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Key questions

What is already known?
 ► Acute respiratory infections are a common reason 
for antibiotic overuse.

 ► Having access to rapid diagnostics tests such as 
rapid influenza tests may reduce inappropriate an-
tibiotic use.

 ► Rapid influenza testing may not be cost-effective 
in resource-limited settings when only the imme-
diate, direct costs of influenza-like illness are con-
sidered; however, no influenza diagnostic studies 
have accounted for the societal cost of antimicrobial 
resistance.

What are the new findings?
 ► Using targeted or universal testing with rapid influ-
enza tests was more expensive than standard care 
across sensitivity analyses for outpatients in Sri 
Lanka.

 ► However, when accounting for the societal cost of 
antimicrobial resistance, targeted testing with rapid 
influenza tests was cost saving in select scenarios.

What do the new findings imply?
 ► Rapid influenza testing may be cost saving for man-
aging outpatients in Sri Lanka when the societal cost 
of antimicrobial resistance is considered.

AbsTrACT
background Acute respiratory infections are a common 
reason for antibiotic overuse. We previously showed that 
providing Sri Lankan clinicians with positive rapid influenza 
test results was associated with a reduction in antibiotic 
prescriptions. The economic impact of influenza diagnostic 
strategies is unknown.
Methods We estimated the incremental cost per antibiotic 
prescription avoided with three diagnostic strategies 
versus standard care when managing Sri Lankan 
outpatients with influenza-like illness (ILI): (1) influenza 
clinical prediction tool, (2) targeted rapid influenza testing 
and (3) universal rapid influenza testing. We compared 
findings with literature-based estimates of the cost of 
antimicrobial resistance attributable to each antibiotic 
prescription.
results Standard care was less expensive than other 
strategies across all parameter values in one-way 
sensitivity analyses. The incremental cost per antibiotic 
prescription avoided with clinical prediction versus 
standard care was US$3.0, which was lower than the 
base-case estimate of the cost of antimicrobial resistance 
per ILI antibiotic prescription (US$12.5). The incremental 
cost per antibiotic prescription avoided with targeted 
testing and universal testing versus standard care were 
both higher than the base-case cost of antimicrobial 
resistance per ILI antibiotic prescription: US$49.1 and 
US$138.3, respectively. To obtain a cost-effectiveness ratio 
lower than US$12.5 with targeted testing versus standard 
care, the test price must be <US$2.6. At a higher threshold 
of US$28.7, the test price must be <US$7.7.
Conclusion Clinical prediction tools and targeted 
rapid influenza testing may be cost-saving strategies 
in Sri Lanka when accounting for the societal cost of 
antimicrobial resistance.

InTroduCTIon
Acute respiratory tract infections (ARTIs) are 
a common reason for unnecessary antibiotic 
use worldwide.1–3 Bacterial and viral ARTIs 
present with similar clinical features, resulting 
in inappropriate treatment with antibiotics 

for the latter.4 In the USA, up to 55% of antibi-
otic prescriptions for ARTIs in the outpatient 
setting are considered to be inappropriate.5–7 
In low-income or middle-income countries 
(LMICs), excessive antibiotic use is even more 
widespread due to reasons such as limited 
access to diagnostic testing.8 9 Rapid diagnos-
tics, which require minimal to no laboratory 
infrastructure and which provide a result in 
as little as 10 min, are an attractive option for 
improving ARTI diagnosis and antibiotic use 
in LMICs.10 However, such diagnostics are 
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generally expensive and their cost effectiveness in these 
settings is unknown.10

At a public tertiary care hospital in southern Sri Lanka, 
we previously reported that 81% of outpatients presenting 
with influenza-like illness (ILI) received a prescription 
for an antibiotic, although 64% were later identified as 
having viral illnesses and 39% were identified as having 
influenza.11 12 Providing clinicians with access to rapid 
influenza testing was associated with a reduction in anti-
biotic prescriptions from 84% to 62% among patients 
who were influenza-positive.12

In the current analysis, we estimated the cost and cost 
effectiveness of managing Sri Lankan outpatients with ILI 
according to standard care versus the following strategies 
that enhance influenza diagnosis: (1) clinical prediction 
tool for influenza; (2) targeted rapid influenza testing 
of patients with a high pretest probability of influenza 
and (3) universal rapid influenza testing.13 Michaelidis et 
al14 previously estimated the cost of using another rapid 
diagnostic test, procalcitonin, for managing ARTIs in the 
outpatient setting in the USA. The authors performed 
a cost-benefit analysis of procalcitonin testing by esti-
mating the societal cost of antimicrobial resistance per 
antimicrobial prescription saved, and we performed a 
similar analysis in Sri Lanka.14

MeTHods
Quasi-experimental study
Setting
The data used to support this decision analysis model 
were derived from a quasi-experimental study that was 
performed in southern Sri Lanka from 2013 to 2015.12 
The study was conducted in the Outpatient Department 
(OPD) of the largest (1500 bed), public tertiary care 
hospital in the Southern Province of Sri Lanka. The OPD 
cares for approximately 1000 patients daily at no charge 
to patients. The population triaged to the OPD consists 
of patients with less severe illness who can generally be 
managed as outpatients; patients with more severe illness 
are directed to the hospital’s Emergency Treatment 
Unit. All medications prescribed through the OPD are 
dispensed free of charge through the outpatient phar-
macy at the hospital. Physicians in the OPD are not 
allowed to prescribe oseltamivir (Rs 338.4/US$2.2 per 
capsule), and patients who are deemed to require anti-
viral therapy are admitted to receive such therapy in the 
inpatient setting.15

Design
The quasi-experimental study is further described in 
another publication.12 Briefly, 571 consecutive outpa-
tients meeting the WHO’s definition of ILI (fever ≥38°C 
and cough in the past 7 days) and presenting to the 
OPD were enrolled from March 2013 to January 2015.16 
Clinical information and two nasal or nasopharyngeal 
samples were obtained from each patient: one for multi-
plex PCR testing for respiratory pathogens and one 

for rapid influenza testing using an antigen-based test 
for influenza A/B.11 The samples for rapid influenza 
testing were tested immediately using the Veritor Flu 
A+B system (Becton, Dickinson and Company, Franklin 
Lakes, New Jersey, USA), with the result available within 
15 min, and the test result was only released to physicians 
during the second half of the study (Phase II). Physi-
cians were provided with the results from rapid influenza 
testing prior to any clinical decision-making, including 
the prescription of antimicrobials, during Phase II. For 
confirmation of influenza, the second nasopharyngeal 
sample was tested retrospectively using real-time reverse 
transcription PCR (RT-PCR) with the Luminex xTAG 
respiratory virus panel (Luminex Molecular Diagnos-
tics, Toronto, Canada). During phase I when physicians 
were not provided with results, 46.5% of patients tested 
positive for influenza by rapid test, while during phase II, 
28.6% of patients tested positive for influenza by rapid 
test. Seasonal and annual variation in influenza likely 
accounted for differences in influenza positivity between 
the two phases.11 Of patients who were influenza positive, 
83.7% received antibiotics in phase I and 62.3% received 
antibiotics in phase II.12 Of patients who were influenza 
negative, 79.3% received antibiotics in phase I and 72.5% 
received antibiotics in phase II.

Patient and public involvement
Patients were not directly involved in this study, as this 
analysis was conducted using data derived from a previ-
ously published quasi-experimental study.12

Model structure
We evaluated the cost of managing ILI among outpa-
tients in Sri Lanka by examining four models of care 
(figure 1): (1) standard care—usual care with no access 
to clinical prediction tools or rapid influenza testing; (2) 
clinical prediction—using a clinical prediction tool that 
we previously developed to identify patients with a higher 
probability of influenza; (3) targeted testing—rapid 
influenza testing of outpatients with a higher pretest 
probability of influenza per the clinical prediction tool 
and (4) universal testing—rapid influenza testing of all 
outpatients.13 An ILI treatment episode was used as the 
time horizon in the base-case analysis. Decision analysis 
modelling was performed using TreeAgePro 2017 V.2017 
(TreeAge Software, Williamstown, Massachusetts, USA).

Probabilities
Probabilities representing each management strategy 
in the decision analysis model were based on data from 
the quasi-experimental trial. Depending on the strategy, 
probabilities were calculated from phase I of the study, 
phase II of the study or the entire study (table 1). Prob-
abilities were derived from the primary data set of 567 
patients who had both a definitive influenza PCR test 
result and a definitive influenza rapid test result and thus 
may differ minimally from previously published values.
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Figure 1 Decision analysis tree with diagnostic strategies for outpatients with influenza-like illness in southern Sri Lanka. 
Probabilities used are presented in table 1.

Inputs to estimate costs of ILI management strategies
To determine the cost of antibiotics, we assumed that 
a usual course of antibiotics consisted of amoxicillin 
500 mg two times a day for 3 days. Prior data indicate 
that penicillins are the most common type of antibi-
otic prescribed for ARTIs in the OPD and that most 
prescriptions are dispensed for a duration of 3 days.12 17 
The price for purchasing 500 mg capsules through the 
Health Ministry in Sri Lanka was Rs 4.40 (US$0.03) 

per capsule or Rs 26.40 (US$0.17) per course in 2017 
(US$1 =Rs 151.7; table 2).18 19 To estimate the cost of 
physicians’ time, it was assumed that using the clinical 
prediction algorithm to determine patients who were 
at low or high risk for influenza would take 5 min of 
physicians’ time, that counselling about the decision 
to withhold antibiotics would take 5 min of physicians’ 
time for patients in the clinical algorithm arm, and that 
testing using the rapid influenza test kit would take 20 
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Table 2 Costs for base case, low and high estimates of 
managing outpatients with ARTIs in Sri Lanka

Costs
Base 
case Low High

Antibiotics $0.17 $0.02 $1.70

Rapid influenza test $14.00 $1.40 $140.00

Physician time for using clinical 
algorithm

$0.10 $0.01 $1.00

Physician time for counselling 
about withholding antibiotics

$0.10 $0.01 $1.00

Physician time for rapid 
influenza testing

$0.40 $0.04 $4.00

min of physicians’ time. The monthly salary for Grade 2 
medical officers was estimated at Rs 28 095 per month in 
2014, which adjusts to US$208.64 per month or US$0.02 
per minute.20 To determine the cost of the Becton Dick-
inson Veritor rapid influenza test, it was estimated that 
the small portable reader, which can process 3000 tests 
before needing to be replaced, cost US$300.21 A box of 
30 test kits with appropriate controls is estimated to cost 
US$416.22 Thus, accounting for the cost of the testing 
device, it was estimated that one rapid influenza test 
would cost US$14. To account for uncertainty in esti-
mates, we allowed for wide variation in low and high 
estimates by adjusting by 0.1 or 10 times the base-case 
cost, respectively.

base-case cost-effectiveness analysis
Since the OPD generally treats patients with less severe 
illness who can be managed as outpatients, we assumed 
that there would be no difference across management 
strategies with regard to immediate health outcomes 
such as treatment-related side effects, hospitalisation 
and death. Reductions in antibiotic prescribing were 
used to measure the incremental effectiveness of each of 
the three management strategies versus standard care. 
Common practice in cost-effectiveness analysis requires 
ordering management strategies by increasing cost, iden-
tifying dominated (ie, most costly, less effective) strate-
gies and estimating incremental costs and effectiveness 
of increasingly costly strategies compared with less costly 
strategies that meet acceptable cost-effectiveness thresh-
olds. We deviated from this approach by comparing all 
three management strategies (ie, clinical prediction, 
targeted testing and universal testing) to standard care 
because there is no threshold in Sri Lanka on which to 
judge the acceptability of an incremental cost per antibi-
otic prescription saved. Also, use of standard care as the 
common comparator directly generates the per-patient 
budgetary impact of implementing each of these strate-
gies in the OPD rather than incremental costs between 
management strategies. None of the alternative manage-
ment strategies is used routinely in Sri Lanka.

estimated cost of antibiotic resistance per antibiotic 
prescribed
As acknowledged above, the maximum acceptable cost 
in Sri Lanka to reduce the use of antibiotics is unknown. 
To provide more context to the cost-effectiveness ratios 
representing the incremental cost per antibiotic prescrip-
tion avoided, we estimated the societal cost of antibiotic 
resistance associated with each antibiotic prescription.

The societal direct cost of antibiotic resistance has 
not been estimated for most countries in the world, 
including for Sri Lanka. To generate an estimate for 
Sri Lanka, we adapted a study from the US setting in 
which the direct societal cost was estimated at US$20 
billion annually (2008 dollars).23 24 We converted US$ 
to Sri Lankan Rupees using the purchasing power parity 
(PPP) exchange rate, which is the number of units of a 
country’s currency required to buy the same amount of 
goods and services in a country as the US$ would buy in 
the USA.25 Using 2017 values of a PPP exchange rate of 
48.5 Sri Lankan rupees per US$, a population of 21 444 
000 in Sri Lanka and a population of 325 719 178 in the 
USA, the direct cost of antibiotic resistance in Sri Lanka 
adjusted for the population would be 63.9 billion rupees 
or US$420 967 552.26–28 We also estimated the societal 
cost of antibiotic resistance in Sri Lanka by adapting a 
study from Thailand. In Thailand, the direct cost of anti-
microbial resistance is estimated to be between US$70 
and US$170 million.29 30 Using a midpoint value of 
US$120 million and a population of 69 037 513 in Thai-
land in 2017, the direct cost of antibiotic resistance in Sri 
Lanka adjusted for the population would thus be US$37 
273 649.31 Given the wide variation between the estimate 
from the US study (61.4 US$ per person in the USA) and 
the Thai estimate (US$1.7 per person in Thailand), we 
used the midpoint value of US$229 120 601 (US$10.7 
per person in Sri Lanka) as the base-case estimate of the 
societal cost of antibiotic resistance in Sri Lanka in this 
analysis (table 3).

The relationship between antibiotic use and antibi-
otic resistance is not well understood. For this analysis, 
we assumed a one-to-one linear relationship between 
the two, as assumed by Michaelidis et al.14 To determine 
the impact of antibiotics used in treating ILI on overall 
societal antibiotic resistance, the proportion of antibi-
otics used for humans versus animals is necessary. In 
the USA, it is estimated that up to 80% of all antibi-
otics are used in the agricultural/animal sector; for Sri 
Lanka and much of the rest of the world, this propor-
tion is unknown.32 In Sri Lanka, it is estimated that the 
majority of antibiotics used in animal feed is used for 
poultry, pigs and cattle.32 33 In 2011, it was estimated 
that there were 1.4 million cattle, 80 000 pigs and 15.4 
million poultry in Sri Lanka or 16.9 million livestock 
total and 0.83 livestock: human.33 34 In the USA, it was 
estimated that there were 90.1 million cattle and 66.3 
million pigs in 2013 and 8.5 billion broiler heads in 
2014 or 8.7 billion livestock total and 27.1 livestock: 
human.35 Using the US estimate of 80% of antibiotics 
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Table 3 Estimated direct societal cost of antibiotic resistance per antibiotic prescribed for the outpatient management of 
ARTIs in Sri Lanka, estimated in US$

Row Inputs and outputs Base case Low High Source

Input

  a Annual total cost of antibiotic resistance $229 120 600 $114 560 300 $343 680 900 14 34 67–69

  b Antibiotics prescribed to humans versus 
animals

97.6% 48.8% 100% 32 33 35

  c Impact of human versus animal antibiotic 
use on societal cost of resistance

200%* 100% 300% 14

  d Antibiotics prescribed in outpatient setting 80%* 40% 100% 14

  e Outpatient care occurring in public sector 40% 20% 60% 39

  f Percentage of outpatient visits that are for 
ARTIs

10.5% 5.3% 15.8% 40

  g Annual antibiotic prescriptions 35 920 825 35 920 825 35 920 25 36

  h=abcdef Annual excess costs of antibiotic resistance 
attributable to outpatient antibiotic 
prescribing for ARTIs in the public sector

$15 027 379 $237 039 $97 742 848

  i=(abc)/g Annual excess costs of antibiotic resistance 
per antibiotic prescribed in the outpatient 
public sector for management of ARTIs 
(US$)

$12.5 $1.6 $28.7

*Estimate from Michaelidis et al14 used given lack of data for Sri Lanka.
ARTIs, acute respiratory tract infections.

being used in livestock and scaling for livestock, it is 
estimated that 2.4% of antibiotics in Sri Lanka are used 
for livestock.

For annual antibiotic prescriptions, it was estimated 
that 10 470 standard units (pill, capsule or ampoule) 
per 1000 population were used in 2013 in Sri Lanka.36 
If it is assumed that six standard units comprise one 
prescription (ie, two capsules of 500 mg amoxicillin 
daily for 3 days, which is a standard antibiotic prescrip-
tion given through the OPD), then 35 920 825 antibiotic 
prescriptions were dispensed in 2013. The percentage of 
antibiotics used in the outpatient sector in Sri Lanka is 
unknown; since overall outpatient antibiotic use in other 
countries generally far exceeds inpatient antibiotic use 
(reported ranges of 80%–90%), we assumed that 80% of 
antibiotics were prescribed in the outpatient setting, as 
used in the analysis by Michaelidis et al.14 37 38 We used 
published estimates for the percentage of outpatient 
care in Sri Lanka occurring in the public sector (40%) 
and the percentage of outpatient visits that are for ARTIs 
(10.5%).39 40

To generate low and high estimates of the cost of anti-
microbial resistance per additional antibiotic prescribed, 
we varied all inputs by a factor of 0.5 or 1.5 times the base-
case values with the exception of the annual number of 
antibiotic prescriptions (table 3).

All costs in this analysis were in 2017 US$ unless other-
wise stated. Costs in Sri Lankan rupees were adjusted by 
multiplying by annual inflation rates in Sri Lanka and 
then adjusting for US dollars (US$1=Rs 151.7).18 41

sensitivity analysis
Multiple one-way sensitivity analyses were performed to 
evaluate the extent to which findings form the decision 
model changed when specific inputs and assumptions 
were varied (ranges used for probabilities and costs are 
listed in tables 1 and 2, respectively). In probabilistic 
sensitivity analyses, all probabilities in the model were 
varied simultaneously over specified beta distributions 
while published unit costs were treated as constant to 
isolate the impact of uncertainty stemming from the clin-
ical study. We also performed threshold analyses in which 
we varied costs and probabilities to the point at which 
the cost per antibiotic prescription saved with the three 
strategies became lower than the low, base-case and high 
estimated costs of antimicrobial resistance per additional 
antibiotic prescribed.

resuLTs
Costs and cost-effectiveness analyses
In the base-case scenario, the estimated cost per patient 
managed in the standard care arm (US$0.14) was lower 
than the per-patient cost in the clinical prediction 
(US$0.25), targeted testing (US$2.41) and universal 
testing (US$14.52) arms (table 4). The number of 
prescriptions per patient was highest in the standard care 
arm (0.81) compared with the other three management 
strategies: clinical prediction (0.77), targeted testing 
(0.77) and universal testing (0.71). The incremental 
cost-effectiveness ratio (ICER) per antibiotic prescription 
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Table 4 Estimated costs and cost effectiveness of management strategies versus standard care: base-case analysis

Standard care Clinical prediction Targeted testing Universal testing

Cost per patient (US$) $0.14 $0.25 $2.41 $14.52

Number of antibiotics per patient 0.81 0.77 0.77 0.71

Incremental cost per antibiotic prescription 
avoided (vs standard care)

NA $3.0 $49.1 $138.3

safely avoided was US$3.0 for clinical prediction, US$49.1 
for targeted testing and US$138.3 for universal testing.

In one-way sensitivity analyses, the number of prescrip-
tions was always highest in the standard care arm except 
when the probability of an antibiotic prescription with a 
low pretest probability of influenza was greater than 84%, 
when both clinical prediction and targeted testing had a 
higher number of prescriptions. The number of prescrip-
tions was lowest in the universal testing arm across all 
parameters tested in the one-way sensitivity analyses. In 
one-way sensitivity analyses, standard care was always the 
least costly strategy. No strategies were clearly dominated 
when compared with standard care.

Comparing ICers with estimated cost of antimicrobial 
resistance per antibiotic prescription
The base-case cost of antimicrobial resistance per antibi-
otic prescribed was estimated as US$12.5 per antibiotic 
prescription (table 3). When comparing the estimated 
ICERs of the three ILI management strategies versus 
standard care, only the ICER for the clinical prediction 
strategy was less than US$12.5

Threshold analyses were conducted to determine 
values for probabilities and costs at which the incre-
mental cost per antibiotic prescription avoided in the 
Clinical Prediction, Targeted Testing or Universal Testing 
arms compared with Standard Care would be less than 
the estimated low, base-case and high costs of antibiotic 
resistance per ILI prescription (US$1.6, US$12.5 and 
US$28.7, respectively; figure 2). In the base-case cost 
and probability scenarios, the ICER of clinical predic-
tion compared with standard care was always less than 
the base and high costs of antibiotic resistance per ILI 
prescription avoided. In the base-case cost and prob-
ability scenarios, the ICER of the two testing strategies 
compared with Standard Care well surpassed the esti-
mated cost of antimicrobial resistance per prescription 
avoided. The ICER of Targeted Testing compared with 
Standard Care was less than the high estimated cost of 
antibiotic resistance per ILI prescription (US$28.7) when 
the cost of the rapid influenza test was less than US$7.7, 
and the ICER was less than the base-case estimated cost of 
antibiotic resistance per ILI prescription (US$12.5) when 
the cost of the rapid influenza test was less than US$2.6. 
The ICER of universal testing compared with standard 
care was less than US$28.7 (the high estimated cost of 
antibiotic resistance per ILI prescription) when the cost 
of the rapid influenza test was less than US$2.6.

In probabilistic sensitivity analyses, the ICERs for 
clinical prediction versus standard care were less than 
US$12.5 in 72.0% of simulations and less than US$1.6 
in 39.0% of simulations (figure 3). The ICERs for both 
testing strategies surpassed even the high estimate of 
the cost of antimicrobial resistance of US$28.7, and this 
finding held across all simulations in the probabilistic 
sensitivity analyses.

dIsCussIon
We determined the cost and cost benefit of using a 
clinical prediction tool and rapid influenza testing to 
manage outpatients with ILI in Sri Lanka. We found 
that when considering direct costs alone, strategies 
employing clinical prediction tools and rapid influenza 
testing were more costly compared with standard care. 
However, when taking the societal cost of antimicrobial 
resistance into account in a cost-benefit analysis, using a 
clinical prediction tool was less costly and more effective 
than standard care across all base-case probabilities and 
costs, and targeted rapid influenza testing was less costly 
and more effective in select scenarios.

Studies exploring ILI and ARTI diagnostic strategies 
from a purely cost-effectiveness standpoint have gener-
ally shown that diagnostic strategies only appear to be 
cost effective when accounting for serious outcomes such 
as hospitalisation. For example, You et al42 found that a 
molecular point-of-care test for influenza was cost effec-
tive compared with clinical judgement among elderly 
outpatients presenting with ILI during influenza season 
in Hong Kong, when accounting for hospitalisations and 
mortality reduced in estimating QALYs saved with diag-
nostic testing. In addition, cost-effectiveness analyses of 
diagnostic testing compared with treatment strategies 
have shown that empiric treatment with antivirals in 
the outpatient setting are often more cost effective than 
using diagnostic testing to guide decision-making.43–45 
However, such studies have not accounted for the cost of 
inappropriate antibiotic use and the wider societal cost 
of antimicrobial resistance. Michaelidis et al14 performed 
one of the first such analyses and showed that procalci-
tonin testing could be cost beneficial when the societal 
cost of antimicrobial resistance was considered and 
testing was limited to adults with ARTIs judged by their 
physicians to require antibiotics. More recently, Lubell 
et al46 showed that in the Vietnamese setting, C reactive 
protein testing could be cost beneficial when the societal 
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Figure 2 (A) Clinical prediction versus standard care. (B) 
Targeted testing versus standard care. (C) Universal versus 
standard care.

cost of antimicrobial resistance was considered, but only 
when physicians’ adherence to test results was higher 
than the 64% demonstrated in the clinical trial setting. 
Our findings using methods similar to these prior two 
studies show that targeted rapid influenza testing could 

be cost beneficial in select scenarios in Sri Lanka. Our 
results showing a per-prescription cost of antimicrobial 
resistance ranging from US$1.6 to US$26.8 are similar 
to estimates by Shrestha et al47 showing that the cost 
of antimicrobial resistance associated with a course of 
amoxicillin-clavulanate in Thailand ranges from US$2.9 
to US$32.2.

Given recent estimates showing that global antimicro-
bial resistance could result in cumulative losses of up to 
US$100 trillion by 2050, accounting for the economic 
cost of antimicrobial resistance in cost-benefit studies 
is important.48 In Sri Lanka, healthcare is available 
free of charge to all patients and incorporating societal 
economic measures into policy decisions may be even 
more compelling. Studies indicate that both antimicro-
bial resistance and antimicrobial overuse are prevalent in 
Sri Lanka, highlighting the need for new approaches that 
can counteract these inter-related problems.49 50

Strategies that employ diagnostics are inherently more 
expensive, thus have to provide reasonable benefit in 
order to be considered cost effective or cost beneficial. 
In our study, the cost of the rapid diagnostic was several 
magnitudes greater than the cost of physician time or 
antibiotics. Accounting for hidden costs of antibiotic 
resistance may enhance the appeal of diagnostics-based 
strategies and may reveal that traditional treatment-fo-
cused strategies are ultimately more costly from a soci-
etal perspective. For instance, Oppong et al51 recently 
showed that the empiric treatment of lower respiratory 
tract infections with amoxicillin in Europe was no longer 
cost effective when taking into account the societal cost 
of antimicrobial resistance. While accounting for hidden 
costs may increase tolerance for more expensive diag-
nostics, low-cost tests are ultimately needed for lower-re-
source settings seeking to implement diagnostic testing.52 
At present, commercially available rapid influenza diag-
nostic tests remain in the range of US$10–20 or greater 
and are likely not affordable in most LMIC settings.42 53 54

In concert with increased availability of lower-priced 
diagnostics, strategies that enhance the impact of diag-
nostics are critically needed. In our study, providing 
results from the rapid diagnostic was associated with a 
modest absolute decrease of ~20% in antibiotic prescrip-
tions among patients with a positive rapid influenza test 
result. Even in randomised controlled studies in the USA 
and Europe, rapid influenza testing has resulted in an 
absolute difference of 20%–30% in antibiotic prescrip-
tions between patients who were influenza-positive versus 
influenza-negative, although the baseline prevalence 
of antibiotic prescriptions was lower.55 56 Since adher-
ence to test results shows wide regional variation—for 
instance, physicians in Europe generally follow procal-
citonin results much more stringently than physicians 
in the USA—local educational strategies may need to 
be employed.57–59 Approaches that modify physician 
behaviour, such as public reporting of prescription rates 
to attain a higher level of transparency and accountability, 
may provide both financial and reputational incentives 
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Figure 3 Probabilistic sensitivity analysis of clinical prediction, targeted testing and universal testing versus standard care for 
outpatient management of influenza-like illness in Sri Lanka. Results are presented in the form of an acceptability curve, with 
the x-axis showing willingness-to-pay thresholds or per-prescription costs of antimicrobial resistance (in US$) and the y-axis 
showing the likelihood that strategies would be considered cost-effective for each willingness-to-pay threshold.

to improve quality of care.60 Reporting to patients may 
result in little effect, as we have previously shown that 
health literacy regarding antimicrobials in this setting 
is relatively low.17 However, reporting to colleagues may 
be effective since physicians in Sri Lanka pass through 
an educational system that relies on a public, national 
ranking system and physicians may be accustomed to 
an open, competitive system. Reporting to administra-
tion may also be effective since the Sri Lanka Ministry 
of Health employs all physicians in the public sector; 
however, such reporting would have to be conducted in 
a non-punitive fashion that results in positive change. 
Innovative techniques such as pay-for-performance or 
provider payment as an incentive to decrease antimicro-
bial prescriptions may also have a role in this setting and 
may ultimately be less expensive and more cost effective 
than using advanced diagnostics.60–62

The strengths of this study include the use of data 
generated from a prior quasi-experimental study in the 
same hospital setting to estimate probabilities. Therefore, 
our analyses may more closely approximate real-world 
numbers and be more generalisable than results from 
randomised controlled trials. In addition, we selected 
wide ranges for cost and probability estimates to account 
for uncertainty in estimates.

Several limitations must be noted. Our population was 
comprised of patients with ILI and thus our results may 
not be generalisable to patients with general ARTIs. The 
cost of antibiotic resistance from a societal perspective 
was estimated using a series of assumptions since such 

data are not available but critically needed for Sri Lanka. 
We laid out each assumption in a transparent fashion such 
that our estimates could be reproduced, and we also used 
wide ranges in parameters to account for uncertainty in 
estimates. The societal cost of antimicrobial resistance 
in Sri Lanka was extrapolated using estimates from the 
USA and Thailand. Even for the USA, the widely quoted 
estimate of 20 billion US$ in direct costs was based on 
results from one tertiary care hospital comparing the cost 
of antibiotic-resistant infections compared with other 
hospitalised patients.24 More recent estimates by Thorpe 
et al63 estimate the total direct cost as 2.2 billion US$ 
when compared with antibiotic-susceptible infections. 
The cost of antimicrobial resistance is often omitted 
from analyses, partly due to the challenges associated 
with quantifying this cost; however, the need for such 
estimates is great and others have started estimating this 
cost using methods similar to ours, with results that are 
in similar ranges.46 47 We did not assess the impact of osel-
tamivir use in this population, since the antiviral is not 
prescribed through the OPD and the patient population 
did not have severe disease. Our results are thus gener-
alisable to other OPD populations with similar disease 
severity. We estimated the impact of using the clinical 
algorithm on reducing antibiotic prescriptions, since 
this tool has not been employed in clinical practice. We 
chose to use a linear relationship between antimicrobial 
consumption and antimicrobial resistance, as previously 
assumed by Michaelidis et al,14 since this relationship is 
unknown. Several studies have explored the complex 
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correlation between antimicrobial consumption and 
resistance, with widely varying estimates.47 64 65 An almost 
linear relationship was shown in ecological analyses 
between macrolides and macrolide-resistant Streptococcus 
pneumoniae by Albrich et al.66 Finally, the prescription of 
antimicrobials decreased between the two phases of the 
original quasi-experimental study; the decrease in anti-
biotic prescriptions in the second phase may thus have 
been independent of the influenza rapid test result. 
However, the decrease in antimicrobial prescriptions was 
significantly greater in patients who were influenza-posi-
tive compared with patients who were influenza-negative. 
The limitations associated with interpreting quasi-exper-
imental study results were further described in the orig-
inal publication.12

In conclusion, we found that managing outpatients 
with ILI in Sri Lanka using clinical algorithms or targeted 
rapid influenza testing may be less costly than standard 
care when the societal cost of antimicrobial resistance is 
considered. Our analyses provide important preliminary 
estimates regarding the economic impact of using rapid 
diagnostics for ILI in Sri Lanka.
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