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S E T T I N G :  The potential cost-effectiveness of improved 

diagnostic tests for tuberculosis (TB) in resource-limited 

settings is unknown.

O B J E C T I V E :  To estimate the incremental cost-effective-

ness of a hypothetical new point-of-care TB diagnostic 

test in South Africa, Brazil and Kenya.

D E S I G N :  Decision-analysis model, adding four diagnos-

tic interventions (sputum smear microscopy, new test, 

smear plus new test and smear plus TB culture) to a base-

line of existing infrastructure without smear.

R E S U LT S :  Adding sputum smear was estimated to be more 

cost-effective (incremental cost per disability-a djusted 

life year [DALY] of $86 [South Africa], $131 [Brazil], 

$38 (Kenya]) than a new TB diagnostic with 70% sensi-

tivity, 95% specifi city and price of $20 per test ($198 

[South Africa], $275 [Brazil], $84 [Kenya]). However, 

compared to sputum smear, smear plus new test averted 

46–49% more DALYs per 1000 TB suspects (321 vs. 

215 [South Africa], 243 vs. 166 [Brazil], 790 vs. 531 

[Kenya]), at an incremental cost of $170 (Kenya) to $625 

(Brazil) per DALY averted. Cost-effectiveness was most 

sensitive to the specifi city and price of the new test, the 

baseline TB case detection rate and the discount rate.

C O N C L U S I O N :  Novel diagnostic tests for TB are poten-

tially highly cost-effective. Cost-effectiveness is maxi-

mized by high-specifi city, low-cost tests deployed to re-

gions with poor infrastructure.

K E Y  W O R D S :  tuberculosis; diagnostic techniques and 
procedures; costs and cost analysis; point-of-care sys-
tems; developing countries

TUBERCULOSIS (TB) is a leading cause of death 
worldwide, causing an estimated 1.6 million deaths 
annually.1 Improved diagnosis could lower TB mor-
tality by 20% or more, saving 300 000 lives per year.2–4 
TB diagnosis worldwide currently relies on sputum 
smear microscopy, which identifi es the most infectious 
cases with excellent specifi city, but has an approxi-
mate sensitivity of 35% (if human immunodefi ciency 
virus [HIV] positive) to 45% (if HIV-negative),5 and 
depends on the availability of suffi cient laboratory 
capacity.6,7 Diagnosis of smear-negative TB is prob-
lematic, as chest X-rays (CXRs) and antibiotic trials, 
the most widely available diagnostic tools, have poor 
sensitivity and specifi city.8,9 TB culture, the most 
sensitive technique available, is expensive, resource-
intensive and takes weeks to yield positive results.10,11 
Despite important advances in TB diagnostics,12 a 
simple test with high sensitivity, rapid turnaround 
time and low cost remains elusive.

Development of diagnostic tests requires certain 
trade offs in design, often with economic consequences. 
Improvements in a test’s performance can raise pro-
duction costs. Improvements in sensitivity will reduce 

specifi city and vice versa. New TB diagnostic tests en-
gineered to complement sputum smear may function 
differently from those designed for use in regions that 
lack the resources to conduct sputum smear. Economic 
research investigating these tradeoffs in developing 
new TB diagnostics has unfortunately been scant. To 
help address this knowledge gap, we analyzed the po-
tential cost-effectiveness of adding a hypothetical new 
point-of-care test to the current TB diagnostic ap-
proach in three high-burden countries: South Africa, 
Brazil and Kenya.

METHODS

Model structure
We developed a decision-analytic model to simulate 
TB diagnosis in South Africa, Brazil and Kenya, three 
countries with a range of income levels, HIV prevalence 
rates, and TB diagnostic infrastructure. This model 
considers only adult TB suspects in whom a diagnostic 
workup for pulmonary TB is initiated. Patients are clas-
sifi ed according to TB status, HIV status (positive or 
negative), access to antiretroviral treatment (ART) 
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(yes or no) and the degree of TB infectivity (for pa-
tients with active TB). Infectivity is classifi ed as ‘highly 
infectious’ (i.e., smear-positive if specimens were sub-
mitted to an ideal laboratory, defi ned as one with no 
shortages of supplies or adequately trained staff) and 
‘less infectious’ (smear-negative in the same situation). 
All three countries have adopted World Health Orga-
nization (WHO) guidelines for TB diagnosis and re-
port TB cases to the WHO, which estimates each coun-
try’s overall TB burden and case detection rate.1

Diagnostic scenarios
The primary intervention studied is a point-of-care 
diagnostic test for TB, assumed to produce results 
in minutes with minimal infrastructure requirement 
(e.g., a sputum or urine dipstick). Such a test could 
detect either mycobacterial products (as with sputum 
smear) or host response elements (e.g., interferon-
gamma). The sensitivity of the former may vary with 
patient infectivity or bacterial load, whereas the latter 
may not. As no such test has been developed to date, we 
assume that the sensitivity of a new test is indepen-
dent of infectiousness, smear status or mortality risk.

The reference scenario for this analysis assumes 
that TB suspects in the respective countries receive the 
combination of tests (e.g., CXR) and clinical strate-
gies (e.g., antibiotic trials) for TB diagnosis that is 
typical in each country, except that we assume no ac-
cess to sputum smear microscopy, culture of Myco-
bacterium tuberculosis from clinical specimens or the 
hypothetical new test. We assume that the offi cial 
WHO-estimated smear-negative TB case detection rates 
can proxy actual detection rates in this austere situa-
tion, which may correspond to regions with extremely 
poor laboratory access, or laboratories that lack suf-
fi cient reagents, equipment or staff. We then model 
the addition of the following diagnostic interventions 
to this reference standard. Our primary comparison is 
between scenarios (2) and (3):

1 a hypothetical new test with sensitivity ranging from 
50% to 90%, specifi city ranging from 90% to 100%, 
and price of $1–$20 per test;

2 sputum smear microscopy, with sensitivity of 86% 
for highly infectious TB only,13 specifi city of 97%,3 
15% loss to follow-up,6,14 and price of $2.41 per 
test;15

3 sputum smear plus new test; and
4 sputum smear plus TB culture, with sensitivity 73% 

for less infectious TB,16 no added diagnostic benefi t 
for smear for highly infectious TB, 99% specifi c-
ity,17 diagnostic delay of 8 weeks (time to negative 
result using Löwenstein-Jensen medium); 25% loss 
to follow-up (J Golub, unpublished data from Rio 
de Janeiro, Brazil), and a price of $10.53 per test.15

Patients diagnosed with TB are assumed to be 
treated according to the local standard. Our analysis 
time frame was 1 year from presentation; we assume 

that all incremental costs of TB treatment and all TB-
related deaths occur within this year. At the end of 
this year, survivors are classifi ed according to active 
TB status; those with active TB remain infectious for 
1 more year.18

Model outcomes
The primary outcomes are the expected costs, TB in-
fections prevented, and disability-adjusted life years 
(DALYs) that accrue in the target population. Calcu-
lated costs and effects are used to derive incremental 
cost-effectiveness ratios (ICERs), expressed as US dol-
lars per DALY averted. Secondary outcomes include 
the incremental cost, incremental DALYs averted and 
incremental cost per secondary TB infection averted.

In the absence of reliable data on the cost to society 
(e.g., hospitalization and lost work) of untreated vs. 
treated TB, we adopted the perspective of a Ministry 
of Health’s hypothetical ‘TB Division,’ consisting of 
the National TB Program (NTP) plus that portion of 
laboratory services dedicated to TB. We thus include 
costs of TB diagnosis and drug treatment, but not 
physician visits or hospitalizations. All costs in other 
currencies were converted to US dollars with the his-
torical exchange rate and then infl ated to 2006 US dol-
lars using the medical care component of the United 
States Consumer Price Index.19 Future DALYs and sec-
ondary infections are discounted at 3% per year, with 
sensitivity analysis for 0% and 7% discounting. Anal-
yses were performed using TreeAge Pro 2006 (Tree-
Age Software Inc, Williamstown, MA, USA).

Model parameters and sensitivity analysis
Estimated parameter values are given in Tables 1 and 2. 
Where possible, we adopted WHO fi eld estimates of TB 
detection rates, cure rates and other parameters (e.g., TB 
transmission parameters). When WHO estimates were 
not available, literature estimates were obtained from 
studies performed in the countries of interest. The base-
case scenario assumes a hypothetical new test with 70% 
sensitivity, 95% specifi city, and a cost of $20 per test.

One-way sensitivity analysis was performed on all 
variables with sensitivity ranges listed and three-way 
sensitivity analysis performed on the sensitivity, speci-
fi city and price of the new test, using the ICER for the 
primary study comparison as the outcome. When data 
from the literature were not available to suggest a high 
and low range, we took these values to be respectively 
125% and 75% of the most likely value. Parameters 
with higher uncertainty were varied over a wider range.

Ethical approval was not required for this study.

RESULTS

Cost-effectiveness of alternative diagnostic scenarios
In all three countries, a new test required a sensitivity 
of 58–60% to avert as many DALYs as sputum smear 
in regions that lack existing microscopy services (Fig-
ure 1, diamonds vs. circles). As an initial diagnostic 
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Table 1 Global parameter estimates for model of tuberculosis diagnosis

Parameter Base value
Sensitivity

range Reference

TB dynamics

Probability of death for untreated TB
 Highly infectious,* HIV-positive, 
  no ART access  0.83   0.5–0.95  5
 Highly infectious,* HIV-positive, 
  with ART access  0.76   0.5–0.95 20†

 Highly infectious,* HIV-negative  0.70   0.5–0.95  5
 Less infectious,‡ HIV-positive, no ART access  0.74   0.5–0.95  5
 Less infectious,‡ HIV-positive, with ART access  0.45   0.2–0.74 20†

 Less infectious,‡ HIV-negative  0.2  0.15–0.25  5

Secondary TB infections per year, 
  highly infectious 10     8–12 18

Relative infectiousness of less infectious TB  0.22  0.16–0.28 21

Fraction of new TB cases that are 
  highly infectious
 HIV-positive  0.41§   0.3–0.7  5
 HIV-negative  0.53§   0.3–0.7  5

Characteristics of TB diagnosis

Sensitivity for highly infectious TB
 Sputum smear microscopy  0.86§  0.64–1.0 13
 New test  0.70  0.50–0.90

Sensitivity for less infectious TB
 Sputum smear microscopy  0
 New test  0.70  0.50–0.90
 TB culture  0.73  0.55–0.91 16

Specifi city for active TB
 Existing diagnostic standard  0.94  0.75–1.0  3
 Sputum smear microscopy  0.97   0.9–1.0  3
 New test  0.95   0.9–1.0
 TB culture  0.99  0.95–1.0 16,17

Time to TB diagnosis
 Existing diagnostic standard/sputum smear 1 week 0– 4 weeks 22,23
 New test 0 weeks 0–7 days
 TB culture 8 weeks 1– 4 months 16

Loss to follow-up
 Sputum smear microscopy  0.15  0.11–0.19  6,14
 TB culture  0.25  0.19–0.31 Unpublished

Cost and effectiveness estimates, US$

Unit cost
 Sputum smear  2.41    $1–$5 15
 New test 20.00    $1–$40
 TB culture 10.53    $7–$15 15

DALY weights
 HIV-positive, no ART access  0.505 0.379–0.631 24¶

 HIV-positive, with ART access  0.236 0.177–0.295 24#

 HIV-negative, undergoing TB treatment  0.132 0.099–0.165 Assumption
 HIV-negative, active TB  0.264 0.198–0.330 24

Life expectancy if TB is absent or cured, years
 HIV-positive, no ART access  1.83     1–5 25**
 HIV-positive, with ART access  7.30   1.8–13 25**
 HIV-negative 39    29– 49 25††

Discount rate  3%   0.5–7% Assumption

* Would be smear-positive if three separate-day specimens were submitted to an ideal laboratory; result assumed to 
be independent of the existing diagnostic standard in such cases.
† Comparing TB CFRs in Brazil before and after the antiretroviral era, the CFR for HIV-positive patients after ART lies at 
46.7% of the distance between the CFRs for HIV-negative patients and those for HIV-positive patients before ART.
‡ Would be smear-negative if three separate-day specimens were submitted to an ideal laboratory; result assumed to 
be independent of the existing diagnostic standard in such cases.
§ Thus, the overall sensitivity of smear is 0.41 × 0.86 = 0.35 in HIV-positives and 0.53 × 0.86 = 0.45 in HIV-negatives.5
¶ Assumes that HIV-positive patients suspected of TB have similar DALYs to those with AIDS.
# Assumes a DALY weight of 0.136 (HIV-positive, no AIDS), plus 0.1 for the burden of ART.
** Assumes that the average HIV-positive TB suspect has life expectancy equivalent to an individual who is newly di-
agnosed with Stage IV disease. In the absence of ART, the upper bound for sensitivity analysis is set at the median life 
expectancy in South Africa for patients with a CD4 count of 350.26 In the presence of ART, the upper bound is set at 
the median life expectancy from seroconversion in the Multicenter AIDS Cohort Study in 1995–97.27

†† Median life expectancy for a black South African aged 36 years, which is the median age at adult TB diagnosis in 
South Africa.1
TB = tuberculosis; HIV = human immunodefi ciency virus; ART = antiretroviral therapy; DALY = disability-adjusted life 
year; CFR = case-fatality rate; AIDS = acquired immune-defi ciency syndrome.



1024 The  International  Journal  of  Tuberculosis  and  Lung  Disease

strategy, sputum smear ($38–$131 per DALY averted) 
was more cost-effective than a new test with 70% sen-
sitivity, 95% specifi city and price of $20 ($84–$275 
per DALY averted) in all three countries (Table 3). 

However, adding the new test to sputum smear micros-
copy was estimated to increase the yield of DALYs 
averted by sputum smear alone from 1.46 to 1.49 
fold (e.g., from 215 to 321 in South Africa), and of 

Table 2 Country-specifi c parameter estimates for model of tuberculosis diagnosis

Parameter

Base value (range for sensitivity analyses)

ReferenceSouth Africa Brazil Kenya

Prevalence of active TB in suspects 0.28 (0.21–0.35) 0.11 (0.08–0.14) 0.28 (0.21–0.35)  3*

Mortality rate on TB therapy
 HIV-positive 0.091 (0.068–0.114) 0.078 (0.058–0.098) 0.062 (0.046–0.078)  1
 HIV-negative 0.065 (0.049–0.081) 0.056 (0.042–0.070) 0.046 (0.035–0.058)  1

Sensitivity of existing standard for diagnosing TB† 0.67 (0.50–0.83) 0.68 (0.51–0.86) 0.52 (0.39–0.65)  1

HIV prevalence (2005 estimate)
 All adults 0.19 (0.17–0.21) 0.005 (0.003–0.016) 0.061 (0.052–0.070) 28
 Adult TB patients 0.58 (0.49–0.65) 0.14 (0.08–0.22) 0.29 (0.21–0.34)  1

Proportion of HIV patients with access to ART 0.21 (0.16–0.26) 0.83 (0.78–0.88) 0.20 (0.15–0.25) 28

Proportion of registered TB patients remaining 
  infectious after one year 0.11 (0.08–0.14) 0.045 (0.033–0.057) 0.075 (0.055–0.095)  1,18‡

Cost of treating one TB patient, US$§ $324 ($243–$405) $516 ($387–$645) $273 ($205–$341)  1

* Results refl ect a survey of TB laboratory facilities and thus likely overestimate TB prevalence in primary health care settings. South Africa and Kenya are mod-
eled as representative of Africa; Brazil is modeled as representative of the lowest prevalence region studied (Western Asia).
† In the absence of sputum smear microscopy, TB culture, or a hypothetical new test.
‡ Modeled as 50%18 of the combined failure, default, transfer out, and not evaluated rates.1
§ Cost to the National Tuberculosis Program in 2006 US dollars.
TB = tuberculosis; HIV = human immunodefi ciency virus; ART = antiretroviral treatment.

Figure 1 Cost-effectiveness of diagnostic interventions for TB 
in South Africa, Brazil and Kenya. The vertical axis shows costs 
per TB suspect relative to a baseline of no diagnosis or treat-
ment. The horizontal axis shows DALYs averted relative to the 
reference scenario (no sputum smear). Options to the upper left 
in the diagram cost more and avert fewer DALYs than options 
in the lower right. Diagonal lines denote increasing sensitivity of 
a hypothetical new test (solid = new test alone; dotted = new 
test plus sputum smear) from 50% to 90%, while vertical lines 
denote increasing the unit price from $1 to $20. See the text 
and Table 1 for the estimated attributes of each test. DALY = 
disability-adjusted life years; TB = tuberculosis.
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secondary infections averted from 1.67 to 1.71 fold 
(e.g., from 433 to 727 in Kenya), at an incremental cost 
per DALY averted of $170 (Kenya) to $625 (Brazil). 
In all but the most extreme scenarios, adding the new 
test to sputum smear was more costly, but also more 
effective, than adding TB culture (Table 3, Figure 1).

Sensitivity analysis
In all three countries, one-way sensitivity analysis 
showed that cost-effectiveness depended most strongly 
on the sensitivity, specifi city and cost of the new test, 

the sensitivity of the reference standard (including 
smear), the discount rate and TB prevalence (Figure 
2). In three-way sensitivity analysis (Figure 3), cost-
effectiveness ranged from $130 per DALY averted 
(90% sensitivity, 100% specifi city, $1 per test) to $693 
per DALY averted (50% sensitivity, 90% specifi city, 
$20 per test). Corresponding ranges in Brazil and 
Kenya were respectively $103–$1296 and $44–$148 
per DALY averted. At a price of $1 per test, one can 
maximize cost-effectiveness more rapidly with an in-
crement of one point of specifi city than with one point 

Table 3 Incremental cost-effectiveness of diagnostic tests for tuberculosis

Country and 
diagnostic scenario*

Relative to reference standard (no microscopy) Relative to smear alone

Cost per
1000 TB
suspects

US$
TB

diagnoses
DALYs
averted

Secondary 
infections
averted

Cost per
DALY

averted
US$

Cost per
infection
averted

US$

Cost per
DALY

averted
US$

Cost per
infection
 averted

US$

South Africa
 Sputum smear alone 18 596   32 215 245  86  76 0 (reference) 0 (reference)
 New test alone 50 899  65 257 344 198 148
 Smear + TB culture 39 648  59 280 331 327 245
 Smear + new test 62 441  75 321 418 415 254

Brazil
 Sputum smear alone 21 768  13 166 130 131 168 0 (reference) 0 (reference)
 New test alone 53 552  24 194 179 275 298
 Smear + TB culture 41 045  22 213 174 407 435
 Smear + new test 70 185  28 243 218 625 547

Kenya
 Sputum smear alone 20 075  49 531 433  38 46 0 (reference) 0 (reference)
 New test alone 52 731  91 631 597  84 88
 Smear + TB culture 41 738  86 687 584 139 144
 Smear + new test 63 911 109 790 727 170 149

* See text and Table 1 for the attributes of each test used to estimate cost-effectiveness. The new test is assumed to have sensitivity of 90%, specifi city of 95%, 
and price of $1/test for this analysis.
TB = tuberculosis; DALY = disability-adjusted life year.

Figure 2 One-way sensitivity analysis, South Africa. All model parameters were varied over the 
ranges shown in Tables 1 and 2. The ten variables are shown for which such variation resulted in 
the greatest change in estimated incremental cost per DALY averted, comparing sputum smear 
plus a hypothetical new test against sputum smear alone. Black bars denote the high value of the 
sensitivity range, hatched bars the low value. TB = tuberculosis; HIV = human immunodefi ciency 
virus; DALY = disability-adjusted life year.
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of sensitivity. Gains in sensitivity are relatively more 
advantageous for a more expensive test (e.g., $20).

Increasing sensitivity maximized the number of 
DALYs averted by a new test, whereas increasing spec-
ifi city minimized the cost. In South Africa, increasing 
sensitivity from 50% to 100% increased the incre-
mental DALYs averted from 75 to 152 and the cost 
per TB suspect from $40 to $50. By contrast, a corre-
sponding increase in specifi city reduced the cost per 
TB suspect from $140 to $33 while increasing the 
DALYs averted from 90 to 107.

DISCUSSION

This analysis estimates the potential cost-effectiveness 
of a hypothetical new point-of-care diagnostic test for 
TB, thus addressing the following questions:

1 What is the relative importance of sensitivity, spec-
ifi city and price in determining the cost-effective-
ness of a new TB diagnostic test?

2 What other considerations are important to cost-
effectiveness?

3 Are new TB diagnostic tests potentially cost-
e ffective?

What is the relative importance of sensitivity, 
specifi city and price for cost-effectiveness?
The effectiveness of a new TB diagnostic depends pri-
marily on its sensitivity, but its cost-effectiveness de-
pends strongly on specifi city and also price (Figure 2). 
It is therefore important to weigh the public-health 
aim of maximum DALYs averted (i.e., maximum sen-
sitivity) against the economic consideration of mini-
mum cost per DALY averted (i.e., balancing sensitiv-
ity, specifi city and price). As the price of a new test 
drops, its cost-effectiveness becomes more dependent 

on specifi city, relative to sensitivity (Figure 3). Further-
more, it is particularly important to develop new tests 
with high sensitivity for smear-negative TB, as these 
are the cases most often missed in areas that rely heav-
ily on microscopy.29 For example, in South Africa, in-
creasing new test sensitivity from 50% to 90% among 
the less infectious (i.e., smear-negative) vs. highly in-
fectious (i.e., ‘missed’ smear-positive) TB reduced the 
estimated cost per DALY averted by $137 vs. $40, 
and increased the expected number of TB diagnoses 
made by 19 vs. 6.

What other considerations are important 
to cost-effectiveness?
Our sensitivity analyses suggest that the setting in 
which new TB diagnostics are deployed may be as 
important to cost-effectiveness as the test characteris-
tics themselves. The higher cost-effectiveness ratio 
with lower TB prevalence suggests that new tests may 
be less cost-effective in primary care or out-patient set-
tings (vs. referral microscopy centers), although their 
impact may be greatest in such locations. By contrast, 
the superior cost-effectiveness of new tests in regions 
without sputum smear, countries (i.e., Kenya) with 
weak diagnostic systems, and areas where the baseline 
TB case detection rate is low (Figure 2), emphasize 
that new TB diagnostics will be most cost-effective if 
implemented where existing infrastructure is poor.

Can new TB diagnostic tests be cost-effective?
In areas with poor existing infrastructure, new diag-
nostic tests are potentially more effective, but also more 
costly, than sputum smear. For example, in Kenya, im-
plementing sputum smear in such situations would 
result in 49 new TB diagnoses and 531 DALYs averted 
per 1000 TB suspects, at a cost of $38 per DALY 
averted (Table 3). A new test (70% sensitivity, 95% 

Figure 3 Three-way sensitivity analysis by sensitivity, specifi city, and price in 
South Africa. Contour lines show iso-incremental cost-effectiveness ratio (ICER) 
lines in US dollars (2006) per disability-adjusted life year averted. All scenarios 
compare sputum smear plus a hypothetical point-of-care test with minimal infra-
structure requirements or diagnostic delay against sputum smear alone.
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specifi city, $20 per test) would cost $84 per DALY 
averted, making sputum smear the preferred initial 
alternative. However, adding the new test to sputum 
smear would make 60 additional TB diagnoses and 
avert 259 additional DALYs, at an incremental cost of 
$170 per DALY averted. Thus, while sputum smear is 
more cost-effective than a hypothetical new test with 
excellent accuracy and low price, new tests are poten-
tially more effective than smear and could still be de-
ployed cost-effectively to regions without the infra-
structural capacity for sputum smear.

There is no universally accepted threshold for con-
sidering an intervention ‘cost-effective’. The Commis-
sion for Macroeconomics and Health has proposed 
that interventions whose cost per DALY averted is 
less than the gross domestic product (GDP) per capita 
be defi ned as ‘very cost-effective’.30 Estimated GDP 
per capita is US$13 000 for South Africa, $8600 for 
Brazil and $1200 for Kenya.31 Thus, by this criterion, 
even a ‘lackluster’ TB diagnostic test with 50% sensi-
tivity, 90% specifi city and cost of $20 per test would 
have attractive cost-effectiveness ratios—at less than 
15% of GDP per capita—of $693 per DALY averted 
in South Africa (Figure 3), $1296 in Brazil and $148 
in Kenya. The latter estimate for Kenya is lower than 
the world’s lowest per capita gross domestic product 
($300 in the Democratic Republic of Congo).31 By 
comparison, the estimated cost-effectiveness of a new 
test with 70% sensitivity, 95% specifi city and cost of 
$20 per test (Table 3) is comparable to that of treating 
multidrug-resistant (MDR) TB in Peru (US$ 248, con-
verted to 2006 dollars).32

Limitations
This analysis has a number of limitations. First, al-
though the perspective of a ‘national TB division’ may 
be useful to policy makers, such divisions may not ex-
ist in reality, and our inability to incorporate the soci-
etal perspective33 limits our ability to compare results 
with studies of other health-related interventions. The 
additional benefi ts to society (e.g., averted hospital-
izations and clinic visits) of a new TB diagnostic are 
likely to exceed the additional costs (e.g., patient time 
to submit the clinical specimen); thus, the present 
analysis likely underestimates the cost-effectiveness of 
a new diagnostic from a societal perspective. Second, 
the present analysis assumes that a new test would be 
deployed and used uniformly, but new diagnostic tests 
may be used fi rst in settings where diagnostic capacity 
is already strongest and the clinical presentation of 
TB patients missed by the existing diagnostic standard 
might not prompt use of the new test, even if available. 
To the extent that these events occur, the present anal-
ysis would overestimate the cost-effectiveness of the 
new test. Third, we do not include costs for the infra-
structure necessary to deploy diagnostic tests. The pres-
ent model may thus overestimate cost-effectiveness, 
although the infrastructure requirement for a point-

of-care test may be less than for more technically 
intensive interventions (e.g., smear, culture). Infra-
structure costs are particularly relevant for the least 
developed countries, which were not considered here. 
Finally, this static model does not account for cumu-
lative changes in TB incidence over time; a 1-year 
time horizon may thus underestimate long-term cost-
effectiveness ratios.4

CONCLUSIONS

This model suggests that novel diagnostic tests have 
the potential to be cost-effective tools in the fi ght 
against TB. Cost-effectiveness depends most strongly 
on the specifi city and price of the new test, as well as 
the discount rate, and is maximized in areas where 
existing diagnostic infrastructure is weakest. In con-
junction with efforts to improve treatment success, 
further progress against TB depends on redoubling ef-
forts to make effective TB diagnosis universally avail-
able. To produce a cost-effective tool for public health, 
the quest for new TB diagnostics should focus on high 
specifi city, affordability and sensitivity for cases missed 
by existing diagnostic standards.

Acknowledgements
D Durack (Becton Dickinson Corporation) provided helpful in-
sights into the model and editing for clarity. K Thompson, C Jeffer-
son, B Pearson and S Siddiqi (BD Corporation) also played a cru-
cial role in critiquing the model’s assumptions and implications. The 
authors are also deeply grateful to the anonymous reviewers of the 
manuscript, whose comments were exceptionally well-considered. 
Financial support was obtained from the United States National 
Institutes of Health, Medical Scientist Training Program (grant 5 
T32 GMO7309) and from a research grant by BD Corporation. 
The funding agencies had no role in the gathering or preparation of 
data, writing of the initial manuscript draft, or the decision to pub-
lish. An earlier draft of this manuscript has been published as part 
of the fi rst author’s PhD dissertation.

References
 1 World Health Organization. Global tuberculosis control: sur-

veillance, planning, fi nancing. Geneva, Switzerland: WHO, 2007.
 2 Currie C S, Williams B G, Cheng R C, Dye C. Tuberculosis epi-

demics driven by HIV: is prevention better than cure? AIDS 
2003; 17: 2501–2508.

 3 Keeler E, Perkins M D, Small P, et al. Reducing the global bur-
den of tuberculosis: the contribution of improved diagnostics. 
Nature 2006; 444 (Suppl 1): 49–57.

 4 Dowdy D W, Chaisson R E, Moulton L H, Dorman S E. The 
potential impact of enhanced diagnostic techniques for tuber-
culosis driven by HIV: a mathematical model. AIDS 2006; 20: 
751–762.

 5 Corbett E L, Watt C J, Walker N, et al. The growing burden of 
tuberculosis: global trends and interactions with the HIV epi-
demic. Arch Intern Med 2003; 163: 1009–1021.

 6 Squire S B, Belaye A K, Kashoti A, et al. ‘Lost’ smear-positive 
pulmonary tuberculosis cases: where are they and why did we 
lose them? Int J Tuberc Lung Dis 2005; 9: 25–31.

 7 Hawken M P, Muhindi D W, Chakaya J M, Bhatt S M, Ng’ang’a 
L W, Porter J D. Under-diagnosis of smear-positive pulmonary 
tuberculosis in Nairobi, Kenya. Int J Tuberc Lung Dis 2001; 5: 
360–363.



1028 The  International  Journal  of  Tuberculosis  and  Lung  Disease

 8 O’Brien R J, Talbot E A. The utility of an antibiotic trial for 
diagnosis of AFB-negative tuberculosis. Int J Tuberc Lung Dis 
2003; 7: 198.

 9 Harries A D, Banda H T, Boeree M J, et al. Management of pul-
monary tuberculosis suspects with negative sputum smears and 
normal or minimally abnormal chest radiographs in  resource-
poor settings. Int J Tuberc Lung Dis 1998; 2: 999–1004.

 10 Githui W A. Laboratory methods for diagnosis and detection of 
drug-resistant Mycobacterium tuberculosis complex with ref-
erence to developing countries: a review. East Afr Med J 2002; 
79: 242–248.

 11 Hudson C P, Wood R, Maartens G. Diagnosing HIV-associated 
tuberculosis: reducing costs and diagnostic delay. Int J Tuberc 
Lung Dis 2000; 4: 240–245.

 12 Moore D A, Evans C A, Gilman R H, et al. Microscopic-
o bservation drug-susceptibility assay for the diagnosis of TB. N 
Engl J Med 2006; 355: 1539–1550.

 13 Martinez A, Balandrano S, Parissi A, et al. Evaluation of new 
external quality assessment guidelines involving random blinded 
rechecking of acid-fast bacilli smears in a pilot project setting 
in Mexico. Int J Tuberc Lung Dis 2005; 9: 301–305.

 14 Creek T L, Lockman S, Kenyon T A, et al. Completeness and 
timeliness of treatment initiation after laboratory diagnosis of 
tuberculosis in Gaborone, Botswana. Int J Tuberc Lung Dis 
2000; 4: 956–961.

 15 Albert H. Economic analysis of the diagnosis of smear-negative 
pulmonary tuberculosis in South Africa: incorporation of a 
new rapid test, FASTPlaqueTB, into the diagnostic algorithm. 
Int J Tuberc Lung Dis 2004; 8: 240–247.

 16 Cruciani M, Scarparo C, Malena M, Bosco O, Serpelloni G, 
Mengoli C. Meta-analysis of BACTEC MGIT 960 and BACTEC 
460 TB, with or without solid media, for detection of mycobac-
teria. J Clin Microbiol 2004; 42: 2321–2325.

 17 Matos E D, Santana M A, de Santana M C, et al. Nontubercu-
losis mycobacteria at a multiresistant tuberculosis reference 
center in Bahia: clinical epidemiological aspects. Braz J Infect 
Dis 2004; 8: 296–304.

 18 Styblo K. Epidemiology of tuberculosis. The Hague, The Neth-
erlands: Royal Netherlands Tuberculosis Association (KNCV), 
1991.

 19 United States Bureau of Labor Statistics. Consumer price index: 
all urban consumers. Washington DC, USA: BLS. http://data.
bls.gov/cgi-bin/surveymost?cu Accessed June 2008.

 20 Oliveira H B, Marin-Leon L, Cardoso J C. [Differences in mor-
tality profi le of tuberculosis patients related to tuberculosis-
AIDS co-morbidity]. Rev Saude Publica 2004; 38: 503–510. 
[Spanish]

 21 Behr M A, Warren S A, Salamon H, et al. Transmission of My-
cobacterium tuberculosis from patients smear-negative for acid-
fast bacilli. Lancet 1999; 353: 444– 449.

 22 Pronyk R M, Makhubele M B, Hargreaves J R, Tollman S M, 
Hausler H P. Assessing health seeking behaviour among tuber-
culosis patients in rural South Africa. Int J Tuberc Lung Dis 
2001; 5: 619–627.

 23 Salaniponi F M, Harries A D, Banda H T, et al. Care-seeking 
behaviour and diagnostic processes in patients with smear-
positive pulmonary tuberculosis in Malawi. Int J Tuberc Lung 
Dis 2000; 4: 327–332.

 24 Murray C L, Lopez A D. The global burden of disease: a com-
prehensive assessment of mortality and disability from diseases, 
injuries, and risk factors in 1990 and projected to 2020. Bos-
ton, MA, USA: Harvard School of Public Health, 1996.

 25 Actuarial Society of South Africa. ASSA2003 AIDS and demo-
graphic model. Cape Town, South Africa: ASSA. http://www.
assa.org.za/aids/content.asp?id=1000000449 Accessed March 
2007.

 26 Williams B G, Korenromp E L, Gouws E, Schmid G P, Auvert 
B, Dye C. HIV infection, antiretroviral therapy and CD4+ cell 
count distributions in African populations. J Infect Dis 2006; 
194: 1450–1458.

 27 Detels R, Munoz A, McFarlane G, et al. Effectiveness of potent 
antiretroviral therapy on time to AIDS and death in men with 
known HIV infection duration. Multicenter AIDS Cohort Study 
Investigators. JAMA 1998; 280: 1497–1503.

 28 Joint United Nations Programme on HIV/AIDS (UNAIDS). 
2006 Report on the global AIDS epidemic. Geneva, Switzerland: 
UNAIDS, 2006.

 29 Getahun H, Harrington M, O’Brien R, Nunn P. Diagnosis of 
smear-negative pulmonary tuberculosis in people with HIV in-
fection or AIDS in resource-constrained settings: informing urgent 
policy changes. Lancet 2007; 369: 2042–2049.

 30 Commission on Macroeconomics and Health. Macroeconom-
ics and health: investing in health for economic development. 
Geneva, Switzerland: WHO, 2001.

 31 Central Intelligence Agency. The world factbook. Washington 
DC, USA: CIA, 2007.

 32 Suarez P G, Floyd K, Portocarrero J, et al. Feasibility and cost-
effectiveness of standardised second-line drug treatment for 
chronic tuberculosis patients: a national cohort study in Peru. 
Lancet 2002; 359: 1980–1989.

 33 Russell L B, Gold M R, Siegel J E, Daniels N, Weinstein M C. 
The role of cost-effectiveness analysis in health and medicine. 
Panel on cost-effectiveness in health and medicine. JAMA 
1996; 276: 1172–1177.

R É S U M É

C O N T E X T E  :   Le rapport coût-effi cacité potentiel des tests 

améliorés de diagnostic de la tuberculose (TB) est in-

connu dans les contextes à faibles ressources.

O B J E C T I F  :   Estimer l’augmentation du rapport coût-

e ffi cacité d’un test hypothétique nouveau de diagnostic 

sur les lieux de soins en Afrique du Sud, au Brésil et au 

Kenya.

S C H É M A  :   Modèle d’analyse décisionnelle additionnant 

à une infrastructure de base existante sans frottis quatre 

interventions de diagnostic (examen microscopique des 

frottis de crachats, nouveau test, frottis plus nouveau 

test, frottis plus culture TB).

R É S U LTAT S  :   On estime que l’addition d’un frottis de 

crachats a un meilleur rapport coût-effi cacité (coût sup-

plémentaire par année de survie perdue ajustée pour 

l’invalidité [DALY] de 86 $ en Afrique du Sud, 131 $ au 

Brésil, 38 $ au Kenya) qu’un nouveau test diagnostic TB 

de sensibilité à 70%, de spécifi cité à 95% et d’un prix de 

20 $ par test (DALY de 198 $ en Afrique du Sud, 275 $ au 

Brésil et 84 $ au Kenya). Toutefois, par comparaison avec 

le frottis de crachats, le frottis plus le nouveau test a per-

mis d’éviter 46% à 49% de DALY supplémentaire pour 

1000 suspects de TB (321 vs. 315 en Afrique du Sud, 

243 vs. 166 au Brésil, 790 vs. 531 au Kenya) avec un coût 

supplémentaire de 170$ au Kenya à 625 $ au Brésil par 

DALY évité. Le rapport coût-effi cacité dépend le plus de 

la spécifi cité, du prix du nouveau test, du taux de base de 

détection des cas de TB ainsi que du taux d’escompte.

C O N C L U S I O N  :   Des tests novateurs de diagnostic de la 

TB ont potentiellement un rapport coût-effi cacité élevé. 

Le rapport coût-effi cacité est le plus élevé par des tests de 

haute spécifi cité et de faible coût utilisés dans des régions 

à médiocre infrastructure.
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R E S U M E N

M A R C O  D E  R E F E R E N C I A  :   Se desconoce el posible ren-

dimiento del perfeccionamiento de las pruebas diag-

nósticas de la tuberculosis (TB) en medios con recursos 

limitados.

O B J E T I V O  :   Calcular la relación entre costo y efectivi-

dad de una nueva prueba hipotética de diagnóstico in-

mediato (point-of-care test) en Sudáfrica, en Brasil y 

Kenya.

M É T O D O  :   Se aplicó un modelo de análisis de decisiones, 

agregando cuatro intervenciones diagnósticas (bacilosco-

pia del esputo, nueva prueba, baciloscopia y nueva prueba 

y baciloscopia más cultivo) a la infraestructura inicial 

existente sin baciloscopia.

R E S U LTA D O S  :   Se calculó que la baciloscopia del esputo 

como estrategia diagnóstica inicial fue más rentable (el 

incremento del costo por años de vida ajustados en fun-

ción de la discapacidad [DALY] fue de 86 dólares en 

Sudáfrica, 131 dólares en Brasil, 38 dólares en Kenya) 

que una nueva prueba diagnóstica con una sensibilidad 

del 70 % y una especifi cidad del 95 % y un costo por 

prueba de 20 dólares (198 dólares por DALY evitado en 

Sudáfrica, 275 en Brasil, y 84 en Kenya). Sin embargo, 

comparada con la baciloscopia, la estrategia de bacilo-

scopia más la nueva prueba evitó de 46% a 49% más 

DALY por cada 1000 presuntos casos de TB (321 contra 

215 en Sudáfrica ; 243 contra 166 en Brasil y 790 contra 

531 en Kenya), con un incremento del costo desde 170 dó-

lares en Kenya hasta 625 en Brasil por cada DALY evi-

tado. El rendimiento fue más sensible a la especifi cidad y 

al costo de la nueva prueba, a la tasa inicial de detección 

de casos y a la tasa de actualización o de descuento.

C O N C L U S I Ó N  :   Las nuevas pruebas diagnósticas de la 

TB pueden ser altamente rentables. La relación entre el 

costo y la efectividad se maximiza con pruebas de alta 

especifi cidad y bajo costo introducidas en regiones con 

una infraestructura precaria.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramondPro-Semibold
    /AGaramondPro-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CaflischScriptPro-Bold
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HelveticaRoundedLTStd-BdCnO
    /Impact
    /ImprintMT-Shadow
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeridienLTStd-Bold
    /MeridienLTStd-BoldItalic
    /MeridienLTStd-Italic
    /MeridienLTStd-Medium
    /MeridienLTStd-MediumItalic
    /MeridienLTStd-Roman
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackCond
    /MyriadPro-BlackCondIt
    /MyriadPro-BlackIt
    /MyriadPro-BlackSemiCn
    /MyriadPro-BlackSemiCnIt
    /MyriadPro-BlackSemiExt
    /MyriadPro-BlackSemiExtIt
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-BoldSemiCn
    /MyriadPro-BoldSemiCnIt
    /MyriadPro-BoldSemiExt
    /MyriadPro-BoldSemiExtIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightCond
    /MyriadPro-LightCondIt
    /MyriadPro-LightIt
    /MyriadPro-LightSemiCn
    /MyriadPro-LightSemiCnIt
    /MyriadPro-LightSemiExt
    /MyriadPro-LightSemiExtIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldCond
    /MyriadPro-SemiboldCondIt
    /MyriadPro-SemiboldIt
    /MyriadPro-SemiboldSemiCn
    /MyriadPro-SemiboldSemiCnIt
    /MyriadPro-SemiboldSemiExt
    /MyriadPro-SemiboldSemiExtIt
    /MyriadPro-SemiCn
    /MyriadPro-SemiCnIt
    /MyriadPro-SemiExt
    /MyriadPro-SemiExtIt
    /MyriadStd-Sketch
    /MyriadStd-Tilt
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /Sylfaen
    /SymbolMT
    /SymbolStd
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [504.000 720.000]
>> setpagedevice


