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ABSTRACTABSTRACT

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 severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the disease it
causes, coronavirus disease 2019 (COVID-19), poses a ser ious threat to citizens, healthcare
systems and societies worldwide.

One aspect that remains unclear  is the difference in mortality rates between countr ies [1].
Factors reported to strongly impact the r isk of dying from COVID-19 include male sex,
advanced age and the presence of comorbidities, e.g., diabetes, hypertension and obesity [2-
4]. The impact of these factors may vary between populations of different ethnic or igins who
are living in different settings and treated in different healthcare systems.

The first SARS-CoV-2 infection in Denmark was confirmed on 27 February 2020. Limited
information is available describing the character istics and outcomes of Danish patients
requir ing hospitalisation for  COVID-19.

This study describes the clinical character istics and outcomes of 115 sequentially
hospitalised patients with COVID-19 in North Zealand Hospital, the Northern part of the
Capital Region of Denmark.

METHODSMETHODS

We conducted a retrospective chart review of demographic and clinical data on patients with
COVID-19 admitted to the North Zealand Hospital in Denmark between 1 March and 4 May
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2020, with follow-up through 18 May 2020. Follow-up for  survival was repeated in order  to
ensure a minimum of 30 days of survival follow-up. North Zealand Hospital is a 570-bed
university-affiliated acute care hospital, deliver ing medical services to approximately 378,000
citizens in the Greater  Copenhagen area. This study was approved by the institutional review
board, by the Danish Data Protection Agency (approval number  P-2020-472) and by the
Danish Patient Safety Authority (project ID 31-1521-266). Due to the retrospective nature of
the study, the requirement for  informed consent was waived.

We included all consecutive patients hospitalised with confirmed SARS-CoV-2 infection by a
positive result for  real-time polymerase chain reaction (RT-PCR) testing [5] of an
oropharyngeal swab or  a lower  respiratory tract specimen. Patients were considered to have
confirmed infection if the initial test result was positive or  if repeated testing was positive
during the study period. Patients seen only in the emergency department and discharged in
< 24 hours were excluded. Transfers from one regional hospital to another  were merged
and considered a single hospitalisation. For  patients with readmission during the study
period, data from the first admission were included.

Data were collected from the electronic medical record system and registered and
managed using electronic data capture tools hosted by the Capital Region of Denmark [6, 7].
Two senior  clinical doctors independently reviewed the data collection forms for  accuracy.

The term admission tests refers to laboratory tests and imaging performed within the first
24 hours of admission.

Data analysis was mainly descriptive. Continuous variables were expressed as medians with
interquartile range (IQR), and statistical comparisons were done with the Mann-Whitney U
test. Categorical var iables were expressed as number  (%) and compared by Chi-squared test
or  Fisher ʼs exact test between intensive care unit (ICU) care and non-ICU care groups. A two-
tailed p value of < 0.05 was considered significant. All statistical analyses were performed
using SPSS 24.0 and GraphPad Prism 8.0.0.

Trial registration: not relevant.

RESULTSRESULTS

Demographics and clinical presentation at admission

A total of 115 SARS-CoV-2–positive patients were admitted from 1 March to 4 May 2020. Our
cohort included four  infants less than 12 months old, one 17-year-old child and 110 adults.
Clinical character istics and outcomes for  the four  infants are presented separately at the
end of the Results section. The median age was 68.7 years (IQR: 56-78; range: 17-97) and 40%
were female. The baseline character istics for  adult patients (17+ years) are summarised in
Tabl e 1Tabl e 1  including a comparison between patients with or  without an ICU stay. The most
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common comorbidities were hypertension (38; 34%), coronary artery disease (19; 17%) and
diabetes (16; 14%). Eighty-one (73%) had at least one comorbidity. Ten (8.7%) patients had an
immunocompromising condition. These conditions included nine with active malignancies
and one solid organ transplant recipient. All patients treated in the ICU (n = 20) had at least
one comorbidity. Patients treated in the ICU were more likely to be male, overweight or
obese, have type 2 diabetes, have comorbidities and be treated with an angiotensin-
converting enzyme inhibitor  (ACEi) (Table 1).
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At admission, half or  more of patients presented with symptoms typical of respiratory tract
infections (Tabl e 2Tabl e 2 ). The median time from onset of symptoms to hospital admission was
eight days (IQR 4-13) (Fig u r e 1Fig u r e 1 ). ICU patients were more likely to present with shortness of
breath, had a lower  oxygen saturation and more often received supplementary oxygen in
tr iage. C-reactive protein (CRP) and creatinine were higher  in ICU patients than in non-ICU
patients: median CRP 109 versus 54 mg/L, median creatinine 89 versus 73 micromol/L.
Abnormal chest imaging results were more common in patients requir ing ICU admission:
95% versus 70%.
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Disease course and outcome

During hospitalisation, 20 patients (18%) (median age 64 years, IQR 53-71; 15% female) were
treated in the ICU, 12 (11%) received invasive mechanical ventilation, three (3%) were treated
with renal replacement therapy and two (2%) were treated with extracorporeal membrane
oxygenation (Table 2). Sixteen patients (14%) died (median age 83 years, range 53-97; 31%
female). The rate of co-infection was 13% and did not differ  significantly between groups
(Table 2 and S u ppl ementar y Tabl e 1S u ppl ementar y Tabl e 1 ). Patients treated in the ICU experienced more
COVID-19 complications, including acute kidney injury (30% versus 7%) and pulmonary
embolism (PE) (25% versus 4%). All observed PEs involved peripheral arter ies. Eight out of
nine patients experiencing a PE were male (S u ppl ementar y Tabl e 2S u ppl ementar y Tabl e 2 ).

Seven patients (6%) participated in a randomised blinded tr ial of remdesivir . Eighty-four
(76%) patients were discharged to their  own home and six (5%) were discharged to a nursing
facility. As of 18 May 2020, for  patients requir ing mechanical ventilation (n = 12), seven were
discharged alive, four  died and one remained admitted to hospital. A total of ten patients
(9%) were readmitted during the study period. The median length of hospitalisation for  all
patients was six days (IQR 3-14).

Infants: presentation, clinical character istics and outcome

A total of four  SARS-CoV-2-positive infants were admitted in the study period. Their  age was
between three weeks and ten months, 50% were female. None suffered from underlying
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comorbidities. All were born at term. On admission, three infants (three months of age and
below) had a temperature over  38.5 °C and were admitted due to fever  of unknown cause.
All three presented with diarrhoea and two of them were neutropenic, both heavily exposed
to SARS-CoV-2 in the family. Only one had minor  respiratory symptoms: cough for  five days.
All were discharged to their  home and the three youngest recovered fully after  initial
hospitalisation. One infant (ten months of age) who was hospitalised due to seizures was not
febrile at any time during the hospitalisation and was readmitted after  two weeks due to
renewed seizures.

DI SCUSSI ONDI SCUSSI ON

In our  cohort of sequentially hospitalised patients with confirmed COVID-19, we found a
high proportion of males, 65+ years of age, and patients with one or  more comorbidities. This
matches data from the United States, Italy and China [2-4, 8]. Comorbidity has been
associated with a more severe disease course and with death in COVID-19 patients [9]. In line
with this, the patients requir ing ICU treatment in our  study were more likely to suffer  from
comorbidities, e.g. diabetes, and were more often overweight and obese. Yet, none of the
comorbidities were independently associated with a poorer  outcome in our  study.

We found that fever  and respiratory tract symptoms were common in patients admitted with
COVID-19, as also previously reported [8, 10]. Many patients had symptoms for  1-2 weeks
before admission to hospital. Some patients appeared to experience a severe exacerbation of
the disease late in the disease course, which distinguishes COVID-19 from other  common
infectious diseases.

The clinical manifestations observed in children in our  study ranging from mild respiratory
symptoms to mainly gastrointestinal symptoms and fever  and a high recovery rate are in
accordance with previously published reports [11].

Approximately one in six patients were transferred to the ICU for  more intensive treatment
and monitoring. If equated to the fraction of patients with a cr itical illness, this proportion is
smaller  than what has been reported in other  case ser ies of similar  size from Europe and
the United States [12-14]. Our  data are comparable to those of reports from the European
Centre for  Disease Prevention and Control (ECDC), suggesting 15% of patients hospitalised
for  COVID-19 are transferred to the ICU (ECDC accessed 27-5-2020). The reported variations
may be due to different admission practices between countr ies. Furthermore, some frail
older  patients are not transferred to the ICU because this is considered futile.

In our  case ser ies, the rate of co-infection was 13% (Table 2 and Supplementary Table 1).
This is similar  to previously reported rates in the 14-24% range [10, 12]. The incidence of co-
infection has not been reported in previous Danish case ser ies [13, 15].

Respiratory tract infection is a known r isk factor  in the development of PE in hospitalised
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patients. Thrombotic complications in patients with COVID-19 are emerging as important
sequelae that contr ibute to significant morbidity and mortality [16]. We report an overall PE
incidence of 8% and 25% in ICU patients. The rate of PE in our  cohort is lower  than in a recent
French study (n = 137) where the overall incidence of PE was 24% in all COVID-19 patients
and 50% in COVID-19 patients treated in the ICU [16].

Among patients requir ing intubation for  mechanical ventilation, prone positioning for  ARDS
was only used in 25% of ICU patients. In a previous report from New York, prone positioning
for  ARDS was used in 50% of ICU patients with COVID-19 [10]. Our  results are not unlike those
found in a recent case ser ies from Northern California [12]. Our  results might indicate less
severe ARDS in our  ICU patients.

Our  overall mortality rate of 14.4% was markedly lower  than in two other  Danish COVID-19
case ser ies: Israelsen et al. reported an overall mortality rate of 24.6% and Pedersen et al.
reported a mortality rate among ICU patients of 43% [13, 15]. Our  mortality rate is also
noticeably lower  than those reported by several large case ser ies from other  countr ies [3,
4]. However, our  results are comparable to recent case ser ies from Northern California [8,
12] and New York City [17]. In part, this difference in death rates might be attr ibuted to non-
surge conditions. Patient volumes did not exceed normal operating capacity in our  hospital
during the study period. This could lead to patients being admitted who might not merit
hospitalisation in conditions where hospital beds are limited. The lower  mortality rates
reported in our  study compared to other  Danish cohorts might also be a result of a different
case mix. When comparing baseline character istics to previous Danish case ser ies [13, 15], we
found that our  population was younger, had a lower  Body Mass Index (BMI) and a lower
admission creatinine level. Furthermore, co-morbidities such as hypertension, diabetes and
cardiovascular  disease were less frequent. Advanced age and the presence of comorbidities
such as diabetes, hypertension and obesity have previously been reported to strongly
influence the r isk of dying from COVID-19 [2-4].

The 25% death rate for  ICU patients was also lower  than previously reported rates from the
United States where large studies from New York City reported mortality rates of 45–88% [4,
18]. Recent Danish reports described mortality rates of 43-59% [13, 15] for  ICU patients with
COVID-19. Comparisons between ser ies must be made with caution due to var iable
populations and small sample sizes.

In our  population, only 20 patients were 80 years or  older. This may be attr ibutable to limited
spread of infection in this age group during the first part of the outbreak. The spread of
infection among the oldest patients may be lower  or  delayed in Denmark compared with,
e.g., Italy. Fewer  elderly people live in institutions there, and more live in multi-generational
homes or  are cared for  by younger  family members.

The major  limitations of our  study include its retrospective nature and restr iction to a single
large hospital. Overall case numbers were low, probably because of ear ly and decisive
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public health interventions in our  country. Because of the low number, the results must be
interpreted with caution. The study was conducted during the early phase of the COVID-19
outbreak in Denmark. Key factors were changing over  this period, including implementation
of physical distancing measures and testing cr iter ia, which could affect future results.
Several of the patients were young and fit without comorbidity, which we believe is because
the first phase of the COVID-19 outbreak in Denmark featured many cases imported from
popular  vacation destinations.

In conclusion, this case ser ies provides character istics and early outcomes of 115
sequentially hospitalised patients with confirmed COVID-19 in the North Zealand Region of
Denmark. The manifestations of COVID-19 were comparable to those seen in other  reports.
However, we found the overall death rate and the death rate for  ICU patients to be lower
than those reported in two previous Danish case ser ies.
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