
Widespread enterovirus D68 (EV-D68) epidemics 
occurred in the United States and in other parts 

of the world in 2014, 2016, and 2018 (1,2). Low-level 
EV-D68 detection was reported in the United States 
during the COVID-19 pandemic in 2020 (3). EV-D68 
re-emerged in autumn 2021, prominently in Europe 
but also to some extent in the United States, and again 
in 2022, when reports emerged from the United States 
and Europe about a substantially increased circula-
tion of EV-D68 associated with acute respiratory ill-
nesses in children (4–6). Previous EV-D68 epidemics 
in Europe and the United States were associated with 
severe lower respiratory tract infections, wheezing 
illnesses, and, more rarely, acute flaccid myelitis or 
other neurologic presentations in children (7,8). The 
clinical manifestations during the outbreaks in 2022 
have not been described in detail in the literature. 

In Finland, EV-D68 cases were detected in 2014 
and sporadically before and after that, but circulation 
of the virus has not been seen during recent years. 
All laboratory findings of enterovirus in Finland are 
reported in the Finnish National Infectious Diseases 
Register ,and some enteroviruses are typed. Hospital-
izations of children because of respiratory illnesses in-
creased rapidly in southwest Finland in August 2022. 
We screened children (≤16 years of age) admitted to 
Turku University Hospital, Turku, Finland, for respi-

ratory or central nervous system illness associated 
with enterovirus (confirmed by reverse transcription 
PCR [RT-PCR]) and identified EV-D68 by type-specif-
ic RT-PCR and sequencing. We describe the outbreak 
and report the clinical features of 57 children hospi-
talized with EV-D68 in August–September 2022.

The Study
Turku University Hospital is the only hospital pro-
viding inpatient care for children in the Southwest 
Finland Hospital District, covering a population of 
470,000 people, including 77,000 children and adoles-
cents ≤16 years of age. The hospital also serves as a 
tertiary facility for a larger area, but our study did not 
include patients referred from other hospitals. Hos-
pital policy requires that all children and adolescents 
with symptoms of infection at admittance be screened 
by a rapid RT-PCR test for SARS-CoV-2, influenza A 
and B, and respiratory syncytial virus (RSV). A labo-
ratory-developed triplex RT-PCR test for enterovirus, 
rhinovirus, and RSV (9) or a 16-plex RT-PCR test for 
respiratory viruses including enterovirus (Allplex Re-
spiratory Panels 1–3; Seegene, https://www.seegene.
com) is performed by using nasopharyngeal swab or 
cerebrospinal fluid specimens for patients with a re-
spiratory tract or central nervous system illness and 
negative screening test (Appendix, https://wwwnc.
cdc.gov/EID/article/29/6/22-1795-App1.pdf). 

When we noticed an enterovirus outbreak, we 
aimed to genotype viruses in all detected cases. First, 
we subjected specimens positive for enterovirus to 
typing based on partial enterovirus viral protein (VP) 
1 gene sequencing after seminested PCR amplification 
(10). We observed a high prevalence of EV-D68, but 
the amplification succeeded only in specimens with 
high virus load (low cycle threshold value). There-
fore, we applied an RT-PCR assay with EV-D68 VP1 
gene-specific primers (11). Because a portion of the 
specimens remained untyped, we subjected them to 
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We observed an intense enterovirus D68 outbreak in 
children in southwest Finland in August–September 
2022. We confirmed enterovirus D68 infection in 56 
children hospitalized for respiratory illnesses and in 1 
child with encephalitis but were not able to test all sus-
pected patients. Continuing surveillance for enterovirus 
D68 is needed.
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a nested amplification and sequencing for the VP4/2 
gene region (9,12) (Figure 1; Appendix)

In August 2022, hospitalization and intensive care 
unit admittances of children for wheezing illnesses 
and pneumonia increased rapidly at our hospital. 
EV-D68 was documented in most children who tested 
positive for enterovirus (Figure 2). During the study 

period of August 1–September 30, 2022, a total of 57 
children were hospitalized with a confirmed EV-D68 
infection. The weekly number of new EV-D68 cases 
ranged from 7 to 20 during the 4-week period of Au-
gust 22–September 18, 2022, and decreased thereafter.

The median age of the 56 children hospital-
ized with EV-D68 respiratory illness was 4.23 years  
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Figure 1. Flowchart of the 
enterovirus D68 (EV-D68) 
testing process of children 
hospitalized with respiratory 
illness or suspected central 
nervous system (CNS) infection 
at Turku University Hospital, 
Turku, Finland, during August 
1–September 30, 2022. EV, 
enterovirus; RT-PCR, reverse 
transcription PCR.

Figure 2. Weekly number of 
enterovirus D68, coxsackievirus 
A6, and nontyped enteroviruses in 
children hospitalized with enteroviral 
illness in southwest Finland during 
July 25–October 2, 2022.
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(interquartile range 2.42–6.15 years), and most (66.1%) 
were male (Table). Before their most recent illness, 
26.8% of the children had confirmed asthma or had 
been prescribed inhaled corticosteroids for suspected 
asthma. The primary reason for hospitalization was 
wheezing illness for 78.6% and pneumonia for 16.1%. 
The mean length of hospital stay among the children 
was 2.75 days (SD 2.05 days). More than half needed 
supplemental oxygen or other respiratory support, 
and 7 (12.5%) were admitted to the intensive care unit. 
The study population included 1 case of encephalitis 
and no cases of acute flaccid myelitis. The child with 
encephalitis manifested ataxia as the predominant 
symptom and did not need intensive care; EV-D68 
was detected in the nasopharyngeal specimen but not 
in cerebrospinal fluid. All children recovered fully, 
and only 1 child was re-admitted to hospital within 
14 days after discharge.

We detected another respiratory virus, in addi-
tion to EV-D68, in 8 (14.3%) children. Because other 
respiratory viruses can affect the clinical picture, we 
performed a sensitivity analysis of the clinical charac-
teristics, excluding children with a co-detected virus 
(Appendix Table). We determined the clinical char-
acteristics of 48 children with EV-D68 as the only de-
tected virus to be similar to all study children.

Conclusions
The EV-D68 outbreak we studied started rapidly and 
was exceptionally intense but was of short duration in 
our area. Other parts of Finland also reported an in-
creased number of children hospitalized with wheez-
ing illnesses during the same timeframe. As in earlier 
reports, we found that the clinical picture of EV-D68 
infection in hospitalized children was most often a re-
spiratory illness characterized by wheezing and respi-
ratory distress. In that respect, EV-D68 resembles rhi-
noviruses more than it does other enteroviruses (13).

Compared with wheezing illnesses caused by 
other viruses, the median age of children with EV-
D68–associated illness was somewhat high (4.2 years), 
and a large proportion of children had a severe illness 
treated at the intensive care unit. Some children were 
simultaneously positive for another respiratory virus, 
but clinical manifestations were similar among those 
with EV-D68 only and those with co-detected viruses. 
Co-detection of >2 respiratory viruses is common in 
children. Although cases in this outbreak included 
1 child diagnosed with encephalitis and no cases of 
acute flaccid myelitis, EV-D68 can cause acute flaccid 
myelitis and other neurologic illnesses. A study of a 
larger population would be needed to determine the 
occurrence of rare manifestations.
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Table. Baseline characteristics, diagnoses, and treatment of children hospitalized with EV-D68 respiratory illness in southwest Finland. 
August–September 2022* 
Variable Children with EV-D68, N = 56 
Median age, years (IQR) 4.23 (2.42–6.15) 
Sex  
 F 19 (33.9) 
 M 37 (66.1) 
Underlying condition, any 21 (37.5) 
 Asthma† 15 (26.8) 
 Neurologic condition 5 (8.9) 
 Premature birth, <37+0 gestational weeks 4 (7.1) 
 Other condition‡ 3 (5.4) 
 Other virus§ 8 (14.3) 
Diagnosis  
 Wheezing illness¶ 44 (78.6) 
 Pneumonia 9 (16.1) 
 Upper respiratory tract infection 3 (5.4) 
Treatment  
 Intensive care unit admission 7 (12.5) 
 Respiratory support, any 32 (57.1) 
 Supplemental oxygen 22 (39.3) 
 High flow nasal oxygen 10 (17.9) 
 Invasive ventilation 0 (0) 
 Inhaled salbutamol 53 (94.6) 
 Systemic corticosteroids 42 (75.0) 
 Antibiotics 20 (35.7) 
Mean length of stay in the hospital, days (SD) 2.75 (2.05) 
Readmission# 1 (1.8) 
*Values are no. (%) unless otherwise indicated. IQR, interquartile range; SD, standard deviation.  
†Confirmed or suspected asthma.  
‡Cardiovascular condition, cystic fibrosis, or hypothyroidism. 
§Rhinovirus, n = 7; SARS-CoV-2, n = 3; and human bocavirus, n = 3. Including 3 patients who had 3 or 4 viruses.  
¶Bronchiolitis, wheezing bronchitis, or exacerbation of asthma.  
#Within 14 days after discharge. 
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Active surveillance for EV-D68 is important be-
cause of its epidemic occurrence, continuous anti-
genic evolution (14), and potential to cause severe re-
spiratory illnesses and serious neurologic conditions. 
Rapid multiplex RT-PCR methods are increasingly 
used for microbiologic diagnostics of respiratory tract 
infections, but these methods do not provide virus 
type, and some methods do not discriminate between 
rhinoviruses and enteroviruses. Our findings support 
virologic laboratory testing, especially in severe clini-
cal cases, to determine the enterovirus type.

Our study included only 1 large pediatric hos-
pital in Finland, and the number of EV-D68 cases is 
probably underestimated because of the short study 
period; enterovirus testing of only children negative 
in the screening test for SARS-CoV-2, influenza A 
and B, and RSV; and use of either triplex or 16-plex 
RT-PCR as the primary test for enterovirus. If we had 
used both tests or the highly sensitive triplex test for 
all cases, sensitivity might have been higher. We were 
not able to determine the lineage of genotyped EV-
D68 viruses based on partial sequencing of VP1 only.

In summary, we observed a rapid onset of an EV-
D68 epidemic in southwest Finland in August 2022. 
Most children who needed hospital treatment had a 
respiratory illness characterized by acute wheezing 
and respiratory distress. Given the virus’ ability to 
cause acute flaccid myelitis and other neurologic ill-
nesses, continuing surveillance for EV-D68 is needed.
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Appendix 

Virologic Methods 

For virus identification, nucleic acids were extracted from the samples using NucliSense 

easyMag (BioMerieux) automated extractor. Prior to extraction swabs in dry test tubes were 

suspended in phosphate buffered saline. Routine testing for EV was performed using either a 

laboratory developed triplex RT-PCR assay detecting EV, rhinovirus, and RSV or Allplex 

Respiratory Panels 1–3 (Seegene) including EV as one of the targets. The laboratory developed 

triplex assay was set up using SensiFAST Probe One-Step master mix with earlier described 

primers and probes (1,2), and Mic PCR instrument (Bio Molecular Systems) was used for the 

amplification. Allplex assays were run on CFX96 cycler (Bio-Rad Laboratories) according to 

manufacturer’s instructions. 

We first subjected specimens positive for EV to typing based on partial EV VP1 gene 

sequencing after seminested PCR amplification (3). That revealed a high prevalence of EV-D68, 

but the amplification succeeded in specimens with high virus load (low Ct value) only. 

Therefore, we applied an RT-PCR assay with EV-D68 VP1 gene-specific primers (forward, 

GAACCAGAAGAAGCCATACAAACTC and reverse, 

ATCTCAGCATCAAATCTAAGGTATGTG) designed during an EV-D68 outbreak in 2014 (4). 

The assay was performed with SuperScript III Platinum One-Step qRT-PCR kit (ThermoFisher) 

supplemented with 1X EvaGreen Dye (Biotium) using Mic PCR instrument. Since a part of the 

specimens remained untyped, we subjected them to a nested amplification method for the VP4/2 

gene region as follows. First, cDNA was generated and amplified for 10 cycles using SuperScript 

III Platinum One-Step qRT-PCR kit with outer primers (1,5). Then, the sequencing amplicon 

was generated on a Rotor-Gene 3000 cycler (Qiagen) in 35 cycles using Platinum SuperFi II 

http://doi.org/10.3201/eid2906.221795
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Master Mix (ThermoFisher) with 1X EvaGreen Dye and inner primers (6). Amplicons with 

typical amplification and melting curves were treated with ExoSAP (ThermoScientific). 

Sequencing in both directions was obtained from Eurofins Genomics. EV type was called 

according to high similarity with type sequences as compared with Basic Local Alignment 

Search Tool (https://blast.ncbi.nlm.nih.gov). 
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Appendix Table. Baseline characteristics, diagnoses, and treatment of children hospitalized with EV-D68 respiratory illness in 
southwest Finland in August–September 2022, excluding cases with simultaneous detection of another respiratory virus* 
Variable Children with EV-D68, N = 48 
Median age, years (IQR) 4.23 (2.67-6.03) 
Sex  
 F 15 (31.3) 
 M 33 (68.8) 
Underlying condition, any 19 (39.6) 
Asthma† 14 (29.2) 
Neurologic condition 4 (8.3) 
Premature birth <37+0 gestational weeks 4 (8.3) 
Other condition‡ 3 (6.3) 
Diagnosis  
 Wheezing illness§ 39 (81.3) 
 Pneumonia 6 (12.5) 
 Upper respiratory tract infection 3 (6.3) 
Treatment  
 Intensive care unit admission 4 (8.3) 
 Respiratory support, any 27 (56.3) 
 Supplemental oxygen 21 (43.8) 
 High flow nasal oxygen 6 (12.5) 
 Invasive ventilation 0 (0) 
 Inhaled salbutamol 45 (93.8) 
 Systemic corticosteroids 35 (72.9) 
 Antibiotics 15 (31.3) 
Mean length of stay in the hospital, days (SD) 2.52 (1.79) 
Readmission¶ 1 (2.1) 
*Values are no. (%) unless otherwise indicated. IQR, interquartile range; SD, standard deviation.  
†Confirmed or suspected asthma.  
‡Cardiovascular condition, cystic fibrosis, or hypothyroidism.  
§Bronchiolitis, wheezing bronchitis, or exacerbation of asthma.  
¶Within 14 days after discharge. 

 


