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Abstract

Aim Our aim was to investigate the risk factors associated with death from COVID-19 in four countries: The USA, Italy, Spain,
and Germany.

Subject and methods We used data from the Institute for Health Metrics and Evaluation with projection information from January—
August 2020. A multivariate analysis of logistic regression was performed. The following factors were analyzed (per day): number of
beds needed for the hospital services, number of intensive care units (ICU) beds required, number of ventilation devices, number of
both hospital and ICU admissions due to COVID-19. Nagelkerke’s R? coefficient of determination was used to evaluate the model’s
predictive ability. The quality of the model’s fit was assessed by the Hosmer—Lemeshow and the chi-square tests.

Results Among the evaluated countries, Italy presented greater need for ICU beds/day (< 98; OR =2315.122; CI 95% [334.767—
16,503.502]; p < 0.001) and daily ventilation devices (< 118; OR = 1784.168; C1 95% [250.217-12,721.995]; p < 0.001). It is expected
that both Italy and Spain have a higher ICU admission rate due to COVID-19 (n = 14/day). Spain will need more beds/day (< 357;
OR =146.838; CI1 95% [113.242-190.402]; p <0.001) and probably will have a higher number of daily hospital admissions (r =48/
day). All the above-mentioned factors have an important impact on patients’ mortality due to COVID-19 in all four countries.
Conclusions Further investments in hospitals’ infrastructure, as well as the development of innovative devices for patient’s
ventilation, are paramount to fight the pandemic in the USA, Italy, Spain, and Germany.
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Introduction

The present study was carried out on April 19, 2020, then all
the data used in this study refer to the period from the begin-
ning of the COVID-19 pandemic to the month of April of this
year. The World Health Organization recorded more than 4
million confirmed cases and 224 thousand deaths by the new
Coronavirus disease 2019 (COVID-19) in more than 208
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countries. The largest number of confirmed cases was report-
ed by the United States of America (USA) (n=1,060,572),
Spain (n=212,917), Italy (n=203,597), France (n =
128,442), and Germany (n=161,187) (Arabi et al. 2020;
WHO 2020a). The exponential increase in the number of in-
fected individuals, especially critically ill patients, is challeng-
ing public health systems worldwide. The infections caused
by the SARS-COV-2 virus can be asymptomatic or cause mild
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symptoms in the respiratory tract (e.g., dry cough, fever).
However, severe cases of the disease are characterized by
difficulty breathing and chest pain, usually requiring treat-
ment in intensive care units (ICU) (Chen et al. 2020; Huang
et al. 2020; RKI 2020; Rodriguez-Morales et al. 2020a;
Rodriguez-Morales et al. 2020b). Severe cases often occur
in patients over 50 years old, in whom mortality rates are
higher (Cascella et al. 2020; Chen et al. 2020; Huang et al.
2020; Lai et al. 2020). Unfortunately, mortality rates are not
always accurately assessed, as not all asymptomatic patients
or those with mild symptoms are completely recorded by the
healthcare systems. The calculation is usually based on in-
complete follow-up data (i.e., underestimation due to de-
layed deaths). Therefore, data comparisons between coun-
tries may be difficult due to differences in the populations
originally affected by the virus. For instance, the elderly
were primarily the most infected group in Italy, which was
not the scenario in Germany (Saglietto et al. 2020; Weiss
and Murdoch 2020).

Currently, COVID-19 mortality rates have ranged from
0.3% to 5.8%, being significantly higher compared to the
seasonal influenza (0.1%) (Anderson et al. 2020; Li et al.
2017; WHO 2020a; WHO 2020b; WHO 2020c). The reduc-
tion of these rates depends, among other things, on the capac-
ity and quality of services of the healthcare system of each
country (Miiller et al. 2020). In many countries, the amount of
mechanical ventilation and ICU beds available for the treat-
ment of critically ill patients is far from ideal. So far, no spe-
cific antiviral treatment or vaccine for COVID-19 exist (Chen
et al. 2020; Huang et al. 2020). The most favorable coping
strategy to deal with this infection has been prevention, aiming
at reducing community transmission of the virus. In the past
days, aggressive measures of social distance (isolation) in
China led to a progressive reduction in the number of cases
(Cascella et al. 2020).

Our aim was to investigate the predictors of COVID-19
mortality in some of the most affected countries (i.e., USA,
Italy, Spain, and Germany) including clinical and quality-of-
service indicators such as number of beds and ventilation de-
vices available, number of hospitalizations, and number of
patients attending ICU.

Methods
Study design and data collection

An epidemiological study was conducted using the
Coronavirus Projections Database from the Institute for
Health Metrics and Evaluation (IHME) of the University of
Washington (USA) (IHME 2020).

Data were projected from January 3 to August 4, 2020.
Only information from the USA, Italy, Spain, and Germany
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was evaluated. Data from other European countries have been
excluded. The number of required beds/day, number of re-
quired ICU beds/day, number of ventilation devices, number
of new hospital admissions/day, and number of new ICU
patients/day were considered as independent variables for pa-
tients affected by COVID-19. The dependent variable was
death by COVID-19, which was dichotomized into death or
life.

Statistical analyses

Quantitative data with normal distribution were presented as a
mean and 95% confidence interval (CI). The categorical
(qualitative) variables were presented as frequency. The eval-
uation of risk factors associated with mortality due to COVID-
19 was conducted using the multivariate model of logistic
regression. The quantification of the effect size of the mortal-
ity risk factors was performed using the odds ratio (OR) with a
95% CI. The model was built using hierarchical criteria based
on theoretical reasons. Nagelkerke’s R? coefficient of deter-
mination was used to evaluate the model’s predictive ability.
The quality of the model’s fit was assessed by the Hosmer—
Lemeshow and chi-square tests. Statistical analyses were per-
formed using SPSS Software version 20 (Chicago, USA). A
level of significance of p <0.05 was considered statistically
significant.

Results

In the USA, the estimated number of beds in hospitals was
174 beds/day (CI 95%, 1.04-3.85), while in Italy, Spain, and
Germany the numbers were 347 beds/day (CI 95%, 3.07—
4.22), 357 beds/day (CI 95%, 2.96-4.93), and 96 beds/day
(CI 95%, 6.9—1.85) respectively. Regarding the number of
beds required in ICU for treating COVID-19, the values were
48 beds/day in the USA, while Italy and Spain presented sim-
ilar rates (98 and 97 beds/day respectively), and Germany had
the lowest values (26 beds/day). Italy and Spain also showed
the highest numbers of ventilation equipments (88 and 87
devices/beds/day respectively), followed by USA (43 de-
vices/beds/day) and Germany (24 devices/beds/day). These
same patterns were observed for hospital admissions due to
COVID-19 (Italy: 47 beds/day, Spain: 48 beds/day, USA: 24
beds/day, Germany: 13 beds/day) and ICU admissions (Italy:
14 beds/day, Spain: 14 beds/day, USA: 7 beds/day, Germany:
4 beds/day) (Table 1). During the studied period, the cumula-
tive forecast of deaths from COVID-19 in the USA was 620
(CI 95%, 4.08-12.53), while in Italy it was 1428 deaths (CI
95%, 13.17-16.60), in Spain 1359 (C195%, 11.80-17.82) and
in Germany 352 deaths (CI 95%, 2.69-6.44).

All the above-mentioned factors (number of daily hospital
beds, ICU beds, ventilation devices, hospital, and ICU
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Table 1
Germany (03/01/2020-04/08/2020)

Forecast of average number of beds, ventilation devices and hospital admissions per day for treating COVID-19 in the USA, Italy, Spain, and

Variable USA Italy Spain Germany
Mean —95% CI +95% CI Mean —95% CI +95% CI Mean —95% CI 4+95% CI Mean —95% Cl +95% Cl

Number of beds/day 174 104 385 347 307 422 357 296 493 96 69 185

Number of ICU beds/day 48 29 104 98 88 118 97 82 133 26 19 51

Number of ventilation 43 26 92 88 79 106 87 73 119 24 17 45
devices/bed/day

Number of hospital 24 13 53 47 40 60 48 38 69 13 9 26
admissions/day

Number of ICU 7 4 14 14 12 17 14 11 19 4 3 7
admissions/day

Cumulative deaths 620 408 1253 1428 1317 1660 1359 1180 1782 352 269 644
(COVID-19)

CI = confidence interval

admission) were associated with the risk of death by COVID-
19 in the four countries (chi-square test of model adjustment,
p <0.05). The prediction of the regression models was greater
than 97% (R Negelkerk > 0.85) and the observed data were
statistically like the predicted data (Hosmer—Lemeshow,
p>0.05) (Table 2).

The risk factors associated with COVID-19 mortality in the
USA were: having a number of hospital beds equal or less
than 174 per day [OR =286.344 (CI 95% 208.962—
392.381); p<0.001] having a number of ICU beds for
COVID-19 lower than 48 per day [OR =284.585 (CI 95%
206.916-391.408); p <0.001]; having less than 43 available
ventillation devices per day [OR =349.251 (C195% 243.715—
500,488); p < 0.001]; number of hospital admissions equal or
superior to 24 patients per day [OR =120.738 (CI 95%
95.670-152.375); p < 0.001] and number of patients attending
ICU due to COVID-19 higher than 7 per day [OR = 146.838
(CI95% 113.242-190.402); p < 0.001] (Table 3). In Italy, the
risk factors associated with COVID-19 mortality were: having
a number of hospital beds equal or less than 347 (p <0.001);
having a number of ICU beds for COVID-19 lower than 98
(p <0.001); having less than 118 available ventilation devices
per day (p <0.001); number of hospital admissions equal or
superior to 47 patients per day (p <0.001); and number of
patients attending ICU higher than 14 per day (» <0.001)
(Table 3).

In Spain, the risk factors associated with mortality from
COVID-19 were: the number of hospital beds less than 357
available per day [OR =146.838 (CI 95% 113.242-190.402);
p<0.001]; number of ICU beds less than 98 per day [OR =
195.673 (CI 95% 62.340-614.183); p < 0.001]; number of ven-
tilation devices less than 87 per day [OR =676.618 (CI 95%
215.921-2120.278); p <0.001]; number of hospital admissions
equal or greater than 48 patients/day [OR =284.449 (CI 95%
133.435-606.370); p <0.001]; and number of ICU admission
superior to 14 patients daily [OR =277.808 (CI 95% 130.314—
592.239); p <0.001] (Table 3). The risk factors associated with
COVID-19 mortality in Germany were: number of hospital beds
less than 96 per day (p < 0.001); number of ICU beds less than
26 per day (p <0.001); number of ventilation devices less than
24 per day (p < 0.001); number of hospital admissions greater 13
daily (» <0.001) and number ICU admissions superior to 4 pa-
tients per day (p < 0.001) (Table 3).

Discussion

Our study demonstrated with a 7-month projection (January
2020 until August 2020) the low number of both beds in ICU
and ventilation devices available per day being associated with
an increase of 100-fold (OR > 100) in mortality from COVID-
19 in all four evaluated countries (USA, Spain, Italy, and

Table 2 Chi-square test for coefficient significance analysis, Nalgelkerk R2 and Hosmer—Lemeshow tests for adjustment analysis of the multivariate

logistic regression model of all studied variables

Model Chi-square test “p value” Hosmer—Lemeshow test “p value” Nagelkerk R?
USA 0.000 0.080 0.88
Italy 0.000 0.784 0.87
Spain 0.000 0.435 0.88
Germany 0.000 0.052 0.86
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Germany) if no further measures were taken. These four coun-
tries were chosen because they had the highest numbers of
predicted cases and the highest mortality from COVID-19 in
the database used. In China (Wuhan), where the pandemic
started, 49% of all 2087 inpatients seriously affected by
COVID-19 died, reaching a mortality rate around 62%. In the
USA, these rates are already around 52% (Washington, DC)
(Phua et al. 2020). Given that the mortality of severely ill pa-
tients with SARS-CoV-2 pneumonia is high, and that the sur-
vival time of these patients ranges from 1 to 2 weeks in hospital
beds, the lack of infrastructure for treating patients with
COVID-19 will impact on the disease’s course. Additionally,
hospitals must provide areas and beds with minimum safety
parameters to admit routine patients that are not infected with
the virus, but still need care, avoiding extending morbimortality
to other diseases (Remuzzi and Remuzzi 2020).

The reduced number of hospital beds predisposes the
healthcare system to saturation (Di Lorenzo and Di Trolio
2020). The need for measures such as increasing the number
of ICU beds had already been foreseen in some studies carried
out for European countries, such as the study of Verelst et al.
(2020). In Italy, one of the countries most affected by the
pandemic worldwide, it is estimated that the number of ICU
beds needed to provide a minimum set of care for COVID-19
patients will reach several thousand. According to the study
by Verelst et al. (2020) which was carried out with data avail-
able until the beginning of March 2020 in Italy, maximum
occupancy of all available beds in the country was predicted
(n =5200) by the end of the same month, pointing out the
need for allocation of resources to increase the number of beds
in order to contribute to coping with the pandemic (Verelst
et al. 2020). In the study of Remuzzi and Remuzzi (2020), a
projection of the number of patients in ICU beds was calcu-
lated from February 2020, reaching up to 7500 ICU beds in a
week in Italy if the infection rate continued to increase
(Remuzzi and Remuzzi 2020).

A study published by Rhodes et al. (2012) evidenced a very
considerable heterogeneity in the number of ICU beds among
European countries, with Germany, for instance, having 6.9
times the number of beds per capita compared to other nations
(Rhodes et al. 2012). These differences may be explained,
among others, by socioeconomic variances among regions
and by features of the healthcare systems (Rhodes et al.
2012). This heterogeneity among the countries was also evi-
dent regarding the need for structure during a COVID-19 pan-
demic. While Italy and Spain identified the number of ICU
beds of 98 per day as a risk factor associated with COVID-19
mortality, Germany showing the number of 26 per day. In an
intermediate position to European countries, the USA showed
the number of 48 ICU beds per day as a risk factor. The same
ranking was observed when comparing the other risk factors,
as the total number of hospital beds and the number of avail-
able ventillation devices per day. The worst results were

pointed out for Italy and Spain, followed by the USA, while
Germany presented the best scenario.

Patients infected with COVID-19 that require hospitaliza-
tion are usually classified according to the clinical manifesta-
tions and disease severity into: (1) mild disease with pneumo-
nia or absence (81% of cases), (2) severe disease with dys-
pnea, altered respiratory rate, blood oxygen saturation <93%,
change in the PaO2/FiO2 or P/F ratio and the percentage of
oxygen supplied with possible pulmonary infiltrate (14% of
cases), and (3) critical illness with respiratory failure, septic
shock, or multiple organ dysfunction (MOD) or failure (MOF)
(5% of cases) (Cascella et al. 2020). In a retrospective cohort
study of 201 patients with confirmed COVID-19 pneumonia
admitted to Wuhan Jinyintan Hospital in China between
December 25, 2019, and January 26, 2020, 82.1% of patients
(n=165) required oxygen support in the hospital (Wu et al.
2020; Wu and McGoogan 2020). In mainland China, it was
estimated that 3.2% of all patients infected with COVID-19
received intubation and invasive ventilation (Meng et al.
2020). Despite the small percentage of patients requiring in-
vasive ventilation, the large number of infected patients simul-
taneously may mean limited access to this type of treatment
resource (Whittle et al. 2020). There is an estimate that in the
USA there are about 60,000 to 160,000, depending on the
functionality of the equipment (Ranney et al. 2020).
However, according to the present study, less than 43 ventila-
tor devices available per day was a risk factor for death, that is,
the number of ventilators in the country is critical in view of
the growing increase in COVID-19 cases. The scenario is
even more critical when we look at the figures for Italy and
Spain (118 per day and 87 per day respectively), which are
countries that already lack these fans (Rosenbaum 2020).

Although the pandemic requires a significant increase in
the number of beds in hospitals, the circumstances can also
reduce the available resources. The SARS outbreak in
Toronto led to the closure during 10 days of 38% of the ICU
beds at a tertiary care university, mainly due to the lack of
professionals, who have been affected by the disease or were
in quarantine. In this context, in addition to increasing the
capacity of beds and availability of ventilators, hospitals must
have strategies to increase the safety of the employees (Arabi
et al. 2020).

Our results confirm the statement of the World Health
Organization that COVID-19 is an emergency public
health problem of worldwide interest, both for developed
countries (such as the USA, Spain, Italy, and Germany)
and for developing countries. This disease saturates local
health systems, regardless of the country. In this context,
it is important to reinforce further preventive public mea-
sures, such as quarantine, for the control of the disease.
Quarantined people contribute to the reduction of new
viral infections, consequently reducing overcrowding of
hospitals. Additionally, further investments in hospitals’
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infrastructure are needed, as well the development of in-
novative devices for patient’s ventilation.

The present study is based on prediction data, which may
represent a limitation. The predictions on the number of new
cases and mortality may not reflect the complete reality in all
countries, but rather give an overall idea of what may happen
until August. Besides that, it was not possible to assess the
association of different variables related to healthcare access
(e.g., healthcare settings, categories of care) on COVID-19
outcomes, as these data were not available on the consulted
database. Further studies considering this information are
needed to better understand the impact of different healthcare
services on disease evolution.

Conclusions

The number of ICU beds, ventilation devices, hospital admis-
sions, and ICU admissions per day due to COVID-19 are
important predictors of mortality in the USA, Italy, Spain,
and Germany. In these countries, there is an urgent need to
expand hospitals’ infrastructure and services and increase the
production of devices used to treat patients with this disease.
Political leaders and healthcare officials should ensure that
minimum resources are safely provided, including staff, hos-
pital beds, and ICU.
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