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Detection and characterization of a coxsackievirus B2 strain 
associated with acute meningoencephalitis, Brazil, 2018
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Abstract
Although different etiological agents can cause acute meningoencephalitis, this syndrome is usually associated with viruses. Among 
these, enteroviruses play a significant role. Here, we describe a fatal case of meningoencephalitis in a previously healthy teenager. 
Real-time RT-PCR and cell culture assays were performed with serum and cerebrospinal fluid (CSF) from a clinically diagnosed 
meningoencephalitis case that occurred in Rio de Janeiro State, Brazil. Coxsackievirus B2 (CVB2) was identified. Phylogenetic analysis 
revealed that the identified CVB2 was genetically related to strains known to cause neurological diseases. This case highlights the 
importance of continuous laboratory surveillance of central nervous system infections.
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INTRODUCTION

The human Enterovirus genus, Picornaviridae family, comprises 
seven species (EV A-D and HRV A-C) which show great genetic 
variability, and can cause a broad spectrum of acute and chronic 
infections ranging from asymptomatic or mild illnesses to acute 
flaccid paralysis, meningitis, and meningoencephalitis1. Although 
meningoencephalitis can be caused by a large number of infectious 
agents, such as bacteria and fungi, in the vast majority of cases, 
viruses are the causative pathogens2. Among these, enteroviruses are 
indicated to be the main causative agents of central nervous system 
infections in neonates and immunocompromised3,4. 

Meningoencephalitis is a severe inflammatory process of 
the brain parenchyma and the meninges, causing fever, severe 
headache, seizures, and in some cases, neurological damage. 
Enteroviral meningoencephalitis is relatively well documented 
around the world, although most studies have focused on ‘epidemic’ 
EV-types rather than ‘sporadic’ ones, such as CVB2. To date, only 
one case of CVB2 causing meningoencephalitis has been reported in 
Brazil, based on serological evidence5. Thus, information regarding 

the molecular epidemiology of this agent is limited. Here, we report 
the detection and molecular characterization of a fatal case of CVB2 
associated with meningoencephalitis in a previously healthy teenager, 
and the genetic relationship of the isolated CBV2 with other isolates. 

CASE REPORT

In 2018, the Enterovirus laboratory received a group of specimens 
(CSF and serum) from a 16 year old patient, who presented at a 
health center in the Rio de Janeiro State with symptoms of 
meningoencephalitis, which was confirmed by imaging tests. The 
patient was undergoing treatment for acute sinusitis at the time of 
his admission to the health center. Specimens were submitted for 
virus isolation using two types of enterovirus-sensitive cell culture 
(RD (human rhabdomyosarcoma) and Hep2C (human cervix 
carcinoma)) as previously described6. Both cell cultures failed to 
reveal a cytopathic effect. Viral RNA was extracted directly from 
the specimens (Viral Nucleic Acid Extraction Kit, QIAmp-Qiagen) 
and used for detection by amplification methods. A broadly reactive 
real-time PCR assay for detection of enteroviral genomic RNA was 
performed, and the serum was enterovirus-positive. The specimen 
was then subjected to semi-nested PCR amplification as described 
previously7, and the EV-positive amplicon was cycle-sequenced using a 
Big Dye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). 
The sequences obtained, which corresponded to an ~340bp fragment 
of the VP1 gene, were compared with those available in GenBank. 
Coxsackievirus B2 was identified in the patient’s serum. Phylogenetic 
analysis using the VP1 gene fragment sequence confirmed the close 
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FIGURE 1: Phylogenetic analysis of the viral protein 1(VP1) gene fragment (240 nt.) of the CVB2 isolate (indicated 
by black circle) from a fatal case of meningoencephalitis in Brazil in 2018. The tree was generated from a nucleotide 
sequence alignment using the neighbor-joining algorithm implemented in MEGA 6.0 software using a Kimura two-
parameter model and 1000 bootstrap pseudo replicates. Only bootstrap values >70% are shown at the node. 
The sequence in this study was submitted to GenBank under accession number MN232825. RUS: Russia; AUS: 
Australia; CHI: China; TAI: Taiwan; ITA: Italy; KEN: Kenya; USA: United States of America; FRA: France; GER: 
Germany; UK: United Kingdom; FIN: Finland; BRA: Brazil; SEN: Senegal; DEN: Denmark; NIG: Nigeria

relationship (~95%) between the CVB2 identified in this study and 
European isolates associated with neurological diseases between 
2000 and 2007 (Figure 1). The clinical specimens were also tested 
by PCR for HSV1/2, which were not detected. Serological tests for 
HSV, VZV, HCMV and toxoplasmosis were also negative. RT-PCR 
for arboviruses also revealed negative results (data not shown).

DISCUSSION

Recent reports have described an increasing number of 
neurological syndromes associated with CVB2, such as acute 
flaccid paralysis, meningitis, encephalitis, meningoencephalitis, 
and other neurological manifestations8,9. Coxsackievirus may cause 
upper and lower respiratory tract disease8, but does not commonly 
result in central nervous system secondary infection, except among 
immunocompromised individuals4. This patient’s medical history 
did not reveal any significant previous disease. 

Here, we have shown that CVB2 was associated with a fatal case 
of meningoencephalitis in a 16 year old teenager. Between 2013 
and2017, CVB2 has only been found once in Brazil as the cause of a 
central nervous system infection10. Although CVB2 can be associated 

with non-neurological diseases8, phylogenetic analysis of the CVB2 
described in this study revealed a close relationship with CVB2 strains 
previously associated with neurological diseases in Europe (Figure 1).

Overall, enteroviral meningoencephalitis is considered to be 
a self-limiting infection, even though certain EV-types may lead 
to more complex clinical manifestations, such as those caused by 
EV-A71 and EV-B9,11. In this study, we show the importance of an 
established surveillance system to detect and report the emergence of 
specific enterovirus types with the potential to cause severe diseases. 
Continuous surveillance of enterovirus infections is essential to 
identify EV-types circulating in different regions, and to implement 
public health strategies for prevention. Furthermore, due to the high 
frequency of enterovirus intra and intergroup genetic recombination, 
it is important that the surveillance system remain active.

Ethical Approval

The Enterovirus laboratory at Instituto Oswaldo Cruz - 
FIOCRUZ is an official Brazilian Ministry of Health Reference 
Laboratory. During the course of the patient’s clinical care, the 
patient voluntarily accessed the local public health system’s 
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ambulatory care center, where clinical samples were collected. This 
activity was considered a public health response, and thus did not 
require review by the review board. 

ACKNOWLEDGEMENTS

We would like to acknowledge the Sanger sequence platform at 
IOC/Fiocruz, Silas Oliveira, Amanda Meireles, Sergio Verly, and 
Brendo Oliveira for technical support. 

FINANCIAL SUPPORT

This work was funded by a grant from the SVS/CGLAB 
Brazilian Ministry of Health.

AUTHOR´S CONTRIBUTIONS

IPS: conceptualization; methodology; investigation; writing 
- original draft preparation; writing- review and editing. 
RSM: methodology; investigation. FMB: methodology. EES: 
conceptualization; writing, review, and editing; supervision.

CONFLICT OF INTEREST

The authors declare no conflicts of interest. 

REFERENCES 

1. Pallanch M. Enterovirus infections, including poliomyelitis. In: 
Guerrant RL, Walker DH, Weller PF. Editors. Tropical Infectious 
Diseases: Principles, Pathogens and Practice. 3rd ed. Philadelphia: 
Saunders Elsevier; 2011. pp. 398-405.

2. Glaser CA, Honarmand S, Anderson LJ, Schnurr DP, Forghani B, 
Cossen CK, et al. Beyond Viruses: Clinical Profiles and Etiologies 
Associated with Encephalitis. Clin Infect Dis. 2006;43(12):1565–77.

3. Rotbart HA. Enteroviral infections of the central nervous system. Clin 
Infect Dis. 1990;20(4):971-81.

4. Tellez R, Lastinger AM, Hogg JP. Chronic enteroviral 
meningoencephalitis in a patient on rituximab for the treatment of 
psoriatic arthritis: A case report and brief literature review. IDCases 
2019;17C:e00558.

5. Carvalho ES, Abramczyk M, Brezolin AU, Souza DFC, Inocêncio LA, 
Paiva TM. Coxsackie B2 virus fatal meningoencephalitis in a student.  
J Pediatr. 2000;76(3):237-40.

6. Sousa Jr. IP, Burlandy FM, Costa EV, Tavares FN, da Silva EE. 
Enteroviruses associated with hand, foot, and mouth disease in Brazil. J 
Infect. 2018;77(5):448–54.

7. Nix WA, Oberste MS, Pallansch MA. Sensitive, seminested PCR 
amplification of VP1 sequences for direct identification of all enterovirus 
serotypes from original clinical specimens. J Clin Microbiol. 
2006;44(8):2698–704.

8. Tapparel C, Siegrist F, Petty TJ, Kaiser L. Picornavirus and enterovirus 
diversity with associated human diseases. Infect Genet Evol. 
2013;14:282–93.

9. Rhoades RE, Tabor-Godwin JM, Tsueng G, Feuer R. Enterovirus 
infections of the central nervous system. Virology. 2011;411(2):288–305.

10. Ramalho E, Sousa Jr. I, Burlandy F, Costa E, Dias A, Serrano R, et al. 
Identification and phylogenetic characterization of human enteroviruses 
isolated from cases of aseptic meningitis in Brazil, 2013–2017. Viruses. 
2019;11(8):690.

11. Akhmadishina LV, Govorukhina MV, Kovalev EV, Nenadskaya 
SA, Ivanova OE, Lukashev, AN. Enterovirus A71 Meningoencephalitis 
Outbreak, Rostov-on-Don, Russia, 2013. Emerg Infect Dis. 
2015;21(8):1440–3.

OPEN ACCESS
https://creativecommons.org/licenses/by/4.0/


