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ABSTRACT
INTRODUCTION: Coronavirus disease 2019 (COVID-19) is an ongoing pandemic associated with significant
morbidity and mortality worldwide. Limited data are available describing the clinical presentation and
outcomes of hospitalised COVID-19 patients in Europe.
METHODS:This was a single-centre retrospective chart review of all patients with COVID-19 admitted to the
North Zealand Hospital in Denmark between 1 March and 4 May 2020. Main outcomes include major
therapeutic interventions during hospitalisation, such as invasive mechanical ventilation, as well as death.
RESULTS: A total of 115 patients were included, including four infants. The median age of adults was 68 years
and 40% were female. At admission, 55 (50%) patients had a fever, 29 (26%) had a respiratory rate exceeding
24 breaths/minute, and 78 (70%) received supplemental oxygen. The prevalence of co-infection was 13%.
Twenty patients (18%) (median age: 64 years; 15% female) were treated in the intensive care unit. Twelve
(10.4%) received invasive mechanical ventilation and three (2.6%) renal replacement therapy. Nine patients
(8%) developed pulmonary embolism. Sixteen patients (14%) died. Among patients requiring mechanical
ventilation (n = 12), seven (6.1%) were discharged alive, four (3.4%) died and one (0.9%) was still
hospitalised.
CONCLUSION: In this cohort of hospitalised COVID-19 patients, mortality was lower than in other Danish and
European case series.
FUNDING: none.
TRIAL REGISTRATION: not relevant.

The sever e acute r espir ator y syndr ome cor onavir us 2 (SARS-CoV-2) and the disease it
causes, cor onavir us disease 2019 (COVID-19), poses a ser ious thr eat to citizens, healthcar e
systems and societies wor ldwide.
One aspect that r emains unclear is the differ ence in mor tality r ates between countr ies [1].
Factor s r epor ted to str ongly impact the r isk of dying fr om COVID-19 include male sex,
advanced age and the pr esence of comor bidities, e.g., diabetes, hyper tension and obesity [24]. The impact of these factor s may var y between populations of differ ent ethnic or igins who
ar e living in differ ent settings and tr eated in differ ent healthcar e systems.
The fir st SARS-CoV-2 infection in Denmar k was confir med on 27 Febr uar y 2020. Limited
infor mation is available descr ibing the char acter istics and outcomes of Danish patients
r equir ing hospitalisation for COVID-19.
This study descr ibes the clinical char acter istics and outcomes of 115 sequentially
hospitalised patients with COVID-19 in Nor th Z ealand Hospital, the Nor ther n par t of the
Capital Region of Denmar k.

METHODS
We conducted a r etr ospective char t r eview of demogr aphic and clinical data on patients with
COVID-19 admitted to the Nor th Z ealand Hospital in Denmar k between 1 Mar ch and 4 May
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2020, with follow-up thr ough 18 May 2020. Follow-up for sur vival was r epeated in or der to
ensur e a minimum of 30 days of sur vival follow-up. Nor th Z ealand Hospital is a 570-bed
univer sity-affiliated acute car e hospital, deliver ing medical ser vices to appr oximately 378,000
citizens in the Gr eater Copenhagen ar ea. This study was appr oved by the institutional r eview
boar d, by the Danish Data Pr otection Agency (appr oval number P-2020-472) and by the
Danish Patient Safety Author ity (pr oject ID 31-1521-266). Due to the r etr ospective natur e of
the study, the r equir ement for infor med consent was waived.
We included all consecutive patients hospitalised with confir med SARS-CoV-2 infection by a
positive r esult for r eal-time polymer ase chain r eaction (RT-PCR) testing [5] of an
or ophar yngeal swab or a lower r espir ator y tr act specimen. Patients wer e consider ed to have
confir med infection if the initial test r esult was positive or if r epeated testing was positive
dur ing the study per iod. Patients seen only in the emer gency depar tment and dischar ged in
< 24 hour s wer e excluded. Tr ansfer s fr om one r egional hospital to another wer e mer ged
and consider ed a single hospitalisation. For patients with r eadmission dur ing the study
per iod, data fr om the fir st admission wer e included.
Data wer e collected fr om the electr onic medical r ecor d system and r egister ed and
managed using electr onic data captur e tools hosted by the Capital Region of Denmar k [6, 7].
Two senior clinical doctor s independently r eviewed the data collection for ms for accur acy.
The ter m admission tests r efer s to labor ator y tests and imaging per for med within the fir st
24 hour s of admission.
Data analysis was mainly descr iptive. Continuous var iables wer e expr essed as medians with
inter quar tile r ange (IQR), and statistical compar isons wer e done with the Mann-Whitney U
test. Categor ical var iables wer e expr essed as number (%) and compar ed by Chi-squar ed test
or Fisher ʼs exact test between intensive car e unit (ICU) car e and non-ICU car e gr oups. A twotailed p value of < 0.05 was consider ed significant. All statistical analyses wer e per for med
using SPSS 24.0 and Gr aphPad Pr ism 8.0.0.

Tr ial r egistr ation : not r elevant.

RESULTS
Demogr aphics and clinical pr esentation at admission
A total of 115 SARS-CoV-2–positive patients wer e admitted fr om 1 Mar ch to 4 May 2020. Our
cohor t included four infants less than 12 months old, one 17-year -old child and 110 adults.
Clinical char acter istics and outcomes for the four infants ar e pr esented separ ately at the
end of the Results section. The median age was 68.7 year s (IQR: 56-78; r ange: 17-97) and 40%
wer e female. The baseline char acter istics for adult patients (17+ year s) ar e summar ised in
T abl e 1 including a compar ison between patients with or without an ICU stay. The most
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common comor bidities wer e hyper tension (38; 34%), cor onar y ar ter y disease (19; 17%) and
diabetes (16; 14%). Eighty-one (73%) had at least one comor bidity. Ten (8.7%) patients had an
immunocompr omising condition. These conditions included nine with active malignancies
and one solid or gan tr ansplant r ecipient. All patients tr eated in the ICU (n = 20) had at least
one comor bidity. Patients tr eated in the ICU wer e mor e likely to be male, over weight or
obese, have type 2 diabetes, have comor bidities and be tr eated with an angiotensinconver ting enzyme inhibitor (ACEi) (Table 1).
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At admission, half or mor e of patients pr esented with symptoms typical of r espir ator y tr act
infections (T abl e 2 ). The median time fr om onset of symptoms to hospital admission was
eight days (IQR 4-13) (Fig u r e 1 ). ICU patients wer e mor e likely to pr esent with shor tness of
br eath, had a lower oxygen satur ation and mor e often r eceived supplementar y oxygen in
tr iage. C-r eactive pr otein (CRP) and cr eatinine wer e higher in ICU patients than in non-ICU
patients: median CRP 109 ver sus 54 mg/L, median cr eatinine 89 ver sus 73 micr omol/L.
Abnor mal chest imaging r esults wer e mor e common in patients r equir ing ICU admission:
95% ver sus 70%.
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Disease cour se and outcome
Dur ing hospitalisation, 20 patients (18%) (median age 64 year s, IQR 53-71; 15% female) wer e
tr eated in the ICU, 12 (11%) r eceived invasive mechanical ventilation, thr ee (3%) wer e tr eated
with r enal r eplacement ther apy and two (2%) wer e tr eated with extr acor por eal membr ane
oxygenation (Table 2). Sixteen patients (14%) died (median age 83 year s, r ange 53-97; 31%
female). The r ate of co-infection was 13% and did not differ significantly between gr oups
(Table 2 and S u ppl em en tar y T abl e 1 ). Patients tr eated in the ICU exper ienced mor e
COVID-19 complications, including acute kidney injur y (30% ver sus 7%) and pulmonar y
embolism (PE) (25% ver sus 4%). All obser ved PEs involved per ipher al ar ter ies. Eight out of
nine patients exper iencing a PE wer e male (S u ppl em en tar y T abl e 2 ).
Seven patients (6%) par ticipated in a r andomised blinded tr ial of r emdesivir . Eighty-four
(76%) patients wer e dischar ged to their own home and six (5%) wer e dischar ged to a nur sing
facility. As of 18 May 2020, for patients r equir ing mechanical ventilation (n = 12), seven wer e
dischar ged alive, four died and one r emained admitted to hospital. A total of ten patients
(9%) wer e r eadmitted dur ing the study per iod. The median length of hospitalisation for all
patients was six days (IQR 3-14).

Infants: pr esentation, clinical char acter istics and outcome
A total of four SARS-CoV-2-positive infants wer e admitted in the study per iod. Their age was
between thr ee weeks and ten months, 50% wer e female. None suffer ed fr om under lying
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comor bidities. All wer e bor n at ter m. On admission, thr ee infants (thr ee months of age and
below) had a temper atur e over 38.5 °C and wer e admitted due to fever of unknown cause.
All thr ee pr esented with diar r hoea and two of them wer e neutr openic, both heavily exposed
to SARS-CoV-2 in the family. Only one had minor r espir ator y symptoms: cough for five days.
All wer e dischar ged to their home and the thr ee youngest r ecover ed fully after initial
hospitalisation. One infant (ten months of age) who was hospitalised due to seizur es was not
febr ile at any time dur ing the hospitalisation and was r eadmitted after two weeks due to
r enewed seizur es.

DI SCUSSI ON
In our cohor t of sequentially hospitalised patients with confir med COVID-19, we found a
high pr opor tion of males, 65+ year s of age, and patients with one or mor e comor bidities. This
matches data fr om the United States, Italy and China [2-4, 8]. Comor bidity has been
associated with a mor e sever e disease cour se and with death in COVID-19 patients [9]. In line
with this, the patients r equir ing ICU tr eatment in our study wer e mor e likely to suffer fr om
comor bidities, e.g. diabetes, and wer e mor e often over weight and obese. Yet, none of the
comor bidities wer e independently associated with a poor er outcome in our study.
We found that fever and r espir ator y tr act symptoms wer e common in patients admitted with
COVID-19, as also pr eviously r epor ted [8, 10]. Many patients had symptoms for 1-2 weeks
befor e admission to hospital. Some patients appear ed to exper ience a sever e exacer bation of
the disease late in the disease cour se, which distinguishes COVID-19 fr om other common
infectious diseases.
The clinical manifestations obser ved in childr en in our study r anging fr om mild r espir ator y
symptoms to mainly gastr ointestinal symptoms and fever and a high r ecover y r ate ar e in
accor dance with pr eviously published r epor ts [11].
Appr oximately one in six patients wer e tr ansfer r ed to the ICU for mor e intensive tr eatment
and monitor ing. If equated to the fr action of patients with a cr itical illness, this pr opor tion is
smaller than what has been r epor ted in other case ser ies of similar size fr om Eur ope and
the United States [12-14]. Our data ar e compar able to those of r epor ts fr om the Eur opean
Centr e for Disease Pr evention and Contr ol (ECDC), suggesting 15% of patients hospitalised
for COVID-19 ar e tr ansfer r ed to the ICU (ECDC accessed 27-5-2020). The r epor ted var iations
may be due to differ ent admission pr actices between countr ies. Fur ther mor e, some fr ail
older patients ar e not tr ansfer r ed to the ICU because this is consider ed futile.
In our case ser ies, the r ate of co-infection was 13% (Table 2 and Supplementar y Table 1).
This is similar to pr eviously r epor ted r ates in the 14-24% r ange [10, 12]. The incidence of coinfection has not been r epor ted in pr evious Danish case ser ies [13, 15].
Respir ator y tr act infection is a known r isk factor in the development of PE in hospitalised
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patients. Thr ombotic complications in patients with COVID-19 ar e emer ging as impor tant
sequelae that contr ibute to significant mor bidity and mor tality [16]. We r epor t an over all PE
incidence of 8% and 25% in ICU patients. The r ate of PE in our cohor t is lower than in a r ecent
Fr ench study (n = 137) wher e the over all incidence of PE was 24% in all COVID-19 patients
and 50% in COVID-19 patients tr eated in the ICU [16].
Among patients r equir ing intubation for mechanical ventilation, pr one positioning for ARDS
was only used in 25% of ICU patients. In a pr evious r epor t fr om New Yor k, pr one positioning
for ARDS was used in 50% of ICU patients with COVID-19 [10]. Our r esults ar e not unlike those
found in a r ecent case ser ies fr om Nor ther n Califor nia [12]. Our r esults might indicate less
sever e ARDS in our ICU patients.
Our over all mor tality r ate of 14.4% was mar kedly lower than in two other Danish COVID-19
case ser ies: Isr aelsen et al. r epor ted an over all mor tality r ate of 24.6% and Peder sen et al.
r epor ted a mor tality r ate among ICU patients of 43% [13, 15]. Our mor tality r ate is also
noticeably lower than those r epor ted by sever al lar ge case ser ies fr om other countr ies [3,
4]. However , our r esults ar e compar able to r ecent case ser ies fr om Nor ther n Califor nia [8,
12] and New Yor k City [17]. In par t, this differ ence in death r ates might be attr ibuted to nonsur ge conditions. Patient volumes did not exceed nor mal oper ating capacity in our hospital
dur ing the study per iod. This could lead to patients being admitted who might not mer it
hospitalisation in conditions wher e hospital beds ar e limited. The lower mor tality r ates
r epor ted in our study compar ed to other Danish cohor ts might also be a r esult of a differ ent
case mix. When compar ing baseline char acter istics to pr evious Danish case ser ies [13, 15], we
found that our population was younger , had a lower Body Mass Index (BMI) and a lower
admission cr eatinine level. Fur ther mor e, co-mor bidities such as hyper tension, diabetes and
car diovascular disease wer e less fr equent. Advanced age and the pr esence of comor bidities
such as diabetes, hyper tension and obesity have pr eviously been r epor ted to str ongly
influence the r isk of dying fr om COVID-19 [2-4].
The 25% death r ate for ICU patients was also lower than pr eviously r epor ted r ates fr om the
United States wher e lar ge studies fr om New Yor k City r epor ted mor tality r ates of 45–88% [4,
18]. Recent Danish r epor ts descr ibed mor tality r ates of 43-59% [13, 15] for ICU patients with
COVID-19. Compar isons between ser ies must be made with caution due to var iable
populations and small sample sizes.
In our population, only 20 patients wer e 80 year s or older . This may be attr ibutable to limited
spr ead of infection in this age gr oup dur ing the fir st par t of the outbr eak. The spr ead of
infection among the oldest patients may be lower or delayed in Denmar k compar ed with,
e.g., Italy. Fewer elder ly people live in institutions ther e, and mor e live in multi-gener ational
homes or ar e car ed for by younger family member s.
The major limitations of our study include its r etr ospective natur e and r estr iction to a single
lar ge hospital. Over all case number s wer e low, pr obably because of ear ly and decisive
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public health inter ventions in our countr y. Because of the low number , the r esults must be
inter pr eted with caution. The study was conducted dur ing the ear ly phase of the COVID-19
outbr eak in Denmar k. Key factor s wer e changing over this per iod, including implementation
of physical distancing measur es and testing cr iter ia, which could affect futur e r esults.
Sever al of the patients wer e young and fit without comor bidity, which we believe is because
the fir st phase of the COVID-19 outbr eak in Denmar k featur ed many cases impor ted fr om
popular vacation destinations.
In conclusion, this case ser ies pr ovides char acter istics and ear ly outcomes of 115
sequentially hospitalised patients with confir med COVID-19 in the Nor th Z ealand Region of
Denmar k. The manifestations of COVID-19 wer e compar able to those seen in other r epor ts.
However , we found the over all death r ate and the death r ate for ICU patients to be lower
than those r epor ted in two pr evious Danish case ser ies.
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