 3 (5.1) 3 (15.0) 3 (12.0)

Sputum smear status    

 Negative 52 (88) 16 (80) 19 (76)

 Positive 7 (12) 4 (20) 6 (24)

Sputum culture result    

 Positive 18 (31) 6 (30) 12 (48)

 Negative 39 (66) 10 (50) 11 (44)

 Missing 2 (3.4) 4 (20.0) 2 (8.0)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; CRP, C-reactive protein; HIV, human immunodeficiency virus; IQR, interquartile range; LLD, lower limit of detection; TB, tuberculosis.
aBelow the lower limit of detection of ≤2.5 mg/L.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1824#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1824#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1824#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1824#supplementary-data


e1040 • cid 2021:72 (15 June) • Kendall et al

32% of controls. For other TB risk factors, the trace-positive 
population was intermediate between other community-based 
cases and controls: for example, male sex (69% vs 49% vs 33%), 
current smoking (26% vs 21% vs 7%), and previous incarcera-
tion (41% vs 21% vs 12%). Trace-positive cases also had inter-
mediate indicators of disease severity; for example, positive TB 
symptom screen (87% vs 60% vs 38%), chronic cough (77% vs 
33% vs 18%), and CRP (75th percentile: 28 vs 5.7 vs 3.5 mg/L) 
(Figure  3A). Differences between trace-positive individuals 
and controls were still evident when analysis was limited to 
those with trace-positive Ultra but negative sputum culture 
(Supplementary Table 8).

Previous TB was also more common among trace-positive, 
culture-negative individuals (5/48 [10%]) than among controls 
(4/137 [3%]), but unlike some health facility-based popula-
tions in which half of trace-positive, culture-negative results 
could be attributed to previous treatment [6], previous treat-
ment could explain only a small proportion of the trace posi-
tives in our community-based population. Trace-positive Ultra 

results accounted for a similar proportion of positive results in 
all types of community screening locations (65% at home, 64% 
at venue-based events, and 58% at other away-from-home loca-
tions; P = .8).

DISCUSSION

This study of >12 000 individuals tested for TB with Ultra in a 
community setting, in parallel with characterization of health 
facility–diagnosed cases and community-representative con-
trols, provides a novel picture of the spectrum of TB disease in 
a high-burden community. Universal testing with a highly sen-
sitive assay identified both highly symptomatic individuals with 
high bacillary burdens (37%) and people with trace-positive 
sputum (63%) who were largely culture negative but had char-
acteristics that differentiated them from TB-negative controls. 
Compared to people diagnosed with TB in health facilities, in-
dividuals with TB in the community had lower inflammatory 
markers, were less likely to be HIV positive, and used healthcare 

Table 2. Clinical and Bacteriologic Characteristics of Tuberculosis Cases, by Level of Ultra Positivity

Characteristic

Health-Facility Case Community-Based Case Community Control

(n = 95)
All Cases   
(n = 104)a Ultra More Than Trace (n = 39) Ultra Trace (n = 63) (n = 137)

Age, y, median (IQR) 33 (27–40) 29 (24–37) 30 (25–36) 28 (22–37) 26 (22–35)

Sex      

 Male 65 (68) 59 (57) 27 (69) 31 (49) 45 (33)

 Female 30 (32) 45 (43) 12 (31) 32 (51) 92 (67)

HIV and ART status      

 Negative 59 (62) 92 (88) 34 (87) 56 (89) 123 (90)

 Positive not on ART 10 (11) 3 (3) 3 (8) 0 (0) 1 (1)

 Positive on ART 26 (27) 9 (9) 2 (5) 7 (11) 13 (9)

History of prior TB treatment 23 (24) 7 (7) 2 (5) 5 (8) 4 (3)

TB contact (same household or past 12 mo) 39 (41) 52 (50) 19 (49) 32 (51) 44 (32)

Smoking status      

 Current smoker 16 (17) 24 (23) 10 (26) 13 (21) 9 (7)

 Former smoker 21 (22) 7 (7) 6 (15) 1 (2) 4 (3)

 Never smoker 58 (61) 73 (70) 23 (59) 49 (78) 124 (91)

Any TB symptom 94 (99) 73 (70) 34 (87) 38 (60) 52 (38)

Chronic cough (≥2 wk) 88 (93) 51 (49) 30 (77) 21 (33) 24 (18)

Duration of TB symptoms, wk, median (IQR) 8.0 (4.0–16) 3.0 (0–8.8) 8.0 (3.0–16) 2.0 (0–4.0) 0 (0–4.0)

Coughed during 5-min observation period 45 (47) 19 (18) 12 (31) 7 (11) 9 (7)

Serum CRP, mg/L, median (IQR) 51 (12–100) 2.6 (<LLDb–13) 6.2 (<LLDb–28) 2.5 (<LLDb–5.7) <LLDb (<LLDb–3.5)

 Missing 4 (4.2) 9 (8.7) 6 (15.4) 3 (4.8) 19 (13.9)

Sputum smear status      

 Negative 42 (44) 87 (84) 22 (56) 63 (100) 130 (95)

 Positive 50 (53) 17 (16) 17 (44) 0 (0) 1 (1)

 Missing 3 (3.2) 0 (0) 0 (0) 0 (0) 6 (4.4)

Sputum culture result      

 Positive 65 (68) 36 (35) 27 (69) 8 (13) 0 (0)

 Negative 23 (24) 60 (58) 11 (28) 48 (76) 121 (88)

 Missing 7 (7.4) 8 (7.7) 1 (2.6) 7 (11.1) 16 (11.7)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; CRP, C-reactive protein; HIV, human immunodeficiency virus; IQR, interquartile range; LLD, lower limit of detection; TB, tuberculosis.
aTwo community-based cases with a negative Ultra result (diagnosed based on culture) are included only in the “all cases” column. 
bBelow the lower limit of detection of ≤2.5 mg/L.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1824#supplementary-data
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Figure 3. Distributions of serum C-reactive protein (CRP) levels and semi-quantitative Xpert MTB/RIF results, comparing people diagnosed with tuberculosis (TB) at health 
facilities to those diagnosed through community-based case finding. A, Inverse cumulative distribution of CRP values; the value on the y-axis indicates the proportion of parti-
cipants with a CRP above a given value. For example, for a CRP cutoff of 10 mg/mL (vertical gray line), 75% of health-facility cases, 26% of community-based cases, and 9% 
of community controls have a CRP above the cutoff. Results for the individuals identified as community-based TB cases are shown together (solid blue lines) and stratified 
by level of Xpert MTB/RIF Ultra positivity (trace [dotted] or more than trace [dashed]). Health-facility cases (some of whom were testing with the older [G4] Xpert cartridge, 
which does not have a trace call, prior to February 2019) are plotted as a single line. B, Semi-quantitative level of all positive Xpert MTB/RIF results; for health facility cases, 
gray shading indicates the type of Xpert MTB/RFIF cartridge used.
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resources less often. These findings illustrate, at high resolution, 
the spectrum of TB including subclinical and mildly sympto-
matic disease.

While some people with Ultra trace-positive sputum may 
have no TB disease (ie, represent false-positive Ultra results), 
trace-positive individuals were distinguished from randomly 
selected TB-negative controls by their TB risk profile (in-
cluding male sex, smoking, and known TB contacts) and TB 
symptoms. Eighty percent of trace-positive individuals had 
a negative result on a single spot sputum culture, but culture 
has imperfect sensitivity as a reference standard [10], and 
the Ultra assay was designed to match the limit of detection 
of culture [11]. Thus, it is plausible that trace Ultra results 
identify some individuals with early, mild, or resolving TB 
disease whose cultures are falsely negative. Further study is 
needed—including radiographic characterization, additional 
cultures, and longitudinal follow-up—to clarify the meaning 
of these results.

Xpert Ultra has shown reduced specificity (96%) in clinical 
settings [6, 12], raising concern that Ultra might not be useful 
for screening general populations that have a lower pretest 
probability of TB. Our results provide a reassuringly higher 
estimate (99.4%) of the specificity of Ultra in a community-
based screening context. Moreover, this estimate relative to a 
single culture likely underestimates the true specificity of Ultra. 
Although using Ultra to screen every person in a community 
is unlikely to be feasible at scale (without a dramatic reduction 
in price), our results show that Ultra can be used as a research 
tool to guide the development of more targeted and scalable di-
agnostic or preventive strategies. In addition, when paired with 
an appropriate triage test or targeting strategy, concerns about 
specificity should not preclude using Ultra in community-based 
active case-finding.

Our results highlight the challenges of finding TB cases in 
an urban setting. Due to long working hours, commutes, and 
migration, many residents were consistently unavailable at 
their homes, resulting in lower uptake of TB testing relative 
to what has been reported in rural Vietnam [3]. Our finding 
that venue-based screening events yielded >3 times as many 
positive results as screening the same number of people door-
to-door is consistent with earlier work using a mobile testing 
van in Zimbabwe [13] and suggests a potential strategy for 
efficient active case-finding, particularly in zones with high 
TB notification rates [14]. In an urban setting, case-finding 
at community venues outside the home may identify a popu-
lation that is difficult to find through door-to-door screening 
but epidemiologically important, both because the demo-
graphically highest-risk residents are rarely at home, and be-
cause symptomatic or high-risk participants may self-select 
for venue-based screening.

Our study has important limitations. First, we were unable 
to contact 60% of the population. This may bias our estimates 

of prevalence either upward (eg, because symptomatic people 
were more likely to participate) or downward (because low-risk 
individuals were at home more often). The participants never-
theless represent the population who could be contacted in a 
community-based active case-finding intervention. It is also 
encouraging that we were remarkably successful in obtaining 
sputum from those who participated, suggesting feasibility 
of sputum-based screening. Second, selected controls may be 
more representative of the population tested at home than of 
the overall community. In future studies, venue-based ap-
proaches could be used more extensively to increase popula-
tion coverage and representativeness. Third, among those who 
submitted Ultra-positive sputum, 11 (9%) did not participate in 
additional data collection, and the reasons for nonenrollment 
are unlikely to be random (eg, more severe disease in the person 
who died). Finally, this study did not include longitudinal fol-
low-up. Because clinicians chose to treat most Ultra-positive 
participants, it is not known what proportion would have even-
tually been diagnosed based on symptoms—nor what propor-
tion would spontaneously resolve without treatment.

In summary, we used universal sputum Ultra testing in an 
urban community setting to characterize the spectrum of prev-
alent TB disease and understand how it differed from health 
facility–diagnosed TB in the same community. We identified 
individuals with prevalent TB whose high bacillary load and 
symptom burden were comparable to routinely notified cases, 
but whose potential for prolonged undiagnosed illness (due to 
infrequent healthcare access and lower HIV prevalence) make 
them an important target for active case-finding. A  venue-
based screening approach showed promise as a means of more 
efficiently identifying such individuals in the community. We 
also identified individuals with trace-positive Ultra results who 
differed from TB-negative controls in ways that might reflect 
early-stage TB. They would go undetected by the less sensi-
tive screening approaches used in many previous case-finding 
campaigns. Together, these results show the potential of new 
diagnostics such as Ultra to aid in targeted case-finding among 
high-risk populations, and they represent an important step to-
ward better a understanding of the epidemiological and clinical 
significance of the full spectrum of TB disease.
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