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A fatal pediatric infection with
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in Finland
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Enterovirus A71 (EV-A71) is among the most neuropathogenic non-polio
enterovirus types and, in rare instances, can lead to severe or even fatal
outcomes, particularly in children under 5 years of age. This case study
presents clinical and microbiological findings from the initial documented
severe pediatric EV-A71 case in Finland, identified in May 2019. The near-
complete genome sequence confirms that the EV-A71 strain belongs to the
newly identified recombinant C1-like EV-A71 genetic lineage, which emerged in
2015 and has since been circulating in Europe, causing severe cases among
children in various European countries. Enhanced environmental surveillance
revealed widespread circulation of EV-A71 in Finland in 2019. However, the
overall number of EV clinical cases remained lower than in previous years.
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1 Introduction

Enteroviruses (EV), belonging to the Picornaviridae family, are highly contagious and
can lead to a spectrum of clinical manifestations. While many individuals may experience
asymptomatic or mild infections, certain populations, such as neonates, young children,
and individuals with compromised immune systems, are at an increased risk of developing
severe complications. The clinical presentation of severe EV infections is diverse, ranging
from severe respiratory distress and neurological complications to acute flaccid
paralysis (1).

Enteroviruses have a single-stranded, positive-sense RNA genome more than 7000
nucleotides long. Enterovirus genus consists of more than three hundred different types in
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15 species, Enterovirus A to L and Rhinovirus A to C. In humans,
diseases are caused by Enterovirus species A - D and Rhinoviruses.
The most common enteroviruses associated with severe infections
include poliovirus, enterovirus D68 and enterovirus A71 (EV-A71)
(2). Since 1990s, EV-A71, from Enterovirus species A, has caused
large hand-foot-and-mouth-disease (HFMD) epidemics in Asia-
Pacific region (3). While most HEMD cases recover in 1-2 weeks,
severe CNS complications, such as meningitis, brainstem
encephalitis, encephalomyelitis and/or acute flaccid paralysis, have
been seen especially in patients under 5 years of age. Due to the
emergence of large EV-A71 epidemics, with substantial proportion
of severe or fatal cases, EV-A71 is considered as the most
neuropathogenic non-polio enterovirus globally (4, 5). EV-A71 is
classified into seven genotypes (from A up to G) (6, https://
www.rivm.nl/mpf/typingtool/enterovirus/). The most prevalent
genotypes B and C are further divided into multiple sub-
genotypes (1).

In Europe, the emergence of severe EV-A71 infections took
place in 2015 and coincided with the appearance of a new Cl-like
genetic lineage. This novel multirecombinant virus was initially
identified in Germany (7-10), with subsequent reports of severe
cases in France (11, 12). In 2016, an outbreak involving
approximately 300 patients occurred in Spain (13-15). Since then,
the Cl-like genotype has been consistently detected in many
European countries, including Denmark (16, 17) and Poland (18).

We present here clinical and microbiological findings of a fatal
EV-A71 case, which, to our knowledge, is the first documented fatal
EV-A71 case in Finland. The genetic characteristics of the virus
were studied through whole-genome sequencing. Additionally, we
describe the public health measures that were implemented.

2 Case description
2.1 Case presentation

A seven months old male patient was admitted to intensive care
unit (ICU) at Helsinki University Hospital in May 2019, after one-
week travel to the Balkan region in Europe. Prior to admission he
had fever for four days and vomiting and loose stools for one day.
The family had returned to Finland a day before admittance to the
hospital. The rest of the family were healthy, but the mother
reported that the older sibling had rash around his mouth and
poor appetite during their travel. The family had travelled to their
destination one week earlier and had sought for medical care one
day before returning to Finland. The patient was noted to have no
respiratory symptoms but was suspected to have a throat infection.
At the airport the child vomited and was vomiting again on their
flight back. Back home he received antipyretics and went to sleep.
During the night he was breastfed and noticed to be feverish. His
temperature was 38.5°C and he was lethargic. He had a transient
convulsion, and his eyes were deviating, whereafter he was brought
to the local hospital by an ambulance at 5 am. His vital signs

remained normal during the transfer.

Frontiers in Virology

10.3389/fviro.2024.1381001

At hospital he was examined and admitted to the ward for follow up
at 8 a.m. Leukocytes were slightly elevated 18.5 E9/L and CRP was 38
mg/L. Laboratory results were otherwise within normal variation.
Four hours later he rapidly deteriorated before re-assessment. He was
pale and cold sweaty, and his blood pressure was 70-85/40-70. His
heart rate was 170, he had tachypnea and his consciousness was
impaired. His capillary blood-pH was 7.14, base-excess 16 mmol/L.
Plasma sodium (Na) was 133 mmol/L and leukocytes 28.1 E6/L.
Intravenous fluid resuscitation was initiated, and the patient was
transferred to ICU at the University Hospital. In ambulance he was
breathing spontaneously (rate 28-36) with O,-supplement and mask
ventilation support. His oxygen saturation was 99% but decreased to
71% when arriving to the ICU. At ICU he was immediately
resuscitated, and was thereafter dependent on mechanical
ventilation and inotrophic drugs to support sufficient circulation.
He had convulsions and was treated with anticonvulsants.

Lumbal puncture was performed. Spinal fluid sample showed
findings suggestive for viral meningitis: leucocytes 220 E6/L (99%
mononuclear), protein 370 mg/L and glucose slightly elevated.

EEG-monitoring demonstrated burst suppression. Magnetic
resonance imaging (MRI) of the brain was performed three days
after admission to ICU and serious brain damage was demonstrated
(Figures 1, 2). The treatment was discontinued the same day due to
unfavorable prognosis for recovery. At autopsy hypoxic ischemic
encephalopathy was seen and, furthermore, encephalitis lesions in
the brain stem could be demonstrated.

FIGURE 1

DWI (diffusion weighted imaging) shows diffusion restriction in both
hemispheres compatible with hypoxic ischemic encephalopathy.
Also, basal ganglia and thalami are involved
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FIGURE 2

T2 weighted image shows oedema in dorsal part of brain stem and
in dentate nuclei, common sites of involvement in enterovirus
infection (short arrows in the middle). There is also general oedema
compatible with hypoxic ischemic encephalopathy (thin arrows
around the brain)

2.2 Microbiological investigations

Serum, cerebrospinal fluid (CSF), tracheal aspirate and fecal
samples were collected for microbiological testing on day 5 after
the onset of symptoms. The CSF sample was negative for herpes
simplex virus (HSV), Varicella-Zoster virus (VZV), human
herpesvirus 6 (HHV6), enterovirus, and bacterial nucleic
acids, and there were no antibodies against HSV, VZV, HHV6
or Mycoplasma pneumoniae in the CSF or serum. In addition,
the serum was negative for antibodies against cytomegalovirus
(CMYV) and Epstein-Barr virus (EBV). No respiratory syncytial
virus, influenza-, adeno-, parainfluenza-, picorna-, human
metapneumo-, corona- or human bocavirus nucleic acids were
detected from tracheal aspirate. Virus cultivation was carried
out from a fecal sample, and enterovirus was isolated
and detected in Vero cells (strain FIN/2019/1589). No other
microbial pathogens were detected from the sample. A second
fecal sample was taken post-mortem, and shown to be positive
for enterovirus by PCR.

The virus strain FIN/2019/1589 was typed as EV-A71 by
partial VP1 sequencing (19) using a previously described
procedure (20). Phylogenetic analysis using Maximum
Likelihood analysis (21) with the Kimura 2-parameter
substitution model (22) showed that the EV-A71 strain was
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closely related to subgenotype Cl-like viruses first detected in
Germany in 2015 (7) (Figure 3A).

2.3 Genomic characteristics of the
EV-A71 strain

The near-complete genome sequence of the FIN/2019/1589
strain, as well as two other clinical EV-A71 strains isolated in
Finland in 2019 (FIN/2019/1590, FIN/2019/1592), were determined
through amplification of the genome with pan-EV- and HEV-A
specific primers (29). Library construction was carried out using the
Rapid Barcoding Kit 96 (SQK-RBK110.96, Oxford Nanopore
Technologies, ONT), followed by sequencing on the MinION
(ONT) device. The raw sequence data were utilized to generate
consensus sequences with Geneious Prime software (version
2023.0.2, Biomatters Ltd.), employing the MiniMap2 assembler
(30) and a set of reference EV-A71 sequences sourced from the
GenBank (https://www.ncbi.nlm.nih.gov/genbank). The resulting
sequences (nucleotides 102-7393, following the numbering of EV-
A71 prototype strain BrCr, GenBank accession number U22521)
were classified as subtype C1 using both the Enterovirus Genotyping
Tool Version 1.0 (https://www.rivm.nl/mpf/typingtool/enterovirus/
31) and MegaBLAST in BLAST®, National Library of Medicine,
National Center for Biotechnology Information.

The GenBank sequences with the highest similarities to FIN/
2019/1589 were EV-A71 Cl-like subcluster sequences from Spain
and France, collected in 2016 (according to Blast search as of
17.11.2023). Near-complete genome nucleotide identities with
MH484069 (Spain 2016) and LR027532 (France 2016) were
97.86% and 97.71%, respectively. In the complete 2193 amino
acid long protein coding region, there were 9 and 8 substitutions
compared to MH484069 and LR027532, respectively. The only
amino acid difference in the capsid coding region was at VP1
position 13, where the Spanish and French strains had Met instead
of Val, as observed in FIN/2019/1589 and the prototype strain BrCr.

Recombination was analyzed by constructing a maximum
likelihood tree based on the complete 3D polymerase encoding
region (Figure 3B). The Finnish strains FIN/2019/1589, FIN/2019/
1590 and FIN/2019/1592 clustered together with the Cl1-like strains
from Europe and the USA. Notably, strain MWO030642 from
Marseilles, France, 2019, previously reported as a novel
recombinant form (32), displayed an exception. Further
investigation of recombination between complete EV-A71
genomes was conducted using SimPlot++ software (33),
employing a Jukes-Cantor distance model with a sliding window
of 200 nucleotides moving in 20-nucleotide steps. As illustrated in
Figure 4, high levels of nucleotide similarity were observed
throughout the genome between the Finnish strains and Cl-like
strains from Europe during 2015-2016, indicating no additional
recombination during the circulation of these subgenotype Cl
strains between 2016 and 2019. However, strain MW030642 from
Marseilles in 2019, exhibited distinct differences from the
other strains.
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FIGURE 3

Phylogenetic analysis of EV-A71 strains isolated in Finland from 2007 to 2019 was conducted. Maximum Likelihood trees (21) were generated using
the Kimura 2-parameter method (22) in W-1QTree (23, 24) with ultrafast bootstrap approximation (25), visualized in iTOL [Interactive tree of life, (26),
https://itol.embl.de/] and finalized in MEGA11 (27). Bootstrap values >80% are indicated next to the branches (28). (A) The phylogenetic tree was
constructed using 453 nucleotides from the 3" end of the VP1 capsid protein encoding region. The analysis comprised 76 nucleotide sequences,
including 7 clinical isolates (@) and 11 environmental isolates (&) from Finland, 9 selected representative sequences from GenBank, and all 49
reference EV-A71 sequences from the RIVM database used for subtyping of EV-A71 strains (https://www.rivm.nl/mpf/typingtool/enterovirus/).

(B) Phylogenetic analysis involved 1386 nucleotides encoding the complete 3D polymerase encoding region. The dataset included 3 clinical strains
from Finland, 39 C1-subgenotype sequences from the USA or Europe selected from GenBank, and the prototype strain (accession number U22521).
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FIGURE 4

Analysis of the near-complete genome nucleotide sequence of the FIN/2019/1589 EV-A71 strain was conducted through a similarity plot. The
Jukes-Cantor distance model was applied using a sliding window of 200 nucleotides, moving in 20 nucleotide steps. The FIN/2019/1589 EV-A71
strain served as the query sequence and was compared to the Finnish clinical strains, 2019, EV-A71 prototype strain BrCr (U22521) as well as
representative sequences from EV-A71 outbreaks in Germany, 2015 (KU641501), Catalonia, Spain, 2016 (MH484069), and France, 2016 (LR027532)
and 2019 (MW030642).
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2.4 Epidemiology of EV-A71 in
Finland, 2019

In Finland, clinical microbiology laboratories report all EV
detections to the National Infectious Disease Register maintained
by the Finnish Institute for Health and Welfare (THL). The total
number of EV cases was 151 in 2019, significantly lower than in the
previous years (357 cases in 2018, 283 in 2017). However, EV
findings are not systematically genotyped. Although the notification
of HFMD or EV-A71 cases to THL is encouraged, it is not
mandatory. THL had previously been notified of clusters of EV-
A71 cases in 2000 and 2007. Typing data from environmental
samples collected in 2007 suggest the circulation of both
subgenotypes C1 and C2 (Figure 3A). In other years, detections
have typically involved singular cases (C2 in 2011, C1 in 2016) or
rare instances found in sewage samples (C2 and C5 in 2009).

The first C1-like subgroup virus infection was reported to THL in
the autumn of 2016, and the same virus type was identified once in a
sewage sample in 2017. The second patient was notified in November
2018, preceding the case described here, which occurred in May 2019.
Two additional cases from the Helsinki-Uusimaa region were
detected in July 2019; these cases involved a 1-month-old male
(FIN/2019/1590) and a 3-month-old female (FIN/2019/1592),
respectively, with no known severe symptoms. The near-complete
genome sequences of these cases exhibited 95.83% and 99.49%
nucleotide identities with the index case FIN/2019/1589, respectively.

To investigate the prevalence of EV-A71 in Finland, sewage
samples collected in 2019 for environmental surveillance of polio
and other enteroviruses were subjected to screening for EV-A71
using a specific real-time RT-PCR assay (34). The assay was
retrospectively conducted on cytopathic effect (CPE) positive RD
isolates from samples collected between January and June 2019.
Starting from July, RD isolates were additionally inoculated into
Vero cells, known for efficiently supporting EV-A71 growth. CPE
positive Vero cells were then utilized in the EV-A71 specific real-
time RT-PCR assay.

In 2019, the initial detection of EV-A71 in sewage occurred in
early May 2019. By July, the virus was identified at three of the five
collection sites, including two sites in the Helsinki-Uusimaa region
and one in Lapland. Notably, EV-A71 continued to be detected in
Helsinki sewage through November. Although the screening was
performed by a rapid and specific real-time assay, three of the
positive findings were confirmed by partial VP1 sequencing. These
environmental strains clustered in VP1 region together with the C1-
like strains from Finland and other Europe (Figure 3A).

3 Discussion

This is the first established severe pediatric EV-A71 case in
Finland. The extraordinarily rapid progression of the disease was
distracting for all health care personnel participating in care of the
patient, but a neuropathogenic virus was highly suspected as a
causative etiology at early stage of his care. EV-A71 is rarely
detected in sterile sites (35), as CSF or blood, as was the case with
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our patient. However, shedding EV-A71 in stool is frequent, which
was the means the virus was detected in our patient. The source of
the infection remains unresolved. The incubation period of
enteroviruses varies, and it is possible that the case acquired the
infection in Finland before traveling abroad for one week.

Continuous evolution and recombination events contribute to
the emergence of novel EV-A71 strains, which can lead to variations
in clinical outcomes. The availability of complete genome sequence
data is essential for understanding the genetic diversity of EV-A71,
which is crucial for effective epidemiological surveillance, vaccine
development, and the design of antiviral strategies. The genomic
results presented in this study confirm that the new Cl-like
recombinant EV-A71 genetic lineage was the causative agent of
the fatal case described. Additionally, a similar EV-A71 strain was
detected in two non-severe neonatal cases in Finland in 2019. This
Cl-like lineage emerged in 2015 and has since circulated in Europe
in various recombinant forms (32), leading to severe cases among
children in several European countries.

EV-A71 strains, which clustered in the VP1 region together
with the new Cl-like viruses, had been detected in Finland through
both clinical and environmental surveillance already before 2019.
However, the absence of complete genome sequences for all EV-
A71 strains included in this study limits our ability to interpret the
spread of the Cl-like strains to Finland. Despite the similarity in
clustering within the VP1 region, identifying the specific
recombinant forms is not feasible. This underscores the
significance of ongoing research on the molecular epidemiology
of complete EV-A71 genomes to deepen our comprehension of the
virus and enhance public health responses to outbreaks.

In Finland, as in other European countries, EV infections
usually reach their peak in the autumn, with the number of cases
varying from year to year. In 2019, the confirmed number of EV
cases was notably lower than in previous years, and the reason for
this variation is not known. Due to the discovery of an EV-A71 case
in May 2019, efforts to enhance EV communication, surveillance,
and typing were implemented, but the overall case count remained
low. Only three EV-A71 cases were confirmed during the season.
However, the broader circulation of EV-A71 was confirmed
through environmental surveillance.

Public health responses to enterovirus outbreaks aim to prevent
the spread of the virus, mitigate the impact on affected individuals,
and reduce the severity of cases. These responses involve
collaboration with international health organizations and
neighboring countries to share information and coordinate
responses, particularly if cross-border outbreaks are suspected.
Upon identifying EV-A71 as the causative agent of a fatal case,
the case was promptly reported through the ECDC EPIS system and
subsequently through a confidential information system to Finnish
health authorities, including chief pediatricians. Clinical
microbiology laboratories were encouraged to report and type
enteroviruses in a timely manner. Public awareness was raised in
August, coinciding with the typical start of the enterovirus season in
Finland. The primary public message emphasized the importance of
good hygiene practices, particularly frequent handwashing,
especially in settings with a high risk of transmission.
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