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Abstract
Background  The coronavirus disease 2019 (Covid-19) pandemic is a global public health problem. The Covid-19 
pandemic has had a substantial impact on the economy of developing countries, including Ethiopia.This study aimed 
to determine the hospitalisation costs of Covid-19 and the factors associated with the high cost of hospitalisation in 
South Central Ethiopia.

Methods  A retrospective cost analysis of Covid-19 patients hospitalised between July 2020 and July 2021 at Bokoji 
Hospital Covid-19 Treatment Centre was conducted using both the micro-costing and top-down approaches from 
the health system perspective. This analysis used cost data obtained from administrative reports, the financial reports 
of the treatment centre, procurement invoices and the Covid-19 standard treatment guidelines. The Student’s t-test, 
Mann-Whitney U test or Kruskal-Wallis test was employed to test the difference between sociodemographic and 
clinical factors when appropriate.To identify the determinants of cost drivers in the study population, a generalised 
linear model with gamma distribution and log link with a stepwise algorithm were used.

Results  A total of 692 Covid-19 patients were included in the costing analysis. In this study, the mean cost of 
Covid-19–infected patients with no symptoms was US$1,073.86, with mild symptoms US$1,100.74, with moderate 
symptoms US$1,394.74 and in severe–critically ill condition US$1,708.05.The overall mean cost was US$1,382.50(95% 
CI: 1,360.60–1,404.40) per treated episode.The highest mean cost was observed for personnel, accounting for 64.0% of 
the overall cost. Older age, pre-existing diseases, advanced disease severity at admission, admission to the intensive 
care unit, prolonged stay on treatment and intranasal oxygen support were strongly associated with higher costs.

Conclusions  This study found that the clinical management of Covid-19 patients incurred significant expenses to the 
health system. Factors such as older age, disease severity, presence of comorbidities, use of inhalation oxygen therapy 
and prolonged hospital stay were associated with higher hospitalisation costs.Therefore, the government should give 
priority to the elderly and those with comorbidities in the provision of vaccination to reduce the financial burden on 
health facilities and health systems in terms of resource utilisation.
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Introduction
Human coronaviruses were first identified in the mid-
1960s. They cause mild to moderate upperrespiratory 
tract illnesses [1, 2]. The novel coronavirus that causes 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV2) was identified in Wuhan, China in December 2019 
[3]. The World Health Organization (WHO) declared 
the SARS-CoV2 disease a global pandemic and public 
health emergency after it affected many countries [4]. 
Up to July 2021, globally, 183,198,019 confirmed cases 
were reported to WHO, with around 3,971,687 deaths 
[5]. Ethiopia reported its first Covid-19 case on 13 March 
2020 and had reported 162,954 cases and 2,394 deaths 
due to the pandemic through 1 July 2021 [6, 7].

The occurrence of the Covid-19 pandemic has had a 
substantial economic impact on the education, health, 
socioeconomic and tourism activities of many develop-
ing countries, including Ethiopia [8–10]. Thus, countries 
have implemented Covid-19 preventive measures such 
as school and university closures, obligatory quarantine 
and restriction of public mass gatherings during meet-
ings and religious festivals to decrease the spread of the 
virus [11–13]. In addition, countries have implemented 
the WHO preventive measure recommendations, such 
as maintaining physical distancing, wearing a face mask 
and promoting hand washing with soap or hand sanitiser 
in all service provision areas to reduce the burden of the 
pandemic [14, 15].

However, disparities in communities’ adherence and 
belief in the protectiveness of the preventive measures as 
a whole were a challenge to tackling Covid-19, which can 
exacerbate the spread of the pandemic [16]. This intro-
duced a multitude of challenges to healthcare systems 
and health institutions in many countries at all stages of 
the pandemic due to the surge of Covid-19 cases [17]. For 
instance, to confront the challenges of Covid-19, hospi-
tals and health institutions in the USA took heroic and 
unprecedented healthcare measures, such as testing and 
treating hundreds of thousands of people as outbreaks 
expanded across the nation, which required billions of 
dollars [8, 17, 18]. In addition, the healthcare responses, 
such as the quarantine system, treatment and emergency 
support for SARS-CoV-2 patients, facilities for infectious 
disease treatment and medical supplies to stop Covid-
19 infection were anticipated to cost about US$52  bil-
lion per four weeks in the USA [18, 19]. Additionally, a 
report from an Iranian hospital revealed that the hospi-
tal’s revenue declined by 9%, its costs increased by 70% 
and the hospital’s balance was reported to be −$607,143 
[20]. Furthermore, African economies were reduced by 
about 1.4% in gross domestic product (GDP) and faced 
a contraction of up to 7.8% due to the pandemic, which 
reduced the capacity of governments to extend the pub-
lic services necessary to respond to the crisis [9, 21]. 

Furthermore, poor healthcare systems, lack of skilled 
healthcare professionals, low awareness of disease con-
trol and prevention, scarce intensive care units (ICUs) 
and mechanical ventilators and a high prevalence of 
underlying diseases were challenges in controlling and 
preventing the pandemic in low- and middle-income 
countries, including Ethiopia [21–23].

Despite resource constraints, the Ethiopian govern-
ment established temporary Covid-19 treatment cen-
tres and quarantine centres and covered the costs of 
the Covid-19 pandemic response,such as mandatory 
quarantine, contact tracing, testing and the treatment of 
infected patients, by mobilising resources from domestic 
and international donors [11, 12]. However, the response 
to fight against a pandemic brings a substantial challenge 
due to the competition of health services for limited 
healthcare resources, as the government must provide 
other routine and essential health services for communi-
ties [23, 24].

Thus, understanding the hospitalisation costs of 
Covid-19 patients is essential to evaluating the eco-
nomic impact of the pandemic on healthcare, provid-
ing important information for preparedness against the 
pandemic,planning for future risks and improving knowl-
edge regarding the economic evaluation of global health 
emergencies. Since a significant number of patients with 
other health problems require healthcare services [24], 
an economic evaluation from the hospital’s perspective is 
also crucial to assess the economic impact of the Covid-
19 outbreak on the healthcare system [13].

Therefore, to inform health policy decision-making 
and resource mobilisation in Ethiopia, it is crucial to 
comprehend and quantify the direct economic impact of 
managing hospitalised Covid-19 patients. However, the 
few studies that identified the costs of treating Covid-19 
patients in Ethiopia have not assessed the determinants 
of hospitalisation costs.Therefore, we intended to deter-
mine the costs of Covid-19 hospitalisation and their 
determinants at Bokoji Hospital Covid-19 Treatment 
Centre, South Central Ethiopia.

Methods
Study setting, design and population
We conducted a facility-based retrospective cross-
sectional study in Bokoji Hospital Covid-19 Treatment 
Centre, which provided services for Covid-19 patients 
from 28 districts and two town administrations. The 
treatment centre is situated 175  km from Addis Ababa, 
the capital of Ethiopia, and 56  km from Asella, a zonal 
town. This treatment centre has a total of 100 beds, 10 of 
which are dedicated to ICU patients. To combat the rapid 
surge of cases in the Arsi zone, Bokoji Primary Hospi-
tal was established as a temporary treatment centre to 
treat Covid-19 patients, and it initiated services on July 
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1,2020. The treatment centreoperated under the Covid-
19 protocol for case management established by the 
Ethiopian Public Health Institute and Ministry of Health. 
Patients admitted to the centre with Covid-19 cases 
were discharged from treatment when they were cured 
or clinically improved according to the National Covid-
19 Treatment and Management Protocol. All Covid-19 
patients hospitalised at the treatment centre from July 
2020 through July 2021 were included in the study.

Data collection and analysis
We reviewed the medical records of hospitalised patients 
retrospectively, and relevant data were extracted and col-
lected by two BSc nurse professionals after a one-day 
training on the data abstraction form. Data abstraction 
forms were used to collect patient sociodemographic 
characteristics (age, sex and residence) and clini-
cal characteristics (status at admission, comorbidities, 
length of hospital stay, site of care, laboratory diagnos-
tics requested and type of treatment received) from the 
medical records. In addition, the resources consumed 
by each patient were identified and recorded using a 
Microsoft Excel 2010 spreadsheet. At Bokoji hospital 
Covid-19 treatment centre, all expenses related to Covid-
19 cases management were provided free of charge and 
covered by the treatment centre. Therefore, the hospital/
provider perspective was selected to determine the hos-
pitalization costs of Covid-19 case management. The 
healthcare resources data on the type of staff and their 
salaries, allowances and duty payments, overhead (fuel, 
water, electricity, catering services, etc.), non-medical 
capital equipment and supply costs were collected from 
the hospital finance department. Data on drugs, medical 
capital equipment and medical supplies consumed were 
identified from the pharmacy department, whereas data 
on laboratory tests and diagnostic tests (e.g. X-ray and 
ultrasound) were retrieved from their respective hospital 
departments.

The costing analysis was carried out from the hospi-
tal perspective using both top-down and micro-cost-
ing approaches to estimate the hospitalisation costs of 
Covid-19 case managements. Direct costs, such as drugs, 
laboratory tests, diagnostic examinations and blood 
components,were estimated by multiplying the unit price 
of the services by the number of resources consumed 
based on data sources available in the hospital/treat-
ment centre. Using a top-down costing methodology, the 
direct costs of medical supplies and personal protective 
equipment were allocated for each patient-day. To deter-
mine the total personnel costs, we summed the salary, 
allowances and duty time payments for all medical and 
non-medical staff. Then, the total personnel costs were 
apportioned by bed-day, resulting in daily personnel cost 
estimates for each disease severity. The costs of catering 

services were estimated using price data from the finance 
department multiplied by the length of stay(LOS) of each 
patient. For capital assets, we determined the equivalent 
annual costs using initial capital outlay over their life-
time. We used an expected lifetime of 30 years for build-
ings and 10 years for equipment. The capital costs were 
annualised using their respective useful lifetimes and a 
3% discount rate [25]. To calculate the costs of the build-
ing, we measured the total building area for the provi-
sion of services in the treatment centre and allocated on 
the basis of the proportional size of rooms dedicated to 
each disease category. In addition, the annualised capital 
equipment costs were apportioned by bed-day to each 
disease severity. Moreover, other overhead costs, such 
as laundry, cleaning, fuel, electricity and water, were also 
apportioned by bed-day, resulting in daily general cost 
estimates for each disease type. The costs were recorded 
in Ethiopian birr and converted into US dollars (US$) 
using an exchange rate of 1US$=35.28 birr. All the costs 
were adjusted for inflation using the consumer price 
index of the year 2020 as a base-year cost.

Statistical analyses were conducted using STATA ver-
sion 16 software. For continuous data, means with 
standard deviation(SD) or medians with Interquartile 
Range(IQR) were computed, whereas categorical vari-
ables were expressed as the number of cases and propor-
tions. To check the cost data distribution, we employed 
the Shapiro-Wilk test. We used the t-test, Mann-Whitney 
U and Kruskal-Wallis tests to compare the differences 
in costs between various sociodemographic and clinical 
variables of patients. The relationships between hospi-
talisation costs and potential contributing factors were 
investigated using a multiple linear regression model. To 
express the proportion of hospitalisation expenditures, 
we transformed the hospitalisation costs by the natural 
logarithm and exponentiated the partial coefficients of 
the linear regression scaled by the natural log. A p-value 
of 0.05 or less was considered statistically significant.

Results
Sociodemographic characteristics of patients
A total of 692 confirmed Covid-19 patients were 
hospitalised,and their mean age was 40 ± 11.69 years. The 
greatest proportion of patients (35.7%) were in the age 
group of 18–35 years, and 446 (64.5%) were male. More 
than three-fifths (63.1%) of the hospitalised cases were 
from urban areas. The largest proportion (229;33.1%) of 
the cases were severe, followed by mild cases (151; 21.8%) 
and moderate cases (147; 21.2%). More than half (52.3%) 
the hospitalised cases stayed 15 or more days in the treat-
ment centre, with a median LOS of 16 days (IQR: 10–23). 
About 27.7% of the respondents had comorbidities,and 
55.6% of the participants received intranasal oxygen sup-
plementation care (Table 1).
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Cost per case treated
The total cost of hospitalisation for 692 admissions was 
US$956,690.00. The average cost per treated case was 
US$1,382.50 (SD: US$293.45), and the overall daily cost 
was US$82.12. Staff salaries account for the highest mean 
cost (64.1%), followed by the capital cost, which accounts 
for 21.2% of the overall cost. Total mean costs for sup-
plies (masks, hand sanitiser, aprons, etc.) were US$41.99, 
accounting for 3.04% of the overall cost (Table 2).

Table  3 shows the factors that influence the hos-
pitalisation costs of Covid-19 cases. There is signifi-
cant variation in the total mean cost across various 
sociodemographic and clinical characteristics of hospi-
talised cases. Female patients are associated with a sig-
nificantly higher hospitalisation cost compared to males 
(US$1,406.53 versus US$1,369.25, respectively; p < .001). 
We found higher mean hospitalisation costs in patients 
older than 55 years than in younger cases (US$1,721.42 
versus US$1,154.67, respectively; p < .001). Cases with 
comorbidities had higher hospitalisation costs than cases 
without comorbidities(US$1,588.02 versus US$1,303.58, 
respectively;p < .001 ). In addition, patients who received 
intranasal oxygen care (p < .001), had severe disease 
(p < .001) and stayed for a long period on treatment 
(p < .001) were associated with higher mean hospitalisa-
tion costs (Table 3).

Table 1  Sociodemographic and clinical characteristics of 
participants admitted at Bokoji Hospital Covid-19 Treatment 
Centre in Ethiopia, 2021
Variables Categories Frequency 

(%)
Sex Female 246 (35.5)

Male 446 (64.5)
Age < 18years 176 (25.4)

18–35 years 247 (35.7)
36–54 years 164 (23.7)
≥ 55 years 105 (15.2)
Mean(SD) 40 (11.69)

Residence Rural 255 (36.9)
Urban 437 (63.1)

Status at admission Asymptomatic 138 (19.9)
Mild 151 (21.8)
Moderate 147 (21.3)
Severe 229 (33.1)
Critical 27 (3.9)

Comorbidity Yes 192 (27.8)
No 500 (72.2)

Place of admission Ward 625 (90.3)
ICU 27 (3.9)
Both 40 (5.8)

Intranasal oxygen supplementation Yes 385 (55.6)
No 307 (44.4)

Length of stay ≤ 15 days 330 (47.7)
> 15 days 363 (52.3)

Clinical outcome Cured 629 (90.9)
Died 63 (9.1)

Table 2  Average cost per treated case across different cost 
categories (2020 US$)
Cost categories Mean cost per 

patient
Medications $40.75
Laboratory & diagnostic examinations $6.28
Catering services $53.44
Personnel costs $885.56
Capital costs $292.58
Bed charges $38.18
Supplies $41.99
Utilities (water, electricity, fuel, etc.) $23.72
Total cost $1,382.50

Table 3  Comparison of sociodemographic and clinical data and 
mean hospitalisation costs (2020 US$)
Variable Average cost per 

case(US$)
P-
value

Total 1,382.50 (293.45)
Sex

Female 1,406.53 (299.89) 0.027
Male 1,369.25 (289.33)

Age
< 18 years 1,154.67 (159.74) < 0.001
18–35 years 1,329.65 (241.67)
36–54 years 1,489.62 (249.27)
≥ 55 years 1,721.42 (255.27)

Disease severity
Asymptomatic 1,073.86 (10.81) 0.001
Mild 1,100.74 (32.41)
Moderate 1,394.74 (54.98)
Severe 1,708.05 (160.91)

Residence
Rural 1,361.89 (272.66) 0.221
Urban 1,394.53 (304.59)

Comorbidity
No 1,303.58 (266.56) < 0.001
Yes 1,588.02 (259.12)

Place of admission
Ward 1,335.10 (251.27) < 0.001
ICU 2,127.36 (141.19)
Both 1,620.35 (155.49)

Intranasal oxygen used
No 1,103.44 (70.25) < 0.001
Yes 1,605.03 (197.79)

Length of hospital stay
≤ 15 days 1,176.43 (176.65) 0.001
> 15 days 1,570.36 (249.37)
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Factors associated with hospitalisation costs
As the distribution of the total hospitalisation cost was 
skewed, we log-transformed the cost data before running 
the linear regression model. We exponentiated the coef-
ficients of the total cost in the linear regression models 
to enable the interpretation of our findings (shown in 
Table  3). We found higher hospitalisation costs in ages 
18–35 years (14%), ages 36–54 years (17%) and ages ≥ 55 
years (25%) compared to ages under 18years.The costs 
of hospitalisation for cases with comorbidities were 25% 
higher than for those without underlying diseases. In 
addition, we found a 45% increase in hospitalisation costs 
among cases that received oxygen inhalation therapy 
over their counterparts. Furthermore, cases that were 
treated in both the ICU and the ward as well as in the 
ICU only were associated with increases of 23% and 62% 
in hospitalisation costs, respectively.The presence of signs 
of mild, moderate and severe symptoms during admis-
sion were associated with increases of 2%, 30% and 58% 
in hospitalisation costs, respectively. Moreover, cases 
hospitalised for 15–21 days and ≥ 22 days had 24% and 
54% higher hospitalisation costs than those who stayed 
for less than 15 days in the treatment centre (Table 4).

Discussion
In this study, we investigated the determinants of hos-
pitalisation costs of Covid-19 casesat Bokoji Hospital 
Covid-19 Treatment Centre in South Central Ethiopia.
The average hospitalisation cost was around US$1,382.50 
(95% CI: 1,360.60–1,404.40). This finding is lower 
than the mean cost identified in studies done in Bra-
zil (US$12,637.42) [26], Saudi Arabia(US$13,476) [27], 
the USA (US$24,826) [28],Portugal (€8,177) [29], Iran 
(US$3,755) [10] and Addis Ababa, Ethiopia (US$1,473) 
[30]. However, it is higher than findings of the stud-
ies done in China (US$1,177.81) [31] and Tehran, Iran 
(US$209.22) [32]. This may be due to differences in the 
method of quantifying, measuring and valuing costs 
as well as in disease severity status among hospitalised 
patients, which escalates the mean hospitalisation cost.

In the multivariate linear regression analysis, the fac-
tors that increased the hospitalisation cost were older 
age, presence of comorbidities, use of oxygen inhalation 
therapy, site of treatment, severe clinical conditions at 
admission andmore days of hospitalisation. We found 
older age was also independently associated with higher 
hospitalisation. This contradicts a report from Iran [33] 
but it is supported by reports from Brazil [26], the USA 
[34], China [31, 35] and Spain [36]. The higher cost in 
older cases was related to their higher risk of Covid-19 
infection, morbidity and the presence of underlying dis-
eases [37–40]. In addition, elderly patients have chronic 
illnesses that suppress their body’s immunity and are 
prone to develop a critical illness or even die [41, 42], 
which also increases their admission costs as a result 
of the need for advanced medical care to stabilise their 
condition.

In addition, we observed higher hospitalisation costs 
in cases treated with oxygen inhalation therapy as com-
pared to their counterparts. This finding is supported by 
the findings from studies done in Brazil [26] and the USA 
[34]. This can be explained by the fact that the majority 
of patients who utilise inhalation therapy are severe and 
critical cases [27, 43] requiring specialised medical ser-
vices to recover from the illness, which increases their 
hospitalisation cost. Comorbidities such as hypertension, 
diabetes, cardiovascular disease and respiratory disease 
were also independently associated with higher admis-
sion costs. This is in line with findings from studies con-
ducted in Brazil [26], the USA [28, 34], China [35] and 
Iran [33]. This may be related to the fact that cases with 
underlying disease have severe conditions, and clinical 
aggravation during hospitalisation [44] that need special-
ised healthcare in the treatment of such cases, which is 
resource intensive and increases hospitalisation costs.

Patients who were admitted to the ICU were more 
likely to have higher hospitalisation costs than Covid-
19–infected individuals who were admitted to the ward 

Table 4  Multivariate linear regression analysis for factors 
associated with Covid-19 cost of hospitalisation in Bokoji 
Hospital, Ethiopia, 2021
Variables Coefficient SE P-value Exp 

(β)
95% CI

Age (versus < 18 
years)

18–35 years 0.124 0.018 0.001 1.14 1.09–1.18
36–54 years 0.226 0.022 0.001 1.17 1.11–1.23
≥ 55 years 0.157 0.026 0.001 1.25 1.20–1.31

Sex (ref: female) −0.026 0.016 0.113 0.98 0.94–1.01
Residence (ref: 
rural)

0.021 0.017 0.215 1.02 0.99–1.06

Pre-existing disease 
(ref: no)

0.225 0.015 0.001 1.25 1.22–1.30

Intranasal oxygen 
use (ref: no)

0.369 0.008 0.001 1.45 1.42–1.47

Ward and ICU (ref: 
no)

0.206 0.030 0.001 1.23 1.16–1.30

ICU only (ref: no) 0.481 0.036 0.001 1.62 1.51–1.74
Mild (ref: 
asymptomatic)

0.024 0.007 0.001 1.02 1.01–1.04

Moderate (ref: mild) 0.261 0.008 0.001 1.30 1.27–1.32
Severe/critical (ref: 
mild)

0.460 0.006 0.001 1.58 1.56–1.61

15–21 days (ref: <14 
days)

0.217 0.012 0.001 1.24 1.21–1.27

≥ 22 days (ref: <14 
days)

0.434 0.016 0.001 1.54 1.49–1.60

Note: SE = standard error
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only. This finding is supported by the findings of studies 
conducted in the USA [34], Brazil [26] and Iran [32, 33]. 
In addition, patients with a prolonged LOS were more 
likely to have higher hospitalisation costs compared to 
Covid-19–infected individuals with a short LOS. The 
association between prolonged LOS, disease severity and 
pre-existing health conditions has been reported in pre-
vious studies [45–49]. Therefore, it is logical to assume 
that patients with prolonged LOS frequently have comor-
bidities, severe illness and complications. These factors 
raise the cost of hospitalisation by necessitating intensive 
care, expensive antiviral medications, inhalation oxygen 
therapy, non-invasive mechanical ventilation and more 
concentrated time from healthcare professionals.

Limitations of the study
To the best of our knowledge, this is the first study to 
evaluateCovid-19 hospitalisation costs and their deter-
minants in the Ethiopian setting. However, this study 
has several limitations. First, we conducted the study 
in a single facility, which may limit the generalisation of 
our results to other settings which have no similar set 
up. Second, we collected sociodemographic and clini-
cal information from medical records,but other factors 
that are not available in medical records and may influ-
ence hospitalisation costs may have been missed. Third, 
this costing analysis included costs only from the health-
care provider’s perspective and therefore does not also 
indicate the economic burden of disease on patients and 
societies.

Conclusions
According to this study, the average hospitalisation costs 
for Covid-19 are substantial. Factors such as older age, 
disease severity, presence of comorbidities, use of inhala-
tion oxygen therapy and prolonged hospital stay are asso-
ciated with higher hospitalisation costs. Therefore, the 
government should give priority to the elderly and those 
who have comorbidities in the provision of vaccination to 
reduce the financial burden on health facilities and health 
systems in terms of resource utilisation.
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