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Background.  Among adults with signs and symptoms of pulmonary tuberculosis (TB), recognition of transmissible TB has 
implications for airborne infection isolation and public health activities. Sputum smear–negative TB patients account for around 
one-fifth of tuberculosis transmission. The tuberculosis transmission risk of TB patients with negative results on nucleic acid ampli-
fication test (NAAT) of respiratory specimens has not been established. We sought to estimate the tuberculosis transmission risk of 
NAAT-negative TB patients.

Methods:  We retrospectively reviewed Maryland TB program data collected from 2004 to 2009, during which time NAAT using 
the Mycobacterium Tuberculosis Direct Test (MTD) was performed routinely. Patients with sputum Mycobacterium tuberculosis (M.
tb) isolates having matching genotypes were assigned to clusters. Transmission sequence was approximated by collection order of 
individuals’ first culture-positive specimens. Minimum transmission risks of NAAT (MTD)-negative TB patients and of smear-neg-
ative TB patients were estimated based on individuals’ positions within clusters.

Results:  Among 809 patients with culture-confirmed TB, M.tb genotypes were available for 782 (96.7%). For NAA-negative TB 
patients, the minimum transmission risk estimate was 5.1% (95% CI 0–11.4). For smear-negative TB patients, the minimum trans-
mission risk estimate was 11.2% (95% CI 7.2–15.3).

Conclusions:  Minimum transmission risk of NAAT-negative TB patients was lower than that of smear-negative TB patients. 
However, transmission risk of NAA-negative TB patients appears to not be negligible.
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Historically, airborne isolation decisions and public health 
management of pulmonary tuberculosis (TB) patients have 
relied on results of 3 sputum acid-fast bacilli (AFB) smear 
microscopy exams [1]. Despite longstanding recognition that 
negative sputum smear results do not exclude TB, limitations 
of smear microscopy for assessing transmissibility were not 
apparent until a landmark study by Behr et al in the 1990’s [2]. 
They applied the then-novel molecular epidemiologic approach 
of M.  tuberculosis (M.tb) strain genotyping to a cohort of 
San Francisco TB patients, and estimated that smear-nega-
tive pulmonary TB patients contributed to at least 17% of TB 
transmission.

Recently, rapid sputum tests based on amplification of M.tb 
nucleic acids have been introduced both in the United States and 
globally. Commercially available nucleic acid amplification tests 
(NAATs) for TB diagnosis include the Xpert MTB/RIF (Cepheid, 
Sunnyvale, CA) and the Amplified Mycobacterium tuberculosis 

Direct test (MTD; Hologic, Inc., San Diego, CA), both of which 
have sensitivities for pulmonary TB detection that are intermedi-
ate between those of smear microscopy and liquid culture [3–5]. 
Retrospective studies conducted in U.S.  hospitals have shown 
that for diagnostic testing of adults clinically suspected to have 
TB, the negative predictive value of NAATs on 1 or 2 respiratory 
specimens is comparable to that of smear microscopy testing of 3 
specimens, and use of NAATs reduces airborne isolation duration 
[6–9]. In 2015, the U.S. Food and Drug Administration expanded 
the intended use of Xpert MTB/RIF to include testing of 1 or 2 
respiratory specimens as an alternative to serial AFB smears, to 
guide discontinuation of airborne isolation. However, the TB 
transmission risk of NAAT-negative pulmonary TB patients has 
not been directly studied and remains unclear.

We sought to estimate the risk of TB transmission from 
NAAT-negative TB patients in the context of a public health TB 
program in which NAAT and smear microscopy were routinely 
performed on respiratory specimens and M.tb isolates were 
routinely genotyped.

MATERIALS AND METHODS

We conducted a retrospective study of existing medical and lab-
oratory records. The target population was all patients for whom 
M.tb was isolated from respiratory specimens in Maryland from 
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1 January 2004 through 1 September 2009, a period during which 
the relevant tests were performed routinely. Participants were 
identified through review of Maryland Department of Health 
(MDH) Reports of Verified Cases of Tuberculosis and laboratory 
records, which also served as the data sources [10]. This study 
was approved by the institutional review boards of Johns Hopkins 
Medical Institutions and the Maryland Department of Health.

Mycobacteriology Laboratory Tests Conducted Routinely During the 
Study Period

The MDH mycobacteriology laboratory routinely performed 
AFB smear microscopy, mycobacterial culture, and MTD on 
respiratory specimens from patients undergoing evaluation for 
pulmonary TB [11].

AFB Smear and Culture
Respiratory specimens were digested, decontaminated, and cen-
trifuged. The resuspended sediment was inoculated into liquid 
(Bactec 12B or Bactec MGIT; Becton, Dickinson and Company, 
Franklin Lakes, NJ) and solid media (Lowenstein Jensen slant) 
for a 6- and 8-week incubation period, respectively, and used for 
fluorescence smear microscopy. Smears were graded according 
to published guidelines [12]. A smear was considered positive 
if at least 1 AFB was observed by fluorochome among 10 fields 
at 250x magnification (reported as 1+). The M.tb complex was 
identified in positive cultures by conventional methods [12].

NAAT
MTD was performed for all smear-positive specimens and for all 
smear-negative specimens in which the MTD box on the MDH 
laboratory request form was checked. MTD status for each clini-
cal respiratory specimen was based on 2 test runs: the first using 
an undiluted concentrated specimen, and the second using a 1:10 
dilution of the concentrated specimen [13]. If either test run was 
positive, the overall MTD result for that specimen was positive.

M.tb Genotyping
M.tb culture isolates were routinely submitted to the National 
TB Genotyping Service [14]. Genotyping results were a com-
bined analysis of (1) spacer oligonucleotide sequences in the 
direct repeat region of the M.tb genome (spoligotype) and (2) 
variable number tandem repeats of mycobacteria-interspersed 
sequences in 12 loci of the M.tb genome [15]. The combined 
result was assigned a polymerase chain reaction type used to 
group TB patients into genotypic clusters [14, 16].

Classification of Patients

TB patients with at least 1 respiratory culture positive for M.tb 
were included in the study. In the primary analysis, patients 
were considered smear-negative if no AFB was detected from 3 
or more respiratory specimens. Patients were considered NAAT-
negative if all MTD tests performed from 1 or more respira-
tory specimens were negative for M.tb. Only MTD-negative or 

smear-negative respiratory specimens collected within 7 days of 
treatment initiation were considered. If at least 1 AFB smear or 
MTD result was positive, a patient was considered smear-pos-
itive or NAAT-positive, respectively. In a secondary analysis, 
patients were stratified by their combined test results into 3 
groups: smear-positive/NAAT-positive, smear-negative/NAAT-
positive, and smear-negative/NAAT-negative. Since Xpert MTB/
RIF device labelling allows for 1 or 2 sputum NAATs to inform 
airborne isolation decisions, we also considered the transmis-
sion risks associated with only the first NAAT result (NAAT1), 
and, alternatively, with only the first 2 NAAT results (NAAT2).

Tests, Clusters, and Transmission Events

“Test” refers to smear, NAAT, or the combined smear and NAAT 
result for the respective analysis. To approximate transmission 
events, patients in each cluster were ordered chronologically 
by the collection date of their first culture-positive sputum [2]. 
The first patient in each cluster was considered to be the index 
case; clusters whose index case had an unknown test status were 
excluded from the respective analysis. Clusters composed of 
only a single case (due to other case[s] in the cluster not being 
captured within the study period) were excluded from the anal-
ysis, since transmission link(s) could not be ascertained.

To approximate minimum transmission events from 
test-negative TB patients, the following assumptions were made 
about transmission within a cluster (Figure  1): (1) secondary 
cases occurring after either a test-positive or test-unknown 
patient’s collection date were attributed to test-positive trans-
mission, and (2) secondary cases following only test-negative 
cases (no test-positive or test-unknown cases earlier in cluster) 
were attributed to test-negative transmission.

The primary epidemiologic outcome was the minimum 
transmission risk of a test-negative case, with NAAT and 
smear considered separately. Minimum transmission risk by 
combined smear and NAAT status was a secondary outcome. 
Minimum transmission risk was calculated as [(minimum 
number of transmission events attributed to patients with the 
test status of interest)/(total number of cases with the test status 
of interest)] x 100. We additionally considered our data from 
several perspectives (secondary outcomes). The minimum per-
centage of secondary cases infected by a test-negative patient 
(% of TB transmission) was calculated as (minimum number of 
transmission events attributed to patients with the test status of 
interest)/(total number of secondary cases)] x 100. Any remain-
ing secondary cases not due to test-negative transmission were 
attributed to test-positive transmission, and we estimated the 
minimum relative transmission risk of test-negative to test-pos-
itive TB cases as (minimum transmission risk associated with 
negative test status for the test of interest)/(transmission risk 
associated with positive test status for the test of interest).

As data are not independent (and thus chi-square meth-
ods do not apply), confidence intervals were computed using 
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the bootstrap procedure by randomly sampling clusters with 
replacement. For each estimate, 9999 bootstrapped datasets 
were generated, and the 5th and 95th percentiles were used to 
estimate 95% confidence intervals.

Sensitivity Analysis to Assess Impact of Potential Biases

To assess the impact of chronologic misclassification, in 
which a case in a cluster actually infected the preceding case 
but was diagnosed later, we reversed the order of all consecu-
tive case pairs presenting within 30, 60, 90, 120, and 180 days 
of each other and repeated the analyses at each time interval. 
Additionally, we considered potential bias from any unidenti-
fied source cases among patients who did not have a TB gen-
otype, or due to exclusion of cases diagnosed outside of the 
study period and/or the state of Maryland. To study the impact 
of unidentified source cases, we successively removed cases in 
2004, 2005, and 2006 and repeated the analyses at the end of 
each year. We also randomly censored 10, 20, 30, 40, and 50% of 
cases from the dataset 9999 times, and computed the 50th per-
centile when repeating the analyses at each level.

RESULTS

In total, 809 patients with culture-confirmed TB were reported in 
Maryland during the study period. Genotyping results were avail-
able for 782 (97%) of them. Among the 782 patients with genotype 

results, 393 had no genotypic match and were thus not clustered 
(singletons; Figure 1). The remaining 389 patients were dispersed 
among 158 unique genotypic clusters. Of these 158 clusters, 75 
clusters had only 1 case identified during the study period (ie, 1 
or more cases with a matching M.tb polymerase chain reaction 
type occurred before or after, but not during, the study period). 
As transmission links could not be identified, these 75 cases were 
excluded from the analysis. The remaining 83 multi-member clus-
ters consisted of 231 secondary cases. Characteristics of the 707 
patients in the main analysis population (393 singletons and 314 
clustered cases) are shown in Table 1. All but 3 of the 46 NAAT-
negative cases were smear-negative; only 1 of these 3 NAAT-
negative, smear-positive cases had the smear-positive (1+) and 
MTD-negative result from the same sputum.

Transmission Risk of NAAT-Negative TB Cases

Among the 83 clusters, 34 (41.0%) clusters had a NAAT-
unknown index case and were excluded from the NAAT analysis 
(Figure  2). The remaining 49 clusters consisted of 2 NAAT-
negative and 47 NAAT-positive index cases and 113 secondary 
cases. Therefore, estimation of NAAT-negative transmission 
risk was based on 39 NAAT-negative cases (17 singletons, 2 
index cases, and 10 secondary cases). The 2 NAAT-negative 
index cases, who were both smear-negative, included a 42-year-
old U.S.-born African-American man of unknown HIV status 
and a 26-year-old Asian-born, HIV-negative woman. While 
neither index case had unique epidemiologic risk factors noted, 
both were started on treatment approximately 1  month after 
collection of their first culture-positive sputum.

At minimum, there were 2 NAAT-negative transmission 
events from the 2 NAAT-negative index cases, representing 
1.8% of the recorded TB transmissions (Table  2). The mini-
mum transmission risk of NAAT-negative TB was 5.1% (95% 
CI 0–11.4). Attributing the remaining 111 secondary cases to 
transmission from NAAT-positive cases resulted in an estimated 
NAAT-positive TB transmission risk of 35.4% (111/314; 95% CI 
26.5–43.2). Therefore, the minimum relative transmission risk of 
NAAT-negative to NAAT-positive TB was 0.14 (95% CI 0–0.35).

When considering only the first 1 or the first 2 NAAT results, 
estimated minimum transmission risks were similar to overall 
NAAT-negative transmission risk estimates (Supplementary 
Table 1). Notably, 10 (22%) of the 46 NAAT-negative cases had 
more than 2 respiratory specimens tested by NAAT (Table 1); 
these 10 NAAT-negative cases led to a minimum of 0 transmis-
sion events.

Transmission Risk of Smear-negative TB Cases

Among the 83 clusters, 12 (14.4%) clusters had a smear-un-
known index case and were excluded from the smear analysis 
(Figure 2). The remaining 71 clusters consisted of 17 smear-neg-
ative and 54 smear-positive index cases, and 196 secondary 
cases. Therefore, estimation of smear-negative transmission 

Figure 1.  Estimation of minimum transmission events from test-negative patients 
in a hypothetical cluster.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy365#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy365#supplementary-data
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risk was based on 161 smear-negative cases (101 singletons, 17 
index, and 43 secondary cases).

At minimum there were 18 smear-negative transmission 
events from the 17 smear-negative index cases, accounting for 
9.2% of TB transmission (Table  2). Minimum transmission 
risk due to smear-negative TB was 11.2% (95% CI 7.2–15.3). 
Attributing the remaining 178 secondary cases to smear-pos-
itive transmission resulted in an estimated smear-positive TB 
transmission risk of 47.7% (178/373; 95% CI 36.5–58.6). The 
minimum relative smear-negative to smear-positive TB trans-
mission risk was 0.23 (95% CI 0.15–0.36).

Transmission Risk Based on Combined Smear and NAAT Status

Among the 83 clusters, 47 (57%) had determinate results for 
both smear and NAAT. Among the 47 clusters and all sin-
gletons, there were 251 NAAT-positive/smear-positive cases, 
52 NAAT-positive/smear-negative cases, and 31 NAAT-
negative/smear-negative cases (Figure  2). For each group, 
the minimum% of TB transmission and transmission risk are 
shown in Table 2.

Sensitivity Analyses
Chronologic Misclassification
Reversing consecutive cases with different test status and diag-
nosed temporally close to each other led to a minimum trans-
mission risk estimate that was within 0–3% of baseline estimates 
(Supplementary Figure 1).

Unidentified Source-case Bias
Exclusions of cases in 2004, 2005, 2006 and random censoring 
of cases led to fluctuations in estimates at each level. However 
estimates of minimum NAAT-negative transmission risk did 
not reach 0 and remained lower than respective estimates of 
minimum smear-negative transmission risk (Supplementary 
Figures 2 and 3).

DISCUSSION

We sought to determine the transmissibility of pulmonary 
TB patients whose sputum NAATs were negative via a public 
health TB control program that incorporated mandated case 
reporting; routine testing of respiratory specimens using smear 

Table 1.  Characteristics by Test Status for Patients in the Main Analysis Population* 

NAAT (-) NAAT (+) NAAT (u) Smear (-) Smear (+) Smear (u)

(n = 46) (n = 382) (n = 279) (n = 166) (n = 393) (n = 148)

Age, mean (SD) 34.0 (18.5) 37.0 (18.5) 41.0 (19.6) 39.0 (18.1) 39.0 (18.6) 39.5 (20.9)

Male, n (%) 17 (37%)b,c 233 (61%)c 180 (65%)b 91 (55%) 246 (63%) 93 (63%)

Ethnic origin, n (%)

  Caucasian 2 (4%) 29 (8%) 27 (10%) 9 (5%) 35 (9%) 14 (9%)

  Hispanic 7 (15%) 90 (24%) 45 (16%) 22 (13%)c 90 (23%)c 30 (20%)

  Black 26 (57%) 180 (47%) 129 (46%) 72 (43%) 184 (47%) 79 (53%)

  Asian/other 11 (24%) 83 (22%) 78 (28%) 63 (38%)b,c 84 (21%)c 25 (17%)b

Born in United States, n (%) 12 (26%) 103 (27%) 94 (34%) 35 (21%)b 118 (30%) 56 (38%)b

HIV-positive, n (%) 3 (7%) 47 (12%) 44 (16%) 22 (13%) 41 (10%) 31 (21%)

Lung cavitation on chest imaging, n (%) 7 (15%)c 183 (48%)c 85 (30%) 19 (11%)b,c 222 (56%)c 34 (23%)b

Days to treatment initiation, mean (SD) 14 (17)c 3 (7)c 9 (17) 14 (17)b,c 2 (8)c 7 (14)b

Environment, n (%)

  Long-term care facility 1 (2%) 4 (1%) 12 (4%) 1 (1%)b 3 (1%) 13 (9%)b

  Homeless 1 (2%) 16 (4%) 21 (8%) 10 (6%) 20 (5%) 8 (5%)

  Health worker 4 (9%) 13 (3%) 11 (4%) 8 (5%) 14 (4%) 6 (4%)

  Correct. facility 0 2 (1%) 6 (2%) 6 (4%) 2 (1%) 0

# Specimens tested,a n (%)

  0 0 0 279 (100%) 0 0 97 (66%)

  1 6 (13%) 211 (55%) 0 0 151 (38%) 31 (21%)

  2 30 (65%) 142 (37%) 0 0 121 (31%) 19 (13%)

  3 10 (22%) 28 (7%) 0 156 (94%) 118 (30%) 1 (1%)

  4 or more 0 1 (0%) 0 10 (6%) 3 (1%) 0

Smear status

  Negative 36 (78%) 46 (12%) 84 (30%) 166 (100%)

  Positive 3 (7%) 309 (81%) 81 (29%) 393 (100%)

  Unknown 7 (15%) 27 (7%) 114 (41%) 148 (100%)

*N = 707.

Abbreviations: (-), negative; (+), positive; HIV, human immunodeficiency virus; NAAT, nucleic acid amplification test; SD, standard definition; (u), unknown.
aExcludes test-negative specimens collected after 7 days of TB treatment and test-indeterminate specimens.
bP < .01 for comparison between test-unknown and test-negative patients.
cP < .01 for comparison between test-positive and test-negative patients.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy365#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy365#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy365#supplementary-data
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microscopy, NAAT (MTD), and culture; and routine genotyp-
ing of M.tb isolates. Modelling our approach after that used by 
Behr et al in their analysis of smear-negative TB transmission 
in San Francisco [2], we found that minimum TB transmis-
sion risk was lower for NAAT-negative than for smear-neg-
ative pulmonary TB patients, but a minimum of about 5% of 

NAAT-negative pulmonary TB patients still transmit TB. These 
findings were consistent when only the first 1 and, alternatively, 
the first 2 NAAT result(s) were considered. Our estimates were 
imprecise, as demonstrated by broad confidence intervals. 
However, several features support the validity of our findings. 
Trends were consistent across different analytic approaches and 

Figure 2.  Analysis flowchart of clustered and non-clustered patients, test status, and transmission events. Italics denote patients and/or clusters that were excluded from 
respective analyses. Abbreviations: NAAT, nucleic acid amplification test; PTB, pulmonary tuberculosis.
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robust to sensitivity analyses. When patients were classified 
using combined NAAT and smear results, the ranking of high-
est to lowest minimum transmission risk matched the ranking 
of estimated sputum bacterial burden. Reassuringly, for assess-
ments of transmission from smear-negative patients, our results 
were comparable to those reported by Behr et al. The estimated 
smear-negative minimum transmission risk was 11% in our 
study and 6% in the Behr study; the minimum proportion of 
secondary cases infected by a smear-negative patient was 9% in 
our study and 17% in the Behr study; and the estimated min-
imum smear-negative to smear-positive relative transmission 
risk was 0.23 in our study and 0.22 in the Behr study [2].

An unequivocal determination of 0 transmission risk from 
NAAT-negative TB cases would have straightforward implica-
tions for infection control and public health practice. Our finding 
of a low but non-zero transmission risk may be useful neverthe-
less, particularly when clinical and/or epidemiologic suspicion 
of pulmonary TB is high. Levels of acceptable transmission risk 
may differ from setting to setting based on factors such as pres-
ence of vulnerable populations sharing the same air, available 
resources and/or facilities for reducing transmission risk, drug 
susceptibility status of the TB patient, and institutional tolerance 
of risk. Additionally, among symptomatic individuals undergo-
ing diagnostic evaluation for TB, TB prevalence influences the 
negative predictive value of NAATs. In low-prevalence settings 
such as the United States, the vast majority of NAAT-negative 
patients do not have TB, and therefore cannot transmit TB; this 
calculus is relevant for decision-making about discontinuation 

of airborne isolation for NAAT-negative patients whose diagno-
sis has not been confirmed. Futhermore, mean time to treatment 
initiation was longer for NAAT-negative and smear-nega-
tive patients compared to NAAT-positive and smear-positive 
patients (14 versus 2–3 days, respectively), including a 1-month 
delay to treatment initiation among the 2 NAAT-negative 
index cases. This observation informs the context of a non-zero 
NAAT-negative transmission risk and reinforces considerations 
for prompt treatment of NAAT-negative and smear-negative 
patients when clinical suspicion for TB is high.

Our retrospective study has important limitations. While study 
tests were performed routinely during the 6-year study period, 
relevant test results, especially NAAT, were not available for a 
considerable proportion of patients; however, even inclusion of 
these patients under a known test status would not have resulted 
in 0 transmission risk from NAAT-negative patients. Exclusion of 
approximately 10% of TB cases known to be members of clusters 
in which the other member(s) were diagnosed outside the study 
period may have resulted in underestimates of transmission from 
unidentified index cases. Additionally, we assumed that collec-
tion order of the first culture-positive specimen was a proxy for 
transmission sequence within a cluster, but transmission may fol-
low a nonlinear sequence and/or differ from the order in which 
patients were diagnosed. However, sensitivity analyses suggested 
that unidentified source cases and chronological misclassification 
had limited impacts on transmission estimates.

Another important limitation of this study is that the NAAT 
utilized was the MTD test, which mostly has been supplanted 

Table 2.  Estimates of % of Tuberculosis Transmission, Transmission Risk, and Relative Transmission Risk by Test Status of Interest

Minimum % of  
TB Transmissiona

Minimum  
Transmission Risk%b

Minimum Relative  
Transmission Riskc

95% CI 95% CI 95% CI

n/n n/n n/n

NAAT-negative 1.8 5.1 0.14

(0.0, 4.3) (0.0, 11.4) (0.00, 0.35)

2/113 2/39 5.1/35.4

Smear-negative 9.2 11.2 0.23

(5.7, 14.0) (7.2, 15.3) (0.15, 0.36)

18/196 18/161 11.2/48.5

NAAT-positive/smear-positive 46.9 20.7 Not applicable

(41.3, 61.2) (17.2, 26.8)

52/111 52/251

NAAT-positive/smear-negative/ 5.4 11.5 Not applicable

(0.9, 7.0) (0.3, 18.4)

6/111 6/52

NAAT-negative/smear-negative 1.8 6.5 Not applicable

(0, 4.3) (0, 14.3)

2/111 2/31

Abbreviations: CI, confidence interval; NAAT, nucleic acid amplification test; TB, tuberculosis.
aDefined as [(minimum number of transmission events attributed to patients with the test status of interest)/(total number of secondary cases)] × 100.
bDefined as [(minimum number of transmission events attributed to patients with the test status of interest)/(total number of cases with the test status of interest)] × 100.
cDefined as (minimum transmission risk associated with negative test status for the test of interest)/(transmission risk associated with positive test status for the test of interest).
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by Xpert MTB/RIF. However, for TB case detection, the MTD 
and Xpert MTB/RIF Version G4 each have similar sensitivities 
that lie between those of smear and liquid cultures [3]. Given 
the absence of epidemiologic data on the risk of TB transmis-
sion from TB patients whose sputum is determined to be nega-
tive by Xpert MTB/RIF G4 testing, extrapolation of MTD-based 
results may be reasonable. Accordingly, we speculate that nega-
tive Xpert MTB/RIF G4 results may not definitively exclude the 
possibility of transmissible TB. It remains to be seen whether 
next-generation NAAT tests like Xpert MTB/RIF Ultra are suf-
ficiently sensitive to exclude the possibility of TB transmission 
from a test-negative TB patient.

Taken together, our findings suggest that the transmission 
risk posed by sputum NAAT-negative pulmonary TB patients 
is lower than that posed by sputum smear-negative TB patients. 
However, the risk of TB transmission from sputum NAAT-
negative pulmonary TB patients is likely non-zero. Therefore, 
clinical judgement is required in the infection control manage-
ment of sputum NAAT-negative individuals with, or suspected 
to have, pulmonary TB.

Supplementary Data
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