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Figure 2. Example of diagnostic workflow of a TB culture laboratory with molecular diagnostic capacity. When first planning
for a costing study, evaluating diagnostic workflow is essential in capturing all aspects of laboratory activities that need to be evaluated
for costs. Shown is a generalized workflow observed in a laboratory where molecular testing for MDR-TB using a line probe assay is
being evaluated against the conventional culture method using LJ in a demonstration study. Actual workflow at different laboratories

may vary.

CPC: Cetylpyridinium chloride; DST: Drug susceptibility testing; FM: Fluorescent microscopy; LJ: Léwenstein Jensen; MDR: Multidrug

resistance; NALC: N-acetyl-i-cysteine; Z/N: Ziehl-Neelsen.

prices of each respective item. In this approach, time analysis
(evaluation of the duration of laboratory procedures by direct
observation) of laboratory procedures allows for quantification
of the usage of capital assets (building space and equipments)
in terms of ‘time’ — minutes used and minutes used per square

meter of the space — and expressed based on overall capacity and
the number of specimens processed during the assessment (point
evaluation of laboratory procedures). Laboratory consumables
and chemicals are quantified based on relevant units (units,
pieces, meters, grams or milliliters).
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There are two reasons for assessing use of capital assets in terms
of time-specified units. The first is to reflect the opportunity cost
of the use of capital assets of a particular procedure over another
laboratory task, and the second is to reflect general preference for
future spending, known as time preference [24]. Hence, all capital
costs (mainly laboratory space and building and laboratory equip-
ment, inclusive of all costs related to maintenance) will need to
be annualized based on their estimated expected life-years and
discount rate that reflects their rate of return (real rate in private
sector or social rate of time preference). For a discussion of the
methodology of annunalization of capital assets, see a review by
Walker and Kumaranayake [25]. Likewise, assessing costs based
on a time analysis of each relevant laboratory procedure in a TB
diagnostic system allows for accurate allocation of overhead costs,
where overhead costs for each respective laboratory procedure is
calculated based on the number of staff, staff time and utilization
of the physical space.

The year of pricing & currency that costs are valued

In order to avoid variations and minimize estimations, all pricing
on overhead costs, laboratory equipments, chemicals and reagents,
consumables and staff salaries ought to be expressed and evaluated
in the year when the study was undertaken. This is to avoid any
discordance caused by the year in which costs are valued when
costs of alternative diagnostic tests are compared. In the case of
evaluating capital assets, annualizing (explained previously) their

____ Variable cost

value is based on the life expectancy of ‘new’ capital. Pricings for
all recurrent costs such as reagents and chemicals, consumables
required for relevant diagnostic systems, staff salaries and overhead
costs (maintenance costs and cost of building space) should be
averaged as there often are multiple manufacturers and distributors
offering the same or similar type of product at different prices, and
staff salaries may vary based on the level of experience and seniority.

In most of the laboratories where the cost and cost—effectiveness
of TB diagnostics are being evaluated, much of the laboratory
equipment and particularly the building space are at least several
years old and the pricing available in the laboratory records may
be outdated compared with the study year (usually pricing infor-
mation available within 1-2 years of the study year is acceptable).
The simplest way of unifying pricing is to take equipment prices
as if purchased new with all costs associated with procurement.
Furthermore, assessment of the cost of building infrastructure can
be done by thoroughly reviewing current real estate markets in the
area/country and adding costs associated with special structural
adjustments that are needed to meet biosafety requirements of a
TB laboratory. Alternatively, it is also possible to make inflation-
ary adjustments to all pricings and cost data from various years
into standardized year US$2000 prices by utilizing a conversion
table [2¢].

It is possible to use the currency most relevant to the study setting
(e.g., US$, €, UKL, South African Rand, and so on). However,

if conversion to an alternative currency is needed, conversions

Laboratory consumables

(consumables)

Variable cost

[l

Chemicals and reagents

Use of specific laboratory space

(time-associated cost)

Average unit cost of a
laboratory procedure

Fixed cost (overhead)

[ Staff work time

Use of laboratory equipment

— Ultilities and administrative costs
Infrastructure —
— Building structure and land cost
— All staff salaries
Human
resource

Trainings/QA/QC

Figure 3. Component of unit cost figure of a laboratory procedure. Costs associated with training/QA/QC are assessed
independently as per activity cost and allocated into average unit cost based on staff timing associated with the relevant laboratory
procedure. For example, test specific training/QA/QC (e.g., culture and molecular testing hands-on training) should be allocated only into
test specific unit cost, where as period QA/QC for general laboratory activities should be allocated into all of the laboratory procedures/

activities calculated for unit cost.
QA: Quality assurance; QC: Quality control.
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should be based on annual (current or previous year) exchange
rates against the converting currency (e.g., US$). Various cur-
rency exchange rates are available, but for health interventions,
it is recommended to use the official UN exchange rate, which
is available online [105].

Beyond cost analyses

Cost—effectiveness analysis is appropriate when the aim of an
evaluation is to compare alternative strategies that are associ-
ated with both different costs and different effectiveness. A cost-
effective test does not generally mean the cheapest test. The goal
of cost—effectiveness analysis is to identify intervention(s) that
provide the greatest health impact with the lowest cost per unit
of output. In a way, the detailed cost analysis described in previ-
ous sections provides a good cost—effectiveness analysis from a
laboratory services perspective. However, to capture the poten-
tial cost and benefit obtained from newer innovative diagnostic
tests beyond the laboratory, full cost—effectiveness/benefit/utility
analysis ought to be considered.

In analyses beyond cost analysis, outcome measurements can
range from laboratory performance characteristics to health
impact indicators (e.g., reduction in mortality, proportion
of patients who get cured), but these indicators must remain
the same for each type of intervention compared in the study.
Furthermore, both cost and effectiveness parameters are deter-
mined based on the perspective taken by the study. A summary
of types of cost and examples to be considered based on study
perspective is shown in Tase 3. In studies that evaluate changes
in diagnostic algorithms, detailed costs of all diagnostic alter-
natives as well as patient impact data must be evaluated to
accurately evaluate changes in costs associated with the intro-
duction of the new diagnostic algorithm. In certain cases (i.e.,
demonstration studies) the evaluation period may not provide
adequate time to evaluate all types of health and societal impact
indicators. In such cases, it is possible to use estimated figures
from relevant literature or expert opinion and perform sensitivity
analyses to evaluate these uncertain parameters.

In TB diagnostic studies, a major limitation is that most of
the available studies are focused on test accuracy (i.e., sensitivity
and specificity), and even these studies are often poorly designed
and reported [27]. Existing systematic reviews on TB tests are
all focused on sensitivity and specificity [6]. A caveat in using
these effectiveness indicators is that they are dependent on what
one views as the ‘gold standard’ to the diagnostic tests being
evaluated. With no ultimate ‘gold standard’ test in TB, readers
(policy makers) as well as study investigators must be always
cautious in declaring one test as ‘cost-effective’ against another.
Moreover, there are few data on the impact of new diagnostic
tests on patient-important outcomes, such as missed diagnoses,
mortality and treatment completion. This will, naturally, dimin-
ish the scope of cost—effectiveness analyses on TB diagnostic
studies. However, there still remain significant challenges in
including important health outcome measurements (such as
reduced transmission) in analyses owing to the difficulty in
obtaining actual data and the large variability in interpretation of
outcome measurements.

Expert commentary & five-year view

In this review, we have highlighted the importance of conducting
costing studies on TB diagnostic tests, and have described the
key elements of a costing analysis. In evaluating costing study
results, it is important for policy makers to clearly understand the
methodology and perspective used in the study. Furthermore, it
is imperative to recognize that overevaluation/analysis can often
lead to indecisive conclusions and provide no directional guid-
ance. As demonstrated by the studies reviewed in this paper,
there are currently no standards for how to evaluate costs of a
laboratory test, even to the simplest perspective — the laboratory
— despite the fact that there are TB-specific (albeit not specific
for TB diagnostics) guidelines for cost and cost—effectiveness
analysis. For instance, costs of laboratory support activities such
as training, technical support and QA are of critical importance
in ensuring quality of laboratory procedures, and yet are often
poorly accounted for in costing, leading to shortfalls in funding

Table 3. Cost parameters (and examples) based on cost and cost-effectiveness analysis in TB diagnostics.

Direct costs associated with laboratory
and other types of diagnostic services

Direct costs associated with
medical services

Direct costs incurred by patient

Detailed cost of diagnostic services, laboratory staff costs, consumables costs and overhead
costs (details presented in cost analysis section)

Detailed cost on hospital admission costs and treatment costs

All types of out-of-pocket payments for drugs and other types of treatment following

diagnosis, cost of travel and income transfer payments

Time costs to patients and their families

Patient’s time spent for travel and receiving treatment, lost time (salary) at work by patient

and family
Productivity Lost productivity due to illness resulting in reduced working capacity, costs to employer to
hire and train replacement worker for patient
730 Expert Rev. Anti Infect. Ther. 7(6), (2009)
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for these activities. A wide variation in laboratory costs reported
in these various studies can cause confusion and may lead to
inadequate decisions when policy makers are considering imple-
menting similar technology in different countries with similar
disease and economic settings. Therefore, with the variations
in methodology, each study evaluating laboratory diagnostics
must clearly outline study parameters and key factors evaluated
in calculating the ‘costs.” Likewise, because the idea of cost var-
ies based on one’s viewpoint, policy and decision makers should
not have a pre-determined mind set that a more expensive test is
automatically unaffordable or impractical for sustained and/or
widespread implementation.

In the context of modernizing TB laboratories in resource-poor
settings, there is growing interest in improving the overall capacity
of TB laboratories. It is important to realize that introduction and
implementation of more types of new tests alone is not the solu-
tion to improving laboratory capacity. In resource-poor settings,
every penny invested is significant. Laboratories provided with
technological and structural improvements (including technical
training) may struggle to adjust to their new diagnostic capacity
and ultimately fail to optimize utilization of that capacity. This
may result in wastage of very expensive reagents and ultimately
lead to failure in sound laboratory practice. In such cases, cost
and cost—effectiveness analysis studies of diagnostic systems have
little or no meaning and sustainability of the newly improved
diagnostic capacity will not be realized. Therefore, partners and
organizations working on capacity improvement projects must
also consider the important aspects of proper management (inven-
tory, human resources and infrastructure) of the upgraded labo-
ratory capacity that are based on periodic review of costs and
performance figures.

Key issues

In summary, cost analyses are critical for TB control and TB
policies. While there are large numbers of studies on accuracy of
TB diagnostic tests, there are few studies that are focused on cost
and cost—effectiveness. There are currently no widely accepted
standards on how to evaluate costs of a TB test. In the next few
years, we hope to develop a standardized tool for costing of any
TB diagnostic. Such a tool would enable improved and more
generalizable costing analyses to be undertaken and the full
economic costs to be determined. This, in turn, will facilitate
evidence-based adoption and use of new diagnostics, especially
in resource-limited settings.
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e TB is a major global health problem, and limited diagnostic capacity in high TB burden resource-poor areas is a significant obstacle to

global TB control.

e Several new diagnostic tools are being developed and evaluated for TB.

e While new diagnostics offer great promise, limited resources and the movement towards evidence-based guidelines and policies require
careful validation of new tools and their cost—effectiveness prior to their introduction for routine use.

e Policy and decision makers are often required to assess accurate costs associated with relevant technology being considered

for implementation.

e Cost analysis is one type of economic evaluation that focuses on assessing the cost of providing services, programs

or interventions.

e While cost analysis does not directly include the effectiveness aspect of an intervention/program, its main advantage
lies in the relative ease of interpreting the results, ability to directly compare costs between/among interventions being
considered, with little or no requirement for complicated modeling or assumptions that may have significant influence on the

results of an analysis.

e In public-health interventions, particularly when evaluating diagnostic tests for TB, cost analysis should be based on economic rather

than financial costing.

e The goal of cost—effectiveness analysis is to identify intervention(s) that provide the greatest health impact with the lowest cost per unit

of output.

¢ While there are large numbers of studies on the accuracy of TB diagnostic tests, there are few studies that are focused on cost and
cost—effectiveness. There are currently no standards on how to evaluate the costs of a TB test, even to the simplest perspective

— the laboratory.

¢ A standardized tool for costing of TB diagnostics would enable improved and more generalizable costing analyses to be undertaken

and the full economic costs to be determined.
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