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Abstract

We conservatively estimated the annual US fungal disease-related economic burden as $19.4
billion, including direct medical costs ($13.4 billion) of hospitalizations (n=133,555) and
outpatient visits (n=13.4 million), $1.7 billion from absenteeism, and $4.3 billion from deaths
(n=7,288). These findings underscore the need for fungal disease surveillance, treatment, and
prevention efforts.

Lay summary:

We estimate that fungal diseases cost about $19.4 billion each year in the United States. This
includes $13.4 billion for medical care, like hospital stays and doctor visits. It also includes costs
from people missing work, which adds up to $1.7 billion, and $4.3 billion from deaths.
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INTRODUCTION

Fungal diseases range from relatively mild superficial infections to potentially life-
threatening conditions including pneumonia, sepsis, and meningitis. Symptoms often
resemble those of other diseases, frequently resulting in delays in diagnosis and treatment
and incurring excess costs.

Previous studies to measure the US fungal disease burden have relied on administrative data
to estimate hospitalizations, outpatient visits, and costs.1=3 Yearly direct costs of fungal
diseases exceeded $7 billion before the COVID-19 pandemic,1:3 However, COVID-19
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led to an increase in fungal disease-associated hospitalization and deaths,*> and updated
burden estimates based on more recent data could help inform public health planning and
guide prevention efforts. We present updated estimates of total national outpatient visits,
hospitalizations, direct medical costs, and indirect costs associated with fungal diseases.

Data sources

We used the 2021 Healthcare Cost and Utilization Project (HCUP) National Inpatient
Survey (NIS) (https://hcup-us.ahrg.gov/nisoverview.jsp) to estimate total numbers of fungal
disease-associated hospitalizations in the United States. The NIS is the largest publicly
available all-payer US hospitalization database, representing a ~20% stratified sample of

all discharges from community hospitals and covering >97% of the population. Discharge
weights allow calculation of national estimates; the weighted NIS estimates ~35 million total
hospitalizations annually.

We used the 2022 Merative™ MarketScan® Commercial, Medicare, and Multi-State
Medicaid Databases (https://www.merative.com/documents/merative-marketscan-research-
databases) to obtain numbers of fungal disease-associated outpatient visits and mean costs
per outpatient visit and per hospitalization. The MarketScan® databases are among the
largest US health insurance claims-based databases and are widely used for public health
and health services research. The 2022 Commercial and Medicare Databases represent

a convenience sample of ~20 million employees, dependents, and retirees covered by
employer-sponsored insurance including Medicare Supplemental and Medicare Advantage
plans. The databases enable calculations of weights to project the convenience sample to
the entire US population with employer-sponsored insurance; the weights are based on
Census division, age group, sex, and policy holder status from the US Census Bureau’s
American Community Survey. The Multi-State Medicaid Database is structured similarly
to the Commercial/Medicare Database and represents a convenience sample of ~8 million
patients from several geographically dispersed states.

We used 2023 Final Multiple Cause of Death data from the National Vital Statistics System
(NVSS) using the Centers for Disease Control and Prevention’s Wide-ranging Online Data
for Epidemiologic Research (CDC-WONDER) platform (https://wonder.cdc.gov/mcd.html)
to identify fungal disease-associated deaths. These mortality data for all US residents are
based on death certificates.

For each data source, we used the most recent year of finalized data available and
International Classification of Diseases, Tenth Revision, Clinical Modification codes to
identify fungal diseases (Table S1).

Direct medical cost calculations

We estimated total national direct medical costs of fungal disease-associated hospitalizations
and outpatient visits from a healthcare payer perspective. These costs represent the sum of
payments to insurers and patient out-of-pocket costs. All costs incurred at a hospitalization
or outpatient visit were included, even if fungal disease was not the main diagnosis. For
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each setting (hospital and outpatient), we calculated disease-specific costs by insurance
type: Medicare, Medicaid, private insurance, and “other,” which includes self-pay and other
government programs. We used the privately-insured mean cost per hospitalization and
outpatient visit for “other” insurance types.!

To calculate total national hospitalization costs, we multiplied national hospitalization
numbers from HCUP by mean hospitalization costs. We used numbers of outpatient visits
among the entire US population with employer-sponsored insurance from the weighted
MarketScan® estimates combined with proportions of the US population with each
insurance type,® to extrapolate to total outpatient visits among persons without employer-
sponsored insurance. To calculate total national outpatient visit costs, we multiplied national
outpatient visits by mean outpatient costs.

Indirect cost calculations

We calculated indirect costs due to absenteeism and premature deaths using a human capital
approach.? Productivity loss from absenteeism was calculated for patients <65 years old by
multiplying missed workdays from a) nonfatal hospitalizations (Table S1) and b) outpatient
visits by the 2023 mean hourly wage of $31.48, doubled to account for overhead and
benefits.” We used a conservative assumption of 2 missed workdays per outpatient visit for
coccidioidomycosis, histoplasmosis, and blastomycosis and 0.25 missed workdays per visit
for all other diseases.28 To calculate productivity loss from premature deaths, we multiplied
numbers of deaths by future market and nonmarket productivity (3% discount rate and a
0.5% productivity growth rate) for the average age at fungal disease-associated death.® We
assumed all deaths occurred during hospitalization. All costs were adjusted to 2024 dollars
using the medical Consumer Price Index.10

RESULTS

We estimated 133,555 yearly fungal disease-associated hospitalizations and 13,369,951
outpatient visits (Table S2), resulting in total national direct medical costs of $13.4 billion.
Invasive/severe candidiasis (61,120 hospitalizations, $3.3 billion) and “other and unspecified
mycoses” (23,530 hospitalizations, $3.0 billion) accounted for the most hospitalizations and
the highest total hospitalization costs by disease. Mean cost per hospitalization was highest
for mucormycosis, “other and unspecified mycoses,” and aspergillosis (Table S3).

Dermatophytosis and other superficial mycoses (9,046,811 outpatient visits, $1.3 billion)
and non-invasive/unspecified candidiasis (3,780,841 outpatient visits, $892 million)
accounted for the most outpatient visits and the highest total outpatient visit costs (Table 1).
Mean cost per outpatient visit was highest for mucormycosis and lowest for dermatophytosis
and non-invasive/unspecified candidiasis.

Productivity loss costs were $1.7 billion for absenteeism and $4.3 billion for premature
deaths (Table 2). Among 7,288 total fungal disease-associated deaths, most were from
“other and unspecified mycoses” (n=2,352), invasive/severe candidiasis (n=1,132), and
aspergillosis (n=1,060) (Supplemental content). Direct and indirect costs summed to $19.4
billion.
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Nearly 30% of the total economic burden was from invasive/severe candidiasis ($5.3
billion), another 23% was from “other and unspecified mycoses” ($4.5 billion), and nearly
20% was from dermatophytosis and non-invasive/unspecified candidiasis combined ($3.6
billion).

DISCUSSION

We estimate that fungal diseases in the United States impose an annual economic burden of
$19.4 billion (2024 dollars). Although our study might have captured potentially unrelated
costs associated with concurrent medical conditions, the results likely underestimate the
true total costs of fungal diseases for several reasons. We did not account for costs of
over-the-counter antifungal medications (valued at $1.3 billion in 2022);11 medical care and
treatment before a fungal disease diagnosis is established; longer-term follow-up care and
medication; long-term care facility or home healthcare; or indirect costs associated with
non-medically attended cases. Further, the analysis did not quantify costs such as pain,
psychosocial distress, and indirect effects to families.1-2

Total national direct medical costs ($13.4 billion) increased compared with our previous
estimate ($7.2 billion [2017 dollars], equivalent to ~$8.5 billion in 2024), although

results might not be directly comparable because of methodological differences.! We
previously required “other and unspecified mycoses” to be listed as a primary diagnosis
on hospitalization records. However, we removed this requirement because a subsequent
analysis revealed that many “unspecified mycosis” hospitalizations likely involve invasive
candidiasis.12

Indirect costs ($6 billion), primarily driven by premature deaths, also increased compared
with the previous estimate ($4 billion [2019 dollars], or ~$4.5 billion in 2024) despite
similar methodology. Fungal disease-associated deaths increased by >50% during 2019-
2023, and as with prior analyses, under detection (and misclassification) is a concern

with hospitalization, outpatient, and death certificate records.? This updated conservative
estimate of the economic burden of fungal diseases shows that continued efforts to improve
prevention, diagnosis, and treatment are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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