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ABSTRACT

Combination COVID-19/influenza rapid tests provide a way to quickly and accurately differentiate
between the two infections. The goal of this economic evaluation was to assess the cost and
health benefits of a combination COVID-19/influenza Rapid Diagnostic Test (RDT) vs. current
standard-of-care in the Brazilian private healthcare setting. A dual decision tree model was devel-
oped to estimate the impact of rapid differentiation of COVID-19 and influenza in a hypothetical
cohort of 1,000 adults with influenza-like illness in an ambulatory healthcare setting. The model
compared the use of a combination COVID-19/influenza RDT to Brazil standard diagnostic prac-
tice of a COVID-19 RDT and presumptive influenza diagnosis. Different levels of influenza preva-
lence were modeled with co-infection estimated as a function of the COVID-19 prevalence.
Outcomes included accuracy of diagnosis, antiviral prescriptions and healthcare resource use
(hospital bed days and ICU occupancy). Depending on influenza prevalence, considering 1,000
patients with influenza-like illness, a combination RDT compared to standard practice was esti-
mated to result in between 88 and 149 fewer missed diagnoses of influenza (including co-infec-
tion), 161 to 185 fewer cases of over-diagnosis of influenza; a 24 to 34% reduction in hospital bed
days and a 16 to 26% reduction in ICU days. In the base case scenario (20% influenza, 5% COVID-
19), the combination RDT was estimated to result in cohort cost savings of $99. Based upon a de
novo economic model, this analysis indicates that use of a combination RDT could positively
impact influenza antiviral prescriptions and lower healthcare resource use.
© 2024 Published by Elsevier Espafia, S.L.U. on behalf of Sociedade Brasileira de Infectologia. This
is an open access article under the CC BY license (http:/creativecommons.org/licenses/by/4.0/)

respiratory illnesses due to their low cost, fast time to results,

Introduction and ease of use. Rapid tests have been available for influenza
for many years, however, the relatively low performance of
The COVID-19 pandemic illustrated how rapid tests can pro- earlier generations of tests, particularly low sensitivity, has

vide significant clinical and public health benefits for limited their use.! Presumptive diagnosis or clinical judgment
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is often relied on to make an influenza diagnosis; several
studies have indicated that clinical judgment alone has low
diagnostic sensitivity.>?
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COVID-19 and influenza have overlapping symptoms,* mak-
ing diagnosis of individuals presenting with Influenza-Like Ill-
ness (ILI) challenging. A systematic review and meta-analysis
reported that 19 % of SARS-CoV-2 patients were coinfected
with another virus or bacterium, and that influenza A, influ-
enza B, and Respiratory Syncytial Virus (RSV) were the most
common viral coinfections.” Distinguishing between the two
viruses has become even more important with the introduction
of effective COVID-19 antiviral treatments, as both COVID-19
and influenza antivirals are more effective when initiated early
in the infection.°® In addition, coinfection of COVID-19 and
influenza results in poorer outcomes.”**

Although influenza rates decreased during the height of
the COVID-19 pandemic, it is highly likely that the viruses
will continue co-circulating during global respiratory virus
seasons and that they will appear in unexpected ways. In Bra-
zil, for example, an unexpected spike in H3N2 influenza A
cases was seen from late 2021 to early 2022 (i.e., summer in
the Southern hemisphere), out of alignment with the typical
seasonal appearance in the area.'*"*

Combination COVID-19/influenza Rapid Diagnostic Tests
(RDTs) have recently become available in several countries,
providing a way to quickly and accurately diagnose between
the two infections. Previous economic analyses have demon-
strated the clinical and health benefits of timely diagnosis of
influenza and COVID-19,**° but no published models were
identified that examined the benefits of simultaneously test-
ing for both infections. The goal of this economic evaluation
was to assess the cost and health benefits of a combination
COVID-19/influenza RDT vs. usual practice in the Brazilian
private healthcare setting.

Materials and methods
Decision problem

The population consisted of adults with ILI presenting at
ambulatory care centres in Brazil, modeled under different
scenarios of expected influenza (15 %, 20 % and 25 %) and
COVID-19 (5 % and 10 %), to reflect potential levels of underly-
ing disease in an ILI cohort. The influenza upper limit of 25 %
reflects the peak of the January 2022 H3N2 outbreak in Bra-
zil.»® The base case analysis assumed 20 % underlying influ-
enza prevalence combined with 5 % COVID-19.

The intervention in this analysis is a combination antigen
RDT for COVID-19, influenza A and influenza B (Panbio™ Flu/
COVID-19 Rapid Panel, Abbott Rapid Diagnostics Jena GmbH).
Studies have shown that presumptive clinician diagnosis is
standard practice for influenza;[2,3] therefore, the comparator
used in this setting was usual care defined as a COVID-19 RDT
and clinical judgment for influenza (i.e., no diagnostic testing
for influenza).

Outcomes included accuracy of diagnosis and expected
Health Care Resource Utilization (HCRU), consisting of hospi-
tal bed days and Intensive Care Unit (ICU) occupancy. An
additional analysis explored inappropriate use of antibiotics.
Outcomes are reported at the cohort level and are presented
as disaggregated outcomes (i.e., as a cost-consequence

analysis). A Brazilian private health insurer perspective was
used for the analysis.

Economic model

A dual decision tree model was developed in Microsoft Excel
to capture multiple outcomes and track parallel testing for
COVID-19 and influenza in this population.

A structured literature search was carried out in PubMed to
identify existing economic evaluations of COVID-19 and influ-
enza diagnostic tests to inform the model structure. Studies
were included if they reported a simple replicable model,
more complex simulation models were not reviewed. Four
studies/model structures were shortlisted for review.'?°
These provided clear structures for test-treat modeling in
COVID-19 and influenza; however, no studies were retrieved
which tracked dual diagnosis in an ILI population, a key com-
ponent of evaluating the use of a dual RDT. Therefore, a de
novo model was developed incorporating the ability to include
diagnoses for both COVID-19 and influenza. The key premise
of the analysis followed the published literature, in that
timely antiviral treatment is assumed to positively impact
subsequent resource utilization. Following You et al. (one of
the only models identified that evaluated the ambulatory set-
ting),” resource utilization included hospitalizations, ICU
admissions, and associated length of stay. The costs of antivi-
ral medications were not included in this analysis.

The model structure is provided in Fig. 1. Individuals are
classified according to their true disease status and results of
the combined RDT or standard practice diagnosis. ILI patients
can have influenza, COVID-19, COVID-19/influenza co-infec-
tion, or neither disease (ILI only). Outcomes are dependent on
the accuracy of the test/clinical judgment and underlying dis-
ease status. Patients with a positive diagnosis (true or false)
receive antiviral treatment (assumed not to be reimbursed
under private insurance) while patients with a negative diag-
nosis do not receive treatment. The receipt of timely treat-
ment is assumed to reduce the likelihood of resource
utilization and associated costs. This assumption is in line
with the approach taken in previous models.””*°

Although the intervention combination RDT provides sep-
arate test results for influenza A and influenza B, as influenza
A accounted for the majority of cases in Brazil in 2022,°" a
simplifying assumption was made to only consider influenza
A in the analysis.

Model inputs

Model inputs were defined based on a pragmatic review of the
literature. Local data for Brazil were used where available, fol-
lowed by region-specific data where possible. Table 1 outlines
the parameter base case values and ranges used in the sensi-
tivity analyses. The base case analysis assumed an influenza
prevalence of 20 % and a COVID-19 prevalence of 5 %.

Inputs for test accuracy were taken from the combination
diagnostic test package insert and published sources for pre-
sumptive diagnosis.”?? The base case analysis assumed that
diagnostic accuracy for COVID-19 RDTs were identical across
the individual COVID-19 test and COVID-19/influenza combi-
nation test, effectively modeling the impact of testing vs.
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Fig. 1-Model Structure.

*Antibiotic use was not included in the base case scenario but was assessed in an additional analysis.
Abbreviations: COVID-19, Coronavirus Disease 2019, ICU, Intensive Care Unit, ILI, Influenza-Like Illness.

clinical judgment for influenza. No confirmatory testing was
assumed for either COVID-19 or influenza.

Inputs for disease management were estimated from the
literature and are reported separately for influenza and
COVID-19. Co-infection inputs were estimated as a function
of COVID-19 based on data reported in Alosaimi et al.”*> where
the likelihood of mortality for coinfection was estimated at
1.78 times that of COVID-19.

Unit costs for influenza hospitalizations and ICU stays were
estimated in local currency using costs from the Brazilian pub-
lic healthcare system (SUS) as a benchmark with an inflator
used to approximate the private insurance market. This infla-
tor was set to 2.8 based on the default used in a recent model
with a private insurance perspective in Brazil”* Unit costs for
COVID-19 hospitalizations and ICU stays were obtained from a
recent study reporting Brazilian private payer costs.”” Costs for
influenza antiviral treatment were not included as most oral
medications are not reimbursed by Brazilian private insurance
plans. Costs were estimated over a short-term time horizon
reflecting the acute nature of COVID-19 or influenza infection
and are reported in 2022 US dollars (using an exchange rate of
0.2 USD to 1 BRL).*® No discounting was applied.

Scenario analysis was performed to assess the impact of
underlying influenza and COVID-19 prevalence on the model
outcomes and to simulate situations where influenza peaks
coincide with an increase in COVID-19. This was particularly
important given the seasonal variation to influenza preva-
lence, and that the relative prevalence of COVID-19 compared
to influenza for future seasons is uncertain. Influenza preva-
lence was varied between 15 % and 25 % and COVID-19 preva-
lence varied between 5 % and 10 %.

The impact on antibiotic prescribing was also explored, as
prior studies have indicated that rapid testing may reduce
inappropriate antibiotic use (i.e., antibiotics in influenza-posi-
tive individuals).?”’ ' A simple risk reduction was calculated
from a systematic review of the impact of influenza rapid
testing on antibiotic use[29] and combined with an estimate

of baseline levels of antibiotic prescribing to explore the
impact of rapid testing on antibiotic use for influenza. Antibi-
otic prescription costs were included as a proxy for potential
patient-out-of-pocket expenses.

Sensitivity analyses

One-Way Sensitivity Analyses (OWSA) were conducted on key
model inputs to test whether the model outputs were sensi-
tive to variations in model inputs. Parameter values were var-
ied by +20 %, unless logically bounded or sources clearly
specified the 95 % Confidence Intervals. Results are reported
as a tornado diagram in the supplementary appendix.

The diagnostic testing market in Brazil has been very
dynamic, with multiple manufacturers and rapidly changing
pricing. The impact of the relative pricing of combination RDT
(compared to COVID-19 RDT) was explored to look at the
impact of potential fluctuations.

Results
Base case results

The results of the base case analysis are reported in Table 2.
Use of the combination RDT resulted in reductions in over-
diagnosis (false positives; 0 in the combination RDT arm vs.
174 in the standard practice arm) and missed diagnosis (false
negatives) (22 for combination RDT vs. 139 for standard prac-
tice). Hospital and ICU days were lower in the combination
testing arm than the standard practice arm, due to fewer false
negative diagnoses of influenza. The combination RDT arm
resulted in 53.2 hospital days per 1000 people tested com-
pared to 78.8 days in the standard practice arm, or a relative
reduction of 32 %. ICU days decreased from 14.99 in the stan-
dard practice arm to 10.3 in the combination RDT arm, or a
24 % relative reduction.
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Table 1 - Model parameters for base case analysis.

Parameter Value Range References
Testing

Combination RDT, sensitivity — influenza A 0.92 0.808,0.978 Abbott *
Combination RDT, specificity — influenza A 1.00 0.982, 1.00 Abbott ?
Combination RDT, sensitivity — COVID-19 0.88 0.80, 0.936 Abbott #
Combination RDT, specificity — COVID-19 1.00 0.80, 1.00 Abbott **

COVID-19 antigen test — sensitivity® 0.88 0.80, 0.936 Abbott ??

COVID-19 antigen test — specificity® 1.00 0.80, 1.00 Abbott *?

Clinical judgment — influenza -sensitivity 0.36 0.288, 0.432 Dugas et al., 2015 ?
Clinical judgment — influenza - specificity 0.78 0.624, 0.936 Dugas et al., 2015 *
Disease management - influenza

Probability of hospitalization if untreated 0.064 0.051, 0.078 Crépey et al., 2020 **
Probability of ICU stay if hospitalized 0.108 0.086, 0.130 Piroth et al., 2021 *?
Duration of hospitalization (days) 4.493 3.595, 5.392 Crépey et al., 2020 **
Duration of ICU stay (days 8.000 6.400, 9.600 Piroth et al., 2021 *?
Relative risk of hospitalization if treated 0.35 0.17,0.75 You et al., 2017 *°
Relative risk of ICU stay if treated 0.35 0.17,0.75 You et al,, 2017 *°
Mortality — hospitalized 0.058 0.046, 0.070 Piroth et al., 2021 *?
Mortality - ICU 0.180 0.144,0.216 Piroth et al., 2021 *?
Disease management — COVID-19

Probability of hospitalization if untreated 0.190 0.152,0.228 Hui, et al. 2021 >3
Probability of ICU stay if hospitalized® 0.230 0.184,0.276 Crépey et al., 2020 **
Duration of hospitalization (days)“ 5.58 4.47,6.70 Calculated
Duration of ICU stay (days)“ 9.94 7.95,11.93 Calculated

Relative risk of hospitalization if treated 0.49 0.46,0.53 Hammond et al., 2022 °
Relative risk of ICU stay if treated 0.35 0.17,0.75 You et al,, 2017 *°
Mortality — hospitalized® 0.092 0.073,0.110 Calculated
Mortality — ICU* 0.284 0.227,0.341 Calculated

Costs (USDY)

Abbott diagnostic $7.60 6.08,9.12 Data on file

Generic c19 diagnostic $3.80 3.04,4.56 Data on file
Hospitalization — influenza (per day) $40.46 32.38,48.57 SUS database **

ICU — influenza (per day)® $141.50 113.20, 169.80 Calculated

Public: Private inflator for SUS-based costs 2.8 2.24,3.36 Crepey et al. 2020 **
Hospitalization — COVID-19 (per day) $297.53 238.02, 357.04 Rocha et al., 2023 »°
ICU — COVID-19 (per day)® $969.72 775.78,1163.66 Rocha et al., 2023 »°

Notes.

& COVID-19 test performance is assumed equal for the panel test and individual COVID-19 test.

® High-risk influenza group used as a proxy for hospitalized COVID-19.

€ LOS and rates of mortality are estimated as a function of the influenza LOS and mortality rates reported in Table 2 using the ratio of influenza: COVID-

19 LOS/mortality reported in Santos et al. 2020*° (1.24 and 1.58 respectively).
¢ Converted using 1 USD: 5 BR (exchange rate, November 2023).

€ ICU costs are estimated based on the ratio of total stay cost for IP:ICU reported in Miethke-Morais et al. 2021%° (1.79) (the ratio relates to COVID-19 costs but

is assumed reflective of IP/ICU split across both diseases.

The cost of diagnostic testing increased in the combination
testing arm, reflecting the higher price of the combination test
($7.6) vs. a standalone COVID-19 test ($3.8). These costs were
offset by reductions in HCRU related costs (HCRU costs esti-
mated at $22,254 for combination RDT testing vs. $26,153 for
standard practice), resulting in a cost saving of $99.

Scenario analyses

Fig. 2 provides results of the scenario analyses. Under all
examined scenarios, use of combination RDT testing
decreased HCRU compared to standard practice. The impact
on hospital bed days ranged from a reduction of 20.3 bed days
per 1000 people (15 % influenza prevalence and 5 % COVID-19
prevalence) to a reduction of 35.4 bed days per 1000 people
(25 % influenza prevalence and 10 % COVID-19 prevalence).
Comparable results were seen for ICU data, with lower preva-
lence settings resulting in a decrease of 3.9 ICU days per 1000

people and higher prevalence settings in a decrease of 6.8 ICU
days per 1000 people. The positive impact on HCRU offset the
additional diagnostic costs in all scenarios where influenza
prevalence was equal to or greater than 20 % (four of the six
scenarios). A full tabulation of results is provided in the sup-
plementary materials (Table S1).

Sensitivity analyses and additional outcomes

The OWSA (reported in the Supplemental Appendix) indicates
that under current model assumptions, model outputs were
most sensitive to the cost of the combination RDT diagnostic
and the extent to which early diagnosis of influenza is
assumed to impact subsequent HCRU.

Fig. 3 illustrates how the comparative pricing of a combi-
nation RDT relative to an individual COVID-19 RDT would
impact results. Our base case found that a combination RDT
is cost-saving at twice the price of an individual COVID-19
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Table 2 - Base case results.

Parameter Combination Usual Care Difference
Test

Outcomes

True Diagnosis 243.23 117.77 125.46

Over Diagnosis 0.00 174.05 —174.05

Missed Diagnosis 22.35 138.60 -116.25

Hospital days 53.21 78.81 —25.59

ICU days 15.46 20.38 —4.92

Costs (2022 USD?)

Cost of Diagnostic Tests $7,600 $3,800 $+$3,800

Cost of Resource Utilization $22,254 $26,153 -$3,899

Total Costs $29,854 $29,953 -$99

Additional Outcomes

ILI-related Antibiotic Use 183 275 -92

Cost of Antibiotics® $1,096 $1,650 -$554

& Converted using 1 USD: 5 BRL.

 Costs of antibiotic medications are presented here but represent out of pocket costs to the patient rather than costs reimbursed by the private health insur-

ance plan.

RDT (100 % increase, cost savings of $99). The figure shows
that relative price fluctuations would have a substantial
impact on savings.

In the additional analysis where the potential impact of
RDT use on prescribing of antibiotics was explored, standard
practice (i.e., no RDT for influenza) was estimated to result in
275 unnecessary antibiotic prescriptions in a cohort of 1000
ILI adults, and use of an RDT (in this case the combination
RDT) could reduce this to 183 prescriptions. Using a provi-
sional cost of $6 per prescription (equivalent to 30 BRL), this
could result in additional savings of $554 (Table 2).

Discussion

This study developed a novel dual decision tree model to esti-
mate the impact of a COVID-19/influenza RDT for adults

Reduction in HCRU with combination RDT (n)

0

W Hospital Bed Days

presenting with ILI in an ambulatory healthcare setting. In
the base case analysis, a switch to a combination COVID-19/
influenza RDT compared to current standard practice of pre-
sumptive influenza diagnosis and a COVID-19 RDT resulted in
fewer missed influenza diagnoses (including co-infection),
fewer instances of over-prescribing of antivirals, and reduc-
tions in hospital and ICU bed days. In addition, use of the
combination RDT was estimated to reduce unnecessary anti-
biotic prescriptions.

These results are not surprising as they reflect the higher
sensitivity and specificity of the RDT compared to clinical
judgment for influenza but indicate the broader impact to the
healthcare system that may result from a more accurate diag-
nosis. When the costs of these outcomes are considered, the
use of a combination COVID-19/influenza RDT has the poten-
tial to result in overall savings to the private health insurer,
but also reduced patient out of pocket costs for unnecessary

ICU Bed Days

5% I
COV

Fig. 2—-Scenario analyses - impact of influenza and COVID-19 prevalence on HCRU.
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Fig. 3 - Sensitivity Analysis: Fluctuation in RDT relative costs.

treatment. These savings were the result of the additional
costs of the combination RDT being offset by savings associ-
ated with reduced HCRU.

The scenario analyses indicate the strong relationship of
the model results to disease prevalence, particularly influ-
enza. This is unsurprising, as higher rates of disease will
result in more positive cases who are then appropriately
treated, reducing their risk of complications. It is important to
note however, that the benefits of a combination RDT appear
greatest when both influenza and COVID-19 prevalence are
high. This scenario represents a greater diagnostic challenge
for clinicians as well, since differentiating between infections
will be more difficult when both viruses are circulating at
high levels.

As noted earlier, this analysis made a simplifying assump-
tion to only consider influenza A, while the combination RDT
includes the capability to assess influenza B as well. These
results may therefore underestimate the total benefit of a
combination COVID-19/influenza RDT, and future research
should explore the additional impact of influenza B.

In addition to these established metrics, an exploratory
analysis suggested the potential for a 34 % reduction in antibi-
otic prescriptions through a combination of behavior modifi-
cation (use of any POCT) and an increase in confirmed
positive diagnoses of influenza. These results should be
explored further in future studies.

This analysis focuses on short-term outcomes, but it is
useful to relate these metrics to potential long-term impacts
of improved diagnosis. Through reducing the number of
missed diagnoses (fewer false negatives), the likelihood of
onward disease transmission is reduced. This suggest that
broader use of a combination RDT could positively impact
community levels of disease. Dynamic infectious disease
modeling approaches could be used to further explore this
area.

There were several limitations to this analysis. Metrics
were taken from disparate sources, and simplifying assump-
tions were made for estimating costs across IP and ICU

settings. Though defendable, a more systematic approach to
sourcing and estimating key model inputs would be helpful,
particularly if real world data were available at a local level to
validate key model inputs. Estimates for influenza clinical
judgment accuracy were obtained from a US study and may
not reflect the situation in Brazil. Similarly, treatment effects
on the risk of hospitalization for influenza were also obtained
from a US study.

The narrow cost perspective applied in this analysis
means that some important aspects of testing for
COVID-19 and influenza from a personal or societal per-
spective were not considered. On top of reduced HCRU,
benefits of more accurate diagnoses may include reduced
absenteeism, and reduction in costs for antiviral medica-
tions (typically not reimbursed by Brazilian private insur-
ance plans).

Despite these limitations, we present a robust model
framework for estimating the health and cost benefits of use
of a dual diagnostic in cases where currently only COVID-19
RDTs are used.

Conclusions

Based on current model assumptions, moving from usual care
(clinical judgment for influenza and COVID-19 testing) to a
combination COVID-19/influenza RDT could result in reduc-
tions in missed diagnoses, reduced hospital and ICU days,
and the potential for overall savings to Brazilian private
health insurance plans.
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