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Abstract   

 
 
Objectives: This study analyzed the costs associated with healthcare professionals’ care 
for patients with Severe Acute Respiratory Infections (SARI) due to COVID-19 at the 
Brasília University Hospital (HUB) during the Public Health Emergency (PHE). 
Methods: The Time-Driven Activity-Based Costing (TDABC) methodology was used to 
estimate costs based on the time and remuneration of shift-based and non-shift-based 
professionals, across wards and PHE phases. Sociodemographic and clinical data were 
extracted from electronic medical records, and a multivariate analysis was conducted to 
identify cost predictors. Results: The total cost of the 627 hospitalizations was 
R$10,391,881.31, with Phase 5 (July–December 2021) having the highest expenditures, 
accounting for over 50% of the total costs. The yellow ward (general ward) had the 
highest total costs (40.3%), followed by the red ward (intensive care unit with mechanical 
ventilation) and the orange ward (intensive care unit without mechanical ventilation). The 
median per-patient cost varied significantly between the wards. The red ward had the 
highest median cost (R$7,269.38; IQR R$2,849.77–15,310.70). Multivariate analysis 
identified age (0.6% cost increase per year), female (19% increase compared to males), 
patient origin (55.2% higher when referred from another hospital; 72.4% higher when 
transferred from another HUB sector), and length of stay (4.7–5.5% cost increase per 
additional day, depending on ward) as significant predictors of increased costs. 
Conclusions: This study reveals the complex and substantial costs associated with 
healthcare professionals' provision of hospital care for patients with COVID-19-related 
SARI during the PHE. 
Keywords: COVID-19; economic analysis; hospital costs.   
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INTRODUCTION 

The COVID-19 pandemic posed unprecedented challenges to health systems worldwide, 

revealing the need for rapid and well-organized responses to manage the health crisis (1). 

In Brazil, public health units within the Unified Health System (SUS) were primarily 

responsible for absorbing the increasing demand, particularly for severe cases requiring 

hospitalization and intensive care (1). In this context, tertiary SUS-affiliated teaching 

hospitals emerged as pivotal referral centers for managing patients with Severe Acute 

Respiratory Infections (SARI), playing a critical role in the pandemic response (2). 

In Brazil’s Federal District (DF), the COVID-19 public health emergency (PHE) 

pressured the private and public health systems. The public health network faced intense 

strain, serving both residents and patients coming from other states (3,4). The Brasília 

University Hospital (HUB) was one of the referral hospitals for severe COVID-19 cases 

(4). During the most critical periods, the HUB expanded its inpatient capacity, 

reorganized healthcare workflows, and mobilized teams to address the surge in SARI 

patients (3,4). These adaptations directly impacted operational costs, particularly those 

related to healthcare professionals essential for sustaining hospital care delivery. 

Among the various components involved in hospital care, the cost associated with 

healthcare professionals’ services emerged as one of the most significant. The workload, 

combined with the need for multidisciplinary teams working extended shifts, exacerbated 

the financial pressure on hospitals (5–7). In critical periods, especially during peak 

demand, healthcare services had to expand their teams and reallocate professionals, 

further escalating human resource costs (8–10). This scenario underscores the need to 

understand and quantify the costs related to the healthcare workforce as a central element 

of hospital management (11–13). 

In addition to the direct increase in expenditures, the COVID-19 pandemic highlighted 

the complexity of accurately estimating the costs associated with the healthcare 

workforce. Different categories of professionals, such as physicians, nurses, physical 

therapists, nutritionists, and mid-level technical staff, played distinct and indispensable 

roles in COVID-19 healthcare, resulting in significant variations in per-patient costs, 

especially in intensive care units (ICUs). These differences stemmed from workload, 

professional specialization, institutional and regional policies, and fluctuating demand 

(14,15). 
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Although costing methods are widely used to support resource allocation decisions, 

challenges remain in capturing the full scope of costs related to healthcare professionals 

in crisis, such as the COVID-19 PHE (16–18). Micro-costing methods, particularly 

bottom-up approaches, permit the identification of costs at the individual level, detailing 

the specific components of each professional category and their contribution to total costs 

(19,20). This methodological approach enables a more accurate estimation of the 

resources employed and allows for analyzing cost–related factors, such as workload, care 

complexity, and interprofessional variability (19–21). Furthermore, micro-costing 

provides valuable information by disaggregating cost items to identify the most expensive 

components and can potentially suggest cost optimization opportunities (20–22). 

Conversely, macro-costing methodological approaches provide a broader overview of 

costs and are useful for aggregated comparisons. However, they may not be detailed 

enough to guide specific decisions (20,21).  

In this context, the objective of this study was to estimate the costs associated with the 

healthcare professionals’ services for patients with COVID-19-related SARI in a public 

teaching hospital during the COVID-19 PHE. 

METHODS 

Study Type 

This study was nested within a clinical cohort at the Brasilia University Hospital (HUB) 

that investigated the effects of COVID-19-related SARI. The current study employed a 

bottom-up micro-costing analysis using the Time-Driven Activity-Based Costing 

(TDABC) methodology (23,24). TDABC measured human resources costs based on time 

spent at specific activities for non-shift-based healthcare workers, and on the working 

time of shift-based healthcare workers, while accounting for the hospital’s operational 

capacity across the Public Health Emergency (PHE) phases. 

Study Design  

The study was conducted at a tertiary teaching hospital that is SUS-affiliated and located 

in the central area of the Federal District, Brazil. The hospital is specialized in medium- 

and high-complexity care, and serves as a referral center for obstetric emergencies, 

transplants, radiotherapy, high-risk pregnancies, and elderly healthcare, among other 

high-complex services (25).  
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During the COVID-19 PHE, the hospital operated under the Federal District Health 

Department regulation, offering up to 223 general beds, of which 40 beds (20 ICU and 

20 wards) were allocated exclusively for COVID-19 patients during peak phases (25). 

Five distinct emergency phases were identified throughout 2020 and 2021, reflecting 

changes in care capacity and hospitalization flow: Phase 1 (March to September 2020), 

Phase 2 (October to December 2020), Phase 3 (January to February 2021), Phase 4 

(March to June 2021), and Phase 5 (July to December 2021).  

Study Population 

The study included hospitalized adults with a laboratory-confirmed COVID-19 and a 

SARI diagnosis. Patients without confirmatory testing (RT-PCR or negative IgM 

serology test) or without laboratory confirmation were excluded.  

The cohort was derived from the Hospital Epidemiological Surveillance database, which 

documents confirmed COVID-19 cases. Diagnostic confirmation was based on positive 

results of RT-PCR and/or IgM serology, as recorded in the electronic medical records. 

The presence of SARI was assessed by two hospital physicians, and members of the 

research team, who independently reviewed the medical records and validated them as a 

SARI case. Any discrepancies were resolved by consensus.  

Data Collection and Analysis  

The study adhered to the 8-steps TDABC framework proposed by Etges et al. (2019) 

(24), as outlined in Box 1. 
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Box 1 - Methodological approaches and study implementation steps 

Study steps Implementation details 

A1. Define the research question and 
the technologies or interventions to be 
assessed 

 The objective was to estimate the costs for 
healthcare workers associated with hospitalizations 
for SARI related to COVD-19 at HUB. 

A2. Map the processes: the care-
delivery value chain. 

Mapped patient care pathways from admission to 
discharge or death, identified PHE phases, and 
collected clinical and sociodemographic data. 

A3. Identify the main resources used in 
each activity and department 

 The determination of the average time per service 
was achieved through the conduction of interviews 
with professionals and the meticulous analysis of 
administrative records. 

A4. Estimate the total cost of each 
resource group and department 

Healthcare workers’ costs were calculated based on 
remuneration by professional category and workload. 

A5. Estimate the capacity of each 
resource and calculate the capacity 
cost rate (CCR‐$/h) 

CCR was derived from the professional’s hourly 
availability and the average time per activity. 

A6. Analyze time estimates for each 
resource used in an activity 

 The assessment of the average time required for 
each service was conducted through interviews with 
professionals and estimates of shift hours. 

A7. Calculate the total cost of patient 
care 

The total cost per patient was calculated by summing 
the costs of service across wards and hospitalization 
phases. 

A8. Perform cost data analysis Analyses were conducted to explore cost variability 
according to the pandemic phase and other key 
variables.  Subsequently, the results were compared 
with findings from studies previously published in 
the literature. 

 

The patient care pathway within the HUB hospitalization was mapped (Box 1, Step A2), 

detailing the possible trajectories of patients from admission (26). Following the 

confirmation of a positive diagnosis for SARS-CoV-2, patients were then subjected to a 

triage process that determined their placement in one of three designated wards, namely 

the yellow ward (general ward), the orange ward (intensive care unit without mechanical 

ventilation), or the red ward (intensive care unit with mechanical ventilation). The 

allocation to a particular ward was determined by the clinical severity of the patient's 

condition. As the patients' clinical conditions evolved, they were transferred between 

wards, discharged, or referred to external healthcare services. 

The definition of the study phases was based on an analysis of the HUB COVID-19 

contingency plans, which included bed allocation policies (opening and closing of beds), 

according to the emergency response phase (Box 1, Step A2).  

Clinical and sociodemographic data were collected from electronic medical records and 

the Hospital Epidemiological Surveillance database (Box 1, Step A2). For each patient, 
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the total length of stay, the period of stay in each ward, and the number of services 

provided by healthcare professionals were identified. 

To estimate costs, the TDABC method was applied to calculate the costs of activities 

performed by non-shift-based workers, who attended patients daily or as needed; and to 

calculate the activities of shift-based professionals working 24-hour shifts dedicated 

exclusively to COVID-19 patients. 

Regarding the allocation of healthcare workforce time, the average daily number of shift-

based professionals (physicians, nurses, and nursing technicians) per phase was obtained 

from the monthly schedules provided by the hospital. This approach enabled the 

identification of the number and category of professionals working each shift (Box 1, 

Step A3). These teams were dedicated exclusively to the care of patients with COVID-

19,  working 24-hour shifts.  

Healthcare professionals who were not part of the shift-based team (physical therapists, 

nutritionists, social workers, psychologists, occupational therapists, speech therapists, 

dentists, and specialists such as pulmonologists, nephrologists, cardiologists, 

neurosurgeons, psychiatrists, and geriatricians) divided their working time between 

caring for patients with COVID-19 and other hospital duties. To define the time spent 

with COVID-19 patients, the sector heads were interviewed to estimate the average time 

spent per patient per ward (Box 1, Step A3). For these professionals, the cost per minute 

was derived from contracted working hours (Box 1, Step A4). Thus, the cost of each 

service was calculated by multiplying the remuneration proportional to the minutes 

worked by the average time spent per service by each professional (Box 1, Steps A5 and 

A6) and the number of visits per patient (Box 1, Step A2). The formula used was as 

follows: 

$service = Remin x Tμ service x AtP 

 

$ service: Cost per Service 

Remin: Remuneration per minute (monthly salary ÷ monthly working minutes) 

Tμ service: Average time spent per service (minutes per professional)  

SciELO Preprints - Este documento é um preprint e sua situação atual está disponível em: https://doi.org/10.1590/SciELOPreprints.13588



   

 

   

 

AtP: Number of services per patient  

 

The cost of the shift-based healthcare team working in the COVID-19-designated wards 

was calculated based on three components: (i) the daily remuneration of the professionals 

(derived from monthly income and total number of hours worked per month), (ii) the 

average number of professionals per shift (stratified by phase and ward), and (iii) the 

number of beds available per day during each emergency phase and ward (Box 1, Steps 

A5 and A6). The formula used to calculate the cost per bed-day was: 

 

$bed = (Reday x QPP)/ (Qbeds) 

$bed: Cost per Bed 

Reday: Remuneration per day  

QPP: Average number of professionals per shift, considering the emergency phase and ward 

Qbeds: Available beds per day, considering the emergency phase 

The total cost per patient was calculated by multiplying the daily cost per bed by the 

patient’s length of stay (number of hospitalization days). To operationalize this 

calculation, the daily remuneration was derived by dividing each professional’s monthly 

salary divided by the number of monthly working hours. Then, this hourly rate was  scaled 

to a 24-hour period to reflect the full duration of the shift, considering the team’s 

availability and effort.  

All data were meticulously organized into a non-identifying database, where each patient 

was identified by a unique code. In this database, the service counts, individual services 

costs, length of ward-specific stay, and costs, considering each emergency phase, were 

recorded (Box 1, Step A7). The activity mapping, cost breakdown, and formula 

applications were rigorously documented to ensure the methodological transparency and 

reproducibility of the study. 

The data analysis was conducted using the software R (v. 4.4.1), Microsoft Excel 365, 

and the Statistical Package for the Social Sciences (SPSS® - v22.0). Descriptive statistics 
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were utilized to calculate the mean, median, standard deviation, and interquartile range 

(IQR) of total costs, as well as costs stratified by patient, emergency phase, and ward. 

Data normality was assessed using the Shapiro-Wilk test. For non-normal distributions, 

the median and interquartile range (IQR) were used. A comparative analysis of costs 

between phases and wards was performed to identify significant variations. Total cost per 

patient, cost per phase, and cost per ward were identified individually. Additionally, a 

direct comparison was made between the TDABC-derived professional care costs 

(medical professional care costs estimated in this study) and the results obtained using a 

macro-costing approach, which was based on Hospital Admission Authorizations (HAA, 

per its acronym in Portuguese) reimbursements for the same cohort patients. 

A multivariate analysis was conducted to assess the factors associated with total 

professional costs. A generalized linear model (GLM) with gamma distribution was 

employed to identify the association between predictor variables and the total 

professional cost, given the non-normal distribution of the dependent variable (total 

professional costs). Predictors included age, sex, patient origin (e.g., external referral, 

internal transfer), discharge reason (e.g., recovery, death), and ward-specific length of 

stay. The log link function was employed to estimate the model. The quality of the model 

fit was assessed using the Akaike Information Criterion (AIC). Collinearity among the 

variables was identified using correlation matrices. Only variables associated with total 

professional cost at p < 0.10 were retained in the final model, with statistical significance 

set at p < 0.05. The coefficients were presented in their exponential form (eβ) to facilitate 

interpretation. For categorical variables, eβ denotes the cost ratio between the category of 

interest and the reference. For continuous variables, eβ indicates the percentage cost 

change per unit increase in the variable analyzed (e.g., one additional day of 

hospitalization). 

Research ethics   

The study protocol was approved by the Research Ethics Committee of the School of 

Medicine at the University of Brasília (approval number 4.112.214). A Free and Informed 

Consent Form (FICF) was obtained from all included participants, ensuring 

comprehension of the study’s objectives and the participation terms. Hospital” 

surveillance professionals selected the study sample, with safeguards to protect sensitive 

data. Measures were implemented at every stage of the study to prevent the exposure of 

study participants. 
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RESULTS 

A total of 645 individuals hospitalized with COVID-19-related SARI were eligible for 

inclusion in the cohort, of which, 627 patients were included and had their medical record 

information collected for the present study.  Most patients were male (59%), with a 

median age of 61 years (IQR 50–72). Patients aged 50-69 years constituted the largest 

age group (45.5% of males and 41.8% of females). Regarding the origin of 

hospitalization,  most patients were referred from other hospitals (76.7%). The number of 

hospitalized patients varied across emergency phases and wards (Table 1). Overall, 56.6% 

(n = 355) of patients were admitted to the Yellow Ward (general care) at least once; 

however, when considering the phases independently, the Orange Ward (ICU without 

mechanical ventilation) recorded the highest number of hospitalized patients (n = 157) – 

in Phase 4.  With respect to clinical outcomes, the in-hospital fatality rate at the HUB was 

notably elevated (28.7%), and a single unauthorized discharge was documented (Table 

1). 

Table 1 – Distribution of Hospitalized Patients with Severe Acute Respiratory 

Syndrome due to COVID-19 According to Sociodemographic, Hospital, and Outcome 

Characteristics. University Hospital of Brasília (HUB), Brazil, May 2020 to January 

2022 +  

Characteristics n   %   Median IQR 

GENDER AND AGE RANGE   

Male 371 59.17 61 51-73 

0 to 19  -   -   -   -   

20 to 29  10 2.70 -   -   

30 to 39  30 8.09 -   -   

40 to 49  46 12.40 -   -   

50 to 59  82 22.10 -   -   

60 to 69  87 23.45 -   -   

70 to 79  66 17.79 -   -   

80 and more 50 13.48 -   -   

Female 256 40.99 60 48-72 

0 to 19  1 0.39 -   -   

20 to 29  13 5.08 -   -   

30 to 39  14 5.47 -   -   

40 to 49  39 15.23 -   -   

50 to 59  55 21.48 -   -   

60 to 69  52 20.31 -   -   

70 to 79  55 21.48 -   -   

80 and more  27 10.55 -   -   

AGE 627 -   61 50-72  
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ORIGIN 

Other hospital (external referral) 481 76.71 -   -   

Urgent Care Unit (UPA) 90 14.35 -   -   

University Hospital of Brasília (internal transfer) 56 8.93 -   -   

HOSPITALIZED PATIENTS BY EMERGENCY PHASE* 

Yellow Ward       

Phase 1 100 28.17 -   -   

Phase 2 39 10.99 -   -   

Phase 3 26 7.32 -   -   

Phase 4 123 34.65 -   -   

Phase 5 67 18.87 -   -   

Orange Ward     

Phase 1 47 16.79 -   -   

Phase 2 - ** -    

Phase 3 33 11.79 -   -   

Phase 4 157 56.07 -   -   

Phase 5 43 15.36 -   -   

Red Ward     

Phase 1 95 41.48 -   -   

Phase 2 15 6.55 -   -   

Phase 3 13 5.68 -   -   

Phase 4 64 27.95 -   -   

Phase 5 42 18.34 -   -   

OUTCOME     

Discharge 384 61.24 -   -   

Death 180 28.71 -   -   

Transfer 62 9.89 -   -   

Unauthorized discharge 1 0.16 -   -   

Yellow ward: general ward. Orange ward: intensive care unit (ICU), no mechanical ventilation. Red ward: ICU, 
with mechanical ventilation. Phase 1: March–September 2020; Phase 2: October–December 2020; Phase 3: 
January–February 2021; Phase 4: March–June 2021; Phase 5: July–December 2021. 

+ One patient was hospitalized in 2021, with discharge on January 27, 2022. 

* According to clinical evolution, patients were transferred between wards, and it was possible to pass through the 
same ward more than once. 

** No admissions recorded in this ward and phase. 

 

The total cost of the 9,192 hospitalization days was R$ 10,391,881.31, considering the 

aggregated value that integrates the three wards (Yellow, Orange, and Red) across all 

phases. The total cost of services provided by non-shift-based physicians (R$ 89,566.25) 

exceeded the cost of services provided by all other non-shift-based healthcare workers 

(R$ 60,412.96) (Table 2 and Appendix A). 
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The 355 patients hospitalized in the Yellow Ward accounted for 3,837 days of 

hospitalization at a total cost of R$ 4,189,673.76 - representing 40.3% of the overall costs. 

In this ward, the number of non-shift-based physician services (n = 1,403; cost of R$ 

19,627.97) was slightly higher than the total number of services provided by all other 

non–shift-based healthcare workers (n = 918; cost of R$ 19,079.17). The total cost of 

shift-based professional services, considering all hospitalization days, amounted to R$ 

4,150,966.62, with Phase 5 accounting for 47.8% (R$ 1,984,942.32) of this total (Table 

2 and Appendix A). 

With the smallest share of total costs (29.7% of the study’s overall total), the Orange 

Ward admitted 280 patients, totaling 2,536 hospitalization days, at a cost of R$ 

3,082,872.37; no admissions occurred during Phase 2. The Red Ward represented a 

similar proportion to the Orange Ward (30% of the overall total), with a cost of R$ 

3,118,801.18, despite admitting fewer patients (n = 228), totaling 2,819 hospitalization 

days. The total cost of non–shift-based physician services in the Red Ward was R$ 

49,638.60, and the cost of services provided by other non–shift-based healthcare workers 

was R$ 26,675.10 (Table 2 and Appendix A). 

The median costs per patient exhibited variability across different wards and their 

respective emergency phases. The Red Ward showed the highest median cost (R$ 

7,269.38; interquartile range [IQR]: R$ 2,849.77 to R$ 15,310.70), while the Orange 

Ward had the lowest (R$ 3,995.97; IQR: R$ 2,209.70 to R$ 8,013.12). Across emergency 

phases, Phase 5 of the Orange Ward recorded the highest median cost (R$ 30,570.58; 

IQR: R$ 18,250.44 to R$ 60,989.50), which is nine times higher than median cost of 

Phase 1 of the same ward (R$ 3,318.48; IQR: R$ 2,661.95 to R$ 7,352.71), which had 

the lowest median cost (Table 2). 
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Table 2 – Median Costs in Brazilian Reais by Hospital Ward and Emergency Response Phase University Hospital of Brasília, Brazil, May 2020 to January 2022+  

  Non–On-Call Team  On-Call Team        

Ward and Phases  

Cost of services by 

physicians (R$)   

[A]  

Cost of services by other 

professionals (R$)  

[B]  

Cost of services by 

physicians (R$)  

[C]  

Cost of services by other 

professionals (R$)   

[D]  

Total Cost (R$)  

[A+B+C+D]  

Median (R$)  IQR (R$)  

Yellow Ward                

Phase 1  5,442.11    8,086.78    581,189.34    165,363.90    760,082.13    5,560.53   2,601 - 9,444.38  

Phase 2  1,846.68    1,060.29    272,511.99    74,840.49    350,259.45    7,435.68   4,285.79 - 11,740.60  

Phase 3  1,343.04    1,331.78    369,467.46    91,448.10    463,590.38    15,929.20   10,557.81 - 19,814.90  

Phase 4  7,778.44    5,681.27    468,615.72    142,587.30    624,662.73    3,535.52   1,897.01 - 5,859.63  

Phase 5  3,217.70    2,919.05    1,513,617.60    471,324.72    1,991,079.07    21,270.69   9,122.12 - 42,554.55  

Total Yellow Ward   19,627.97    19,079.17    3,205,402.11    945,564.51    4,189,673.76    6,084.15   3,023.80 - 12,769.98  

Orange Ward                

Phase 1  5,274.72    4,631.19    186,757.50    53,137.50    249,800.91    3,318.48   2,661.95 - 7,352.71  

Phase 2*                

Phase 3  1,738.26    1,216.85    228,200.49    56,482.65    287,638.25    7,574.96   4,518.78 - 10,563.80  

Phase 4  9,330.66    6,017.66    452,351.40    138,172,48   605,872.22    2,781.48   1,358.50 - 4,510.49  

Phase 5  3,956.04    2,792.99    1,474,272.80    459,073.16    1,940,094.99    30,570.58   18,250.44 - 60,989.50  

Total Orange Ward   20,299.68    14,658.69    2,341,582.19    706,331.81    3,083,406.37    3,995.97   2,209.70 - 8,013.12  
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Red Ward                

Phase 1  22,996.82    15,342.92    629,995.30    179,962.16    848,297.20    7,623.49   2,813.31 - 12,546.77  

Phase 2  2,421.98    1,749.68    166,674.00    45,774.00    216,619.66    8,765.15   4,260.95 - 20,524.03  

Phase 3  1,822.48    1,452.26    144,889.20    35,862.00    184,025.94    15,383.90   3,076.32 - 18,481.46  

Phase 4  12,589.50    5,137.96    249,047.40    75,778.50    342,553.36    3,708.93   1,239.60 - 7,602.09  

Phase 5  9,807.82    2,992.28    1,154,885.60    359,619.32    1,527,305.02    21,487.08   6,888.89 - 42,110.57  

Total Red Ward  49,638.60    26,675.10    2,345,491.50    696,995.98    3,118,801.18   7,269.38   2,849.77 - 15,310.70  

TOTAL  89,566.25    60,412.96    7,892,475.80    2,348,180.64    10,391,881.31   8,091.95   3,977.46 - 18,210.48  

Yellow ward: general ward. Orange ward:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

Intensive care unit (ICU), no mechanical ventilation. Red ward: ICU, with mechanical ventilation. Phase 1: March–September 2020; Phase 2: October–December 2020; Phase 3: January–February 2021; Phase 4: March–

June 2021; Phase 5: July–December 2021.  

+ One patient was hospitalized in 2021, with discharge on January 27, 2022.  

* No admissions recorded in this ward and phase.  
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A direct comparison was feasible between the results of macro-costing published by 

Pereira et al. (26) and those of TDABC micro-costing (this study) for 95.2% of the 

patients (n = 597 of the 627 included in this study). The macro-costing approach, based 

on Hospital Admission Authorizations (HAA), yielded a total professional care cost by 

physicians of R$ 364,518.85 (median R$ 319.01; IQR: R$ 304.01–R$ 444.03) (26). In 

contrast, the TDABC micro-costing analysis, which accounted for both shift-based and 

non-shift-based professionals, estimated total cost at R$ 2,336,980.09 (median R$ 

1,866.18; IQR: R$ 881.54–R$ 4,156.18), for the same 597 patients.  The findings reveal 

that the costs ascertained through micro-costing were 6.4 times higher than those 

identified through macro-costing. 

The multivariate analysis revealed numerous statistically significant factors associated 

with increased total professional costs. Age demonstrated a positive correlation, with each 

additional year of patient age associated with a 0.6% increase in total cost (eβ = 1.006; 

95% CI: 1.002–1.009; p = 0.004).  Female patients incurred 19.0% higher costs compared 

to male patients (eβ = 1.190; 95% CI: 1.053–1.345; p = 0.005). As for the patient’s origin, 

referrals from external hospitals were associated with a 55.2% increase in costs (eβ = 

1.552; 95% CI: 1.310–1.839; p < 0.001), while transfers from other HUB departments 

showed a 72.4% increase (eβ = 1.724; 95% CI: 1.338–2.223; p < 0.001), compared to 

patients admitted from urgent care units (UPAs).  

The discharge reason was also a relevant factor. Transfers were associated with a 35.2% 

increase in costs (eβ = 1.352; 95% CI: 1.095–1.670; p = 0.005) compared to recoveries, 

while mortality showed no statistically significant difference in costs (eβ = 1.111; 95% 

CI: 0.950–1.298; p = 0.188). The length of stay was another pivotal factor in increasing 

costs: each additional hospitalization day increased costs by 4.7% in the Red Ward (eβ = 

1.047; 95% CI: 1.038–1.057; p < 0.001), 4.7% in the Orange Ward (eβ = 1.047; 95% CI: 

1.036–1.058; p < 0.001), and 5.5% in the Yellow Ward (eβ = 1.055; 95% CI: 1.046–

1.065; p < 0.001) (Table 3). 
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Table 3: Multivariate Analysis* of Total Costs, Based on Predictors: Age, Origin, Discharge Reason, and Length of Stay in Yellow, Orange, and 

Red Wards. 

Variable eβ
 95% CI  β 95% CI p 

Age 1.006 (1.002 - 1.009) 0.006 (0.002 - 0.009) 0.004 

Sex           

Male 1 - 0 . . 

Female 1.190 (1.053 – 1.345) 0.174 (0.052-0.296) 0.005 

Origen            

Urgent Care Unit (UPA)  1 - 0 - - 

Other hospital (external referral) 1.552 (1.310 - 1.839) 0.439 (0.270 - 0.609) <0.001 

University Hospital of Brasília (internal 

transfer) 
1.724 (1.338 - 2.223) 0.545 (0.291 - 0.799) 

<0.001 

OUTCOME           

Discharge 1   0     

Transfer 1.352 (1.095 - 1.670) 0.302 (0.091 - 0.513) 0.005 

Death 1.111 (0.950 - 1.298) 0.105 (-0.051 - 0.261) 0.188 

Length of stay – red ward 1.047 (1.038 - 1.057) 0.046 (0.038 - 0.055) <0.001 

Length of stay – orange ward 1.047 (1.036 - 1.058) 0.046 (0.035 - 0.057) <0.001 

Length of stay – yellow ward 1.055 (1.046 - 1.065) 0.054 (0.045 - 0.063) <0.001 

*β, regression coefficient; eβ, exponential of the regression coefficient (multiplicative effect relative to the reference category) 

Yellow ward: general ward. Orange ward: intensive care unit (ICU), no mechanical ventilation. Red ward: ICU, with mechanical ventilation. 
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DISCUSSION 

The results highlight the complexity of the costs associated with healthcare workers’ care 

during COVID-19-related SARI hospitalizations at HUB, emphasizing the influence of 

patient demographic characteristics (age, biological sex), clinical pathways (referral 

origin, length of stay), and care settings (ward type, pandemic phase). Our analysis 

identified pronounced cost variations according to the pandemic phase and the ward of 

hospitalization. 

The aggregated care costs across all three wards totaled R$10,391,881.31, encompassing 

863 hospitalizations and 9,192 hospitalization days. Phase 5 of the emergency was the 

costliest period, accounting for 52.6% of total costs, or R$5,458,479.08. The Yellow 

Ward (general care) had the highest cumulative costs (R$4,189,673.76), primarily due to 

its large number of patients (355 hospitalizations), especially in Phase 5, which had the 

highest costs (R$1,991,079.07) due to the peak daily cost of the shift-based team 

(R$3,035.08 per day). The total cost in the Orange Ward (ICU without mechanical 

ventilation) reached R$ 3,083,406.37, with the highest cost in Phase 5 (R$ 1,940,094.99). 

The Red Ward (ICU with mechanical ventilation), dedicated to the most critically ill 

patients, totaled R$ 3,118,801.18, of wish  Phase 5 representing R$ 1,527,305.02. 

The predominance of male hospitalized patients (59.17%) in our cohort aligns with global 

evidence from previous studies indicating the greater susceptibility of men and older 

adults to severe forms of the disease (27,28). However, this contrasts with the gender 

distribution of the general population of the Brazilian Federal District(52.3% women and 

47.7% men), suggesting sex-specific vulnerabilities (29). Potentially related factors 

include biological differences, such as hormonal and genetic influences on the immune 

response, and behavioral patterns, which include greater occupational exposure risks and 

lower preventive healthcare engagement among men) (27,30). Additionally, the observed 

fatality rate (28.71%) was aligned with the Federal District’s average (29.0%) and lower 

than the national average (32.1%), indicating the HUB’s capacity to maintain fatality rates 

within expected levels during the pandemic(31).  

During the surge of the Delta variant (phases 3 and 4), shortages of resources such as 

mechanical ventilation equipment and medicines were extensively documented as a 

challenge in pandemic studies, especially in settings with limited resources, such, as 

middle- and low-income countries (1). Although HUB avoided critical shortages, other 

hospitals within the referral hospital network were affected, which overburdened the 
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system and indirectly impacted HUB through patient transfers and resource 

redistribution. This likely increased the healthcare workload and complexity of care, as 

well as prolonged hospital stays, all of which contributed to elevated costs. Phase 4 

recorded the highest number of admissions in the Orange Ward (non-mechanically 

ventilated ICU) (56.07%), reflecting high demand for intermediate critical care and high 

ICU bed occupancy (Red Ward).  However, the highest professional-related costs per 

patient were observed in the Red Ward (median cost per patient of R$7,269.38), due to 

the high complexity of care and the greater amount of time professionals required for such 

cases. 

The multivariate analysis identified key factors associated with an increase in 

professional costs, including age, biological sex, patient origin, and length of stay. For 

each additional year of age, costs increased by 0.6%, which may be explained by greater 

clinical complexity and the need for prolonged care among older adults (32). Female 

patients incurred 19% higher costs than males, a disparity that may be tied to sex-based 

differences in comorbidities or care intensity for respiratory illnesses (27,30). Patient 

origin also influenced costs, with increases of 55.2% for those referred from other 

hospitals and 72.4% for those coming from other HUB departments compared to those 

referred from UPAs. This suggests that referred cases demand more time and complex 

care from healthcare and probably reflect the logistical and coordination challenges for 

transferred patients(33). 

Length of stay emerged as one of the primary cost drivers, with each additional day of 

hospitalization increasing professional costs by 4.7% to 5.5%, depending on ward-

specific care. This finding is consistent with studies that have identified prolonged stays 

as a key factor in the economic burden of managing patients with COVID-19 (34). Phase 

5, corresponding to the period from July to December 2021, had the highest costs, 

particularly in the Orange Ward (median of R$ 30,570.58). This reflects the heightened 

care complexity and professional time required during the Delta variant surge. This period 

was marked by high demand for hospitalizations and operational challenges within the 

hospital system (35). 

Phase 5 accounted for the highest total cost (R$ 5,458,479.08, with 152 hospitalizations), 

followed by Phase 1 (R$ 1,858,180.24, with 241 hospitalizations) and Phase 4 (R$ 

1,573,088.31, with 344 hospitalizations). The elevated cost in Phase 5 can be attributed 

to the reduction in bed availability, which raised the proportional cost per patient – with 
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professional remuneration and an average number of healthcare workers remaining 

constant, fixed personnel expenses were distributed across fewer patients, raising the 

proportional costs. In contrast, Phase 1 (the initial phase of the pandemic) and Phase 4 

(the Delta variant surge) faced significant system overload, with many patients and fewer 

professionals per patient. This challenging scenario, characterized by insufficient staff-

per-patient ratios, resource scarcity, ad-hoc operational adjustments and pressure on 

healthcare teams, heightened costs due to the intense demand, and the need for emergency 

resource allocation, which increased both the complexity and intensity of care (3,18). 

The TDABC method allowed for the accurate quantification of the costs associated with 

healthcare professionals’ time and remuneration. The results showed that the costs of 

medical services (R$89,566.25) exceeded the costs of services provided by other 

professionals (R$60,412.96). This disparity is consistent with prior studies showing that 

physicians’ costs represent a significant portion of hospital expenditures during the 

pandemic (36).  

The comparison between micro-costing and macro-costing (26) approaches revealed that 

the cost estimated by micro-costing was 6.4 times higher than that obtained through 

macro-costing, suggesting the greater accuracy of detailed methods in capturing the real-

world healthcare workforce services expenditures. In the macro-costing study, costs were 

calculated based on the values of procedures recorded in the Hospital Admission 

Authorization (HAA). However, this method omits important variables such as the actual 

time dedicated by professionals and the care variations in care intensity required by each 

patient (26).  

Although the HAA represents the federal government's disbursement for the cost of 

hospitalizations in the SUS, it does not fully reflect the real conditions of the health 

system - which also relies on state and municipal funding (37, 38). For this reason, the 

direct comparison between the amounts calculated by micro-costing and those obtained 

by macro-costing based on the HAA has limitations, possibly intensified in this study due 

to the high demand and the significant increase in costs during the COVID-19 crisis (38). 

Even so, this comparison offers valuable insights, especially in the debate on the 

underfunding of the SUS and the low values of HAAs. As Peixoto et al. point out, it is 

essential to develop and standardize micro-costing methodologies that estimate hospital 

costs more accurately, to support discussions on the need to update the values of 

HAA(37). 
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Despite the relevance of the findings, this study presents some limitations that should be 

considered. Its single-center design (HUB) inherently restricts the generalizability of 

results to other settings and realities, given that available resources, care dynamics, and 

public health conditions may vary significantly. Additionally, data collection may have 

been impacted by the conditions imposed by the pandemic, such as the high workload 

and the need to adapt to an emerging and rapidly evolving disease. It is possible that 

medical records did not fully capture all services provided by non–shift-based 

professionals due to the healthcare teams’ overload and the pressure to meet emergent 

demands.  These limitations underscore the need for a cautious interpretation of the results 

and reinforce the importance of conducting additional studies in diverse settings to 

validate the findings and strengthen their generalizability. 

CONCLUSIONS 

The findings underscore the multifactorial nature of hospital care costs during the public 

health emergency caused by SARS-CoV-2, emphasizing the influence of factors such as 

biological sex, age, patient origin, length of stay, and temporal cost fluctuations according 

to the pandemic phase. The findings of this study are constrained by the distinct 

operational context of HUB, a tertiary hospital affiliated with the SUS, which restricts the 

generalizability of the results. 

Nevertheless, they offer valuable insights into the economic burden of hospital care 

during health emergencies and provide a practical framework to guide strategic decisions 

on resource allocation and the planning of more effective responses in future crises. 

Further studies in diverse epidemiological and operational settings - including multicenter 

analyses - are needed to refine cost benchmarks, deepen understanding of these findings, 

and enhance their applicability in shaping strategies for the SUS and comparable 

healthcare systems worldwide. 
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Appendix. Table A - Detailed Costs by Ward, Emergency Phase, Professional Category, and Service Type, University Hospital of Brasília, 

Brazil, May 2020 to January 2022+ 

   Non–On-Call Team On-Call Team (24h)  

 
Pati

ents 

Hospita

lization 

Days 

Number 

of 

Services 

by 

Physicia

ns 

Cost of 

Services by 

Physicians 

(R$) 

Number 

of 

Services 

by Other 

Professio

nal 

Cost of 

Services by 

Other 

Professional

s (R$) 

Daily Cost 

of Services 

by 

Physicians 

(R$) 

Cost of 

Services by 

Physicians 

(R$) 

Daily Cost 

of Services 

by Other 

Professional

s (R$) 

Cost of 

Services by 

Other 

Professionals 

(R$) 

Total Cost (R$)  

Yellow Ward    

Phase 1 100 1167 389 5,442.11  349 8,086.78   141.70   165,363.90   498.02   581,189.34   760,082.13  

Phase 2 39 327 132 1,846.68  55 1,060.29   228.87   74,840.49   833.37   272,511.99   350,259.45  

Phase 3 26 306 96 1,343.04  70 1,331.78   298.85   91,448.10   1,207.41   369,467.46   463,590.38  

Phase 4 123 1,383 556 7,778.44  298 5,681.27  103.10  142,587.30  338.84  468,615.72  624,662.73  

Phase 5 67 654 230 3,217.70  146 2,919.05   720.68   471,324.72   2,314.40   1,513,617.60   1,991,079.0  

Total Yellow 

Ward 35 3837 1,403 19,627.97  918 19,079.17    945,564.51    3,205,402.11   4,189,673.7  

Orange Ward     

Phase 1 47 375 264 5,274.72  198 4,631.19   141.70   53,137.50   498.02   186,757.50   249,800.91  

Phase 2* - - - - - - -   -    -   -     -    

Phase 3 33 189 87 1,738.26  61 1,216.85   298.85   56,482.65   1,207.41   228,200.49   287,638.25  

Phase 4 157 1,335 467 9,330.66  309 6,017.66   103.10   137,638.50   338.84   452,351.40   605,338.22  

Phase 5 43 637 198 3,956.04  119 2,792.99   720.68   459,073.16   2,314.40   1,474,272.80   1,940,094.99 
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Total Orange 

Ward 280 2536 1,016 20,299.68  687 14,658.69    706,331.81    2,341,582.19  3,083,406.37  

Red Ward    

Phase 1 94 1,265 959 22,996.82  839 15,342.92   141.70   179,962.16   498.02   629,995.30   847,585.54  

Phase 2 15 200 101 2,421.98  87 1,749.68   228.87   45,774.00   833.37   166,674.00   216,619.66  

Phase 3 13 120 76 1,822.48  84 1,452.26   298.85   35,862.00   1,207.41   144,889.20   184,025.94  

Phase 4 64 735 525 12,589.50 243 5,137.96   103.10   75,778.50   338.84   249,047.40   342,553.36  

Phase 5 42 499 409 9,807.82  143 2,992.28   720.68   359,619.32   2,314.40   1,154,885.60   1,527,305.02 

Total Red 

Ward 228 2819 2070 49,638.60  1396 26,675.10    696,995.98    2,345,491.50   3,118,801.18  

Overall Total (All Wards)    

Phase 1 241   2,807   1,612   33,713.65   1,386   28,060.89   141.70   398,463.56   498.02   1,397,942.14   1,858,180.24 

Phase 2 54   527   233   4,268.66   142   2,809.97   228.87   120,614.49   833.37   439,185.99   566,879.11  

Phase 3 72   615   259   4,903.78   215   4,000.89   298.85   183,792.75   1,207.41   742,557.15   935,254.57  

Phase 4 344   3,453   1,548   29,698.60   850   16,836.89   103.10   356,538.28   338.84   1,170,014.52   1,573,088.31 

Phase 5 152   1,790   837   16,981.56   408   8,704.32   720.68   1,290,017.20  2,314.40   4,142,776.00   5,458,479.08 

TOTAL 86   9,192   4,489   89,566.25   3,001   60,412.96    2,348,180.64   7,892,475.80   10,391,881.31 

Yellow ward: general ward. Orange ward: intensive care unit (ICU), no mechanical ventilation. Red ward: ICU, with mechanical ventilation. Phase 

1: March–September 2020; Phase 2: October–December 2020; Phase 3: January–February 2021; Phase 4: March–June 2021; Phase 5: July–

December 2021. 

+ One patient was hospitalized in 2021, with discharge on January 27, 2022. 
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* No admissions recorded in this ward and phase. 

 

 

 

DECLARAÇÃO DE CONTRIBUIÇÃO DOS AUTORES (Credit authorship contribution statement) 
 
Ana Carolina Esteves da Silva Pereira: Conceptualization, Methodology, Formal analysis, Data Curation, Investigation, Writing - Original Draft; 
Luciana G. Gallo: Conceptualization, Methodology, Investigation, Writing - Original Draft; Ana Flávia de M. Oliveira: Conceptualization, 
Methodology, Investigation, Writing - Review & Editing; Maria Regina F. de Oliveira: Conceptualization, Methodology, Writing - Review & 
Editing, Project administration; Henry M. Peixoto: Conceptualization, Methodology, Formal analysis, Writing - Review & Editing, Project 
administration.  
 

DECLARAÇÃO DE CONFLITO DE INTERESSE (Conflicts of interest) 

All authors declare that they have no conflict of interest. 

 

DECLARAÇÃO DE DISPONIBILIDADE DE DADOS DE PESQUISA (Availability of data and material) 
The datasets generated and/or analyzed during the current study are not publicly available due to confidentiality restrictions but are available 
from the corresponding author on reasonable request. 
 
FUNDING 
This work was supported by the Ministry of Education (MEC)/ University of Brasilia (UnB)/ Faculty of Medicine (FM) - Integrated research and 
service actions to face the COVID-19 pandemic in the Federal District. 
 
 
ETHICAL APPROVAL 
The study protocol was approved by the Research Ethics Committee of the School of Medicine at the University of Brasília (approval number 
4.112.214). 

SciELO Preprints - Este documento é um preprint e sua situação atual está disponível em: https://doi.org/10.1590/SciELOPreprints.13588



 

 

 

 

SciELO Preprints - Este documento é um preprint e sua situação atual está disponível em: https://doi.org/10.1590/SciELOPreprints.13588



Este preprint foi submetido sob as seguintes condições: 

Os autores declaram que os necessários Termos de Consentimento Livre e Esclarecido de participantes ou
pacientes na pesquisa foram obtidos e estão descritos no manuscrito, quando aplicável.

Os autores declaram que a elaboração do manuscrito seguiu as normas éticas de comunicação científica.

Os autores declaram que estão cientes que são os únicos responsáveis pelo conteúdo do preprint e que o
depósito no SciELO Preprints não significa nenhum compromisso de parte do SciELO, exceto sua
preservação e disseminação.

Os autores declaram que os dados, aplicativos e outros conteúdos subjacentes ao manuscrito estão
referenciados.

O manuscrito depositado está no formato PDF.

Os autores declaram que a pesquisa que deu origem ao manuscrito seguiu as boas práticas éticas e que as
necessárias aprovações de comitês de ética de pesquisa, quando aplicável, estão descritas no manuscrito.

Os autores declaram que uma vez que um manuscrito é postado no servidor SciELO Preprints, o mesmo
só poderá ser retirado mediante pedido à Secretaria Editorial do SciELO Preprints, que afixará um aviso de
retratação no seu lugar.

Os autores concordam que o manuscrito aprovado será disponibilizado sob licença Creative Commons CC-
BY.

O autor submissor declara que as contribuições de todos os autores e declaração de conflito de interesses
estão incluídas de maneira explícita e em seções específicas do manuscrito.

Os autores declaram que o manuscrito não foi depositado e/ou disponibilizado previamente em outro
servidor de preprints ou publicado em um periódico.

Caso o manuscrito esteja em processo de avaliação ou sendo preparado para publicação mas ainda não
publicado por um periódico, os autores declaram que receberam autorização do periódico para realizar
este depósito.

O autor submissor declara que todos os autores do manuscrito concordam com a submissão ao SciELO
Preprints.

Powered by TCPDF (www.tcpdf.org)

https://creativecommons.org/licenses/by/4.0/deed.pt_BR
https://creativecommons.org/licenses/by/4.0/deed.pt_BR
http://www.tcpdf.org

