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Abstract
Background  Invasive fungal infection is a major source of morbidity and mortality. The usage of microbial cell-free DNA 
for the detection and identification of invasive fungal infection has been considered as a potential alternative to invasive 
procedures allowing for rapid results.
Objective  This analysis aimed to assess the budget implications of using the Karius® Test in patients suspected of invasive 
fungal infection in an average state in the USA from a healthcare payer perspective.
Methods  The analysis used a decision tree to capture key stages of the patient pathway, from suspected invasive fungal infec-
tion to either receiving treatment for invasive fungal infection or being confirmed as having no invasive fungal infection. The 
analysis used published costs and resource use from a targeted review of the literature. Because of the paucity of published 
evidence on the reduction of diagnostic tests displaced by the Karius Test, the analysis used a 50% reduction in the use of 
bronchoscopy and/or bronchoalveolar lavage. The impact of this reduction was tested in a scenario analysis.
Results  The results of the analysis show that the introduction of the Karius Test is associated with a cost saving of US$2277 
per patient; when multiplied by the estimated number of cases per year, the cost saving is US$17,039,666. The scenario 
analysis showed that the Karius Test only had an incremental cost of US$87 per patient when there was no reduction in 
bronchoscopy and bronchoalveolar lavage.
Conclusions  The Karius Test may offer a valuable and timely option for the diagnosis of invasive fungal infection through 
its non-invasive approach and subsequent cost savings.
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Key Points for Decision Makers 

Usage of microbial cell-free DNA via the Karius® Test is 
a non-invasive means for the detection and identification 
of invasive fungal infections.

Cost savings were estimated through reduced expendi-
tures related to bronchoscopy/bronchoalveolar lavage, 
adverse events, and a shorter hospitalization.

1  Introduction

Invasive fungal infection (IFI) is a major source of morbidity 
and mortality, with a rising prevalence owing, in part, to the 
increased use of aggressive chemotherapy and immunosup-
pressive treatments [1, 2]. Whilst there is continued research 
in IFI, the current diagnostic ‘gold standard’ of IFI remains 
culture of fluid or tissue obtained by bronchoalveolar lavage 
and/or biopsy [1, 3]. The Karius® Test offers a non-inva-
sive approach to provide species-level identification of IFI 
as well as other bacterial, DNA viral, fungal, and parasitic 
organisms. The Karius Test uses proprietary molecular biol-
ogy and next-generation sequencing to detect trace amounts 
of microbial DNA from a single blood sample while using 
data analytics to identify pathogens, with results typically 
available within 1 business day from sample receipt.
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Usage of the Karius Test for the detection and identi-
fication of invasive fungal infections has been considered 
as a potential alternative to invasive procedures allowing 
for rapid results [4, 5]. Invasive procedures may be asso-
ciated with added costs and adverse events. Additionally, 
careful consideration of infection control risks associated 
with certain procedures that may be aerosol generating, such 
as bronchoscopy, supports the evaluation of non-invasive 
means for diagnosing infections. As noted in the Centers 
for Disease Control and Prevention guidance for individu-
als with suspected or confirmed Coronavirus Disease 2019 
(SARS-CoV-2 or COVID-19), aerosol generating procedures 
“should be performed cautiously and avoided if possible” 
[6].

Budget impact analysis is an essential part of a compre-
hensive economic assessment of a healthcare technology and 
is increasingly required before formulary approval or reim-
bursement. The purpose of a budget impact model (BIM) 
is to estimate the financial consequences of adoption and 
uptake of a new healthcare intervention within a specific 
healthcare setting or across a specific population given inevi-
table resource constraints [7]. The aim of this project was 
to develop a BIM to assess the impact of incorporating the 
Karius Test as part of the diagnostic pathway for patients 
suspected of IFI vs standard of care (SoC).

2 � Methods

2.1 � Model Design

The budget impact of the Karius Test was assessed by a 
decision-tree BIM for patients suspected of IFI. To inform 

the conceptualization of the BIM, a review of existing 
health economic models was conducted. The review of 
literature identified 19 studies, consisting of 13 decision-
tree models and six hybrid model structures [8–26].

Based on the clinical pathway, existing economic mod-
els, and understanding of where the Karius Test would 
fit into the diagnostic pathway, a decision-tree structure 
was used as shown in Fig. 1. The decision tree is used for 
both the case with the Karius Test and without the Karius 
Test. The model considers four key points of the treatment 
pathway: (1) the decision to place patients on diagnostic-
driven therapy for IFI or not; (2) the diagnostic test and 
its associated morbidity; (3) the outcomes of the diagnos-
tic test, specifically three possible outcomes (proven IFI, 
probable IFI, and possible IFI); and (4) the implications of 
the diagnostic test (does this lead to treatment, additional 
testing, or no treatment). Within Fig. 1, the Karius Test is 
a diagnostic test that may be available within the “order 
diagnostic tests” box. Other or additional diagnostic tests 
that may be considered at the same timepoint or later in 
the flow of Fig. 1, are shown in Table 2.

The BIM was developed using Microsoft Excel® 2010 
to calculate the financial impact of using the Karius Test 
compared with SoC. The model focused on the diagnosis 
and treatment of patients with IFI in hospital. To estimate 
the total costs in the reference and anticipated scenario, 
the total number of patients receiving each treatment was 
estimated using the total patient population per state, inci-
dence of suspected IFI, and prevalence of patients who are 
immunocompromised over a year. The definition of immu-
nocompromised within the model included a healthcare 
professional assessment, recently prescribed medication 

Fig. 1   Model diagram. The Karius Test is a diagnostic test that may be available within the “order diagnostic tests” box. Other or additional 
diagnostic tests may be considered at the same time point or later in the flow. IFI invasive fungal infection



233Budget Impact of Microbial Cell-Free DNA Testing in Immunocompromised Patients with Suspected Infections

and/or evidence of cancer, as aligned with the definition 
used within a cross-sectional analysis [27].

The model used definitions of IFI in line with the Euro-
pean Organization for Research and Treatment of Cancer 
and the Mycoses Study Group Education and Research Con-
sortium definitions [28, 29]. As compared to its previous 
iteration, the recently published guidelines further consider 
tests for detecting fungal nucleic acid in the determination 
of probable invasive pulmonary mold diseases and other 
invasive diseases.

2.2 � Model Perspective, Time Horizon

The BIM was constructed from a US healthcare payer per-
spective for the purposes of this article though the model can 
be adjusted to address a discrete hospital or health-system 
population. The duration of the diagnostic tests and duration 
of IFI treatment are expected to be less than 1 year; there-
fore, a 1-year time horizon was utilized. The cost per patient 
was based on the time to diagnosis and the duration of IFI 
treatment. The model considered how many patients would 
be included in the model over a 1-year time frame.

2.3 � Patient Population

The patient population considered in the model are patients 
who present to hospital who are immunocompromised with 
a fever. To estimate the number of patients eligible for the 
model, a top-down approach based on published values was 
used as shown in Table 1. Based on the published estimates 
shown in Table 1, the number of patients undergoing diag-
nostic testing would be 7484. Results from the analysis will 
be presented per population and per patient.

The proportion of patients who are immunocompromised 
was taken from a review of the literature and was deemed as 
the most appropriate data source. However, to tackle uncer-
tainty, results per patient will be reported. As there were 
limited data, it was not possible to draw major differences 
between private healthcare and Medicare/Medicaid; there-
fore, no split was applied to the patients undergoing diagnos-
tic testing. Similarly, uninsured patients were not removed 

from the analysis; however, the results per patient could be 
used to scale the results to a specific population of interest.

2.4 � Clinical Inputs

Empiric therapy is defined within the model as therapy 
assigned prior to or without diagnostic test results. The 
use of empiric therapy was reported as 30% of patients by 
Mao et al. [33] utilizing data from Europe and felt to be in 
line with expert opinion in the USA; this has been used to 
separate patients receiving empiric and diagnostic-driven 
therapy in the reference scenario. For the scenario with the 
Karius Test, it is assumed all patients receive diagnostic test-
guided therapy. While the diagram shows the diagnostic tests 
(including the Karius Test) to be downstream of the deci-
sion for empiric and diagnostic test-guided therapy, in reality 
the decision regarding therapy and diagnostic tests would 
be taken in quick succession. Additionally, the decision for 
initial therapy may be impacted by the turnaround time of 
the diagnostic tests available.

After the initial decision regarding the use of empiric 
therapy, the diagnostic tests are ordered. The diagnostic tests 
incorporated into the model are based on the published esti-
mates by Barnes et al. and Rossoff et al. as shown in Table 2 
[4, 34]. The same diagnostic tests were used for both the 
SoC arm and the Karius Test arm, with the exception of a 
reduction in bronchoscopy and bronchoalveolar lavage.

The base-case settings for the model assume there would 
be a 50% reduction in bronchoscopy or bronchoalveolar lav-
age in the Karius Test arm. However, a range of values have 
been tested in scenario analyses and the reduction in bron-
choscopy or bronchoalveolar lavage can be greater depend-
ing on regional practice patterns.

The model has the functionality to permit for the out-
comes of the diagnostic tests to vary depending on usage 
of the Karius Test vs SoC. However, currently, because 
of limited published data, the outcomes of the diagnostic 
tests were assumed to be the same. The results of the 
diagnostic tests are based on published trial data [35] 
(1.1% proven, 6.6% probable, 19.0% possible, and 73.3% 

Table 1   Patient population

Key factors Value Reference

Population covered (adults and children) 6,514,000 Census.gov Population and Housing Unit Estimates 
per the average state [30]

Presenting to hospital 11.1% HCUPnet Healthcare Cost and Utilization Project [31]
Proportion of patients who are immunocompromised 2.8% Harpaz et al., 2016 [27]
Proportion of patients presenting with fever 37% Sternback et al., 1992 [32]
Proportion of patients suspected of invasive fungal infection 100% Assumption
Patients undergoing diagnostic testing 7484 Calculated
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no IFI) and the model assumes no difference in results 
between the two arms of the BIM.

The model allows additional tests to be undertaken and 
these are programmed in the model as the proportion of 
patients in each health state (definite, probable, possible 
IFI). The model assumed 50% of patients in the probable 
IFI or possible IFI would receive further testing, which 
is shown in the diagram as the diagnostic tests following 
on from the probable and possible IFI states. Patients who 
are probable or possible will receive treatment if they do 
not receive additional testing.

Adverse events are captured in the model in two parts: 
first, those adverse events associated with the diagnostic 
tests and, second, those adverse events associated with the 
empiric treatment. The adverse event rates were identi-
fied by a targeted review of the literature. Those adverse 
events of grade 3 or 4 severity that impacted more than 
5% of patients were considered in the model. The adverse 
events associated with the treatments are shown in Table 3 
and the adverse events associated with the diagnostic tests 
are shown in Table 4. 

2.5 � Cost and Resource Inputs

Drug acquisition costs including average wholesale price 
were taken from the Redbook 2018. Wholesale acquisition 
cost was tested within the model. Dosing is based on product 
information for the individual treatments. The drug acqui-
sition cost is incurred by the patients who receive empiric 
therapy and those who require IFI treatment. The cost of 
the Karius Test is US$2000 [41]. The cost per administra-
tion of IFI treatment is incorporated into the model for the 
treatments, with an administration cost of US$74.16 [36]. 
The model assumes that oral IFI treatments do not require 
an administration cost.

Resource use (Table 2) and adverse events (Tables 3 and 
4), which are associated with a cost, have been identified 
from the literature and are considered in the model [4, 34]. 
The cost year in the analysis was 2018–19 and costs were 
inflated where necessary.

To consider the cost of treatment upon confirmation of 
IFI, market share data from Fung et al. have been used to 
create an average cost per treatment of IFI [63]. The data 

Table 2   Resource use and costs

Source: Barnes et al. and Rossoff et al. [4, 34]
CT computed tomography, PCR polymerase chain reaction, PET positron emission tomography, SoC standard of care

Key factors Cost per test (US$) SoC Karius Test

Proportion of patients 
receiving test (%)

Mean number of 
tests received

Proportion of patients 
receiving test (%)

Mean number 
of tests 
received

Neutrophil count tests 26.52 [36] 100 17.9 100 17.9
Chest radiograph 399.41 [4] 100 1 100 1
Inpatient monitoring 530.62 [4] 100 1 100 1
Blood cultures 12.74 [36] 98 7.4 98 7.4
Urine cultures 11.69 [36] 75 11.9 75 11.9
Nasal, pharyngeal, and rectal swab 13.86 [36] 100 9.5 100 9.5
CT scan 634.83 [4] 100 1 100 1
Abdominal echography 349.20 [36] 8 1 8 1
Bronchoscopy 4425.00 [4] 50 1 25 1
Bronchoalveolar lavage 4425.00 [4] 50 1 25 1
Galactomannan test 132.86 [37] 100 4 100 4
PCR test 15.00 [38] 60 14.3 60 14.3
Nonfungal molecular tests 41.41 [36] 20 14.3 20 14.3
PET scan 5750.00 [39] 0 0 0 0
Lung biopsy [40] 8869.00 2 1 2 1
Transbronchial biopsy 1270.00 [36] 4 1 4 1
Skin biopsy 173.74 [36] 4 1 4 1
Karius Test 2,000.00 [41] 0 0 100 1
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Table 3   Adverse events (AEs) per antifungal treatment

EKG electrocardiogram, EMA European Medicines Agency, FDA Food and Drug Administration

Cost per 
AE(US$)

Fluconazole 
(%)

Voricona-
zole (%)

Caspofungin 
(%)

Ampho-
tericin B 
lipid formu-
lation (%)

Micafungin Posacona-
zole

Itraconazole Anidu-
lafungin

Mucositis 
stomatitis

1695.00 [42] 26 25 – – – – – –

Dyspnea 6018.00 [42] 25 20 0 6 – – – –
Hypoxia 7051.00 [70] 22 19 0 – – – – –
Hepatic dys-

function
34,828.00 

[43]
17 15 – – – – – –

Nausea 1965.00 [42] 3 4 – 4 – 8 – –
Hypotension 2356.00 [42] 13 8 – – – – – –
Diarrhea 3265.00 [42] – – – – 11 4 – 3
Abdominal 

pain
4756.00 [42] – – 12 4 – –

Somnolence 6945.74 [44] 6 7 1 – –
EKG abnor-

mality
188 [45] 8 7 – – – – – –

Vomiting 895 [42] 0 1 – 1 – 6 – –
Confusion 383 [46] 5 7 – – – – – –
Rash 940 [42] – – 0 – – 2 – –
Hemorrhage 24,322 [42] 6 3 – – – – – –
Acute kid-

ney injury
7933 [47] – – – 19 – – – –

Headache 383 [46] – – – – – 5 – –
Reference Wingard 

et al. [48]
Wingard 

et al. [48]
EMA [49] Walsh et al. 

[50]
Saliba et al. 

[51]
Raad et al. 

[52]
US FDA 

label [71]
Sabol and 

Gumbo 
[53]

Table 4   Adverse events (AEs) per diagnosis

CT computed tomography

Cost per AE 
(US$)

Chest radiograph 
(%)

CT scan (%) Bronchoscopy 
(%)

Bron-
choal-
veolar 
lavage 
(%)

Lung biopsy (%) Transbron-
chial biopsy 
(%)

Nausea 1965 [42] 0 0 – – – –
Confusion 383 [46] 0 – – 2 – –
Rash 940 [42] 0 0 – – – –
Headache 383 [46] 0 – – 54 – –
Cough 576 [42] – 0 – – – –
Cardiac arrythmia 3211 [54] – – – – 3 3
Bleeding 6378 [42] – – 2 – 4 4
Pneumothorax 22,320 [55] – – 1 – 12 12
Mediastinal 

emphysema
962 [56] – – – – 2 2

Reference Oba et al. [57] Kobayashi et al. 
[58]

Carr et al. [59] 
Herth et al. al. 
[60]

Elston 
et al. 
[61]

Hue [62] Hue [62]
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from Fung et al. also provided data for empiric therapy and 
diagnostic-driven therapy. The cost per treatment and the 
market share are shown in the “Appendix”.

The model assumes SoC has a total length of stay of 
24 days in hospital [64, 65]. Based on the faster time to 
results for the Karius Test and potentially an earlier conse-
quent assignment of appropriate treatment compared with 
SoC [66], the Karius Test was assumed to reduce the relative 
length of stay by 20%. This parameter is base tested in the 
scenario analysis. An inpatient stay in hospital had a cost of 
US$1746.00 per day [67].

2.6 � Model Output

The financial impact of use of the Karius Test on the health-
care budget is presented for the total estimated population 
per state and per patient. A breakdown of the total cost is 
presented showing how the total cost is based on different 
model aspects. The breakdown separates IFI treatment and 
the initial empiric therapy costs. The initial empiric therapy 
costs only cover the first 2 days until the diagnostic tests are 
returned and an informed decision is made [68, 69].

Two scenario analyses have been conducted to understand 
the sensitivity of the model output to two key parameters; 
the first being the reduction in hospital length of stay and the 
second being the reduction in bronchoscopy/bronchoalveolar 
lavage. The scenario analysis tested 0–100% to understand 
the full range of impact.

3 � Results

3.1 � Base‑Case Results

The base-case results show usage of the Karius Test as cost 
saving compared with SoC. For the total population per 
state, a saving of US$17,039,666 (shown in Table 5) was 
achieved, which relates to -US$2277 per patient (shown in 

Table 5). The saving is based on a reduction in diagnostic 
costs, administration costs, adverse event costs, and IFI treat-
ment costs. The saving related to hospitalization is captured 
within IFI treatment within the model, hence seen within the 
IFI treatment in the table below. The Karius test is expected 
to reduce hospitalization length of stay because of a quicker 
turnaround time and the assignment of directed treatment. 
The cost breakdown is shown in Table 6. As the BIM made 
no assumption regarding clinical outcomes, the outcomes 
were equal between the two treatment arms.

3.2 � Scenario Analysis

Figure 2 shows that with a 0% reduction in hospitaliza-
tion, the Karius Test is still associated with a cost saving of 
US$572 per patient. With a 10% reduction in hospitalization, 
the Karius Test is associated with a cost saving of $1486. 
Figure 3 shows how a reduction in bronchoscopy/bron-
choalveolar lavage correlates with the budget impact. A 0% 
reduction in bronchoscopy/bronchoalveolar lavage results in 
a US$87 incremental cost per patient. The breakeven point 
for this analysis is 1.84%. A 10% reduction in bronchoscopy/
bronchoalveolar lavage results in a cost saving of US$386.

Fig. 2   Reduction in hospitaliza-
tion and budget impact

Fig. 3   Reduction in bronchoscopy/bronchoalveolar lavage and budget 
impact
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An additional scenario analysis has been conducted to test 
the proportion of patients receiving empiric therapy, assum-
ing the same use of empiric treatment in the Karius Test arm 
as used for the SoC arm. The results of this analysis showed 
the cost saving per patient to be US$2000, a reduction of 
US$277 per patient from the base case.

To understand the implications of using average whole-
sale price, a scenario analysis tested the use of wholesale 
acquisition cost. The results of this analysis showed the cost 
saving per patient to be US$2267, a reduction of US$10 
from the base analysis.

4 � Discussion

The Karius Test was shown to provide a non-invasive cost-
saving alternative for the diagnosis of IFI compared with 
SoC. These cost savings were realized through a reduced 
expenditure related to bronchoscopy/bronchoalveolar lav-
age as well as a reduction in adverse events and a shorter 
hospitalization. When testing key uncertainty in the model 
in the scenario analysis, the results were shown to be robust, 
with only one result showing the Karius Test as increasing 
expenditure (when testing a 0% reduction in bronchoscopy/
bronchoalveolar lavage the model showed an incremental 
cost of US$87 per patient). When testing the uncertainty 
around hospitalization, in all cases, the Karius Test was cost 
saving.

This analysis has the advantage of using a clear model 
structure to capture the diagnostic pathway aligned with 
existing economic models. During model conceptualization, 
we considered the use of sensitivity and specificity in the 
diagnostic tests. However, this approach was not possible 
given the limited data regarding the efficacy of many novel 
diagnostics in infectious diseases. Consequently, the mod-
el’s clinical and cost inputs were aligned with the published 
literature. To test the impact these informed assumptions 
had on the outcome of the model, they were included in the 
sensitivity analysis.

The conducted analysis encountered several challenges 
while populating the model. A key theme to these chal-
lenges was limited published data to populate the model. 
For example, the consistency of reporting of adverse events 
and the sample size of studies used for diagnostic tests meant 
assumptions were required to either conclude adverse events 
were not incurred or that adverse events that were reported 
were grade 3 or 4. Another example of the impact of lim-
ited published data includes the informed need to consider 
the cost of the adverse event of confusion as equivalent to 
the cost to migraine for the purposes of this analysis. An 
additional limitation of the current analysis is the total pop-
ulation considered within the analysis. Study values were 
based on a calculated number per state based on published 

estimates; however, there is potential for uncertainty in the 
key estimates as some published studies have a small sam-
ple size. This limitation was considered acceptable as the 
result per patient is reported and can be scaled up to find a 
total population result. Similarly, the proportion of patients 
presenting for fever was based on an older reference but 
was deemed the most applicable to this model as there is a 
lack of studies to our knowledge that offer a clearly differ-
ent value. These data sources do not impact the per patient 
results. Similar limitations were seen within the inputs used 
for the disease pathway where limited data were available 
and expert opinion or data from other geographic popula-
tions were considered. Generalizability of the findings noted 
in the analysis may be a limitation in our current study, par-
ticularly in light of varied practice patterns within and out-
side of the USA. While it is debatable whether a one-way 
sensitivity analysis is required for a budget impact analysis, 
the key parameters that have uncertainty in the model have 
been tested in the scenario analysis. These parameters do not 
have confidence intervals or measures of uncertainty; there-
fore, a one-way sensitivity analysis would provide similar 
results to our findings.

This research is based on our approach to quantify the 
individual aspects of the patient pathway to understand the 
value of novel diagnostics. While reimbursement for health-
care services may be based on diagnosis-related groups in 
many countries, such reimbursement mechanisms are lim-
ited in allowing for the evaluation of the potential impact of 
individual aspects of diagnosis or care as such costs would 
be grouped together. Further study into this impact would 
be warranted.

The model conservatively assumed no difference in clini-
cal outcomes in both the empiric and diagnostic-driven Kar-
ius Test arms. Further research would help inform how the 
use of the Karius Test would alter IFI treatment, in terms of 
both speed to diagnosis and selection of therapies as well as 
the number of cases identified. Research into how the Karius 
Test may translate into cost avoidance for other diagnostic 
methods in infectious diseases beyond IFI is also warranted. 
The potential additive diagnostic value of the Karius Test 
in simultaneously allowing for the identification of not just 
fungi but other bacteria, DNA viruses, and parasitic organ-
isms that may not be captured by conventional diagnostics is 
also not fully appreciated in the current model. Finally, the 
model does not account for other potential costs associated 
with bronchoscopy/bronchoalveolar lavage more recently 
appreciated in the SARS-CoV-2 pandemic including the 
transmission of infectious disease via aerosolization and 
the need for personal protective equipment. In summary, 
the Karius Test may offer a valuable and timely option for 
the diagnosis of IFI through its non-invasive approach and 
subsequent cost savings.
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5 � Conclusions

The Karius Test may offer a valuable and timely option for 
the diagnosis of invasive fungal infection through its non-
invasive approach and subsequent cost savings.
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Appendix

See Tables 5, 6, 7.

Table 5   Base-case results per 
population (costs in US$)

Admin administration, AE adverse event, IFI invasive fungal infection, SoC standard of care
a Treatment costs are the total cost of diagnostic costs
b Admin costs are costs of Admin for IFI treatment
c AE costs are the total costs of AEs, either from IFI treatment or diagnostic tests
d IFI treatment costs are the total costs of treatment of patients who receive treatment

Treatment costsa Admin costsb AE costsc IFI treatment costsd Total budget

Total population
 SoC 66,813,441 316,339 7272,482 56,737,904 131,140,166
 Karius Test 64,556,325 0 2952,647 46,591,527 114,100,500
 Budget impact − 2,257,116 − 316,339 − 4319,835 − 10,146,377 − 17,039,666

Per patient
 SoC 8928 42 972 7582 17,524
 Karius Test 8626 0 395 6226 15,247
 Budget impact − 302 − 42 − 577 − 1356 − 2277

Table 6   Base-case results: cost breakdown (US$)

AE adverse event, IFI invasive fungal infection, SoC standard of care

Empiric therapy 
cost

Empiric 
therapy 
admin

Empiric therapy 
AE

Diagnostic cost Diagnostic AE Additional 
testing 
cost

Additional 
testing AE 
cost

IFI treatment

SoC 666,861 316,339 3,187,610 58,640,585 3,621,341 7,505,995 463,532 56,737,904
Karius Test 0 0 0 57,050,330 2,489,116 7,505,995 463,532 46,591,527
Budget impact − 666,861 − 316,339 − 3,187,610 − 1,590,255 − 1,132,225 0 0 − 10,146,377

http://creativecommons.org/licenses/by-nc/4.0/
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