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Abstract

Screening high-risk groups for Latent Tuberculosis Infection (LTBI) is crucial for TB elimination, as the large global reservoir
of Mycobacterium tuberculosis bacilli poses a significant challenge to TB control globally. Assessing the cost-effectiveness
of LTBI screening strategies is also crucial in determining the optimal approach. In 2022, Sri Lanka initiated a new program
to manage latent tuberculosis infection among high-risk groups, including healthcare personnel, which recorded an 18%
Latent Tuberculosis prevalence. This study aimed to evaluate the cost-effectiveness of implementing a screening program
for Healthcare Personnel as part of this initiative in Sri Lanka. A decision tree model was developed to assess the cost-
effectiveness of LTBI screening among Healthcare Personnel from the health system perspective, using secondary data from
2021 to 2022. The decision tree model was used to evaluate the cost-effectiveness of initiating LTBI screening for Healthcare
Personnel in government hospitals. The findings are presented as the Incremental Cost-Effectiveness Ratio (ICER), compared
to locally appropriate cost-effectiveness thresholds. The direct costs incurred for the standard LTBI tests and prophylaxis
were assessed at the program level. The ICER represents the incremental cost of LTBI screening per Disability Adjusted
Life Year (DALY) gained by preventing future active TB cases through treatment of latent TB infection. The total cost
for managing an active TB case was $80.44, markedly higher than the $20.84 cost for a Latent TB case. The total cost
difference between managing an active TB case and a Latent TB case was $59.60. The Incremental Cost-Effectiveness Ratio
was $2381.29 per Disability Adjusted Life Year averted. The decision analysis model indicated that screening Healthcare
Personnel for latent tuberculosis infection is highly cost-effective and can be recommended for implementation in Sri Lanka.
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e The study was conducted to address the research question of “whether the screening of Healthcare Personnel would
be cost-effective to plan and implement as a new program in Sri Lanka.”

e The results of the Cost-Effectiveness analysis indicate that screening the entire health worker population under the
Ministry of Health for Latent Tuberculosis Infection is highly cost-effective ($2381.29 per Disability Adjusted Life
Year averted) at the program level.

e The National Tuberculosis Control Program of Sri Lanka intended to implement the screening program for latent
tuberculosis infection among Healthcare Personnel.[NY5]

Introduction

Screening for Latent Tuberculosis Infection is a new program
implemented in 2022 by the National Program for Tuberculosis
Control and Chest Diseases of the Ministry of Health, Sri
Lanka to bolster the fight against Tuberculosis.! Even though
Sri Lanka has generally favorable health indicators, the bur-
den of TB remains persistent. Sri Lanka is a country with a

moderate TB burden the recorded cases remained stagnant
over the years with an incidence of 64 per 100 000 population
reporting around 8000 incident active Tuberculosis cases.
The burden of Latent Tuberculosis in the population has not
been assessed yet and has been evaluated among high-risk
categories which recorded prisoners (20%)°, and immune
compromise groups (27%).* Among health care workers
Latent Tuberculosis prevalence was 18%.°
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In Sri Lanka, all reported TB patients are managed through
the government health system under the purview of the
National Program for Tuberculosis Control and Chest
Diseases, placing Healthcare Personnel at risk of exposure.
National Manual for TB Control® outlines the infection con-
trol methods, yet healthcare institutions face many challenges
in adhering to Tuberculosis infection control measures.
Practical Implementation issues include logistical challenges,
such as limited space in Outpatient Departments and high
cost of modern equipment, which make it difficult to install
effective airflow systems and ventilation mechanisms.

Furthermore, the availability of personal protective equip-
ment is limited. Some of these issues were identified by the
2018 WHO SEARO mission report,” which indicated that
the National guidelines® have incorporated infection-control
measures at administrative, environmental, and personnel
levels. However, as previous reviews have shown, infection
control measures have not been given priority in most set-
tings, with only minimum infection control observed. The
issues identified include overcrowding in OPD areas, a lack
of mask use even by TB patients, and limited use of respira-
tors by healthcare staff in OPD settings. Although inpatient
facilities have improved with proper ventilation and the use
of personal protective equipment by healthcare staff, the
high concentration of patients in urban hospitals facilitates
the further spread of TB infection, which is a known risk fac-
tor. A recent study recorded many risk factors that existed in
the government hospital settings.® These factors collectively
contribute to a higher exposure level of Healthcare Personnel
to undiagnosed or diagnosed TB cases that are managed in
government hospitals, justifying the need for regular screen-
ing in hospital settings.

The health workforce of the country comprises skilled
professionals who require years of training. Losing their ser-
vices can significantly impact the health system, economy,
and the country’s overall health status.” Maintaining the
health of workers in occupational settings is a key priority
under the country’s occupational health policy. The World
Health Organization has recommended including healthcare
personnel in the screening of latent tuberculosis infection to
achieve the intended benefits.'”

Although the health care related costs are rising globally
the budgetary allocations are limited for health care in the
country. The National TB-related budget of Sri Lanka in
2018 was 8.4 million US Dollars, with 44% from domestic
funds and 45% from international sources, while the remain-
ing activities were unfunded.!' Given the current economic

crisis and resultant inflation, these budgets are expected to
rise further in the future. To maintain the TB control program
while targeting END TB with new strategies like screening
for Latent Tuberculosis in Sri Lanka, the control activities
must be prioritized. Mathematical modeling on TB transmis-
sion was used to examine cost-effective TB control priorities
in Sri Lanka. The 2 most impactful interventions found were
timely access to TB diagnostics and improved diagnostic
algorithms, which can reduce TB incidence by 40%.!! The
LTBI management was a key strategy to reduce TB inci-
dence in the country, targeting the control of the reservoir of
Mycobacterium Tuberculosis, from which the incident cases
emerge.

Assessing the cost-effectiveness of the screening program
is crucial before its implementation, particularly in a setting
like Sri Lanka where healthcare services are provided free of
charge at the point of delivery.

This study employed a Cost-Effectiveness Analysis, a
widely used approach in the health sector that enables poli-
cymakers and health planners to make rational decisions
regarding resource allocation at the national level.'

The new health program aims to improve the detection
and management of the Latent state of Tuberculosis through
targeted screening of high-risk populations, including
Healthcare Personnel.

To provide scientific evidence for this initiation, this
study aimed to evaluate the cost-effectiveness of including
Healthcare Personnel in the screening program and introduc-
ing preventive treatments for latent tuberculosis infection in
the future.

Methods

A decision analysis model'” was developed, to evaluate the
relative cost-effectiveness measure of Latent Tuberculosis
screening comparing the scenario where no intervention for
a certain disease or risk factor has been made to the scenario
where an intervention is implemented. Cost-effectiveness
analysis defined as the cost incurred to get a given health
outcome (life years gained/lives saved).'?

The cost-effectiveness for screening and managing latent
TB cases was depicted as an incremental cost-effectiveness
ratio (ICER) as the outcome of this study.

We assessed the costs and effectiveness for the healthcare
worker population of Sri Lanka under the Ministry of Health
in the context of the government health system perspective,
under 2 scenarios. A decision tree model was built to decide
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on the best scenario; not screening for Latent TB/the current
practice (scenario 1) versus screening and giving prophy-
laxis treatments to latent TB (scenario 2) for healthcare per-
sonnel. Ethical approval was obtained from the ethics review
committee of the Faculty of Medicine, Colombo.

Assessment of Costs

The costs were assessed from the health system’s perspec-
tive. The total direct costs related to investigations and treat-
ments were calculated. The direct healthcare costs for
screening and treating LTBI and TB patients were assessed
using secondary data. The costs for screening, diagnosis, and
treatment of an active TB patient were obtained from the
National Program for Tuberculosis Control and Chest
Diseases (NPTCCD). The direct healthcare costs for screen-
ing, diagnosing, and treating each active TB patient were
calculated.

All costs were valued at the end of year 2021 and calcu-
lated in Sri Lankan Rupees (SLR) and USD, wherein 200
SLR equals 1 USD 200. The time horizon considered for this
study was 2years. The margin of cost-effectiveness or ICER
threshold was capped at SLR 12,470.91 as of 3 times Gross
Domestic Product (GDP) per capita.'* In the year 2021, the
Sri Lankan Gross Domestic Product per capita was last
recorded at 4156.97 US dollars.!> Hence if the calculated
ICER value is less than the recommended ceiling value
(3 X4,156.97=12,470.91)' it was decided as a cost-effective
program. Further as indicated, If the ICER is below GDP per
capita of 4156.97 US dollars it was recommended to be a
highly cost-effective health program.

Assessment of Effectiveness Parameters

Effectiveness was measured in terms of the outcome value of
Disability Adjusted Life Years (DALY) averted, estimating
the DALYs gained by preventing future active TB cases
through treatment of the Latent TB stage. The DALY attrib-
uted to an individual case of LTBI were assumed to be equiv-
alent to those of a TB-free healthy individual, as LTBI cases
are asymptomatic and maintain a functional state.

Disability-adjusted life Years were estimated in alignment
with the WHO Global Burden of Disease Study 2019.'° The
DALY values were calculated by summing the tuberculosis-
related DALY values for the age groups that were compara-
ble to the Healthcare Personnel in the study population.

Building the Decision Tree

A decision tree was constructed to model was developed using
Tree Age software version 19. The model was constructed in
concordance with the high-risk groups LTBI screening guide-
line from NPTCCD Sri Lanka.! The decision tree included 2
scenarios: screening healthcare personnel for LTBI and not

screening them. All possible outcomes related to screening or
not screening a healthcare worker were depicted in the deci-
sion tree. The model was branched out based on the variables
associated with the onset, progression, and outcomes of latent
tuberculosis infection assuming the probability values for a
single HCW entering the decision tree matrix.

a. Overall proportion of LTBI cases among healthcare
personnel

b. The overall proportion of non-LTBI individuals
among healthcare personnel

c. The proportion of active TB cases progressed from
the LTBI state.
The proportion of Treatment response of TB cases

e. Outcomes in terms of cured/death of overall LTBI
cases

f.  Outcomes in terms of cured/death of overall TB cases.

Total costs of treatments for LTBI and TB cases

DALY calculated for both LTBI and TB cases in both

screened and non-screened scenarios

S

The probabilities assigned to each branch were based on the
literature evidence on the reported prevalence of LTBI
among healthcare personnel,'” as well as evidence from the
Annual TB Report Sri Lanka 2020.>

Figure 1 illustrates the decision tree matrix. The decision
tree displayed the variables along with their corresponding
probability values.

Assessment of Incremental Cost-Effectiveness
Ratio (ICER)

The screening of HCWs for LTBI is a program-level deci-
sion. Therefore, the cost-effectiveness had to be estimated
for the country at the program level. The ICER was calcu-
lated for the screening program involving the total Health
Care Worker population under the Ministry of Health in Sri
Lanka. Hence, the estimated costs and DALY's calculated by
the decision analysis model were extrapolated to the total
HCWs population (n=121500) under the Health Ministry of
Sri Lanka.'® The numerator represents the cost difference/
incremental cost of screening and managing latent tuberculo-
sis, while the denominator denotes the effectiveness of
DALYs.

All the cost values of both the screening and non-screen-
ing arms of the decision tree were calculated for the esti-
mated number of HCWs. The total cost values were
discounted at a 5% level.'*!° The cost differences between
the 2 arms were then assessed at the program level and used
as the numerators for the ICER calculation. Similarly, the
DALY between the screen and non-screen arms were calcu-
lated at the program level, with the total DALY values dis-
counted at a 5% level. The difference between the calculated
DALY values was used as the denominator of the ICER. The
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Figure |. The decision tree displayed the variables along with their corresponding probability values.

estimated final cost and DALY values were incorporated,
and the incremental cost-effectiveness ratio was estimated.

To determine if the intervention is cost-effective, the cost
per DALY gained from the screening for Latent TB was
compared to locally appropriate willingness-to-pay thresh-
olds at the health system level.'? Interventions that fell below
this threshold were considered an efficient allocation of
healthcare resources.

Results

Our analysis assessed the incremental cost to the health sys-
tem of screening a healthcare worker for latent tuberculosis
infection.

Calculation of Cost for Managing TB /LTBI

Table 1 outlines the costs associated with managing a TB
case and an LTBI case, including the cost differences of indi-
vidual components. The basic investigations conducted for

an uncomplicated pulmonary TB patient were considered.
The total cost of managing a TB case is $80.44.

According to the LTBI guidelines published in 2022 by
NPTCCD, 2 preventive treatment regimens are recom-
mended, and the choice was given to the treating clinicians to
select the best option. The preferred regimen is INAH and
Rifapentin. Therefore, for the final cost assessment, the cost
of the INAH + Rifapentin regimen was included.' The cost of
managing an LTBI case is $20.85. The total cost difference
between managing a TB case and an LTBI case was $59.60.

Table 2 compares the costs of managing a TB case and a
Latent TB case. The total cost was higher for a TB case at
$80.44 compared to $20.84 for a Latent TB case.

Calculation DALY Related to Tuberculosis

Table 3 presents the estimated costs and DALYs for the
screening arm and the non-screening arm. The total calcu-
lated DALY value was 51.3 per 1000 population.
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Table I. Costs of Managing a TB Case and a LTBI Case With Cost Difference of Individual Components by NPTCCD in 2022.

Direct medical cost type TB case (USD)

Latent TB case (USD) Cost difference (USD)

Investigations 7544
Drugs 5
Total 80.44

10.52 64.92
10.32 -5.32
20.84 59.60

Source. NPTCCD (National Program for Tuberculosis Control and Chest Diseases).

Table 2. Comparison of Costs of Managing a TB Case and a Latent TB Case by NPTCCD in 2022.

Cost type Cost centers

TB case (USD) Latent TB case (USD)

Direct medical cost Investigations
Drugs

Total cost difference

75.44 10.52
5 10.32
80.44 20.84

Source. NPTCCD (National Program for Tuberculosis Control and Chest Diseases).

Table 3. Estimated Costs and DALYs for Screening and Non-Screening of Healthcare Personnel Under the Ministry of Health Sri Lanka

in 2022 Based on the Decision Tree.

Decisions Cost Effect/DALY
The decision Screening LTBI $1485454.9 102.08
The decision Non-Screening LTBI $686029.5 437.79
Incremental Cost-Effectiveness Ratio =Added cost /DALY $799425.4 335.71

averted

(Added cost) (DALY averted)

$ 2381.29/DALY

Calculation of ICER

The ICER was assessed by dividing the differences in costs
by the differences in DALY values. The incremental cost-
utility of screening HCWs for LTBI is estimated to be
2381.29 US Dollars per DALY averted if the screening pro-
gram involves total HCWs (n=121500) population.

Discussion

Our cost-effectiveness analysis suggests that in government
hospital settings, where TB patients are most likely to seek
treatment, screening Healthcare Personnel for Latent
Tuberculosis offers significant benefits at a low cost. The
ICER of $2381.29 per DALY averted is considered highly
cost-effective, which states that interventions with an ICER
below the country’s GDP per capita are considered very
cost-effective.'* The value for managing a Tuberculosis
patient was way higher than a Latent tuberculosis patient
with a total cost difference of $59.60 which can be saved
for the system.

The current health system’s context for tuberculosis man-
agement is conducive to initiating the new screening pro-
gram within existing resources. The screening of Healthcare
Personnel can be implemented through chest clinics nation-
wide, utilizing the available facilities for TB screening
and management within the government healthcare system.

Additionally, preventive treatments can be initiated, as the
necessary prophylaxis is already included in the National
Treatment Guidelines and Protocols' and is available in the
chest clinics. Based on these findings, the integration of a
routine screening program for latent TB among Healthcare
Personnel within the existing healthcare infrastructure in Sri
Lanka is practically feasible through the existing system.

Many countries have evaluated the implementation of
screening Healthcare Personnel for latent tuberculosis infec-
tion. Economic evaluations have found that while universal
screening may yield better health outcomes, it may also be
less efficient and potentially unaffordable. In contrast, a tar-
geted approach to LTBI screening for Healthcare Personnel
could prove to be a highly cost-effective strategy in hospital
settings.

A study done in Singapore evaluated the cost-effective-
ness and implications on the budget of the targeted versus
universal screening of HCWs. Singapore is an intermediate
TB burden country similar to Sri Lanka. The study was done
in a tertiary hospital in Singapore. The decision analysis
method was used. It concluded that targeted LTBI screening
in HCWs could be highly cost-effective in hospital settings
like Singapore furthermore inclusive screening strategies
could yield better outcomes.?

A technical report on “Cost-effectiveness analysis of pro-
grammatic screening strategies for latent tuberculosis infec-
tion in the European Union” examined various screening
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approaches for LTBI among high-risk populations in low-
burden TB countries across Europe.?! The report concluded
that LTBI screening, in general, was a cost-effective policy
option for the European countries studied.

In North America, tuberculosis incidence has declined
substantially, and the risk to Healthcare Personnel has dimin-
ished. Researchers have evaluated the cost-effectiveness of 3
potential strategies for ongoing screening of Healthcare
Personnel. They found that annual tuberculosis screening
appears to be poorly cost-effective for most North American
Healthcare Personnel, suggesting a need to reconsider
screening practices due to the low annual risks of infection in
settings with low TB prevalence. The research suggests that
resources can be effectively utilized for TB prevention
through activities aimed at ending TB in these countries.??

The Canadian Agency for Drugs and Technologies in
Health has provided evidence-based guidelines for “testing
for latent tuberculosis infection in people with a risk of occu-
pational exposure to tuberculosis.”? Key recommendations
include as a baseline, “All Healthcare Personnel should be
screened, including a symptom evaluation and tests for those
without documented prior TB disease or LTBI, and the
results should be interpreted based on individual risk.
Following a known exposure, all Healthcare Personnel
should be evaluated for symptoms, and testing should be
decided based on the baseline test results.” In the Sri Lankan
context, prospective Healthcare Personnel employed by the
Ministry of Health must undergo a mandatory medical exam-
ination, including basic investigations. The National Program
for Tuberculosis Control and Chest Diseases plans to incor-
porate a baseline TB screening test, in addition to the routine
Chest X-ray, to establish a database of Healthcare Personnel’
Tuberculin test results. This will serve as a strong foundation
for the new screening program. While studies from other
countries have found that screening Healthcare Personnel for
latent tuberculosis infection is cost-effective, generalizing
these results to the Sri Lankan context may be challenging.
Sri Lanka’s healthcare system provides free services at the
point of delivery, funded by public resources rather than an
insurance-driven model. Despite Sri Lanka’s notable
achievements in communicable disease control and elimina-
tion, the burden of tuberculosis remains moderate, with stag-
nant yearly reported new cases. According to WHO estimates,
there is a gap between reported and estimated TB cases in the
country. Addressing this issue within the existing system is
crucial, as further service expansion is constrained by the
current economic crisis in Sri Lanka. Therefore, generating
evidence on new strategies and evaluating their cost-effec-
tiveness in the local context should be prioritized, similar to
the approach taken in other countries.

This economic analysis is further justified by Sri Lanka’s
state health institutions providing free care at the point of
delivery. However, rising global healthcare costs pose a chal-
lenge to service provision, as budgetary allocations for the
health sector are limited. Therefore, this analysis is beneficial

for optimizing resource utilization and identifying new,
highly effective strategies for the National Program for
Tuberculosis Control and Chest Diseases of Sri Lanka.
Implementing an LTBI screening program could also
enhance the safety of the healthcare workforce, as supported
by the evidence from this research. Treating LTBI as a new
strategy to target the reservoir of TB bacilli could aid Sri
Lanka in achieving its END TB targets. Initiating and scaling
up screening programs, starting with high-risk groups, would
help ensure the smooth and feasible implementation of the
new program within the available resources and sustain its
integration into the Sri Lankan healthcare system. The stag-
nant burden of TB disease, significant economic losses due
to TB-related morbidity and mortality, and the relatively low
costs of providing treatment all support the urgent need for
increased investment in TB control efforts, including work-
place screening programs. The results of this cost-effective-
ness analysis highlight the value of proactively screening
Healthcare Personnel for LTBI to reduce the overall burden
of TB and prevent transmission within healthcare settings.
The implementation of a routine screening program for
latent tuberculosis infection among Healthcare Personnel in
Sri Lanka, integrated into the existing healthcare infrastruc-
ture, is recommended as a highly cost-effective strategy to
reduce the burden of TB among this high-risk population.

Limitations

This research was focused on the healthcare worker popula-
tion in Sri Lanka, and the findings may not be generalizable
to other settings or populations. The cost assessment was
based on extrapolating the total healthcare worker popula-
tion. The direct costs of the standard latent tuberculosis
infection tests at the program level were evaluated. Indirect
costs were excluded, as all estimates were based on future
projections. The values were calculated in 2021 when the US
dollar exchange rate was 200 Sri Lankan rupees. Due to high
inflation in 2021 and 2022 from the economic crisis, the Sri
Lankan rupee has since depreciated. Therefore, the cost anal-
ysis was primarily conducted in US dollars to mitigate the
impact of inflation. Given that Healthcare Personnel” expo-
sure to TB infection is an ongoing process in their routine
occupational settings, the screening program must be carried
out regularly. The program was planned to be implemented
every 2years, and the cost was estimated accordingly.
Therefore, an advanced Markov model and sensitivity analy-
sis were not conducted, as the program’s cost was not
assessed for a longer duration.

Conclusion

The decision analysis concluded that screening Healthcare
Personnel for latent tuberculosis infection is highly cost-
effective. If the entire health worker population under the
Ministry of Health were screened for latent tuberculosis
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infection, the estimated incremental cost-effectiveness ratio
would be $2381.29 per disability-adjusted life year averted.
Therefore, the new program for screening Healthcare
Personnel for latent tuberculosis infection in Sri Lanka could
be recommended for implementation.
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