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Abstract
Purpose First detected in China in 2019, the novel coronavirus disease (COVID-19) has rapidly spread globally. Since then, 
healthcare systems are exposed to major challenges due to scarce personnel and financial resources. Therefore, this analysis 
intended to examine treatment costs of COVID-19 inpatients in a German single centre during the first pandemic wave in 
2020 from a healthcare payer perspective. Potential cost savings were assessed considering the administration of remdesivir 
according to the European Medicines Agency label.
Methods A retrospective medical-chart review was conducted on COVID-19 patients treated at University Hospital Cologne, 
Germany. Patients were clustered according to an eight-category ordinal scale reflecting different levels of supplemental 
oxygen. Potential cost savings due to the administration of remdesivir were retrospectively modelled based on a reduced 
length of stay, as shown in the Adaptive COVID-19 Treatment Trial.
Results 105 COVID-19 patients were identified. There was wide variability in the service data with median treatment costs 
from EUR 900 to EUR 53,000 per patient, depending on major diagnosis categories and clinical severity. No supplemental 
oxygen was needed in 40 patients (38.1%). Forty-three (41.0%) patients were treated in intensive-care units, and 30 (69.8%) 
received invasive ventilation. In our model, in-label administration of remdesivir would have resulted in costs savings of 
EUR 2100 per COVID-19 inpatient (excluding acquisition costs).
Conclusion We found that COVID-19 inpatients suffer from heterogeneous disease patterns with a variety of incurred 
G-DRG tariffs and treatment costs. Theoretically shown in the model, financial resources can be saved by the administration 
of remdesivir in eligible inpatients.
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Introduction

Since its initial detection in the end of 2019, the novel coro-
navirus disease (COVID-19) has rapidly spread and is chal-
lenging countries, residents, and healthcare systems world-
wide [1]. In Germany, Severe Acute Respiratory Syndrome 
Corona Virus type 2 (SARS-CoV-2) first emerged in late 
January 2020 [2]. Until now, only a few treatment options 
have shown positive effects on treating COVID-19 disease. 
Among antiviral treatments, currently no medication is fully 
approved and available for use in clinical routine; however, 
remdesivir was granted a conditional marketing authorisa-
tion by the European Medicines Agency (EMA) in July 2020 
[3]. Moreover, it is the only antiviral not advised against 
in the German S3 guideline.1 At the same time, however, 
remdesivir is not recommended for instance by the World 
Health Organisation [4–6]. As immunomodulatory treat-
ment approaches are considered as especially relevant for 
advanced, hyper-inflammatory states of disease, the admin-
istration of dexamethasone is suggested in severe cases of 
COVID-19 with oxygen need [4]. At the beginning of 2021, 
no further antiviral or immunomodulatory treatment meth-
ods are recommended outside of clinical trials in Germany.

The German federal government took multiple actions 
to handle the COVID-19 pandemic and especially to not 
overburden the healthcare system [7]. This was relevant, 
because healthcare resources, such as skilled medical staff 
and intensive-care capacities, were already scarce before 
the outbreak of COVID-19. Governmental actions included 
postponing or cancelling elective cases and increasing the 
number of intensive-care beds equipped for ventilation. 
According to the German Federal Audit Office, the afore-
mentioned financial subsidies summed up to approximately 
10.8 billion Euro in an underlying time period of 1 year 
which shows the enormous economic burden imposed by 
the COVID-19 pandemic [8]. Both actions were funded 
by the federal government with the intentions to disburden 
healthcare providers and to create spare capacities for the 
treatment of high-intensive COVID-19 cases [9, 10].

Taking an economic point of view, this analysis intends 
to help managing scarce financial healthcare resources dur-
ing the COVID-19 pandemic. To do so, the objective of this 
study is twofold: first, to evaluate treatment costs of a ter-
tiary care hospital incurred by COVID-19 patients during 
the first wave of the pandemic from a healthcare payer per-
spective; second, to assess the economic impact of admin-
istering remdesivir according to label.

Patients and methods

We analysed medical-chart data of real-life COVID-19 
inpatient treatment in the University Hospital Cologne from 
January 01, 2020 to September 30, 2020—herein defined as 
the first wave of the COVID-19 pandemic in Germany. The 
analysis was conducted from a healthcare payer perspective, 
including best-available treatment cost data. Treatment costs 
for healthcare payer were assumed to correspond the case 
reimbursement for hospitals according to G-DRG tariffs. 
As cost data were retrieved from the data warehouse of the 
University Hospital Cologne, transfer costs, i.e., sick pay, 
were not available and could thus not be evaluated [11, 12].

Selection of patients

To identify COVID-19 positive patients, we set specific 
data extraction parameters. As main inclusion criteria, we 
used the International Statistical Classification of Diseases 
(ICD)-10 code for COVID-19 disease U07.1!. The U07.1! 
code was established by the German Institute for Medi-
cal Documentation and Information (DIMDI) in 2020 as a 
so-called “secondary code” applicable for side diagnoses, 
which cannot be used alone but needs to be further speci-
fied through a main diagnosis [13]. The initial review in 
the controlling management system was complemented by a 
case-by-case data review in the hospital information system 
for all treatment-related clinical information. After complet-
ing the patient selection performed by the authors JJ and FK, 
the process has been individually repeated by another author 
(JF) to increase data validity and completeness. Participants 
of the Adaptive COVID-19 Treatment Trial (ACTT-1) (NCT 
Nr. 04280705)8 were excluded, as they might have received 
remdesivir within the context of the clinical trial. Patients 
without a valid German health insurance were excluded by 
the time of analysis to keep the cost data comparable.

Descriptive statistics were used to present demographic 
variables of patients such as gender and age. Moreover, num-
ber of subjects (absolute and relative amount), arithmetic 
mean, standard deviation, median, and the range indicating 
minimum and maximum values of a subject were determined 
using Microsoft Excel (MS 365 Business Standard).

Characterisation of patients

Two events were defined for patient characterisation and 
evaluation of the COVID-19 disease course: time of hospi-
talisation (baseline) and time of maximum disease severity 
(outcome). In accordance with the eight-category ordinal 
scale used in the ACTT-1, categories were described as: 
“Category 1–3”—not hospitalised or hospitalised not requir-
ing supplemental oxygen and no longer requiring ongoing 1 Systematically developed, published by a workgroup consisting of 

representatives of multiple German expert associations (AWMF).
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medical care; “Category 4”—hospitalised, not requiring 
supplemental oxygen but requiring ongoing medical care 
(related to COVID-19 or to other medical conditions); “Cat-
egory 5”—hospitalised, requiring any supplemental oxygen; 
“Category 6”—hospitalised, requiring non-invasive ventila-
tion or use of high-flow oxygen devices; “Category 7”—
hospitalised, receiving invasive mechanical ventilation or 
extracorporeal membrane oxygenation (ECMO); “Category 
8”—death [14].

At baseline, all patients were categorised according to 
the eight-category ordinal scale applied in the ACTT-1, 
including category 4 to category 7 which are relevant for 
inpatient treatment. As categories 1–3 cover the outpa-
tient treatment setting or hospitalised patients not requir-
ing COVID-19-related treatment, they reflected exclusive 
outcome categories in this study. Similarly, category 8 is 
merely an outcome category and further does not provide 
insight into the incurred resource consumption in the hospi-
tal as it consists of deceased patients [14]. Deceased patients 
were thus assigned to the outcome categories (4–7) which 
reflected their maximum disease severity based on their level 
of requiring supplemental oxygen during their hospital stay. 
To show the development of disease severity, the distribution 
of eventually deceased patients across baseline categories 
was evaluated.

G‑DRG and cost analysis

German diagnosis-related groups (G-DRG) tariff data, 
herein assumed as treatment costs, are composed of three 
different cost types: staff costs, material costs, and infra-
structure costs. Hospital’s overhead costs are thereby par-
tially included in the infrastructure costs. Cost types are fur-
ther differentiated by multiple cost centres [15]. Costs are 
proportionally factored and differ across tariffs. As no direct 
medical costs were available, G-DRG tariffs of the Univer-
sity Hospital Cologne were used as best-available proxy to 
allow a systematic evaluation. In this analysis, G-DRG code, 
length of hospital stay (LOS), case-mix index (CMI), major 
diagnosis category (MDC), and operation and procedure 
(OPS) codes were used as underlying parameters for this 
analysis. Total treatment costs per inpatient case were based 
on the federal base-rate of North Rhine-Westphalia (2020) 
of EUR 3654.19 [16]; potential discounts were not included; 
all cost data are expressed in Euro (EUR) year 2020 values 
as currency.

Impact of remdesivir on treatment costs: 
retrospective model

In the second part of the study, the impact of remdesivir 
on hospital resource consumption was used to assess the 
impact on costs. Thereby, we retrospectively modelled 

its administration during the first wave of the COVID-19 
pandemic in Germany according to the label. The label for 
the use of remdesivir includes adults and adolescents (age 
≥ 12 years and weight ≥ 40 kg) with pneumonia requiring 
supplemental oxygen (low- or high-flow oxygen or other 
non-invasive ventilation at the start of treatment) [3]. Trans-
ferred to the applied eight-category ordinal scale, this cor-
responded to baseline categories 5 and 6. To evaluate cost 
savings, we calculated the impact of the reduction of LOS 
due to remdesivir administration as shown in the ACTT-1 
for patients of category 5 (reduction of 2 LOS days) and cat-
egory 6 (reduction of 4.5 LOS days) [14]. Thereby, acquisi-
tion costs of remdesivir were not included in the analysis as 
healthcare providers were supplied with remdesivir free of 
charge due to the temporary exemption clause incorporated 
in the Medicinal Products Act—Civil Protection Excep-
tion Ordinance by the Federal Ministry of Health and the 
European funded Emergency Support Instrument of the 
European Commission during the observational period [17, 
18]. Therefore, acquisition costs were not considered as 
expenses of healthcare payers. Healthcare providers eligible 
to administer remdesivir were pre-selected by the Perma-
nent Working Group Competence and Treatment Centres for 
high consequence infectious diseases (STAKOB) [19]. We 
further assumed median time to recovery retrieved from the 
ACTT-1 to be equivalent with LOS.

Ethical considerations

Due to the retrospective study design and a pseudonymised 
documentation of underlying cost data, no ethical vote was 
needed. Moreover, accordign to Health Data Protection 
Act of North-Rhine Westphalia (GDSG NW), no patient 
informed consent was necessary for this study [20].

Results

Patient characteristics

116 patients with a confirmed and coded COVID-19 diag-
nosis were identified for the observational period at initial 
review of the medical-chart data. Of those, the case-by-case 
medical-chart review revealed three wrongly coded patients 
with encoding errors which were therefore excluded from 
further analyses. According to the pre-defined exclusion cri-
teria, ACTT-1 participants (n = 5) and patients with incom-
plete accounting data due to the lack of German health insur-
ance (n = 3) were also excluded. As shown in Fig. 1, the 
final cohort included 105 patients. Thereof, no patient was 
hospitalised more than once.

Patient characteristics are shown in Table 1. The median 
age was 60 years. Nearly 42% of the patients were female. 
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Most patients (81.0%) had a statutory health insurance. The 
median LOS was 9 days; however, hospitalisation duration 
ranged from 1 to 168 days. Similarly, the effective CMI, 
which is a value that demonstrates the case severity and 
resource consumption per case [21], had a median of 0.74 

and ranged from 0.14 to 53.42. Among 43 patients (41.0%) 
treated at the intensive-care unit (ICU), 30 patients (28.6% 
of total patient cohort; 69.8% of patients on ICU) received 
oxygen by invasive ventilation.

As shown in Fig. 2, 68 patients (64.8%) did not receive 
any type of supplemental oxygen at the time of hospitali-
sation (category 4). However, in 28 patients (41.2%) with 
category 4 at baseline, the COVID-19 disease severity 
increased, and oxygen was supplied in further course. Of 
category 5 patients at baseline (n = 15; 14.3%), four patients 
(3.8%) worsened to a higher category indicating increas-
ing oxygen need. All patients with category 6 (n = 2, 1.9%) 
or category 7 (n = 20; 19.0%) at baseline remained in their 
categories. For category 7, no switch to a more intense treat-
ment cluster was possible. Deceased patients (category 8: 
n = 22; 21.0%) were analysed according to the patients’ cat-
egory at the baseline. The mortality rate of the respective 
baseline categories ranged from 4.4% in category 4 to 60.0% 
in category 7. About 59% (n = 13) of the deceased patients 
received non-invasive ventilation, high-flow oxygen, inva-
sive mechanical ventilation, or ECMO (categories 6 and 7) 
at baseline, indicating a severe or critical course of disease.

In categories 4 to 7, 73 patients (69.5%) remained in 
their baseline categories during the entire hospital stay. The 
clinical status of 21 patients (20.0%) got worse by one cat-
egory, while four patients (3.8%) worsened by two catego-
ries on the ordinal scale. Seven patients (6.7%) “skipped” 

Fig. 1  Patient characteristics

Table 1  Patient characteristics

Patients 105
Age (in years)
 Median 60
 Mean (range) 57 (0–89)

Gender
 Female (%) 44 (41.9%)
 Male (%) 61 (58.1%)

Type of health insurance
 Private (%) 20 (19.0%)
 Statutory (%) 85 (81.0%)

Length of stay (in days)
 Median 9
 Mean (range) 16.4 (1–168)

Treatment at intensive-care unit (%) 43 (41.0%)
 Invasive ventilation (%) 30 (28.6%)

Effective case-mix index
 Median 0.74
 Mean (range) 3.35 (0.14–53.42)
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two categories and worsened by the maximum of three 
categories.

G‑DRG and cost analysis

Fifteen different MDC were identified demonstrating a 
wide range of resource consumption (Table 2). Thereof, 80 
patients (76.2%) were grouped to Pre-MDC ‘Care-Inten-
sive/Severe Cases’ (n = 25; 23.8%), MDC 04 ‘Diseases and 
Disorders of the Respiratory System’ (n = 46; 43.8%), and 
MDC 05 ‘Diseases and Disorders of the Circulatory System’ 
(n = 9; 8.6%).

Comparing all detected MDC, the longest median LOS 
was identified in Pre-MDC with 32 days (range 4–168 days). 
Furthermore, both the highest total treatment costs and the 
highest effective CMI were observed in Pre-MDC with EUR 
53,070.94 (range EUR 6620.20–EUR 348,861.16) and 8.69 
(range 1.04–53.42), respectively. Also, the median number 
of side diagnoses (7; range 1–46) and the median number 
of OPS codes (7; range 3–115) were both higher than in 
another MDC.

Forty-six patients were categorised in MDC 04 includ-
ing patients suffering from respiratory disorders in line 
with respiratory syndrome caused by the COVID-19 dis-
ease. Patients with MDC 04 had a median LOS of 8 days 
(range 1–56) with a median effective CMI of 0.57 (range 
0.17–7.75). This led to median total treatment costs of EUR 
3746.86 (range EUR 860.00–EUR 62,216.69). For MDC 04, 
the median number of side diagnoses was 1 (range 1–22), 
while the median number of OPS codes accounted for 3 
(range 1–19).

Retrospective modelling of remdesivir for COVID‑19 
inpatient treatment costs

According to the remdesivir label, patients of category 5 
(n = 15, 14.3%) and category 6 (n = 2, 1.9%) at the time of 
hospitalisation (baseline) were included in our hypothetical 
model. Our retrospective analysis was based on median time 
to recovery as shown in the ACTT-1, indicating for remdesi-
vir a reduced LOS of 2 days for patients of category 5 (7 vs. 
9 days in remdesivir vs. placebo) and 4.5 days for patients 
of category 6 (15 vs. 19.5 days in remdesivir vs. placebo) 
[14]. For plausibility, patients of baseline category 5 with 
an LOS ≤ 3 days (n = 3, 2.6%) were excluded from further 
calculations, resulting in a final patient cohort of 14 patients 
(category 5: n = 12 and category 6: n = 2).

For both patient clusters (categories 5 and 6), LOS find-
ings from ACTT-1 and total G-DRG costs were identified 
in the first part of this study. Based on this, the retrospective 
model theoretically calculated G-DRG costs per day. Con-
sidering the reduced LOS when administering remdesivir 
and assuming a linear resource consumption during the hos-
pital stay, we retrospectively modelled the costs use for both 
categories 5 and 6 (Table 3). Thereby, an average cost reduc-
tion for both categories of EUR 2087.25 per patient [exclud-
ing drug costs; standard deviation (SD): EUR 1510.20] was 
determined.

As shown in Fig. 3, cost reduction per patient was evalu-
ated by comparing treatment costs retrieved from real-life 
COVID-19 inpatients with retrospectively modelled costs 
under consideration of administering remdesivir. We illus-
tratively included G-DRG codes E77/S63 representing 

Fig. 2  Distribution of COVID-19 patients at baseline and at maximal disease severity grade according to eight-point ordinal scale
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Table 2  Performance and G-DRG costs’ analysis

Eff. CMI effective case-mix index, G-DRGs German diagnosis-related groups, HIV human immunodeficiency virus, LOS length of stay, MDC 
major diagnosis category, OPS operating and procedure

Major diagnosis 
category (MDC)

G-DRG codes Patients in n LOS median 
(range) in d

Eff. CMI median 
(range)

Side diagnoses 
median (range) 
in n

OPS codes 
median (range) 
in n

Total treatment 
costs median 
(range) in EUR

Pre-MDC: care-
intensive/severe 
cases

A07; A09; A11; 
A13; A15

25 32 (4–168) 8.69 (1.04–53.42) 7 (1–46) 18 (3–115) 53,070.94 
(6620.20–
348,861.16)

01-Diseases and 
disorders of the 
nervous system

B66; B77; B80 3 8 (2–23) 0.65 (0.28–1.39) 3 (1–11) 9 (1–11) 3503.32 (1428.90–
9727.33)

02-Diseases and 
disorders of the 
eye

C01; C63 2 3 (1–5) 0.51 (0.20–0.81) 2.5 (1–4) 3.5 (2–5) 2318.89 (938.69–
3699.09)

03-Diseases and 
disorders of the 
ear, nose, mouth 
and throat

D63 2 2 (2–2) 0.35 (0.35–0.35) 2 (2–2) 1 (1–1) 1627.32 (1627.32–
1627.32)

04-Diseases and 
disorders of 
the respiratory 
system

E36; E40; E71; 
E77; E79

46 8 (1–56) 0.57 (0.17–7.75) 1 (1–22) 3 (1–19) 3746.86 (860.00–
62,216.69)

05-Diseases and 
disorders of 
the circulatory 
system

F06; F43; F62; 
F67; F70; F71; 
F73; F75

9 4 (1–28) 0.64 (0.17–5.26) 2 (1–12) 3 (2–10) 3030.39 (822.39–
29,923.42)

06-Diseases and 
disorders of the 
digestive system

G67 1 9 0.51 1 3 3429.67

12-Diseases and 
disorders of the 
male reproduc-
tive system

M01; M04 2 6.5 (3–10) 1.63 (0.90–2.36) 2 (1–3) 4 (2–6) 6892.74 (3708.98–
10,076.50)

13-Diseases and 
disorders of the 
female repro-
ductive system

N01 1 2 2.36 1 4 9001.64

14-Pregnancy, 
childbirth and 
puerperium

O60; O65 3 1 (1–4) 0.36 (0.17–0.49) 4 (3–5) 1 (1–3) 1427.44 (890.32–
2316.48)

15-Newborn and 
other neonates 
(perinatal 
period)

P67 1 3 0.17 4 2 984.77

17-Hematological 
and solid neo-
plasms

R11; R60 3 21 (5–58) 2.19 (1.42–6.07) 5 (3–15) 12 (1–19) 10,634.35 
(8898.31–
84,812.24)

18A-HIV S01; S63 3 7 (5–15) 0.57 (0.43–0.74) 8 (1–9) 4 (1–8) 6732.83 (5777.61–
7355.97)

18B-Infectious 
and parasitic 
diseases

T63 3 5 (2–9) 0.34 (0.34–0.43) 8 (2–8) 2 (1–4) 2190.04 (1541.35–
2761.93)

23-Factors influ-
encing health 
status and other 
contacts with 
health services

Z65 1 1 0.20 1 2 922.63

Total value 105 1719 351.98 639 1011 1,976,177.83



197A cost of illness study of COVID‑19 patients and retrospective modelling of potential cost savings…

1 3

Table 3  Retrospective cost assessment of remdesivir inpatient treatment

G-DRGs German diagnosis-related groups, LOS length of stay, SD standard deviation

G-DRG code LOS in days Treatment costs in EUR Treatment costs per 
day in EUR

Cost savings due to admin-
istration of remdesivir in 
EUR

Baseline category 5 A09B 45 86,168.83 1914.86 3829.73
A09C 34 76,937.45 2262.87 4525.73
A13E 26 32,025.44 1231.75 2463.50
E77D 4 3010.95 752.74 1505.48
E79B 9 4597.02 510.78 1021.56
E79B 23 11,135.49 484.15 968.30
E79B 22 10,121.24 460.06 920.11
E79C 4 2060.92 515.23 1030.46
E79C 7 3000.51 428.64 857.29
E79C 7 3501.22 500.17 1000.35
E79C 8 3300.39 412.55 825.10
S63B 7 5777.61 825.37 1650.75

Baseline category 6 E77C 14 11,273.60 805.26 3623.66
E36Z 56 62,216.69 1111.01 4999.56
Mean (SD) 19 (± 16.34) 22,509.10 (± 29,873.15) 872.53 (± 578.68) 2087.25 (± 1510.20)

Fig. 3  Cost saving potential in exemplary G-DRG codes
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baseline category 5 and E77/E36 for baseline category 6. 
Thus, reduction of treatment costs ranged from 8.0% (E36 
in category 6) to 50.0% (E77 in category 5) of the total aver-
aged costs.

Discussion

We evaluated performed medical services and reimburse-
ment-related indicators of patients with different severities 
of their COVID-19 disease. Furthermore, we theoretically 
assessed the impact of administering remdesivir on treat-
ment costs by retrospectively modelling inpatient resource 
use.

Among the patient cohort, we found a wide range of 
both main diagnoses and G-DRG codes which were trig-
gered by various causes of different organ entities. In line 
with the current state of knowledge, it has been shown that 
COVID-19 manifests not only in lungs, but multiple organ 
systems leading to systemic hyperinflammation and to dif-
ferent disease courses and severities, accordingly [22–24]. 
Thus, a wide range of costs per patient from EUR 922.63 to 
EUR 53,070.94 (median) was observed. We found that 73 
patients (69.5%) remained in their clinical baseline category, 
40 of whom (54.8%) did not receive any supplemental oxy-
gen during their hospital stay. Yet, the clinical status of 32 
patients (30.5%) worsened to more severe stages, indicat-
ing the heterogeneous courses of COVID-19. Comparing 
our results with information provided by the Robert-Koch 
Institute (RKI-German federal institute under the adminis-
tration of the German Federal Ministry of Health), however, 
we found notable deviations. While we analysed 43 ICU 
patients (41.0%) of which 30 patients (69.8%) received inva-
sive ventilation, the RKI observed a relative distribution of 
14% (n = 3418) and 23% for both conditions, respectively 
[25]. Based on the retrospective model, we showed an aver-
age cost reduction of EUR 2087.25 per remdesivir eligible 
patient due to remdesivir. As these cost savings are based 
on the reduced hospitalisation time (by 2 and 4.5 days, in 
category 5 and 6 respectively), earlier hospital discharge 
could lead to a significant reduction of hospital´s occu-
pancy rates during the COVID-19 pandemic. Considering 
remdesivir costs (5-day treatment course), the model indi-
cated that the cost ratio between medication and treatment 
costs in Germany is almost balanced (remdesivir acquisi-
tion EUR 2070.00 [26, 27] vs. EUR 2087.25 LOS cost sav-
ings). As shown in the ACTT-1, targeted and early treatment 
with remdesivir may not only positively influence LOS but 
also may prevent costly progression rates to more severe 
states of disease (i.e., transfer to the ICU) for patients suf-
fering COVID-19 [14]. However, this effect was not further 
assessed within this study. Resource savings and capacity 
protection for nursing personnel, physicians, and medical 

infrastructure seem to be likely but demand further research. 
Moreover, the balance between medication and treatment 
costs in the international context may differ compared to 
this study due to country-specific regulations regarding the 
acquisition of remdesivir—for instance, remdesivir may be 
not or not fully reimbursed in international healthcare sys-
tems outside the European Union. It is therefore necessary to 
verify this study’s results applicable for the German health-
care system for other ones. Additionally, the aforementioned 
balance of medication and treatment costs may further be no 
longer current after the free-of-charge provision of remde-
sivir in Germany is expired. If not reimbursed through an 
additional fee of novel methods of diagnosis and treatment 
(NUB), remdesivir would technically be included in the 
G-DRG tariffs which probably do not cover the medication 
costs of a 5-day or 10-day treatment.

Methodological considerations

Although best practices for cost analysis were applied, this 
study has some limitations. The retrospective modelling 
of this study was mainly based on findings shown in the 
ACTT-1 [14]. Further literature such as the SOLIDARITY 
study by the World Health Organisation or the current liv-
ing guideline by the European Respiratory Society (ERS) 
does not recommend the use of remdesivir to COVID-19 
inpatients who do not require invasive mechanical ventila-
tion [6, 28]. The latter further conditionally recommends 
the use of remdesivir to COVID-19 inpatients who require 
invasive mechanical ventilation which implies a preceding 
assessment of patient-individual risks and benefits that may 
result from the administration of remdesivir. Both recom-
mendations were based on moderate quality of evidence 
[28]. Yet, the study at hand attempted to provide first pos-
sible economic effects of the administration of remdesivir 
in COVID-19 inpatients for healthcare payers. To make the 
retrospective modelling approach as accurate as possible, 
at this time, best-available data in form of actual G-DRG 
tariffs retrieved from real-life COVID-19 inpatients were 
taken as a basis. Nevertheless, additional large clinical trials 
are urgently needed: first, to further investigate clinical end-
points to confirm findings of ACTT-1 and second, to collect 
and analyse direct medical costs of the study population to 
cover health-economic effects [14, 28].

As the data basis of this study is extracted from the medi-
cal controlling system, the definite data validity is depend-
ent on certain external influences, i.e., the reimbursement 
catalogues. As treatment invoices of four patients (3.8% of 
the total cohort) were under recourse up to the time of evalu-
ation, the final total treatment costs for these patients were 
lacking. However, we have included the preliminary cost 
data based on the determined effective CMI. Thus, we were 
able to include cost data of every patient in the analyses. 
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Moreover, as the analysis is based on medical-chart data of 
the University Hospital Cologne, the underlying case sever-
ity (given by the CMI) might be higher compared to other 
German non-academic hospitals. However, the high level 
of bundled expertise within a tertiary care hospital allows 
the treatment of all COVID-19 patients, irrespective of case 
severity. Therefore, the data provide insights into as many 
courses of the COVID-19 disease in real life as possible.

The calculation of cost savings based on the retrospec-
tive resource modelling of remdesivir is explicitly related to 
the reduction of LOS. Reduction of LOS thereby reflected 
a surrogate to apply median time to recovery defined in the 
ACTT-1 as “either discharge from the hospital or hospi-
talisation for infection-control purposes only” to hospital 
controlling data retrieved from the real-life setting [14]. 
Moreover, lower and upper thresholds of the respective 
G-DRG codes were not considered in the calculations for 
two reasons: first, the calculation has solely modelled poten-
tial cost savings of remdesivir. Actual cost savings may vary 
due to differences in patient characteristics and in G-DRG 
codes, based on the underlying service-relevant parameters. 
Second, the simplicity of the model comes along with a high 
degree of comprehensibility, aiming at making findings 
transferable into broad clinical practice.

Conclusion

The main goal of this evaluation was to detect the economic 
burden from a healthcare payer perspective for inpatient 
COVID-19 treatment during the first pandemic wave in 
Germany. To our knowledge, this is the first cost of illness 
study considering treatment costs of real-life COVID-19 
inpatients in Germany. Our findings showed that the col-
lective of COVID-19 inpatients is characterised by a broad 
spectrum of both G-DRG codes and courses of disease. 
Findings of the retrospective model further carefully allow 
to conclude that innovative COVID-19 medications offer 
effective treatment options for patients. Thereby, hospital 
financial resources could be saved which therewith could 
represent an integral part of a comprehensive pandemic con-
trol strategy.

The integration of innovative medication, such as remde-
sivir, into clinical practice showed potential to support dis-
burdening the healthcare system. However, novel reimburse-
ment structures enabling efficient and accelerated access 
to such drugs are needed for promising innovations. This 
would majorly contribute to a rapid transfer and integration 
of innovation into clinical routine care and to a reduction in 
the system’s burden.

Furthermore, an optimised resource allocation leading 
to a greater level of efficiency would prevent a healthcare 
system damage during a pandemic. Thereby, the focus 

should be on the planning and coordination of the two 
most relevant resources: experienced medical staff and 
hospital capacities. Reducing LOS, remdesivir counter-
acts the high utilisation of both. These topics are closely 
interrelated and rely on both current infection rates and 
medium-term planning skills. Therefore, we encourage 
debating further approaches that may optimise resource 
use in times of scarce resources and stressed healthcare 
systems. We suggest combining different measures for 
future research including the health-economic data to 
disburden the healthcare system to fight the spread of 
COVID-19. Innovative treatment strategies, vaccination, 
infection-control rules, and social distancing are indispen-
sable to control the pandemic.
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