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A B S T R A C T

Background: When confronted with diagnostic uncertainty and a decision on whether to start treatment or not, 
clinicians consider the potential harm and benefit of offering versus withholding treatment. Treatment can be 
offered if the probability of tuberculosis (TB) in the patient is above the “therapeutic threshold” (ThT): the 
probability of disease at which the expected utility of treating and not treating is the same. We estimated ThT for 
TB in clinical and community settings in Southern Africa using two methods: an adapted nominal group tech
nique (aNGT), and decisions made based on clinical vignettes (CVs).
Methods: We enrolled health professionals involved in the routine management of TB patients in South Africa and 
Lesotho. The participants elicited, discussed and refined the harms of false positive (FP) and false negative (FN) 
treatment decisions for stable ambulatory patients in the clinical and community settings. They weighed all 
harms according to their importance in treatment decisions by distributing 100 points. ThT, calculated as the 
sum of the weights of the harms of the FP decision divided by the total weight, was estimated using a hierarchical 
Beta regression model. For the CVs, participants were presented with ten hypothetical TB cases in each setting 
and asked to indicate whether they would offer TB treatment or not. ThT was estimated using the generalized 
linear model for binary outcomes.
Results: We enrolled 138 health professionals (aNGT: 123, CVs: 130 and 115 in both). Using aNGT, the overall 
ThT was 37.7% (95% credible intervals (95% CrI): 35.8–39.8) and 38.2% (95% CrI: 35.9–40.6) in the clinical and 
community settings, respectively. Compared to aNGT, CVs produced a significantly lower estimate in the clinical 
setting (27.7%; 95% CrI: 23.8–31.3) but similar in the community setting (37.7%; 95% CrI: 33.1–41.7). We did 
not find significant differences across the subgroups defined by the measured covariates.
Conclusion: The aNGT produced a reliable estimate of ThT. The difference in the estimates of ThT between the 
aNGT and CVs may have a limited impact on clinical decisions. Factors influencing ThT and the acceptability of 
results by healthcare workers will be explored in focus group discussions and in-depth interviews.
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1. Introduction

Globally, tuberculosis (TB) is the major cause of morbidity and 
mortality.[1] Approximately 10 million new TB infections and more 
than 1.5 million deaths due to TB occurred in 2020.[22] Due to the 
inadequate diagnostic accuracy of the available tests and the regular 
disagreement between what is suggested by clinical presentation and 
implied by the tests, the decision to treat patients for tuberculosis is 
often taken under conditions of uncertainty.[3,4] Before the use of 
Xpert® MTB/RIF, a rapid molecular test, half of the patients in high- 
burden settings started TB treatment empirically, i.e., without bacteri
ological confirmation.[5] With the roll-out of Xpert® MTB/RIF, this 
proportion has declined. Nonetheless, in 2021 only 63 % of pulmonary 
TB cases were bacteriologically confirmed globally.[2].

When confronted with diagnostic uncertainty and a decision on 
whether or not to start treatment, the clinician should consider the po
tential harm and benefit of offering versus withholding treatment. 
Treatment decisions can be based on “therapeutic threshold” (ThT): the 
probability of disease at which the expected utility (foregone harm) of 
treating and not treating is the same.[6] It considers the net harm of 
false-positive (FP) and false-negative (FN), and the net benefit of true- 
positive (TP) and true-negative (TN) treatment decisions.[6,7] ThT is 
lower when the patient is in a worse or unstable clinical condition 
because the consequences of withholding treatment are greater, and 
higher when the treatment to be offered has greater side effects, is 
expensive or accompanied by psychosocial harm e.g., stigma or 
emotional distress.[8] Clinicians usually implicitly weigh these harms 
against their perceived probability that the patient has TB and offer 
treatment only when the expected harm of not treating is higher than the 
expected harm of treating. In other words, empiric treatment initiation 
is considered only when the perceived probability of TB in an individual 
under observation exceeds the ThT.

The available methods for estimating the ThT are broadly classified 
into prescriptive and descriptive.[9] Prescriptive methods quantify 
harms and benefits based on theoretical models.[3,6,7,9] These are 
typically extensions of Expected Utility Theory (EUT) which focuses on 
objective quantifiable harms (mortality, cost, morbidity, etc.).[10] 
Other prescriptive methods also try to quantify subjective sources of 
harm (regret, fear of retaliation, etc.).[4,11] Descriptive methods, on the 
other hand, derive the threshold from observing clinical practice or a 
surrogate thereof.[8,12–14] Thus, the ThT is impacted by unquantifi
able cognitive and emotional factors. [9].

However, no gold standard method currently exists. Such a method 
should be easy and rapid to perform and give a reliable, reproducible, 
and accurate estimate of the ThT. Ideally, it should also allow room for 
reflection and feedback by a representative group of local physicians and 
healthcare workers to enhance the acceptability of and compliance with 
the guidelines during implementation.

Previous studies that use harm and/or regret-based approaches to 
estimate the ThT for TB produce different thresholds in different coun
tries, varying from 20 % to over 50 %, and it is difficult to set one 
universal threshold.[3,4,8] In fact, local factors are expected to influ
ence the threshold, meaning any method would need to be applied in a 
local setting and repeated when associated conditions change over time. 
Additionally, the current estimates and discussions of ThT apply to the 
clinical setting only. However, we cannot assume that physicians will 
give similar weights to harm in a setting of community-based active case 
finding.

We estimate the ThT using two methods: an adapted Nominal Group 
Technique (aNGT) and decisions based on clinical vignettes (CVs), in the 
clinical (passive TB case-finding) and community (active TB case- 
finding) settings in Lesotho and South Africa. Clinical vignettes 
(descriptive method) are hypothetical clinical scenarios representing TB 
patients with different probabilities of TB. Participants are asked 
whether they would want to treat a patient presented in a vignette for 
pulmonary TB or not.[8,12,13] Nevertheless, CVs are not trivial to 

analyse and in their current form and application give no room for 
clarification or discussion of individual differences in decisions. The 
aNGT (prescriptive method) is based on a consensus-building exercise 
that allows clinicians to share, discuss and reflect upon the harms and 
benefits of treating versus not treating a patient.[12,13,15–17] This 
method has been piloted for a variety of infectious diseases in low- 
resource settings but has not been applied yet to the concept of thera
peutic threshold in TB. We compared the estimates derived using the 
aNGT to those based on CVs.

2. Methods

2.1. Study design

This was a mixed-methods study involving both the qualitative and 
quantitative components: aNGT (mixed-methods) and CVs (quantita
tive). Participant observation was conducted during the aNGT sessions. 
In-depth interviews and focus group discussions were also completed. In 
this paper, we only present the quantitative findings.

Adapted Nominal Group Technique: The aNGT is a highly struc
tured interactive group activity comprising five stages, which can be 
conducted face-to-face or online. The first stage introduces clinical 
decision-making and the relevant problem. The second stage involves 
the generation of ideas resulting in a list of statements on the harms of FP 
and FN clinical decisions. This is transmitted electronically through 
Mentimeter (https://www.mentimeter.com/), a web-based platform for 
transmitting votes and comments in real-time. The elicited harms are 
obscured until everyone has submitted their statements. The transmitted 
harms are then revealed and all harms are discussed and refined to 
ensure a non-overlapping complete list of harms. In the third stage, the 
participants are invited to rate the harms on a six-point Likert scale of 
0–5 based on their importance in influencing treatment decisions, with 
0 suggesting the harm is not a factor to consider during treatment de
cisions and 5 suggesting the factor is an extremely important factor 
driving treatment decisions (Appendix A, Table A.1). At this stage, the 
participants are allowed to discuss and reflect on the importance of the 
harms. The discussion is important to ensure that everyone understands 
each of the harms and agrees on their importance. In classic NGT, op
tions would then be eliminated. However, in the aNGT all harms were 
retained unless everyone agreed that a given harm should not be 
considered in treatment decisions. In the fourth stage, the participants 
were asked to weigh each harm according to their importance in treat
ment decisions by distributing a total of 100 points (equivalent to 100 
percentage points) to all the harms.[15,16] The relative weights of the 
harms were revealed to the group followed by a brief discussion to 
establish if the weights assigned to the harms were realistic. After this, 
the participants were allowed to revise their weightings. The process 
was performed twice, the first assumed the clinical setting involving 
stable ambulatory patients. The second assumed a community setting. A 
detailed description of these stages and the activities, including sample 
captions of the Mentimeter output, has been described by Jacobs et al. 
[17].

Clinical vignettes: We developed different web-based vignettes of 
adult patients being evaluated for pulmonary tuberculosis in clinical and 
community settings. For the clinical setting, we considered stable 
ambulatory patients. For the community setting, the vignettes consid
ered hypothetical stable participants being screened for TB. A set of ten 
hypothetical scenarios for the clinical and community settings with 
varying probabilities of TB were provided (Supplementary material, 
TheraTUB Clinical vignettes). The participants were asked to indicate 
whether they would treat or not, the rationale, and what they think is 
the probability of TB in each of the cases. The probability of TB for each 
of the CVs presented to the participants was estimated by a separate 
group of TB experts based on expert knowledge. They were also esti
mated using a prediction model based on latent class analysis.[18] The 
two estimates were harmonised following a discussion with a separate 
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group of experts in TB to obtain one estimate.

2.2. Study population, setting, study size and procedures

Study population: Physicians, nurses and program managers 
involved in the routine management of TB patients in South Africa and 
Lesotho.

Sample size: No formal sample size calculation was conducted. An 
estimate of 200 participants was proposed for the CVs based on two 
studies that produced data with good precision with a sample size of 
160–200.[8,12,13] A sample size of 5–10 participants was proposed for 
each aNGT session based on a pilot study which showed that the sessions 
with such a number work well especially when online discussions are 
involved.[17].

Study procedure: Emails were sent to key individuals in the field of 
infectious diseases, and through relevant listserv mailing lists (in 
compliance with the General Data Protection Regulation (GDPR) and 
Protection of Personal Information Act (POPIA) through a third party) in 
South Africa and Lesotho with the request to forward it to potentially 
interested individuals. A link with further information was provided for 
interested subjects to read. They could click the link to agree to partic
ipate. Recipients of the emails were encouraged to disseminate further 
the messages through their networks and closed professional WhatsApp 
groups. Up to three reminders were sent. An announcement was also 
made at a national TB conference in South Africa and a link was shared.

Participants in the aNGT sessions had their responses captured using 
Mentimeter, a web-based survey platform. Upon providing informed 
consent, the participants in the CVs were invited to provide their re
sponses to the vignettes using Formsite®, a web-based survey platform.

A participation fee of ZAR800 (≈US $50) for CVs and ZAR1400 
((≈US $80) for aNGT was given to each participant for the time spent in 
the study.

2.3. Inclusion and exclusion criteria

Participants were eligible if their work involved making clinical 
decisions on the initiation of TB treatment, including indirectly (e.g., 
through policy decisions as program managers) in Lesotho or South 
Africa, had a (para-)medical background, and provided informed 
consent.

Participants who were not allowed to make a diagnosis of pulmonary 
tuberculosis without bacteriological confirmation (e.g., without smear 
microscopy or Xpert) were excluded.

2.4. Ethical and regulatory review

This study was approved by the Institutional Review Board of the 
Institute of Tropical Medicine (ITM), the National Ethics Committee 
(NH-REC) of Lesotho, the Human Sciences Research Council Research 
Ethics Committee, and the Provincial Department of Health in South 
Africa. The study was carried out according to the principles stated in 
the Declaration of Helsinki, all applicable regulations and according to 
the most recent Good Clinical Practice (GCP) guidelines.

All participants provided signed informed consent through For
msite® before entering the study.

Participants could separately agree or disagree to participate in each 
of the study components.

2.5. Statistical analysis

The participant and session characteristics were summarized using 
mean and standard deviation (SD) for continuous variables, and fre
quencies and percentages for categorical variables.

Estimation of the ThT using aNGT was based on the weighted harms. 
The sum of the weights of the harms of FP clinical decision divided by 
the total weights yields an estimate of the ThT for each participant. We 

analysed this outcome using the random intercept Bayesian Beta 
regression model with demographic characteristics (age and sex), study 
site, type of aNGT session (online vs. in-person), order of discussion of 
the harms (FP harms first or FN harms), order of participation in aNGT 
and CVs, profession and years of work experience included as fixed ef
fects. The ThT based on the CVs was estimated by adapting the method 
of Plasencia et al. 1992.[19] Estimation of ThT was done by inverting 
the probit link of the random intercept Bayesian probit regression model 
when the modelled probability of treating TB was 50 %. The expert 
elicited probability of TB was included as the covariate of interest. In this 
analysis, we included demographic characteristics (age and sex), study 
site, order of participation in aNGT and CVs, profession and years of 
work experience as fixed effects. In both analyses, we standardized the 
estimates to the total population. The random intercept was motivated 
by the differences between the different sessions in aNGT and between 
different participants in CVs which may explain a larger portion of the 
observed variability. The unknown model parameters were assigned 
priors from the Gaussian distribution. The estimates of ThT were 
compared by calculating the differences between the posterior distri
butions of the ThT and assessing whether the 95 % credible intervals (95 
% CrI) of the distribution of the differences covered zero.

Based on CVs, we conducted a sensitivity analysis whereby we 
included the participant-elicited probability as the covariate of interest. 
We adjusted for the same covariates and estimated the ThT by inverting 
the probit link of the random intercept Bayesian probit regression model 
as above. This was done for all the participants and among the doctors 
only.

Convergence in the models was assessed by running three chains, 
each with 50,000 Markov Monte Carlo (MCMC) iterations. The first 
25,000 iterations were discarded as burn-in. Gelman-Rubin statistic and 
trace plots were used to evaluate model convergence. Inferences were 
based on the median of the posterior distribution with the corresponding 
95 % CrI. Bayesian inference was done using the Just Another Gibbs 
Sampler (JAGS) function implemented in the R2jags package in R 
version 4.2.2.[20,21].

3. Results

Overall, 138 participants were enrolled. We enrolled 123 partici
pants in 17 aNGT sessions, 130 in the CVs, and 115 in both the aNGT 
sessions and CVs (Table A.3 in the Appendix).

The inclusion criteria effectively restricted the study population to 
doctors in Lesotho, resulting in a considerably different participant 
population by design. Overall, 42.6 % of all the participants were doc
tors. Three-quarters of them had a degree in medicine as their highest 
qualification. Overall, one-third of the participants were male with an 
imbalance between the two sites. Overall, the mean age was 40.5 (SD: 
9.5) years with participants from South Africa having older age 
compared to those from Lesotho. (Table 1).

A higher proportion of participants from South Africa had a longer 
work experience compared to their counterparts in Lesotho. At the time 
of the study, two-thirds of the participants were working in a district, 
secondary or tertiary hospital. In the month preceding the study, the 
majority of the participants from South Africa had initiated treatment in 
at least five patients with TB compared to Lesotho (Table 1).

The subset of participants that completed both the aNGT and CVs 
was similar to the whole sample of participants that completed CVs 
(Table A.4 in the Appendix).

4. Estimation of therapeutic threshold

4.1. Adapted nominal group technique

Overall, the estimated ThT was 37.7 % (95 % CL: 35.8, 39.8) in the 
clinical setting and 38.2 % (95 % CL: 35.9, 40.6) in the community 
setting.
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4.2. Clinical vignettes

The overall estimate of ThT was 27.7 % (95 % CrI: 23.8, 31.3) in the 
clinical setting and 37.7 (95 % CrI: 33.1, 41.7) in the community setting 
(Table 3). There was a significant difference between the ThT in the 
community and the clinical settings, difference: − 10.0 % (95 % CrI: 
− 15.5, − 4.1) (Fig. 1, second row).

Table 1 
Demographic characteristics of the participants in both the aNGT and clinical 
vignettes.

Study site
Lesotho South 

Africa
Total

Characteristics n n ¼ 38 n ¼ 77 n ¼ 115
Age (years) ​ ​ ​ ​
Mean (SD) 114 33.6 

(4.1)
44.0 
(9.4)

40.5 
(9.5)

Range (Min. − Max.) ​ 26–42 27–66 26–66
Male, n (%) 115 19 (50.0 

%)
18 (23.4 
%)

37 
(32.2 
%)

Years of experience in TB treatment, n 
(%)

​ ​ ​ ​

< 1 Year ​ 2 (5.3 %) 3 (3.9 %) 5 (4.3 
%)

1–5 Years 115 24 (63.2 
%)

20 (26.0 
%)

44 
(38.3 
%)

6–10 Years ​ 9 (23.7 
%)

21 (27.3 
%)

30 
(26.1 
%)

> 10 Years ​ 3 (7.9 %) 33 (42.9 
%)

36 
(31.3 
%)

Profile, n (%) ​ ​ ​ ​
Doctors ​ 38 (100 

%)
11 (14.3 
%)

49 
(42.6 
%)

Nurses ​ 0 (0.0 %) 45 (58.4 
%)

46 
(39.7 
%)

Program managers 115 0 (0.0 %) 15 (19.5 
%)

15 
(13.0 
%)

Others ​ 0 (0.0 %) 6 (7.8 %) 6 (5.2 
%)

If a doctor, highest qualification, n 
(%)

​ ​ ​ ​

MBCHB 49 31 (81.6 
%)

7 (63.6 
%)

38 
(77.6 
%)

Masters ​ 4 (10.5 
%)

2 (18.2 
%)

6 (12.2 
%)

Post-graduate Diploma ​ 3 (7.9 %) 2 (18.2 
%)

5 (10.2 
%)

Health services currently working in ​ ​ ​ ​
District, secondary or tertiary hospital ​ 34 (89.5 

%)
43 (55.8 
%)

77 
(67.0 
%)

Clinic or primary healthcare 115 4 (10.5 
%)

25 (32.5 
%)

29 
(25.2 
%)

Others (NGOs, corporate, research, 
college, correctional services, 
retired)

​ 0 (0.0 %) 9 (11.7 
%)

9 (7.8 
%)

Number of patients put on TB treatment last month, n (%) ​ ​
0 ​ 5 (13.2 

%)
26 (33.8 
%)

31 
(27.0 
%)

1 – 4 ​ 20 (52.6 
%)

22 (28.6 
%)

42 
(36.5 
%)

5 – 9 115 11 (28.9 
%)

13 (16.9 
%)

24 
(20.9 
%)

10 – 19 ​ 1 (2.6 %) 9 (11.7 
%)

10 (8.7 
%)

20 – 30 ​ 0 (0.0 %) 3 (3.9 %) 3 (2.6 
%)

> 30 ​ 1 (2.6 %) 4 (5.2 %) 5 (4.3 
%)

SD-Standard deviation, Min.-Minimum, Max.-Maximum.

Table 2 
Estimates of therapeutic threshold and the corresponding 95% credible intervals 
(95% CrI) based on aNGT.

Clinical setting Community setting
Unadjusted Adjusted┼ Unadjusted Adjusted┼

Characteristic Median (95 
% CrI)

Median (95 
% CrI)

Median (95 
% CrI)

Median (95 
% CrI)

​ N = 117 N = 117 N = 115 N = 115
Overall 38.0 (36.0, 

40.0)
37.7 (35.8, 
39.8)

37.9 (35.6, 
40.2)

38.2 (35.9, 
40.6)

Site ​ ​ ​ ​
Lesotho 30.0 (23.2, 

37.7)
31.5 (24.1, 
39.9)

34.0 (27.2, 
41.5)

35.4 (27.7, 
43.9)

South Africa 40.2 (33.3, 
47.2)

39.8 (33.4, 
46.6)

38.8 (32.8, 
45.0)

39.2 (33.9, 
44.8)

Type of session ​ ​ ​ ​
In-person 37.0 (28.1, 

46.0)
35.5 (28.5, 
43.4)

40.1 (32.7, 
47.5)

38.6 (32.3, 
45.7)

Online 35.4 (28.4, 
42.6)

38.5 (31.9, 
45.6)

34.9 (29.4, 
40.8)

37.3 (31.8, 
42.9)

FP harm first ​ ​ ​ ​
No 32.7 (25.6, 

40.8)
33.0 (26.4, 
40.5)

31.8 (26.6, 
37.4)

32.3 (26.3, 
39.1)

Yes 39.3 (32.4, 
46.2)

40.1 (34.0, 
46.5)

42.1 (37.7, 
46.5)

42.1 (37.2, 
47.5)

Clinical 
vignettes first

​ ​ ​ ​

No 35.0 (28.7, 
41.3)

37.9 (32.6, 
43.9)

36.5 (30.9, 
41.8)

37.0 (32.5, 
41.7)

Yes 38.3 (29.8, 
47.9)

34.7 (27.5, 
43.1)

37.6 (29.7, 
47.3)

40.6 (32.9, 
48.9)

Profession ​ ​ ​ ​
Nurse 39.9 (33.1, 

47.2)
39.6 (33.8, 
45.9)

37.7 (31.1, 
44.8)

38.1 (33.0, 
43.6)

Doctor 32.2 (26.8, 
37.9)

34.2 (28.2, 
41.0)

36.0 (30.1, 
42.5)

38.6 (33.2, 
44.4)

Others ǂ 38.1 (31.4, 
45.1)

38.0 (32.1, 
44.6)

36.0 (29.4, 
42.9)

36.0 (30.4, 
42.1)

Years of 
experience

​ ​ ​ ​

< 5 35.0 (29.6, 
41.3)

37.5 (32.4, 
42.5)

33.5 (28.9, 
38.5)

35.5 (30.9, 
40.1)

6–10 34.1 (28.0, 
41.0)

35.6 (30.2, 
42.0)

37.5 (31.6, 
44.0)

38.7 (32.8, 
45.2)

> 10 38.5 (31.4, 
45.7)

37.8 (32.3, 
43.9)

41.8 (36.1, 
47.7)

40.6 (35.3, 
45.9)

Age (years) ​ ​ ​ ​
< 30 33.5 (26.9, 

40.9)
− 32.4 (24.5, 

41.4)
−

≥ 30 36.2 (30.9, 
41.8)

− 37.4 (32.6, 
42.3)

−

Sex ​ ​ ​ ​
Female 36.3 (31.0, 

42.0)
− 36.1 (31.2, 

41.2)
−

Male 35.8 (30.5, 
41.3)

− 38.3 (33.4, 
43.7)

−

The overall estimates of ThT in the clinical and community settings were similar, 
difference: − 0.5% (95% CrI: − 3.5, 2.7) (Table 2 and Fig. 1, first row).

┼ Adjusted for the study site, type of session, order of discussion of harms, 
order of participation in clinical vignettes, profession and years of experience 
and standardized to the total population.

ǂ Includes program manager, case manager, clinical associate and pharmacist, 
“-“ Not included in the adjusted model, CrI – Credible Interval.
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4.3. Adapted nominal group technique versus clinical vignettes

We compared the overall estimates of ThT (adjusted for measured 
covariates and standardized to the whole population) based on the in
dividuals who completed both the aNGT and the CVs (Table 1).

The estimate of ThT based on the aNGT was higher than the estimate 
based on the CVs in the clinical setting (Fig. 2, first row). However, there 
was no difference in the estimate of ThT between the aNGT and CVs in 
the community setting (Fig. 2, second row).

When comparing results from the doctors only, the estimates of ThT 
in the clinical and the community settings were similar based on both 
the aNGT and CVs. Similarly, we did not find a significant difference 
between the aNGT and CVs in the clinical and community settings.

5. Discussion

We have, for the first time, used the aNGT to estimate the ThT in TB 
among stable ambulatory patients in a setting where Xpert is often 
available but chest X-ray and culture are not easily available. We 

compared the results based on aNGT to those based on CVs.
Based on the aNGT, results demonstrate that when considering stable 

ambulatory patients for whom a treatment decision is unclear, health
care workers are willing to accept up to 3 FP cases to avoid 2 FN cases in 
both the clinical and community settings: i.e., a probability of TB of 40 % 
is just above the ThT and therefore sufficient to initiate treatment. The 
findings from CVs were similar. This estimate is higher than the one 
based on the magnitude and subjective weight of mortality and 
morbidity due to both the disease and the treatment and the risk and cost 
of the treatment (11.9 %), and prescriptively based on the literature data 
(2.7 %) for smear-negative pulmonary TB patients.[3] This illustrates 
that ThT estimation based on quantifiable factors only is insufficient. 
However, our findings matched the 36.5 % intuitive estimate of ThT for 
smear-negative pulmonary TB by the clinicians in the Rwanda study.[3] 
Our findings also fall within the range of the estimated ThTs for unstable 
(29.1 %) and stable (74.5 %) HIV-positive patients suspected of having 
pulmonary TB.[8].

The estimates based on the aNGT in the clinical and community 
settings did not significantly vary across the study sites and participant 
characteristics. The findings based on the aNGT largely agreed with 
those based on CVs. Doctors consistently agreed they are willing to 
accept 2 FP cases to avoid 1 FN case in both aNGT and CVs in both 
settings. The estimates of the ThT from other professions were more 
variable depending on the method and setting. These findings agree with 
those reported by Basinga et al. 2007.[3] However, Sreeramareddy et al. 
2014 established that young physicians considered it less harmful to 
give treatment to a non-diseased case than to forgo treatment from a 
diseased case.[4] Also, Moreira et al. 2009 and Sreeramareddy et al. 
2014 established that participants from different settings tended to 
variably intuitively weigh the harms of FP and FN clinical decisions in 
different settings.[4,11].

The elicitation and discussion of the different harms of FP and FN 
clinical decisions among the participants in the aNGT sessions, though in 
different study sites, might have mitigated the differences because the 
participants are expected to include more possible harms as opposed to 
when an individual is solely considering treatment. Nevertheless, both 
the number and nature of harms included varied considerably between 
aNGT sessions.

Though not compelling enough, the estimate of ThT based on the CVs 
was higher in the community setting than in the clinical setting. This is 
likely because the community setting involves ‘healthy’ individuals who 
are not at risk of severe harm, and withholding treatment at one moment 
in time does not imply that treatment is never offered. This reflects that 
the healthcare workers are implicitly giving more weight to the harm of 
commission (giving treatment to a non-diseased case) in the community 
setting compared to the clinical setting.

The overall estimates of ThT in the clinical setting based on the aNGT 
and CVs were significantly different. This difference is in line with 
similar comparisons of other decision thresholds.[17] The low estimate 
of ThT in the clinical setting based on CVs tended in the direction of the 
estimate of ThT for unstable HIV-positive patients suspected of pulmo
nary TB in South Africa.[8] However, our hypothetical patients were 
typically stable and ambulatory. Overall, healthcare workers indicated 
very often that they were willing to initiate treatment in case of doubt. 
This implies that they give considerably more weight to the harm of FN 
than FP clinical decisions. However, not all empiric decisions are made 
purely based on probability. Cognitive biases, heuristics, ‘rules of 
thumb’, and personality (e.g., risk aversion) may influence a physician’s 
decision leading to diagnostic inaccuracies and medical errors.[22,23]. 
Most importantly, physicians are very different in the way they deal with 
harm and are risk-averse.[24].

In the CVs, the participants overestimated the probability of TB for 
the hypothetical cases. As a result, the estimates of ThT in the clinical 
and community settings were higher than those based on the expert- 
elicited probability of TB. It is unclear whether participants truly gave 
their best estimate of the probability of TB, or may have subconsciously 

Table 3 
Estimates of therapeutic threshold and the corresponding 95% credible intervals 
(95% CrI) based on clinical vignettes.

Clinical setting Community setting
Unadjusted Adjusted┼ Unadjusted Adjusted┼

Characteristic Median (95 
% CrI)

Median (95 
% CrI)

Median (95 
% CrI)

Median (95 
% CrI)

​ N = 130 N = 130 N = 130 N = 130
Overall 27.6 (23.5 

31.5)
27.7 (23.8, 
31.3)

37.6 (32.9, 
41.8)

37.7 (33.1, 
41.7)

Site ​ ​ ​ ​
Lesotho 29.9 (23.1, 

36.4)
30.2 (24.9, 
34.6)

38.0 (32.9, 
41.8)

41.2 (36.5, 
45.0)

South Africa 26.3 (21.2, 
31.3)

26.5 (21.1, 
31.2)

37.4 (31.6, 
42.6)

35.3 (27.3, 
41.9)

Clinical 
vignettes first

​ ​ ​ ​

No 25.9 (21.0, 
30.3)

26.5 (22.0, 
30.4)

35.2 (29.6, 
40.0)

37.2 (31.7, 
41.9)

Yes 33.4 (25.3, 
41.4)

33.8 (23.2, 
44.1)

45.5 (37.0, 
53.7)

45.1 (33.0, 
55.5)

Profession ​ ​ ​ ​
Nurse 24.5 (18.0, 

30.6)
24.4 (16.9, 
30.7)

37.4 (30.3, 
44.0)

34.0 (21.6, 
43.6)

Doctor 34.2 (28.4, 
39.8)

34.4 (29.6, 
38.7)

40.9 (34.4, 
47.2)

42.5 (39.0, 
45.7)

Others ǂ 17.5 (7.5, 
26.8)

20.4 (8.7, 
29.2)

29.7 (18.4, 
39.6)

25.2 (0.1, 
39.0)

Years of 
experience

​ ​ ​ ​

< 5 28.5 (22.4, 
34.3)

28.4 (21.9, 
34.4)

37.1 (30.4, 
41.9)

38.5 (32.6, 
43.2)

6–10 22.1 (13.7, 
30.1)

22.8 (15.1, 
28.2)

34.1 (25.2, 
42.5)

34.4 (25.7, 
40.2)

> 10 30.9 (23.5, 
38.1)

31.3 (23.5, 
38.6)

41.4 (33.6, 
48.8)

39.4 (26.2, 
49.8)

Age (years) ​ ​ ​ ​
< 30 33.3 (22.0, 

44.6)
− 45.3 (33.7, 

56.8)
−

≥ 30 26.9 (22.2, 
31.2)

− 36.5 (31.4, 
41.1)

−

Sex ​ ​ ​ ​
Female 25.7 (20.6, 

30.6)
− 35.6 (29.7, 

40.7)
−

Male 31.3 (24.5, 
38.1)

− 41.4 (33.9, 
48.4)

−

┼ Adjusted for study site, order of participation in the aNGT and clinical vi
gnettes, profession, and years of experience and standardizing for the whole 
population

ǂ Includes program manager, case manager, clinical associate and pharmacist. 
The 95% CrI for the adjusted estimates in the community setting is very wide 
because of the small sample size for this group, “-“ Not included in the adjusted 
model, CrI – Credible Interval.

A.K. Keter et al.                                                                                                                                                                                                                                 Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 40 (2025) 100529 

5 



given higher probabilities to “justify” wanting to treat. Unlike the esti
mates of ThT based on the expert-elicited probability of TB that were 
different between the clinical and community settings, the participant- 
elicited probability of TB produced similar estimates of ThT in the 
clinical and community settings. The estimates changed slightly when 
restricted to professional doctors only (Table A.5 in the Appendix). 
These estimates can be interpreted as providing an upper bound of ThT 
in the clinical and community setting based on CVs.

6. Limitations

The aNGT is time-consuming and participants who are involved in 
the routine management of TB patients may not easily get up to 3 h to 
participate in the entire aNGT session. This might have also negatively 

affected the estimate of ThT for the community setting, which was al
ways the last activity in every aNGT session.

Conducting online aNGT exercises is challenging for the participants. 
Firstly, they may often get distracted, resulting in them missing impor
tant information. All online exercises are affected by bad internet con
nectivity or power outages in places where the electricity supply is not 
stable. The latter was often experienced in South Africa due to load 
shedding that was affecting the whole country. On the other hand, 
Lesotho had poor internet connectivity during the time we implemented 
the online aNGT sessions. All these challenges affect the quality of the 
exercise and the data obtained.

In the aNGT, the participants were allowed to elicit, discuss and rate 
the harms of FP and FN treatment decisions before weighting them to 
obtain the relative weights of the harms in a clinical setting. Weighing 

Fig. 1. Comparison of the overall standardized estimates of ThT in the clinical setting and community setting for the participants in the adapted nominal group 
technique (first row) and the participants in the clinical vignettes (second row).

Fig. 2. Comparison of the overall standardized estimates of ThT based on the adapted nominal group technique (aNGT) and clinical vignettes (CVs) in the clinical 
(first row) and community settings (second row) among the individuals who completed both the aNGT and the CVs.
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the harms in the context of the community setting immediately after 
weighing the harms in the context of the clinical setting might be the 
reason for the lack of difference between the estimates of ThT in the two 
settings. This might have inadvertently introduced bias in the estimate 
of ThT in the community setting. This can be avoided by separately 
allowing elicitation, discussion, rating and weighing of the harms for the 
two settings. Different groups of participants with similar characteristics 
may be used to separately estimate the ThT in the clinical and com
munity settings.

The expert and participant elicited probability of TB may be subject 
to bias, and using cohort studies to estimate the probability of TB in 
individuals with similar profiles may also be biased. Cohort studies use 
imperfect reference standards such as culture or a combination of cul
ture and/or Xpert® MTB/RIF to infer the presence of TB. These diag
nostic tests are known to have imperfect sensitivity for TB.[18] 
Additionally, it cannot easily identify extrapulmonary TB if the correct 
specimen is not used. Therefore, using alternative strategies that miti
gate the bias attributable to imperfect reference tests may need to be 
considered to resolve the problem.

7. Future work

Focus group discussions (FGDs) and in-depth interviews (IDIs) are 
aimed at assessing the acceptability of the estimate of ThT and the aNGT 
method among the healthcare workers. Through FGDs and IDIs, we will 
gain a better understanding of the factors that influence the individual 
perceptions of the harms that drive the ThT and how they can be 
incorporated into consensus-building methods such as aNGT. Partici
pant observation by the social scientist during the aNGT sessions will 
help highlight some of the nonverbal communications that may explain 
the variability in the estimates of ThT between the different aNGT ses
sions and settings. The findings of the qualitative study will be presented 
and published separately.

8. Conclusion

The estimate of ThT based on aNGT is consistent with the one esti
mated using CVs. While several studies have alluded that ThT is setting- 
dependent and is driven by participant characteristics, we found that the 

estimates of ThT based on aNGT were relatively similar between sites 
and stable across participant characteristics. Additional studies in other 
settings need to be conducted to assess the reproducibility and consis
tency of the method.
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Appendix A 

.

Table A1 
A six-point Likert scale ranging from 0 to 5 with possible interpretation.

Scale Interpretation

0 not a factor that needs to be considered
1 a factor that should be considered but not given much weight in the treatment decision
2 a reasonably important factor that may influence the treatment decision
3 an important factor that will typically influence the treatment decision
4 a very important factor with a major impact on the treatment decision
5 a most important factor which will be a driving force in the treatment decision
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Table A2 
Probability of TB for each clinical vignette.

Clinical vignette number Experts All participants Doctor participants

A1 0.25 0.59 0.45
A2 0.30 0.80 0.74
A3 0.40 0.63 0.52
A4 0.40 0.74 0.64
A5 0.50 0.70 0.61
A6 0.30 0.63 0.45
A7 0.70 0.80 0.74
A8 0.20 0.66 0.59
A9 0.02 0.47 0.25
A10 0.50 0.75 0.62
B1 0.95 0.88 0.85
B2 0.35 0.72 0.57
B3 0.26 0.52 0.34
B4 0.35 0.67 0.56
B5 0.53 0.70 0.65
B6 0.60 0.68 0.57
B7 0.64 0.80 0.74
B8 0.37 0.74 0.59
B9 0.63 0.77 0.71
B10 0.55 0.66 0.55

A = clinical, B = population screening.

Table A3 
Summary of the number of participants and sessions.

Characteristic n (%)

Number of participants in the aNGT sessions (n = 123) ​
Lesotho 40 (33.0 %)
South Africa 83 (67.0 %)
Number of aNGT sessions (n = 17) ​
Lesotho 7 (41.0 %)
South Africa 10 (59.0 %)
Number of participants for clinical vignettes (n = 130) ​
Lesotho 45 (34.6 %)
South Africa 85 (65.4 %)
Number of participants in both aNGT & clinical vignettes (n = 115) ​
Lesotho 38 (33.0 %)
South Africa 77 (67.0 %)

Table A4 
Distribution of the participants who participated in clinical vignettes only and those who participated in both the clinical vignettes and 
aNGT.

Participation in aNGT, CV and both
CV aNGT and CV

Characteristics n = 130 n = 115
Age (years) ǂ ​ ​
Mean (SD) 40.5 (9.6) 40.5 (9.5)
Range (Min. − Max.) 26–66 26–66
Male, n (%) 44 (33.8 %) 37 (32.2 %)
Years of experience in TB treatment, n (%) ​ ​
< 1 Year 9 (6.9 %) 5 (4.3 %)
1–5 Years 49 (37.7 %) 44 (38.3 %)
6–10 Years 33 (25.4 %) 30 (26.1 %)
> 10 Years 39 (30.0 %) 36 (31.3 %)
Profile, n (%) ​ ​
Doctors 58 (44.6 %) 49 (42.6 %)
Nurses 49 (37.7 %) 46 (39.7 %)
Program managers 16 (12.3 %) 15 (13.0 %)
Others 7 (5.4 %) 6 (5.2 %)
If a doctor, highest qualification, n (%) ​ ​
MBCHB 46 (79.3 %) 38 (77.6 %)
Masters 6 (10.3 %) 6 (12.2 %)
Post-graduate Diploma 6 (10.3 %) 5 (10.2 %)
Health services currently working in ​ ​
District, secondary or tertiary hospital 89 (68.5 %) 77 (67.0 %)
Clinic or primary healthcare 31 (23.8 %) 29 (25.2 %)
Others (NGOs, corporate, research, college, correctional services, retired) 10 (7.7 %) 9 (7.8 %)
Number of patients put on TB treatment last month, n (%) ​ ​

(continued on next page)
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Table A4 (continued )

Participation in aNGT, CV and both
CV aNGT and CV

0 38 (29.2 %) 31 (27.0 %)
1 – 4 43 (33.1 %) 42 (36.5 %)
5 – 9 27 (20.8 %) 24 (20.9 %)
10 – 19 14 (10.8 %) 10 (8.7 %)
20 – 30 3 (2.3 %) 3 (2.6 %)
> 30 5 (3.8 %) 5 (4.3 %)

ǂ One participant had an outlier age of 13 years. This value was excluded from the summary statistics.
The demographic characteristics were only captured in the Formsite® Therefore, the participants who participated in the aNGT alone 
did have their demographic characteristics captured. This explains why we do not have separate summaries for the participants in aNGT 
only.

Table A5 
Estimates of therapeutic threshold and the corresponding 95 % credible intervals (95 % 
CrI) based on the participant-elicited probability of TB in the clinical vignettes.

Clinical setting Community setting

​ Adjusted┼ Adjusted┼

Characteristic Median (95 % CrI) Median (95 % CrI)
Overall 62.1 (59.1, 64.9) 60.5 (57.9, 62.9)
Doctors only 56.3 (52.7, 59.6) 53.5 (50.3, 56.4)

┼ Adjusted for study site, order of participation in the aNGT and clinical vignettes, 
profession, and years of experience and standardizing for the whole population

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jctube.2025.100529.
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