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ABSTRACT
Introduction: Human parechovirus type 3 has been recognized as a cause of pediatric infection, occasionally associated with serious illness, including sepsis and meningitis, particularly among young infants. The aim of this study is to report the first known human
parechovirus type 3 outbreak in Portugal.
Material and Methods: Descriptive study of an outbreak that occurred from the 8th June to the 12th August 2016. Laboratory diagnosis
was made by reverse transcription - polymerase chain reaction in the cerebrospinal fluid and/or in stools. Genotyping was made by
reverse transcription - polymerase chain reaction and sequencing in stool samples from infants and family members.
Results: Human parechovirus type 3 infection was detected in seven infants, of which six were male. Median age was 23 days (5 - 52).
One had seizures, with a magnetic resonance imaging scan showing white matter diffusion restriction. The mean duration of admission
was 5.6 days (3 - 11), with favourable outcome in all. In three cases there were symptomatic close family members. Human parechovirus type 3 was identified in the stools of three mothers.
Discussion: Even though human parechovirus type 3 infection has been well described in the presented age group, most Portuguese
hospitals do not have this laboratory diagnosis. Our results are comparable to those obtained in other countries. Besides detection of
the virus in the cerebrospinal fluid, there were no raised local or systemic inflammatory markers.
Conclusion: This study reports the first known outbreak, in infants, of human parechovirus type 3 in Portugal. Although there is no
specific treatment, this diagnosis can avoid unnecessary empirical antibiotic treatment and prolonged admissions.
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RESUMO
Introdução: O parechovirus humano tipo 3 tem sido reconhecido como causa de infeção em idade pediátrica, ocasionalmente associado a doença grave, incluindo sépsis e meningite, particularmente em pequenos lactentes. Foi objectivo deste estudo descrever o
primeiro surto conhecido de infeção por parechovirus humano tipo 3 em Portugal.
Material e Métodos: Estudo descritivo de um surto ocorrido entre 8 de junho a 12 de agosto de 2016. O diagnóstico laboratorial foi
realizado por transcriptase reversa - reação em cadeia da polimerase no líquido cefalorraquidiano e/ou nas fezes. A genotipagem foi
efetuada no Instituto Nacional de Saúde Doutor Ricardo Jorge, por transcriptase reversa - reação em cadeia da polimerase e sequenciação, em amostras de fezes dos lactentes e seus familiares.
Resultados: Foi detetada infeção por parechovirus humano tipo 3 em sete lactentes, seis dos quais do sexo masculino, mediana de
idade de 23 dias (5 - 52). Uma lactente apresentou convulsões, com múltiplas lesões da substância branca na ressonância magnética
nuclear. A duração média de internamento foi de 5,6 dias (3 - 11), com evolução favorável em todos. Em três casos havia familiares
próximos sintomáticos. Em três mães foi identificado parechovirus humano tipo 3 nas fezes.
Discussão: Embora a infeção por parechovirus humano tipo 3 esteja bem descrita neste grupo etário, a maior parte dos hospitais portugueses não dispõe deste diagnóstico laboratorial. Os resultados obtidos foram semelhantes aos verificados noutros países. Apesar
da deteção do vírus no líquido cefalorraquidiano, destaca-se a ausência de resposta inflamatória local ou sistémica.
Conclusão: Este estudo reporta o primeiro surto conhecido de infeção por parechovirus humano tipo 3 ocorrido em Portugal em
pequenos lactentes. Apesar de não existir tratamento específico, este diagnóstico poderá evitar poderá evitar antibioterapia e internamentos prolongados.
Palavras-chave: Doenças Transmissíveis Emergentes; Infecções por Picornaviridae; Lactentes; Parechovirus; Portugal

INTRODUCTION
The human parechoviruses (HPeVs) are non-enveloped single stranded RNA viruses within the Picornaviridae
family. Currently, HPeVs are classified into 19 genotypes
based on genetic variation.1 HPeVs have been recognized
as a cause of infection in children, usually characterized
by mild gastrointestinal and respiratory symptoms. However, severe conditions such as sepsis-like syndrome, and/

or central nervous system (CNS) involvement have been
associated with genotype 3 infection in young infants and
neonates.2,3
Human parechovirus type 3 (HPeV-3) infections have
been described as single cases, small series of sporadic
unrelated infections and outbreaks.4-8 Identifying HPeVs as
the causative agent of infection may be helpful in guiding
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M: male; F: female; y: years; m: months; CRP: C-reactive protein; PCT: Procalcitonin; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CSF: cerebrospinal fluid; PCR: polymerase chain reaction
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RESULTS
Between the 8th June and 12th August 2016, HPeV infection was confirmed in seven young infants hospitalized in

Fever and
irritability

Follow-up
Post-discharge assessments were carried out according to clinical presentation and severity of the condition.

Clinical Presentation

Epidemiological investigation
An epidemiological survey, including information regarding the presence of respiratory, gastrointestinal and cutaneous symptoms in any member of the household in the past
14 days, was applied in all the cases. Maternal stool samples were obtained. The hospital’s infection control team
and the Public Health Unit of the Regional Health Administration of the Central region of Portugal analyzed, through
an epidemiological survey, if transmission could have occurred within the hospital.

Gender
/
Age (days)

Laboratory diagnosis
Molecular HPeV detection was performed in patient’s
cerebrospinal fluid (CSF) specimens using a real-time multiplex polymerase chain reaction (PCR) commercial kit (Biofire® Filmarray® Meningitis/Encephalitis Panel) according to
the manufacturer’s instructions. Stool samples were sent to
the reference laboratory at the National Institute of Health
Dr. Ricardo Jorge, where characterization of the HPeV
type was performed. RNA was extracted from both infant
and maternal stools using automatic extraction Nuclisens
EasyMag system (bioMérieux), according to the manufacturer’s instructions. Genotyping was performed by conventional one-step reverse transcription PCR (Rt-PCR) based
on sequencing partial fragments of the capsid viral protein 1
(VP1) gene, as previously described by Benschop et al.9

Table 1 – Demographic, clinical and laboratory data of a parechovirus genotype 3 (Hpev3) outbreak among infants in Portugal

Outbreak investigation
Infant patients were admitted to the Emergency Department of a tertiary children’s hospital - Hospital Pediátrico in
Coimbra - from June to August 2016, with a clinical diagnosis of fever without a source. Demographic, clinical and laboratory data were collected based on the patient records.

CSF:
Cells (/mm3)/
Glucose (mmol/L)/
Proteins
(mg/dL)

MATERIAL AND METHODS
Study design
Ethics committee approval was not considered necessary since this was a retrospective, non-interventional
study, and all data was anonymised. All the procedures
were done according to the regulations established by the
National Ethics Committee for Clinical Research and to the
principles established by the Helsinki Declaration of the
World Medical Association updated in 2013.

Infant

HPeV + (PCR)

treatment decisions and follow-up. The incidence of HPeV
infections in Portugal is unknown, since it is not a notifiable
disease.
We report the first known outbreak in Portugal of HPeV3 in infants.

Mother
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Hospital Pediátrico, in Coimbra.
Demographic, clinical and laboratory characteristics are
shown in Table 1.
Median age was 23 days (5 - 52), six were boys. All
of them presented with fever (axillary temperature ≥ 38ºC)
and irritability, two with gastrointestinal symptoms, and two
with a rash with involvement of the distal extremities. The
only girl developed fever on the fifth day of life and seizures
the following day, with magnetic resonance imaging (MRI)
showing white matter diffusion restriction. All children underwent head ultrasound, that showed no abnormalities.
Three cases had symptomatic close family members with
fever, rash, respiratory and/or gastrointestinal symptoms,
one week before or at the same time as the cases.
Regarding hospital laboratory investigation at admission, leukopenia was identified in five infants, and none had
significant elevation of C-reactive protein (CRP) or procalcitonin (PCT). There was elevation of liver enzymes (AST
and/or ALT) in three cases. Lumbar puncture (LP) was performed in six cases: there was no pleocytosis, and glucose
and protein levels were within normal limits. LP was not performed in one case due to the benign clinical presentation
and progression. Blood and CSF cultures were all negative. In the six CSF specimens tested by multiplex PCR,
five were positive for HPeV. The stools of the negative case
were nevertheless tested as there was suspicion of a possible outbreak. Molecular characterization, done in stool
samples, identified genotype 3 in all the cases, and in three
asymptomatic mothers.
Empirical intravenous antibiotics were started in six infants, until negative culture results were obtained. Fever
persisted between two and four days. Mean duration of
hospital stay was 5.6 days, with favorable outcome in all.
All children were born in the same maternity hospital,
but the epidemiological survey applied by the hospital infection control team and the Public Health Unit of the Regional
Health Administration of the Central region of Portugal concluded there was no known evidence of nosocomial transmission. No other epidemiological link was found, with all
families living in different geographical areas and with no
contact between them.
Regular follow-up in the neurology clinic (every six
months) occurred only in the case with CNS involvement,
until three years of age. In the remaining cases, follow-up
was done in the infectious disease’s clinic during the first
two months and subsequently by their family physicians.
None of the infants developed apparent neurodevelopmental complications, including the female infant with encephalitis, who, at the age of three, had an appropriate psychomotor development, including a MRI showing no abnormalities.
In our hospital, after this outbreak, only two more cases
were diagnosed, in August 2018 and in October 2019.
DISCUSSION
Despite several outbreaks reported worldwide,4-8 the incidence of HPeV infection is not well known and is likely

underestimated.3 This study reports the first outbreak in
Portugal of HPeV-3 In infants.
As in our case series, others have reported increased
detection of HPeV-3 infections in late spring and summer.4-7
Despite this, and similar to enterovirus infections, HPeV
can cause illness at any time, highlighting the importance of
testing for these viruses throughout the year.3,6,7
In our study, most patients were male, which is similar
to other previous reports.4,6,8 All infants were aged under
three months and four were neonates, as in other studies.4-8
Seropositivity for HPeV type 1 (HPeV-1) is almost universal in adults, whereas in a Dutch study only 10% of adults
carried HPeV-3 antibodies.10 This low seroprevalence can
explain this age distribution by low maternal-derived antibodies against HPeV-3,2,10,11 which can also justify infection
in mothers. On the other hand, LPs are more frequently performed in younger infants with fever without a source, and
therefore interpretation can be biased. A longitudinal study
of 102 Norwegian infants, in which stool samples were tested, detected HPeV at least once in 43% of children before
12 months of age and in 86% before 24 months of age:
HPeV-1 was detected most frequently, but types three and
six were also found.12
The most likely reported source of infection is usually an older, asymptomatic sibling.11 Close contact with
the siblings, combined with a lack of maternal antibodies
against HPeV-3, might increase the susceptibility to infection in small infants. In this series, there were two symptomatic siblings as well as two mothers. Transmission can
occur through the fecal-oral route from both asymptomatic
and symptomatic infected individuals, in whom viral loads
have been shown to be similar. The estimated median duration of shedding in stool is over 50 days.12,13 There is not
much data available regarding transmission through the
respiratory tract, which has been suggested to be a possible acquisition route in children with CNS symptoms.14
Respiratory shedding is estimated to have a duration of one
to three weeks.13 Little is known about other epidemiological links, but according to some authors, HPeV in surface
waters could also pose a risk for children and other vulnerable populations.15 In the present outbreak, no water source
was analyzed. Although the incubation period for HPeV is
difficult to determine, the observed intervals between infection and appearance of symptoms seem to be between one
to 12 days.6 In our study, most cases became symptomatic
after 12 days of life, showing that, although all were born in
the same maternity hospital, the infection may have been
acquired outside the hospital, which is in agreement with
the results of the epidemiological survey that was applied.
All cases presented with fever without a source and irritability, similar to previous reports.4-8 In a large Australian
series of HPeV-3 infection,4 more than 93% of 118 infants
presented with fever and irritability. Additionally, most infants presented a widespread macular, and often erythrodermic, rash. These ‘red, hot, angry babies’ allowed for
rapid and accurate identification of infected infants during this outbreak. In our case series, two cases had a
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maculo-papular rash with involvement of the distal extremities, including palms and soles. Our description is similar
to that of another study where the appearance of a ‘gloves
and socks’ rash was reported in 80% of infants infected with
HPeV-3, with onset between the first and the fifth day of
fever and with an average duration of three days.16
Despite the presence of fever, we did not find raised inflammatory markers, which is in line with other studies,4-8
with all cases having CRP levels below 1.5 mg/dL and negative procalcitonin levels. Leukopenia was present in most
cases. The absence of CSF pleocytosis, as well as normal
CSF glucose and protein levels, has also been consistently
demonstrated.4,5,7,8 Although neonatal sepsis did not occur
in our case series, it is the most common severe clinical
manifestation of HPeV-3 infection, and is known to be associated with increased vascular permeability and reduced
blood-brain barrier function. Viremia and increased bloodbrain-barrier permeability may allow passive virus leakage
into the CNS.17 Therefore, detection of HPeV-3 RNA in CSF
samples may not be a sign of active virus replication in the
CNS but rather a consequence of a systemic inflammatory
response. However, it has also been shown that HPeV-3 is
capable of infecting neuronal cell lines, suggesting neural
tropism,18 which could potentially lead to meningitis and encephalitis, as seen in the female infant.
Molecular detection by PCR is considered the diagnostic test of choice for viral detection.2,3 Currently, only a limited number of Portuguese hospitals have this test available.
In our study, HPeV-3 was detected in five of the six CSF
specimens tested and in all stool samples. In the Australian
outbreak,4 up to 36% of cases were diagnosed from noninvasive samples, such as stool, nasopharyngeal aspirate,
rectal or throat swab.
To date, no antiviral drugs have been approved for the
treatment of picornavirus infections and treatment is limited to supportive care.2,3 A study from The Netherlands18
showed that intravenous immunoglobulin (IVIG) and specific antibodies efficiently neutralized HPeV-1 in vitro, while
most HPeV-3 strains could not be neutralized. Considerable variability in the levels of HPeV-neutralizing antibodies present in different IVIG preparations may explain this
finding, as this study found extremely low neutralizing antibody titers in IVIG preparations and in the serum of HPeV3-infected donors. However, a study from Japan reported
high HPeV-3-neutralizing antibody titers in six different IVIG
preparations,19 probably related to a much higher HPeV-3
seroprevalence in Japanese adults.20 Further clinical trials
would be needed before IVIG could be recommended for
routine treatment of HPeV infections. In our case series,
intravenous antibiotic therapy was started and maintained
until exclusion of bacterial infection by culture, despite the
PCR result. This might be due to the fact that these were
the first cases in which HPeV was detected in our hospital,
and there was insufficient confidence in the predicted value
of the test to discontinue antibiotics.
A favorable outcome was observed in all infants, and no
intensive life-support was required. The female infant aged

five days at admission was the only case that presented
with encephalitis, with white matter and diffusion changes in
the MRI. In a prospective study carried out in five Australian
tertiary hospitals,21 nine cases of HPeV-3 encephalitis were
confirmed between May 2013 and December 2014, with a
mean age of 13 days and a majority of female infants; this
suggests early age as a risk factor for encephalitis, as well
as greater susceptibility for females All cases identified in
the Australian study showed changes in the white matter
in the MRI. However, no changes in the cranial ultrasound
were found, suggesting that the latter examination is not
very sensitive and does not exclude encephalitis. In the
same study, neurological sequelae were identified in five
cases: two with cerebral palsy, one with central vision impairment and the remaining two with delayed motor development. In our series, all cranial ultrasounds were normal
and no sequelae were detected in post-discharge assessments. Further studies are needed to define the risk and
severity of long-term complications.
CONCLUSION
This study reports the first outbreak in Portugal of HPeV3 in infants and the first cases diagnosed in this hospital,
where molecular diagnosis is available since 2014. Despite
the detection of the virus in the CSF, there were no raised
local or systemic inflammatory markers. All children were
born in the same maternity hospital, but no common source
of infection was identified. Although there is no specific
treatment, diagnosis helped to reduce antimicrobial use
and shorten hospital stay.
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