COVID-19 Hospitalization

Health system capacity and particularly ICU bed, ventilators and human resource capacity is critical for adequate response when it comes to the COVID-19 case management at the health facility level. 
The ICU capacity in the selected countries is presented in the Figure 1. The countries as ordered by the total ICU bed rate (decreasing order) that is based on 2012 survey[footnoteRef:1] for the European countries and other new sources for some countries[footnoteRef:2]. Ventilators capacity includes total ventilators (anesthesiologic, transport that could explain higher than ICU beds rate). For Belgium, Australia and UK ICU beds rate after surge is given. Germany (baseline figure) has almost three-fold per capita bed and ventilators capacity compared to UK even after surge. Italy, Spain with high death rates are in the same range of capacity.   [1:  https://link.springer.com/article/10.1007/s00134-012-2627-8]  [2:  The sources for each country in indicated in the supporting excel file] 

The figures represent national data, therefore does not reflect geographical differences in the capacity (especially in the big courtiers) and inflates lethal outcomes (e.g. New York compared to the other states in US).[footnoteRef:3]    [3:  https://www.cdc.gov/nchs/nvss/vsrr/COVID19/index.htm] 


[bookmark: _Ref36996418]Figure 1 Total ICU beds, ventilators per 100,000 population and total confirmed deaths per 1 mln population in selected countries


Human resource capacity is crucial, however it was not possible to obtain ICU workforce data for the interested countries. As a proxy indicator total physician and nurse rates per 1,000 population is presented below.[footnoteRef:4] Italy and Spain have the lower nursing capacity compared to some other western European countries (Norway, Switzerland, Germany), Australia and USA. USA had moderately high nursing rate. As per standard care (before surge) the ICU doctor to patient ratio was 1:10 and ICU nurse to patient ratio was 1:1 and 1:2, that increases to 1:24 ICU doctor to patient ratio and to 1:4 ICU nurse to patient ratio after surge. [footnoteRef:5] [4:  https://data.oecd.org/health.htm; ]  [5:  RAND health care. Critical Care Surge Response Strategies for the 2020 COVID-19 Outbreak in the United States. April 2020] 


Figure 2 Total physicians, licensed nurses and practicing nurses per 1,000 population 



Country examples 
Below we present hospitalization data from two Nordic countries (Norway and Denmark) and Belgium and Netherlands. German data was not possible to obtain. The search could be expanded to Estonia, Lithuania, Ireland, Island and other countries with low death rates see Figure 5.

Norway
[image: ]The number of people who were confirmed infected by COVID-19 in Norway had reached a total of 5,352 as of April 3, 2020. Testing rate is one of the highest in the Europe (19,528 per 1 mln population) leading to high incidence rate (100.75 per 100,000 population) see Figure 4.
The number of patients who were hospitalized due to COVID-19 in Norway increased rapidly until the end of March, when the increase started to slow down. There were a total of 319 patients hospitalized as of April 3, 2020. 
As of April 4, a total of 163 patients have received intensive care in Norwegian hospitals so far, 106 of whom were still being cared for in intensive wards[footnoteRef:6] indicating that as of now 33% of hospitalized cases are treated at ICU. In Norway total ICU capacity is 8.0 per is 100,000[footnoteRef:7] (around 425 beds), meaning that currently 25% ICU capacity is used for COVID-19 patients management.  [6:  https://www.newsinenglish.no/2020/04/03/updates-here-as-corona-rages-on/]  [7:  https://link.springer.com/article/10.1007/s00134-012-2627-8] 

Total number of hospitalized cases in Norway was not possible to obtain to calculate hospitalization rate, however it is assumed that the rate will be relatively low considering high testing rate.

Denmark
In Denmark the number of people who were confirmed on COVID-19 reached a total of 3,757 as of April 3, 2020 (65 per 100,000 population) that is relatively low among other European countries. It is also notable that the testing rate is at medium level (6,888 per mln population) compared to other European countries. On 11 March, there was change of strategy, which means that only people hospitalized with severe signs of respiratory illness or shortness of breath, will be tested. As a consequence, it is suspected that COVID-19 cases in the country are underreported.[footnoteRef:8] [8:  Gram, Michael Hjøllund (12 March 2020). "Sundhedsstyrelsen skifter strategi: Ikke alle corona-symptomer skal testes". JP] 

The number of hospitalizations due to the coronavirus (COVID-19) in Denmark increased since March 12, 2020, when 19 patients were hospitalized and peaked on April 1, 2020 when the number of patients had grown to 535. The following days, number started to decline and was down to 517 on March 3, 2020. 
In Denmark severe and critical patients are hospitalized and all infected people with no or mild symptoms and are not considered particularly vulnerable are placed in home quarantine with daily contact from health professionals. Total number of hospitalized cases was not possible to obtain to calculate hospitalization rate, however it is assumed that it will be high due to underreporting of cases.
Among hospitalized cases about 30% are placed in ICU and 22% require ICU and ventilation (around 80% of ICU patients)[footnoteRef:9]. [9:  https://www.sst.dk/da/corona-eng/COVID-19-update_-statistics-and-charts] 

[image: ][image: ]Denmark total ICU capacity is 6.7 per 100,000 population[footnoteRef:10] (around 390 beds), meaning that during highest load on April 2nd 40% of ICU capacity was used for COVID-19 patients.  [10:  https://link.springer.com/article/10.1007/s00134-012-2627-8] 


As data on daily hospitalized cases in these two countries were available, we looked at the highest number of hospitalized cases at a time point (319 cases – Norway and 535 – Denmark). Norway with higher COVID-19 incidence rate (most likely due to high testing rate and not a disease burden) has lower hospitalization and death rates compared to Denmark. In both countries only severe cases are hospitalized and also ICU capacity has not been overwhelmed that could have led to high death rates. In Denmark (more severe picture) at a time point the hospitalization reached 92.4 per 1 mln population with about 30% placed in ICU. 
These figures should be interpreted considering various factors such as demographics, population density, civil compliance to the rules, social interaction patterns and COVID-19 containment measures. Both countries introduced strict measures however after initial increase of cases. [footnoteRef:11] [footnoteRef:12] E.g. Norway introduced national lockdown on March 12 (when the cases peaked to 400), and in Denmark from March 13 (when cases peaked to 516). [11:  https://www.garda.com/crisis24/news-alerts/322476/norway-new-coronavirus-containment-measures-implemented-march-12-update-3]  [12:  https://www.scandinaviastandard.com/covid-19-whats-happening-in-denmark/] 

Figure 3. COVID-19 total cumulative incidence/100,000 pop, total hospitalization highest rate and cumulative confirmed deaths / 1 mln population 

Belgium
Belgium has one of the highest COVID-19 incidence rates (238.7 per 100,000 population as of April 3rd) with a moderate testing rare (6,040 per 1 mln population). Confirmed death rates is also highest in Europe after Italy and Spain (98.6 per 1 mln population).
As of the 3d of April, 5,552 patients were admitted to Belgian hospitals (cumulative) that constitutes 33.1% hospitalization (from all confirmed cases). Currently only severe cases are hospitalized.
Belgium had high ICU capacity (26.9 per 100,000 or 1891 ICU beds in total) before the COVID-19 crises with relatively high nurse supply. Additional 759 intensive care beds have been created to surge capacity, summing up to 2650 ICU beds (37 per 100,000 population). [footnoteRef:13] [13:  https://www.info-coronavirus.be/en/news/help-our-hospitals-and-gps-to-beat-the-covid19-virus/] 

However, despite these capacities the Belgian system may not cope with the crises. The modeling exercise was performed on March 29 with the following assumptions: more than 80% of Belgians have stayed within their own commune (postal code) for the last two weeks, and that individual displacements of over 40 km have been reduced by 90% (current practice), around 5% of infected cases (new) will be hospitalized, and 15% or 20% of hospitalized patients require intensive care, mortality of hospitalized cases is 15% and 5 days from hospitalization to death. The modeling predicted peak in number of ICU patients is expected around on April 15th, with the number of ICU patients exceeding the capacity of the Belgian healthcare system of 2650 beds.[footnoteRef:14]  [14:  https://www.medrxiv.org/content/10.1101/2020.03.29.20046730v1.full.pdf] 

[image: ][image: ] 


Netherlands
Netherlands epidemic (as per confirmed cases) is moderate in the Europe (91.2 per 100,000 population), however confirmed death rate per capita is forth highest after Italy, Spain and Belgium (86.6 per 1 mln population). As the testing rate is one of the lowest among other European countries, we can assume that real infection spread is much higher.  
As of the 3d of April, 6,286 patients infected by the 2019n-CoV virus were admitted to Dutch hospitals which is 40% of all confirmed cases. 
To date, the ICUs have treated 1,817 Covid-19 patients (29% of hospitalized) of which 272 have died (4.3% of hospitalized and 15% of ICU admissions). [footnoteRef:15] [15:  https://nltimes.nl/2020/04/05/covid-19-new-reported-hospitalizations-fatalities-fall-death-toll-stands-1766] 
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Additional figures
[bookmark: _Ref37011464]Figure 4. COVID-19 cumulative incidence per 100,000 population and testing rate per 1 mln population in selected countries as of April 3 2020 [footnoteRef:16],[footnoteRef:17] [16:  https://ourworldindata.org/coronavirus]  [17:  https://www.worldometers.info/coronavirus/] 



[bookmark: _Ref37013804]Figure 5. COVID-19 cumulative incidence per 100,000 population and confirmed deaths per 1 mln population in selected countries as of April 3 2020


COVID-19 cumulative incidence/100 000 population	Denmark	Norway	64.89	100.75	COVID-19 total confirmed death/ 1 mln population	
Denmark	Norway	24	8.1199999999999992	Highest time point number of hopitalised cases per 1 mln pop as of April 3	
Denmark	Norway	92.4	60.05	
Hospitalised (highet number) and cumulative deaths per 1 mln population 


Cumulative incidence per 100,000 populaiton




COVID-19 cumulative incidence/100 000 population	USA	Lithuania	Estonia	Canada	Hungary	Czech Rep	Switzerland	France	Spain	Latvia	Australia	Slovakia	Iceland	Italy	Norway	Japan	Poland	Denmark	UK	Irland	Netherlands	Slovenia	Sweden	Portugal	386.70681159666822	251.87748333416715	238.7176039072819	198.31750452572606	193.6666884843896	101.06333536190758	100.75	96.131574428262169	96.118648736499154	91.24503775674745	88.293248850664042	87.975845246514581	84.96108448250996	72.694154285588937	64.888219377104178	59.733387425561759	57.451168839574585	45.119683099442042	39.429987305237979	33.781267708249011	27.520568144460498	25.581552224245915	21.62962962962963	17.14777434189908	8.8068824575882747	6.9413161882140955	2.3212590952230308	Testing / 1 mln population	Irland	Spain	Belgium	Italy	Switzerland	Austria	Norway	Portugal	Germany	Netherlands	France	Iceland	USA	Estonia	Denmark	Sweden	UK	Slovenia	Czech Rep	Canada	Lithuania	Latvia	Australia	Slovakia	Poland	Hungary	Japan	64665.470183085301	7593	5847.2602171502704	10482.450023357	17729	11857.379862244199	19528	7952	11127.392690492999	4389.3784665700696	3412.2036637664601	409.42392645112602	14679.072614160499	6887.9381727849895	3654	2580.9169686825499	7499	6832.7420495141296	6461.75009938727	11857.379862244199	2776	1926	2200	311.836817594205	
Confirmed death per 1 mln population
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COVID-19 cumulative incidence/100 000 population	USA	Lithuania	Estonia	Canada	Hungary	Czech Rep	Switzerland	France	Spain	Latvia	Australia	Slovakia	Iceland	Italy	Norway	Japan	Poland	Denmark	UK	Irland	Netherlands	Slovenia	Sweden	Portugal	386.70681159666822	251.87748333416715	238.7176039072819	198.31750452572606	193.6666884843896	101.06333536190758	100.75	96.131574428262169	96.118648736499154	91.24503775674745	88.293248850664042	87.975845246514581	84.96108448250996	72.694154285588937	64.888219377104178	59.733387425561759	57.451168839574585	45.119683099442042	39.429987305237979	33.781267708249011	27.520568144460498	25.581552224245915	21.62962962962963	17.14777434189908	8.8068824575882747	6.9413161882140955	2.3212590952230308	COVID-19 total confirmed deaths/ 1 mln population	Irland	Spain	Belgium	Italy	Switzerland	Austria	Norway	Portugal	Germany	Netherlands	France	Iceland	USA	Estonia	Denmark	Sweden	UK	Slovenia	Czech Rep	Canada	Lithuania	Latvia	Australia	Slovakia	Poland	Hungary	Japan	11.7216117216117	233.879815034111	98.622767139135604	242.814358838109	70.135966717421894	18.653402025226502	8.1162213382099502	24.125435790201699	12.138363740213	86.782084699431394	68.98	11.7216117216117	21.622183583323402	9.0460966469889001	23.997777702197201	32.972680203618701	53.103729599403103	9.6203242818909001	4.9491165453448298	4.95467177458882	3.3060389208942	0.53016591011991299	1.1764760784569901	0	1.8759938969426699	3.3125093811300799	0.54555607494953695	
Confirmed death per 1 mln population


Cumulative incidence per 100,000 populaiton




Total ICU beds/ 100,000 population 	Germany	Belgium	Austria	USA	Lithuania	Estonia	Canada	Hungary	Czech Rep	Switzerland	France	Spain	Latvia	Australia	Slovakia	Iceland	Italy	Norway	Japan	Poland	Denmark	UK	Irland	Netherlands	Slovenia	Sweden	Portugal	33.700000000000003	26.9	24.8	17.8	15.5	14.6	14	13.8	11.6	11	9.6999999999999993	9.6999999999999993	9.6999999999999993	9.3000000000000007	9.1999999999999993	9.1	8.606165751740221	8	7.3	6.9	6.7	6.6	6.5	6.4	6.4	5.8	4.2	Total ICU beds/100,000 population after surge	Germany	Belgium	Austria	USA	Lithuania	Estonia	Canada	Hungary	Czech Rep	Switzerland	France	Spain	Latvia	Australia	Slovakia	Iceland	Italy	Norway	Japan	Poland	Denmark	UK	Irland	Netherlands	Slovenia	Sweden	Portugal	37.700000000000003	25.9	12.2	Ventilators (all type)/100,000 population	Germany	Belgium	Austria	USA	Lithuania	Estonia	Canada	Hungary	Czech Rep	Switzerland	France	Spain	Latvia	Australia	Slovakia	Iceland	Italy	Norway	Japan	Poland	Denmark	UK	Irland	Netherlands	Slovenia	Sweden	Portugal	30.15	21.92	7.5802165566393143	21.416784548218285	20.91	7.47	18.77	8.3000000000000007	15.06	25.77	12.04	#REF!	Germany	Belgium	Austria	USA	Lithuania	Estonia	Canada	Hungary	Czech Rep	Switzerland	France	Spain	Latvia	Australia	Slovakia	Iceland	Italy	Norway	Japan	Poland	Denmark	UK	Irland	Netherlands	Slovenia	Sweden	Portugal	1	COVID-19 total confirmed death/ 1 mln population	Germany	Belgium	Austria	USA	Lithuania	Estonia	Canada	Hungary	Czech Rep	Switzerland	France	Spain	Latvia	Australia	Slovakia	Iceland	Italy	Norway	Japan	Poland	Denmark	UK	Irland	Netherlands	Slovenia	Sweden	Portugal	12.138363740213	98.622767139135604	18.653402025226502	21.622183583323402	3.3060389208942	9.0460966469889001	4.95467177458882	3.3125093811300799	4.9491165453448298	70.135966717421894	68.98	233.879815034111	0.53016591011991299	1.1764760784569901	0	11.7216117216117	242.814358838109	8.1162213382099502	0.54555607494953695	1.8759938969426699	23.997777702197201	53.103729599403103	11.7216117216117	86.782084699431394	9.6203242818909001	32.972680203618701	24.125435790201699	
ICU beds, Ventilators, per 100,000 population


Cumulative confirmed deaths per 1 mln populaiton




Physicians (all) per 1000 population	Norway	Switzerland	Iceland	Germany	Irland	USA	Australia	Japan	Belgium	Sweden	France	Netherlands	Canada	Denmark	Slovenia	Czech Rep	UK	Lithuania	Austria	Italy	Portugal	Hungary	Estonia	Spain	Slovakia	Poland	Latvia	4.3	4.3	2.6	3.7	2.4	3.1	4.0999999999999996	3.2	3.6	2.7	2.8	5.2	4	3.9	Nurses (all licensed) per 1000 population	Norway	Switzerland	Iceland	Germany	Irland	USA	Australia	Japan	Belgium	Sweden	France	Netherlands	Canada	Denmark	Slovenia	Czech Rep	UK	Lithuania	Austria	Italy	Portugal	Hungary	Estonia	Spain	Slovakia	Poland	Latvia	17.809999999999999	17.23	14.85	12.93	12.16	11.74	11.68	11.34	10.96	10.9	10.8	10.29	9.9600000000000009	9.9499999999999993	9.92	8.06	7.8	7.71	6.85	6.71	6.7	6.51	6.19	5.74	5.65	5.0999999999999996	4.57	Nurses practicing per 1000 population	Norway	Switzerland	Iceland	Germany	Irland	USA	Australia	Japan	Belgium	Sweden	France	Netherlands	Canada	Denmark	Slovenia	Czech Rep	UK	Lithuania	Austria	Italy	Portugal	Hungary	Estonia	Spain	Slovakia	Poland	Latvia	17.670000000000002	11.31	9.0500000000000007	10.91	9.69	7.15	3.21	6.39	7.71	6.85	5.49	4.78	6.19	5.74	5.0999999999999996	
per 1000 population
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