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Abstract

Objectives

Describe healthcare resource use and costs per hospitalized coronavirus disease-2019

(COVID-19) patient during the three main outbreak waves.

Methods

A retrospective observational study. COVID-19 patient data were collected from a dataset

from 17 hospitals in the HM Hospitals Group. Mean total costs per hospitalized patient and

per day were estimated in each wave, as defined by the Spanish National Health System

perspective. In addition, costs were estimated for both patients admitted and those not

admitted to the intensive care unit (ICU) and were stratified by age groups.

Results

A total of 3756 COVID-19 patients were included: 2279 (60.7%) for the first, 740 (19.7%) for

the second, and 737 (19.6%) for the and third wave. Most (around 90%) did not require ICU

treatment. For those patients, mean ± SD cost per patient ranged from €10 196.1 ± €7237.2

(mean length of stay [LOS] ± SD: 9.7 ± 6.2 days) for the second wave to €9364.5 ± €6321.1

for the third wave (mean 9.0 ± 5.7 days). Mean costs were around €1000 per day for all the

waves. For patients admitted to the ICU, cost per patient ranged from €81 332.5 ± €63

725.8 (mean 31.0 ± 26.3 days) for the second wave to €36 952.1 ± €24 809.2 (mean 15.7 ±
8.2 days) for the third wave. Mean costs per day were around €3000 for all the waves. When

estimated by age, mean LOS and costs were greater in patients over 80 when not admitted

to the ICU and for patients aged 60 to 79 when admitted to the ICU.

Conclusions

LOS was longer for patients admitted to the ICU (especially in the first two waves) and for older

patients in our study cohort; these populations incurred the highest hospitalization costs.
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Introduction

The coronavirus disease-2019 (COVID-19) pandemic caused by the respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection has represented a great clinical burden. Approximately

10% of infected patients developed severe acute respiratory syndrome (SARS) and required

hospitalization, with mortality rates reaching between 2% and 5% [1, 2]. Spain was one of the

most seriously affected countries, especially during the first outbreak wave of the pandemic,

starting in February 2020 and lasting until June 2020 (five months) and leading to a nation-

wide lockdown [3]. In this outbreak wave, the seroprevalence of SARS-CoV-2 was as high as

5.0% (95% CI 4.7–5.4) of the population and exceeded 10% in certain regions, such as Madrid

[4]. In this scenario, it is hardly surprising that the pandemic exerted great pressure on the

Spanish national healthcare system and on society [5, 6].

As the incidence of SARS-CoV-2 infection increased exponentially in March 2020 in Spain,

the number of infected patients requiring hospitalization began to exceed hospital capacity in

many public hospitals. This critical situation forced the Spanish authorities to take extraordi-

nary measures to decongest public hospitals, such as relocating patients from the public to pri-

vate healthcare facilities or creating temporary healthcare structures to absorb the surplus of

patients [7, 8]. Subsequently, two more outbreak waves followed at the national level: the second

occurred from summer (July 2020) until early December 2020 (five months) [9] and the third

started after the Christmas season in 2020 and lasted until the vaccination campaigns in Febru-

ary 2021 (two months) [10]. From then on, there was a rebound of infections in the spring of

2021, but the pressure on hospitals was much lower than during the previous waves [11].

Over this period of approximately one year (from March 2020 to February 2021), healthcare

providers were forced to confront an unknown disease that often required hospitalization and

complex management. These included ventilation support and the use of multiple treatments,

usually without sufficient evidence of their effectiveness or safety [12]. However, the hospital

management of COVID-19 patients evolved rapidly over the first months with continuous

learning from clinical experience and the constant emergence of new clinical evidence [13].

In order to understand the impact on healthcare systems during the first year of the pan-

demic, it is essential to know how hospital expenses were allocated and how they changed dur-

ing the different outbreak waves. Average healthcare hospital costs of COVID-19 are available

in different settings [14–19]; however, so far, none of these cost analyses have taken into

account the evolving nature of the COVID-19 pandemic from its onset until the systematic

vaccination campaigns in 2021. In the present study, we aimed to use real-world data to

describe the use of healthcare resources and the associated costs in a cohort of hospitalized

patients due to SARS-CoV-2 during three different outbreak waves from the perspective of

Spain’s national health system (NHS).

Material and methods

Design

A retrospective, descriptive, observational study was carried out based on a dataset of patients

with SARS-CoV-2 in Spain: “COVID Data Saves Lives” [20]. This dataset includes extensive

anonymized information from hospitalized COVID-19 patients admitted to 17 tertiary hospi-

tals belonging to the HM Hospitals Group (Spanish consortium of private hospitals) and

amounting to over 1400 beds, located across four Autonomous regions in Spain: Autonomous

Community of Madrid, Castilla and Leon, Catalonia, and Galicia [21]. Due to the pandemic

situation, these hospitals stopped their scheduled private care activity to attend to emergency

cases referred from public centers that could no longer admit patients. Patients were included
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for the analysis if they were admitted with confirmed SARS-CoV-2 infection by real-time

reverse transcription-polymerase chain reaction (PCR) and followed-up between 31st January

2020 and 13th February 2021 in any of the HM Hospitals participating in the study. In addi-

tion, the reasons for patient admission and discharge must be available. The study period was

divided into the three main waves of SARS-CoV-2 incidence in Spain, also known as outbreak

waves. The data were grouped according to the RENAVE epidemiological surveillance system

into three periods corresponding to the different waves as follows: first wave, from 31st Janu-

ary 2020 to 21st June 2020 [22, 23]; second wave, from 22nd June 2020 to 6th December 2020

[9, 23]; and third wave, from 7th December 2020 to 13th February 2021 [10, 23], as far as data

in our database were available.

During the study period (31st January 2020 to 13th February 2021), anonymized data from

4475 COVID-19 patients were recorded in the “COVID Data Saves Lives” dataset [20]. All

patients were admitted through the emergency department (ED). Dataset was extracted from

the Electronic Health Record (EHR) system of the HM Hospitals. The information was orga-

nized in tables or datasets including information about the COVID-19 treatment process,

complete information on admission and diagnoses treatments, ICU admissions, diagnostic

imaging tests, laboratory results, drug administration, and cause of discharge/death. All data-

sets are linked by a unique admission identifier as a de-anonymization key, created for this

purpose, and dissociated from each admission identifier. Among this population, 3756 patients

met the study inclusion criteria: n = 2279 were admitted during the first wave, n = 740 during

the second, and n = 737 during the third outbreak wave of SARS-CoV-2 (Fig 1).

The study protocol was approved by the Ethics Committees of the HM Hospitals Group.

The collection of patients’ written informed consent was not required as patient data were

anonymized and gathered retrospectively.

The present study is reported according to the Reporting of Observational Studies in Epide-

miology (STROBE) checklist (S1 Table) [24].

Variables

The following patients’ demographic and clinical variables were extracted from the HM Hospi-

tals Group’s “COVID Data Saves Lives” dataset [20]: age, gender, vital signs recorded at the

Fig 1. Flow chart of the study cohort. Abbreviations: COVID-19 (coronavirus disease-2019); ICU (intensive care

unit).

https://doi.org/10.1371/journal.pone.0280940.g001
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ED (temperature, heart rate, blood pressure, oxygen saturation, and requirement for mechani-

cal ventilation), primary diagnosis at the ED and at hospital admission, secondary diagnosis at

hospital admission, and deaths during stay in hospital wards and intensive care units (ICU).

Diagnoses were identified by the 10th revision of the International Statistical Classification

of Diseases and Related Health Problems codes (ICD-10) [25]. Primary diagnoses at admission

corresponded with the COVID-19-diagnosis codes. Because the COVID-19-related ICD-10

(U07.1) took effect as of the second wave, non-specific codes were assigned to COVID-19 (i.e.,

other viral pneumonia [J12.89], or unspecified pneumonia [J18.9]) during the first wave. In

contrast, secondary diagnoses at admission corresponded with either the symptoms or conse-

quences of COVID-19 or the patient’s comorbidities. The following healthcare resources were

retrieved from the HM Hospitals dataset: procedures at ED, hospital length of stay (LOS), labo-

ratory tests during hospitalization (both in hospital wards and ICU), procedures during hospi-

talization (both in hospital wards and ICU) and pharmacological treatments during

hospitalization in hospital wards (not available for ICU stays). Procedures were identified by

the ICD-10 diagnosis and procedure codes [25] whereas the treatments were classified by the

Anatomical Therapeutic Chemical-4 (ATC4) Classification system [26]. Laboratory tests were

identified in a Spanish healthcare cost lists database [27].

Analysis

Descriptive statistics were used to summarize patients’ sociodemographic and clinical charac-

teristics at the ED and hospital admission, in addition to healthcare resources used and in-hos-

pital mortality. Absolute and relative frequencies were estimated for qualitative variables

(gender [male; female], primary and secondary diagnoses, temperature [> 38˚C;� 38˚C], oxy-

gen saturation [< 95%,� 95%], the requirement for mechanical ventilation [yes; no], labora-

tory tests, ED and hospital procedures, pharmacological treatments, or in-hospital mortality).

At the same time, measures of central tendency and dispersion (mean, standard deviation

[SD]) were used for quantitative variables (age, heart rate, blood pressure, hospital, and ICU

length of stay, added to laboratory tests and procedures required per patient). To estimate the

mean number of procedures and laboratory tests per hospitalized COVID-19 patient (either

per patient who was admitted to the ICU, or per patient who was not admitted to the ICU), we

added up the number of the resources registered for each patient during the study period. The

mean number of procedures or laboratory tests per patient was then obtained by dividing indi-

vidual patient numbers by the number of patients in each wave. To estimate the number of lab-

oratory tests, we considered them on a disaggregated level (e.g., “red blood cell counts” rather

than “blood count”).

The primary outcome of the analysis was the use of healthcare resources and its associated

costs per hospitalized COVID-19 patient in the different outbreak waves. As the pharmacolog-

ical treatment was not available during the ICU stays, we conducted the cost analysis in two

separate groups of patients: patients who received care exclusively in the hospital ward and,

therefore, had completed treatment data records; and patients who were admitted to the ICU

at some point during the hospital stay.

To estimate the mean costs per hospitalized COVID-19 patient (either per patient who was

admitted or per patient who was not admitted to the ICU), we calculated total healthcare costs

for each patient by estimating the sum of the costs of each resource considered during hospi-

talization. This estimation was done by multiplying the frequency of use of each resource by its

unitary costs in the different outbreak waves. Mean costs per patient were then obtained by the

sum of individual patient costs divided by the number of patients in each wave. The costs per

patient and day were also estimated. First, individual costs per hospitalized COVID-19 patient
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were divided by the days spent in hospital. Average cost per patient and day was then obtained

from all the individual costs per day. For the main cost results, in order to show how the costs

are distributed in our population, we also estimate the median cost.

The cost analysis was conducted from the perspective of the Spanish National Health Sys-

tem (NHS); thus, unit costs for procedures, laboratory tests, hospital, ICU stay, and treatments

were derived from official local sources, reported in euros (€) and update to 2021. Specifically,

unitary costs for procedures were based on the Diagnosis Related Groups (DRGs) costs for

Spanish General Hospitals or from Autonomous Region’s tariffs when DGRs were not avail-

able [27], whereas pharmacological costs corresponded to the official selling price or PVL (Pre-
cio de Venta Libre) published in the BotPlus database [28]. Laboratory tests and hospital stay

tariffs varied among the Autonomous Regions [27]; therefore, mean costs among different

regions were estimated for each resource to obtain representative costs at a national level. In

addition, to estimate laboratory test costs, we considered costs for aggregate tests (e.g., the cost

of a blood count instead of the cost of the different components separately) since the total cost

of aggregated tests was not deemed to significantly vary, regardless of the number of individual

assessments they included.

Both mean costs per patient and cost per patient and day were stratified by the vaccination

age bands in Spain: < 12, 12–19, 20–29, 30–39, 40–49, 50–59, 60–69, 70–79, and> 80 years

[29]. Additionally, costs per patient were also stratified by the different cost types: hospital

stay, treatment, laboratory tests, and procedures.

To identify cost drivers of the covariates in the study population a Generalized Linear

Model (GLM) with gamma distribution and log link with stepwise algorithm was used. The

stepwise regression consists of iteratively adding and removing predictors, in the predictive

model, in order to find the subset of variables in the data set resulting in the best performing

model, that is a model that lowers prediction error. Outliers in the residuals of the selected

model were removed using the interquartile range. In this process, total cost was selected as

the dependent variable, and gender, age, wave, and length of stay were independent variables.

The estimated coefficients were converted into cost ratios that can be interpreted as a ratio of

adjusted costs between the category of interest versus the reference category for binary predic-

tors or as the percentage increase in average cost per unit increase in a continuous covariate. A

p-value of less than 0.05 was considered statistically significant. Two modelling runs were per-

formed, one for ICU patients and one for non-ICU patients.

A deterministic sensitivity analysis was conducted to estimate the impact of selecting partic-

ular costs rather than others in the cost analysis results. For this analysis, only laboratory tests

and hospital stay were considered as the costs as these resources varied among the different

Autonomous Regions. For the base case, we applied the mean costs among the different tariffs

available. Meanwhile, for the sensitivity analysis, we evaluated two different scenarios: one

including the minimum individual costs for laboratory tests and hospital stay resources and

the other with the respective maximum costs reported among the Autonomous Regions.

The data analysis was performed using the STATA version 14 statistical software package.

Results

Cohort description

A total of 3756 patients with confirmed COVID-19 diagnosis were admitted and discharged

during the study period (Fig 2), of which 60.7% were admitted during the first wave, 19.7%

during the second and 19.6% during the third outbreak wave. Of the hospitalized patients

included in the study, around 10% required ICU admission at some point of the hospital stay

(Table 1).
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The mean ± SD age of COVID-19 hospitalized patients was 67.9 ± 16.2 years in the first

wave, 65.6 ± 16.8 years in the second, and 65.4 ± 16.6 in the third wave, with the population

�60 accounting for more than two-thirds of the total, and that over 80 ranging from 20.9% in

the third wave to 26.3% in the first wave (S1 Fig). Regarding the gender, the proportion of

men was approximately 60% in all three waves. At the ED, most patients presented fever

(temperature > 38˚C), and around half had an oxygen saturation < 95% across the different

outbreak waves. The requirement for mechanical ventilation was particularly higher in those

patients with oxygen saturation < 95%. Patients were mainly identified at ED admission by

shortness of breath (57.6%) during the first wave, whereas they were mostly classified by suspi-

cion of COVID-19 during the second (57.2%) and the third (61.8%) waves. At hospital admis-

sion, patients in the first wave were mainly diagnosed with viral pneumonia (64.3%) since the

specific code for COVID-19 was not yet available, whereas patients in the second (92.4%) and

third (95.4%) waves were confirmed with COVID-19 diagnosis. Of the grouped secondary

diagnosis identified at hospital admission, the most prevalent were circulatory system diseases,

endocrine, nutritional and metabolic diseases, with essential hypertension and decompensated

type 2 diabetes being particularly prevalent (Table 1). The number of secondary diagnoses

increased with age (S2 Table).

Use of healthcare resources and costs

The mean ± SD LOS for the whole population was 11.2 ± 10.4 days for the first wave, 12.0 ±
12.3 days for the second, and 9.6 ± 6.3 days for the third, representing a decrease of approxi-

mately two days between the first two and the third wave.

Regarding the use of procedures, the percentage of COVID-19 patients who had undergone

at least one ED procedure was higher during the first (75.8%; n/N = 1667/2198) and second

(74.1%; n/N = 488/659) waves than during the third (27.0%; n/N = 180/667). However, each

patient received a similar mean ± SD number of procedures throughout the different outbreak

waves (1.4 ± 0.6 for the first, 1.2 ± 0.5 for the second, and 1.2 ± 0.4 for the third wave). Like-

wise, all patients received at least one procedure during hospitalizations, and the mean ± SD

number per patient was similar among the different outbreak waves (7.7 ± 3.5 for the first,

9.1 ± 3.5 for the second, and 8.8 ± 3.2 for the third wave) (S3 and S4 Tables describe the proce-

dures followed during the ED and the hospital stay).

Concerning laboratory tests, the proportion of patients receiving at least one amounted to

around 70% throughout the different waves, although the mean ± SD number of tests per

Fig 2. Inpatient pathway of the study cohort. �Patients who were only admitted to the hospital ward.

https://doi.org/10.1371/journal.pone.0280940.g002
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patient was considerably higher for the first wave (129 ± 384) compared with the second

(3.6 ± 10.3) and the third (3.8 ± 10.7) waves.

The pharmacological treatment, which was only recorded during the hospital ward stay,

also differed between the first wave, where aminoquinolines (87.9%; n/N = 1814/2066) and

antivirals for the human immunodeficiency virus (51.8%; n/N = 1070/2066) were generally

administered, and the second and the third waves, where glucocorticoids were the most fre-

quently prescribed treatment, administered to 89.9% (n/N = 588/661) of patients in the second

Table 1. Summary of patients’ demographic and clinical parameters at hospital admission (grouped by outbreak waves).

Variables 1st Wave 2nd Wave 3rd Wave

Age (years), mean ± SD 67.9 ± 16.2 65.6 ± 16.8 65.4 ± 16.6

Gender (male), n/N (%) 1360/2279 (59.7) 465/740 (62.8) 449/737 (60.9)

Vital signs at the ED, n/N (%)

Temperature > 38˚C, n/N (%) 1598/1732 (92.3) 595/631 (94.3) 607/628 (96.7)

Oxygen saturation < 95%, n/N (%) 945/1779 (53.1) 287/618 (46.4) 333/644 (51.7)

Requirement for mechanical ventilation, n/N (%)

Oxygen saturation < 95% 608/945 (64.3) 171/287 (59.6) 201/333 (60.4)

Oxygen saturation� 95% 402/834 (48.2) 165/331 (49.8) 139/311 (44.7)

Heart rate (bpm), mean ± SD 89.8 ± 16.9 88.3 ± 16.3 89.1 ± 17.3

Systolic blood pressure (mmHg), mean ± SD 131.3 ± 22.8 132.1 ± 20.6 134.1 ± 20.9

Diastolic blood pressure (mmHg), mean ± SD 74.7 ± 13.0 76.6 ± 12.3 77.7 ± 13.2

Diagnosis at the ED, n/N (%)

Common cold 216/2200 (9.8) 5/691 (0.7) 5/707 (0.7)

Cough 139/2200 (6.3) 14/691 (2.0) 12/707 (1.7)

General discomfort 73/2200 (3.3) 20/691 (2.9) 11/707 (1.6)

Fever 274/2200 (12.5) 64/691 (9.3) 26/707 (3.7)

Shortness of breath 1268/2200 (57.6) 91/691 (13.2) 114/707 (16.1)

Suspicion of COVID 19 0/2200 (0) 395/691 (57.2) 437/707 (61.8)

Another diagnosis 230/2200 (10.5) 102/691 (13.0) 102/707 (14.4)

Primary diagnosis at the hospital admission, n/N (%)

Other viral pneumonia (J12.89) 1466/2279 (64.3) 0/740 (0) 0/737 (0)

Pneumonia, unspecified organism (J18.9) 225/2279 (9.9) 2/740 (0.3) 2/737 (0.3)

COVID 19 (U07.1) � 0/2279 (0) 684/740 (92.4) 703/737 (95.4)

Another diagnosis 588/2279 (25.8) 54/740 (7.3) 32/737 (4.3)

Secondary diagnosis at hospital admission, n/N (%)

Essential (primary) hypertension (I10) 809/2279 (35.5%) 251/740 (33.9%) 260/737 (35.3%)

Decompensated type 2 diabetes mellitus (E11.9) 249/2279 (10.9%) 72/740 (9.7%) 64/737 (8.7%)

Grouped secondary diagnosis at hospital admission, d/D (%)

Diseases of the circulatory system (I00-I99) 2030/11912 (17.0) 605/3994 (15.1) 632/3730 (16.9)

Certain infectious and parasitic diseases (A00-B99) 1866/11912 (15.7) 81/3994 (2.0) 40/3730 (1.1)

Endocrine, nutritional, and metabolic diseases (E00-E89) 1761/11912 (14.8) 547/3994 (13.7) 562/3730 (15.1)

Other coronaviruses as a cause of diseases classified under other headings (B97.29) 1736/11912 (14.6) 0/3994 (0) 0/3730 (0)

Diseases of the respiratory system (J00-J99) 1459/11912 (12.2) 1133/3994 (28.4) 1142/3730 (30.6)

Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified (R00-R99) 844/11912 (7.1) 232/3994 (5.8) 208/3730 (5.6)

Diseases of the digestive system (K00-K94) 591/11912 (5.0) 241/3994 (6.0) 209/3730 (5.6)

Abbreviations: COVID-19 (coronavirus disease-2019); d/D where d is the number of secondary diagnoses identified with that code, and D is the number of total

secondary diagnoses for our study population; ED (emergency department); SD (standard deviation); �the implementation of the new code for COVID-19 (U07.1) took

place in July 2020.

https://doi.org/10.1371/journal.pone.0280940.t001
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and 91.4% (n/N = 606/667) in the third wave. In addition, during the three outbreak waves,

other treatments like heparin, cephalosporins, or anilids were broadly administered to hospi-

talized patients (details of treatments for the different waves are presented in S5 Table).

Cost analysis for patients not admitted to the ICU (only treated in the general ward).

The mean ± SD LOS for patients who were not admitted to the ICU was similar among out-

break waves: 9.6 ± 6.6 days for the first, 9.7 ± 6.2 days for the second, and 9.0 ± 5.7 days for the

third wave. The mean ± SD costs per hospitalized patient amounted to €9895.3 ± €7672.1 for

the first wave, €10 196.1 ± €7237.2 for the second, and were slightly lower €9364.5 ± €6321.1

for the third wave. However, when estimated per day, results obtained among waves were com-

parable: €1050.0 ± €438.5 for the first, €1068.0 ± €342.6 for the second and €1088.6 ± €472.2

for the third wave. Among total costs per patient, hospital LOS incurred the highest cost per-

centage across outbreak waves and represented approximately 75% of costs, followed by hospi-

tal procedures, accounting for 15%, and pharmacological costs, representing around 7% to 9%

of total hospital costs (See details in Table 2 for patients who were not admitted to the ICU).

When total costs per patient were stratified by age groups, they showed a growing trend

with older age: the highest costs were observed in patients over 80 (from €10 416.5 to €13

093.3 in the third and second waves, respectively), whereas the lowest corresponded to pediat-

ric patients (from €2102.1 to €4350.0 in the second and third waves, respectively). In addition,

mean LOS went from 2.3 to 4 days for pediatric patients (< 12 years) and 10.4 to 12.8 days in

patients over 80 (Fig 3A. For patients who were not admitted to the ICU). As a result of the

GLM model for non-ICU patients, it was found that age and length of stay significantly

increased the total cost per patient by 0.06% (95% CI 0.007%-0.11%) and 11.57% (95% CI

11.32%-11.82%) per unit respectively.

However, this trend was not maintained when estimating mean healthcare costs per patient

and day, with a mean cost of approximately €1000 for all age groups and waves (Fig 4A. For

patients who were not admitted to the ICU). S6 Table shows mean costs per patient and wave

stratified by age and by type of healthcare costs for patients who were not admitted to the ICU.

Cost analysis for patients admitted to the ICU (treated in the ICU at some point of the

inpatient hospital stay). The mean ± SD LOS for patients who were admitted to the ICU

was 26.7 ± 21.6 days for the first, 31.0 ± 26.3 days for the second, and 15.7 ± 8.2 days for the

third wave. This represents a difference of approximately nine days between the first two

waves and the third wave. Likewise, the mean ± SD cost per hospitalized patient amounted to

€77 899,4 ± €63 004.8 and €81 332.5 ± €63 725.8 for the first and second waves, respectively,

but decreased to €36 952.1 ± €24 809.2 for the third wave. However, the difference in cost

between the first two waves and the third were not as remarkable when estimated per day, in

which case they amounted to €3299.4 € ± €3263.6 and €3072.4 ± €2161.0 for the first and sec-

ond waves, respectively, and €2972.4 ± €3117.9 for the third.

The hospital LOS incurred the largest percentage of costs across outbreak waves and repre-

sented around half of the total costs, followed by hospital procedures accounting for more

than 30% of costs, and pharmacological costs accounting for 6% to 12% of total hospital costs

(See details in Table 2 for patients who were admitted to the ICU). Likewise, mean healthcare

costs per patient also increased with age. However, they reached their highest value in patients

aged 60 to 79 (exceeding €100 000 per patient) but decreased by about two thirds for those

over 80 (€35 928.9). Mean LOS followed the same pattern with a peak in the second wave for

patients aged 60 to 79 (mean LOS over 35 days) and declined by 50% for patients over 80 years

of age (mean of 16.1 days) (Fig 3B. For patients who were admitted to the ICU). GLM model

showed that the third wave vs first wave, as well as sex (female vs male), had a significant

impact on the total cost per patient decreasing it with respect to the baseline category by

19.58% (95% CI 5.74%-31.38%) and 12.97% (95% CI 0.47%-23.90%) respectively. On the other
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Fig 3. Mean costs and LOS per patient associated with COVID-19 hospitalization in the different outbreak waves stratified by the vaccination age bands for

patients who were not (A) and who were (B) admitted to the ICU. Abbreviations: ICU (intensive care unit); LOS (length of stay). Costs are estimated as

unadjusted means.

https://doi.org/10.1371/journal.pone.0280940.g003

Fig 4. Mean costs per patient and day associated with COVID-19 hospitalization in the different outbreak waves stratified by the vaccination age bands for

patients who were not (A) and who were (B) admitted to the ICU. Abbreviations: ICU (intensive care unit). Costs are estimated as unadjusted means.

https://doi.org/10.1371/journal.pone.0280940.g004
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hand, in this group, the length of stay significantly increased the total cost per patient by 3.48%

(95% CI 3.05%-3.90%) per unit.

When estimating the mean cost per patient and day, differences among age groups were

reduced and varied across waves from €1691 to €4013 for patients over 40 (Fig 4B. For

patients admitted to the ICU). S7 Table shows mean costs per patient and wave stratified by

the age and by the type of healthcare costs for patients who were admitted to the ICU.

Sensitivity analysis with two alternative scenarios

Results from the sensitivity analysis were consistent across the populations evaluated, outbreak

waves and age groups: the analysis with the scenario including the minimum individual costs

from laboratory tests and hospital stay resulted in lower mean costs; whereas the scenario with

the maximum costs generated higher mean costs across all the subgroups evaluated. (See the

details of sensitivity results in S1 Text and S8 Table).

Discussion

We have described the use of healthcare resources and costs in a cohort of hospitalized

COVID-19 patients in Spain and reported trends across the different outbreak waves during

the first year of the pandemic. We retrieved the data from the HM Hospitals consortium’s cen-

tralized database: “COVID Data Saves Lives”. This database registered data on the COVID-19

patients who were attended in any of these private hospitals across different Spanish regions

during the main peaks of infection in Spain: from February 2020 until the mass vaccination

campaigns at the beginning of 2021 [20].

Most patients in our study received care exclusively in the hospital ward (about 90%); for

this population, the resulting costs per patient were similar across outbreak waves (from a

mean ± SD of €9364.5 ± €6321.1 in the third wave to €10 196.1 ± €7237.2 in the second). In

addition, our mean values were within those obtained in other countries: €1877.5 to €14 232.8

per hospitalized patient [14–18] but lower than that reported for a Spanish cohort by Carrera-

Hueso et al. [19] including patients who were not admitted to the ICU (€50 132). In the afore-

mentioned study, higher costs were attributed to a longer mean LOS than that observed in our

study (mean of 44.1 days vs 9 days in our study). Additionally, unlike ours, their analysis

included other direct medical costs such as medical visits and nursing hours, which may also

have contributed to the higher per-patient costs.

In our study, patients who required intensive care at some point of their hospital stay repre-

sented around 10% of our study population. As expected, they incurred considerably higher

costs than those who were not admitted to the ICU—costs per hospitalized patient were up to

eight-fold higher in this population. Furthermore, the increase in costs was linked to a consid-

erably longer LOS, up to three times longer than for patients not admitted to the ICU. In

agreement with our findings, prior research found a considerable difference between the

group of patients requiring ICU admission and those that did not require intensive care. In

this respect, the average costs were between 4 [19, 30] and 6 times [16] higher in patients

requiring ICU admission than in those who did not. Another noteworthy point regarding

patients requiring intensive care was that their mean LOS, and consequently mean costs,

decreased by approximately half in the third wave. This decline in LOS in the third wave might

be due to various factors. On the one hand, the improvement in the management of critical

patients during the first months of the pandemic led to faster patient recovery. And, on the

other hand, the introduction of rapid antigen diagnostic tests in the third wave, which allowed

early detection and treatment of critical COVID-19 patients [31] and, therefore, contributed

to an earlier discharge from hospital.
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We should also point out that mean costs per patient and per day in our study cohort did

not differ substantially between the outbreak waves and were similar to those obtained in

another analysis conducted at a private hospital in Spain, where mean costs per patient and

per day were €875.6 for general ward stay, and €2486.2 for ICU stay [32].

However, although the costs were similar among the waves in our study, the use of some

hospital resources changed dramatically; for example, the percentage of patients who under-

went an ED procedure decreased by approximately 64% in the third wave compared to the

first and second waves (from 75.8% in the first, 74.1% in the second to 27.0% in the third

wave). Also, the mean number of laboratory tests per patient declined greatly after the first

wave (from a mean of 129 tests per patient in the first to 3.6 in the second and 3.8 in the third

wave). This substantial decrease in certain procedures might also be attributed to the continu-

ous learning process during the first months of the pandemic and the rapid adoption of clinical

guidelines for COVID-19 patient management [33–35]. The fact that the total costs per patient

were not affected by this decrease might be because laboratory tests only represented a small

percentage of the total healthcare costs in our study (i.e., 2.4% for patients not admitted to the

ICU and 2.5% for those admitted to the ICU in the first wave), with hospital admission repre-

senting the largest share of the costs.

In addition, the treatments administered to patients differed drastically between the first

wave and the other two. In this respect, during the first wave, most patients in our sample were

treated with aminoquinolines and antivirals, whereas in the second and third waves, patients

were treated mainly with corticosteroids. This shift in treatment type in favor of corticoste-

roids was also found in other studies in Spain [9, 10, 36, 37] and other settings [38] and might

also reflect the rapid incorporation of clinical evidence generated during this short period [35].

Another interesting observation was that mean costs per COVID-19 patient and, especially,

the LOS increased with age in our study cohort. Mean LOS increased approximately four-fold

for the population over 80 compared to pediatric patients (< 12 years) (from a mean of 2.3 to

4.0 days per patient < 12 years to a mean of 10.4 to 12.8 days for patients >80). The relation-

ship between age and hospital costs has been observed in previous studies, reporting older age

as one of the major drivers of costs and hospital LOS [14, 30]. The results of the regression

model confirm that length of stay is one of the main factors influencing cost in both ICU and

non-ICU populations of our study sample. In the non-ICU population, age was also an impor-

tant driver. The fact that older patients incurred higher costs and LOS than younger ones can

be explained, as older patients are more likely to suffer certain comorbidities such as hyperten-

sion, diabetes, or cardiovascular diseases, which increase the risk of severe disease [39]. This

relationship between older patients with comorbidities was also observed in our study, where

the number of secondary diagnoses, such as circulatory systemic or endocrine diseases,

increased with the patient’s age. Furthermore, older patients suffer from declining immunity,

making them more vulnerable to developing severe or critical COVID-19 [40]. Both comor-

bidities and diminished immunity increase the need for admission to intensive care and longer

LOS, thus considerably raising healthcare costs [14, 30].

Nonetheless, the fact that older patients might be more prone to developing severe or criti-

cal COVID-19 does not always involve higher hospital costs. In fact, among the patients admit-

ted to the ICU in our study, patients over 80 incurred lower mean costs and LOS per patient

than the 50- to 79-year-old age groups. A cost analysis by Tsai et al. [15] observed that,

although patients aged 75 or older were more likely to be hospitalized, their hospitalizations

involved lower costs than younger patients. The authors hypothesized that lower costs in older

patients might be attributed to worse prognosis and higher mortality rates, resulting in shorter

inpatient stays.

PLOS ONE Costs of hospitalized COVID-19 patients across three pandemic-outbreak waves in Spain. EPICOV study

PLOS ONE | https://doi.org/10.1371/journal.pone.0280940 January 25, 2023 12 / 17

https://doi.org/10.1371/journal.pone.0280940


Limitations

Our cost analysis has some limitations that should be mentioned. First, the data were extracted

from the HM Hospitals database, which agglutinated data from a consortium of private hospi-

tals in Spain. Furthermore, this sample of hospitals represented 2.2% of Spanish hospitals [41].

In that respect, the study population might not accurately represent the population attended in

the Spanish healthcare system. Nonetheless, we consider that our results could be reasonably

representative of the Spanish healthcare system at the population and cost-analysis level. At

the population level, unlike other studies that represented only one area or autonomous region

[9, 10, 19, 42], our database included data from COVID-19 patients in 17 hospital catchment

areas across four regions in Spain (Autonomous Community of Madrid, Castilla and Leon,

Catalonia, and Galicia), covering an extensive and diverse demographic population. In addi-

tion to the extensive geographic area, HM Hospitals put their facilities at the public adminis-

tration’s disposal and absorbed COVID-19 patients from public hospitals during the

outbreaks, treating more than 40,000 COVID-19 patients during 2020 [43, 44]. We believe

that the main differences between the public and private hospitals prior to the pandemic may

be precisely in the length of stay, however, the average length of stay is highly dependent on

the pathology [45], which management was equally unknown in both settings. It is important

to note that previous studies carried out in Spain in public hospitals during the first wave

showed the average length of stay figures similar to those described in our study [46, 47]. At a

cost-analysis level, the unitary costs corresponding to procedures, laboratory tests or hospital

stays were obtained from official sources at a national level or from the different regions.

Therefore, we suggest that the costs obtained are an approximation of the actual costs of the

Spanish public healthcare system.

Secondly, data on the pharmacological treatments used were not available for the ICU

stays; consequently, costs for patients admitted to the ICU at some point of their stay might be

underestimated. Additionally, as we recorded pharmaceutical prices from official sources (sell-

ing price), we might have ignored the actual subsidized prices applied in public hospitals.

Thirdly, all the treatments and procedures during hospitalization were recorded regardless of

whether they were aimed at treating COVID-19 or not. Similarly, secondary diagnoses were

recorded regardless of whether they were comorbidities or symptoms and consequences of

COVID-19 itself. As a result, costs could have been overestimated for older patients or patients

with various comorbidities or more symptoms due to COVID-19. However, we believe our

results reflect the real impact of this disease, which affects older patients with different comor-

bidities the most. For this reason, we deemed it appropriate to consider all costs together, as

they better reflect patients’ health status and care needs. Finally, only healthcare costs related

to hospital admission and the use of medical resources were considered in the cost analysis,

whereas other costs such as those related to healthcare workers were not considered, thus we

could have underestimated the total costs. We also acknowledge that the non-inclusion of

other costs, such as those related to the loss of productivity might also underestimate the costs

in working-age patients, especially those aged between 40 and 60, who account for about one-

fourth of the population (from 23.6% to 28.2%).

Conclusions

This study describes the use of healthcare resources and costs in a cohort of hospitalized

COVID-19 patients over the course of the first year of the pandemic. Accordingly, our main

observation is that mean costs per hospitalization COVID-19 patient did not consistently dif-

fer across the three main outbreak waves in our sample, especially for those patients who were

not admitted to the ICU. However, longer LOS in patients admitted to the ICU (especially in
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the first two waves) and in older patients were the most important drivers of hospitalization

costs. Also, the use of resources changed across outbreak waves, with a decrease in hospital

procedures and laboratory tests, and an increase in the use of corticosteroids, reflecting the

rapid incorporation of clinical evidence into routines during this short period.

In summary, our cost analysis provides robust data that could be useful to inform decision-

makers about how health systems were impacted across the different outbreak waves in the

first year of the COVID-19 pandemic.
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10. Soriano V, de Mendoza C, Gómez-Gallego F, Corral O, Barreiro P. Third wave of COVID-19 in Madrid,

Spain. Int J Infect Dis. 2021; 107:212–4.

11. Barandalla I, Alvarez C, Barreiro P, de Mendoza C, González-Crespo R, Soriano V. Impact of scaling
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