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Rationale: Tuberculosis (TB) is characterized by a subclinical phase
(symptoms absent or not considered abnormal); prediagnostic
phase (symptoms noticed but diagnosis not pursued); and clinical
phase (care actively sought). Diagnostic capacity during these
phases is limited.
Objectives: To estimate the population-level impact of TB case-
finding strategies in the presence of subclinical and prediagnostic
disease.
Methods: We created a mathematical epidemic model of TB, cali-
brated to global incidence. We then introduced three prototypical
diagnostic interventions: increased sensitivity of diagnosis in the
clinical phase by 20% (“passive”); early diagnosis during the pre-
diagnostic phase at a rate of 10% per year (“enhanced”); and
population-based diagnosis of 5% of undiagnosed prevalent cases
per year (“active”).
Measurements and Main Results: If the subclinical phase was ig-
nored, as in most models, the passive strategy was projected to re-
duceTB incidenceby 18%(90%uncertainty range [UR], 11–32%)by
year 10, compared with 23% (90% UR, 14–35%) for the enhanced
strategy and 18% (90% UR, 11–28%) for the active strategy. After
incorporating a subclinical phase into the model, consistent with
population-based prevalence surveys, the active strategy still re-
duced 10-year TB incidence by 16% (90% UR, 11–28%), but the
passive and enhanced strategies’ impact was attenuated to 11%
(90% UR, 8–25%) and 6% (90% UR, 4–13%), respectively. The de-
greeof attenuationdepended strongly on the transmission ratedur-
ing the subclinical phase.
Conclusions: Subclinical disease may limit the impact of current di-
agnostic strategies for TB. Active detection of undiagnosedprevalent
casesmayachievegreaterpopulation-level TB control than increasing
passive case detection.
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Improved diagnosis is a cornerstone of current efforts to control
tuberculosis (TB) (1). For the last 15 years, the World Health
Organization (WHO) and Stop TB Partnership have focused on

improving TB case detection and treatment success, in part
because key mathematical models predicted that meeting these
targets would result in improved disease control (2). Although
the directly observed therapy, short-course strategy has been
scaled up globally and has saved more than 1 million lives (3),
1.4 million people still die every year from TB (4). Most of these
deaths reflect diagnosis that is either delayed, missed, or never
attempted. Strategies for improving TB diagnosis generally take
one of three forms: (1) improvement of the “passive” diagnostic
system (e.g., deploying new diagnostic tools, such as Xpert
MTB/RIF [5, 6] for diagnosis of people who present with TB
symptoms); (2) “enhanced” diagnosis that aims to reduce delays
in diagnosis for patients with recognizable symptoms, such as
community awareness campaigns (7) and improved access to
TB diagnostic services (8); and (3) “active” strategies that do
not rely on patient presentation (e.g., household surveys [9],
contact investigations [10]). The factors that determine the com-
parative effectiveness of these strategies in reducing population-
level TB incidence remain largely unknown.

The clinical course of TB symptoms and infectiousness rep-
resents a spectrum that varies between individual patients. How-
ever, for purposes of evaluating the interplay between disease
and diagnosis, this progression may be conceptualized in simpli-
fied terms as a series of discrete (although clinically artificial)
phases. These phases include latent infection (asymptomatic and
noninfectious); subclinical TB (negative TB symptom screen, but
cultures are positive and TB is presumably infectious) (11, 12);
“prediagnostic” disease (symptoms sufficiently noticeable to screen
positive on symptom screening, but not sufficiently severe to seek
medical care); and “clinical” disease (during which patients ac-
tively seek care for their symptoms). In this conceptual frame-
work, “passive” diagnosis cannot occur before the clinical phase,
whereas “enhanced” diagnosis seeks to shorten the prediagnostic
phase. Population-based TB prevalence surveys have found that
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

The duration of subclinical and prediagnostic tuberculosis
(TB) can be estimated from representative prevalence
surveys, but the influence of these phases on the impact of
novel TB diagnostics, often used late in the disease course,
remains poorly studied.

What This Study Adds to the Field

This study uses realistic estimates of the prevalence and
duration of subclinical and prediagnostic TB to demonstrate
that active TB case detection is likely to have substantially
greater impact on population-level TB epidemiology than
passive or “enhanced” diagnostic strategies.
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more than half of all prevalent culture-positive disease, even in
people infected with HIV, is asymptomatic (13–15), and that
individuals with asymptomatic TB generally progress to symp-
tomatic disease (13, 16). These patients, described as “subclin-
ical” in our conceptual framework, may experience symptoms
(particularly cough, with a reported prevalence .30% in some
high-burden settings [17]); however, these symptoms are not rec-
ognized as requiring medical attention. Other indicators of TB,
most notably abnormalities on chest radiograph (15), may be
detectable at this early stage. During this period, bacillary lung
burden may be low, thereby reducing the risk of TB transmission
per infectious contact (Figure 1). However, most TB transmission
may still occur during this time if the relative duration of sub-
clinical disease is long, or if individuals with subclinical disease
“saturate” their close contacts with TB infection, take fewer pre-
cautions to prevent infection, or reduce their mobility (e.g., less
time at work) after they develop noticeable symptoms.

Mathematical models that simplify disease progression into
conceptual stages are frequently used to inform decision-making
related to TB and other infectious diseases. To date, most mod-
els have ignored the existence of subclinical TB, thereby poten-
tially overlooking transmission events during this period and
overestimating new diagnostic strategies’ effectiveness. To
quantify the relationships between duration of the subclinical
and prediagnostic periods, relative transmission rate during
those periods, and modeled population-level impact of strate-
gies for improved TB diagnosis, we constructed a mathematical
model that accounts for the possibility of subclinical and pre-
diagnostic disease.

METHODS

Using widely cited TB models as a guide (2, 18), we constructed a com-
partmental model described by a series of ordinary differential equa-
tions and parameter values from the literature (Table 1) (2, 4, 19–27).
We incorporated two additional compartments to represent the pro-
gression of TB disease (Figure 1; see online supplement). Although
infectiousness per contact increases throughout the subclinical, pre-
diagnostic, and clinical phases as lung bacillary load increases, the
relative transmission rate depends on the contact rate, such that trans-
mission may occur more frequently (Figure 2A), near-equally (Figure
2B), or less frequently (Figure 2C) in the preclinical versus clinical
phases. In our reference scenario, we assumed equal mean rates of
transmission per person-day spent in each compartment, thereby allow-
ing the time trajectory of transmission to take any shape that results in
equal mean transmission rates across phases.

We used data from published population-based TB prevalence sur-
veys to inform the duration of each diagnostic stage in the reference
scenario, with the goal of meeting four important criteria. First, the
overall duration of active TB disease should be similar to the ratio
of prevalence/incidence of culture-confirmed TB in prevalence surveys
and as estimated globally by the WHO. Second, the proportion of indi-
viduals with subclinical TB should reflect the proportion of individuals
screening negative on standard symptom screens in published population-
based surveys. Third, the duration of prediagnostic TB should be similar
to that of clinical TB, such that “patient delay” (corresponding to the
prediagnostic stage) is similar in duration to “health system delay”
(clinical stage) (28). Finally, the durations of each stage should be
clinically meaningful. The model that best fit all four of these criteria
was one in which the subclinical stage lasted 9 months, followed by
a prediagnostic stage of 4.5 months and a clinical stage of 4.5 months.
This model gives a point prevalence of subclinical TB of 55% (13–15),
overall duration of active TB of 1.35 years (4, 13, 14, 29), equal prediag-
nostic and clinical phases among people who are diagnosed, and clinically
meaningful cut-points. Notably, each phase is modeled as an exponential
distribution and thus implicitly includes some individuals who remain in
that phase for much longer (and others much shorter) than this mean
duration. We fit each simulation by solving analytically to provide an
equilibrium TB incidence of 128 per 100,000 per year in 2009 (4), adjust-
ing the transmission parameter downward to produce a geometric mean

1.3% annual decline in incidence (4). We studied three different arche-
typal diagnostic interventions:

1. Improved passive case finding: a 20% increase in the sensitivity
of diagnosis during the clinical phase only (e.g., increase in sen-
sitivity from 0.70 to 0.84, as might be achievable with implemen-
tation of the Xpert MTB/RIF test [6]).

2. Enhanced case finding: successful diagnosis and treatment of
individuals in the prediagnostic phase (but not clinical phase)
at a rate of 10% per year (e.g., community awareness campaign
covering 10% of the population every year, obtaining sputum

Figure 1. Subclinical, prediagnostic, and clinical periods in tuberculosis

(TB). Mycobacterium tuberculosis can be cultured from the sputum of

individuals before the onset of noticeable symptoms, which in turn
occurs before those people seek diagnosis. During this time, the lung

bacillary burden, an important determinant of symptom intensity and

per-contact transmission probability, increases. (The linear plane is not

intended to imply that this increase is necessarily linear.) The subclinical
phase lasts from the onset of infectiousness (for which we take the

ability to culture M. tuberculosis as a proxy) to the onset of noticeable

symptoms (i.e., the presence of which patients would affirm if asked).

The prediagnostic phase lasts from the onset of noticeable symptoms
to the point at which those symptoms begin to trigger diagnostic

attempts. (A) Clinical progression. (B) Compartmental model.
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from all individuals with noticeable symptoms but not yet seek-
ing care).

3. Active case finding: annual diagnosis of 5% of all TB cases in
subclinical, prediagnostic, and clinical phases (e.g., screening 5%
of the population per year using a highly sensitive diagnostic
algorithm, such as radiograph and interview followed by culture,
similar to a population-based survey of one-sixth of the popula-
tion [30] every 3 years).

We varied each parameter in one-way sensitivity analysis across the
ranges of values used by the WHO in its models of TB control (2). We
also conducted multivariate sensitivity analysis by calculating partial
rank correlation coefficients (31, 32) using 1,000 simulations of Latin
Hypercube samples from uniform distributions defined by the sensitiv-
ity ranges in Table 1. We also report 90% uncertainty ranges as the
range between the 5th and 95th percentile of results from all simula-
tions. We calculated simple (Pearson) correlation coefficients between
the impact of each intervention and the proportion of transmission
occurring from each infectious compartment (subclinical, prediagnos-
tic, and clinical) under variation of the duration and relative transmis-
sibility of TB in each compartment. Finally, to extend model findings
to areas of higher or lower TB burden, we considered alternative
scenarios fit to TB incidence of 40 per 100,000 per year and 300 per
100,000 per year.

RESULTS

Standard versus Subclinical Model

In the model that assumed no subclinical period (prediagnostic
and clinical periods each 9 mo), TB incidence and mortality at

the end of Year 10 were projected at 112 cases and 20 deaths per
100,000 per year, respectively, corresponding to a 1.3% annual
decline from current incidence estimates. In this model, im-
proved TB case finding and treatment through passive (20% im-
proved sensitivity for clinical TB), “enhanced” (detecting and
treating 10% of prediagnostic TB per year), and active (5% of
all TB cases per year) strategies each resulted in similar epide-
miologic impact by the end of Year 10 (Table 2).

We next incorporated a subclinical phase of 9 months, pre-
diagnostic phase of 4.5 months, and clinical phase of 4.5 months,
consistent with population-based prevalence surveys as de-
scribed in the METHODS section and an equivalent transmission
rate in each phase. In this model, when incidence was main-
tained at equivalent levels, projected mortality was reduced to
12 per 100,000 per year at 10 years, reflecting lower mortality
risk during subclinical and prediagnostic disease. Under these
circumstances, the projected impact of passive and enhanced
diagnosis was substantially attenuated (Table 2). Failure to ac-
count for the subclinical phase caused a large overestimation of
the 10-year incidence impact of passive (65% overestimation,
[18–11]/11 in Table 2) and enhanced (270% overestimation,
[23–6]/6) diagnosis. By contrast, active case detection had
nearly equivalent impact on TB incidence regardless of the
duration of the subclinical phase (7% overestimation). The de-
gree of overestimation was substantially less (6% for pas-
sive, 89% for enhanced, and 0% for active case-finding) if the
relative transmission rate during the subclinical phase was re-
duced to 0.25.

Figure 2. Tuberculosis transmission rate as a function of time. Although the infectious burden (probability of successful infection per contact) likely

increases with time over the course of disease, the rate of transmission (infectious burden 3 susceptible contact rate) may peak during the

subclinical, prediagnostic, or clinical phases. (A) Cases of tuberculosis infect all susceptible close contacts (e.g., household members) early in their

disease course, such that the transmission rate peaks during the subclinical phase. (B) The effective contact rate remains constant, such that the
transmission rate increases throughout the disease course. (C) The effective contact rate decreases slowly over time as individuals infect close

contacts, reduce mobility, and take simple measures (e.g., covering cough with hands) to prevent transmission. The primary model described in the

text assumes equal mean rates of transmission in the subclinical, prediagnostic, and diagnostic periods (without specifying the shape of the
transmission curves). (D) One such formulation is shown.
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In summary, we took three TB diagnostic interventions (pas-
sive, enhanced, and active) that were projected to have similar
impact on TB incidence in a model that ignored subclinical TB.
After incorporating a realistic subclinical phase of 9 months (rel-
ative transmission rate ¼ 1.0), the reduction in TB incidence
achieved through active case-finding strategy was 1.5 times
greater than the passive diagnostic intervention, and 2.7 times
greater than the enhanced case-finding intervention.

Effect of Duration of Subclinical, Prediagnostic,

and Clinical TB

Figure 3 shows the projected reduction in TB incidence as
a function of the relative duration of the subclinical, prediag-
nostic, and clinical phases. As the subclinical phase increased
while decreasing the length of the clinical phase (Figures 3A
and 3B), the impact declined for the enhanced and passive
strategies, with steeper declines occurring after the subclinical
period was lengthened beyond 6 months. If the subclinical
phase increased while decreasing the length of prediagnostic
and clinical phases (Figures 3C and 3D), the impact of enhanced
diagnosis declined almost linearly, whereas that of passive di-
agnosis declined more slowly. Under the assumption of 0.25
relative transmission during the subclinical period (Figure
3C), the impact of passive diagnosis remained nearly constant
regardless of the subclinical period, unless the subclinical period
was lengthened beyond 9 months. When the prediagnostic phase
was increased while shortening the clinical phase, enhanced di-
agnosis became more effective while the effectiveness of passive
diagnosis decreased accordingly. In none of these scenarios was

the impact of active diagnosis substantially affected by the length
of the three diagnostic phases.

Sensitivity Analysis

On inclusion of a “smear-negative clinical” compartment, the
model projected somewhat greater impact from active diagnosis
relative to passive diagnosis, but our primary conclusions
remained the same. Results from a “high HIV prevalence
model” that incorporated shorter disease duration and higher
TB mortality showed similar trends as those seen in Figure 3,
but active and enhanced diagnosis saw their impact reduced by
approximately 50%, reflecting the shorter disease duration
(6 vs. 18 mo). In models fit to TB incidence of 40 per 100,000 per
year and 300 per 100,000 per year, no intervention’s relative
impact varied by more than 10% (although absolute number
of cases and deaths averted varied proportionally), and the
“overestimation factor” from ignoring the subclinical phase in
evaluating a passive diagnostic remained at 65% in both scenar-
ios. The impact of improved passive diagnosis was almost per-
fectly correlated with the proportion of transmission that
occurred during the clinical phase (R2 ¼ 0.98); similarly, the
impact of enhanced case finding was strongly correlated with
the proportion of transmission that occurred during the clinical
plus prediagnostic phases (R2 ¼ 0.91). By contrast, active case
finding was relatively independent of the proportion of trans-
mission occurring in each phase (all R2 ,0.90). In 98.6% of
model simulations, ignoring the subclinical phase caused greater
error in estimating passive diagnostics’ impact on TB incidence
than that of active case finding.

TABLE 1. PARAMETERS FOR TRANSMISSION MODEL OF TB

Parameter Baseline Value (Uncertainty Range) References

TB incidence, per 100,000 per year* 112 (101–128) 4

Endogenous reactivation rate, per year 0.0005 (0.0001–0.001) 2, 21, 22

Proportion of recent infections resulting in rapid progression 0.14 (0.08–0.25) 2, 23

Reduction in TB rapid progression probability in people with latent TB infection† 0.5 (0.1–0.8) 2, 23–25

TB mortality rate, per year 0.2 (0.15–0.3) 2, 4

Spontaneous cure rate, per year 0.2 (0.15–0.25) 2, 19, 20

Life expectancy, yr 65 (55–75) 26

Relapse rate, per year 0.001 (0–0.002) 2, 27

Total duration of TB infectiousness, yr 1.5 (1.0–2.0) 4

Definition of abbreviation: TB ¼ tuberculosis.

* The model fits a transmission rate to TB incidence, first by determining the transmission rate that would produce an equilibrium incidence of 128 per 100,000 per

year, then reducing that rate by a value sufficient to generate a 1.3% annual decline in TB incidence (i.e., 112 per 100,000 after 10 years), the global estimate (4). The

baseline value of this transmission parameter is five infections per infectious person-year.
y This parameter reflects the partial immunologic protection provided by initial TB infection (i.e., latent infection) against primary progression to active TB on

reexposure to Mycobacterium tuberculosis.

TABLE 2. PROJECTED EPIDEMIOLOGIC IMPACT OF DIAGNOSTIC INTERVENTIONS AFTER TEN YEARS

Intervention

Reduction in Incidence (90%

Uncertainty Range)*

Reduction in Mortality (90%

Uncertainty Range)*

Model 1: No Subclinical Phase, Prediagnostic Phase 9 Months, Clinical Phase 9 Months

Increase sensitivity of passive diagnosis by 20% 18% (11–32) 26% (19–39)

Diagnose individuals with prediagnostic TB at a rate of 10% per year 23% (14–35) 27% (19–37)

Diagnose all people with TB at a rate of 5% per year 18% (11–28) 22% (16–31)

Model 2: Subclinical Phase 9 Months, Prediagnostic Phase 4.5 Months, Clinical Phase 4.5 Months†

Increase sensitivity of passive diagnosis by 20% 11% (8–25) 21% (18–32)

Diagnose individuals with prediagnostic TB at a rate of 10% per year 6% (4–13) 9% (7–15)

Diagnose all people with TB at a rate of 5% per year 16% (11–28) 21% (15–31)

Definition of abbreviation: TB ¼ tuberculosis.

* Relative to the baseline scenario in which the current trajectory of incidence (i.e., 1.3% annual decline in incidence) continues.
y Estimated based on the duration ratio (prevalence/incidence) and subclinical disease proportion from population-based TB prevalence surveys.
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Relative to other model parameters, the duration and relative
transmission rate of the subclinical period were important deter-
minants of passive and enhanced TB diagnostics’ impact (Figure
4). Passive diagnostics were least effective when the subclinical
period was long (as might occur in a setting with high preva-
lence of chronic cough) and the proportion of transmission from
subclinical cases was high. In multivariable sensitivity analysis,
the fraction of TB disease spent in the subclinical state was the
single-most important determinant of enhanced diagnostics’ im-
pact, but had virtually no effect on the impact of active diag-
nostics (Figure 5). Increasing the proportion of TB incidence
because of recent infection (relative to reactivation or relapse)
substantially reduced all diagnostic interventions’ impact (seen
in Figure 4 for passive diagnosis).

DISCUSSION

This conceptual model demonstrates that the population-level
impact of passive and enhanced TB diagnostic strategies may de-
pend strongly on the duration and transmission rate of subclin-
ical and prediagnostic TB. For example, in a scenario that
ignores subclinical TB, a strategy that actively diagnoses and
treats 5% of all TB cases each year has similar impact on inci-
dence as strategies that increase the rate of passive diagnosis and
treatment by 20%or diagnose and treat 10%of prediagnostic TB
cases per year. However, under more realistic assumptions about
the duration of subclinical disease, the active diagnostic strategy
is at least 1.5 times more effective in reducing incidence than the
passive strategy and 2.7 times more effective than the enhanced
strategy. Ultimately, the impact of improved passive diagnosis is

strongly correlated with the proportion of TB transmission that
occurs after individuals begin to seek care for their symptoms. In
contrast, active case finding is likely to have important impact on
TB epidemiology regardless of whethermost transmission occurs
early or late in the disease process.

This simplistic model is not meant to provide accurate projec-
tions of diagnostic interventions’ impact under specific epidemi-
ologic scenarios, but rather to illustrate the potential flaws of
making such projections (particularly for passive and enhanced
diagnostic strategies) without accounting for the reality of sub-
clinical TB. Most existing models of the epidemiologic impact
of TB diagnostics (33–36) do not account for transmission dur-
ing a subclinical phase, and very few (37) explicitly account for
a prediagnostic period. Our results demonstrate that these mod-
els may overestimate the epidemiologic impact of passively
implemented TB diagnostics by a factor of 50% or more. A
number of policy decisions related to scale-up of TB diagnostics
(e.g., WHO recommendation for global roll-out of Xpert MTB/
RIF [38]) have been made without explicit consideration of the
relative impact of diagnostics deployed in active, passive, or
enhanced fashion. Our analysis provides preliminary guidance
in this regard: active detection of 5% of all prevalent TB cases
per year should have substantially greater impact than a 20%
increase in passive case detection rates in most epidemiologic
settings. To improve on these estimates, it is important to esti-
mate the proportion of TB transmission occurring from sub-
clinical cases. Prevalence surveys (based on more sensitive
screening techniques, such as chest radiograph) coupled with
contact investigations (e.g., screening with tuberculin skin test)
of all TB cases detected could provide an early estimate of this

Figure 3. Epidemiologic impact of diagnostic strategies, assuming different subclinical and prediagnostic phases. Graphs show the reduction in

tuberculosis (TB) incidence at the end of 10 years, relative to continuation of current trajectories, after increasing the rate of symptom-driven

diagnosis by 20% (passive, diamonds), diagnosing 10% of all individuals with prediagnostic TB per year (enhanced, squares), and diagnosing 5% of
all prevalent cases in the population per year (active, triangles). Vertical lines denote the baseline scenario (subclinical phase of 9 mo, prediagnostic

phase of 4.5 mo, and clinical phase of 4.5 mo). For every 1-month increase in the subclinical phase, A and B assume a 1-month decrease in the

clinical phase, whereas the prediagnostic phase remains constant. C and D assume that both the prediagnostic and clinical phases decrease by
0.5 month. In E and F, a 1-month increase in the prediagnostic phase results in a 1-month decrease in the clinical phase. A, C, and E assume that the

TB transmission rate in the subclinical phase is 25% of that in the prediagnostic and clinical phases. B, D, and F assume that transmission is constant

throughout (i.e., the primary analysis).
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proportion. Without such data, the population-level impact of
TB diagnostics is difficult to accurately project, and likely over-
estimated by most existing modeling techniques.

Although potentially essential for TB elimination, active di-
agnostic strategies capable of detecting subclinical cases are
resource-intensive, and several questions remain for further re-
search if such a strategy were to be considered. For example, our
model is limited in that it does not explicitly consider costs. Prev-
alence surveys using radiography rather than simple interview
are two to six times more expensive to conduct on a per-
person basis (39). Because subclinical cases are unlikely to be
smear-positive, more expensive diagnostic tests (e.g., culture or
molecular testing, which are nearly 20 times more expensive
than sputum smear [40]) are also required. In a population with
TB prevalence of 250 per 100,000, chest radiograph screening of
the population ($25 per person [39]) with follow-up culture ($20
per person [40]) of the 4% of individuals screening positive (15)
could cost in excess of $100,000 per case detected, clearly be-
yond the resources available in most high-burden settings. Re-
current efforts at active case finding may prove cheaper on
a per-person basis; future studies should estimate the costs and
cost-effectiveness of such efforts more precisely. Importantly,
although we calibrated our model to a global-average incidence,
concentrating efforts on those at highest risk (including people
previously treated for TB [15] and residents of geographic “hot-
spots” [41]) could improve efficiency substantially. In areas
characterized by prolonged patient delay (i.e., long prediagnos-
tic period), “enhanced” strategies aiming to reduce that delay
are also important considerations (Figures 3E and 3F), but
these strategies should not be universally assumed to have sub-
stantial population-level impact.

Our analysis offers other important new insights. First, other
than the relative duration of the subclinical and prediagnostic
periods, the balance between recent infection and reactivation
or relapse was a primary determinant of all diagnostic strategies’
effectiveness (Figures 4 and 5). This finding, which reflects the
fact that more timely diagnosis can prevent transmission but not
reactivation, suggests that diagnostics have greater effect on
incidence in settings with higher proportions of incident TB
caused by recent transmission (42). Second, whereas the impact
of enhanced diagnostic strategies depends almost linearly on the
duration of the preclinical period (Figures 3E and 3F), the

importance of the subclinical and preclinical periods on passive
diagnostics’ effectiveness is much greater at longer durations of
subclinical disease (Figure 3A). Thus, the impact of passive
diagnosis may be especially overestimated in settings where
many individuals do not think that mild symptoms, being com-
mon, merit medical attention (e.g., high levels of air pollution or
wasting).

Although we did not seek to generate quantitative projections
from any single intervention, our findings may nonetheless pro-
vide some direction to decision-makers. Specifically, diagnostic
strategies should be prioritized in areas of high ongoing transmis-
sion, whereas other interventions (e.g., preventive therapy) are
likely to have greater impact in lower-burden settings. Within
high-transmission areas, active case finding is likely to have
greatest impact if the frequency and coverage of screening
can be raised relative to the duration of disease. For example,
if 7.5% of cases can be detected within the mean duration of dis-
ease (i.e., our reference case), a 15–20% reduction in incidence
may be feasible, regardless of whether subclinical cases account
for most transmission. Improved passive diagnosis is generally
more feasible from a logistical and resource perspective, but the
impact of passive diagnostic strategies depends heavily on the
amount of transmission that occurs during the clinical period;
better data on subclinical disease are therefore required before
accurate projections of passive diagnostics’ impact can be made.

As with any model-based analysis, our study has limitations
that reflect the assumptions inherent to modeling. First, because
we sought to describe generalizable behavior likely to be com-
mon to many epidemiologic settings and diagnostic testing strat-
egies, we used a simple model with a minimum number of
parameters. Our model therefore simplifies the complexities
of TB diagnosis and does not account for such operational real-
ities as linkage of patients from diagnosis to treatment initiation.
Second, given the absence of data on the relative transmission
rate in subclinical versus prediagnostic and clinical phases, we
are limited to providing sensitivity analyses around this param-
eter and are unable to say which set of projections in Figure 3 is
most accurate. It is possible that subclinical TB is not infectious
and may therefore be safely ignored; in this regard, our analysis
argues for better data to inform this assumption. Third, for
demonstrative purposes, we used a model fit to global TB inci-
dence. This formulation simplifies important (e.g., geospatial

Figure 4. One-way sensitivity analysis: epidemiologic impact of improved passive diagnosis. Bars represent the 10-year percentage reduction in

incidence after improving passive case detection and treatment by a factor of 20% under the baseline scenario (subclinical phase 9 mo; prediag-

nostic phase 4.5 mo; clinical phase 4.5 mo), with the vertical line at 11% reduction representing the reference scenario in Table 2. Solid bars denote

variation of the corresponding parameter to its high value in Table 1, open bars to the low value. Parameters to which the model is most sensitive
appear at the top of the diagram. The corresponding analysis for enhanced diagnosis is similar in the rank-ordering of parameters’ importance;

active diagnosis is less sensitive to the duration or relative transmission rate of subclinical tuberculosis (TB).
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or HIV-related) heterogeneities in TB transmission and our
degree of uncertainty may be greater when applied to real
populations of diverse TB incidence. Finally, our model
assumes homogeneous mixing and does not formally incorpo-
rate other biologic modulators of TB (e.g., HIV infection,

smoking) that may have important effects on the impact of
diagnostic strategies for TB.

In conclusion, the population-level impact of diagnostic strat-
egies for TB may depend strongly on the duration of subclinical
and prediagnostic disease and the relative rate of transmission

Figure 5. Multivariable sensitiv-

ity analysis. Partial rank correla-

tion coefficients (shown on the
x axis) describe the degree of

correlation between the cor-

responding parameter and

10-year reduction in tuberculo-
sis (TB) incidence for passive

(top), enhanced (middle), and

active (bottom) diagnostic strat-

egies after adjustment for the
effects of other parameters in

the model. Larger bars (i.e.,

parameters appearing at the
top of each diagram) suggest

that the outcome is more sen-

sitive to the corresponding

parameter value. Open bars
correspond to those parame-

ters that describe the subclini-

cal infectious phase.
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during those intervals. When accounting for these phases, active
diagnostic strategies that detect 5% of prevalent undiagnosed
cases every year may have greater epidemiologic impact than
passive strategies that improve existing diagnostic rates by
20% or more. To better project the impact of improved TB
diagnosis, investigators conducting population-based TB preva-
lence surveys should consider performing contact investigations of
subclinical cases to estimate the relative rate of TB transmission
from those individuals. As decisions to implement improved diag-
nostic strategies are increasingly made on the basis of projected
epidemiologic impact, we must also prioritize better understand-
ing of TB transmission from individuals other than those who have
symptoms and are seeking care.

Author disclosures are available with the text of this article at www.atsjournals.org.
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