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Background

Enteroviruses have the potential to cause both high morbidity and mortality especially in children. High season in Norway is between August and November, but this seasonality was interrupted by the COVID-19 pandemic.





Methods

In this study, we describe the enterovirus surveillance in Norway before and during the COVID-19 pandemic including the years from the start of 2016 until the end of 2022. Screening of enterovirus was performed by both laboratory developed methods and FilmArray® ME Panel. Relevant samples were typed, mostly by VP1 sequencing.





Results

Seventy-four percent of all cases occurred in infants under five years of age. A significant reduction in positive cases was observed during the peak years of the COVID-19 pandemic compared to the years before. Pre-pandemic, a wide range of types from all four enterovirus species were detected. During the years with COVID-19 infection control measures, significantly fewer enterovirus types were found along with a substantial reduction in the detection rate.





Conclusion

Enterovirus surveillance discovered a large amount of different types mainly affecting infants. The positivity rate was markedly reduced during the pandemic in 2020-2022 and fewer types occurred.
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Introduction

Enterovirus infection, causing major disease burden especially in children, can present with a wide array of conditions, spanning from febrile illness to neurological disorders such as meningitis, encephalitis, or paralysis, and may also impact the heart and respiratory system (1–3).

Human enteroviruses, belonging to the Picornaviridae family, are grouped into four species: Enterovirus A to D, with polioviruses assigned to group C (4).

Enterovirus B types including echoviruses are known to cause meningitis (1–3). Coxsackievirus A 16 (CVA16) and CVA6 in group A often affects the skin or mucosa resulting in hand-foot-and-mouth disease (HFMD) along with enterovirus A71 (EVA71). Coxsackievirus B (CVB) can infect the myocardium in infants and lead to severe systemic infection and myocarditis also in young adults (1). Similar to other temperate regions, the enterovirus season in Norway typically peaks between late summer and mid-autumn (3). However, during the COVID-19 pandemic, this seasonal distribution was disrupted by the implication of strict hygiene and lockdown measures (5).

Since Norway, along with other European countries, achieved polio-free status in 2002, enterovirus surveillance has been continued. Initially, the surveillance of acute flaccid paralysis (AFP) aimed to ensure Norway´s polio-free status by documenting the absence of poliovirus circulation (6). This was achieved by monitoring all AFP cases in children under fifteen years of age, involving the collection of two stool samples to detect potential poliovirus importation into the country. The last domestic polio case in Norway was reported in 1969, and between 1975 and 1992 only five cases were imported, mainly from Pakistan (6).

As enterovirus D68 (EV-D68) emerged in a large outbreak in 2014, causing respiratory infections and the polio-like illness acute flaccid myelitis (AFM) with varying degrees of paralysis (7), surveillance of this type of enterovirus was recommended (8, 9). In 2014, an additional nasopharyngeal specimen was included in the enterovirus surveillance conducted at the Norwegian Institute of Public Health (NIPH) to test for EV-D68, facilitating its detection in AFM cases (10–13).

In Norway, all AFP cases are examined and tested in hospitals by dedicated physicians, with notification sent to the NIPH, which then reports to the World Health Organization (14). Supplementary surveillance primarily targets cases with central nervous system (CNS) enterovirus infection (14). This surveillance relies on clinical diagnostics and routine testing at local microbiology laboratories. Viral CNS infections caused by enterovirus are notifiable according to the Norwegian Surveillance System for Communicable Diseases (MSIS). Positive samples from patients with confirmed CNS infections are sent to the reference laboratory for polio/enterovirus at NIPH for isolation, typing and further characterization. Additionally, samples from non-notifiable enterovirus infections, such as neonatal sepsis-like illness and HFMD, can be submitted for typing upon the clinical virologist’s request.

Oslo University Hospital (OUH) is a major contributor of EV-positive specimens due to its large catchment area. OUH comprise two large hospital sites, Ullevål and Rikshospitalet, that primarily serve the inhabitants of Oslo, the capital of Norway, with a population of approximately 709,000 people. Additionally, OUH provides specialized healthcare services in the densely populated South – East Health region.

This study aims to investigate the molecular epidemiology of enterovirus cases detected at OUH by comparing a four-years period before with the first years of the COVID-19 pandemic, spanning from 2016 to 2022.





Materials and methods




Study population and collection of samples

This retrospective study encompassed all samples submitted for enterovirus infection testing at the Department of Microbiology at OUH in both Ullevål and Rikshospitalet locations. Respiratory specimens only tested using the in-house EV-D68 specific PCR were excluded. The study period spanned from January 1st, 2016, to December 31st, 2022. Each suspected case, based on clinical presentation, included at least one of the following specimen types: cerebrospinal fluid (CSF), plasma/serum, feces, vesicle/skin swab, or respiratory specimens.





Enterovirus RNA detection by laboratory developed methods

Extraction of RNA from clinical specimens was performed using the MagNAPure Compact Nucleic Acid isolation Kit I (Roche Diagnostics, Basel, Switzerland), the EZ1 DSP Virus kit (Qiagen, Hilden, Germany), or the MagNAPure 24 Total Nucleic Acid Isolation Kit and Viral RNA Small Volume Kit (Roche Diagnostics, Basel, Switzerland) according to the manufacturer’s instructions.

Detection of enterovirus was done using the instruments Agilent Mx3005P qPCR System, Agilent AriaDx RealTime PCR Instrument or Roche Light Cycler 480 by two different laboratory developed methods for pan-EV PCR with 5’ untranslated region (UTR) as the PCR target. EV-PCR-1 and EV-PCR-2 are the methods used at the two laboratories at OUH; Ullevål and Rikshospitalet respectively. Primers and probes are listed in Table 1 (15–17).


Table 1 | Primer and probes designed for detection of enterovirus RNA by the two methods at Oslo University Hospital Ullevål (EV-PCR-1) and Rikshospitalet (EV-PCR-2).







Enterovirus detection by Filmarray ME Panel

For the FilmArray Meningitis/Encephalitis Panel (FilmArray ME, BioFire Diagnostics®, Salt Lake City, USA), 200 µl of CSF was used following the manufacturer’s instructions. The BioFire® system automatically performs nucleic acid extraction, reverse transcription, and multiplex nested PCR. Although some samples were tested by both FilmArray ME and in-house PCR, the results were only counted once.





Virus isolation and sequencing

Stool specimens from AFP cases or CNS cases sent for typing were inoculated in relevant cell lines like RD, BGM and L20B at the polio/enterovirus reference laboratory at NIPH. All cell culture supernatants were passaged onto fresh cells, and typical cytopathic effects documented. Virus isolates were typed by neutralization assay using RIVM antibody pools, type-specific antibodies or VP1 sequencing as described by Nix et al. (18). VP1 sequencing was employed for typing of all other specimen types.





Statistical analysis

Chi-square tests were used to assess the statistical significance in differences during the study period. Only p-values < 0.05 were considered significant. All analyses were performed using SPSS version 19 (IBM Statistics, USA).






Results

Throughout the entire study period, a total of 13,938 samples underwent enterovirus testing, identifying 1,236 (8.8%) positive samples. FilmArray ME was performed on 1515 CSF samples, resulting in 62 (4%) positives, of these 48 were detected by this method only. Of the samples tested by FilmArray ME, 348 also underwent in-house PCR testing. There was agreement between FilmArray ME and in-house PCR results in all but two cases, both with Ct values of 38 by in-house PCR although negative in the FilmArray ME.

The highest number of cases and highest positivity rates were observed in 2018 and 2019. However, during the COVID-19 pandemic, from 2020 until 2021, significantly fewer enterovirus cases were detected, with rates of 2.9% and 4.5%, respectively. Detailed information on the distribution of specimen types and positivity rates by year and age is presented in Table 2.


Table 2 | Number of tested patients per year and EV cases detected according to gender, age groups and sample types at Oslo University Hospital from 2016 to 2022.



Most enterovirus infections were diagnosed through skin swabs, feces, blood, or CSF, comprising 30.1%, 24.7%, 23.2% and 14.2% respectively. Overall, there was a predominance of males (58%), except for the year 2022, which saw a slight predominance of female cases. The majority of enterovirus patients (74%) fell within the age range from newborns to five years. Notably, most enterovirus infections occurred in children under the age of 12 months (59.3%), with the second-highest incidence observed in children aged one to five (14.7%). The highest number of infections among adults was seen in the age group between 30-39.

Out of the positive samples, 450 (36% of enterovirus positive samples) were successfully typed. Enterovirus typing revealed that a wide range of types were detected throughout the study period, except for 2020 and 2021 when fewer types were found (Figure 1). Analysis of the 450 characterized enteroviruses, showed that EV-A was the most prevalent species overall, peaking in 2019 (Table 3). The total number of typed samples decreased from 221 in 2018/2019 to 71 in 2020/2021, a 68% reduction. The largest decline was a 100% decrease in enterovirus types with a likely dominant respiratory transmission pathway (EV-A71, EV-A76, and EV-D68). Echoviruses decreased by 86%, and a 54% reduction was observed for the Coxsackieviruses. Overall, the most prevalent type was CVA6 with 133 cases, followed by various echoviruses accounting for 122 cases. The prevalence of various enterovirus types during the pre-pandemic period and the years following is visualized in Figure 1. Figure 2 shows the distribution of enterovirus types according to age of the patients. The widest range of types were found in infants under the age of one year, while adults were infected with mostly echoviruses.




Figure 1 | The number of enterovirus types in 450 samples during the years from 2016 – 2022 at Oslo University Hospital.




Table 3 | Distribution of EV types in patients at Oslo University Hospital from 2016 to 2022.






Figure 2 | The number of enterovirus types according to age in 450 samples during the years from 2016 – 2022 at Oslo University Hospital.



Table 4 presents the enterovirus species and types categorized by the type of specimen, showing that CVB5 and CVA6 peaked in 2019. The widest range of enterovirus types was identified in feces, where all types except for E15 could be detected. In CSF, the most prevalent types were CVB5, E6 and E30, while vesicle fluid or skin swabs predominantly featured CVA6.


Table 4 | Distribution of enterovirus species according to sample types at Oslo University Hospital during the period from 2016 to 2022.







Discussion

Our study demonstrated a notable reduction in the enterovirus positivity rate during the COVID-19 pandemic period 2020-2021 compared to the average rate in the pre-pandemic years. This is in line with a previous study that reported fewer enterovirus cases, as well as a marked decrease in the detection of respiratory viruses such as influenza, coinciding with the implementation of strict infection control measures (5). Additionally, our study observed a lower diversity of detected enterovirus types during 2020 and 2021, and a total absence of EV types with a likely respiratory transmission pathway in this period.

Sequencing revealed a wide range of enterovirus types in the pre-pandemic period, with the majority belonging to the subtypes Enterovirus A and B, which are common worldwide (1, 19). Notably, Coxsackievirus A and B were frequently detected in infants, representing the highest number of cases overall in our study, consistent with findings in studies from other countries (1, 20). Throughout the entire study period, CVA6 emerged as the most predominant type among the Enterovirus A, a trend also reported by others as a common species A type (1). CVA6 was particularly dominant in skin swabs and vesicle fluid samples, followed by CVA16. Both CVA6 and CVA16 are frequently found in HFMD, especially affecting children aged over 3 months (20). CVA6 remained the dominant type of enterovirus also during COVID-19, when all other types of enteroviruses became rare.

Among the Enterovirus B subtypes, various echoviruses predominated, with E30 being the most prevalent. A notable increase in E30 cases was observed in 2018, coinciding with a surge reported in Europe, affecting both young children and young adults, primarily associated with CNS illness (21). Additionally, CVB5 and E6 were frequently identified in CSF samples in our study. CVB5, E30, E6, and other echoviruses are common causes of viral meningitis (22–24). It is worth noting that the types of enterovirus detected in meningitis cases can vary over time due to local outbreak situations, as these viruses tend to peak with years in-between. Additionally, population susceptibility may also play a role, putting naïve infants with no prior immunity and adults with waning immunity at increased risk of infection.

One limitation of our study is that the number of samples sent for typing depended on the sequencing capacity at NIPH. Furthermore, weak positive samples (Ct values >35) were rarely subjected to typing. In the latter part of the study period, fewer vesicle fluid samples were submitted for typing, leading to a reduced frequency of certain enterovirus types typically associated with HFMD. Sample types such as feces and cerebrospinal fluid were prioritized for typing. In some cases, stool specimens were chosen over CSF from meningitis patients with enterovirus because they contained a larger quantity of virus, increasing the likelihood of successful sequencing. As a result, many enterovirus types found in stool and CSF were associated with meningitis.

Another limitation of this study is the exclusion of EV-D68 positive respiratory samples since they were not part of the enterovirus surveillance. A separate study of EV-D68 circulation pattern at OUH during the years 2012-2022, showed a significant reduction during 2020-2021 seasons (manuscript by Landaas, Frontiers in Virology, Enterovirus Surveillance in Europe and beyond). Finally, we did not conduct whole genome sequencing, which would have provided a more in-depth characterization of the different enterovirus types, potentially revealing different strains before and during the pandemic.

In conclusion, the positivity rate and diversity of enteroviruses were substantially reduced in all age groups during the years with COVID-19 restriction measures. Our study unveiled that enteroviruses caused considerable disease burden in the patients attending our hospital, especially affecting young children and adults in their thirties. Our findings highlight the wide range of enterovirus types affecting infants, and the vast majority of cases occurred in this group. Given enteroviruses’ potential to cause high disease burden and mortality in infants, enterovirus surveillance should be continued in post-polio era to focus on non-polio enteroviruses, including those associated with AFP.
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EV- Forward CCCTGAATGCGGCTAATC 18 modified from Verstrepen
PCR-1 etal. (15)
Reverse GAAACACGGACACCCAAAGTA 21 from Rotbart et al. (16)
Entero_FAM1 CGCTGCAGAGTTRCCCRTTACG 22 User developed
Entero_FAM2 CGCCACRGACTTRCGCGTTACG 22 User developed
Entero_FAM3 CGCTGCGAAGTTGCCCGTTACG 22 User developed
Rikshospitalet
EV- Forward GGTGCGAAGAGTCTATTGAGC 21 Nielsen et al. (17)
PCR-2
Reverse CACCCAAAGTAGTCGGTTCC 20 Nielsen et al.
FAM-1 designed as a MGB (minor groove CCGGCCCCTGAATG 14 Nielsen et al.

binder) probe





