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Summary
Background Multiplex lateral flow rapid diagnostic tests (LF-RDTs) may aid management of patients with acute non-
malarial febrile illness (NMFI) in rural south and southeast Asia. We aimed to evaluate the cost-effectiveness in
Cambodia and Bangladesh of a putative, as-yet-undeveloped LF-RDT capable of diagnosing enteric fever and
dengue, as well as measuring C-reactive protein (CRP) to guide antibiotic prescription, in primary care patients
with acute NMFI.

Methods A country-specific decision tree model-based cost-effectiveness analysis was conducted from a health system
plus limited societal perspective considering the cost of antimicrobial resistance. Parameters were based on data from
a large observational study on the regional epidemiology of acute febrile illness, published studies, and procurement
price lists. Costs were expressed in US$ (value in 2022), and cost-effectiveness evaluated by comparing incremental
cost-effectiveness ratios with conservative opportunity cost-based willingness-to-pay thresholds and the more widely
used threshold of per capita gross domestic product (GDP).

Findings Compared to standard of care, LF-RDT-augmented clinical assessment was dominant in Cambodia,
being more effective and cost-saving. The cost per disability-adjusted life year (DALY) averted in Bangladesh
was US$482, slightly above the conservative opportunity cost-based willingness-to-pay threshold of US$388
and considerably lower than the GDP-based threshold of US$2687. The intervention remained dominant in
Cambodia and well below the GDP-based threshold in Bangladesh when antimicrobial resistance costs were
disregarded.

Interpretation These findings provide guidance for academic, industry, and policymaker stakeholders involved in
acute NMFI diagnostics. While definitive conclusions cannot be made in the absence of established thresholds, our
results suggest that similar results are highly likely in some target settings and possible in others.
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Introduction
In tropical low-income and middle-income countries
(LMICs), acute febrile illness is a common reason to
seek healthcare.1 In such resource-limited settings, the
majority of the population live rurally and usually pre-
sent to public sector primary healthcare facilities in the
first instance.2 Malaria was previously a very common
aetiology of tropical acute febrile illness, but the success
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of malaria eradication programmes, especially in south
and southeast Asia,3 has exposed a large gap in the
ability of primary healthcare workers to manage acutely
febrile patients who test negative on malaria rapid
diagnostic tests, most of whom will have other in-
fections. Many of these non-malarial infections can be
severe, but most are treatable yet often indistinguishable
clinically.4,5 There is scant high-quality data on the
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Research in context

Evidence before this study
The diagnosis and management of acute non-malarial febrile
illness (NMFI) in rural areas of low-income and middle-income
countries (LMICs) in south and southeast Asia remains
challenging. Multiplex lateral flow rapid diagnostic tests have
been proposed as a possible solution. In view of the scant
evidence on the epidemiology of acute non-malarial febrile
illness in this region, we recently conducted an international
Delphi survey to identify priority analytes for inclusion in such
a putative test with capillary blood as the substrate. The main
finding was that this test should be able to diagnose enteric
fever and dengue, at a minimum; there was also support for
including C-reactive protein as a means of differentiating viral
from non-viral causes of NMFI to guide empirical antibiotic
prescribing. However, we could not identify any economic
evaluations of the cost-effectiveness of any such multiplex
tests following a search of standard databases using the
keywords ‘fever’, ‘febrile’, ‘multiplex’, ‘South Asia’ and
‘Southeast Asia’ on March 2, 2023.

Added value of this study
Bangladesh and Cambodia are LMICs in south and southeast
Asia, respectively, which are representative of the settings in
which multiplex lateral flow rapid diagnostic test will be most
useful. This country-specific assessment of the cost-
effectiveness of such an urgently needed diagnostic tool
provides vital information to guide decision-making by
researcher, industry, and policymaker stakeholders on the
development and deployment of such a test in terms of
performance characteristics and pricing.

Implications of all the available evidence
The cost-effectiveness of this putative multiplex lateral flow
rapid diagnostic test is dependent not only on its inherent
performance and pricing, but on context-specific factors. To
improve its cost-effectiveness in markets where it may not
currently be viewed as being of value, the specificity of the
component assays should be increased, and the price must be
lowered.
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regional burden of acute non-malarial febrile illness
(NMFI), but what little evidence there is suggests that it
is large, with one surveillance study of Southeast Asian
children showing an incidence density of 33.6 per 100
person-years.6

Several factors contribute to the lack of capacity to
diagnose and manage NMFI. First, the many types of
primary healthcare providers, which range from lay
village health volunteers to clinics staffed by semi-
skilled health workers, means that the workforce
skill set relating to clinical diagnosis and management
is variable but, in general, is limited.2 Second, there
are a myriad causes of NMFI, many of which present
with non-specific symptoms.1 Third, while there are
several rapid, point-of-care tests available, the vast
majority are pathogen-based targeting one, or at most
two, causes of NMFI, which is sub-optimal for effec-
tive patient management. The widespread uptake of
these tests is hindered by well-described technical,
biological, social, infrastructural, regulatory, and eco-
nomic barriers.7 Where these are available, access is
difficult as they are often found in secondary or
higher-level facilities located a considerable distance
from rural villages. Compounding this is the dearth of
diagnostic tests suited for use in high temperature,
high humidity rural primary care settings by low-
skilled health workers.8

Multiplex multi-analyte rapid diagnostic tests,
ideally analogous to those used for malaria, have been
proposed as a possible solution to this problem.9 We
recently conducted a modified Delphi survey to
ascertain the analytes which should be included in
such tests to aid management of acute NMFI in rural
south and southeast Asian settings, which would use
capillary blood as the substrate and operate using
lateral flow principles. The survey was performed
given the paucity of robust regional epidemiological
data relating not just to incidence, but also disease
burden in terms of morbidity and mortality. The key
finding was that these multiplex lateral flow rapid
diagnostic tests (LF-RDTs) should, at the minimum,
be able to diagnose acute enteric fever and dengue in
patients of all ages, excluding neonates, with at least
75% sensitivity and 90% specificity. Additionally, C-
reactive protein (CRP) was thought to be a useful an-
alyte to include, given its ability to differentiate be-
tween bacterial and viral causes of acute febrile illness
and, thus, promote antimicrobial stewardship by
reducing inappropriate antibiotic prescriptions.10 This
latter assertion is also supported by data from a study
showing that a CRP level > 40 mg/ml had a sensitivity
of 74% for detecting bacterial infections in acutely
febrile patients.11

While such a multiplex test has not yet been devel-
oped, assessment of its potential cost-effectiveness is
essential to assist in guiding the research and policy-
making processes that will underpin its successful
development and implementation in the target settings.
In this study, we aimed, therefore, to assess the cost-
effectiveness in two tropical lower-middle income
countries, one in southeast Asia (Cambodia) and one in
south Asia (Bangladesh), of a novel putative multiplex
LF-RDT which measures CRP in addition to being able
to diagnose acute enteric fever (e.g., by detecting
typhoidal Salmonella antigens) and dengue (e.g., by
detecting dengue NS1 antigen and dengue IgM) in
www.thelancet.com Vol 23 April, 2024
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patients with acute NMFI, in line with the results of the
abovementioned Delphi survey.
Methods
Setting
Cambodia is a lower-middle income country in main-
land Southeast Asia with a population of 16.6 million,
75% of which live in rural areas, according to World
Bank statistics from 2021.12,13 Bangladesh, in South Asia,
is also a lower-middle income country but with a much
larger population of 169.4 million and a rural population
proportion of 61%.14,15 Cambodia and Bangladesh have
young populations, with 29% and 26% aged < 15 years,
respectively.16,17 They also suffer from heavy burdens of
enteric fever and dengue, prevalence estimates of which
are shown in Table 1.

In both these countries, the majority of rural pri-
mary healthcare is delivered by the government
through a network of primary health centres (PHCs)
and village health workers (VHWs),37,38 the latter mainly
comprising lay people with minimal training. Like in
many other lower-middle income countries, quality of
care at PHCs and by VHWs is sub-optimal owing to low
clinical skill levels e.g., inability to formulate syndromic
diagnoses, and unavailability of diagnostics suited to
these settings.

Model design and participants
A model-based cost-effectiveness analysis was per-
formed. This compared current management of acute
NMFI, in which a diagnosis is made solely on clinical
grounds without diagnostic aids, with a hypothetical
counterfactual where management is augmented by a
novel putative multiplex LF-RDT able to diagnose acute
enteric fever and dengue using capillary blood as the test
substrate, in addition to measuring CRP levels to aid in
the differentiation of bacterial and viral causes of acute
NMFI not attributable to enteric fever or dengue.

Models were based on 12 months’ worth of data
collected between March 21, 2022, and March 21, 2023
for an ongoing large-scale observational study aiming to
define the epidemiology of acute febrile illness in south
and southeast Asia. In this study, detailed clinical and
epidemiological data, along with a more limited set of
healthcare consumption and expenditure data were
collected.18 Patients of all ages were consecutively
recruited from among those presenting to rural PHCs
and VHWs involved in the study, which were located in
Battambang and Pailin provinces in Cambodia, and in
Chittagong Division in Bangladesh. In brief, patients
who presented acutely and who had (i) an axillary tem-
perature at presentation ≥37.5 ◦C or <35.5 ◦C, or (ii) a
history of fever in the 24 h prior to presentation, and (iii)
whose presentation was not due to accident or trauma
and was not within three days of routine immunisa-
tions, were eligible to participate.
www.thelancet.com Vol 23 April, 2024
For the purposes of this cost-effectiveness analysis,
only participants older than 28 days residing in desig-
nated study villages were included (82 villages in
Cambodia and 143 villages in Bangladesh). In line with
the use case for the multiplex LF-RDT, neonates were
specifically excluded as fever in this age group generally
requires assessment in hospital.39 The total populations
of the Cambodian and Bangladeshi study villages were
65,567 and 115,962 persons, respectively. During the 12-
month study period, 5430 and 9585 patients residing in
study villages were recruited in Cambodia and
Bangladesh, respectively. Dividing these by the total
populations of the study villages yielded annual inci-
dence estimates of patients with acute febrile illness
who sought primary healthcare per 100,000 population
of 8262 in Cambodia and 8266 in Bangladesh. All were
tested with malaria rapid diagnostic tests, but none
returned a positive result in Cambodia and only 137
(1.4%) tested positive in Bangladesh. Aetiological data
from this study are not yet available, hence published
estimates for the incidence of enteric fever and dengue
were used in the model.19–21 Age group-specific inci-
dence estimates for the following age groups by country
are shown in Table 1: children <5 years, children 5–14
years, and adults.

Model structure
A decision tree model was constructed to compare the
standard of care with multiplex LF-RDT-aided manage-
ment for the abovementioned age groups. Like previous
economic evaluations of other LF-RDTs in the south and
southeast Asian context,40–43 this model type was selected
on the basis of the multiplex LF-RDT being similar to
other well-established RDTs, such as those for malaria,
in terms of ease of use and interpretation, short time to
diagnosis, established acceptability to patients and
health workers, and that the principal factor being
influenced is clinical decision-making. The structure of
the decision tree is shown in Fig. 1, and a summary of
the recommended interpretation and management for
positive test components is shown in Supporting
Information S1. Separate analyses were performed for
Bangladesh and Cambodia. Model parameters were
derived from a combination of data from the observa-
tional study as well as data from the published literature
and are shown in Table 1.

The outcomes of interest were disability-adjusted life
years (DALYs) averted for enteric fever, hospitalisations
averted for dengue, total antibiotic prescriptions, inap-
propriate empirical antibiotic prescriptions averted, and
total costs. A healthcare system plus limited societal
perspective where costs of antibiotic resistance were
incorporated was adopted. The latter cost was calculated
using the three-component model constructed by
Shrestha and colleagues with broad-spectrum penicil-
lins and quinolones as the antibiotic classes of interest
and adapted for the Cambodian and Bangladeshi
3
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Parameter Cambodia Bangladesh Data source(s)

Cost of multiplex LF-RDT, US$ 5 (1–15) Ref 9

Annual incidence of acute NMFI per 100,000 population
presenting to primary healthcare providers

8262 8266 Data from observational study described in
Ref 18

Percentage of patients with acute NMFI presenting to primary
healthcare providers in the following age groups

(a) Children <5 years 2.04 3.81

(b) Children 5–14 years 14.8 17.1

(c) Adults 83.2 79.1

Mean age of patients with acute NMFI presenting to primary
healthcare providers, years

34 28 Data from observational study described in
Ref 18

Annual incidence of enteric fever per 100,000 population 211.5 (181.1–794.1) 641.2 (527.2–779.8) Ref 19

Annual incidence of dengue per 100,000 population 1030 (927–1133) 1644 (1507–1712) Ref 20,21

Probability of non- enteric fever bacterial cause for acute febrile
illness, %

15.9 (10–20) Ref22

Sensitivity of clinical assessment for diagnosing enteric fever, % 50 (40–56.8) Adapted from Ref,23 using the point
estimates from this study as the upper
bounds for the model

Specificity of clinical assessment for diagnosing enteric fever, % 75 (60–87.9)

Sensitivity of clinical assessment for diagnosing dengue, % 93 (86–96) Ref 24

Specificity of clinical assessment for diagnosing dengue, % 31 (18–48)

Sensitivity of clinical assessment for diagnosing bacterial cause for
acute febrile illness, %

70.2 (65–75) Ref 11

Specificity of clinical assessment for diagnosing bacterial cause for
acute febrile illness, %

56.8 (52–62)

Sensitivity of enteric fever antigen test in multiplex LF-RDT, % 85 (75–90) Assumed

Specificity of enteric fever antigen test in multiplex LF-RDT, % 95 (90–98)

Sensitivity of combined dengue NS1 antigen and IgM test in
multiplex LF-RDT, %

85 (75–90)

Specificity of combined dengue NS1 antigen and IgM test in
multiplex LF-RDT, %

95 (90–98)

Sensitivity of CRP test (cut-off 40 mg/L) in multiplex LF-RDT for
diagnosing bacterial cause for acute febrile illness, %

74 (70–77) Ref 11

Specificity of CRP test (cut-off 40 mg/L) in multiplex LF-RDT for
diagnosing bacterial cause for acute febrile illness, %

84 (81–87)

Duration of illness for enteric fever, days 14 (7–21) Ref 25

Mortality from enteric fever (diagnosed and appropriately
treated), %

0.75 (0.6–0.9) Ref 26

Mortality from enteric fever (undiagnosed), % 1 (0.8–1.2) Ref 26

Proportion with undiagnosed enteric fever who are hospitalised
for severe disease, %

12 (0.8–50) Assumed

Proportion with diagnosed enteric fever who are hospitalised for
severe disease, %

6 (0.4–25) Ref 27

Length of stay of patients hospitalised for severe enteric fever,
days

6 (3–9)

Disability weight for enteric fever not requiring hospitalisation 0.051 (0.032–0.074) Ref 28

Disability weight for enteric fever requiring hospitalisation 0.133 (0.088–0.190)

Duration of illness for dengue, days 4.5 (2–7) Ref 29,30

Proportion diagnosed with dengue who are hospitalised, % 13.6 (12–15) Ref 31

Length of stay of patients hospitalised for dengue, days 4.5 (2–7) Ref 29,30

Cost of one seven-day course of ciprofloxacin (first-line enteric
fever treatment), US$

0.46 for children <5 years,
0.91 for children 5–14 years,
1.82 for adults

0.46 for children <5 years,
0.91 for children 5–14 years,
1.82 for adults

Based on price per 500 mg tablet from
Battambang PHD (personal communication
20 March 2023) for Cambodia, and mean
of highest and lowest prices per 500 mg
tablet from Ref32 for Bangladesh

Cost of antimicrobial resistance due to one course of ciprofloxacin,
US$

4.65 (3.72–5.58) 7.07 (5.66–8.48) GDP per capita-adjusted cost of
antimicrobial resistance due to one course
of ciprofloxacin in Thailand described in
Ref 33

(Table 1 continues on next page)
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Parameter Cambodia Bangladesh Data source(s)

(Continued from previous page)

Cost of one five-day course of amoxicillin (empirical antibiotic
if bacterial cause suspected for acute febrile illness), US$

0.90 for children <5 years,
1.80 for children 5–14 years,
3.60 for adults

0.45 for children <5 years,
0.91 for children 5–14 years,
1.82 for adults

Based on price per 250 mg tablet from
Battambang PHD (personal communication
March 20, 2023) for Cambodia, and mean
of highest and lowest prices per 250 mg
tablet from Ref 34 for Bangladesh

Cost of antimicrobial resistance due to one course of
amoxicillin, US$

2.49 (1.99–2.99) 3.79 (3.03–4.55) GDP per capita-adjusted cost of
antimicrobial resistance due to one course
of amoxicillin in Thailand described in
Ref 33

Cost of one primary healthcare encounter, US$ 6.89 (5.51–8.27) 2.83 (2.26–3.39) Ref 35,36

Cost of one occupied hospital bed-day, US$ 32.39 (28.66–34.29) 22.33 (17.86–26.79)

Weighted cost of hospitalisation for dengue, US$ 10.36 (8.29–12.43) 5.48 (4.38–6.58)

Weighted cost of hospitalisation for enteric fever diagnosed in
primary care, US$

18.14 (14.51–21.77) 10.70 (8.56–12.84)

Weighted cost of hospitalisation for enteric fever not diagnosed in
primary care, US$

29.38 (23.50–35.26) 18.56 (14.85–22.27)

CRP: C-reactive protein; GDP: gross domestic product; PHD: Provincial Health Department; LF-RDT: lateral flow rapid diagnostic test, Ref: reference. Costs were adjusted for inflation and expressed in 2022
US dollars.

Table 1: Decision tree model parameters for the main analysis.

Articles
contexts based on their gross domestic products (GDP)
relative to that of Thailand (the context in which the
estimates were derived). The three components are the
correlation coefficients between human antibiotic con-
sumption and subsequent resistance, the economic
costs of antibiotic resistance for five sentinel pathogens,
and consumption data for antibiotic classes driving
resistance in these organisms.33 Acquisition costs of
Fig. 1: Decision tree model structure. The chance nodes arising from the
‘Multiplex LF-RDT + Clinical assessment’ internal node. Parameters are sho
health centre.

www.thelancet.com Vol 23 April, 2024
antibiotics were calculated for each age group to reflect
the variation in antibiotic course prescriptions in each
group.

Costs were adjusted for inflation to the 2022 cost year
based on the relevant country Consumer Price Indices
and expressed in US$. The time horizon was one year,
and no discounting or age-weighting was applied, in line
with guidance established since the Global Burden of
‘Clinical assessment only’ internal node are like those arising from the
wn in Table 1. LF-RDT, lateral flow rapid diagnostic test; PHC, primary

5
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Disease 2010 report,44 and given the acute nature of the
diseases of interest. Thus, although the modelled time
period was one year, the DALYs accrued within this
time period included the full years of life lost from the
patient’s life expectancy. Cost-effectiveness was
expressed as an incremental cost-effectiveness ratio
(ICER), in terms of an incremental cost per DALY.
Currently neither Bangladesh nor Cambodia has explicit
or accepted willingness-to-pay, or cost-effectiveness,
thresholds. As such, the means of the opportunity
cost-based thresholds for Bangladesh and Cambodia
reported by Woods and colleagues were used and
inflated to 2022 values (US$357 for Cambodia and
US$388 for Bangladesh).45 For comparison, and given
this uncertainty, the less conservative figure of the na-
tional per capita GDP was also used as a secondary
willingness-to-pay threshold. This is in line with the
lower bound for the willingness-to-pay threshold of one
to three times per capita GDP recommended by
the WHO CHOosing Interventions that are Cost-
Effective (WHO-CHOICE) programme, which does
not take into account opportunity costs.46 The 2022 per
capita GDP values for Cambodia and Bangladesh are
US$1,765 and US$2,687, respectively.47,48

The analysis was performed using Excel (Microsoft,
Washington, USA). The parameterised model and
associated calculations for each country are shown in
Supporting Information S1.

Assumptions
Several assumptions were used in the model. First, the
sensitivity and specificity of the multiplex LF-RDT for
both enteric fever and dengue was assumed to be 85%
(range 75–90%) and 95% (range 90–98%), respectively.
These values were chosen bearing in mind the WHO-
recommended performance characteristics for multi-
plex rapid diagnostic tests for acute febrile illness,9 the
minimum performance metric requirements for a
diagnostic assay to be clinically useful,49 and the con-
straints placed on sensitivity with a very small volume of
substrate.50 This approach is well-established when
performing economic evaluations of interventions.51

Second, ciprofloxacin was assumed to be the appro-
priate treatment for all cases of enteric fever, notwith-
standing the increasing rates of drug resistance in the
region.52 Third, full compliance by healthcare workers
with multiplex LF-RDT-guided clinical management
and by patients with their management plans was
assumed. Fourth, amoxicillin was assumed to be the
default antibiotic prescription for acute NMFI not
caused by enteric fever and for which a bacterial cause is
suspected. This assumption was made given that
amoxicillin was the antibiotic most prescribed for un-
differentiated fever in these settings based on data from
the observational study,18 which is also in line with the
limited formularies available in rural Cambodian and
Bangladeshi primary care. Fifth, the cost of the
multiplex LF-RDT was assumed to be US$5, the optimal
full cost to the payer recommended by the WHO for
multiplex multi-analyte diagnostic tests for acute febrile
illness.9 Cost containment is also aided by the opera-
tional similarity of the multiplex LF-RDT to malaria
rapid diagnostic tests, and its rollout leveraging existing
malaria control programme training and monitoring
activities. Sixth, in the absence of detailed information
on age-group specific disease incidence, the same
country-wide incidence estimates were assumed to
apply across all age groups. Seventh, it was assumed that
undiagnosed (and, therefore, inappropriately treated)
enteric fever cases were twice as likely to require hos-
pitalisation than correctly diagnosed and treated cases,
but in the absence of data it was conservatively assumed
that correct diagnosis and treatment of enteric fever
reduced mortality from 1% to 0.75%. Eighth, to avoid
overcomplicating the model structure with all the
possible test result combinations from the multiplex LF-
RDT, it was assumed that false positives could only arise
from the ‘other viral infection’ group (e.g., no true
dengue cases could produce false positive test results for
enteric fever and vice versa). Last, the main use-case of
the dengue component of the multiplex LF-RDT is to
minimise inappropriate referrals to hospital. However,
since it cannot predict development of severe dengue
(which occurs around the seventh day of illness) and for
which treatment is supportive only, we assumed that the
intervention would have no mortality impact on dengue
true-positives and false-negatives. Of note, while all pa-
tients diagnosed with dengue at the primary care level
will be referred to hospital, only 13.6% will ultimately be
admitted as some false-positives will be given alternative
diagnoses and some true-positives will not be admitted.

Sensitivity and scenario analyses
Deterministic (one-way) and probabilistic sensitivity
analyses were performed. In the former, outcomes were
assessed using the lower and upper estimates of each of
the model parameters sequentially to assess the effect of
uncertainty in individual parameters, displaying these as
a tornado plot. For parameters without available CI and
SD to inform the upper and lower bounds, a default
variation of 20% of the mean parameter value was
assumed.

In the probabilistic sensitivity analysis, standard as-
sumptions were made regarding the distribution of each
parameter (β for individual probabilities and percent-
ages, Dirichlet for multivariate probabilities and per-
centages, and γ for costs). Parameter values were
randomly drawn from their respective distributions in a
Monte Carlo simulation, with results from 1,000 model
iterations displayed in the form of a scatter plot. Mor-
tality from enteric fever was varied such that undiag-
nosed enteric fever would always have a value equal to or
higher than that of diagnosed and appropriately treated
enteric fever. A cost-effectiveness acceptability curve was
www.thelancet.com Vol 23 April, 2024
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also constructed to illustrate the how the estimated
probability of the cost-effectiveness of the intervention
changes at different willingness-to-pay thresholds.

Four scenario analyses were also performed. In the
first, the percentage sensitivities and specificities of each
multiplex LF-RDT component were varied in in-
crements of 10% (range 60–90%) with the condition that
they totalled 150%, which is the minimum requirement
for a test to be clinically useful.49 This was first done
singly while retaining the base case performance char-
acteristics of the remaining two components, and then
simultaneously for all three components. We ascer-
tained average net monetary benefits per patient tested
and threshold cost-effective prices for each of these test
performance characteristic combinations to determine
the most cost-effective potential combination, in the
event the technical difficulties associated with producing
such a multiplex assay precluded achievement of the
performance characteristics described in the base case.
The second assessed the impact future upskilling of
primary health workers in clinical diagnosis would have
on the cost-effectiveness of the multiplex LF-RDT. For
this scenario, we assumed that health workers would be
able to formulate syndromic diagnoses based on the
criteria used in the observational study and that multi-
plex LF-RDTs would only be applied to acutely febrile
patients with no localising symptoms, details of which
are shown in Table 2, in keeping with the syndromic
presentation of most enteric fever and dengue cases. In
the third, the uncertainty in mortality benefit was eval-
uated through scenarios in which there was no benefit
and a 50% reduction in mortality from enteric fever
arising from use of the multiplex LF-RDT, respectively.
Finally, the impact of the societal cost of antimicrobial
resistance on cost-effectiveness was assessed by
excluding this cost from the model.

This report was prepared in accordance with the
Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) guideline.53 The completed
CHEERS checklist can be found in Supporting
Information S2.
Parameter

Annual incidence of acute NMFI with no localising symptoms per 100,000
population presenting to primary healthcare providers

Percentage of annual incidence of acute NMFI with no localising symptoms
per 100,000 population presenting to primary healthcare providers in

(a) Children < 5 years

(b) Children 5–14 years

(c) Adults

Mean age of patients with acute NMFI with no localising symptoms presenting
to primary healthcare providers, years

The remaining model parameters were those used in the base case analysis (see Table

Table 2: Data on incidence of non-malarial febrile illness with no localising s
intervention was only used in such patients.

www.thelancet.com Vol 23 April, 2024
Ethics approval
Ethical approval was obtained from the University of
Oxford Tropical Research Ethics Committee (OxTREC/
543-20), the Cambodian National Ethics Committee for
Health Research (125/NECHR), and the Bangladesh
Medical Research Council Ethics Committee (BMRC/
NREC/2019–2022/133).

Role of the funding source
The funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the
manuscript. All authors had full access to the data and
had final responsibility for the decision to submit the
manuscript for publication.
Results
Base case analysis
In Cambodia, compared to the current standard of care,
augmentation of clinical assessment with the novel
multiplex LF-RDT nearly tripled the proportion of cor-
rect diagnoses from 2717/8262 (33%) to 7505/8262
(91%) annually, leading to 497 (93%) fewer unnecessary
hospitalisations for dengue-negatives. It also resulted in
523 (32%) fewer inappropriate antibiotic prescriptions,
and 344 (13%) fewer antibiotic prescriptions overall. On
a per-patient basis, hospitalisation costs were reduced
from US$7.93 to US$2.20, costs attributable to antimi-
crobial resistance from US$1.21 to US$0.81, and total
costs from US$9.90 to US$8.82. The number of DALYs
averted per patient was 0.0012, resulting in the multi-
plex LF-RDT being dominant when compared with both
lower and higher willingness-to-pay thresholds.

In contrast, the intervention more than doubled the
number of correct diagnoses from 3468/8266 (42%) to
7455/8266 (90%) in Bangladesh, resulting in 548 (36%)
fewer inappropriate antibiotic prescriptions, although
the overall antibiotic prescription rate was little changed
(29.3% with use of the multiplex LF-RDT vs. 30.6%
without). There were 404 (93%) fewer unnecessary
hospitalisations for dengue-negatives, helping to drive
Cambodia Bangladesh Data source(s)

5,259 955 Data from observational
study described in Ref 18

2.64 3.52

13.1 13.6

84.3 82.8

34 28

1). NMFI, non-malarial febrile illness, Ref: reference.

ymptoms used to parameterise the model in a scenario where the
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Cambodia Bangladesh

Incremental cost per patient, US$ −1.08 1.96

DALYs averted per patient 0.0012 0.0041

Incremental cost per DALY averted, US$ Cost-saving 482

Lower willingness-to-pay threshold (per DALY averted), US$ 357 388

Higher willingness-to-pay threshold (per DALY averted), US$ 1,765 2,687

Cost-effectiveness of multiplex LF-RDT Dominant Above the lower willingness-to-pay
threshold but below the higher threshold

The lower willingness-to-pay thresholds were derived from the means of the opportunity cost-based thresholds for Bangladesh and Cambodia reported by Woods and
colleagues45 inflated to 2022 values. The higher willingness-to-pay thresholds are the 2022 national per capita GDP for each country. DALY, disability-adjusted life year;
LF-RDT, lateral flow rapid diagnostic test.

Table 3: Key findings of the base-case analysis for Cambodia and Bangladesh.

Articles

8

the average hospitalisation cost down from US$4.70 to
US$2.11. The magnitude of antimicrobial resistance-
related costs averted per patient was like that seen
Cambodia at US$0.40. In this setting, multiplex LF-RDT
usage was associated with a slightly higher number of
DALYs averted per patient at 0.0041 at an average total
cost of US$1.96, resulting in an ICER of US$482 per
DALY averted i.e., slightly higher than the lower
willingness-to-pay threshold of $388 per DALY averted
but well below the higher threshold of US$2,687 per
DALY averted. At the lower threshold, the threshold
price for the multiplex LF-RDT to be cost-effective in
Bangladesh was US$4.62 per unit. Table 3 compares the
key findings of the base-case analysis for Cambodia and
Bangladesh.

An important finding is that the increased ability to
diagnose enteric fever correctly with the multiplex LF-
RDT also reduced inappropriate empirical prescribing
of ciprofloxacin considerably (by 70% in Cambodia and
47% in Bangladesh), moving the bulk of inappropriate
antibiotic prescribing towards amoxicillin. This is
beneficial because ciprofloxacin, with its much broader
spectrum of activity compared to amoxicillin, is a bigger
driver of antimicrobial resistance and, as such, is asso-
ciated with a higher societal cost. Additionally, the
intervention helps target ciprofloxacin prescriptions to-
wards those in which they are most required i.e., pa-
tients with enteric fever.

Sensitivity analyses
As can be seen in the results of the deterministic
sensitivity analysis shown in Fig. 2, Cambodia and
Bangladesh share seven parameters impacting cost-
effectiveness, but their relative importance differs
greatly between the two countries. Most of these factors
do not relate to the multiplex LF-RDT. The effect of
varying the unit price had the same impact on net
monetary benefit in both countries and was of primary
importance in both countries respect to the cost-
effectiveness thresholds. Differences in mortality be-
tween diagnosed and appropriately treated enteric fever
and undiagnosed enteric fever had a greater impact than
cost of healthcare provision in Bangladesh while the
converse is true for Cambodia, reflecting the higher
incidence of enteric fever in the former.

The results of the probabilistic sensitivity analysis are
shown in Fig. 3. In Cambodia, most of the incremental
cost-effect simulation results, as well as the mean result,
lie below the x-axis of the scatter plot, indicating that the
ICER of augmenting clinical assessment with the
multiplex LF-RDT is likely to fall below the willingness-
to-pay threshold, with relatively little uncertainty
regarding the number of DALYs averted [Fig. 3a(i)]. This
is reflected in the associated cost-effectiveness accept-
ability curve which shows that the ICER of the inter-
vention had a much higher probability of being below
the willingness-to-pay threshold, at all willingness-to-pay
thresholds including at US$10,000 per DALY averted
i.e., in almost 70% of simulations the intervention was
cost-saving [Fig. 3a(ii)]. In other words, the probability
that the data are consistent with the true ICER falling
below this threshold is much higher for the intervention
than standard of care. The opposite is true in
Bangladesh, where the spread of incremental cost-effect
pairs is more dispersed i.e., there is higher uncertainty
[Fig. 3b(i)]. The point at which 50% of the probabilistic
ICERs fell below the willingness-to-pay threshold in
Bangladesh occurred when the threshold value exceeded
US$500 per DALY averted; by a threshold value of
US$1,000, approximately 67% of probabilistic ICERs fell
below the threshold [Fig. 3b(ii)].

Scenario analyses
When the sensitivity and specificity of the multiplex LF-
RDT components were varied individually and together
on the condition that they totalled 150%, increasing
specificity of any component at the expense of sensitivity
resulted in increasing net monetary benefit per patient
tested, thus allowing a higher threshold cost-effective
price for the multiplex LF-RDT (Table 4). This was
particularly true for CRP, where a slight increase in
specificity to 90% from 84% yielded average net mon-
etary benefits greater than those seen in the base case
analysis of US$1.49 and −US$0.38 in Cambodia and
www.thelancet.com Vol 23 April, 2024
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Fig. 2: Tornado plots for (a) Cambodia and (b) Bangladesh showing the ten most important parameters affecting cost-effectiveness in
each country. AMR, antimicrobial resistance; LF-RDT, lateral flow rapid diagnostic test.

Articles
Bangladesh, respectively. Nevertheless, this was still
insufficient to make the ICER of the multiplex LF-RDT
fall beneath the willingness-to-pay threshold in
Bangladesh when the more conservative threshold was
applied. Reducing the sensitivity of the dengue compo-
nent from 85% to 60% and specificity from 95% to 90%
also marginally increased the net monetary benefit per
patient tested in Bangladesh, although again this was
insufficient to bring the ICER below the lower
willingness-to-pay threshold. Even if all three compo-
nents had the same sensitivity and specificity values of
60% and 90%, respectively, the multiplex LF-RDT would
still be dominant in Cambodia and the ICER a little
higher in Bangladesh when compared with the lower
willingness-to-pay threshold.

Using the multiplex LF-RDT only on patients with
fever with no localising symptoms reduced the ICERs
greatly, with the intervention remaining dominant in
Cambodia and below the lower willingness-to-pay
threshold in Bangladesh with an ICER of US$145
www.thelancet.com Vol 23 April, 2024
per DALY averted. Unsurprisingly, increasing the
mortality benefit of appropriately diagnosing and
treating enteric fever from 0.25% to 0.5% also drove
down the cost per DALY averted in Bangladesh to
US$267, lower than the conservative willingness-to-
pay threshold of $388. This cost was multiplied
nearly ten-fold to US$2,417 per DALY averted were
there no mortality benefit, which considerably exceeds
the lower threshold but remains below the upper per
capita GDP-based threshold of US$2,687. In
Cambodia, however, multiplex LF-RDT-guided clinical
management remained dominant regardless of
whether it affected enteric fever mortality, reflecting
the findings of the deterministic sensitivity analysis.
The dominance of the intervention in Cambodia was
also seen when the cost of antimicrobial resistance
was excluded from the model, whereas this raised the
ICER in Bangladesh from US$482 to US$579 per
DALY averted, which is still clearly under the upper
willingness-to-pay threshold.
9
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Fig. 3: (i) Scatter plots of incremental cost-effect pairs for augmentation of clinical assessment with the multiplex LF-RDT obtained from
1000 Monte Carlo model simulations randomly drawing parameter values from their respective distributions for (a) Cambodia and (b)
Bangladesh. Standard assumptions were made regarding the distribution of each parameter (β for individual probabilities and percentages,
Dirichlet for multivariate probabilities and percentages, and γ for costs). The conservative opportunity cost-based willingness-to-pay thresholds
of US$357 and US$388 per DALY averted in Cambodia and Bangladesh, respectively were used. (ii) Cost-effectiveness acceptability curves for (a)
Cambodia and (b) Bangladesh showing how the estimated probability of the cost-effectiveness of clinical assessment augmented by the
multiplex LF-RDT vs. clinical assessment alone changes at different willingness-to-pay thresholds. DALY, disability-adjusted life-year; LF-RDT,
lateral flow rapid diagnostic test; USD, US$ at 2022 values.
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Discussion
The main finding from this study is that a putative
multiplex LF-RDT using capillary blood as the test
substrate with the ability to diagnose enteric fever and
dengue, and measure CRP to distinguish between other
viral and non-viral causes of acute fever would be
dominant, i.e., both clinically superior and cost-saving,
in Cambodia. In Bangladesh, the ICER of implement-
ing the multiplex LF-RDT would be below the widely
used per capita GDP willingness-to-pay threshold, but
not with respect to the more conservative opportunity
cost-based threshold. This is borne out by the results of
the probabilistic sensitivity analyses. Despite the num-
ber of DALYs averted by the use of the multiplex LF-
RDT in Bangladesh being more than triple that in
Cambodia, as reflected by higher disease incidences in
the former, cost savings were fewer due to the lower
societal cost of antimicrobial resistance and lower cost of
healthcare provision in both hospital and primary care
settings. As a result, the average net monetary benefit
per patient tested of more judicious antibiotic pre-
scribing, avoiding hospital admission in those testing
negative for dengue, and more accurate diagnosis and
management of enteric fever were unable to exceed the
average total cost, 55% of which comprised the US$5
price of a multiplex LF-RDT. However, it should be
noted that the estimates of the cost-effectiveness of the
multiplex LF-RDT produced in this analysis were con-
servative. For one, only a modest health benefit from
improved diagnosis was incorporated in the model i.e.,
reduced hospitalisations and mortality from enteric fe-
ver, with no other mortality or morbidity benefit
included for improved diagnosis and treatment of
dengue and other bacterial or viral infections. Given the
low levels of incremental costs, even further small in-
creases in the estimated incremental DALYs averted
www.thelancet.com Vol 23 April, 2024
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Multiplex LF-RDT component Sensitivity, % Specificity, % Cambodia Bangladesh

Average net
monetary
benefit*, US$

Threshold
cost-effective
price, US$

Average net
monetary
benefit*, US$

Threshold
cost-effective
price, US$

Enteric fever diagnostic test 90 60 −1.40 3.60 −2.23 2.77

80 70 −0.70 4.30 −2.11 2.89

70 80 0.01 5.01 −1.99 3.01

60 90 0.72 5.72 −1.87 3.13

Dengue diagnostic test 90 60 −0.85 4.15 −1.34 3.66

80 70 −0.07 4.93 −0.97 4.03

70 80 0.71 5.71 −0.60 4.40

60 90 1.49 6.49 −0.24 4.76

CRP test 90 60 0.48 5.48 −1.18 3.82

80 70 0.93 5.93 −0.82 4.18

70 80 1.39 6.39 −0.45 4.55

60 90 1.84 6.84 −0.09 4.91

All components 90 60 −4.09 0.91 −3.49 1.51

80 70 −2.54 2.46 −2.93 2.07

70 80 −0.83 4.17 −2.25 2.75

60 90 1.04 6.04 −1.44 3.56

The base case average net monetary benefits were US$1.49 and −US$0.38 in Cambodia and Bangladesh, respectively. Threshold cost-effective prices were calculated by
subtracting average net monetary benefits from the US$5 base case cost of the multiplex LF-RDT. CRP, C-reactive protein; LF-RDT, lateral flow rapid diagnostic test. Costs
were adjusted for inflation and expressed in 2022 US dollars. *The average net monetary benefit was calculated based on a multiplex LF-RDT price of US$5 per unit.

Table 4: Effect of varying sensitivity and specificity for each multiplex LF-RDT component singly while maintaining the test performance of the
remaining two as per the base case, and simultaneously for all components.

Articles
would increase the cost-effectiveness of the multiplex
LF-RDT substantially, as can be seen in Bangladesh
where a reduction of enteric fever mortality in the
intervention arm of the model from the base case figure
of 0.75% to 0.5% drove the cost per DALY averted
considerably under the conservative opportunity-cost
based willingness-to-pay threshold.

A key strength of this study is the use of data from
the largest study on the epidemiology of acute febrile
illness in rural south and southeast Asia,18 combined
with other country-specific or region-specific data, to
parameterise the model. Furthermore, the model factors
in the societal cost of antimicrobial resistance, as it is
crucial for policymakers that this cost is accounted for
when evaluating the cost-effectiveness of interventions
which have the potential to improve antimicrobial
stewardship, notwithstanding the methodological chal-
lenges. This is especially true for south and southeast
Asian countries where antimicrobial resistance is an
urgent public health issue,54 and where simple, low-cost
interventions such as this multiplex LF-RDT may be
considered for integration into national or sub-national
strategic plans targeting antimicrobial resistance. We
have shown its potential to shift the burden of inap-
propriate prescribing from the high societal-cost anti-
biotic ciprofloxacin to the relatively lower societal-cost
amoxicillin, despite only modest reductions in overall
antibiotic prescription rates.

Nonetheless, this study has several limitations. First,
the data on which costs of healthcare provision in
www.thelancet.com Vol 23 April, 2024
Bangladesh are based are not contemporary and, thus,
may be much higher than estimated, especially given
advances at the secondary care level. Were this to be the
case, then the ICER of the multiplex LF-RDT would tend
towards being beneath the willingness-to-pay threshold
in Bangladesh, since hospitalisation costs comprise the
bulk of the total costs there. Second, due to an absence
of robust data it was assumed that augmenting clinical
assessment with the multiplex LF-RDT resulted in only
a very small absolute reduction in mortality from enteric
fever and no other mortality or morbidity difference
between the two arms of the model, but it is conceivable
that earlier diagnosis and better directed therapy for
other bacterial infections would reduce complications
including mortality. In both settings, this would in-
crease the number of DALYs averted, again predispos-
ing the ICER of the intervention towards being beneath
the willingness-to-pay threshold, an effect which would
be of more importance in Bangladesh. A more complex
model which extends the one-year time horizon and
captures transitions between health states may give
more detailed results than our conservative estimates.
Third, no official willingness-to-pay thresholds set by
policymakers against which the cost-effectiveness of the
multiplex LF-RDT could be benchmarked were avail-
able; additionally, it should be recognised that there is
an element of subjectivity and different approaches to
threshold-setting. Policymakers may, thus, use thresh-
olds as only one factor in their decision-making and may
also elect to have different thresholds for different
11
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interventions because of differing societal values. These
values and associated thresholds may, therefore, change
over time and not just due to inflation. Last, the model
was developed based on 12 months of epidemiological
data. Thus, while intra-year seasonal variation in acute
NMFI incidence was accounted for, it was not possible
for inter-year variation to be similarly considered.

In previous work, we have established the urgency of
the need for such a multiplex LF-RDT in rural south and
southeast Asia.10 However, no evaluation of its potential
cost-effectiveness has been conducted, much less at a
country level. The principal contribution of our findings,
therefore, is that they provide guidance for researchers
and industry partners working on diagnostics for use in
LMICs in terms of performance characteristic and
pricing targets, as well as providing policymakers with a
baseline economic viewpoint on which to make de-
cisions concerning such tests in future. For example,
the price of the multiplex LF-RDT could be set higher in
high-income countries, should it be marketed there, to
lower the price in LMICs, thus ensuring cost-
effectiveness in as many countries as possible.

Our results bolster the limited evidence provided by
other cost-effectiveness analyses in south and southeast
Asian primary care settings of LF-RDTs which singu-
larly test for enteric fever, dengue, and CRP (or other
host biomarker associated with bacterial infection). In
two modelling studies set in rural Laos, the pathogen-
agnostic nature of CRP was likely to be highly cost-
effective despite heterogeneity in the causes of NMFI.
This was true when an antibiotic prescribing threshold
of 40 mg/L, similar to that used in this study, was
applied, and also when a more liberal threshold of
20 mg/L was used.40,42 In one of these studies, a dengue
LF-RDT with both sensitivity and specificity of 95%
was dominant.40 Another modelling study of a
commercially-available typhoid IgM LF-RDT in
Cambodian children with suspected enteric fever did
not find it to be cost-effective, but used an intermediate
outcome measure (additional treatment success), rather
than DALY averted. Moreover, the sensitivity of this test
was only 59%, as opposed to 85% in this study.41 There
are even fewer studies pertaining to South Asia, but a
modelling study of CRP-guided antibiotic prescription
in Afghan primary care facilities showed it to be highly
cost-effective with an incremental cost of US$14 per
additional correctly treated case, even with a very low
cut-off of 10 mg/L.43 Notably, the costs of the tests used
in these studies were all < US$5. Considering the re-
sults of our study in the light of these others, the
multiplex LF-RDT would likely be cost-effective in at
least several other South and Southeast Asian coun-
tries, especially given the high prevalences of enteric
fever and dengue in the region. For instance, a shift
from diagnosing dengue clinically, which priorities
sensitivity, to diagnosis via the multiplex LF-RDT,
which prioritises specificity, would prevent over-
referral to hospital which would reduce secondary
care costs and ensure capacity during periods of high
demand, such as dengue outbreaks.

Furthermore, in view of the likely constraint on
sensitivity imposed by small substrate volumes, we have
determined through the first scenario analysis the
components of the multiplex LF-RDT which could
preferentially have their sensitivities reduced while
optimising cost-effectiveness i.e., dengue and CRP tests.
We have also identified several key areas for future study
to improve the informativeness of the analysis for poli-
cymaking, one of which is contemporaneous quantifi-
cation of healthcare provision costs in Bangladesh. In
addition, since it is unlikely that this multiplex LF-RDT
will be developed and rolled out at scale in the very near
future, the results of the second scenario analysis indi-
cate that upskilling rural primary health workers in
Cambodia and Bangladesh in formulating syndromic
diagnoses in the interim will be beneficial. This is
because not only will the total spend on test kits be
reduced, but cost-effectiveness will also be increased if
they were only used for patients with fever but no
localizing symptoms; however, primary health workers
first need to be trained to identify this subset of patients.
This finding may also be applicable to other countries in
south and southeast Asia with similar acute febrile
illness epidemiology and health system developmental
status. Context-specific evaluations of the key drivers of
cost-effectiveness identified in this study will further aid
assessment of the generalisability of the cost-
effectiveness of this multiplex LF-RDT to other coun-
tries, as will consideration of other contextual factors
such as healthcare worker adherence to test-guided
clinical management when the multiplex LF-RDT has
been developed.

Our estimates of the cost-effectiveness of a multiplex
LF-RDT to aid diagnosis and management of patients
with NMFI illustrates the potential value of this inter-
vention under the right context-specific conditions. This
should provide much-needed impetus from an eco-
nomic perspective for the development of this multiplex
LF-RDT, encourage further studies to determine the
optimal configuration of conditions in south and
southeast Asian countries where it may potentially be
used, and, where possible, guide adjustment of these
e.g., country-specific unit prices to ensure cost-
effectiveness.

Contributors
RC—conceptualisation, methodology, investigation, formal analysis,
visualisation, writing—original draft; CP—methodology, investigation,
formal analysis, visualisation, writing—review and editing; WP—su-
pervision, writing—review and editing; NPJD—supervision, funding
acquisition, writing—review and editing; YL—methodology, supervi-
sion, funding acquisition, writing—review and editing. RC, CP, and YL
have directly accessed and verified the underlying data reported in the
manuscript.
www.thelancet.com Vol 23 April, 2024

http://www.thelancet.com


Articles
Data sharing statement
All data relevant to the study are included in the article or uploaded as
Supplementary information.

Declaration of interests
This research was funded in whole, or in part, by the Wellcome Trust
[215604/Z/19/Z]. RC was also funded by the UK Government through a
Commonwealth Scholarship, the Royal Australasian College of Physi-
cians through the Bushell Travelling Fellowship in Medicine or the
Allied Sciences, and the Rotary Foundation through a Global Grant
Scholarship. For open access, the authors have applied a CC BY public
copyright licence to any Author Accepted Manuscript version arising
from this submission. The authors declare no competing interests.

Acknowledgements
We thank Action for Health and Development (AHEAD) and the Bat-
tambang Provincial Health Department for providing data on antibiotic
costs in Cambodia.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.lansea.2024.100389.
References
1 Shrestha P, Dahal P, Ogbonnaa-Njoku C, et al. Non-malarial febrile

illness: a systematic review of published aetiological studies and
case reports from Southern Asia and South-eastern Asia,
1980–2015. BMC Med. 2020;18:299.

2 International Labour Organization. Global evidence on inequities in
rural health protection: new data on rural deficits in health coverage for
174 countries. Geneva, Switzerland: International Labour Organi-
zation; 2015.

3 World Health Organization. World malaria report 2022. Geneva,
Switzerland: World Health Organization; 2022.

4 World Health Organization. WHO informal consultation on fever
management in peripheral health care settings: a global review of evi-
dence and practice. Geneva, Switzerland: World Health Organiza-
tion; 2013.

5 Chappuis F, Alirol E, d’Acremont V, Bottieau E, Yansouni CP.
Rapid diagnostic tests for non-malarial febrile illness in the tropics.
Clin Microbiol Infect. 2013;19(5):422–431.

6 Capeding MR, Chua MN, Hadinegoro SR, et al. Dengue and other
common causes of acute febrile illness in Asia: an active surveil-
lance study in children. PLoS Negl Trop Dis. 2013;7(7):e2331.

7 Miller E, Sikes HD. Addressing barriers to the development and
adoption of rapid diagnostic tests in global health. Nanobiomedicine
(Rij). 2015;2:6.

8 Phommasone K, Sengvilaipaseuth O, de Lamballerie X, et al.
Temperature and the field stability of a dengue rapid diagnostic test
in the tropics. Am J Trop Med Hyg. 2015;93(1):33–39.

9 Médicins San Frontières, Foundation for Innovative New Di-
agnostics, World Health Organization. Target product profile (TPP)
for a semi-open multiplex multi-analyte diagnostic platform. Geneva,
Switzerland: World Health Organization; 2018.

10 Chew R, Lohavittayavikant S, Mayer M, Day NPJ, Lubell Y. Per-
ceptions and priorities for the development of multiplex rapid
diagnostic tests for acute non-malarial fever in rural South and
Southeast Asia: an international modified e-Delphi survey. PLoS
Negl Trop Dis. 2022;16(11):e0010685.

11 Otten T, de Mast Q, Koeneman B, Althaus T, Lubell Y, van der
Ven A. Value of C-reactive protein in differentiating viral from
bacterial aetiologies in patients with non-malaria acute undiffer-
entiated fever in tropical areas: a meta-analysis and individual
patient data study. Trans R Soc Trop Med Hyg. 2021;115(10):
1130–1143.

12 World Bank. Cambodia; 2021. https://data.worldbank.org/country/
KH. Accessed May 15, 2023.

13 World Bank. Rural population (% of total population) - Cambodia;
2021. https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS?loc
ations=KH. Accessed May 15, 2023.

14 World Bank. Bangladesh; 2021. https://data.worldbank.org/coun
try/bangladesh?view=chart. Accessed May 15, 2023.
www.thelancet.com Vol 23 April, 2024
15 World Bank. Rural population - Bangladesh; 2021. https://data.
worldbank.org/indicator/SP.RUR.TOTL?end=2021&locations=
BD&start=2021&view=bar. Accessed May 15, 2023.

16 World Bank. Population ages 0-14 (% of total population) - Cambodia;
2021. https://data.worldbank.org/indicator/SP.POP.0014.TO.ZS?
locations=KH&view=chart. Accessed May 15, 2023.

17 World Bank. Population ages 0-14 (% of total population) -
Bangladesh; 2021. https://data.worldbank.org/indicator/SP.POP.
0014.TO.ZS?locations=BD&view=chart. Accessed May 15, 2023.

18 Chandna A, Chew R, Shwe Nwe Htun N, et al. Defining the burden
of febrile illness in rural South and Southeast Asia: an open letter to
announce the launch of the Rural Febrile Illness project. Wellcome
Open Res. 2022;6:64.

19 GBD 2017 Typhoid and Paratyphoid Collaborators. The global
burden of typhoid and paratyphoid fevers: a systematic analysis for
the Global Burden of Disease Study 2017. Lancet Infect Dis.
2019;19(4):369–381.

20 Cambodian Ministry of Health. Standard operating procedures of the
national dengue’s sentinel surveillance system, national dengue control pro-
gram. Phnom penh, Cambodia: Cambodian Ministry of Health; 2010.

21 Salje H, Paul KK, Paul R, et al. Nationally-representative serostudy
of dengue in Bangladesh allows generalizable disease burden es-
timates. Elife. 2019;8:e42869.

22 Althaus T, Thaipadungpanit J, Greer RC, et al. Causes of fever in
primary care in Southeast Asia and the performance of C-reactive
protein in discriminating bacterial from viral pathogens. Int J Infect
Dis. 2020;96:334–342.

23 Moore CE, Pan-Ngum W, Wijedoru LPM, et al. Evaluation of the
diagnostic accuracy of a typhoid IgM flow assay for the diagnosis of
typhoid fever in Cambodian children using a Bayesian latent class
model assuming an imperfect gold standard. Am J Trop Med Hyg.
2014;90(1):114–120.

24 Raafat N, Loganathan S, Mukaka M, Blacksell SD, Maude RJ.
Diagnostic accuracy of the WHO clinical definitions for dengue and
implications for surveillance: a systematic review and meta-anal-
ysis. PLoS Negl Trop Dis. 2021;15(4):e0009359.

25 US Centers for Disease Control and Prevention. Typhoid fever and
paratyphoid fever: information for healthcare professionals; 2023. https://
www.cdc.gov/typhoid-fever/health-professional.html. Accessed May
19, 2023.

26 Mogasale V, Maskery B, Ochiai RL, et al. Burden of typhoid fever in
low-income and middle-income countries: a systematic, literature-
based update with risk-factor adjustment. Lancet Glob Health.
2014;2(10):e570–e580.

27 Bilcke J, Antillón M, Pieters Z, et al. Cost-effectiveness of routine
and campaign use of typhoid Vi-conjugate vaccine in Gavi-eligible
countries: a modelling study. Lancet Infect Dis. 2019;19(7):728–739.

28 Institute for Health Metrics and Evaluation. Global burden of disease
2019 disability weights. Seattle, USA: University of Washington; 2020.

29 Khalil MA, Tan J, Khalil MA, Awan S, Rangasami M. Predictors of
hospital stay and mortality in dengue virus infection-experience from
Aga Khan University Hospital Pakistan. BMC Res Notes. 2014;7:473.

30 Mallhi TH, Khan AH, Sarriff A, Adnan AS, Khan YH. De-
terminants of mortality and prolonged hospital stay among dengue
patients attending tertiary care hospital: a cross-sectional retro-
spective analysis. BMJ Open. 2017;7(7):e016805.

31 Vong S, Khieu V, Glass O, et al. Dengue incidence in urban and
rural Cambodia: results from population-based active fever sur-
veillance, 2006-2008. PLoS Negl Trop Dis. 2010;4(11):e903.

32 MedEx. Ciprofloxacin: list of available brand names with prices in
Bangladesh; 2023. https://medex.com.bd/generics/263/
ciprofloxacin/brand-names. Accessed April 24, 2023.

33 Shrestha P, Cooper BS, Coast J, et al. Enumerating the economic
cost of antimicrobial resistance per antibiotic consumed to inform
the evaluation of interventions affecting their use. Antimicrob Resist
Infect Control. 2018;7:98.

34 MedEx. Amoxicillin trihydrate: list of available brand names with prices
in Bangladesh; 2023. https://medex.com.bd/generics/69/
amoxicillin-trihydrate/brand-names. Accessed April 24, 2023.

35 Jacobs B, Hui K, Lo V, Thiede M, Appelt B, Flessa S. Costing for
universal health coverage: insight into essential economic data
from three provinces in Cambodia. Health Econ Rev. 2019;9(1):29.

36 Rannan-Eliya RP, Somanathan A. Bangladesh health facility efficiency
study report: health policy programme occasional paper 12. Colombo,
Sri Lanka: Institute of Policy Studies; 1999.

37 Asia Pacific Observatory on Public Health Systems and Policies.
The Kingdom of Cambodia health system review. Geneva, Switzerland:
World Health Organization; 2015.
13

https://doi.org/10.1016/j.lansea.2024.100389
https://doi.org/10.1016/j.lansea.2024.100389
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref1
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref1
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref1
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref1
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref2
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref2
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref2
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref2
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref3
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref3
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref4
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref4
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref4
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref4
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref5
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref5
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref5
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref6
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref6
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref6
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref7
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref7
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref7
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref8
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref8
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref8
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref9
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref9
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref9
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref9
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref10
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref10
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref10
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref10
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref10
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref11
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref11
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref11
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref11
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref11
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref11
https://data.worldbank.org/country/KH
https://data.worldbank.org/country/KH
https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS?locations=KH
https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS?locations=KH
https://data.worldbank.org/country/bangladesh?view=chart
https://data.worldbank.org/country/bangladesh?view=chart
https://data.worldbank.org/indicator/SP.RUR.TOTL?end=2021&amp;locations=BD&amp;start=2021&amp;view=bar
https://data.worldbank.org/indicator/SP.RUR.TOTL?end=2021&amp;locations=BD&amp;start=2021&amp;view=bar
https://data.worldbank.org/indicator/SP.RUR.TOTL?end=2021&amp;locations=BD&amp;start=2021&amp;view=bar
https://data.worldbank.org/indicator/SP.POP.0014.TO.ZS?locations=KH&amp;view=chart
https://data.worldbank.org/indicator/SP.POP.0014.TO.ZS?locations=KH&amp;view=chart
https://data.worldbank.org/indicator/SP.POP.0014.TO.ZS?locations=BD&amp;view=chart
https://data.worldbank.org/indicator/SP.POP.0014.TO.ZS?locations=BD&amp;view=chart
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref18
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref18
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref18
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref18
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref19
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref19
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref19
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref19
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref20
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref20
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref20
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref21
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref21
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref21
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref22
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref22
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref22
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref22
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref23
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref23
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref23
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref23
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref23
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref24
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref24
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref24
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref24
https://www.cdc.gov/typhoid-fever/health-professional.html
https://www.cdc.gov/typhoid-fever/health-professional.html
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref26
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref26
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref26
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref26
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref27
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref27
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref27
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref28
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref28
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref29
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref29
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref29
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref30
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref30
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref30
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref30
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref31
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref31
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref31
https://medex.com.bd/generics/263/ciprofloxacin/brand-names
https://medex.com.bd/generics/263/ciprofloxacin/brand-names
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref33
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref33
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref33
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref33
https://medex.com.bd/generics/69/amoxicillin-trihydrate/brand-names
https://medex.com.bd/generics/69/amoxicillin-trihydrate/brand-names
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref35
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref35
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref35
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref36
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref36
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref36
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref37
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref37
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref37
http://www.thelancet.com


Articles

14
38 Asia Pacific Observatory on Public Health Systems and Policies.
Bangladesh health system review. Geneva, Switzerland: World Health
Organization; 2015.

39 Chandna A, Aderie EM, Ahmad R, et al. Prediction of disease
severity in young children presenting with acute febrile illness in
resource-limited settings: a protocol for a prospective observational
study. BMJ Open. 2021;11(1):e045826.

40 Lubell Y, Althaus T, Blacksell SD, et al. Modelling the impact and
cost-effectiveness of biomarker tests as compared with pathogen-
specific diagnostics in the management of undifferentiated fever
in remote tropical settings. PLoS One. 2016;11(3):e0152420.

41 Saito MK, Parry CM, Yeung S. Modelling the cost-effectiveness of a
rapid diagnostic test (IgMFA) for uncomplicated typhoid fever in
Cambodia. PLoS Negl Trop Dis. 2018;12(11):e0006961.

42 Chandna A, White LJ, Pongvongsa T, et al. Accounting for aeti-
ology: can regional surveillance data alongside host biomarker-
guided antibiotic therapy improve treatment of febrile illness in
remote settings? Wellcome Open Res. 2019;4:1.

43 Dickinson S, Yi Chong H, Leslie T, Rowland M, Schultz Hansen K,
Boyers D. Cost-effectiveness of point-of-care C-Reactive Protein test
compared to current clinical practice as an intervention to improve
antibiotic prescription in malaria-negative patients in Afghanistan.
PLoS One. 2021;16(11):e0258299.

44 Murray CJL, Ezzati M, Flaxman AD, et al. Gbd 2010: design, defi-
nitions, and metrics. Lancet. 2012;380:2063–2066.

45 Woods B, Revill P, Sculpher M, Claxton K. Country-level cost-
effectiveness thresholds: initial estimates and the need for further
research. Value Health. 2016;19(8):929–935.
46 Daroudi R, Akbari Sari A, Nahvijou A, Faramarzi A. Cost per DALY
averted in low, middle- and high-income countries: evidence from
the global burden of disease study to estimate the cost-effectiveness
thresholds. Cost Eff Resour Alloc. 2021;19(1):7.

47 CEIC Data. Cambodia GDP per capita, 1993 - 2022; 2023. https://
www.ceicdata.com/en/indicator/cambodia/gdp-per-capita. Accessed
May 30, 2023.

48 CEIC Data. Bangladesh GDP per capita, 1960 - 2022; 2023. https://
www.ceicdata.com/en/indicator/bangladesh/gdp-per-capita. Accessed
May 30, 2023.

49 Power M, Fell G, Wright M. Principles for high-quality, high-value
testing. Evid Based Med. 2013;18(1):5–10.

50 Anfossi L, Di Nardo F, Cavalera S, Giovannoli C, Baggiani C.
Multiplex lateral flow immunoassay: an overview of strategies to-
wards high-throughput point-of-need testing. Biosensors.
2018;9(1):2.

51 San Miguel L, Hulstaert F. The importance of test accuracy in
economic evaluations of companion diagnostics. J Comp Eff Res.
2015;4(6):569–577.

52 Akram J, Khan AS, Khan HA, et al. Extensively drug-resistant
(XDR) typhoid: evolution, prevention, and its management. Bio-
Med Res Int. 2020;2020:6432580.

53 Husereau D, Drummond M, Petrou S, et al. Consolidated health
economic evaluation reporting standards (CHEERS) statement. Eur
J Health Econ. 2013;14:367–372.

54 Bhatia R, Narain JP. The growing challenge of antimicrobial
resistance in the South-East Asia Region–are we losing the battle?
Indian J Med Res. 2010;132(5):482–486.
www.thelancet.com Vol 23 April, 2024

http://refhub.elsevier.com/S2772-3682(24)00039-8/sref38
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref38
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref38
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref39
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref39
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref39
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref39
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref40
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref40
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref40
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref40
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref41
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref41
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref41
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref42
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref42
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref42
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref42
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref43
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref43
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref43
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref43
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref43
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref44
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref44
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref45
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref45
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref45
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref46
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref46
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref46
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref46
https://www.ceicdata.com/en/indicator/cambodia/gdp-per-capita
https://www.ceicdata.com/en/indicator/cambodia/gdp-per-capita
https://www.ceicdata.com/en/indicator/bangladesh/gdp-per-capita
https://www.ceicdata.com/en/indicator/bangladesh/gdp-per-capita
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref49
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref49
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref50
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref50
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref50
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref50
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref51
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref51
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref51
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref52
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref52
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref52
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref53
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref53
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref53
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref54
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref54
http://refhub.elsevier.com/S2772-3682(24)00039-8/sref54
http://www.thelancet.com

	Cost-effectiveness analysis of a multiplex lateral flow rapid diagnostic test for acute non-malarial febrile illness in rur ...
	Introduction
	Methods
	Setting
	Model design and participants
	Model structure
	Assumptions
	Sensitivity and scenario analyses
	Ethics approval
	Role of the funding source

	Results
	Base case analysis
	Sensitivity analyses
	Scenario analyses

	Discussion
	ContributorsRC—conceptualisation, methodology, investigation, formal analysis, visualisation, writing—original draft; CP—me ...
	Data sharing statementAll data relevant to the study are included in the article or uploaded as Supplementary information.
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


