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Nora Glatstein • Belén Pisano • Lorena Spinsanti •

Marta Silvia Contigiani

Received: 12 August 2010 / Accepted: 27 September 2010 / Published online: 8 October 2010

� Springer-Verlag 2010

Abstract In the central area of Argentina, epidemiolog-

ical and molecular characteristics of human enterovirus

infections are still unknown. RT-nested PCR of the highly

conserved 50NCR was used to detect enteroviruses in 168

samples of cerebrospinal fluid from hospitalized patients

with suspected infection of the central nervous system

(2007–2008), and 13 (7.7%) were positive. Molecular

typing was performed by sequencing of the 30-half VP1

region. Echovirus 30 was the predominant type detected,

followed by coxsackie viruses A9 and B4. All echovirus 30

strains of 2007 clustered in lineage H, whereas the echo-

virus 30 isolate obtained in 2008 was more distantly rela-

ted, possibly representing a new lineage.

Keywords Human enterovirus � Echovirus 30 � VP1 �
Aseptic meningitis � Argentina

Human enteroviruses (HEVs) are the most common agents

responsible for aseptic meningitis and constitute the

majority of the infections of the central nervous system

worldwide. HEVs are small, single-stranded RNA viruses

that belong to the family Picornaviridae, within the genus

Enterovirus, together with the recently included human

rhinoviruses (http://www.ictvonline.org/virusTaxonomy.

asp). HEVs are currently classified in four species: HEV-A

(17 serotypes), HEV-B (56 serotypes), HEV-C (16 sero-

types, including the three poliovirus serotypes), and

HEV-D (3 serotypes) [22]. HEVs infect a large number of

people every year. Although HEVs are distributed world-

wide, some serotypes are endemic, and others can be

introduced periodically, producing epidemic outbreaks.

The great majority of the infections are asymptomatic or

cause only mild respiratory diseases, especially in children.

Severity depends on the age and constitution of the host, as

well as the type and virulence of the circulating strain [20].

HEV outbreaks are not usually associated with sequelae,

except in immunocompromised patients, but affect large

numbers of people, producing significant economic dam-

age [6]. To perform effective surveillance for variants,

identify sources of infection, detect viruses in the envi-

ronment, observe changes in circulating patterns and

establish their association with symptomatic human infec-

tions, detailed information about sequence variation of the

HEV types is necessary. In this sense, molecular methods

have proved to be useful for identifying serotypes in clin-

ical samples, improving the epidemiological study of these

viruses [2, 4, 16–18].

In Argentina, meningitis notification is mandatory since

1960 (Law 15.465) [10]; however, only a few reports of

diagnosis and typing have been published [7, 9–11]. Two

of them describe outbreaks of meningitis caused by echo-

virus 4 in two different northern regions, Tucuman and
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Misiones, and the other two reports are retrospective

studies about enterovirus epidemiology in Buenos Aires

province. Since Argentina is a large country, epidemio-

logical and molecular characteristics of HEV infections

may be different depending on the region and climate.

Since data from the central area of Argentina have not been

described yet, this report is a useful contribution to epi-

demiology and molecular identification of HEV, which was

responsible for neurological infections in Cordoba (central

Argentina) between January 2007 and March 2008.

One hundred sixty-eight samples of cerebrospinal fluid

(CSF) from hospitalized patients (89 males and 79 females;

mean age, 21 years, r = 0–84 years) in Cordoba city

(second most populated inland province of Argentina) were

analyzed between January 2007 and March 2008. The

specimens were screened for HEV using molecular methods

described previously [3]. Viral nucleic acids were extracted

from 200 ll of CSF using a Purelink Viral RNA/DNA

Mini Kit (Invitrogen, Carlsbad, CA) according to the

manufacturer’s instructions. The RT-PCR uses primers

from the highly conserved 5-non-coding region (NCR) of

the genome and amplifies a fragment of 310 nt. The sam-

ples that tested positive for HEV were sent to the Entero-

virus Laboratory of the National Center for Microbiology,

Instituto de Salud Carlos III, Madrid, Spain, for typing,

sequencing, and phylogenetic analysis.

For enterovirus typing, a species-specific RT-nested

PCR using 5 ll of each RNA extract was used to amplify

the 30-half of the VP1-coding region of the genome. The

PCR reaction was carried out as described previously by

Cabrerizo et al. [2]. The sizes of the fragments were about

454, 758 and 458 bp, for HEV-A, B and C, respectively.

The sequences obtained were compared pairwise with the

enterovirus sequences available in GenBank to determine

the identity score (http://www.ncbi.nlm.nih.gov/blast).

HEV serotype identification was confirmed by phylo-

genetic analysis. The 30-half VP1 fragment (420 nt)

sequences obtained were compared with all HEV-B species

prototype strains and other sequences available in Gen-

Bank from different countries. Multiple sequence align-

ments were performed with the ClustalW program. Genetic

distances were calculated using the Kimura 2-parameter

model of nucleotide substitution, and statistical signifi-

cance of phylogenies was estimated by bootstrap analysis

with 1,000 pseudoreplicate datasets. A phylogenetic tree

was constructed using the neighbor-joining method in the

MEGA version 3.1 program.

Among the 168 patients studied, 13 (7.7%) were HEV

RNA positive by PCR. The mean age of the infected patients

was 4.3 years (r = 21 days–13 years). The male/female

ratio was 1. Fifty-four percent (7/13) of the patients were

schoolchildren (age: 5–14 years). Regarding the distribution

of positive cases per month, the analysis showed prominent

summer seasonality; in Argentina, this means from

November 2007 to March 2008. No differences were noted

between the summer months. Aseptic meningitis was the

most frequent diagnosis (46%, 6/13), followed by encepha-

litis (31%, 4/13) and meningoencephalitis (23%, 3/13).

Ten out of 13 HEV-positive samples (77%) were ampli-

fied using a VP1 PCR protocol and classified by phyloge-

netic analysis, demonstrating the presence of members of

HEV species B. Almost 80% of the viruses detected corre-

sponded to E30 (n = 8) followed by coxsackie virus A9

(CA9) (n = 1) and coxsackie virus B4 (CB4) (n = 1).

Members of HEV species A or C were not detected. Three

HEV-positive samples could not be typed, probably because

the sensitivity of the RT-PCR in VP1 region is from 10- to

100-fold lower than the 50-NCR-RT-PCR [2]. Another

reason for failure to type could be mutations in the primer-

binding site(s) of the partial VP1 gene. This is a problem

frequently encountered in viral diagnosis and HEV typing

[8, 21].

To investigate the genetic relationships between HEV

strains, in the phylogenetic analysis, we included sequen-

ces from different geographical regions and periods of

isolation available from the GenBank database (Fig. 1a).

Argentinean CB4 strain (10EV-Argentine2007) clustered

with Spanish and French isolates from 2006 to 2007 in a

separate branch compared to the reference strain. Argen-

tinean CA9 sequence (2EV-Argentine2007) was closely

related to a strain isolated in France in 2005 (TR081056)

and formed a cluster distinct from the North American and

Spanish CA9 strains included in the phylogenetic analysis.

The 10EV-Argentine 2007 (CB4) sequence was obtained

from a 21-day-old girl with meningitis, and sequence

2EV-Argentine2007 (CA9) was from a 9-year-old boy with

meningoencephalitis.

E30 was the most frequently detected serotype. A phy-

logenetic analysis with Argentinean sequences and other

E30 strains available in GenBank was carried out (Fig. 1b).

The tree was constructed based on the phylogenetic

Fig. 1 a Phylogenetic tree with Argentine sequences (circle) and

reference strains of species HEV-B based on 420 nucleotides within

the 30-VP1 region. Enterovirus (EV) 68 and EV70 (species HEV-D)

were used to root the dendrogram. The analysis included several CA9

and CB4 sequences (square) isolated in other countries and available

from the GenBank database. b Phylogenetic tree showing the

relationship between the Argentine E30 strains (circle) and other

E30 sequences available from GeneBank database. The tree is rooted

with Bastianni and Frater prototype strains. The dendrograms were

constructed by the neighbor-joining method, with 1,000 bootstrap

pseudoreplicates. Only bootstrap values [65% are shown at nodes.

Genetic distances were calculated with the Kimura 2-parameter

model of evolution, and horizontal branch lengths are drawn to scale

(displayed below branch in Fig. 1b). The sequences described in this

study have been deposited in the GenBank database, under accession

numbers: GU199338-GU199347
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analysis previously performed by Palacios et al. [18]. In

that study, E30 viruses were divided into two genotypes

and further subdivided into subgroups, and these subgroups

could be divided into lineages based on their nucleotide

distances and levels of bootstrapping. All but one of the

Argentinean sequences were closely related to each other

and clustered to the recently described lineage H, together

with Spanish and French strains from 2004 to 2008 [2].
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The nucleotide distance within the clustered sequences

ranged from 0 to 0.04. These Argentinean sequences were

detected in samples collected between November and

December 2007. However, the phylogenetic tree showed

that the only strain detected in 2008 (February, 9EV) was

placed in a separate branch from all E30 sequences

included in the analysis (nucleotide distance, 0.07). The

phylogenetic analysis also included previously reported

Argentinean strains from 1995, 1997 and 1998, which

clustered with the previously described lineage F [18].

In this study, we demonstrated that HEVs are respon-

sible for 7.7% of the infections of the central nervous

system analyzed by molecular methods. Different from

other methods developed in temperate areas, which report

the occurrence of enteroviruses mainly during the summer–

autumn period [1], we observed a higher incidence during

spring–summer, as Mistchenko et al. [11] have reported

previously.

In our study, HEV detection was performed by PCR of

the highly conserved 50NCR of the genome, and later, the

isolated strains were typed by amplification of the fragment

of the 30-half of the VP1-coding region of the genome [2].

The advent of molecular methods has greatly improved the

diagnosis and management of HEV diseases. Several

approaches for molecular ‘‘serotyping’’ that involve the

amplification of the genomic fragment encompassing the

VP1, VP2 or VP4 coding regions have been developed [4].

Although these methods require virus cultures to obtain

enough viral RNA, we used nucleic acid amplification

directly from clinical samples for HEV detection. Direct

genotyping of clinical samples along with phylogenetic

analysis of the 30-end VP1 gene allows results to be

obtained quickly during epidemics and molecular epide-

miology studies, as previous reports have demonstrated

[2, 4, 18]. In addition, this assay can be of great help for

deepening the surveillance and molecular epidemiology of

possible vaccine-derived cases of poliovirus that could

circulate in our region [14].

In this sense, the molecular approach was adequate for

determining the serotype in most of the cases that were

positive for HEV (7.7%). Echovirus 30 was the most pre-

valent serotype in our study and also the most commonly

reported serotype in several studies of enterovirus sur-

veillance from European, Asian and other South American

countries, such as Brazil [1, 2, 5, 12, 13, 19, 24]. In a

previous Argentine study [7], E30 was the main type

detected only during 1998, and CB4 was not found; in

other study [11], E30 was shown to be the predominant

serotype, and CB4 was barely detected. CA9 was not iso-

lated in any of the studies. These previous reports show

analyses of larger samples and provide valuable informa-

tion about the epidemiology of enteroviruses in Argentina.

Both of them, however, are retrospective studies of

samples obtained from 1991 to 1998 and 1998 to 2003,

respectively, and most of them were collected in two

hospitals of the same city, Buenos Aires. Our results,

although limited due to the small size of the sample, help to

determine which serotypes of enteroviruses are currently

circulating in the rest of the country.

In addition, our study reports the first molecular char-

acterization of E30 in specimens collected from patients

with neurological infections in central Argentina. The E30

pattern of evolution has been extensively described [15, 16,

18, 23], and all of the studies suggest that this serotype is

not geographically restricted, but that a particular genotype

circulates in different regions of the world simultaneously.

In our study, phylogenetic analysis showed that all

Argentine E30 strains from 2007 clustered with strains

isolated during the same time period from several Euro-

pean countries formed the named lineage H [2]. However,

the only Argentine sequence detected in 2008 appeared as a

unique sequence on a separate branch from the rest of E30

strains included in the analysis. This strain was detected in

a town located 600 km away from the region in which the

rest of the Argentine E30 strains were isolated; this result

suggests that E30 from 2008 and later might represent a

new lineage, but further studies with more sequences are

necessary to confirm this hypothesis.

In conclusion, this study demonstrates the importance of

HEV as etiological agents of aseptic meningitis and acute

encephalitis in the central area of Argentina.

The use of modern molecular techniques has increased

the ability to diagnose and characterize these viral diseases.

The phylogenetic analysis shown here was capable of

discriminating between lineages within a serotype. Further

studies involving specimens from different time periods

and regions throughout the country will be necessary to

identify emergent new variants or serotypes of E30 in

Argentina.
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