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Background. The role of active case-finding (ACF) in improving tuberculosis (TB) prevention and care depends on the 
infectiousness of persons with undiagnosed TB and the accuracy of screening strategies. To compare undiagnosed community 
dwellers to persons presenting for healthcare, we evaluated clinicodemographic and microbiologic characteristics, cough aerosol 
culture (CAC) status, and household contact (HHC) QuantiFERON-Plus (QFT) status by case-finding approach in adults with 
pulmonary TB.

Methods. We enrolled 388 Kenyan adults with GeneXpert (excluding trace) and/or culture-confirmed, untreated TB through 
healthcare presentation (passive case-finding [PCF]; 87%) or ACF (community-based prevalence survey). Interventions included 
cough aerosol sampling and HHC QFT testing. We performed mixed-effect logistic regression to predict transmission, clustered 
on index participants.

Results. World Health Organization–recommended screening symptoms (W4SS) were more common in the PCF cohort (99% 
vs 73%, P < .001). Traditional makers of infectiousness were less frequent in the ACF cohort. Higher symptom burden (number of 
reported World Health Organization-recommended 4-symptom screen) associated with higher bacillary burden (lower GeneXpert 
Ct) (estimate −0.55; 95% confidence interval [CI], −.98 to −.13; P = .01). Among 263 participants with CAC, 21% were CAC- 
positive, none of whom enrolled through ACF. Among 270 HHCs, QFT positivity differed by index CAC status (89% vs 56% in 
HHCs of CAC-positive and negative participants, respectively; P < .001) but not by traditional infectiousness makers or case- 
finding approach. Index CAC-positive status (adjusted odds ratio [aOR], 11.2; CI, 2.2–58.3), HIV-positive status (aOR, 0.1; CI, 
.0–.6), and HHCs age (aOR, 1.04; CI, 1.01–1.08), independently predicted HHC QFT positivity.

Conclusions. Our findings suggest that ACF may detect a smaller proportion of CAC-positive persons with TB than PCF.
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In 2022, 7.5 million people were newly diagnosed with tubercu
losis (TB), 3.1 million fewer than estimated from modeling and 
prevalence studies [1]. This gap is partially due to persons with 
TB in the community who do not pursue healthcare. Interest in 
active case-finding (ACF), systematic screening for TB rather 
than relying on healthcare seeking by symptomatic persons 

(ie, passive case-finding [PCF]), has grown in recent years [2]. 
However, evidence for the effectiveness of ACF in decreasing 
TB prevalence is mixed: 2 cluster-randomized trials that relied 
on participant symptoms for TB investigations [3, 4] showed 
no effect, whereas a study that screened for TB regardless of 
symptoms demonstrated a community-wide TB reduction [5]. 
Subclinical TB, defined as TB disease with detectable 
Mycobacterium tuberculosis (Mtb) but without clinically recog
nized symptoms [6], is common [7]: based on community sur
veys, 63% of persons with TB deny cough, whereas 28% deny 
any TB-related symptom [8]. These results suggest that persons 
with subclinical TB may contribute to community TB transmis
sion. New strategies to identify these individuals are needed.

The importance of prioritizing ACF for TB prevention and 
care depends on the infectiousness of undiagnosed persons 
and the availability of cost-effective screening methods. 
Estimating TB infectiousness has traditionally relied on mea
sures of bacillary burden, which correlate poorly with infec
tiousness [9–11]. Cough aerosol sampling system (CASS), a 
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research tool that measures the cough aerosol culture (CAC) 
status of persons with TB, is the best-studied predictor of TB 
infectiousness [2]. Previous studies have evaluated characteris
tics of individuals with TB identified through ACF compared 
to PCF [12–14], and differences in symptom presentation 
have been demonstrated [8, 15, 16]. However, only 1 study eval
uated the CAC status of persons identified through ACF [15], 
but did not include results from household contact (HHC) 
investigations.

To understand the estimated infectiousness of undiagnosed 
people with TB who are detected through ACF, the TB 
Aerobiology, Immunology, and Transmission study [17] com
pared the clinicodemographic and microbiologic characteris
tics of persons identified through ACF to PCF in Nairobi, 
Kenya, 1 of 30 high TB burden countries [1]. In a subgroup, 
we evaluated CAC status in index participants, the best validat
ed estimator of infectiousness, and interferon-γ release assay 
(IGRA) results in HHCs as an indicator of transmission events. 
We hypothesized that CAC-positive persons would be identi
fied through both PCF and ACF, with a lower frequency iden
tified through ACF.

METHODS

Study Design
Study Setting and Participants. We enrolled adults ≥18 years 
with newly diagnosed pulmonary TB (PTB) and their HHCs 
in a prospective observational study in Nairobi, Kenya. Kenya 
is estimated to have a TB incidence of 348 per 100 000 popula
tion [18]. Nairobi County accounts for approximately 15% of 
persons with prevalent TB in Kenya [18]. We enrolled partici
pants either through PCF or ACF.

PCF Cohort. Between 1 March 2021 and 31 October 2023, 
adults attending outpatient TB clinics were enrolled if they 
had a sputum sample that was GeneXpert positive, either 
MTB/RIF (Xpert MTB/RIF) or Ultra (Xpert Ultra, at a semi
quantitative grade higher than trace positive) (Figure 1) [17]. 
GeneXpert is the initial recommended test for people suspected 
of TB in Kenya [19]. We collected spot and morning sputum 
samples for acid-fast bacilli (AFB) smear and culture.

ACF Cohort. Using methods similar to the 2015–16 National 
TB Prevalence Survey [18], we performed a community-based 
household survey in 9 previously surveyed Nairobi geographic 
clusters between 1 May and 30 November 2022. Individuals 
aged ≥15 years who had lived in the household for at least 30 
consecutive days before the survey were eligible. Participants 
with a cough of any duration and/or chest X-ray (CXR) sugges
tive of TB were asked to provide spot and morning sputum spec
imens for AFB smear and culture; morning samples (spot if 
morning sample unavailable) also underwent Xpert Ultra 

testing. ACF participants with Xpert Ultra positive sputum (at 
a grade greater than trace positive) and/or Mtb culture-positive 
sputum were defined as the “ACF cohort with confirmed TB” 
and invited to enroll in additional study procedures, including 
CASS and prospective follow-up (Figure 1). These only included 
ACF participants aged 18 years and older.

Trace-positive Cohort. The cohort included prevalence survey 
participants (all ≥18 years) with only Xpert Ultra trace- 
positive/culture-negative sputum samples.

HHCs. From PCF and ACF cohorts with confirmed TB, we 
enrolled HHCs of any age who described their primary resi
dence, based on sleeping 4 or more nights per week in that lo
cation, as the index case’s household. HHCs must have resided 
there for ≥60 days prior to the index participant’s TB diagnosis.

Ethical Approvals. This study was approved by the Kenya 
Medical Research Institute Scientific and Ethics Review Unit 
(048/3988) and the University of Washington institutional re
view board (STUDY00009209). All participants provided writ
ten informed consent.

Study Procedures
Participants With TB. We obtained clinical and demographic 
information using a standardized questionnaire. Infectious 
aerosols were collected using CASS. Other procedures included 
posteroanterior CXR and phlebotomy.

HHCs. A questionnaire was administered to HHCs to collect 
symptoms, demographics, and TB history. Age-appropriate 
symptom screening was conducted for children, including 
persistent cough, fever, night sweats, weight loss/poor weight 
gain, and lethargy/reduced playfulness. All participants 
underwent posteroanterior CXR (2-view if <10 years) and 
QuantiFERON-Plus (QFT) testing. HHCs with abnormal CXR 
and/or symptoms suggestive of TB submitted sputum (induced 
sputum or gastric aspirates for children ≤10 years as appropri
ate) for GeneXpert testing.

Laboratory Assays

All sputum samples were concentrated by centrifugation. AFB 
smears were examined using fluorescence microscopy. Sputum 
samples were decontaminated using the N-acetyl-l-cysteine- 
NaOH method, and pellets were inoculated in liquid media 
(MGIT, Becton-Dickinson, NJ) and incubated in a BACTEC 
MGIT 960 machine. Positive cultures were confirmed using 
Ziehl-Neelsen smear microscopy and MGIT TBc (Becton- 
Dickinson Diagnostic Instrument Systems, MD). GeneXpert test
ing was performed on raw sputum with results recorded as a cycle 
threshold (Ct) value, based on the lowest value of any of the rpoB 
probes and as a semiquantitative grade (negative, very low, 
low, medium, high, and “trace” added for Xpert Ultra) [20]. 
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Participants with Xpert Ultra trace positive results (for whom 
rpoB probe Ct values were 0 were assigned a Ct value of 35.

CASS. As described previously, CASS (Thermo Fischer 
Scientific, IL) consists of a 6-stage Andersen Cascade Impactor, 
each stage holding a Middlebrook 7H10 or 7H11 solid agar 
plate on which aerosolized particles impact based on particle 
size [17, 21–23]. After collecting aerosols, plates were sealed 
and incubated at 37 °C for 8 weeks and observed weekly for 
growth. If growth was identified as Mtb, colony-forming units 
were counted. Participants were considered CAC-positive if at 
least 1 of the CASS plates had Mtb growth and CAC-negative if 
no CASS plates had Mtb growth and no more than 2 of 6 plates 
were contaminated with fungal or bacterial overgrowth [17].
An opt-out approach was used for HIV testing in persons with 
unknown status. CD4 lymphocyte count testing was performed 
in people with HIV at the time of inclusion. C-reactive pro
tein (CRP) was measured (range, 0.6–350 mg/L) from serum 

(Cobas C 111, Roche Diagnostics, Switzerland). QFT testing 
and interpretation were conducted according to the manufac
turer’s protocol (Qiagen Diagnostics, Germany) [24]; indeter
minate results were repeated, and we report the second result.

Statistical Analysis

We compared the characteristics of participants with TB by 
case-finding approach and CAC status using chi-squared or 
Wilcoxon rank-sum test. Using bivariate linear regression 
models, we evaluated associations between the total number 
of reported World Health Organization (WHO) TB screening 
symptoms (on a scale ranging from 0 to 4, with 1 point each 
for cough of any duration, fever, night sweats, and weight 
loss) and bacillary burden (assessed by GeneXpert Ct value), 
excluding trace-positive results. We evaluated index participant 
case-finding status, CAC status, and other measures of bacillary 
burden as determinants of QFT positivity in HHCs, stratified 
by HHC age. Based on past estimates of the background rate 

Figure 1. Enrollment and study flowchart. Among the 424 participants enrolled, 388 had confirmed tuberculosis (TB), 339 from clinics (passive case finding [PCF]), and 49 
through a community-based prevalence survey (active case-finding [ACF]). Thirty-six individuals enrolled through ACF had an Xpert Ultra test that was trace-positive and 
sputum culture-negative and were excluded. Among the 339 participants with confirmed TB from clinics (PCF), 236 underwent the cough aerosol sampling system 
(CASS) procedure, of whom 55 had positive cough aerosol cultures, whereas among the 49 from ACF, 27 underwent the CASS procedure, all of whom had negative cough 
aerosol cultures. Quality concerns with the CASS procedure affected the PCF cohort since we began enrollment into the study with this cohort, and the initial period involved 
quality checks during setup. Participants in the ACF cohort who declined CASS were only willing to participate in the 1 time point prevalence survey in the community. A total 
of 241 household contacts (HHCs) residing with 97 index participants in whom CASS was performed were enrolled. The positivity rate is calculated after excluding inde
terminate and missing results.
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of QFT positivity [17], we determined we would have 80% pow
er to detect 72% and 40% QFT positivity in the HHC of PCF 
and ACF, respectively. We evaluated predictors of QFT positiv
ity in HHCs using mixed-effect logistic regression models 
(melogit command in Stata) to account for clustering by index 
participant. The main predictor variable was CAC status, with 
other variables included as potential confounders and effect 
modifiers. The multivariable models included variables with 
P values ≤ .05 in bivariate analyses. We used the forward 
selection stepwise regression method to develop multivariable 
models. Covariates were added sequentially, retaining only 
covariates that significantly improved model fit based on 
likelihood-ratio tests. Multicollinearity between independent 
variables was assessed using variance inflation factors.

Missing data were addressed by pairwise deletion in bivariate 
analysis, applying complete case analysis in assessing associa
tions with CAC results and regression analyses. This was deter
mined after evaluating the mechanisms of missing CAC data 
(mcartest command in Stata) and comparing characteristics 
of participants with missing and those with CAC results, con
cluding that the missingness was unsystematic. To test the ro
bustness of our results, we assumed that the mechanism of 
missing results was “not at random” and performed worst-case 
scenario sensitivity analyses.

All statistical tests were two-sided with α = 0.05. We per
formed analyses using Stata 17 (StataCorp, College Station, TX).

RESULTS

Baseline Characteristics and Healthcare-seeking Behavior

We enrolled 388 participants with confirmed TB, 339 through 
PCF, and 49 through ACF (Figure 1). The median age of par
ticipants was 34 years (interquartile range [IQR], 27–43). 
There were more women (P = .02) in the ACF compared to 
the PCF cohort (39%, 19/49) versus (23%, 79/339) (Table 1). 
WHO screening symptoms [25] were reported more common
ly (P < .001) in the PCF cohort (99%, 336/339) compared to the 
ACF cohort (73%, 36/49). Cough of any duration was the most 
common symptom occurring in 89% (n = 378) of all partici
pants (96% [325/339] versus 67% [33/49] in PCF and ACF co
horts, respectively, P < .001) (Table 1). Notably, participants in 
the PCF cohort had longer cough duration (8 [IQR 4–12] ver
sus 4 [IQR 2–7] weeks, P < .001). Although weight loss was the 
second most common symptom among participants in the PCF 
cohort (87%, 293/338), among the ACF cohort, it was chest 
pain (47%, 23/49) (Table 1). In the PCF cohort, healthcare visits 
(for TB symptoms) preceding the enrollment visit occurred in 
88% (299/339) of participants: 63% reported 1 visit, 19% 2 vis
its, and 18% 3 visits (Table 1). Most visits occurred at county 
hospitals or peripheral health facilities. In the ACF cohort, 
27% (12/45) of participants reported a prior healthcare visit 
due to TB symptoms (Table 1).

Radiographic and Laboratory Evaluation

Compared to the ACF cohort, the PCF cohort had elevated in
flammatory markers, including CRP (71.3 [IQR 34.4–106] versus 
13.8 [IQR 2.6–33.4] mg/L, P < .001), and CXR findings of more 
advanced TB, including cavitations (68% [232/339] versus 37% 
[18/49], P < .001) and ≥1 quadrant affected by TB (98% [331/ 
339] versus 85% [41/48], P < .001) (Table 1). The PCF cohort 
had markers of greater bacillary burden, including AFB-smear 
grade (P < .001), shorter time to detection of Mtb in liquid cul
ture (5 [IQR 4–8] versus 13 [IQR 7–17] days, P < .001), lower 
GeneXpert Ct values (18.2 [IQR 16.5–22.2] versus 20.8 [IQR 
17.6–26], P < .001), and 73% [245/336] versus 31% (15/49) had 
medium or high GeneXpert grades (P < .001). We evaluated as
sociations between bacillary burden (GeneXpert Ct value) and 
the number of reported symptoms (scale 0–4) in 361 participants, 
including 321 and 40 in the PCF and ACF cohorts, respectively. 
A greater number of reported symptoms was associated with a 
lower GeneXpert Ct value (estimate −0.55; confidence interval 
[CI], −.98 to −.13; P = .01).

Trace Positive Cohort

We evaluated the characteristics of 36 participants identified 
through ACF with Xpert Ultra trace positive/culture-negative 
results (Table 1). Compared to those with confirmed TB, they 
were more likely to report prior TB (46% [6/13] versus 17% 
[63/367], P = .008) and no symptoms (36% [13/36] versus 4% 
[17/388], P < .001). Fewer had features of advanced TB based 
on CXR, bacillary burden, and inflammatory markers.

CAC Results

Next, we estimated TB infectiousness by assessing CAC status 
among participants with confirmed PTB. Reasons for not un
dergoing CASS included lack of CASS availability/concerns 
with quality (103 of 339 in the PCF cohort, 30%) and weekend 
enrollment through the prevalence survey (n = 3)/declining 
CASS enrollment (n = 19) (total 22 of 49 in the ACF cohort, 
45%) (Figure 1). Participants who underwent CASS (236 PCF 
cohort, 27 ACF cohort) had similar sociodemographic charac
teristics as those who did not, but a higher proportion reported 
weight loss (84% [221/262] versus 75% [93/124], P = .03) and 
had significantly longer durations of cough (8 [IQR 4–14] 
versus 5 [IQR 3–8] weeks, P = .003), a higher proportion had 
positive AFB-smear (94% [243/260] versus 82% [102/124], 
P ≤ .001) and Medium/High Xpert grade (71% [187/263] 
versus 60% [73/122], P = .03), and had lower CRP levels 
(62.1 [23.8–100.8] versus 79.8 [39.4–110.1] mg/dL, P = .01) 
(Supplementary Table 1). These associations remained when 
we compared participants who underwent CASS to those 
who did not when categorized by the case-finding approach. 
Among 236 PCF participants with CASS, 55 (23%) were 
CAC-positive; all 27 ACF cohort CASS participants were 
CAC-negative (Tables 1 and 2, Supplementary Table 2).
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Table 1. Baseline Characteristics of Participants in the Passive Case-finding (PCF) and Active Case-finding (ACF) Cohorts

PCF ACF
PCF Versus  

ACF P valuea

ACF Total
Confirmed TB Confirmed TB Trace only N = 424

N = 339 N = 49 N = 36

Baseline characteristics

Age, y (median, IQR) 34 
[26.9–42.1]

35.7 
[29–47.9]

.08 34 
[26.5–44]

34.4 
[27–43]

Women (n, %) 79 (23.3%) 19 (38.8%) .02 17 (47.2%) 115 (27.1%)

Living with HIV (n, %) 45 (13.3%) 3/43 (7.0%) .24 7 (19.4%) 55/418 (13.2%)

On ART (n, %) 23/44 (52.3%) 0/2 (0%) .15 2/3 (66.7%) 25/49 (51.8%)

CD4 count, cells/mm3, median [IQR]* 160 [53–284] 
n = 41

188.5 [92–285] 
n = 2

.84 591.5 [277–1060.5] 
N = 4

181 [62–306] 
n = 47

Previous history of TB (n, %) 59 (17.4%) 4/28 (14.3%) .67 6/13 (46.2%) 69/380 (18.2%)

Tobacco use (current smoker) (n, %) 68 (20.1%) 11 (22.5%) .67 4 (11.1%) 83 (19.6%)

Alcohol use (>0 drinks) (n, %) 156/338 (46.2%) 22 (44.9%) .87 5 (13.9%) 183/423 (43.3%)

Heavy alcohol (≥5 drinks/day) (n, %) 39/156 (25.0%) 3/18 (16.7%) .43 3/3 (100%) 42/177 (23.7%)

Symptoms and healthcare seeking

Reported cough, any duration (n, %) 325 (95.9%) 33 (67.4%) <.001 20 (55.6%) 378 (89.2%)

Cough ≥ 2 wk (n, %) 313/325 (96.3%) 26/33 (78.8%) <.001 11/20 (55.0%) 350/378 (92.6%)

Cough duration, wk, median [IQR]* 8 
[4–12]

4 
[2–7]

<.001 2 
[1–3.5]

6 
[3–12]

Fever (n, %) 262 (77.3%) 12 (24.5%) <.001 5 (13.9%) 279 (65.8%)

Weight loss (n, %) 293/338 (86.7%) 21/48 (43.8%) <.001 8 (22.2%) 322/422 (76.3%)

Night sweats (n, %) 265 (78.2%) 21 (42.9%) <.001 7 (19.4%) 293 (69.1%)

Number of W4SS symptomsb (n, %)

0 4 (1.2%) 13 (26.5%) <.001 13 (36.1%) 30 (7.1%)

1 12 (3.5%) 10 (20.4%) 14 (38.9%) 36 (8.5%)

2 43 (12.7%) 8 (16.3%) 4 (11.1%) 55 (13.0%)

3 74 (21.5%) 11 (22.5%) 2 (5.6%) 86 (20.3%)

4 207 (61.1%) 7 (14.3%) 3 (8.3%) 217/(51.2%)

Chest pain (n, %) 253 (74.6%) 23 (46.9%) <.001 11 (30.6%) 287 (67.7%)

Previously sought healthcare for symptoms? (n, %) 299 (88.2%) 12/45 (26.7%) <.001 5/34 (14.7%) 316/418 (75.6%)

One visit 188/299 (62.9%) 10/12 (83.3%) .35 5/5 (100%) 203/316 (64.2%)

Two visits 56/299 (18.7%) 1/12 (8.3%) 0/5 (0%) 57/316 (18.0%)

Three visits 55/299 (18.4%) 1/12 (8.3%) 0/5 (0%) 56/316 (17.7%)

Place healthcare sought? (n, %)

County hospital 91/299 (30.4%) 4/12 (33.3%) .83 3/5 (60.0%) 98/316 (31.0%)

Peripheral facility 216/299 (72.2%) 5/12 (41.7%) .02 2/5 (40.0%) 223/316 (70.6%)

Pharmacy 15/299 (5.0%) 1/12 (8.3%) .61 0/5 (0%) 16/316 (5.0%)

Traditional healer 0/299 (0%) 0/12 (0%) - 0/5 (0%) 0/316 (0%)

Private practitioner 22/299 (7.4%) 0/12 (0%) .33 0/5 (0%) 22/316 (7.0%)

Other 2/299 (0.7%) 2/12 (16.7%) <.001 0/5 (0%) 4/316 (1.3%)

Radiographic, microbiologic, and laboratory results

CXR cavitary disease (n, %) 232 (68.4%) 18 (36.7%) <.001 1/32 (3.1%) 255/419 (60.9%)

CXR quadrants (n, %)

0 8 (2.4%) 7/48 (14.6%) <.001 23/32 (71.9%) 38/419 (9.1%)

1 113 (33.3%) 17/48 (35.4%) 1/32 (3.1%) 131/419 (31.3%)

2 121 (35.7%) 7/48 (14.6%) 5/32 (15.6%) 133/419 (31.7%)

3 59 (17.4%) 3/48 (6.3%) 0/32 (0%) 62/419 (14.8%)

4 38 (11.2%) 14/48 (29.2%) 3/32 (9.4%) 55/419 (13.1%)

AFB-smear positive (n, %) 318/335 (94.9%) 27 (55.1%) <.001 1 (2.8%) 346/420 (82.4%)

AFB-smear grade (n, %)

Negative 17/335 (5.1%) 22 (44.9%) <.001 35 (97.2%) 74/420 (17.6%)

Positive, scanty 27/335 (8.1%) 5 (10.2%) 0 (0%) 32/420 (7.6%)

Positive, 1+ 75/335 (22.4%) 11 (22.5%) 1 (2.8%) 87/420 (20.7%)

Positive, 2+ 74/335 (22.1%) 1 (2.0%) 0 (0%) 75/420 (17.9%)

Positive, 3+ 142/335 (42.4%) 10 (20.4%) 0 (0%) 152/420 (36.2%)

Sputum culture (n, %)

Negative 12/335 (3.6%) 9 (18.4%) .001 32 (88.9%) 53/420 (12.6%)
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Compared to CAC-negative participants in the PCF cohort, 
CAC-negative participants in the ACF cohort had shorter cough 
duration (4 vs 8 weeks, P = .02), a lower number of self-reported 
symptoms (3 vs 4, P < .001), fewer CXR quadrants affected by 
TB (1 vs 2, P = .02), lower measures of bacillary burden, includ
ing AFB-smear grades (2 vs 3, P < .001), time to detection of Mtb 
culture growth (10 [IQR 6–13] versus 6 [IQR 4–9] days, 
P < .008), GeneXpert Ct (24.3 [IQR 19.2–28.3] versus 18.7 
[IQR 17.4–22.7], P = .001) and grade (3 vs 4, P = .004), and lower 
CRP levels (13.8 [IQR 2.6–33.4] versus 62.5 [IQR 23.1–98.4] mg/ 
dL,  < 0.001) (Supplementary Table 3).

When we combined CAC-negative participants from both 
PCF and ACF cohorts, CAC-positive participants were more 
likely to report a cough (100% [n = 55] versus 92% [192/208], 
P = .03) and fever (82% [45/55] versus 68% [142/208], 
P = .049) (Table 2). Chest pain was more common among 
CAC-positive participants (84% [46/55] versus 67% 
[140/208], P = .02) (Table 2). We found that CAC-positive 
participants were more likely to have more advanced TB 
based on radiographic features, bacillary burden, and inflam
matory markers (Table 2).

Evaluation of the Impact of Differing Eligibility Criteria Between 
ACF and PCF Cohorts

In sensitivity analyses excluding participants in the ACF cohort 
with negative or trace Xpert (and culture-confirmed) results, the 
observed associations remained (Supplementary Tables 4 and 5).

QuantiFERON-Plus Results in HHCs

To investigate differences in TB transmission, we evaluated 
the HHCs’ QFT status by index case-finding and CAC status. 
The baseline characteristics of HHC did not differ according 
to the CAC status of the index participant (Supplementary 
Table 6). After excluding indeterminate (n = 16) and 
missing results (n = 29), 63% (169/270) of all HHCs were 
QFT-positive, and this did not differ by index participant case- 
finding status or other measures of bacillary burden (Table 3). 
However, HHC QFT status differed by index CAC status: 89% 
(33/37) of CAC-positive versus 56% (96/172) of CAC-negative 
(P < .0001) (Table 3). Median interferon-γ levels were highest 
among HHCs of CAC-positive (3.14, IQR 0–5.58) compared 
to CAC-negative participants (0.085, IQR −0.12 to 2.49) 
(P < .001) (Supplementary Figure, Supplementary table 6). As 

Table 1. Continued

PCF ACF
PCF Versus  

ACF P valuea

ACF Total
Confirmed TB Confirmed TB Trace only N = 424

N = 339 N = 49 N = 36

Positive—Mtb 316/335 (94.3%) 39 (79.6%) 0 (0%) 355/420 (84.5%)

MOTT 2/335 (0.6%) 1 (2.0%) 0 (0%) 3/420 (0.7%)

Contaminated 5/335 (1.5%) 0 (0%) 4 (11.1%) 9/420 (2.1%)

Days to Mtb detection in MGIT, median [IQR] 5 [4–8] 
n = 316

13 [7–17] 
n = 39

<.001 - 6 [4–9] 
n = 355

Xpert grade (n, %)

Negative 1/336 (0.3%) 5 (10.2%) <.001 0 (0%) 6/421 (1.4%)

Trace 7/336 (2.1%) 4 (8.2%) 36 (100%) 47/421 (11.2%)

Very low 21/336 (6.3%) 9 (18.4%) 0 (0%) 30/421 (7.1%)

Low 62/336 (18.5%) 16 (32.7%) 0 (0%) 78/421 (18.5%)

Medium 106/336 (31.6%) 6 (12.2%) 0 (0%) 112/421 (26.6%)

High 139/336 (41.4%) 9 (18.4%) 0 (0%) 148/421 (35.2%)

Xpert Ct value, median [IQR] 18.2 [16.5–22.2] 
n = 328

20.8 [17.6–26] 
n = 44

.01 35** 19.1 [17.0–24.7] 
n = 408

CAC+ (n, %) 55/236 (23.3%) 0/27 (0%) .005 - 55/263 (20.9%)

CRP, median [IQR] 71.3 [34.4–106] 
n = 336

13.8 [2.6–33.4] 
n = 26

<.001 0.99 [0.82–2.81] 
n = 13

66.6 [24.2–102.6] 
n = 375

WBC, median [IQR] 7.4 [6–9.3] 
n = 335

5.9 [4.8–7.3] 
n = 27

.001 5.6 [4.4–7.5] 
n = 12

7.3 [5.7–9.2] 
n = 374

Hgb, median [IQR] 13 [11.6–14.2] 
n = 335

13.7 [12.8–14.9] 
n = 27

.02 14.5 [13.2–15.2] 
n = 12

13.1 [11.7–14.4] 
n = 374

HbA1c, median [IQR] 5.8 [5.5–6.2] 
n = 334

5.3 [4.8–5.7] 
n = 27

<.001 5.1 [4.8–6.1] 
n = 13

5.8 [5.4–6.1] 
n = 374

Abbreviations: AFB, acid-fast bacilli; ART, antiretroviral therapy; CAC+, positive cough aerosol culture; CI, confidence interval; CRP, C-reactive protein; Ct, cycle threshold; CXR, chest X-ray; 
Hgb, hemoglobin; IQR, interquartile range; MOTT, Mycobacterium other than tuberculosis; Mtb, Mycobacterium tuberculosis; TB, tuberculosis; W4SS, World Health Organization-recommended 
4-symptom screen; WBC, white blood cells. The bold values are factors meeting statistical significance at P < .05. 
aP values are used to compare PCF and ACF cohorts with confirmed TB cohorts. The Wilcoxon rank-sum test was used to compare medians of continuous variables between the PCF and ACF 
groups, and chi-squared tests were used to compare proportions.
bSymptoms include cough, fever, night sweats, and weight loss.

*Limited CD4 counts available, PCF n = 39, ACF n = 2, trace n = 4, total n = 45.

**(Ultra Trace assigned 35).
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Table 2. Baseline Characteristics of Participants Overall and by Cough Aerosol Culture (CAC) Status

CAC+ CAC−

P Valuea

Total
Confirmed TB Confirmed TB

n = 55 n = 208 n = 263

Baseline characteristics of index participants

Age, years median [IQR] 29.8 
[24.5–37.8]

35.6 
[27.5–45.1]

.006 33.5 
[26.9–43.5]

Women (n, %) (n, %) 10 (18.2%) 59 (28.4%) .13 69 (26.2%)

Living with HIV 5 (9.1%) 27 (13.0%) .43 32 (12.2%)

On ART (n, %) 4/5 (80.0%) 12/27 (44.4%) .14 16/32 (50.0%)

CD4 count, cells/mm3, median [IQR]b 204 [150–235] 
n = 5

129 [57.5–292] 
n = 24

.75 150 [62–299] 
n = 29

Previous history of TB (n, %) 9 (16.7%) 39 (18.8%) .68 48 (18.3%)

Tobacco use (current smoker) (n, %) 10 (18.2%) 39 (18.8%) .92 49 (18.6%)

Alcohol use (>0 drinks) (n, %) 23 (42.9%) 91/207 (44.0%) .78 114/262 (43.5%)

Heavy alcohol use (≥5 drinks/day) (n, %) 5/23 (21.7%) 20/91 (22.0%) .98 25/114 (21.9%)

Symptomatology and healthcare seeking

Reported cough, any duration (n, %) 55 (100%) 192 (92.3%) .03 247 (93.9%)

Cough ≥ 2 wk (n, %) 52 (94.6%) 188/192 (97.9%) .18 240/247 (97.2%)

Cough duration, wk, median [IQR]c 8 
[4–12]

8 
[4–14]

.91 8 
[4–14]

Fever (n, %) 45 (81.8%) 142 (68.3%) .049 187 (71.1%)

Weight loss (n, %) 51 (92.7%) 170/207 (82.1%) .05 221/262 (84.4%)

Night sweats (n, %) 45 (81.8%) 156 (75.0%) .29 201 (76.4%)

Number of WHO symptoms (n, %)

0 0 (0%) 6 (2.9%) .03 6 (2.3%)

1 2 (3.6%) 10 (4.8%) 12 (4.6%)

2 6 (10.9%) 32 (15.4%) 38 (14.5%)

3 6 (10.9%) 54 (26.0%) 60 (22.8%)

4 41 (74.6%) 106 (51.0%) 147 (55.9%)

Chest pain (n, %) 46 (83.6%) 140 (67.3%) .02 186 (70.7%)

Previously sought healthcare for symptoms? (n, %) 50 (90.9%) 166 (79.8%) .06 216 (82.1%)

One visit 30/50 (60.0%) 119/166 (71.7%) .22 149/216 (69.0%)

Two visits 11/50 (22.0%) 30/166 (18.1%) 41/216 (19.0%)

Three visits 9/50 (18.0%) 17/166 (10.2%) 26/216 (12.0%)

Place healthcare sought? (n, %)

County hospital 14/50 (28.0%) 49/166 (29.5%) .84 63/216 (29.2%)

Peripheral health facility 36/50 (72.0%) 121/166 (72.7%) .90 157/216 (72.7%)

Pharmacy 2/50 (4.0%) 2/166 (1.2%) .20 4/216 (1.9%)

Traditional healer 0/50 (0%) 0/166 (0%) - 0/216 (0%)

Private practitioner 6/50 (12.0%) 3/166 (1.8%) .002 9/216 (4.2%)

Other 0/50 (0%) 3/168 (1.8%) .34 3/216 (1.4%)

Radiographic and laboratory evaluation

CXR cavitary disease (n, %) 44 (80.0%) 121 (58.2%) .003 165 (62.7%)

CXR quadrants (n, %)

0 1 (1.8%) 7 (3.4%) .008 8 (3.9%)

1 11 (20.0%) 88 (42.3%) 99 (37.6%)

2 21 (38.2%) 66 (31.7%) 87 (33.1%)

3 17 (30.9%) 29 (13.9%) 46 (17.5%)

AFB-smear positive (n, %) 53 (96.4%) 190 (92.7%) .33 243/260 (93.5%)

AFB-smear grading

Negative 2 (3.6%) 15/205 (7.3%) .04 17/260 (6.5%)

Positive, Scanty 3 (5.5%) 24/205 (11.7%) 27/260 (10.4%)

Positive, 1+ 8 (14.6%) 51/205 (24.9%) 59/260 (22.7%)

Positive, 2+ 19 (34.6%) 37/205 (18.1%) 56/260 (21.5%)

Positive, 3+ 23 (41.8%) 78/205 (38.1%) 101/260 (38.9%)

Sputum culture (n, %)

Negative 1 (1.8%) 10/205 (4.9%) .39 11/260 (4.2%)

Positive—Mtb 54 (98.2%) 188/205 (91.7%) 242/260 (93.1%)
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QFT-positive results in children are more frequently associated 
with recent TB exposure, we evaluated QFT status among pedi
atric HHCs (≤10 years). Similar to all HHCs, QFT-positive sta
tus was higher among pediatric HHCs of CAC-positive (88%, 
14/16) compared to CAC-negative (45%, 25/56) participants 
(P = .01) (Table 3). We investigated predictors of positive 
QFT results in HHCs, including index case infectiousness mea
sures (based on CAC results and other measures of bacillary 
burden). Index CAC-positive status (adjusted odds ratio 
[aOR] 11.2, 95% CI, 2.2–58.3), index HIV-positive status 
(aOR 0.1, 95% CI, .0–.6), and HHCs age (aOR 1.04, 95% CI, 
1.01–1.08) independently predicted HHCs QFT-positive status 
(Table 4). The same associations were observed in sensitivity 
analyses, in which we considered all missing CAC results neg
ative and positive (Supplementary Tables 7 and 8).

DISCUSSION

In adults with PTB identified through different case-finding 
methods in Nairobi, Kenya, we investigated their clinicodemo
graphic and microbiologic characteristics, CAC status, and the 
IGRA status of their HHCs. Overall, a higher symptom burden 
was associated with a higher bacillary burden. Compared to 
persons identified through PCF, those identified through 
ACF had fewer TB-related symptoms, lower measures of 

bacillary burden, and less severe disease; no ACF participants 
had CAC-positive TB. Interestingly, although traditional clini
cal markers of infectiousness and CAC status supported greater 
infectiousness of PCF participants, only CAC status was associ
ated with the IGRA status of HHCs.

Although a substantial proportion of transmission is attribut
ed to persons with subclinical TB [26], evidence is lacking on the 
infectiousness of community dwellers with undiagnosed TB, 
many of whom are asymptomatic. A recent meta-analysis deter
mined that 23% of persons with TB who denied cough were AFB 
smear-positive [7], and a study from Uganda observed that 16% 
of individuals diagnosed with TB through ACF were AFB smear- 
positive compared to 53% diagnosed through PCF [12]. The 
only other study to perform CASS on persons identified with 
TB through ACF collected sputum from South African adults 
with at least 1 TB symptom for ≥2 weeks or HIV infection 
and found that 12 of 51 participants (24%) were CAC-positive 
[15]. Although this setting had a higher prevalence of TB and 
HIV than our study setting and the eligibility criteria differed, 
our results that no ACF participants were CAC-positive is unex
pected. In prior studies using CASS-based evaluations in 
PCF-identified participants, the frequency of CAC-positive per
sons was 20%–40% [17, 23, 27]. Our findings suggest that per
sons with CAC-positive TB are uncommon when all people 
with TB are considered. If true, identifying and treating 

Table 2. Continued

CAC+ CAC−

P Valuea

Total
Confirmed TB Confirmed TB

n = 55 n = 208 n = 263

MOTT 0 (0%) 2/205 (1.0%) 2/260 (0.8%)

Contaminated 0 (0%) 5/205 (2.4%) 5/260 (1.9%)

Days to Mtb detection in MGIT, median [IQR] 4 [3–5] 
n = 54

7 [4–10] 
n = 188

< .001 6 [4–9] 
n = 242

Xpert grade (n, %)

Negative 0 (0%) 0 (0%) .001 0 (0%)

Trace 0 (0%) 10 (4.8%) 10 (3.8%)

Very Low 1 (1.8%) 16 (7.7%) 17 (6.5%)

Low 3 (5.5%) 46 (22.1%) 49 (18.6%)

Medium 17 (30.9%) 58 (27.9%) 75 (28.5%)

High 34 (61.8%) 78 (37.5%) 112 (42.6%)

Xpert Ct value median [IQR] 17.1 [15.2–18] 19.1 [17.4–23.9] <.001 18.3 [17.1–22.4]

CRP, median [IQR] 88.1 [53.6–119.6] 52.9 [15.9–93.4] 
n = 206

<.001 62.1 [23.8–100.8] 
n = 261

WBC, median [IQR] 7.7 [6.4–10.1] 7.1 [5.6–9.1] 
n = 206

.04 7.2 [5.8–9.2] 
n = 261

Hgb, median [IQR] 13 [12.1–14.0] 13.3 [11.8–14.6] 
n = 206

.33 13.1 [11.9–14.5] 
n = 261

HbA1c, median [IQR] 5.8 [5.5–6.2] 5.8 [5.4–6.1] 
n = 205

.75 5.8 [5.5–6.1] 
n = 260

Abbreviations: AFB, acid-fast bacilli; ART, antiretroviral therapy; CAC−, negative cough aerosol culture; CAC+, positive cough aerosol culture; CRP, C-reactive protein; CXR, chest X-ray; Hgb, 
hemoglobin; IQR, interquartile range; MOTT, Mycobacterium other than tuberculosis; Mtb, Mycobacterium tuberculosis; TB, tuberculosis; WBC, white blood cells; WHO, World Health 
Organization. The bold values are factors meeting statistical significance at P < .05. 
aP values are used to compare the CAC+ and CAC− with confirmed TB from the PCF and ACF cohorts. The Wilcoxon rank-sum test was used to compare medians of continuous variables 
between the CAC+ and CAC− groups, and chi-squared tests were used to compare proportions.
bLimited CD4 counts available, CAC+ n = 5, CAC− n = 22, trace n = 4, total n = 31.
cCough durations only available for some participants: CAC+ n = 55, CAC− n = 192, total n = 247.
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community-dwellers with TB likely to progress to CAC-positive 
TB would be an important intervention for ending TB.

It is estimated that up to 80% of transmission events in 
TB-endemic settings occur outside of the household [28, 29]. 
We found that CAC status, but not the case-finding method, 
was associated with HHC IGRA status. We are unable to assess 
whether the frequency of IGRA-positive results among CAC- 
negative households is higher than our estimates for Nairobi 
adults without known TB exposure (∼50%, based on evaluations 
of lower risk [ie, salaried government employees] and higher risk 
groups [ie, HIV clinic attendees]) [17]. While TB transmission 

modeling studies suggest that highly infectious persons (ie, 
CAC-positive) may individually transmit more TB but that the 
high burden of subclinical TB leads to asymptomatic persons 
as significant drivers of population-level transmission events, di
rect evidence is lacking [26]. Household TB transmission may 
differ from transmission through casual contact outside the 
household. It is possible that CAC-positive TB may be more likely 
to drive TB transmission in the community due to greater aero
solization of infectious particles that may be less dependent on 
proximity and duration of contact; studies are needed to address 
this among the many knowledge gaps related to TB transmission.

Table 3. Baseline QFT Result by Case-finding Status, Index Cough Aerosol Culture, and Other Measures of Bacillary Burden

Characteristics of Index TB Participants

HHC QFT-Plus Results

P Valuea

All HHC (N = 270)

Negative QFT 
(N = 101) (n, %)

Positive QFT 
(N = 169) (n, %)

Index case finding approach (N = 270) .92

ACF 8/22 (36.4%) 14/22 (63.6%)

PCF 93/248 (37.5%) 155/248 (62.5%)

Index CAC (N = 209) <.0001

Positive 4/37 (10.8%) 33/37 (89.2%)

Negative 76/172 (44.2%) 96/172 (55.8%)

CAC positivity by CFU (N = 209) .001

High aerosols (≥10 CFU) 4 (14.8%) 23 (85.2%)

Low aerosols (<10 CFU) 0 (0%) 10 (100%)

Negative aerosols 76 (44.2%) 96 (55.8%)

AFB-smear positive 91/243 (37.5%) 152/243 (62.6%) .92

AFB-smear grading .16

Negative 10/26 (38.5%) 16/26 (61.5%)

Positive, scanty 8/23 (34.8%) 15/23 (65.2%)

Positive, 1+ 30/72 (41.7%) 42/72 (58.3%)

Positive, 2+ 25/51 (49.0%) 26/51 (51.0%)

Positive, 3+ 28 (28.9%) 69/97 (71.1%)

Days to Mtb detection in MGIT, median [IQR] 7 [4–11] 
n = 98

6 [4–8] 
n = 162

.06

Xpert grade .32

Negative 4 (23.5%) 13 (76.5%)

Trace 8 (36.4%) 14 (63.6%)

Very low 22 (47.8%) 24 (52.2%)

Low 40 (39.6%) 61 (60.4%)

Medium 27 (32.1%) 57 (67.9%)

Xpert Ct value, median [IQR] 20.1 [17.5–25.7] 
n = 100

18.2 [16.5–23.9] 
n = 167

.08

HHC <10 y (N = 93)

Negative QFT 
(N = 42)

Positive QFT 
(N = 51)

Index case finding approach .22

ACF 3/4 (75.0%) 1/4 (25.0%)

PCF 39/89 (43.8%) 50/89 (56.2%)

Index CAC (N = 72) .01

Positive 2/16 (12.5%) 14/16 (87.5%)

Negative 31/56 (55.4%) 25/56 (44.6%)

Abbreviations: ACF, active case-finding; AFB, acid-fast bacilli; CAC, cough aerosol culture; CFU, colony-forming units; Mtb, Mycobacterium tuberculosis; PCF, passive case-finding; QFT, 
QuantiFERON-Plus; TB, tuberculosis. The bold values are factors meeting statistical significance at P < .05. 
aChi-squared tests to compare proportions.
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Symptom-based screening tools are currently the foundation 
of TB case-finding, and simple, cost-effective screening tools 
are needed [30]. Consistent with subclinical TB definitions 
[7], 27% of the ACF cohort denied all WHO screening symp
toms. Our findings of an association between symptom and 
bacillary burden among all participants with confirmed TB sug
gest opportunities to enhance symptom screen sensitivity. 
Symptom screens that focus on persons with TB most likely 
to progress to highly infectious states may support cost- 
effective interventions to decrease TB transmission.

We found that delays in diagnosis occurred despite partici
pants’ seeking healthcare, in keeping with previous findings 
from other regions [31] and Kenya [18, 32]. In the 2015–16 
Kenya National TB Prevalence Survey, 21% of the survey partic
ipants with TB had previously sought healthcare, mostly in private 
facilities [18]. In contrast, most prior healthcare visits in our study 
occurred at higher tiers of the public healthcare system where pro
vider education, diagnostics, and algorithms could be enhanced to 
improve TB diagnosis. Variation in the capacity for TB diagnosis 
across counties and facility levels in Kenya has been reported pre
viously [33]. These findings suggest that improving the care cas
cade for symptomatic persons is still an important research area.

Our study has limitations, including differences in eligibil
ity, which may have introduced bias in comparing 2 groups 
(ACF and PCF) with different eligibility criteria (ACF could 
have a positive culture or Ultra test, whereas PCF first needed 
a positive Ultra test). However, because our goal is to investi
gate the infectiousness of community dwellers with undiag
nosed TB to persons who present for healthcare, this is less 
of a limitation. In addition, the observed associations re
mained in sensitivity analyses, where we excluded ACF partic
ipants with Xpert Ultra negative sputum results. Fewer index 
cases and HHCs were enrolled through ACF, and not all the 
participants underwent the CASS procedures, reducing the 
likelihood of detecting differences. In addition, although we 
found a greater frequency of women diagnosed with TB 
through ACF, our community-based prevalence survey dis
proportionately enrolled women, and we were not able to de
termine differences by case-finding method. IGRAs to test for 
Mtb may not identify recent versus remote infection. Our 
study has several strengths, including using CASS to measure 
infectiousness and IGRA results to measure HHC Mtb infec
tion as a transmission marker in HHCs, including pediatric 
HHCs.

Table 4. Mixed-effects Regression Analyses of Index and Household Contact Characteristics Associated With QFT Results in Household Contacts 
(Excluding Indeterminate Results)

Predictors of QFT Positivityb OR 95% CI P Value aORb 95% CI P Value

Characteristics of household contacts (N = 209)

Age, y 1.04 1.01–1.08 .004 1.04 1.01–1.08 .004

Women 1.10 .52–2.30 .81 - - -

BMI, kg/m2 (N = 207) 1.11 1.02–1.20 .02 - - -

MUAC, cm (N = 207) 1.11 1.03–1.20 .01 - - -

Living with HIV (N = 128) 1.59 .25–10.06 .63 … … …

Characteristics of index TB participants with whom household contacts resided (N = 209)

CAC+ 12.58 2.11–39.36 .003 11.42 2.05–63.76 .006

Case finding status … … - - -

PCF Ref …

ACF 1.10 .24–4.77 .90

Age, y 1.01 .98–1.05 .58 - - -

Women 0.97 .36–2.59 .95 - - -

Living with HIV 0.16 .04–.65 .01 0.17 .04–.83 .028

Xpert Ct 1.00 .92–1.07 .91 - - -

Xpert gradea 1.06 .71–1.59 .77 - - -

Smear grade†† (N = 208) 1.10 .76–1.58 .62 - - -

Sputum culture (N = 208) … … - - -

Positive—Mtb 0.86 .10–7.68 .89

TTD (d) (N = 199) 0.89 .79–.99 .04 - - -

Cavitary CXR 1.63 .63–4.20 .31 - - -

CXR quadrants 1.70 .98–2.95 .06 - - -

CRP (N = 205) 1.01 .99–1.02 .27 - - -

HHC for each index (N = 181) 1.22 .93–1.62 .15 - - -

Abbreviations: aOR, adjusted odds ratio; CAC−, negative cough aerosol culture; CAC+, positive cough aerosol culture; CI, confidence interval; CRP, C-reactive protein; CXR, chest X-ray; PCF, 
passive case finding; QFT, QuantiFERON Result; TB, tuberculosis; TTD, time to detection of Mtb growth in liquid media. The bold values are factors meeting statistical significance at P < .05. 
aSemiquantitative Xpert grade from 0 (neg) to 5 (high).
bMixed effects analysis, multivariate analysis using forward selection stepwise regression method included factors with P < .05 excluding HHC MUAC due to evidence of collinearity with age 
and BMI. We retained covariates that significantly improved model fit based on likelihood-ratio tests, reported in the last column.
††Semiquantitative smear grade from 0 (neg) to 4 (positive, 3+).
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In conclusion, our findings suggest that highly infectious 
persons (CAC-positive) with TB are uncommon among prev
alent cases of TB in the community.
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