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Summary
Background Maintaining an active hospital microbiology laboratory allows definitive antibiotic treatment for bacterial
infections to be given in a timely manner. This would be expected to improve patient outcomes and shorten length of
hospital stay. However, many hospitals in low- and middle-income countries lack access to microbiology services, and
the cost-effectiveness of an active microbiology service is unknown.

Methods We constructed a decision tree model and performed a cost-effectiveness analysis to determine whether
maintaining an active microbiology laboratory service would be cost-effective in Timor-Leste, a lower middle-
income country. The model was informed by local microbiology data, local patient treatment costs, results of an
expert elicitation exercise and data from literature reviews.

Findings Compared with no active microbiology laboratory, average patient care costs would be reduced by $165,469
(IQR: $134,834–200,902) for every 1000 hospitalised patients with suspected bloodstream infection. Maintaining an
active microbiology laboratory was estimated to reduce deaths by between 34 and 51 per 1000 hospitalised patients.
Similar results were found under various one-way sensitivity analyses. Accordingly, our results indicate that there is a
high probability that maintaining an active microbiology laboratory is a cost-effective intervention that would both
improve patient outcomes and reduce net costs (due to reduced intensive care admissions) compared to no
microbiological testing, especially for the hospitalised paediatric patients with suspected primary bacteraemia.

Interpretation Our findings indicate that investment in the maintenance and expansion of local diagnostic capacity is
likely to be cost-effective in resource-limited settings.

Funding This project is funded by the Department of Health and Social Care (DHSC)’s Fleming Fund using UK aid.

Copyright © 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
The emergence of antimicrobial resistance (AMR) is a
global health threat, and the burden of AMR is highest
in low- and middle-income countries (LMICs) with
limited healthcare resources to respond to and monitor
the spread of resistance.1 While international guidelines
highlight the importance of diagnostic stewardship, the
costs of microbiology testing in most settings are high.
A conservative estimate of the cost for processing
*Corresponding author. Centre for Global Health Research, Nuffield Depart
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microbiology testing could range from $11 to $31 per
specimen and from $105 to $304 per isolate.2 It is
unknown whether maintaining an active microbiology
laboratory would be overall cost-effective in improving
patient care, while taking those costs into account.

Key reasons for potential reluctance to maintain
active microbiology diagnostic testing services include
low sensitivity of blood cultures,3,4 the required waiting
time of more than 48 h for results to be available, and
ment of Medicine, University of Oxford, Oxford, United Kingdom.
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Research in context

Evidence before this study
To identify existing literature related to cost-effectiveness
evaluation of microbiology laboratory services, we searched
PubMed for articles published in English with no date
restriction using the search terms “cost-effective” AND
(“diagnostic stewardship” OR “microbiology laboratory”).
Through this search, we identified 12 papers focused on rapid
diagnostic tests, 11 papers on different strategies of
antimicrobial stewardship programmes, 8 papers on genomic
diagnostic approaches, and 2 papers on imaging techniques.
While one paper included an evaluation of the cost-
effectiveness of surveillance for sepsis management in district
level hospitals in Africa, this analysis considered only
differences due to improved empirical prescribing (i.e. when
the causative pathogen is not known), rather than
individualised changes in prescribed antibiotics based on
microbiology results.

Added value of this study
Our study evaluates the cost-effectiveness of maintaining
hospital-based microbiology laboratory services using detailed
costing, microbiology and demographic data (including the

most common age groups affected by suspected bloodstream
infection) from a site in Timor-Leste. We found that there is a
high probability that maintaining an active microbiology
laboratory service is a cost-saving intervention. The policy is
expected to not only improve patient outcome but also to
reduce net costs primarily due to reduced ICU admissions.
These conclusions were found to be robust to several
sensitivity analyses.

Implications of all the available evidence
Maintaining active microbiology services can lead to
improved patient outcomes both due to improved empirical
antibiotic treatment and due to individually targeted therapy,
and may also save costs in LMIC settings. The results of this
study further support existing guidance promoting diagnostic
stewardship. Furthermore, our study provides evidence to
support expansion of investment in local diagnostic capacity
and has broad relevance for LMIC countries considering
expanding microbiological diagnostic capacity or transitioning
to sustainable government funding for such services. Trials to
optimise the effectiveness of diagnostic stewardship are
needed to improve implementation strategies.
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the relatively higher cost compared to empirical anti-
biotic therapy (often broad-spectrum antibiotic treat-
ment).2 However, microbiology testing provides
evidence-based guidance for targeted antibiotic treat-
ment, which is potentially beneficial for reducing over-
use of broad-spectrum antibiotics and, consequently,
contributing to the control of antimicrobial resistance
(AMR) spread.5 Moreover, microbiology testing results
may direct clinicians to change management in cases
where empiric antibiotic treatment does not cover the
causative agent (e.g. in cases of Burkholderia pseudo-
mallei infection or infection with antibiotic resistant
pathogens) and would otherwise lead to mortality.
Furthermore, aggregated microbiology data plays a vital
role in designing and improving empirical antibiotic
guidelines.6,7

A previous analysis of using blood culture surveil-
lance in district hospitals in low to middle income
countries in Africa to inform empirical antibiotic ther-
apy policy in sepsis concluded that it was cost-effective
for this purpose but not cost-saving.8 This study did
not, however, consider whether the routine use of blood
cultures for microbiologically-informed targeted anti-
biotic treatment in the patients tested was also
economically rational.8 Given the growing threat of
AMR, particularly outside high income settings, devel-
oping cost-effective interventions to reduce the associ-
ated burden of disease in low- and middle-income
countries is increasingly important. The aim of the
current study was to determine if, in Timor-Leste, a
lower middle-income country, blood culture and
susceptibility testing to guide individualised antibiotic
therapy at tertiary referral hospitals is cost-effective,
across three different empiric treatment regimens.
Methods
While local hospital active microbiological testing may
provide many benefits, including providing information
to support infection prevention and control pro-
grammes and to develop local empirical antibiotic
guidelines, we consider only the health benefits arising
from improved treatment of suspected bloodstream
infection in hospital inpatients in this analysis. In this
model, we assume the patient is hospitalised and is
suspected to have a bloodstream infection.

Decision tree model
We consider two comparison arms and calculate
expected costs and health-related outcomes including
mortality and length of hospitalisation associated with
each arm (Fig. 1). The decision trees were drawn in
SilverDecisions 1.2.0 (https://silverdecisions.pl/), and
all analyses were performed using R (version 4.0.5; The
R Foundation for Statistical Computing, Vienna,
Austria). The CHEERS checklist for the analysis can
be found in Appendix 1. The analysis code is available
at this link: https://github.com/Cherrylim128/CEA_
maintain_active_microbiology.

In the active microbiology laboratory testing system
arm, a patient with suspected bloodstream infection
would have one set of blood sample bottles taken for
www.thelancet.com Vol 36 May, 2025
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Fig. 1: Decision tree to estimate the cost-effectiveness of an active microbiology laboratory surveillance system compared to no microbiological
testing. Squares indicate decision nodes, circles indicate chance nodes, and triangles indicate the end point. Collapsed branches of the tree are
indicated by “[+]” and represent repeats of those shown at corresponding nodes on other branches of the tree.
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testing, and be started on empirical antibiotic therapy
before any potentially causative organism is identified.
If bacterial pathogens are identified from those cultures,
www.thelancet.com Vol 36 May, 2025
then definitive therapy based on the antibiotic suscep-
tibility of the organisms may lead to the antibiotic
regimen being changed. In the second arm, in which
3
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there is no microbiological testing, the patient would
again be empirically treated, but any changes in treat-
ment would be driven by clinical condition alone,
without microbiological testing results.

In both arms, we consider three antibiotic regimens
recommended at the time of writing in local guidelines
for empirical antibiotic use in Timor-Leste: ceftriaxone
and gentamicin, ampicillin and gentamicin, and
meropenem and vancomycin.9 The first two antibiotic
recommendations are also consistent with WHO rec-
ommendations for empiric antibiotics in clinical sepsis
of unknown origin in adults and children respectively.10

Meropenem and vancomycin is a common antibiotic
combination used in Timor-Leste for the critically
unwell patient. Details on assumptions made on
microbiology testing and antibiotic switching are in
Appendix Text.

Populating the model
Transition probabilities
Each internal node of the decision tree has probabilities
associated with each of the two or more branches
splitting off from the main branch. These probabilities
(which, for each node, must sum to one) represent
either the probabilities of different decisions being
made (e.g. step up, step down, no change) or probabil-
ities relating to the patient’s condition (e.g. clinical
condition improves, deteriorates, or remains un-
changed). These probabilities were derived from
literature review,11–15 analysis of local hospital microbi-
ology data from Timor-Leste and an expert elicitation
exercise performed with physicians based at HNGV in
Timor-Leste. Details of the expert elicitation are in
Appendix 2, and detailed input values and references are
in Appendix 3. Under the active microbiology laboratory
service arm, there were four further transition events.
These related to i) true bacterial infection state (which is
imperfectly observed and is a “latent” variable); ii)
microbiological testing result; iii) change in antibiotic
treatment (assumed to be influenced by the microbio-
logical testing); and iv) treatment outcome. Under the
same arm when microbiological testing gave negative
culture results, changes in antibiotic treatment were
assumed to be based only on the clinical condition of the
patient. In the no microbiological testing scenario,
changes in antibiotic treatment were assumed to always
depend only on the clinical condition of the patient
regardless of the type of empirical antibiotic treatment
received.

Under the active microbiology laboratory service
arm, we assumed the antibiotic prescriber would
receive one of two types of results from an active
microbiology laboratory service: (a) culture negative,
defined as no pathogenic bacteria growth after 5 days of
culture, or (b) culture positive, defined as the growth of
at least one pathogenic bacterium after 5 days of cul-
ture and with antimicrobial susceptibility test results
available for the identified bacteria. We assumed that
empiric antibiotics were administered for 3 days before
re-assessing the treatment. Under the same arm when
microbiological testing gave positive culture results, we
assumed the transition probability of step-up could be
reflected by the probability of coverage for each empiric
antibiotic regimens11 from local microbiology data (See
Appendix 3 for details on the probability of coverage
calculation).

Costs
Appendix 4 shows the detailed cost breakdown and
sources of data. All costs were in 2022 US dollars ($).
Model input values for drug costs came from national
procurement drug costing data. The treatment cost of
ceftriaxone and gentamicin, ampicillin and gentamicin,
and meropenem and vancomycin per day was $1.76,
$3.04, and $35.16, respectively. Costs for microbiology
testing were derived from local data on laboratory
equipment costs, antimicrobial-susceptibility testing
(AST) costs, and maintenance costs of an active micro-
biology laboratory. The cost of one positive blood culture
bottle (including microbiology culture, identification,
AST, and other laboratory costs) was $31.90 and that of
one negative blood culture bottle was $5.80. We assume
that each patient with suspected primary bloodstream
infection would have two blood culture bottles taken for
microbiological testing in the active microbiology labo-
ratory service arm.

The costs of healthcare for patients were extracted
from literature review and local staffing costs
(Appendix 4). The cost of clinical deterioration was
calculated based on the cost of patient care in an
intensive care unit (ICU), and that of clinical improve-
ment was based on the cost of patient care in a general
medicine ward. Probability distributions were con-
structed to account for the uncertainty in costs of
healthcare for patients. We also included the cumulative
costs of antimicrobial resistance per full course of
antibiotic treatment based on estimates from a previous
study.16

The maintenance costs of an active microbiological
testing laboratory were derived from local data provided
by the local study investigator team. In brief, the per
sample cost of maintaining an active microbiology
laboratory could be as high as $34.53 (used in the model
for the baseline scenario to ensure the results reflect a
conservative scenario where costs of maintaining an
active microbiology laboratory are high) without external
funding support, and as low as $24.96 (used in the
sensitivity analysis to reflect a scenario with some
external funding support). Both estimates accounted for
the laboratory staff and space needed to maintain an
active microbiology laboratory service. We summed the
total additional costs ($95,176) related to microbiology
laboratory testing in 2022 under a full Fleming fund (i.e.
external funding support available) and the total
www.thelancet.com Vol 36 May, 2025
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additional costs ($131,697) in 2023 for when the
Fleming fund would only be partially available to sup-
port microbiology laboratory (used in the model for
baseline scenario). We then divided these costs by the
Cost with active microbiology laboratory service − cost with no microbiological testing

DALYs with no microbiology testing − DALYs with active microbiology laboratory service
number of samples performed per year (3813 in 2021)
to calculate the maintenance cost per sample.

Measurement of patient outcome
Disability-adjusted life years (DALYs) were calculated
from mortality, length of hospitalisation, disability
weights, and number of years lost for deaths. DALYs
were calculated by estimating the sum of the years of life
lost due to premature mortality (YLLs) and years of life
lost due to time lived in states of less than full health,
which is also known as the years of healthy life lost due
to disability (YLDs). In other words, one DALY was the
loss of one year of full health. The YLLs were calculated
as the number of deaths multiplied by a loss function
specifying the years lost for deaths as a function of the
age at which death occurs, which is 11 years for patients
in the age range of 55–59 years given the life expectancy
of Timor-Leste population at birth of 70 years.12 This age
group was chosen because this is one of the most
common age groups for suspected bloodstream in-
fections in Timor-Leste (unpublished data from Na-
tional Laboratory Timor-Leste). YLDs were calculated
from the length of hospitalisation after day of diagnosis
with suspected bloodstream infection multiplied by a
disability weight. The disability weight of severe acute
episode of infectious disease used was 0.133 for adults
based on the Global Burden of Disease (GBD) Study
estimates.13 Patient mortality and length of hospital-
isation given a specific trajectory of events were esti-
mated based on evidence and inputs from experts
working in hospitals in Timor-Leste. Details of out-
comes, sources of data, and justification for the values
are in Appendix 3–5. In addition, we performed a
separate analysis with the same model but restricted to
patients less than four years old, as prevalence of sepsis
is high in this age group in the study hospital, assuming
a loss function specifying the years lost for deaths as a
function of the age at which death occurs was 66, and
the disability weight for a severe acute episode of in-
fectious disease for patients less than 4 years old of
0.402 was used.13

Measurement of cost-effectiveness
Results were expressed as an incremental cost-effectiveness
ratio (ICER) for a hypothetical cohort of 1000 hospitalised
www.thelancet.com Vol 36 May, 2025
patients with suspected bloodstream infection. This was
calculated by dividing the difference in calculated cost be-
tween the twoarmsby theDALYsaverted throughhavingan
active microbiology laboratory service:
whichwe report as the additional cost for everyDALY averted
per 1000 patients with suspected bloodstream infections.

Interventions and scenarios considered
Baseline scenario
In the baseline scenario, it was assumed that the prev-
alence of true bacterial infection among suspected pri-
mary bloodstream infections was 40%; and that the
probability of pathogen detection and false positive rate
of microbiological testing were 80% and 5%, respec-
tively. Appendices 3 and 4 list the chances of having
clinical condition deteriorate, improve or stay the same
for each empirical treatment, as well as the probability
of changing antibiotic prescription, which resulted from
the expert elicitation exercise. The model assumed that
the sensitivity of microbiological testing reflected both
how well the microbiological testing can detect the
causative organism and the bacterial load. For instance,
if the bacterial load in a clinical sample was high the
microbiological testing would be more likely to give a
positive culture result and this would then impact the
outcome of the patient.

Deterministic sensitivity analysis
We performed stepwise deterministic sensitivity
analyses to check the robustness of the conclusions
under various scenarios, including: i) low and high
prevalence of bacterial infection among suspected
bloodstream infections; ii) high cost of maintaining
microbiology laboratory per tested sample; iii) different
probabilities of changing antibiotic treatments; iv) low
and high risks of ICU admission; v) low and high
mortalities associated with different clinical conditions;
and vi) different associated costs of care for patients
whose clinical conditions deteriorated post empirical
antibiotic therapy. Additionally, we performed a deter-
ministic sensitivity analysis assuming the years lost for
deaths was 20 years for patients in the age range of
55–59 years based on the WHO life table.14 Sensitivity
analysis assuming two sets of blood cultures (four
bottles) was also performed.

Probabilistic sensitivity analysis
A probabilistic sensitivity analysis was performed using
5000 iterations.17 In this analysis each parameter in the
5
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decision tree (Fig. 1) was defined by an appropriate
probability distribution. Specifically, the probabilities
attached to each internal node that has more than two
probabilities (i.e. changes in clinical conditions) were
sampled from Dirichlet distributions and binomial
transition probabilities were sampled from beta distri-
butions. For patient care costs, a lognormal distribution
was used to avoid negative values. Details of the distri-
butions used are in Appendices 3 and 4.

Role of funding source
The funder had no role in writing of this study. The
views expressed in this publication are those of the
authors and not necessarily those of the UK DHSC or its
Management Agent, Mott MacDonald.
Results
Baseline scenario analysis
Active microbiology surveillance reduced overall patient
care costs by $165,469 (IQR: $134,834–200,902) for
every 1000 hospitalised adult patients with suspected
bloodstream infection, primarily due to reduced ICU
admission risk. Maintaining an active microbiology
laboratory was consistently cost-saving compared to no
active microbiological testing. It was most cost-saving in
a setting where ampicillin and gentamicin was pre-
dominantly used as empiric treatment (Table 1). In
settings where ampicillin and gentamicin, ceftriaxone
and gentamicin, and meropenem and vancomycin were
used as empirical antibiotic treatment, the estimated
costs that an active microbiology laboratory would have
saved were $277,879, $149,341, and $76,597 per 1000
hospitalised patients with suspected bloodstream in-
fections, respectively.

For every 1000 hospitalised adult patients aged 50–59
years with suspected bloodstream infections, 37 (IQR:
31–44) deaths, 34 (IQR: 28–40) deaths, and 51 (IQR:
43–60) deaths would have been prevented with
expanded microbiology testing capacity under the three
choices of empirical antibiotic treatment (ceftriaxone
and gentamicin, ampicillin and gentamicin, and
Empirical antibiotic therapy An active
laboratory

No active
microbiological
testing

Costs DALYs Costs DA

Ceftriaxone + gentamicin 523,302 2636 672,643 41

Ampicillin + gentamicin 537,708 2640 815,587 40

Meropenem + vancomycin 717,670 2479 794,267 41

ICER: incremental cost-effectiveness ratio.

Table 1: Estimated incremental costs and Disability-adjusted life years (DALY
microbiology laboratory compared to no microbiological testing under the
meropenem and vancomycin, respectively). Similar
findings were observed in the population with age under
4 years (Table 2; Appendix 6). For every 1000 hospital-
ised patients under 4 years of age with suspected
bloodstream infections, 2575 (IQR: 2181–3025), 2329
(IQR: 1969–2761), and 3560 (IQR: 3038–4159) DALYs
would be averted with an active microbiology laboratory
under the three empirical regimens considered (Fig. 2).

Factors influencing the cost-effectiveness of
maintaining an active microbiology laboratory
The key factors that influenced the cost difference and
DALYs averted between the intervention and control arm
were prevalence of true bacterial infection among sus-
pected bloodstream infections, patient characteristics (i.e.
risks of ICU admission), cost of patient care in ICU, cost
of maintaining active microbiological testing service, and
patient age. The number of preventable deaths due to an
active microbiology laboratory would be higher in a
setting with a high prevalence of true bacterial infection,
compared to that in a setting with low prevalence (Fig. 3).
Maintaining an active microbiological testing laboratory
service was more cost-saving per unit of increase in
health benefit (smaller ICER and higher cost-
effectiveness) in a setting with a high prevalence
compared to a low prevalence of true bacterial infection.
This could be explained by a proportionally increased
number of true bacterial infections diagnosed by micro-
biological testing that would lead to timely appropriate
treatments. In other words, the impact of overall delays in
appropriate antibiotic treatment would be expected to
increase proportionally with the increased number of
true bacterial infections. The observation was further
supported by the wider gaps in DALYs between the sce-
narios when narrow spectrum empirical antibiotics were
used compared to scenarios using broad spectrum
empirical antibiotics (meropenem and vancomycin,
which have broader coverage compared to ceftriaxone
and gentamicin or ampicillin and gentamicin).

In settings where false negative blood cultures
resulted in highly detrimental clinical consequences
(equivalent to those experienced by patients with
Incremental costs
with an active
laboratory

DALYs averted
with an active
laboratory

ICER

LYs

03 −149,341 1468 Active laboratory
dominates

30 −277,879 1390 Active laboratory
dominates

56 −76,597 1677 Active laboratory
dominates

s) averted per 1000 hospitalised adult patients from maintaining a
baseline scenario. Costs are in 2022 US dollars.

www.thelancet.com Vol 36 May, 2025
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Empirical antibiotic Cost saved (IQR) per 1000
hospitalised patients

Number of deaths
saved (IQR) per
1000 hospitalised
patients

ICER

Ceftriaxone + gentamicin $151,213 (112,856–193,165) 37 (31–44) Active laboratory
dominates

Ampicillin + gentamicin $277,855 (227,899–336,830) 34 (28–40) Active laboratory
dominates

Meropenem + vancomycin $66,173 (39,090–96,921) 51 (43–60) Active laboratory
dominates

IQR: inter-quartile range.

Table 2: Estimated costs saved and deaths averted per 1000 hospitalised paediatric patients (under
four years of age) from maintaining a microbiology laboratory compared to no microbiological
testing from a probabilistic model sensitivity analysis. Costs are in 2022 US dollars.

Articles
bloodstream infections where the empirical treatment
did not cover the causative organisms), the active
microbiological testing service arm would still be cost-
saving as long as the proportion of false negative is
not high (Fig. 4). When meropenem and vancomycin
were used as empirical antibiotic treatment and proba-
bility of culture positive among bacterial infections was
as low as 60% and the probability of clinical condition
improving among false culture negative (culture results
showed negative among patients with bacterial infec-
tion) was as low as 1.4%, the ICER would be $57.31,
which is 2.4% of the GDP per capita ($2389)18 in 2022 in
Timor-Leste), per DALY averted.

When the cost of maintaining the microbiological
testing service exceeds $76 per sample, performing
microbiological testing on hospitalised patients with
suspected primary bloodstream infection with empirical
meropenem and vancomycin treatment would cost
slightly more than not performing microbiological
testing with an estimated ICER of $3.78 per DALY
averted. Similarly, sensitivity analyses assuming two
sets of blood samples, which is equivalent to four
sample bottles, found that maintaining the microbio-
logical testing service is cost-effective and cost-saving
under the scenarios in which ceftriaxone and genta-
micin, and ampicillin and gentamicin were used as
empirical treatments (Appendix 7). Empirical mer-
openem and vancomycin treatment would cost $22.33
more per hospitalised adult patient with suspected pri-
mary bacteraemia compared to no microbiology testing,
with an estimated ICER of $13.31 per DALY averted,
which is less than one GDP per capita. Presuming a
setting with 40% prevalence of true bacterial blood-
stream infections among suspected BSIs and using
ceftriaxone combined with gentamicin as empiric
treatment, the microbiology laboratory would need to be
processing over 1200 samples annually (cost per sample
$109.75) before it became cost saving, given the fixed
annual costs of $131,697 to maintain the service
(Appendix 8). In the same setting but with meropenem
combined with vancomycin as empiric treatment,
maintaining an active microbiology laboratory service,
while not cost-saving, would remain cost-effective
($44.03 per DALY averted) at a willingness-to-pay
threshold of $500 per DALY averted. In other words,
assuming a fixed annual cost of $131,697 and a setting
using meropenem combined with vancomycin as
empiric antibiotic treatment, at least 264 samples per
year are required for the laboratory service to be cost-
effective at a willingness-to-pay threshold of $500.
Discussion
We modelled the cost-effectiveness of providing a blood
culture service for HNGV in Timor-Leste, compared to
not having this service. The model outputs in this study
suggest that maintaining a microbiology laboratory
www.thelancet.com Vol 36 May, 2025
service for this hospital is cost-effective in this lower
middle-income country, even with the conservative
parameter values used in the base case analysis. Our
findings indicate that the microbiology laboratory ser-
vice may be particularly important in reducing deaths in
settings where the prevalence of bacterial infection
among suspected bloodstream infection is high.

If the sensitivity of microbiological testing is low
(with high rates of false negative tests), the cost effec-
tiveness of maintaining a microbiology laboratory ser-
vice would be reduced due to a higher proportion of
patients needing ICU care due to delayed appropriate
treatment. We found that if the sensitivity of microbio-
logical testing was less than 60% and the probability of
clinical condition improving in patients who were false
culture negative was 1.4%, even under a low cost-
effectiveness per DALY averted threshold of 2.5%
GDP per capita in Timor-Leste (with $2389 of the GDP
per capita18 in 2022), maintaining a microbiology labo-
ratory service would be cost-effective compared to no
microbiology testing. The cost-effectiveness thresholds
estimated by Woods et al.19 using an empirical approach
that adjusted for purchasing power parity were 1–51%
GDP per capita ($1–116) for Malawi, 4–51% GDP per
capita ($44–518) for Cambodia, and 14–51%
($472–1786) for Indonesia.19 Accordingly, our results
would be likely to viewed as cost-effective in Timor
Leste. This remains true for an alternative health
expenditure-based threshold of $1584 for Timor-Leste
suggested by Pichon-Riviere et al.20

Steps to ensure high sensitivity of microbiological
testing, including training focused on sample collection
prior to antibiotics, and collection of adequate blood
volumes for blood cultures, as well as laboratory quality
assurance factors, remain important to ensure effec-
tiveness treatment and optimise the value of microbi-
ology testing. The US Centers for Disease Control and
Prevention (CDC) recommended at least two blood
culture sets (four bottles) should be obtained within a
few hours of each other via peripheral venipuncture to
increase sensitivity in detecting pathogens.21 A concern
7
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Fig. 2: Incremental cost-effectiveness plane showing Disability-
adjusted life years (DALYs) averted versus incremental costs per
1000 hospitalised adult patients from maintaining a microbiology
laboratory compared to no microbiological testing using 5000 model
iterations when (A) ceftriaxone and gentamicin; (B) ampicillin and
gentamicin; and (C) meropenem and vancomycin is used as empirical
treatment. Points in black are results from the probabilistic sensi-
tivity analysis, and the larger red point is the base case result. In the
upper right quadrant, points below the broken diagonal line would
be considered cost-effective for a willingness to pay to avert one
DALY of $500, while points above this line would not be considered
cost-effective at this threshold.
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is whether such recommendations, which require
additional costs, would still be cost-effective in resource-
limited settings. The sensitivity analysis from the cur-
rent study indicates that while increasing the number of
bottles will increase costs substantially, the microbio-
logical testing intervention would remain cost saving for
when ceftriaxone and gentamicin or ampicillin and
gentamicin were the recommended empirical antibiotic
treatments (Appendix 7). For empirical treatment of
meropenem and vancomycin, it would likely still be cost
saving with an ICER of $13.

Based on the decision tree constructed, a narrower
difference in costs between the microbiological testing
service and no microbiological testing arms was
observed in settings where meropenem and vancomycin
were used to treat patients with suspected primary
bloodstream infection compared to settings where cef-
triaxone and gentamicin, or ampicillin and gentamicin
were used. This was due to the high costs of
meropenem and vancomycin compared to the other
empirical antibiotic regimens considered ($35.16 per
day for meropenem and vancomycin versus $1.76 per
day for ceftriaxone and gentamicin) and the fact that
stepping-up to antibiotics such as colistin (assuming
these antibiotics could be available in the near future in
Timor-Leste) would impose large treatment costs.
Moreover, based on the expert elicitation, empirical
treatment with meropenem and vancomycin was less
likely to result in deteriorating clinical condition
compared with treatment with ceftriaxone and genta-
micin or ampicillin and gentamicin. This in turn
reduced costs of care and narrowed the cost gap between
microbiological testing and no microbiological testing
arms in settings where meropenem and vancomycin
was appropriately used as empirical antibiotic treatment,
noting the risks of contributing to further antimicrobial
resistance with inappropriate empiric broad spectrum
antibiotic use.

Timor-Leste is a relatively new country, gaining
formal independence from Indonesia in 2002 with a
current population of 1.3 million, predominantly ru-
ral (74%).22 Our case study analysis is based in Hos-
pital Nasional Guido Valadares (HNGV), the tertiary
referral hospital for the country, which located in the
capital city of Dili with a 340-bed capacity.23 HNGV
receives a microbiology service from the adjacent
referral laboratory, Laboratorio Nacional de Saude.
Previous studies have indicated a high rate of AMR in
Timor-Leste.24–26 Since 2019, Timor-Leste has partici-
pated in the Fleming Fund project, a UK Government
funded initiative which supports low- and middle-
income countries to generate, share and use data to
improve antimicrobial use and encourage investment
in the prevention of antimicrobial resistance.27

Consequently, Timor-Leste has undergone signifi-
cant laboratory strengthening activities including
improvements to infrastructure, diagnostic test
availability, and standardization of microbiology re-
sults. These activities combined with increased
awareness of the benefits of surveillance have led to a
significant increase in utilization of the diagnostic
microbiology service. Health economic analysis of the
cost effectiveness of a microbiology laboratory service
is helpful for informing decision-making regarding
ongoing government investments in tackling AMR in
Timor-Leste.
www.thelancet.com Vol 36 May, 2025
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Fig. 3: The estimated changes in costs, Disability-adjusted life years (DALYs) averted and in number of deaths per 1000 hospitalised adult
patients from maintaining a microbiology laboratory compared to no microbiological testing from deterministic sensitivity analysis for
parameters related to prevalence of adult bacterial infection under (A) ceftriaxone and gentamicin; (B) ampicillin and gentamicin; and
(C) meropenem and vancomycin empirical antibiotic treatment. The baseline scenario assumed that the prevalence of bacterial infection among
the suspected primary bacteraemia was 40%. Note the differences in scale of the x-axis in the three plots. The length of the bars represents the
magnitude of changes in cost (column 1), averted DALYs (column 2) and reduction in number of deaths (column 3) of maintaining active
microbiological testing services compared to no microbiological testing.

Articles
There are limitations in this model. Firstly, the
clinical inputs, such as mortality, are not based on actual
collected patient data from the national hospital. We
have assumed the same mortality rates for patients with
bloodstream infections receiving different antibiotic
regimens regardless of age (children and adults), and
that having microbiological testing results available will
lead to changes in antibiotic prescribing. These as-
sumptions may not always be true, especially if the trust
in microbiological testing results among antibiotic pre-
scribers is low and antibiotic prescribing behaviour is
influenced by alternate prescriber preferences and be-
liefs. Moreover, the model did not adjust for differences
in model parameters by sex, age, socioeconomic status,
and exploring how adding such complexity would
change the conclusion is an area to be explored in the
future. Secondly, the estimated cost saving in the active
microbiological testing arm was driven largely by ICU
costs. However, the assumption that reduction in ICU
www.thelancet.com Vol 36 May, 2025
admissions in a given hospital translates proportionally
to a reduction in costs when bed capacity and staffing
level is maintained may not hold for all settings.
Furthermore, the optimal method to cost hospital bed
stays is an area of ongoing research.28 Thirdly, the long-
term population and individual-level impact of antibiotic
overuse were not systematically accounted for in this
analysis. Finally, the model did not account for potential
improvements from stepping down (for example due to
fewer side effects or greater effectiveness of narrower
spectrum antibiotic treatments). Neglecting this
complexity represents a conservative assumption, which
could lead to an underestimation of the potential health
benefits of the intervention. Our conclusion that the
intervention could provide health benefits and save costs
will therefore be robust to this assumption, though
more accurately capturing such complexity could be
important to consider in future work or in settings
where the benefits of the intervention are less clear.
9
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Fig. 4: The estimated changes in costs, Disability-adjusted life years (DALYs) averted and in number of deaths per 1000 hospitalised adult
patients from deterministic sensitivity analyses for parameters on clinical conditions of patients who had false negative cultures under the active
microbiological testing arm. The analyses were performed independently for when (A) ceftriaxone and gentamicin; (B) ampicillin and
gentamicin; and (C) meropenem and vancomycin were used as empirical antibiotic treatments. The dashed line represents incremental cost-
effectiveness ratios calculated using base case parameters. The estimated proportion of patients with suspected primary bacteraemia and false
negative blood cultures whose clinical condition deteriorated under the scenarios of ceftriaxone and gentamicin, ampicillin and gentamicin, and
meropenem and vancomycin treatment were 39%, 39%, and 26%, respectively, based on the expert elicitations that meropenem and
vancomycin treatment would have higher coverage rate than the other two treatment strategies. The length of the bars represents the
magnitude of changes in cost (column 1), averted DALY (column 2) and reduction in number of deaths (column 3) of maintaining active
microbiological testing services compared to no microbiological testing. The negative scales in costs changes suggests maintaining a micro-
biology laboratory is cost-saving compared to no microbiological testing.
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Conclusion
The findings suggest that maintaining a microbiology
laboratory service compared to no microbiological
testing is likely to be cost-saving in the HNGV tertiary
referral hospital in Timor-Leste, both reducing mortality
and saving costs. These benefits primarily result from
the fact that a microbiological diagnostic service enables
severe bacterial infections to be treated with appropriate
antibiotics in a timely manner which is expected to
result in fewer ICU admissions and lower mortality.
These results would be helpful for informing decision-
making regarding ongoing government investments in
tackling AMR in Timor-Leste. Finally, our analysis
provides a framework for informing such investment
decisions in other LMIC countries.
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