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ABSTRACT

Hand-foot-and-mouth disease (HFMD) is a highly contagious viral disease commonly 

associated to Enteroviruses (EV). During 2018, Brazil faced massive HFMD outbreaks 

spread across the country. This study aimed to characterize the EV responsible for the HFMD 

outbreak that occurred in Paraiba State, Brazilian Northeastern region, in 2018, followed 

by a phylogenetic analysis to detail information on its genetic diversity. A total of 49 serum 

samples (one from each patient) collected from children ≤ 15 years old, clinically diagnosed 

with HFMD were tested for EV using conventional RT-PCR and RT-qPCR. EV infection 

was confirmed in 71.4% (35/49) of samples. The mean and median ages were 1.83 years and 

one year old, respectively. Twenty-two EV-positive samples were successfully sequenced 

and classified as EV-A species; 13 samples were also identified with the CV-A6 genotype. 

The phylogenetic analysis (VP1 region) of three samples revealed that the detected CV-A6 

strains belonged to sub-lineage D3. The CV-A6 strains detected here clustered with strains 

from South America, Europe and West Asia strains that were also involved in HFMD cases 

during the 2017-2018 seasons, in addition to the previously detected Brazilian CV-A6 strains 

from 2012 to 2017, suggesting a global co-circulation of a set of different CV-A6 strains 

introduced in the country at different times. The growing circulation of the emerging CV-

A6 associated with HFMD, together with the detection of more severe cases worldwide, 

suggests the need for a more intense surveillance system of HFMD in Brazil. In addition, 

this investigation was performed exclusively on serum samples, and the analysis of whole 

blood samples should be considered and could have shown advantages when employed in 

the diagnosis of enteroviral HFMD outbreaks. 

KEYWORDS: Hand foot and mouth disease. Enterovirus. Coxsackievirus. Surveillance.

INTRODUCTION

Hand-foot-and-mouth disease (HFMD) is a highly contagious acute viral disease 
that commonly affects children < 5 years old. HFMD is characterized by a mild 
febrile illness with multiple oral ulcers, and vesiculo-papular eruptions on the hands, 
feet, mouth and buttocks, which normally undergo spontaneous involution without 
major complications1. 

The most commonly associated viruses leading to HFMD infections are 
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enteroviruses (EV), non‐enveloped single‐stranded RNA 
viruses of the genus Enterovirus (family Picornaviridae; 
realm Riboviria)1. EV genome is composed of one open 
reading frame encoding four structural viral proteins (VP1 
to VP4 ) and seven nonstructural proteins (2A-2C and 
3A-3D). VP1 is the main coding region for neutralizing 
epitopes containing virulence determinants, being used for 
serotyping and molecular epidemiology studies. Seven EVs 
species have been associated with human disease: EV-A to 
-D and rhinovirus A to C1,2. EV-A is responsible for more 
than 90% of HFMD cases worldwide3,4. Enterovirus A 71 
(EV-A71), coxsackievirus A6 (CVA6) and coxsackievirus 
A16 (CVA16) are the leading pathogens associated 
with HFMD outbreaks globally2-4. Although EVs have 
long been recognized as the most common etiological 
agents of HFMD11, they have been poorly investigated 
in Brazil5-7. HFMD is not a notifiable disease in Brazil, 
and as a consequence, associated epidemiological data 
are scarce probably due to the lack of a continuous and 
systematic laboratory surveillance6. On the other hand, 
HFMD outbreaks must be notified8. During 2018, Brazil 
faced HFMD outbreaks spread across the country9,10, but 
the EV type (or types) involved in those outbreaks are still 
unknown.

The aim of the present study was to identify the EV 
genotype implicated in Brazilian HFMD outbreaks that 
occurred in Paraiba State, Northeastern region, during 
2018. The phylogenetic analysis of VP1 sequences was 
also performed to obtain more detailed information on the 
genetic relationships with previously reported strains and 
to identify the lineage implicated in the outbreaks of 2018. 
In addition, this investigation was performed exclusively on 
serum samples, and the analysis of whole blood samples 
should be considered and could have shown advantages 
when employed in the diagnosis of enteroviral HFMD 
outbreaks. 

MATERIAL AND METHODS

Study population

From February 26th to March 11th 2018, a total of 
49 children (≤ 15 years old) sought the outpatient clinic 
of Arlinda Marques Children’s Hospital with suspected 
HFMD, were included in this study. Arlinda Marques 
Children’s Hospital is the largest pediatric hospital of the 
Joao Pessoa city, the capital of Paraiba State. Paraiba is 
the third most densely populated State of the Brazilian 
Northeastern region. It is a tourist and industrial hub, and 
the city of Joao Pessoa is the sea-bordered State capital, with 
an estimated population of 817,511 inhabitants11.

The definitive HFMD diagnosis was performed at the 
Arlinda Marques Children’s Hospital based on clinical and 
epidemiological criteria (Table 1). The HFMD cases were 
defined based on the presence of oral ulcers, mainly on the 
tongue and oral mucosa, as well as on the hard and the soft 
palate, accompanied by typical vesicular eruptions most 
commonly observed on the extensor surfaces of the hands, 
feet, buttocks and/or knees1. Basic demographic data were 
collected including age and gender, the date of the onset of 
disease, the date of blood sampling and clinical manifestations 
(cough, diarrhea, vomiting, fever and skin lesions). At 
the time of clinical onset, all 49 children were considered 
immunocompetent and were defined as mild HFMD, since 
no neurological and cardiopulmonary complications such 
as aseptic meningitis, encephalitis, encephalomyelitis, 
acute flaccid paralysis, as well as pulmonary hemorrhage or 
cardiorespiratory failure were observed4,12. Some patients 
presented with respiratory or gastrointestinal symptoms 
and both findings are recognized as part of EV infections13. 
The HFMD cases were reported to the Epidemiological 
Surveillance Center of Paraiba State (CIEVS/PB), which 
initiated an investigation in order to identify the EV genotype 
associated with the HFMD cases. A total of 49 serum samples 
(one from each patient) collected during the HFMD acute 
phase were initially sent to the Public Health Laboratory of 
Paraiba (LACEN‑PB) and stored at -20 °C. Oropharyngeal 
swabs were not available. Frozen serum specimens were then 
sent to the Institute of Tropical Medicine, University of Sao 
Paulo (IMT-USP) in order to confirm the EV infection and 
identify the involved genotype. 

EV detection

Viral RNA was extracted from serum samples using the 
PureLink RNA Mini kit (Invitrogen, Life Technologies, 
Carlsbad, CA, USA) according to the manufacturer’s 
instructions. EV was screened by both real-time RT-PCR 
(RT-qPCR)14 and conventional semi-nested RT-PCR 
targeting the 5’UTR region15. As a control for PCR 
inhibitors and to monitor RNA extraction efficiency, each 
sample was tested by qRT-PCR for the presence of the 
human ribonuclease (RNase) P gene following standards 
protocols16. Conventional semi-nested RT-PCR assays were 
monitored for false-positive or false-negative results using 
reactions controls containing a positive control, a negative 
control and sterile water. 

Amplification of partial VP1

All EV-positive samples,obtained by RT-qPCR and/or 
conventional semi-nested RT-PCR, were submitted to VP1 
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amplification. Reverse transcription was carried out with 
random hexamer primers, and the region encoding the VP1 
region of EV was used in a semi-nested PCR following the 
protocol described by Iturriza‐Gómara et al.17. The primers 
designed to EV genogroups A, B and C amplified fragments 
ranging from 355 to 414 base pairs (bp)17. 

Sequencing and genotyping

PCR amplicons were sequenced using the BigDye 
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, 
Foster City, CA, USA) with the same primers used in the 
semi‐nested PCRs targeting the 5’ UTR and/or the VP1 
regions15,17. Dye‐labeled products were sequenced in an ABI 
3130 DNA Analyzer (Applied Biosystems). Sequences were 
edited with the Sequencher 4.7 (Gene Codes Corporation, 
Ann Harbor, MI). The Enterovirus Genotyping Tool 
(National Institute for Public Health and the Environment 
– RMVI)18 was used to assign the genotype of the studied 
EV strains. 

Phylogenetic analysis

The phylogenetic analysis was carried out using VP1 
partial coding-region sequences (310 bp) in order to infer 
the lineages and phylogenetic relationships among relevant 
strains. The VP1 region sequences generated here and a 
set of prototype EV sequences available in GenBank were 
aligned using the CLUSTAL W algorithm in the BioEdit 
Sequence Alignment Editor software, version 7.0.5.2 (Ibis 
Therapeutics, Carlsbad, CA, USA). The selection of the 
best model considered the likelihood ratio test (LRT) 
implemented in the jModeltest software, version 2.1.10 
(University of Vigo, Vigo, Spain), and the Generalized 
time reversible (GTR) model using gamma distribution 
with invariants sites (G + I) was applied. A maximum 
likelihood tree was constructed using the FastTree 2.1 
(Lawrence Berkeley National Laboratory, Berkeley, CA, 
USA). To obtain reproducible data and provide a major 
tree clustering reliability pattern, the statistical support 
of branches was evaluated by the approximate likelihood 
ratio test (aLRT).

Accession numbers

The sequences of the present study were deposited 
in GenBank under the accession numbers: MZ457015, 
MZ464040-MZ464053 and MZ476967-MZ476973 for 
the 5´UTR region and MZ779206-MZ779208 for the VP1 
region.

RESULTS

EV infections were laboratory confirmed in 71.4% 
of samples (35/49). RT-qPCR and conventional semi-
nested RT-PCR were positive for EV in serum samples 
of 22 (44.9%) and 32 (65.3%) patients, respectively. Both 
methods resulted positive in 19 (38.8%) patients. The day 
of blood sampling ranged from the first day after the onset 
of symptoms to the sixth days, most samples were obtained 
on the first day (42.8%; 21/49). The percentage of confirmed 
viremia was the highest on the first day of illness (40%; 
14/35) and viremia was lower in patients sampled after 
day 3 (14.3%; 5/35). Twenty-six of the cases presenting 
with viremia were detected within the first three days of 
disease (74.3%; 26/35). 

Table 1 summarizes the clinical findings of HFMD 
patients. The age of the 49 patients ranged from four 
months to 15 years old, being 35 (71.4%) infants under 
the age of one year old, 11 (22.4%) were toddlers between 
2‑5  years old and three (6.1%) children were ≥ 6 years 
old. No significant difference in the frequency of EV 
infection was observed when children were sub-divided 
into these three age groups. The mean and median ages 
were 1.83 years and one year old, respectively. A total of 
32 (65.3%) samples were from males, and 17 (34.7%) were 
from females (χ2=3.6234, p=0.056). Thirty-three (67.3%) 
patients showed common clinical signs and symptoms 
of HFDM, with fever and vesicles, mostly on hands, feet 
and oral mucosa. Eight cases (16.3 %) exhibited vesicular 
eruptions on the buttocks and perianal area. Twenty-two 
patients (44.9%) showed severe skin manifestations all 
over the body, and one had seizures associated with the 
severity of manifestations. There were no reported cases 
of meningitis, encephalitis or fatalities.

A 450 bp fragment of the 5’UTR region was sequenced 
to classify the detected EVs into species for all 32 
conventional RT-PCR-positive samples. Twenty-two of 
the 32 (68.75%) positive samples could be successfully 
sequenced. All 22 sequenced samples were genotyped 
as members of EV-A. Ten of them were genotyped as 
CV-A6 according to the data obtained by the Enterovirus 
Genotyping Tool, and in twelve strains the genotype could 
not be assigned. CV-A6 could also be obtained for three 
extra samples by direct VP1 sequencing of RNA from serum 
samples, confirming the genotype previously obtained by 
the 5’UTR sequencing (Table 1). 

To investigate the genetic relationships among 
contemporaneous CV-A6 strains, the three Brazilian 
VP1 partial sequences (nucleotides at positions 2588-
2888; 310 bp comprising 102 codons) were characterized 
here (BRA-38B, BRA-41B and BRA-48B strains) and ID
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compared to 42 homologous sequences from worldwide 
countries detected between 1949 and 2019, including 
nine CV-A6 sequences previously isolated in Brazil. 
The CV-A6 lineages (A-D) were determined as formerly 
proposed19. The three Brazilian CV-A6 samples detected 
in the city of Joao Pessoa were classified as belonging 
to clade D, sub-lineage D3. In addition, CV-A6 strains 
BRA-38B, BRA-41B and BRA-48B grouped together 
with strain 52403 (MT74440) detected in Brazil in 2018, 
but were separated from the other Brazilian CV-A6 strains 
sub-lineage D3 that had circulated earlier in the country, 
from 2012 to 20176,13 (Figure 1).

The phylogenetic tree has also shown that the Brazilian 
CV-A6 strains appears to belong to a distinct phylloclade 
(herein designated D3-VS clade) and this finding was 
highly supported by the statistical test (hLRT=0.941). Clade 
D3‑VS includes strains that were simultaneous circulating 
in Latin America countries, including Argentina, Uruguay 
and Venezuela3,20, as well as in European countries, such 
as France and the United Kingdom, in addition to West 

Asian countries like Turkey (Figure 1). All strains within 
this clade, with the exception of MK754263/G/URY/2018, 
share the same amino acid substitutions at positions I671V 
and A702S. In order to confirm that the clade D3-VS was 
not an artifact of convergent amino acid substitutions, a 
novel tree was inferred excluding codons 671 and 702. 
The resulting tree displayed the same topology of the 
original one, maintaining an elevated statistical support 
(hLRT=0.935) (data not shown). 

Comparison of CV-A6 BRA-38B, BRA-41B and 
BRA‑48B strains showed nucleotide similarities varying 
from 99.3% to 100%, and 83.2 to 83.5% when compared to 
the CV-A6 prototype (CV-A6/Gdula/USA/1949; GenBank 
accession AY421764).

DISCUSSION

During 2018, major HFMD outbreaks occurred 
throughout Brazil9,10. We tested 49 samples collected at 
the Pediatric Complex Arlinda Marques, Paraiba State, 

Figure 1 - Maximum Likelihood phylogenetic tree of partial VP1 nucleotide sequences (∼310bp) generated with the FastTree 
software of coxsackievirus A6 (CV-A6) strains detected in patients presenting with HFMD in Paraiba State, Northeastern region, 
Brazil (highlighted in shaded dark blue). References of CV-A6 were obtained from the GenBank database. Forty-two homologous 
sequences were obtained from worldwide countries detected between 1949 and 2019, including nine CV-A6 sequences previously 
isolated in Brazil (highlighted in light blue color). The tree was rooted by using the prototype sequence Gdula (Accession number 
AY421764). The different CV-A6 lineages (A-D) and sub-lineages (D1-D3) are indicated in the branches. Clade D3-VS (named here) 
is highlighted in shaded gray. The branch support was achieved by the approximate likelihood ratio test (LRT) and is shown in a 
color scale on the left side. The tree was rooted in the middle and the scale is indicated at the bottom. Accession number, isolates, 
countries, and year of description of each strain are indicated. 
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Brazilian Northeastern region, during the outbreak period, 
and CV-A6 was identified. Approximately three-fourth of 
the CV-A6 patients had viremia detected during the acute 
phase of disease. Cheng et al.21 in a multi-center cohort 
study conducted in Taiwan showed that viremia associated 
with EV-71 occurred more frequently in children of one year 
of age in HFMD patients, agreeing with the results found 
in the present study. Cheng et al.21 also demonstrated that 
after the third day of disease onset, the proportion of patients 
with viremia decreased to around one-fourth and no viremia 
was detected after the seventh day of disease onset, even if 
patients had persistent clinical symptoms, indicating that 
the resolution of EV viremia occur within seven days. Our 
study found a similar trend. 

It is well known that RT-qPCR provides rapid diagnosis 
and increases the sensitivity for EV detection22; however, 
our results have shown that conventional semi-nested 
RT‑PCR was more sensitive than RT-qPCR. In fact, this 
is not an entirely surprise, as conventional PCR systems 
have often shown to be more sensitive than real-time PCR 
systems in the detection of different pathogens, including 
viruses23,24. Both methods targeted the EV 5’UTR region, 
but the sensitivity of the conventional PCR could be 
increased by adding a second round of amplification. On 
the other hand, conventional PCR methods are more prone 
to errors, including the lack of amplification products due to 
higher detection limits depending on the amount of cDNA 
per reaction25. Traditional detection of amplified DNA 
relies upon electrophoresis of nucleic acids in the presence 
of ethidium bromide (or similar) and visual analysis of the 
resulting bands in an ultraviolet light transillumination 
device26. Consequently, some fragments are not clearly 
detectable on agarose gels since they are visualized as 
faint bands or are not seen when the template cDNA 
concentrations was insufficient25, including the three EV 
samples (9B, 27B and 28B) recognized exclusively by 
RT-qPCR even when other samples with higher Ct values 
(i.e., samples 4B, 13B, 16B and 17B) were positive by 
both methods.

CV-A6 caused a massive HFMD outbreak in Finland 
in 2008, and then spread to other European countries and 
to North America27-30. Most of the largest CV-A6 HFMD- 
associated outbreaks have been reported in Asian Pacific 
countries, and CV-A6 has replaced EV-71 and CA-16 as 
the main enterovirus causing HFMD in the region since 
200931-34. In Latin America, CV-A6 associated with HFMD 
cases began to circulate between 2011 and 2012, with 
reports from Cuba35 and Brazil6, reaching Peru in 201636. 
Since 2018, CV-A6 has been more frequently detected 
in HFMD outbreaks, as well as in sporadic cases in the 
region3,5,7,37. The present study reinforces the importance of 

the emergence of CV-A6 causing HFMD in Latin America. 
CV-A6 is additionally characterized by an atypical HFMD 
clinical presentation with lesions in other anatomical areas, 
such as the trunk, limbs and buttocks34, supporting the 
clinical data observed here.

EV typing is crucial for assessing the enteroviral 
biodiversity associated with HFMD infections and also to 
improve our understanding on their potential public health 
burden. A limitation of the present report was the failure to 
genotype all EV‐positive samples. Simultaneous detection 
and identification of all EV genotypes in clinical samples 
is very challenging due to its high genetic diversity20. EV 
genotyping mainly depends on Sanger sequencing targeting 
the VP1 region38 which clearly impaired our capacity to 
identify all EV‐positive samples.

Brazilian CV-A6 strains detected here are genetically 
linked to the strains concurrently circulating in Latin 
America and European countries3,37. Brazilian CV-A6 
strains BRA-38B, BRA-41B and BRA-48B are also 
distantly related to those CV-A6 strains that circulated 
earlier in Brazil, from 2012 to 20176,13. These data suggest 
that the Brazilian CV-A6 strains detected in 2018 in Paraiba 
State and the CV-A6-associated HFMD strains recently 
reported in Latin America countries, may have a common 
origin and did not seem to have emerged through the 
evolution of local CV-A6 strains that circulated previously 
in Brazil, therefore suggesting a global co-circulation of a 
set of different CV-A6 strains introduced in the country at 
different times. Moreover, the sub-lineage D3 became the 
main CV-A6 sub-lineage since 2008 associated not only to 
HFMD outbreaks6,7,34, but also to meningitis13 and severe 
acute respiratory illness19. The sub-lineage D3 may have a 
stronger ability of transmission and it has been suggested 
that this sub-lineage can be responsible for the growing 
circulation of CV-A6 worldwide39. 

Of outstanding significance in the present study was 
the detection and molecular characterization of EV strains 
in serum samples. It is well known that the detection of 
EV exclusively in one serum sample must be carefully 
interpreted. Single serum samples alone are not suitable 
for diagnosing EV-associated HFMD. In general, for the 
EV-associated HFMD diagnosis, it is recommended that 
oropharyngeal swabs or stool samples are accompanied by 
paired blood samples collected in the acute-phase and in 
the convalescent-phase of the disease. The diagnosis of EV 
is only confirmed when serological tests (neutralization 
test) present with a significant increase in the antibody 
titers (three times or more) in the paired serum samples, 
and these antibodies are raised to the same EV serotype 
isolated from feces or oropharyngeal swabs40. During the 
HFMD outbreak in Paraiba State reported here, only the 
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acute-phase serum samples were collected, therefore they 
were the only samples available for the EV diagnosis. 
The lack of oropharyngeal swabs impaired the testing of 
EV in both samples in order to evaluate if blood EV PCR 
testing in patients with suspected HFMD is additionally 
favored when compared with PCR testing performed on 
oropharyngeal specimen. Despite this limitation, we have 
shown that serum samples collected in the acute phase of 
HFMD are suitable for the diagnosis of EV-associated 
HFMD by rapid molecular methods, especially during 
outbreaks emergencies. 

CONCLUSION

In conclusion, our findings showed that CV-A6 was 
involved in the Brazilian HFMD outbreaks that occurred 
during 2018. The increasing circulation of the emerging 
CV‑A6 associated with HFMD, along with the detection 
of more severe cases worldwide, suggest the need for a 
more intense surveillance system of HFMD in Brazil. 
Our data also support the use of the RT-qPCR method as 
a powerful tool for a rapid EV diagnosis in blood samples 
during HFMD outbreaks. The early and timely EV detection 
in serum samples could positively affect the patients’ 
management by reducing unnecessary antibiotic and 
antiviral therapies. In addition, the serum EV genotyping 
has the potential to assist health care planners to improve 
the health outcomes in EV-associated HFMD disease. 
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