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ABSTRACT
This narrative review highlights recent advances in the understanding of enterovirus infections and the main enterovirus 
types associated with clinical syndromes, synthesizing current knowledge of type-specific manifestations. We searched 
PubMed®, Scientific Electronic Library Online (SciELO), and Virtual Health Library (VHL) for articles published between 
2010 and 2025. The search used descriptors and/or keywords in Portuguese and English: “enterovirus infection disease”, 
“enterovirus infection genotypes”, “enterovirus infection pathogenic”, and “enterovirus clinical syndromes”, focusing on 
recent studies addressing enterovirus infections and the types most commonly associated with clinical syndromes. A total 
of 78 articles were selected for analysis. The review examined the distribution of enteroviruses by species, recommended 
clinical specimen types for diagnosis according to clinical presentation, and the major enterovirus types and their associated 
clinical syndromes. Numerous studies have demonstrated the epidemic potential and genetic diversity of enteroviruses, 
revealing patterns of endemic circulation. However, the mechanisms underlying the ability of a wide variety of enterovirus 
types to infect the same tissue remain poorly understood.
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RESUMO 
Este artigo apresenta uma revisão narrativa destacando os avanços recentes na compreensão das infecções por 
enterovírus e os principais tipos associados às síndromes clínicas, auxiliando na consolidação do conhecimento 
atual sobre manifestações específicas de cada tipo. Foi realizada uma busca bibliográfica por artigos publicados entre 
2010 e 2025 nas seguintes bases de dados online: PubMed®, Scientific Electronic Library Online (SciELO) e Virtual 
Health Library (VHL). Utilizaram-se descritores e/ou palavras-chave em português e inglês: “doença por infecção 
por enterovírus”, “genótipos de infecção por enterovírus”, “patogenicidade da infecção por enterovírus” e “síndromes 
clínicas por enterovírus”, com foco em estudos recentes que abordam infecções por enterovírus e os tipos mais 
comumente associados a síndromes clínicas. Um total de 78 artigos foi selecionado para análise. Esta revisão examinou 
a distribuição de enterovírus por espécie, os tipos de amostras clínicas recomendadas para o diagnóstico de infecções 
por enterovírus com base na apresentação clínica e caracterizou os principais enterovírus, seus genótipos e as síndromes 
clínicas associadas. Numerosos estudos demonstraram o potencial epidêmico e a diversidade genética dos enterovírus, 
revelando padrões de circulação endêmica. No entanto, os mecanismos subjacentes à grande variedade de tipos que 
podem infectar o mesmo tecido ainda são pouco compreendidos.
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INTRODUCTION
Enteroviruses (EVs) are associated with a wide spectrum of clinical diseases in humans and affect 

various organs (Figure 1). Clinical manifestations range from nonspecific febrile illness to severe diseases 
such as acute flaccid paralysis, encephalitis, aseptic meningitis, perinatal-disseminated enteroviral disease, 
myocarditis, pericarditis, pleurodynia, respiratory illnesses, exanthemas, enanthems, conjunctivitis, uveitis, 
gastroenteritis, hepatitis, arthritis, pancreatitis, and chronic infections in immunocompromised hosts1. 
This diversity is particularly evident among coxsackieviruses, which comprise 27 identified genotypes 
and exhibit considerable phenotypic overlap, underscoring the complex relationship between viral genetic 
variability and disease manifestation2.

Figure 1. Main enterovirus genotypes and clinical syndromes. CV – Coxsackievirus; E – Echovirus; EV – Enterovirus; PV – 
poliovirus
Adapted from Picornavirus Home3
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EVs are a group of non-enveloped, positive-sense, single-stranded RNA (ssRNA) viruses and belong 
to the order Picornavirales, family Picornaviridae, genus Enterovirus. The genus Enterovirus has been divided 
into 15 species based on genetic characteristics; major members include poliovirus (PV), coxsackievirus 
(CV), echovirus (E), enterovirus (EV), and rhinovirus (RV). Over 100 EV types have been associated with 
several human diseases. Of these, 45 have been discovered in the past 10 years, all of which are classified 
into four species: Enterovirus alphacoxsackie (formerly Enterovirus A—EV-A), Enterovirus betacoxsackie 
(formerly Enterovirus B—EV-B), Enterovirus coxsackiepol (formerly Enterovirus C—EV-C)4. EV‐A consists 
of 25 types; EV‐B consists of 63 types; EV‐C consists of 23 types; and EV‐D consists of five types5. Following 
enterovirus exposure, viral replication occurs in the oropharynx and the intestinal tract. Viremia follows, 
which may result in infection of central nervous system cells. After focusing on polioviruses, recent studies 
have examined virion structures, receptor-host interactions, decapsulation, and other characteristics of 
non-polio enteroviruses (NPEVs)6. The World Health Organization (WHO) recommends surveillance of 
EVs as part of the global action plan for poliovirus elimination, including data on NPEVs such as detection, 
outbreak response, and monitoring of EVs associated with serious illnesses5.

EVs are excreted in the feces of infected individuals. They are generally detectable in sewage, water 
resources, treated drinking-water supplies, and some foods. Age is associated with clinical presentation 
occurring most frequently in children under 10 years old7.

The five most prevalent NPEV types globally are CVA6, EV-A71, CVA16, EV-D68, and E-30, though 
their distribution varies by region. Data from established surveillance systems in the USA, Europe, and Asia 
support this distribution, showing co-circulation of EV-A, EV-B, and EV-D species with varying degrees of 
prevalence8. The COVID-19 pandemic interrupted NPEV circulation in 2020, followed by a rebound with 
diminished genotype diversity9.

MATERIAL AND METHODS
Narrative reviews synthesize qualitative research findings and summarize quantitative results 

derived from studies employing diverse methodologies or theoretical concepts10. This review was conducted 
using keywords and descriptors defined by the Health Sciences Descriptors (DeCS) and Medical Subject 
Headings (MeSH): “enterovirus infection disease”, “enterovirus infection genotypes”, “enterovirus infection 
pathogenic”, and “enterovirus clinical syndromes”, in both Portuguese and English. We focused on recent 
studies on enterovirus infections and the main types associated with clinical syndromes.

We searched in PubMed®, Scientific Electronic Library Online (SciELO), and Virtual Health 
Library (VHL) for articles published between 2010 and 2025. Duplicate articles were excluded. We initially 
screened titles, abstracts, and keywords to exclude irrelevant studies. We then reviewed full-text articles 
and excluded those that did not meet the inclusion criteria. We also removed unavailable articles.

We categorized the remaining articles by clinical syndromes and topics of interest, including: 
pathogenic features of enteroviruses; infections of the central nervous system, heart, eyes, skin, and mucous 
membranes; skeletal muscle infections; other clinical manifestations; diagnostic approaches; therapeutic 
strategies; and vaccines targeting enteroviruses.

This review provides an overview of enterovirus infections and the primary types associated with 
various clinical syndromes. Because circulating enteroviruses are increasingly diverse and associated 
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with severe and emerging clinical syndromes, this review aims to consolidate current knowledge on type-
specific manifestations. Understanding these correlations is essential for improving surveillance, diagnosis, 
and public health response strategies.

RESULTS AND DISCUSSION
The search using the specified descriptors identified 7,013 articles. Of these, 2,105 were duplicates 

across one database, leaving 4,908 articles for initial screening. After title and abstract review, 4,510 articles 
were excluded because they did not meet the inclusion criteria. We sought the remaining 398 articles for 
retrieval. However, five articles were not available for retrieval. From the 393 full-text articles assessed for 
eligibility, 315 were excluded. After the full-text assessment, 78 studies remained and were included in this 
review (Figure 2).

Figure 2. Flowchart summarizing the identification, screening, and inclusion of studies. VHL – Virtual Health Library Portal
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Pathogenic feature of enterovirus

 EVs are transmitted through fecal-oral and transplacental routes and via respiratory droplets 
spread11. EVs enter the cell through receptor-mediated endocytosis. The host factor phospholipase A2 
group XVI was identified as a universal EVs host factor that facilitates the displacement of viral genomes 
from virus-containing endocytic vesicles12. After binding to its cognate receptor and entering the cell, the 
virus uncoats, releasing the positive-sense RNA genome into the cell cytoplasm. Host ribosomes translate 
the viral RNA into a single polyprotein, which is then catalytically cleaved. Capsid proteins assemble, 
and the virus packages newly synthesized positive-sense viral RNA into the virion. Enteroviruses (EVs) 
primarily replicate in the epithelial cells of the oropharyngeal and intestinal mucosa. Although they exhibit 
characteristic tissue tropisms and can infect various target cells such as neurons and cardiomyocytes, 
replication in enterocytes can trigger a viremia. This viremia leads to a second stage of replication in 
reticuloendothelial tissues (lymph nodes and spleen), subsequently enabling the virus to disseminate to 
the organs for which it has specific tropism13. Autophagy has been described as an important factor for 
the replication and survival of some EVs. The rapid expansion and regeneration of the tissue, along with 
low levels of autophagy in neural progenitor cells (NPCs), may explain their susceptibility to EV infection, 
as CVB has been shown to replicate preferentially in cells undergoing active proliferation14. Some studies 
indicate that apoptosis is a major pathogenic feature of EV infection, resulting in host cell death and tissue 
damage, and Enteroviral proteases cleave host factors and then lead to cellular or tissue malfunctions, such 
as apoptosis, translation shutdown, and cytokine suppression, causing pathogenesis15.

Central nervous system infections

Aseptic meningitis (AM): meningitis is an inflammatory process in the layers of the brain and 
spinal cord meninges. The infection affects the arachnoid layer, pia mater, and the cerebrospinal fluid. 
The inflammatory process extends along the subarachnoid space of the spinal cord and brain, involving 
the ventricles, characterizing a clinical condition of neurological alteration16. EVs cause more than 90% of 
cases, and clinical manifestations change from a benign course to severe manifestations, depending on the 
patient’s age, immune status, and etiologic agent17. Polioviruses, echoviruses, and coxsackieviruses A and 
B1, B2, and B5 are key etiologic agents18. Among these types, the most common are CVB, CVA9, E4, 6, 9, 
11, 13, 18, and 3019-21.

Encephalitis: encephalitis is an inflammatory process in the brain, usually due to infection, and 
rash and diarrhea are important clinical features that help to distinguish enteroviral encephalitis from other 
forms22. The most commonly described symptoms are headache, drowsiness, altered level of consciousness, 
seizures, focal deficits, papilledema, behavioral changes, sensorium, flaccid muscle weakness, focal 
neurological findings, mental status changes, and coma23. Some enteroviruses can cause a persistent 
infection in the CNS and lead to neurodegenerative diseases. Evidence suggests a correlation between the 
development of the neuroimmune system and enteroviral neuroinvasion24. Encephalitis has been described 
in infections with EV-A71, EV-B75, EV-A76, EV-A89, CVA2, CVA9, CVA10, CVB1, CVB5 and echoviruses 
E4, E5, E6, E9, E11, E19, E17, E21 and E3025,26. Recently, a systematic review of observational studies 
evaluated the global epidemiology of EV types causing CNS infections, and EV‐A71 was the most common 
associated with encephalitis, followed by E30 and E1827,28.
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Acute flaccid paralysis/Acute flaccid myelitis: acute flaccid paralysis (AFP)/acute flaccid myelitis 
(AFM) is a serious neurological disease that causes weakness or paralysis of the limbs, affecting mainly 
children, similar to poliomyelitis caused by PV types 1, 2, and 329. Despite the severity of his condition, only 
0.1-1% of PV infections result in AFP of the limbs, meaning many wild poliovirus infections occur silently30. 
Poliomyelitis is being eradicated through measures implemented worldwide to strengthen epidemiological 
and laboratory surveillance actions and intensive vaccination campaigns31.

In this scenario, NPEVs have assumed an increasingly important role in cases of paralytic illnesses, 
mainly emerging enteroviruses EV-D68 and EV-A732-34. Other types considered common have also been 
frequently detected, such as CVA2, CVA4, CVA13, CVB3, CVB5, E6, E7, E11, E13, E30, and E18. This 
disease has also been associated with the more recently identified emerging types CVA12, CVA11, EV-A90, 
EV-C99, EV-C105, and EV-C10927,33,35,36. Notably, a novel recombinant form of Echovirus 11 (E11) detected 
in Spain in 2022 was associated with a case of acute flaccid paralysis (AFP), expanding the spectrum of 
enterovirus types linked to paralytic disease37.

Heart infections

Myocarditis and pericarditis: myocarditis results from an external inflammatory trigger that 
induces the host’s immune response, ranging from a minimally transient response to a cellular infiltration. 
If the immune system does not eliminate the infectious pathogen early, a chronic infection develops with 
or without an accompanying inflammatory process. In fulminant cases of myocarditis, resulting in myocyte 
necrosis, there may be significant loss of contractile tissue, accompanied by rapid development of heart 
failure and early host death38. One of the most prevalent and most intensely studied myocarditis-causing 
viruses is CVB339. Pericarditis is characterized by the expansion and inflammation of the pericardium, the 
membrane that surrounds the heart. The most common cause of myocarditis and pericarditis in adults is 
CVB viruses, which have been identified in up to 50% of viral cardiac cases40.

Eye infection

Acute hemorrhagic conjunctivitis (AHC): AHC is a highly contagious enterovirus infection 
of the conjunctiva and cornea41. Symptoms include abrupt-onset of red eye, pain, photophobia, eyelid 
edema, foreign body sensation or irritation, excessive tearing and eye discharge, follicular reaction, and 
subconjunctival hemorrhage. EV-D70 and CVA24 cause most cases and outbreaks of AHC41,42. The disease 
is transmitted person-to-person or through sharing of contaminated personal care items. Outbreaks of AHC 
due to CVA24 may recur in the same location after a considerable period, and public health precautions 
are necessary to control the epidemic. Many countries have reported extensive outbreaks of AHC due 
to CVA2443. In 2023, metagenomic sequencing confirmed the re-emergence of the Coxsackievirus A24 
variant (CV-A24v) genotype IV as the causative agent, with the strains showing high genetic similarity to 
contemporaneous strains circulating in China and carrying novel mutations in the VP1 protein44. Similarly, 
Bhutan reported more than 10,000 AHC cases in 2023, with CV-A24v genotype IV forming a new genetic 
lineage distinct from prior strains (2002-2017), confirming the regional re-emergence of this variant across 
South and Southeast Asia45.
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Skin and mucous membrane infections

Pharyngeal syndromes: EVs classically cause an undifferentiated febrile illness but are also 
recognized as a cause of pharyngitis and upper respiratory tract infections. NPEVs have been identified in 
8% to 29% of cases of pharyngitis in children46. Pharyngeal inflammation is associated with CVB4 infection. 
A 2014 study in Taiwan found pharyngeal and pharyngeal tonsil involvement in 27.5% of children with 
CVB4 infection treated at Chang Gung Memorial Hospital47.

Hand, foot, and mouth disease (HFMD) and herpangina: HFMD and herpangina are rash 
conditions caused by enteroviruses. HFMD is highly contagious and has led to significant morbidity 
and mortality worldwide. EV-A71, CVA6, CVA10, and CVA16 are major causative agents48. Herpangina, 
characterized by fever and painful vesicular lesions in the posterior oropharynx, is also commonly 
associated with Coxsackievirus A4 (CVA4)49 and Coxsackievirus A2 (CVA2)50. A herpangina outbreak 
in Eastern China identified CVA2 as the dominant type, with patients exhibiting high fever and 
hematological changes51.

Additionally, EV-A71 surveillance in Qingdao, China (2023-2024) revealed an unexpected co-
circulation of genotypes C4 and B552. It is a self-limited disease with mild symptoms or asymptomatic. 
Still, in some cases, there are reports of serious manifestations of the CNS such as encephalitis, meningitis, 
AFP, pulmonary edema, and myocarditis, and classic clinical characteristics are fever, oral ulcers, and 
rashes on the hands, feet, and buttocks, affecting mainly children under five years old53. Few studies have 
demonstrated the presence of some EV types in HFMD, such as E25, CVA2, EVD-68, RV-56, and EV-B74 
(an unusual strain), mainly CVA6 and A1654-56. CVA6 has also been confirmed as a major pathogen in other 
specialized populations, such as pediatric oncology patients in the United States, where it was one of the 
most frequently detected types57.

Skeletal muscle infection

Pleurodynia (Bornholm disease): Bornholm disease (epidemic myalgia) is characterized by severe 
chest pain, muscle aches, fever, and spasms. Pain is typically unilateral and accompanied by localized 
hyperesthesia and edema. Laboratory findings may include elevated creatine phosphokinase and leukopenia. 
The clinical condition is often preceded by prodromal symptoms such as fever, sore throat, headache, and 
myalgia for one to two days. Symptoms usually resolve within two to four days but can recur or persist for 
several weeks. While coxsackievirus B (CVB) is the most commonly associated etiologic agent, other types 
– including echovirus genotypes 1, 6, 8, 9, 10, and 19, as well as coxsackievirus A4 (CVA4) – have also been 
less frequently implicated58.

Other clinical manifestations of infection

Pancreatitis/Type 1 diabetes (T1D): pancreatitis is a gastroenterological disease characterized by 
inflammation and damage to the exocrine pancreas. It is generally self-limiting, but in some cases severe 
clinical complications develop, resulting in severe acute pancreatitis. CVB and EV-A71 have been reported 
in cases of pancreatitis1.
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Classically, T1D is a chronic autoimmune disease characterized by the loss of insulin-producing 
beta cells in the pancreas. Studies are currently seeking to understand the role of EVs in infecting beta 
cells and the host’s autoimmune response, which can result in beta-cell death, but this relationship 
has yet to be elucidated59. Infection with CVB4 causes a considerable decrease in insulin production 
in vitro cultures of beta cells60. A systematic review of enterovirus infections and T1D presented 
highlighted a significant association between enterovirus infection, detected with molecular methods, 
and autoimmunity/T1D61.

Acute gastroenteritis: acute gastroenteritis (AGE) is one of the most common diseases and a 
major cause of morbidity and mortality among infants and young children around the world. Viruses 
such as rotavirus, norovirus, astrovirus, and adenovirus are among the most common causes of childhood 
diarrhea. Currently, EV types have been detected in patients with AGE, indicating their likely etiological 
role1. However, their role in acute gastroenteritis remains poorly understood62. Therefore, more studies are 
needed to clarify the role of EVs in acute gastroenteritis.

Acute respiratory infections: respiratory infections are one of the most important causes of 
mortality and morbidity worldwide, affecting mainly children, but they can also affect adults63. Recently, 
outbreaks caused by emerging EV-D68 types have been reported, increasing cases worldwide in recent 
years, possibly due to viral genome variation, causing diseases in the upper and lower respiratory tract 
and, in some cases, neurological development problems. EV-D68 has advanced from a rarely detected 
respiratory virus to a pathogen responsible for increasing rates of severe respiratory disease64. Its acid 
lability and lower optimum growth temperature suggest that EV-D68 is similar to human rhinoviruses 
(HRVs)65. Different EV-D68 types have been reported in the United States, Canada, Europe, Thailand, 
China, New Zealand, Brazil, and several African countries66-69. Rare enterovirus C types (EV-C104, 
EV-C105, EV-C109) have been detected in respiratory samples, with EV-C105 infections occurring 
primarily in children, in one case, and associated with neurological complications (cerebellitis). 
Prolonged infections with EV-C104 and EV-C109 in immunocompromised adults have also been 
documented, showing evidence of intra-host viral evolution over several months70. EV-C105 strains 
from Spain formed a novel clade (C1) with unique antigenic epitope mutations, possibly explaining its 
recent expansion in Europe71. Menegolla72 recommends that health care professionals consider EV-D68 
as a possible cause of unexplained acute severe respiratory disease, even without fever, and consider 
laboratory testing of respiratory samples for enterovirus when the cause of respiratory infection in 
critically ill patients is not clear. EV-D68 is emerging as a pathogen. Its transmission potential indicates 
the need for better forms of surveillance73.

Diagnosis of enterovirus infections

EV detection and typing: the wide variability of enterovirus (EV) clinical manifestations 
complicates diagnosis, as the same type can cause different syndromes and different types can produce 
similar symptoms. Guide sample collection for laboratory diagnosis by clinical presentation, and collect 
it as early as possible after symptom onset. Appropriate specimen types include stool, cerebrospinal 
fluid (CSF), nasopharyngeal aspirates/swabs, vesicular fluid, bronchoalveolar lavage (BAL), blood, 
conjunctival swabs, and biopsy tissues (including nail tissue) (Figure 3). Historically, EV diagnosis 
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relied on virus isolation in cell culture followed by serotype identification via neutralization assays – a 
laborious, time-consuming, and technically demanding process. Currently, molecular methods such as 
RT-qPCR are considered the gold standard74. Although molecular assays have become the primary tool 
for routine diagnostics because of their high sensitivity, specificity, and rapid turnaround, viral isolation 
still plays a crucial role in reference laboratory settings. It remains the WHO-recommended method 
for poliomyelitis surveillance. Cell culture can be used in several situations: for confirmation of PCR-
negative specimens in case of a suspected new variant, for detection of more than one viral strain in a 
specimen, for typing by neutralization, for microneutralization assays to measure serum neutralizing 
antibodies, for assessment of effects of antivirals as well as for quality control purposes. Many EVs can be 
isolated from mammalian cell line cultures75.

The EVs can evolve through mutation and recombination. They circulate in human and animal 
hosts, and viruses from the same species can recombine to produce other viable hybrid viruses. 
Molecular typing approaches to enteroviruses targeting the VP1 region of the enteroviral genome, 
which encodes type-specific neutralization epitopes, are successfully applied during enteroviral 
outbreak investigations in many countries worldwide74. EV typing compares sequences encoding the 
viral protein one (VP1) capsid protein. Viruses of different types have < 75% nucleotide identity and < 
85% amino acid identity76.

Figure 3. Recommended clinical sample types for EV diagnosis in different clinical manifestations
Adapted from Harvala et al74
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Serological tests: the large number of enterovirus types hampers serological diagnosis. In the 
past, neutralization (IgG) and ELISA (IgG and IgM) specific tests were used to confirm acute EV 
infection in the laboratory. Still, their clinical utility is limited because of antigen cross-reactivity 
between different types74. In some situations, when direct EV detection is impossible, antibody 
detection can be useful for diagnosis, for example, suspected cardiac infections (myocarditis, 
pericarditis, and cardiomyopathy). Neutralization assays are necessarily type-specific; testing for 
several EV antibodies is time-consuming and laboratory-intensive for different EV types. On the other 
hand, they are considered very useful for seroprevalence studies to assess population immunity or for 
individual serological examination of paired serum samples (two-week interval between acute and 
convalescent serum samples). A 4-fold increase in EV-specific antibody concentrations between the 
acute and convalescent sera is diagnostic of recent infection, and a 1:8 titer in a neutralization test 
would indicate protective antibody levels74.

Therapeutic approach and vaccines against enteroviruses

Poliomyelitis was successfully controlled worldwide using the formalin-inactivated Salk 
polio vaccine and the Sabin oral polio vaccine77. Currently, China NMPA (National Medical 
Products Administration) has licensed three inactivated EV-A71 vaccines against HFMD. In 
addition to EV-A71, CVA6, CVA10, and CVA16 are major HFMD causative agents. However, the 
inactivated EV-A71 whole-virus vaccine failed to cross-protect against infections by other HFMD-
causing enteroviruses48. Treatment of NPEV infections includes primarily supportive care for the 
infected individual78. Viral meningitis, HFMD, conjunctivitis, pharyngitis, pancreatitis, and other 
enterovirus-related diseases have no specific treatment22,23,79. Intensive care therapies may be 
required for severely ill patients, and Immune globulin is sometimes employed for treatment of 
severe cases79. Advances in antiviral therapy aim to understand the mechanisms of viral replication 
and the components with antiviral activities. Developing a pan-enterovirus vaccine and antiviral 
drugs is an important and achievable goal in the future80.

CONCLUSION
Enterovirus infections remain a major public health concern due to their wide range of clinical 

manifestations, from mild illness to severe conditions such as sepsis. Early recognition, rapid diagnosis, 
and timely control measures are essential to limit viral spread. Although outbreaks worldwide highlight 
the diversity of circulating enterovirus types, non-polio enteroviruses (NPEVs) are still not included in the 
World Health Organization’s global surveillance guidelines. The lack of systematic national surveillance 
limits knowledge of their prevalence and true burden on human health. Integrating NPEVs into 
surveillance systems would improve case detection and outbreak preparedness. Despite recent advances, 
it remains unclear why so many enterovirus types can infect the same tissues. Further investigation into 
their epidemiological, evolutionary, genetic, and virulence characteristics is therefore needed to improve 
prevention, diagnosis, and control strategies.
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