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The impact of new tuberculosis diagnostics on transmission:  
why context matters
Hsien-Ho Lin,a David Dowdy,b Christopher Dye,c Megan Murrayd & Ted Cohene

Introduction
New tools for the diagnosis of tuberculosis have been de-
veloped over the past 10 years. All of them offer improved 
diagnostic accuracy over traditional sputum smear micros-
copy and several promise to detect the most diagnostically 
challenging types of tuberculosis, including multidrug-re-
sistant tuberculosis and tuberculosis in patients with hu-
man immunodeficiency virus (HIV) infection.1–3 One such 
tool, the Xpert MTB/RIF assay, is an automated nucleic 
acid amplification test that has greater than 70% sensitivity 
in detecting smear-negative, culture-positive tuberculosis 
and can be used nearer to the point of care by individuals 
with little training.4,5 Other new tools, including fluores-
cent microscopy, loop-mediated isothermal amplification 
assays and line probe assays, also have promising applica-
tions.6–8 Evidence on the accuracy of these new diagnostics 
has rapidly accumulated from clinical validation and field 
demonstration studies. These data have been used to support 
the implementation and rollout of new diagnostic tools in 
several low-income countries with the hope of reducing the 
burden of tuberculosis and providing cost-effective screening 
options for policy-makers.3

For a novel diagnostic test to have population-level impact 
on the control of tuberculosis, improved accuracy is necessary 
but not sufficient. Tuberculosis transmission depends directly 
on the length of time patients remain infectious before they 
are treated. A diagnostic tool that improves detection only 
late in the course of disease may prevent death, but its impact 

on transmission will be small. The expected epidemiological 
impact of implementing a new diagnostic test will also vary 
with the rates of case detection and treatment success in the 
existing tuberculosis control system. If deployed in a clinic 
where tuberculosis cases are already being detected with high 
sensitivity (e.g. through the use of high-quality diagnostics), 
the new tool will have a much lower incremental impact than 
if it is deployed in a clinic where tuberculosis is frequently 
missed. Similarly, if the diagnosis of tuberculosis is not fol-
lowed by prompt and effective treatment, the impact of a new 
diagnostic test will be small.

For tuberculosis control to be effective, every patient must 
navigate a complex diagnostic pathway.9,10 This pathway, which 
begins only when an individual presents at a local health cen-
tre, involves a series of steps: a clinician suspects tuberculosis, 
orders the appropriate diagnostic test, receives the results of 
this test, makes the appropriate diagnosis, places the patient on 
an effective treatment regimen and ensures the completion of 
therapy. The accuracy of a diagnostic test affects this pathway 
at a critical moment, but the loss of patients at any step along 
the diagnostic pathway, which can be substantial, limits the 
epidemiologic impact of any new diagnostic tool.9

We hypothesized that several contextual factors will affect 
the capacity of a new diagnostic tool to reduce the burden of 
tuberculosis. To evaluate and quantify the relative influence 
of these factors on the potential epidemiologic impact of a 
new diagnostic test, we developed a mathematical model of 
a tuberculosis epidemic that captures the complex patient 
pathway involved in tuberculosis diagnosis and treatment.

Objective To estimate the impact of new tuberculosis diagnostics on tuberculosis transmission given the complex contextual factors that 
can lead to patient loss before diagnosis or treatment.
Methods An epidemic model of tuberculosis specifying discrete steps along the tuberculosis diagnostic pathway was constructed. The model 
was calibrated to the epidemiology of tuberculosis and human immunodeficiency virus (HIV) infection in the United Republic of Tanzania 
and was used to assess the impact of a new diagnostic tool with 70% sensitivity for smear-negative pulmonary tuberculosis. The influence 
of contextual factors on the projected epidemic impact of the new diagnostic tool over the decade following introduction was explored.
Findings With the use of smear microscopy, the incidence of tuberculosis will decline by an average of 3.94% per year. If the new tool is 
added, incidence will decline by an annual 4.25%. This represents an absolute change of 0.31 percentage points (95% confidence interval: 
0.04–0.42). However, the annual decline in transmission with use of the new tool is less when existing strategies for the diagnosis of smear-
negative cases have high sensitivity and when symptomatic individuals delay in seeking care. Other influential contextual factors include 
access to tuberculosis care, patient loss before diagnosis, initial patient default after diagnosis and treatment success rate.
Conclusion When implementing and scaling up the use of a new diagnostic tool, the operational context in which diagnosis and treatment 
take place needs to be considered.

a Institute of Epidemiology and Preventive Medicine, National Taiwan University, 17 Xuzhou Road, 100 Taipei, Taiwan, China.
b Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, United States of America (USA).
c HIV/AIDS, Tuberculosis, Malaria and Neglected Tropical Diseases Cluster, World Health Organization, Geneva, Switzerland.
d Department of Epidemiology, Harvard School of Public Health, Boston, USA.
e Division of Global Health Equity, Brigham and Women’s Hospital, Boston, USA.
Correspondence to Hsien-Ho Lin (e-mail: hsienho@ntu.edu.tw).
(Submitted: 18 December 2011 – Revised version received: 29 June 2012 – Accepted: 2 July 2012 – Published online: 16 July 2012 )



Bull World Health Organ 2012;90:739–747A | doi:10.2471/BLT.11.101436740

Research
New tuberculosis diagnostics and disease transmission Hsien-Ho Lin et al.

Methods
Using an age-structured epidemic 
model of tuberculosis transmission, we 
compared the potential impact of the 
existing diagnostic algorithms using 
smear microscopy with that of a hypo-
thetical new tool that replaced smear 
microscopy in the algorithm. The 
existing standard approach requires 
performing three initial sputum smear 
examinations in people suspected of 
having pulmonary tuberculosis. For 
those whose smear is negative, the diag-
nosis is based on a chest X-ray, a trial of 
broad-spectrum antibiotics and clinical 
judgment. The new tool was assumed 
to have a sensitivity of 100% for highly 
infectious cases (defined as smear-
positive under ideal laboratory condi-
tions) and of 70% for less infectious 
cases (defined as smear-negative).4,5 
We constructed the model to reflect 
an existing diagnostic algorithm to 
make it possible to assess the influence 
of operational factors on the epide-
miologic impact of the new tool. The 
operational factors considered in the 
analysis were: (i) access to tuberculosis 
care, defined by the proportion of the 
population able to enter the health-care 
system upon contracting tuberculosis; 
(ii) duration of patient delay, defined 
as the time from the onset of symptoms 
until entry into the health-care system; 
(iii) diagnostic default, defined as the 
loss of a patient to follow-up before 
completion of the diagnostic proce-
dure; (iv) sensitivity of the secondary 
diagnostic tool (if the initial test result 
is negative); (v) initial default, defined 
as the loss of a patient to follow-up 
after being informed of a positive test 
result but before treatment initiation; 
(vi) treatment success, defined by treat-
ment completion and cure.

Expanded epidemic transmission 
model

Ours is a compartmental model that 
follows conventions adopted for previ-
ous epidemic models of major anti-
tuberculosis interventions11,12 and prior 
models of tuberculosis diagnostics.13–16 
The model divides the population into 
compartments based on tuberculosis 
disease status (Fig. 1), HIV status (posi-
tive/negative) and age. Since the diag-
nostic pathway begins after the onset 
of disease, we further expanded disease 
states to incorporate important steps 
in the diagnostic pathway (Fig. 1). This 

expanded model enables detailed study 
of the diagnostic process in the context 
of a transmission modelling framework. 
It makes it possible to explicitly investi-
gate the impact of increased diagnostic 
sensitivity as one step in this pathway 
(i.e. by changing the relative size of flows 
to “test+” versus “test−:” f2 in Fig. 1 and 
Fig. A1 in Appendix A, available at: 
https://www.dropbox.com/s/ts9yt1u-
op8006wv/Appendix%20A.docx.zip), 
as well as the relative impact of other 
factors along the diagnostic pathway 
(e.g. reduced loss to follow-up resulting 
from more rapid diagnosis: f1 in Fig. 1 
and Fig. A1 in Appendix A).

We used a Bayesian procedure to 
calibrate the expanded model to the ob-
served epidemiological characteristics of 
tuberculosis and HIV infection in the 
United Republic of Tanzania, a country 
with a high burden of both diseases and 
a relatively low prevalence of multidrug-
resistant tuberculosis.17–19 In brief, we 

performed 100 000 simulations with pa-
rameter values selected randomly from 
prior distributions of input parameters. 
A likelihood score was computed for 
each resulting simulation based on the 
fit to tuberculosis incidence estimated by 
the World Health Organization. These 
100 000 simulations were resampled 
(with replacement) 100 000 times, with 
the probability of selection proportional 
to the likelihood of each curve. The pos-
terior mode curve (i.e. the curve that was 
resampled most frequently) was deemed 
as the best fitting curve after calibration. 
We present this modal curve in the main 
analysis (Fig. 2 and  Fig. 3). Key model 
parameters are given in  Table 1 (avail-
able at: http://www.who.int/bulletin/
volumes/90/10/11-101436) and model 
assumptions are listed in Box 1. Ap-
pendix A describes in detail the model 
structure, the prior and posterior ranges 
of all model parameters and the calibra-
tion procedure.

Fig. 1.	 Graphical representation of the expanded epidemic model used to study the 
impact of new tuberculosis diagnostics on transmission 
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f1, relative impact of other factors along the diagnostic pathway; f2, impact of increased diagnostic 
sensitivity as one step in this pathway.
Note: Part A shows a structure similar to that of previous tuberculosis transmission models. This figure 
does not show additional model stratification based on age and human immunodeficiency virus 
infection status. Part B shows expansion of the simple standard tuberculosis transmission model, through 
addition of more patient diagnostic pathways, to investigate the effect of a diagnostic tool within 
the operational context. See Appendix A for a detailed description of model compartments and rate 
transitions between compartments.
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Outcome measures and analytic 
methods

Using the calibrated model for the United 
Republic of Tanzania, we projected the 
impact of the new, more sensitive tool 
over that of the existing diagnostic algo-
rithm using smear microscopy, under the 
assumption that the incidence of HIV in-
fection would remain the same as in 2009. 
We estimated the average annual decline 
in pulmonary tuberculosis incidence, 
prevalence and mortality, and in the an-
nual risk of tuberculosis infection (ARTI) 
over the ensuing 10 years under the base 
case scenario of smear microscopy and 
under the alternative scenario, namely, 
use of the new diagnostic tool in 2010. We 
quantified the impact of the new tool by 
calculating the absolute difference in the 
annual rate of decline in pulmonary tu-
berculosis incidence under the base case 
scenario and the alternative scenario. We 
also investigated the impact of the new 
tool on the duration of infectiousness, 
which directly affects the rate of disease 
transmission.

To investigate the influence of op-
erational factors on the epidemiologic 
impact of the new tool, we conducted 
one-way sensitivity analyses by chang-
ing one operational parameter at a time 
and computing the absolute differ-
ence between the average annual rate 
of decline in pulmonary tuberculosis 
incidence observed with the new di-
agnostic tool and that observed with 
sputum smear microscopy. The ranges 
of variation of operational parameters 
were based on the 90% posterior inter-
vals from the 100 000 resamples after 
Bayesian calibration (Table 2). We also 
investigated the independent influence 
of each operational factor on the im-
pact of the new tool by computing the 
partial rank correlation coefficient from 
1000 simulations from the joint prior 
distribution of all input parameters. 
The partial rank correlation coefficient 
measures the correlation between an 
input parameter and the impact of a 
new tool while adjusting for the influ-
ence of all other input parameters.27 We 

conducted uncertainty analysis on the 
absolute difference in the annual rate 
of decline in pulmonary tuberculosis 
incidence using 1000 random samples 
from the 100 000 posterior resamples. 
The 95% credible intervals came from 
the 25th and the 975th values among 
the 1000 simulations. We used Berkeley 
Madonna version 8.3.18 (University of 
California at Berkeley, Berkeley, United 
States of America) for model simulations 
and R version 2.11.1 (The R Foundation 
for Statistical Computing, Vienna, Aus-
tria) for statistical analysis.28,29

Results
Under the base case scenario of smear 
microscopy, the incidence of pulmonary 
tuberculosis would continue to decline 
in the United Republic of Tanzania 
because of sustained case detection and 
treatment. Over a 10-year horizon, pul-
monary tuberculosis incidence, preva-
lence and mortality and ARTI would 
decline by an annual average of 3.94%, 
3.31%, 4.41%, and 3.11%, respectively 
(Fig. 3). We projected that with use of 
the new diagnostic tool the burden of 
pulmonary tuberculosis would decline 
faster than with continued use of smear 
microscopy. Under a reference case 
operational context (corresponding to 
the modal values of the operational 
parameters in  Table 2), the projected 
average annual declines in pulmonary 
tuberculosis incidence, prevalence and 
mortality and in ARTI would be 4.25%, 
5.07%, 5.27% and 3.89%, respectively 
(Fig. 3). Thus, the new tool is associ-
ated with an additional average annual 
decline in the incidence of pulmonary 
tuberculosis of 0.31 percentage points 
(0.04–0.42), and with additional average 
annual declines in prevalence, mortal-
ity and ARTI of 1.77 percentage points 
(95% credible interval, CI: 0.33–2.30), 
0.86 percentage points (95% CI: 0.09–
1.97) and 0.78 percentage points (95% 
CI: 0.12–1.07), respectively. Owing to 
improved sensitivity and early case de-
tection, the new tool reduces the period 
of infectiousness from 10.4 months to 
9.1 months on average.

One-way sensitivity analyses sug-
gested that the additional annual decline 
in the incidence of pulmonary tubercu-
losis is strongly influenced by the sensi-
tivity of the existing diagnostic strategies 
used to retest those whose initial test 
results are negative (Fig. 4). When the 

Fig. 2.	 Incidence of tuberculosis (all forms) in the United Republic of Tanzania based on 
WHO estimates and projected incidence based on the calibrated epidemic model 
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WHO, World Health Organization. 
Note: The green solid line and green dashed lines represent the point estimate and 95% confidence 
limits of tuberculosis incidence from 1997–2010 as reported by WHO. The black solid line is the most 
frequently observed trajectory (i.e. the mode) from 100 000 resamples of simulated tuberculosis epidemic 
curves after calibrating to WHO estimates; this line represents the model output most consistent with 
the observed trend in tuberculosis incidence. The grey lines represent 1000 random samples from 
the 100 000 resamples of calibrated tuberculosis epidemic curves. These modelled trajectories (black 
and grey lines) suggest that the calibration procedure captured the main features of tuberculosis 
epidemiology in the United Republic of Tanzania.
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existing diagnostic strategy was highly 
sensitive for smear-negative cases (e.g. 
X-ray or clinical suspicion), the im-
provement offered by the new, more 
accurate diagnostic tool was less impres-
sive. A long delay in seeking medical at-
tention after the onset of symptoms also 
reduced the epidemiologic impact of the 
new diagnostic tool (Fig. 4) because of 
prolonged transmissibility. Variations 
in other operational factors (e.g. level 
of access to tuberculosis diagnosis and 
treatment, rate of diagnostic default 

among patients testing positive, rate of 
initial (i.e. post-diagnostic) default and 
treatment success rate) also affected the 
impact of the new tool on tuberculosis 
incidence in the direction anticipated 
(Fig. 4). The results of the partial rank 
correlation coefficient analysis were 
consistent with those of the one-way 
sensitivity analysis (Fig. 4).

Following the one-way sensitivity 
analysis, we attempted to identify the 
types of operational settings in which 
the diagnostic tool was expected to de-

liver the greatest average annual decline 
in the incidence of pulmonary tuber-
culosis. To achieve this we sequentially 
tuned the operational parameters to the 
values that yielded the greatest impact 
on disease incidence, beginning with 
the parameter shown to exert the great-
est influence in the one-way sensitivity 
analysis. We found that the greatest ad-
ditional annual decline in the incidence 
of pulmonary tuberculosis (0.57%) 
would be achieved if the new diagnostic 
tool were used in settings that fulfilled all 
of the following conditions: prompt care 
seeking after symptom onset, an existing 
diagnostic strategy with poor sensitivity 
and full (99%) access to tuberculosis care 
(with parameter values corresponding 
to the 90% posterior limits in Table 2).

In addition to assessing the impact 
of a new, more sensitive diagnostic 
tool, we conducted iso-effect analyses 
to identify how a similar incremental 
benefit could be attained with other 
interventions. To this end we increased 

Fig. 3.	 Projected incidence, prevalence and mortality trends for pulmonary tuberculosis and annual risk of latent tuberculosis under 
three diagnostic scenariosa
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a	 Scenario I: sputum smear microscopy under the reference case operational context (corresponding to the mode values of operational parameters in Table 2).
b	 Scenario II: use of the new tool (with 70% sensitivity for smear-negative disease) to replace sputum smear microscopy in Scenario I.
c	 Scenario III: use of the new tool in combination with other interventions that shorten the average patient delay and increase access to care and treatment 

success rate (with parameter values corresponding to the 90% posterior limits in Table 2).

Box 1.	Model assumptions

i. 	 Sputum smear as initial baseline test is replaced by novel diagnostic.

ii. 	 There is a single diagnostic attempt during the patient’s disease course with no repeat 
diagnostic attempts.

iii. 	There is no multidrug-resistant tuberculosis.

iv. 	The incidence of HIV infection in the target country stays at the 2009 level during the period 
of analysis.

v. 	 Individuals show homogeneous mixing in the population.

HIV, human immunodeficiency virus.
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the standard diagnostic strategy’s sensi-
tivity for smear-negative cases from 0% 
to 70%. Under the best-fitting condition 
of the calibrated model, it would require 
any of the following to obtain the same 
effects as those observed with the new 
diagnostic tool: shortening the time to 
care seeking after symptom onset from 
2 to 1.2 months; increasing access to 
tuberculosis care from 83% to 88% of 
cases; increasing the treatment success 
rate from 70% to 87%, or decreasing the 
fraction of initial (i.e. post-diagnostic) 
defaults from 23% to 16%. We further 
investigated the impact of joint interven-
tions that included the following compo-
nents: (i) a new diagnostic tool with 70% 
sensitivity for smear-negative cases; (ii) a 
strategy for shortening care-seeking delay 
after symptom onset to between1.3 and 
1.7 months; (iii) a strategy for increasing 
access to tuberculosis care to 99%; (iv) a 
strategy for increasing the treatment suc-
cess rate to 96% (Table 2). As expected, 
the combined intervention would have 
a greater impact on annual decline than 
any single intervention (Fig. 3).

Discussion
Using an expanded tuberculosis epi-
demic model that identifies additional 
stages along a diagnostic pathway, we 
found the impact of a new, more ac-
curate diagnostic tool on tuberculosis 
epidemiology to be substantially affected 
by contextual factors unrelated to tool 
performance. In particular, the epide-
miologic impact of such a tool is greatest 
in settings where access to tuberculosis 
care is good (i.e. where symptomatic 
tuberculosis patients who seek care are 
likely to obtain it) but existing diagnostic 
strategies have poor sensitivity (e.g. poor 
access to chest X-ray for smear-negative 
cases). Since this may be the scenario in 
many community-level health centres, 
it is important to develop diagnostic 
tests that can be deployed at this level. 
Furthermore, new diagnostics will have 
a lesser population-level impact than 
expected if they are implemented in 
poorly accessible reference laboratories 
already equipped with sensitive tools 
(e.g. culture).

Our projections urge caution, be-
cause diagnostic pathways are fraught 
with inevitable inefficiencies that can 
make the incremental impact of new 
diagnostic technologies lower than 
anticipated. We specifically found that 
a diagnostic test with 100% sensitivity 

Table 2.	 Modes and value ranges for operational parameters investigated in the 
one-way sensitivity analysis in a study of the impact of new tuberculosis 
diagnostics on transmission

Parameter Lowa Mode Higha

Patient delay, HIV-negative (months) 1.7 2.0 15.6
Patient delay, HIV-positive (months) 1.3 2.0 6.3
Access to care (%) 63 83 99
Diagnostic default (%) 1 5 18
Sensitivity of existing diagnostic strategies for smear-
negative cases (%)

13 31 71

Initial (i.e. post-diagnostic) default (%) 1 23 29
Treatment success rate (%) 54 70 96

HIV, human immunodeficiency virus.
a	The low and high values correspond to the 5th and 95th percentile values in the posterior distribution.

Note: The values were obtained from posterior distributions after the Bayesian melding procedure that 
calibrated the input parameters to the tuberculosis rates observed in the United Republic of Tanzania. 

Fig. 4.	 Sensitivity analysis on the influence of operational factors on the impact of a 
sensitivity diagnostic tool on annual decline in pulmonary tuberculosis incidence

High value
Low value

 Sensitivity of existing diagnosticsa

Patient delay

Access to  tuberculosis care

Initial default

Diagnostic defaultb

Treatment success rate

Patient delay, HIV-

Sensitivity of existing diagnostics

Relative  infectiousness, smear-
Fast progression rate, HIV-

Access to tuberculosis care

Mortality rate, smear-, HIV-
Natural cure rate, HIV-

Initial (post-diagnostic) default

Relapse rate, HIV+

Transmission parameter
Patient delay, HIV+

Diagnostic default

Treatment success rate

Additional annual decline in incidence (%)

Partial rank correlation coefficient

0 0.1 0.2 0.3 0.4 0.5

-0.40 -0.30 -0.20 -0.10 0 0.10 0.20 0.30

-0.36

-0.33

-0.15

-0.12

-0.10

-0.10

-0.07

-0.07

0.09

0.03

0.23

0.20

0.19

A

B

a	 Access to and sensitivity of existing diagnostic strategies for smear-negative cases.
b	 Lost to follow-up before completion of diagnostic process.
Note: Part A shows the results of the one-way sensitivity analysis of additional annual decline in 
pulmonary tuberculosis incidence using the values of operational factors from posterior distributions 
after calibration. The vertical line corresponds to the estimate using the mode values in Table 2, and 
“High” and “Low” correspond to the estimates using the high and low values in Table 2.
Part B shows the partial rank correlation coefficients obtained with 1000 random simulations from joint 
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for smear-positive tuberculosis and 70% 
sensitivity for smear-negative tubercu-
losis would reduce the average annual 
incidence of pulmonary tuberculosis 
by a mere 0.31 percentage points in 
the United Republic of Tanzania. Our 
findings strongly indicate the need for 
a comprehensive approach that empha-
sizes the importance of the operational 
context of diagnosis and treatment when 
deciding how to implement and scale up 
a new diagnostic tool.

Our model illustrates the critical 
importance played by the duration of 
infectiousness in tuberculosis transmis-
sion. The level of tuberculosis transmis-
sion that occurs before patients present 
to the health-care system varies widely 
between settings,30 but it limits the degree 
to which a new, improved diagnostic 
test deployed in a clinic-based setting 
(i.e. without concomitant active case-
finding efforts) can reduce tuberculosis 
incidence. The potential capacity of the 
new tool to reduce incident disease is 
eroded when patients delay in seeking 
care. Furthermore, symptom onset may 
not be a good indicator of the onset of 
infectiousness. Prevalence studies have 
shown that as many as two thirds of 
previously undiagnosed tuberculosis 
patients reported no symptoms31 and that 
sputum culture results can be positive in 
asymptomatic patients.32 Thus, decisions 
to scale up new tuberculosis diagnostics 
should take into account the results of 
studies, critically needed, on the fraction 
of secondary infections that occur before 
symptomatic patients seek health care 
and on the impact of the new diagnostics 
on the time between symptom onset and 
health care seeking and between initial 
contact with the health-care system and 
initiation of tuberculosis therapy. 

The epidemiologic impact of a new 
diagnostic tool will also depend on the 
accessibility and sensitivity of the existing 
strategy for diagnosing sputum-smear-
negative cases. Few studies have reported 
on the sensitivity of the strategies com-
monly employed to diagnose tuberculosis 
in sputum-smear-negative cases, such as 
chest X-ray or empirical treatment with 
antibiotics.33 Even fewer data are available 
on access to and use of these strategies 
when indicated and on the sensitivity 
of clinical suspicion for the diagnosis 
of sputum-smear-negative pulmonary 
tuberculosis. The importance of opera-
tional factors (Fig. 4) points to the need 
to better understand the organization of 
the health system and to accurately mea-

sure each step of the diagnostic pathway 
when projecting the overall impact of a 
new diagnostic.9,34,35

We modelled a new diagnostic 
tool with improved sensitivity for il-
lustrative purposes only. Introducing 
such a tool could affect the diagnostic 
process in several ways. For example, 
a new test could increase patients’ faith 
in the health-care system and lower 
physicians’ threshold for considering a 
diagnosis of tuberculosis, which would 
result in reduced patient and health 
system delays. A new test with a short 
turnaround time will reduce the need 
for multiple visits to the health system 
and thereby decrease diagnostic default. 
For example, the result from the new 
Xpert MTB/RIF assay can be obtained 
within two hours. Thus, patients can 
get their test results on the same day. 
These additional effects of implement-
ing a new tuberculosis diagnostic can 
have a much greater population impact 
than simply improving diagnostic sen-
sitivity. Indeed, one could consider the 
“combined intervention” in our model 
(Fig. 3) to be a representation of the 
potential impact of a diagnostic test that 
not only has greater sensitivity, but that 
also reduces patient delays and increases 
access to care through improvements in 
provider behaviour. This highlights the 
importance of collecting information on 
changes in health system practices and 
patient behaviour following the imple-
mentation of a new diagnostic tool. 
An impact assessment framework that 
comprehensively evaluates the impact of 
a new diagnostic at the patient level, the 
health system level and the population 
level will serve as a useful guiding tool 
for policy-makers.35,36

Our epidemic model follows the 
standard epidemic model of tuberculosis 
transmission to evaluate the impact of 
new diagnostics on disease transmission. 
Unlike most previous epidemic models, 
ours includes the patient diagnostic 
pathway and the operational components 
of the diagnostic process. Thus, it allows 
the impact of a new tool to be explicitly 
examined in relation to other potentially 
important operational factors. Although 
our statistical approach accounts for un-
certainty in parameter values, it does not 
account for uncertainty in model struc-
ture. For example, in our model, we clas-
sify tuberculosis patients as either highly 
infectious (sputum-smear-positive) or 
less infectious (sputum-smear-negative) 
and assume that the new tool has a fixed 

sensitivity within each state. If, however, 
the degree of infectiousness is a con-
tinuum and the smear-negative category 
includes some patients who are more 
infectious than others within the same 
category, our model could underestimate 
the impact of the new tool. We also did 
not vary the diagnostic specificity of the 
new tool in our analysis. A tool with poor 
specificity, even if highly sensitive, could 
undermine the system by overloading 
facilities with individuals who do not 
require anti-tuberculosis treatment. A 
formal cost-effectiveness analysis that 
takes into account various aspects of im-
pact and the associated costs of a new tool 
would be valuable to policy-makers.9,36

In conclusion, our model-based 
quantitative analysis suggests that novel 
diagnostic tests can have substantial 
population-level impact on tuberculosis 
epidemics, but only in certain contexts 
or in combination with interventions 
geared towards promoting earlier 
health-care seeking after symptom on-
set to reduce the length of the infec-
tious period. It is therefore critical to 
consider contextual factors such as the 
sensitivity of existing tests, the degree 
of access to tuberculosis care and the 
average time that transpires before care-
seeking, in determining when and where 
novel diagnostics should be scaled up. 
Although we focused our analysis on 
diagnostics for tuberculosis screening, 
the central notion – that implementing 
diagnostic tools with impressive operat-
ing characteristics (e.g. high sensitivity 
and specificity) does not automatically 
translate into a large epidemiological 
impact – should also apply in the case 
of new, improved tools for diagnosing 
other infectious diseases. ■
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ملخص
أثر التشخيص الجديد للسل على انتقال المرض: لماذا يعتبر السياق مهمًا

مع  السل  انتقال  على  الجديد  السل  تشخيص  أثر  تقدير  الغرض 
الوضع في الاعتبار العوامل السياقية المعقدة التي يمكن أن تؤدي 

إلى فقد المريض قبل التشخيص أو العلاج.
الطريقة تم إنشاء نموذج وبائي للسل يحدد خطوات منفصلة على 
وبائية  وفق  النموذج  معايرة  وتمت  السل.  تشخيص  مسار  امتداد 
السل وعدوى فيروس العوز المناعي البشري )HIV( في جمهورية 
تنزانيا المتحدة، وتم استخدامه لتقييم أثر وسيلة تشخيص جديدة 
بنسبة حساسية 70 % للسل الرئوي ذي نتائج لطاخة سلبية. وتم 
استكشاف تأثير العوامل السياقية على الأثر الوبائي المتوقع لوسيلة 
التشخيص الجديدة على مدار العقد الزمني التالي لبدء استخدامها.

ينخفض  سوف  للطاخات،  المجهري  الفحص  باستخدام  النتائج 
حدوث السل بمتوسط يصل إلى 3.94 % سنويًا. وفي حالة إضافة 
الوسيلة الجديدة، سوف ينخفض الحدوث بنسبة 4.25 % سنويًا. 

ويمثل ذلك تغيراً مطلقاً بمعدل 0.31 نقطة مئوية )95 % فاصل 
الانخفاض  فإن  ذلك،  من  الرغم  وعلى   .)0.42  –  0.04 الثقة: 
السنوي في انتقال المرض مع استخدام الوسيلة الجديدة أقل عندما 
السلبية  اللطاخة  لتشخيص حالات  الحالية  تكون الإستراتيجيات 
عليهم  تظهر  الذين  الأفراد  يتأخر  وعندما  عالية،  حساسية  ذات 
الأخرى  السياقية  العوامل  وتتضمن  الرعاية.  طلب  في  الأعراض 
المؤثرة إمكانية الحصول على رعاية لمرض السل، وفقد المريض قبل 
ومعدل  التشخيص  بعد  للمريض  المبدئي  والانقطاع  التشخيص، 

نجاح العلاج.
جديدة،  تشخيص  وسيلة  استخدام  وتعزيز  تنفيذ  عند  الاستنتاج 
يجب أن يوضع في الاعتبار السياق التشغيلي الذي يتم فيه التشخيص 

والعلاج. 

摘要
结核病新诊断工具对传播的影响：环境为何重要
目的 考虑可能会导致诊断或治疗前患者丢失的复杂环境
因素，估计新的结核病诊断工具对结核病传播的影响。
方法 构建了沿结核病诊断途径指定分离步骤的肺结核传染
病模型。将模型针对坦桑尼亚联合共和国的结核病和艾滋
病毒（HIV）流行病感染进行校准，并使用其评估新的诊
断工具的影响，该诊断工具对涂片阴性肺结核病的敏感性
为70%。在新诊断工具引入之后十年中其对所预测的流行
病学影响方面，探讨了环境因素的影响。
结果 使用涂片镜检，结核病的发病率将平均每年减少

3.94%。如果增加了新的工具，发病率将每年下降4.25%。
这代表了0.31 个百分点的绝对变化（95%置信区间：0.04-
0.42）。然而，当涂片阴性病例的现有诊断策略具有较高
的敏感性以及症状个体推迟就医时，使用新工具之后每年
传播下降速度不会那样高。其他有影响的环境因素包括获
得结核医疗服务的途径、诊断前患者丢失、诊断后首诊患
者失访和治疗的成功率。
结论 在实施和扩大新诊断工具的使用时，必须考虑诊断和
治疗所处的操作环境。

Résumé

Impact des nouveaux diagnostics de la tuberculose sur sa transmission: pourquoi le contexte est important
Objectif Estimer l’impact des nouveaux diagnostics de la tuberculose 
sur la transmission de la maladie au vu de la complexité des facteurs 
contextuels qui peuvent conduire au décès de patients avant le 
diagnostic ou le traitement.
Méthodes Un modèle épidémique de la tuberculose a été établi, 
définissant les étapes distinctes au cours du processus de diagnostic. 
Le modèle a été calibré sur l’épidémiologie de la tuberculose et du virus 
de l’immunodéficience humaine (VIH) en République-Unie de Tanzanie 
et a été utilisé pour évaluer l’impact d’un nouvel outil de diagnostic 
offrant une sensibilité de 70% pour la tuberculose pulmonaire négative 
au frottis. L’influence des facteurs contextuels sur l’impact prévu de 
l’épidémie par le nouvel outil de diagnostic a été étudiée au cours de 
la décennie suivant l’introduction.
Résultats Avec l’utilisation de la microscopie des frottis, l’incidence de 

la tuberculose diminuera en moyenne de 3,94% par an. Si le nouvel 
outil est ajouté, cette incidence diminuera à un rythme annuel de 
4,25%. Cela représente un changement absolu de 0,31 point (intervalle 
de confiance de 95%: 0,04 à 0,42). Cependant, la baisse annuelle de la 
transmission grâce à l’utilisation de ce nouvel outil est moindre lorsque 
les stratégies existantes du diagnostic des cas à frottis négatif présentent 
une sensibilité élevée et lorsque les individus symptomatiques 
retardent leur demande de soins. D’autres facteurs contextuels influents 
comprennent l’accès aux soins de la tuberculose, le décès de patients 
avant le diagnostic, une défaillance initiale du patient après le diagnostic 
et le taux de réussite du traitement.
Conclusion Lors de la mise en œuvre et de l’intensification de l’utilisation 
d’un nouvel outil diagnostic, le contexte opérationnel dans lequel le 
diagnostic et le traitement se déroulent doit être pris en considération.

Резюме

Влияние нового средства диагностики туберкулеза на передачу заболевания: почему контекст имеет 
значение
Цель Оценить влияние нового метода диагностики туберкулеза на 
передачу заболевания, учитывая комплексные контекстуальные 
факторы, которые могут привести к потере пациента до 
диагностики или лечения.
Методы Была разработана эпидемическая модель туберкулеза, 

описывающая как отдельные шаги, так и общее направление 
действий по диагностике туберкулеза. Модель была проверена на 
эпидемиологии туберкулеза и инфекции вируса иммунодефицита 
человека (ВИЧ) в Объединенной Республике Танзания и 
использовалась для оценки влияния нового средства 
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диагностики с 70%-й чувствительностью к туберкулезу легких 
с отрицательным мазком мокроты. Было изучено влияние 
контекстуальных факторов на прогнозируемое эпидемическое 
влияние нового средства диагностики в течение десятилетия 
после его внедрения.
Результаты  При применении микроскопии мокроты 
заболеваемость туберкулезом будет снижаться в среднем на 
3,94% в год. При введении нового средства заболеваемость будет 
снижаться ежегодно на 4,25%. Это представляет собой абсолютное 
изменение величиной 0,31% (95% доверительный интервал: 
0,04-0,42). Однако ежегодное уменьшение контагиозности при 
использовании нового средства будет менее значительным, если 

существующие стратегии диагностики случаев туберкулеза с 
отрицательным мазком мокроты имеют высокую чувствительность 
или если лица с клиническими проявлениями вовремя не 
обращаются за медицинской помощью. Другими существенными 
контекстуальными факторами являются доступность лечения 
туберкулеза, потеря пациента до диагностирования, изначальное 
несоблюдение пациентом медицинских предписаний после 
диагностирования заболевания и эффективность самого лечения.
Вывод При использовании и популяризации нового средства 
диагностики необходимо учитывать текущий ситуационный 
контекст,, в котором производится диагностика и лечение.

Resumen

El impacto de las nuevas técnicas de diagnóstico de la tuberculosis sobre la transmisión: por qué es importante el contexto
Objetivo Calcular el impacto de las nuevas técnicas de diagnóstico de 
la tuberculosis sobre la transmisión de la enfermedad dados los factores 
contextuales complejos que pueden conducir a la pérdida de pacientes 
antes del diagnóstico o del tratamiento.
Métodos Se construyó un modelo epidémico de la tuberculosis 
en el que se especificaron los distintos pasos para el diagnóstico 
de la tuberculosis. El modelo se calibró para la epidemiología de la 
tuberculosis y del virus de la inmunodeficiencia humana (VIH) en la 
República Unida de Tanzanía y se empleó para evaluar el impacto de 
una herramienta nueva de diagnóstico con un 70% de sensibilidad 
para la tuberculosis pulmonar con baciloscopia negativa. Se investigó 
la influencia de los factores contextuales sobre el impacto epidémico 
previsto de la herramienta nueva de diagnóstico durante la década 
siguiente a su introducción.
Resultados Con el examen microscópico de frotis de esputo, la 

incidencia de la tuberculosis disminuirá una media de 3,94% anual. Si 
se añade la herramienta nueva, la incidencia disminuirá un 4,25% anual, 
lo que representa un cambio absoluto de 0,31 puntos porcentuales 
(intervalo de confianza del 95%: 0,04–0,42). No obstante, el descenso 
anual en la transmisión al usar dicha herramienta nueva es menor 
cuando existen estrategias para diagnosticar los casos de baciloscopia 
negativa con una sensibilidad elevada y cuando los individuos enfermos 
se demoran a la hora de buscar asistencia médica. Otros factores 
contextuales influyentes son el acceso a la atención a los enfermos de 
tuberculosis, la pérdida de pacientes antes de obtener un diagnóstico, 
la no asistencia inicial de los pacientes después del diagnóstico y la tasa 
de éxito terapéutico.
Conclusión Es necesario considerar el contexto operativo en el que el 
diagnóstico y el tratamiento tienen lugar a la hora de implementar y 
ampliar el uso de una herramienta nueva de diagnóstico. 
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