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Background: Enteroviruses (EV) constitute a diverse group of viruses manifesting

a broad spectrum of clinical presentations in humans ranging from mild skin

manifestations to more severe central nervous system (CNS) infection. Severe

infections are reported with increased frequency globally, albeit the burden of

diseases and the evolution of circulating viruses is largely unknown. We aimed to

systematically explore contemporary trends in hospitalizations attributed to EV

infections using national hospitalization discharge data.

Methods: We utilized the Danish National Patient Register which holds

information on all contacts to Danish hospitals. We covered eight full years

(2015-2022). Length-of-stay and administrative procedure codes were used to

distinguish hospital admissions from outpatient visits. We utilized burden of

disease estimates and distribution statistics.

Results: We identified 1029 hospitalizations and 1970 outpatient visits due to EV

infections. The hospital admissions were primarily associated with CNS-

infections (n=570, 55.4%) and skin (n=252, 24.5%), with variation over the

studied period. The admitted patients were predominately children (43.8%)

though patients were identified in all ages. The clinical manifestation was

associated with age, with CNS infections dominating in the neonates and

adults, and skin infections dominating in children 1-2 years (17.2%). Outpatient

visits were predominantly observed among children 1-2 years (55.0%), presenting

with skin symptoms (77.9%). We show a seasonal pattern of EV infections with

summer/fall peaks and markedly impact on the EV hospitalization burden related

to COVID-19 mitigation measures including national lockdown periods. 25% of

hospital admissions occurred during 2020-2022.

Conclusion: EV infections caused both hospital admissions and outpatient visits

in the period studied, predominately among children aged 1-2 years. Overall, skin
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infections dominated the outpatient visits, while the majority of hospital

admissions were due to CNS infections. The pandemic period did not change

the seasonal pattern of EV infections but notably lowered the number of

admissions to hospital with CNS infection and raised the number of outpatient

admissions with skin infection.
KEYWORDS

enterovirus, epidemiology, cohort study, seasonality, meningitis, childhood infection,
clinical presentation
1 Introduction

Human enteroviruses (EV) are common viruses, with over 300

EV types characterized genetically by phylogenetic clustering to this

date. EV belongs to the genus Enterovirus of the Picornaviridae

family, consisting of single-stranded RNA viruses. EV are classified

into four species (Enterovirus A- Enterovirus D) and three

rhinovirus species (Rhinovirus A – Rhinovirus C) (1–3). Five

additional animal species (Enterovirus E- Enterovirus J) exist as

well. Most EV infections are asymptomatic or cause mild upper

respiratory or gastrointestinal infections but EV can cause severe

infections, in particular in young infants with central nervous

system (CNS) involvement and potential long-term impairment

(1, 4, 5). EV have been the cause of major epidemics, with severe

clinical manifestation such as poliomyelitis (6). A European review

of EV laboratory data through national reference laboratories

between 2015-2017 reported that 66% of infections documented

were in children younger than 5 years and that 45% of cases

presented with neurological symptoms (7).

Recently, EV have been linked with acute flaccid myelitis

(AFM), in particular types EV-D68 and EV-A71 have been

recognized as causal agents of flaccid paralysis similar to

poliomyelitis in children (8–10). In Denmark, the first case of

AFM caused by EV-D68 was reported in 2020, and the

circulation is monitored closely by the national public health

institute, Statens Serum Institute (SSI) (11, 12). Commencing

with the onset of the COVID-19 pandemic, there has been a

surge in reports detailing EV infections attributed to Echovirus-11

in newborns with severe clinical impact and mortality higher than

usual (13–16).

With the recent trends of more severe EV infections emerging

and re-emerging, attention should be given to documenting the

impact of these infections, including a more detailed description of

the disease burden caused by the viruses. A study of EV-positive

samples showed a steady number of between 215-315 positive per

year from 2010-2013 (17). Studies of EV infections in Denmark

based on reviews of medical journals have shown higher number of

EV meningitis in adults in 2017/2018 compared to the years before,

but with a decline again in 2019 (18, 19). There is no systematic

information on severe EV infections in children or in adults without
02
CNS involvement available from Denmark, and it is the aim of this

study to provide information on all severe EV infections. This is

needed to guide public health decisions on surveillance

and interventions.

We explored the Danish national health registries to assess the

burden of documented hospital admissions associated with EV

infection regardless of clinical presentation in the Danish

population during an 8-year period.
2 Materials and methods

We conducted an observational study of patients admitted to

hospitals in Denmark from January 1, 2015, to December 31, 2022,

utilizing data from the Danish National Patient Register (NPR)

(20), the Medical Birth Register (MFR) (21), and the Cause of Death

Register (DAR) (22) to gain information on demographics,

outcomes, and risk factors. The NPR serves as a comprehensive

research register founded on the entirety of administrative

registrations documenting hospital contacts throughout Denmark.

Each contact within this register is assigned a primary diagnosis

using the International Classification of Disease no. 10 (ICD-10),

and the inclusion of optional and unlimited secondary diagnoses

enhances the depth of clinical information (20). The MFR holds

detailed records of Danish births, with clinical information on

mother, child, and delivery. Additionally, the repository contains

administrative information outlining the procedures involved in

each birth (21). The Cause of Death Registry (DAR) compiles

information concerning all Danish residents who have deceased

within the borders of Denmark. The causes of death are listed in the

registry as they are declared on the death certificate of the diseased

person (22).

Contacts to hospital with EV diagnosis was extracted from the

NPR, where only the ICD-10 diagnosis is available. The registry

holds no specific clinical information and no information on patient

samples, though we assume that patients with EV specific diagnosis

have had confirmative testing leading to the specific diagnosis.

Diagnostic testing primarily occurred based on clinical indication.

All samples positive for EV were shipped to the SSI reference

laboratory for confirmation tests and subtyping of samples as part
frontiersin.org
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of the WHO polio surveillance framework (5, 17). EV are typically

identified with polymerase chain reaction (PCR) tests on samples

(cerebrospinal fluid (CSF), sputum, saliva, blood, skin, fecal) from

patients with suspected EV infection. During the study period

emergency departments and departments of infectious medicine

invested in small point-of-care-test (POCT) PCR (POCT-PCR)

machines, for syndromic testing. With this, most EV testing is

conducted as real-time PCR tests at Departments of Clinical

Microbiology (KMA) or the national reference laboratory at SSI,

using in-house assays PCR-testing (17) or at hospitals using POCT

with commercial syndromic assays PCR for CNS-, respiratory- or

gastrointestinal infections (multiple manufacturers).

EV infections were defined by the ICD-10 codes and divided

into groups based on diagnosis. Diagnostic groups were

distinguished using ICD-10 codes. We divided the diagnosis into

main groups after organ system and frequency, combining diseases

in organ systems with few instances of registration into the group

‘Other’. In organ system group central nervous system (CNS),

infections with symptoms involving the CNS are included. In the

group skin infections, infections with presentations predominantly

in the skin, such as rashes, blisters, or ulcers, are included. The

specific diagnoses are presented in Table 1. Contacts to hospital

were included in the study if patients were given at least one EV

diagnosis, primary or secondary, during admission. Patients with

contacts starting on or between 1. January 2015 and 31. December

2022 were included in the study. Information on discharge and

deaths were obtained on 13. July 2023. Contacts with no discharge

date at the end of study were excluded. Contacts due to accidents

and planned recurrent visits (i.e., for follow-up treatment or

examination) were excluded using administrative procedure

codes. Contacts shorter than 12 hours were considered outpatient

visits and contacts with a minimum of 12 hours of hospitalization

were considered a hospital admission. Two concurrent admissions

were treated as one admission if the time between discharge and

next admission were 7 days or less. Recurrent admission with EV

diagnosis within 90 days of discharge was investigated individually

to establish if the second admission was a part of the first registered

admission or a new infection causing hospital admission.

We classified the patients into the following age groups by the

age at admission: <1 month (30 days or less), 1-2 months (31 days

-12 weeks), 3-5 months (13-24 weeks), 6-11 months (25-52 weeks),

1-2 years, 3-5 years, 6-17 years, 18-25 years, 26-45 years, 46-65

years, 66+ years.

We calculated length-of-stay (LOS) from the start of first

registered admission, until last timestamp of the admission. If

patients were transferred between departments or hospitals, the

admissions were considered connected and counted as

one admission.

Severe outcomes of the EV infection were defined as registered

need for oxygen treatment, admission to the intensive care unit

(ICU) or death. Patients who received oxygen treatment and/or

admission to ICU were identified through procedure codes in NPR.

Deaths during admission or within 30 days of discharge were

identified in DAR.

Expected risk factors in the patients were identified through

NPR and MFR. For children we investigated the distribution of
Frontiers in Virology 03
preterm birth, low birth weight, and maternal smoking during

pregnancy. In adults, we investigated the distribution of cancer,

diabetes, ischemic heart disease, and chronic obstructive pulmonary

disease (COPD).

We conducted descriptive analysis; frequency distributions and

incidence rates pr. 100,000 person years, in age groups where

appropriate. Population estimates were gathered from Statistics

Denmark (23). We calculated medians and interquartile ranges

(IQR) for continuous variables age and LOS. All analysis were

performed using R version 4.3.1 (24).
3 Results

3.1 Hospital admissions

We identified 1029 patients admitted to hospitals with EV

infections, and found they consisted of 1024 unique individuals

based on the Danish civil registration system. 5 patients had

multiple admissions with EV infection. 55.8% of patients were

male, with male domination in all age groups except from 18-25

years (45% male) and 66+ years (36% male) (Table 2).

Patients younger than 3 years represented 42.7% (n=379) of all

admissions and 262 admissions (25.5%) were in children younger

than 1 year. The highest incidence rate of admission was found in

the neonates (256 admissions pr. 100,000 children <1 month)

(Table 2). Adults aged 26-45 years had the highest admission

incidence rate (2.96 per 100,000), and this age group accounted

for 33.1% of all patients admitted. Across all patients, the median

length of stay (LOS) was 2.8 days (IQR: 1.2-9.0). Adults 66+ years

had the longest median LOS, with 9.9 days (IQR: 2.6-22.7). In the

adult age groups admissions with more than 30 bed days were not

uncommon (26-45 years, median 3.8 (IQR: 1.2-68.7)) (Table 2).

Among the youngest children (<1 month) the median LOS was 4.6

days (IQR: 3.1-7.2) (Table 2).

Our study covered eight full calendar years with a fluctuating

number of admissions per year, reaching a maximum in 2018 (228

admissions, 22.2%) and a minimum in 2020 (52 admissions, 5.1%)

(Table 3). Admissions by month followed a seasonal pattern, with

few during the winter months of January to March, admissions

increasing during the summer months of June and July, peaking

either in the late summer months of August and September or in fall

months October or November (Figure 1). During the COVID-19

pandemic period (2020–2022), the seasonal pattern continued but

the number of cases was lower. The distribution between age groups

changed during the study period, with a smaller portion of

admissions occurring in adults during the pandemic period

compared to the years 2017-2019 (Figure 2). A larger proportion

of children (<18 years) admitted in the pandemic period were older

than 6 months, while the proportion of children <1 month was not

markedly different in this period (Figure 2).

The patients were predominately admitted to hospital due to

EV infection in two major organ systems: the CNS (55.4%) or the

skin (24.5%), though other organ systems were affected in 20.1% of

the admissions (see Table 1 for included diagnosis, Table 2). The

disease pattern varied with age as children were more prone to be
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TABLE 1 ICD-10 codes and SKS-codes used to identify admissions with EV infection, severe outcomes, and comorbidities in adults.

ICD-10 code Diagnostic definition Notes Organ
system

N
in study*

DA850 Enteroviral encephalitis Central
nervous system

73

DA870, DA870A, DA870B Enteroviral meningitis A: Coxsackievirus,
B: Echovirus

Central
nervous system

619

DA80 Acute poliomyelitis Central
nervous system

20

DA801 Acute paralytic poliomyelitis, wild virus, imported Central
nervous system

0

DA802 Acute paralytic poliomyelitis, wild virus, indigenous Central
nervous system

0

DA803 Acute paralytic poliomyelitis, other and unspecified Central
nervous system

5

DA804 Acute nonparalytic poliomyelitis Central
nervous system

<5

DA809 Acute poliomyelitis, unspecified Central
nervous system

13

DA880 Enteroviral exanthematous fever [Boston exanthem] Skin 19

DB303A, DB303B Acute epidemic hemorrhagic
conjunctivitis (enteroviral)

A: Coxsackievirus
type 24,
B: Enterovirus
type 70

Other
organ systems

0

DB084 Enteroviral vesicular stomatitis with exanthem Skin 1351

DB085 Enteroviral vesicular pharyngitis Skin 349

DB088B Enteroviral lymphonodular pharyngitis Skin 73

DB330 Bornholm disease Other
organ systems

17

DB341, DB341A, DB341B Enterovirus infection, unspecified site A: Coxsackievirus,
B: Echovirus

Other
organ systems

261

DB971 Enterovirus as the cause of diseases classified to
other chapters

Other
organ systems

245

Comorbidity: ICD-10 codes

DC** All Cancer-diagnosis included

DJ440, DJ441, DJ448, DJ449 Chronic obstructive pulmonary disease

DE10, DE11, DE12, DE13, DE14, DP70,
DR73, DR739

Diabetes

DI20, DI21, DI22, DI23, DI24, DI25 Ischemic heart disease

SKS-Codes for severity of disease Explanation Indicator

BGDA2 High-flow oxygen treatment Oxygen treatment

BGXA5 Oxygen treatment Oxygen treatment

NABB Intensive therapy ICU-admission

NABE Intensive care observation ICU-admission

NABS Anesthesiologic assistance ICU-admission

ZSAB0 Admission to intensive care unit ICU-admission
F
rontiers in Virology
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*Each patient may be registered with multiple diagnosis during the same admission.
**All subsidiary codes included.
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admitted with skin infections and adults more often admitted due to

CNS infections (Figure 3).

The seasonal pattern differed by which organ system was

infected (Figure 4). CNS-infections had clear seasonal peaks,

while the seasonal variation was less pronounced for skin-

infections and other infections. Skin- and other infections with

EV occurred throughout the year, with small peaks at the same time

as the CNS-infections, either in summer months around August or

the fall month of October. During the COVID-19 pandemic period

(2020-2022), the number of admissions with CNS-infections fell to

exceptionally low levels and the expected peaks did not occur in

2020 and 2021, while admissions with skin and other infections did

not change their seasonal pattern in this period.

When looking at severity of EV infections among the admitted

patients, we found that 0.9% were admitted to the intensive care

unit (ICU). Oxygen was required as a part of the treatment in 9.7%
Frontiers in Virology 05
of admissions (n=100). Oxygen treatments were used in all age

groups. In patients <1 month 5.8% received oxygen treatment, and

children, the proportions receiving oxygen treatments varied

between 2.6% (1-2 months) and 9.5% (3-5 years). In the age

group 26-45 years 21.1% required oxygen treatment, which was

the highest proportion among adults. Oxygen treatments were

administered in 7% of CNS admissions, 2.6% of skin admissions

and 1.1% of other admissions. Throughout the study period, there

were 2 fatal cases within 30 days of EV-admission, all in adults

above 45 years. There were no fatalities with EV-infection as

registered cause of death (Data not shown).

We found that a possible risk factor in children admitted with

EV was being born prematurely and with low birth weight (4.6%

and 4.3% respectively in children <18 years, and in children

younger than 1 year, 4.9% and 4.6% respectively) while 1.2% had

low birth weight for their gestational age. Maternal tobacco usage

during pregnancy occurred in 12.3% of admissions among children

<18 years and 10.3% in children <1 year (Table 4).

For adults, we investigated the distribution of diagnoses of

cancer, diabetes, heart disease, and chronic obstructive pulmonary

disease (COPD) (Table 4). In 3.9% of adults admitted with EV, the

patient had a diagnosis of at least one of these comorbidities within

5 years before admission.
3.2 Outpatient visits

We identified 1970 outpatient visits (i.e., hospital stays shorter

than 12 hours and not a planned control) with EV infections, where

59.0% of patients were male. The incidence rate per 100,000 person

years was 4.3 visits (Table 5). Children aged 1-2 years accounted for

55.8% of the outpatient visits (IR: 113.8) while children <1 month

had almost no outpatient visits (6, 0.3%). Among outpatients, skin

infections were most prevalent, with 77.9% of all visits. CNS-

infections constituted 7.0% of outpatient visits (Table 5). Over

time, the number of outpatient visits per month increased, and in

2019-2022 a seasonal pattern emerged, which remained unchanged

during the pandemic period (2020-2022) (Figure 5).
4 Discussion

In this study we documented the number of patients diagnosed

and admitted with EV infections in Danish hospitals over an 8-year

period. This is the largest full-national systematic documentation of

severe EV infections in a European country to this date. Utilizing

the National Danish health care registers, we were able to identify all

registered EV infections causing either admission to hospital or

outpatient visits. The proportion of EV admissions caused by CNS-

infections was highest among in-patients, whereas skin-infections

were most common among patients seen as out-patients. EV

infections were predominantly registered among young children.

CNS-infections constituted the majority of hospital admissions.

However, it was notable that this trend deviated among the

youngest infants aged 3-5 months up to 3-5 years .

Hospitalizations among these young children were mainly caused
TABLE 2 Hospital admissions with enterovirus infection.

N
(%)
Admissions

IR (Admission
incidence rate
pr. 100,000
person years*)

Length of
Stay in
days pr
admission
Median
(IQR)

Total 1029 2.2 2.8 (1.2-9)

Sex

Male 574 (55.8) 2.5 2.8 (1.2-9)

Female 455 (44.2) 2.0 2.8 (1.2-9.1)

Age

median (IQR) 11.0 (0 – 32)

Age group

<1 month 104 (10.1) 256.0 4.6 (3.1-7.2)

1-2 months 78 (7.6) 108.4 3.2 (1.9-5.9)

3-5 months 32 (3.1) 26.3 2.7 (1.2-4.1)

6-11 months 48 (4.7) 22.2 2.2 (1-3.4)

1-2 years 177 (17.2) 18.3 1.2 (0.8-3)

3 -5 years 42 (4.1) 2.9 2.1 (1-4.3)

6-17 years 72 (7.0) 1.1 1.7 (1.1-3.4)

18-25 years 71 (6.9) 1.5 2.9 (1.1-35.9)

26-45 years 341(33.1) 3.0 3.2 (1.3-32.1)

46-65 years 42 (4.1) 0.4 3.8 (1.2-68.7)

66+ years 22 (2.1) 0.3 9.9 (2.6-22.7)

Organ system

Central
nervous system

570 (55.4) 1.2 3.8 (1.7-31.9)

Skin 252 (24.5) 0.6 1.1 (0.8-2.5)

Other
organ systems

207 (20.1) 0.5 3 (1.3-5.3)
*Background population is yearly total population, by age group where needed.
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by EV-associated skin infections (dominating diagnose of Hand-

Foot-and Mouth disease (HFMD)). Also notably, among children

in the age group of 3- 5 years, the distribution of hospital

admissions reached parity among skin, CNS and other EV-

infections (Figure 3). Among the hospital admissions, LOS

differed between age groups, with longer stays in neonates, which

could possibly be explained by hospital admissions for EV
Frontiers in Virology 06
occurring simultaneously with their birth, as well as neonates

being at higher risk of admission due to their venerability. In

adults aged above 66 years, the LOS was the highest, which may

be explained by EV infections occurring simultaneously with other

severe diseases or chronic conditions worsening with the infections.

We observed a seasonal pattern characterized by peak infection

rates in either the months of August and September or October and
TABLE 3 Yearly distributions for enterovirus admissions n (%).

2015 2016 2017 2018 2019 2020 2021 2022

Total 103 (10) 107 (10.4) 179 (17.4) 228 (22.2) 151 (14.7) 52 (5.1) 81 (7.9) 128 (12.4)

Sex

Female 40 (39) 47 (44) 75 (42) 99 (43) 71 (47) 28 (54) 35 (43) 60 (47)

Male 63 (61) 60 (56) 104 (58) 129 (57) 80 (53) 24 (46) 46 (57) 68 (53)

Organ system

Central nervous system 39 (38) 73 (68) 123 (69) 161 (71) 90 (60) 13 (25) 15 (19) 56 (44)

Skin 38 (37) 19 (18) 36 (20) 34 (14) 29 (19) 25 (48) 38 (47) 33 (26)

Other organ systems 26 (25) 15 (14) 20 (11) 33 (14) 32 (21) 14 (27) 28 (35) 39 (30)

Age group

<1 month 12 (12) 13 (12) 10 (5.6) 26 (11) 16 (11) <10 (- -) <5 (- -) 18 (14)

1-2 months <10 (- -) 9 (8.4) 8 (4.5) 25 (11) 14 (9.3) <5 (- -) 5 (6.2) 8 (6.3)

3-5 months 6 (5.8) 6 (5.6) <5 (- -) <5 (- -) <5 (- -) <5 (- -) 5 (6.2) 5 (3.9)

6-11 months 8 (7.8) <5 (- -) 5 (2.8) 8 (3.5) 7 (4.6) <5 (- -) 8 (9.9) 5 (3.9)

1-2 years 23 (22) 7 (6.5) 22 (12) 21 (9.2) 26 (17) 15 (29) 30 (37) 33 (26)

3-5 years 5 (4.9) <5 (- -) 5 (2.8) <5 (- -) 7 (4.6) <5 (- -) 8 (9.9) 9 (7.0)

6-17 years <5 (- -) <10 (- -) 16 (8.9) 20 (8.8) 9 (6.0) <5 (- -) 8 (9.9) 6 (4.7)

18-25 years 8 (7.8) 7 (6.5) 14 (7.8) 22 (9.6) 11 (7.3) <5 (- -) <5 (- -) <5 (- -)

26-45 years 24 (23) 45 (42) 85 (47) 85 (37) 52 (34) 7 (13) 6 (7.4) 37 (29)

46+ years* 8 (7.8) 7 (6.5) 10 (5.6) 16 (7.1) 8 (5.2) 5 (9.2) <10 (- -) <5 (- -)
fro
*66+ years are added to 46-65 due to low cell-counts, for a combined group of 46+.
FIGURE 1

Enterovirus admissions per month 2015-2022.
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November. A trend that was less pronounced in hospital admissions

during the pandemic period. This shift in pattern was attributed to a

change in the prevalence of CNS infections, while skin infections

and other infections maintained relatively low occurrences.

In 2018, hospital admissions with EV were at the highest during

the study period. This peak can be explained by an echo 11

epidemic, as described by Broberg 2018 (25) The low number of

hospitalizations in 2020 was explained by the COVID-19 pandemic

control measurements such as lock downs and restrictions on

public activities (13, 26).

The number of outpatient visits exhibited an increasing trend

from 2019 onwards, with skin infections predominantly

contributing to the rise in numbers. Notably, outpatient skin

infections demonstrated a seasonal pattern since 2017, which

became more distinct during this period marked by an increase in

infections. In other locations such as Brazil, India, and China,

changes to the seasonality of HFMD have been reported since the

onset of the pandemic. China experienced a decrease in cases, while

Brazil and India witnessed increases in HFMD cases (27–29). To

our knowledge no European studies have been published on the
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latest trends in HFMD. We found an equal number of monthly

outpatient visits and inpatient hospital admissions in 2017-2018,

but the increased trend of outpatient visits from 2019 onwards

shifted this distribution. Overall, there were 1970 outpatient visits

versus 1029 inpatient hospitalizations. When considering the

pathogen specific diagnosis, a positive test for EV is expected for

a diagnosis of a disease with CNS-involvement, where skin lesions

from EV infections can be differentiated from other skin infections

by a trained physician. This difference may affect the number of

outpatients presenting with CNS-symptoms correctly diagnosed

with EV infections.

We observed that severe adverse outcomes such as ICU

admissions or death were infrequent in our study, and we have

not extended our follow-up information to include potential late

presentations of severe sequelae including impaired motor

functions or other disabilities. A longitudinal study conducted in

Denmark revealed that across all age groups, individuals with EV

infections exhibited a 10-fold higher 1-year mortality rate, with no

discernible variation in subsequent years (5). Another Danish study

focused on adults with EV meningitis and found that 20% of
FIGURE 2

Age distribution in hospital admissions by year.
FIGURE 3

Distribution of infected organ systems in age groups.
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patients experienced outcomes ranging from moderate disability to

death within 30 days of discharge (18).

A comprehensive Danish clinical database dedicated to

collecting information on infections in the CNS has systematically

compiled data on adult EV meningitis from all hospitals in

Denmark (19). Given that this data collection is prioritized by

clinicians, we anticipate a near-complete representation of EV

meningitis cases among hospital admissions. From 2015 to 2019,

a total of 419 cases of adult EV meningitis were documented, a

slightly lower figure than the overall number of adult admissions

(476) disregarding the affected organ system or specific diagnoses

over an extended study period.
FIGURE 4

Enterovirus hospital admission by organ system affected 2015-2022.
TABLE 4 Risk factor distributions in admissions in children <18 and <1
years and adults.

Children’s Comorbidities N (%)
N=553

N patients <1 year
(%)
N=262

Premature birth 26 (4.7) 13 (5.0)

Extremely premature 7 (1.3) <5 (–)

Low birth weight 22 (3.9) 12 (4.6)

Low birth weight for gestational age 6 (1.1) <5 (–)

Multiple birth 10 (1.8) <5 (–)

Maternal tobacco usage
during pregnancy

65 (11.7) 27 (10.3)

N (%)
N=476

Adults’ comorbidities
(Any of those below)

19 (4.0)

Cancer 9 (1.9)

Diabetes 9 (1.9)

COPD <5 (–)

Heart disease <5 (–)
F
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TABLE 5 Descriptive statistics for enterovirus outpatient visits.

N (%) out-
patient
visits

IR (Admission incidence
rate pr. 100,000
person years*)

Total 1970 4.3

Sex

Female 808 (41.2) 3.5

Male 1162 (58.8) 5.0

Age

Median (IQR) 1.0 (1 – 4)

Age group

<1 month 6 (0.3) 38.6

1-2 months 29 (1.5) 40.3

3-5 months 33 (1.7) 30.7

6-11 months 205 (10.4) 96.8

1-2 years 1100 (55.8) 113.8

3 -5 years 157 (8.0) 10.7

6-17 years 103 (5.2) 1.6

18-25 years 60 (3.0) 1.4

26-45 years 205 (10.4) 1.8

46-65 years 47 (2.4) 0.6

66+ years 21 (1.1) 0.3

Missing 4 (0.2)

Organ system

Central
nervous system

137 (7.0) 0.3

Skin 1534 (77.9) 3.3

Other
organ systems

299 (15.0) 0.7
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This observed discrepancy is likely attributable to

underreporting of EV specific ICD-10 diagnosis in the healthcare

registries, which primarily serve as administrative tools for the

planning and financing of Denmark’s health care system. Similar

deficiencies in ICD-10 codes within administrative registries of

infectious diseases have been previously demonstrated in other

settings when compared to clinical datasets of confirmed positive

cases (30).

Beyond the variations in preferences for specific ICD-10 codes,

our observations suggest that limited awareness of EV in general,

may contribute to divergent practices in testing and diagnosis

outpatient visits, where the seasonal trends of EV infections only

became evident after 2018, coinciding with the increased adoption

of point-of-care testing.

This discrepancy was most pronounced in outpatient visits,

where the seasonal trends of EV infections only became evident

after 2018, coinciding with the increased adoption of point-of-care

testing polymerase chain reaction (POCT-PCR) in emergency

departments across Denmark. In the case of young children, the

rarity of pathogen diagnosis in CNS-infections coupled with low C-

reactive protein (CRP) counts, often leads pediatricians to refrain

from performing lumbar puncture procedures. Consequently, in the

absence of a confirmed infective pathogen, hospital admissions are

less likely to be assigned EV-specific ICD-10 codes. While our work

has documented registered EV infections in Denmark from 2015 to

2022, the challenges associated with ICD-10 coding may have led to

an underestimation of the true burden of EV infections.

We advocate for the adoption of prospective study designs, akin

to those implemented in the Danish clinical database for adults with

infections in the brain, and the surveillance pilots proposed by the

European non-polio enterovirus network (19, 31). These

approaches, encompassing all age groups and considering diverse

clinical presentations, will be instrumental in detecting EV
Frontiers in Virology 09
infections more comprehensively. By further investigating EV

infections and systematically collecting information on symptoms,

outcomes, diagnoses, and treatments, we can enhance our

understanding of the intricate landscape of EV infections.
5 Conclusion

In this retrospective national study of EV-associated

hospitalizations, CNS-infections were most prevalent among

hospitalized patients across all ages, while skin-infections and

HFMD was most common among pediatric outpatient visits. The

affected organ system leading to hospital admission exhibited age-

related variations, with CNS infections prevailing in the youngest

children and in adults. Interestingly, the seasonal pattern of CNS-

infections causing admissions showed a diminished prominence

during the pandemic period. In contrast, the seasonality observed in

skin infections prompting outpatient visits remained unaffected.

This intriguing divergence in the impact of the pandemic on the

seasonal dynamics of different EV-infection types warrants further

investigation and consideration in public health strategies.
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endgame for global eradication. In: Martıń J, editor. Poliovirus: Methods and Protocols.
Springer, New York, NY (2016). p. 1–10. doi: 10.1007/978-1-4939-3292-4_1

7. Bubba L, Broberg EK, Jasir A, Simmonds P, Harvala H, Redlberger-Fritz M, et al.
Circulation of non-polio enteroviruses in 24 EU and EEA countries between 2015 and
2017: a retrospective surveillance study. Lancet Infect Dis. (2020) 20:350–61.
doi: 10.1016/S1473-3099(19)30566-3

8. Knoester M, Helfferich J, Poelman R, Van Leer-Buter C, Brouwer OF, Niesters
HGM. Twenty-nine cases of enterovirus-D68–associated acute flaccid myelitis in Europe
2016. Pediatr Infect Dis J. (2019) 38:16–21. doi: 10.1097/INF.0000000000002188

9. Holm-Hansen CC, Midgley SE, Fischer TK. Global emergence of enterovirus D68: a
systematic review. Lancet Infect Dis. (2016) 16:e64–75. doi: 10.1016/S1473-3099(15)00543-5

10. Fischer TK, Nielsen AY, Sydenham TV, Andersen PH, Andersen B, Midgley SE.
Emergence of enterovirus 71 C4a in Denmark, 2009 to 2013. Euro Surveill Bull Eur Sur
Mal Transm Eur Commun Dis Bull. (2014) 19:20911. doi: 10.2807/1560-
7917.ES2014.19.38.20911

11. Hartling UB, Linnet KM, Thomsen MK, Midgley SE, Holm M. Akut slap parese
associeret med enterovirus D68 hos et barn. Copenhagen, Denmark: Ugeskrift for læger
(2020) 182(22):V10190616. Available at: https://ugeskriftet.dk/videnskab/akut-slap-
parese-associeret-med-enterovirus-d68-hos-et-barn.

12. Midgley SE, Christiansen CB, Poulsen MW, Hansen CH, Fischer TK. Emergence of
enterovirus D68 in Denmark, June 2014 to February 2015. Euro Surveill Bull Eur Sur Mal
Transm Eur CommunDis Bull. (2015) 20:21105. doi: 10.2807/1560-7917.ES2015.20.17.21105

13. Lee BR, Sasidharan A, Harrison CJ, Selvarangan R. Disruption of seasonal
enterovirus and parechovirus detections in the CSF and plasma of children during the
COVID-19 pandemic. J Clin Virol Off Publ Pan Am Soc Clin Virol. (2023) 160:105381.
doi: 10.1016/j.jcv.2023.105381

14. Grapin M, Mirand A, Pinquier D, Basset A, Bendavid M, Bisseux M, et al. Severe
and fatal neonatal infections linked to a new variant of echovirus 11, France, July 2022
to April 2023. Eurosurveillance. (2023) 28:2300253. doi: 10.2807/1560-
7917.ES.2023.28.22.2300253

15. Wise J. Myocarditis: Unusual cluster of cases in babies is identified in Wales.
BMJ. (2023) 381:1151. doi: 10.1136/bmj.p1151

16. Piralla A, Borghesi A, Di Comite A, Giardina F, Ferrari G, Zanette S, et al.
Fulminant echovirus 11 hepatitis in male non-identical twins in northern Italy, April
2023. Euro Surveill Bull Eur Sur Mal Transm Eur Commun Dis Bull. (2023) 28:2300289.
doi: 10.2807/1560-7917.ES.2023.28.24.2300289

17. Condell O, Midgley S, Christiansen CB, Chen M, Chen Nielsen X, Ellermann-
Eriksen S, et al. Evaluation of the enterovirus laboratory surveillance system in
Denmark, 2010 to 2013. Euro Surveill Bull Eur Sur Mal Transm Eur Commun Dis
Bull. (2016) 21. doi: 10.2807/1560-7917.ES.2016.21.18.30218

18. Petersen PT, Bodilsen J, Jepsen MPG, Larsen L, Storgaard M, Hansen BR, et al.
Clinical features and prognostic factors in adults with viral meningitis. Brain. (2023)
146:3816–25. doi: 10.1093/brain/awad089

19. Bodilsen J, Mens H, Midgley S, Brandt CT, Petersen PT, Larsen L, et al.
Enterovirus meningitis in adults: A prospective nationwide population-based cohort
study. Neurology. (2021) 97:e454–63. doi: 10.1212/WNL.0000000000012294

20. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register(2011).
Available online at: https://journals-sagepub-com.ep.fjernadgang.kb.dk/doi/abs/10.
1177/1403494811401482.

21. The Danish Medical Birth Register on JSTOR. Available online at: https://www-
jstor-org.ep.fjernadgang.kb.dk/stable/44849605?sid=primo.

22. Helweg-Larsen K. The Danish Register of Causes of Death(2011). Available
online at: https://journals-sagepub-com.ep.fjernadgang.kb.dk/doi/abs/10.1177/
1403494811399958.

23. StatBank Denmark. Population of Denmark. Available online at: https://www.
statistikbanken.dk/statbank5a/default.asp?w=1920.

24. R Core Team. R: A Language and Environment for Statistical Computing
[Internet]. Vienna, Austria: R Foundation for Statistical Computing (2023). Available
at: https://www.R-project.org/.

25. Broberg EK, Simone B, Jansa J. EU/EEA Member State contributors. Upsurge in
echovirus 30 detections in five EU/EEA countries, April to September, 2018. Euro
Surveill Bull Eur Sur Mal Transm Eur Commun Dis Bull. (2018) 23:1800537.
doi: 10.2807/1560-7917.ES.2018.23.44.1800537
frontiersin.org

https://doi.org/10.1134/S0006297917130041
https://doi.org/10.1099/jgv.0.000911
https://doi.org/10.1007/s00705-019-04520-6
https://doi.org/10.1016/j.jcv.2018.01.008
https://doi.org/10.1093/infdis/jiaa151
https://doi.org/10.1007/978-1-4939-3292-4_1
https://doi.org/10.1016/S1473-3099(19)30566-3
https://doi.org/10.1097/INF.0000000000002188
https://doi.org/10.1016/S1473-3099(15)00543-5
https://doi.org/10.2807/1560-7917.ES2014.19.38.20911
https://doi.org/10.2807/1560-7917.ES2014.19.38.20911
https://ugeskriftet.dk/videnskab/akut-slap-parese-associeret-med-enterovirus-d68-hos-et-barn
https://ugeskriftet.dk/videnskab/akut-slap-parese-associeret-med-enterovirus-d68-hos-et-barn
https://doi.org/10.2807/1560-7917.ES2015.20.17.21105
https://doi.org/10.1016/j.jcv.2023.105381
https://doi.org/10.2807/1560-7917.ES.2023.28.22.2300253
https://doi.org/10.2807/1560-7917.ES.2023.28.22.2300253
https://doi.org/10.1136/bmj.p1151
https://doi.org/10.2807/1560-7917.ES.2023.28.24.2300289
https://doi.org/10.2807/1560-7917.ES.2016.21.18.30218
https://doi.org/10.1093/brain/awad089
https://doi.org/10.1212/WNL.0000000000012294
https://journals-sagepub-com.ep.fjernadgang.kb.dk/doi/abs/10.1177/1403494811401482
https://journals-sagepub-com.ep.fjernadgang.kb.dk/doi/abs/10.1177/1403494811401482
https://www-jstor-org.ep.fjernadgang.kb.dk/stable/44849605?sid=primo
https://www-jstor-org.ep.fjernadgang.kb.dk/stable/44849605?sid=primo
https://journals-sagepub-com.ep.fjernadgang.kb.dk/doi/abs/10.1177/1403494811399958
https://journals-sagepub-com.ep.fjernadgang.kb.dk/doi/abs/10.1177/1403494811399958
https://www.statistikbanken.dk/statbank5a/default.asp?w=1920
https://www.statistikbanken.dk/statbank5a/default.asp?w=1920
https://www.R-project.org/
https://doi.org/10.2807/1560-7917.ES.2018.23.44.1800537
https://doi.org/10.3389/fviro.2024.1346352
https://www.frontiersin.org/journals/virology
https://www.frontiersin.org


Johannesen et al. 10.3389/fviro.2024.1346352
26. Rankin DA, Spieker AJ, Perez A, Stahl AL, Rahman HK, Stewart LS, et al.
Circulation of rhinoviruses and/or enteroviruses in pediatric patients with acute
respiratory illness before and during the COVID-19 pandemic in the US. JAMA
Netw Open. (2023) 6:e2254909. doi: 10.1001/jamanetworkopen.2022.54909

27. Carmona RCC, MaChado BC, Reis FC, Jorge AMV, Cilli A, Dias AMN, et al.
Hand, foot, and mouth disease outbreak by Coxsackievirus A6 during COVID-19
pandemic in 2021, São Paulo, Brazil. J Clin Virol Off Publ Pan Am Soc Clin Virol. (2022)
154:105245. doi: 10.1016/j.jcv.2022.105245

28. Farahat RA, Shaheen N, Kundu M, Shaheen A, Abdelaal A. The resurfacing of
hand, foot, and mouth disease: Are we on the verge of another epidemic? Ann Med
Surg. (2022) 81:104419. doi: 10.1016/j.amsu.2022.104419
Frontiers in Virology 11
29. Wu H, Xue M, Wu C, Lu Q, Ding Z, Wang X, et al. Trend of hand, foot, and
mouth disease from 2010 to 2021 and estimation of the reduction in enterovirus 71
infection after vaccine use in Zhejiang Province, China. PloS One. (2022) 17:e0274421.
doi: 10.1371/journal.pone.0274421

30. Pfister T, Rennert-May E, Ellison J, Bush K, Leal J. Clostridioides difficile
infections in Alberta: The validity of administrative data using ICD-10 diagnostic
codes for CDI surveillance versus clinical infection surveillance. Am J Infect Control.
(2020) 48:1431–6. doi: 10.1016/j.ajic.2020.08.016

31. Bodilsen J, Larsen L, Brandt CT, Wiese L, Hansen BR, Andersen CØ, et al. Existing
data sources for clinical epidemiology: the Danish study group of infections of the brain
database (DASGIB). Clin Epidemiol. (2021) 13:921–33. doi: 10.2147/CLEP.S326461
frontiersin.org

https://doi.org/10.1001/jamanetworkopen.2022.54909
https://doi.org/10.1016/j.jcv.2022.105245
https://doi.org/10.1016/j.amsu.2022.104419
https://doi.org/10.1371/journal.pone.0274421
https://doi.org/10.1016/j.ajic.2020.08.016
https://doi.org/10.2147/CLEP.S326461
https://doi.org/10.3389/fviro.2024.1346352
https://www.frontiersin.org/journals/virology
https://www.frontiersin.org

	Changing rates but persisting seasons: patterns of enterovirus infections in hospitalizations and outpatient visits in Denmark 2015-2022
	1 Introduction
	2 Materials and methods
	3 Results
	3.1 Hospital admissions
	3.2 Outpatient visits

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


