
Molecular Characterization of Human Enteroviruses in the Central
African Republic: Uncovering Wide Diversity and Identification of a
New Human Enterovirus A71 Genogroup

Maël Bessaud,a,b* Sylvie Pillet,c Wafa Ibrahim,c Marie-Line Joffret,a,b Bruno Pozzetto,c Francis Delpeyroux,a,b

and Ionela Gouandjika-Vasilached

Institut Pasteur, Unité de Biologie des virus entériques, Paris, Francea; INSERM, Paris, Franceb; Université de Lyon, Faculté de Médecine de Saint-Etienne, Saint-Etienne,
Francec; and Institut Pasteur de Bangui, Laboratoire virus entériques/rougeole, Bangui, Central African Republicd

Human enteroviruses (HEV) are among the most common viruses infecting humans. Their circulation has been widely studied
in most parts of the world but not in sub-Saharan Africa, where poliomyelitis remains prevalent. We report here the molecular
characterization of 98 nonpoliovirus (non-PV) HEV strains isolated from 93 randomly selected cell culture-positive superna-
tants from stool samples collected from 1997 through 2006 from children with acute flaccid paralysis living in the Central Afri-
can Republic (CAR). The isolates were typed by sequencing the VP1 coding region and sequenced further in the VP2 coding re-
gion, and phylogenetic studies were carried out. Among the 98 VP1 sequences, 3, 74, 18, and 3 were found to belong to the
HEV-A, -B, -C, and -D species, respectively. Overall, 42 types were detected. In most cases, the VP2 type was correlated with that
of the VP1 region. Some of the isolates belonged to lineages that also contain viruses isolated in distant countries, while others
belonged to lineages containing viruses isolated only in Africa. In particular, one isolate (type EV-A71) did not fall into any of the
genogroups already described, indicating the existence of a previously unknown genogroup for this type. These results illustrate
the considerable diversity of HEV isolates from the stools of paralyzed children in the CAR. The presence of diverse HEV-C types
makes recombination between poliovirus and other HEV-C species possible and could promote the emergence of recombinant
vaccine-derived polioviruses similar to those that have been implicated in repeated poliomyelitis outbreaks in several developing
countries.

Human enteroviruses (HEV) (family Picornaviridae, genus En-
terovirus) are among the most common viruses infecting hu-

mans. On the basis of the phylogenetic clustering of these viruses,
they have been assigned to four species (HEV-A to -D) containing
more than 100 types. The HEV-C species include the three types of
poliovirus (PV) known to cause poliomyelitis.

HEV virions are icosahedral, have no envelope, and contain a
single positively stranded RNA genome about 7,500 nucleotides
(nt) in length. The genome contains only one functional open
reading frame encoding a viral polyprotein that is cleaved to give
rise to the functional proteins (48). The N-terminal part of the
polyprotein contains the four structural proteins (VP1 to VP4)
that are assembled to form the virion; the C-terminal part of the
polyprotein contains the nonstructural viral proteins, including
proteases and the RNA-dependent RNA polymerase.

Non-PV HEV-A to -D species cause a wide spectrum of dis-
eases, with clinical signs ranging from mild febrile illness, such as
the common cold, to severe forms, such as acute hemorrhagic
conjunctivitis, myocarditis, encephalitis, and acute flaccid paral-
ysis (47). Moreover, some HEV strains, such as HEV-C in partic-
ular, can recombine with the live attenuated vaccine PV strains to
generate new neurovirulent viruses (22, 55); such vaccine-derived
PV (VDPV) strains have already been implicated in many polio-
myelitis outbreaks in various countries (31, 38). Pathogenic
VDPV strains have never been isolated in the Central African Re-
public (CAR), but the widespread use of live attenuated PV vac-
cine in this country has raised fears about the possible emergence
of pathogenic VDPV strains, which have already been found in
several other sub-Saharan African countries (4), including the
Democratic Republic of the Congo, which borders the CAR.

As a member of the worldwide network for poliomyelitis sur-
veillance, the Institut Pasteur de Bangui, CAR, is responsible for
virological investigations of all cases of human acute flaccid paral-
ysis occurring in this country. These investigations involve the
collection of stool samples from every patient with acute flaccid
paralysis and the detection of PV by isolation in cell cultures (2). If
cell cultures are found to be positive for HEV but negative for PV,
the corresponding isolates are classified as non-PV HEV; no fur-
ther investigations are conducted, but these isolates are added to
the laboratory collection.

The circulation of HEV has been studied in many parts of the
world, but little is known about the pattern of HEV circulation in
sub-Saharan Africa, including the CAR. With the aim of improv-
ing knowledge of HEV circulation in this country, we retrospec-
tively analyzed a panel of viruses classified as non-PV HEV, iso-
lated from 1997 through 2006 in different regions of the CAR.
These viruses were recovered from stool samples of children suf-
fering from acute flaccid paralysis. Their genotypes were deter-
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mined by sequencing the VP1 and VP2 regions, and phylogenetic
analyses were conducted. These molecular analyses highlighted
the tremendous diversity of HEV types and lineages circulating in
the CAR, including at least 42 types from the 4 HEV species, and
revealed the existence of a new genogroup within the type EV-
A71.

MATERIALS AND METHODS
Virus samples. Ninety-three cell culture supernatants positive for
non-PV HEV were randomly selected from the virus collection of the
Institut Pasteur de Bangui, CAR. All these strains were isolated on human
rhabdomyosarcoma (RD) or human larynx epidermoid carcinoma (HEp-
2c) cells infected with stool samples from children with acute flaccid pa-
ralysis (35). All these samples had been collected in the CAR from 1997
through 2006 for the purpose of diagnosis, in the context of poliomyelitis
surveillance. All the supernatants considered in this study had previously
tested negative for PV with WHO standard techniques (2).

Sequencing of the VP1 and VP2 coding regions. The VP1 region was
amplified by reverse transcription-PCR (RT-PCR) with generic primers
amplifying the entire VP1 sequence (�900 nt) of members of the species
HEV-A to -D (11). If no amplicons were obtained, the samples were
subjected to seminested PCR, leading to amplification of the first half of
the VP1 sequence (�470 nt). Sequencing was performed with a BigDye
Terminator version 3.1 kit (Applied Biosystems) on an ABI Prism 3140
automated sequencer (Applied Biosystems). For some amplicons, the
electropherograms showed superimposed peaks along the entire length of
the sequence, suggesting the presence of a mixture of VP1 sequences. The
corresponding amplicons were then inserted into the pCR-Blunt plasmid
with a Zero Blunt PCR cloning kit (Invitrogen), and 10 clones were se-
quenced for each sample.

RT-PCR targeting the central part of VP2 (�300 nt) was carried out
on 89 of the 93 supernatants as previously described (40). Sequencing was
performed with a GenomeLab Dye Terminator cycle sequencing Quick
Start kit (Beckman Coulter) and a CEQ8000 automated DNA sequencer
(Beckman Coulter).

Sequences were submitted to GenBank (see below). Isolate names are
given in the following format: region of isolation-year of isolation-labo-
ratory number.

Sequence analyses. The sequences were compared with those of pro-
totype and field strains available in GenBank (the respective accession
numbers are shown here; see Fig. 2 to 5). Multiple sequence alignments
were performed with CLC Main Workbench 6.0 software (CLC bio). Phy-
lograms were constructed with the MEGA5 program (58), using the
Jukes-Cantor algorithm for genetic distance determination and the neigh-
bor-joining method. The robustness of the resulting trees was assessed
with 1,000 bootstrap replications.

Nucleotide sequence accession numbers. Sequences determined in
this work have been submitted to GenBank (accession numbers JN255588
to JN255685 and JQ038038 to JQ038109 for the VP1 and VP2 regions,
respectively).

RESULTS

The geographic distribution of the stool samples reflected the het-
erogeneity of population density in the CAR (Fig. 1A), with the
highest densities found in the western part of the country, includ-
ing, in particular, the capital, Bangui.

VP1 typing. The VP1 typing method was used to screen the 93
randomly selected cell culture supernatants. Strain mixing was
detected in four samples, three of which had two different VP1
sequences, the remaining sample having three VP1 sequences.
Overall, 98 VP1 sequences were fully or partly determined (Table
1). They belonged to 42 different types of the four HEV-A to -D
species. More than 75% of the isolates belonged to species HEV-B,
and about 20% belonged to species HEV-C. Only three isolates

belonged to species HEV-A and three to species HEV-D. The most
common types were echovirus 7 (E-7), coxsackievirus A 13 (CV-
A13), E-13, E-11, and E-21, which together accounted for more
than one-third (35 of 98) of the isolates.

Only three of the isolates collected before 2004 belonged to
species other than HEV-B, even though more than half the isolates
(52 of 98) were collected during this period. The distributions of
the four HEV species isolated before and after 2004 differed sig-
nificantly (P � 0.001 in chi-square analysis) (Fig. 1B). Few HEV-C
isolates were collected from 1997 through 2003, whereas HEV-C
accounted for 34.8% of the isolates collected during 2004 to 2006.
These differences may have resulted, at least in part, from the
introduction in 2004 of the HEp-2c cell line for the routine cul-
ture of HEV in the Institut Pasteur de Bangui laboratory (100% of
the HEV-A, 10% of the HEV-B, 90% of the HEV-C, and most of
the HEV-D isolates in this study grew on the HEp-2c cell line).

VP2 typing. In addition to the typing of VP1, we also typed 89
supernatants by sequencing part of the VP2 region, as described
above. Seven of these samples could not be amplified by this
method, and 11 gave results discordant with those for the VP1
sequence; those 18 samples, which merit additional detailed inves-
tigations (mixing of strains, recombinant strains, etc.), were dis-
carded from this epidemiological study. We report in Table 1 the
VP2 typing results for the 71 isolates that gave results concordant
with those determined with the VP1 typing method.

Phylogenetic analyses of HEV-A isolates. Only three HEV-A
isolates were found in the panel. They belonged to types CV-A10
and EV-A71.

The two CV-A10 isolates were almost identical over the region
of VP1 sequenced in this study. They belonged to lineage III (data
not shown), which also includes isolates from Asia (26).

In the VP1 region, isolate NMA-03-008 displayed nucleotide
and amino acid homologies of 79.9% and 93.6%, respectively,
with the EV-A71 prototype strain BrCr. Nevertheless, it did not
fall into any of the four known genogroups of EV-A71 (18, 23a, 56,
65) (Fig. 2A). The VP1 sequence of this isolate was very similar to
a short VP1 sequence (�300 nt) from a strain isolated in Nigeria
in 2004 (GenBank accession number GQ496527). These two se-
quences displayed nucleotide and amino acid homologies of
92.7% and 97.0%, respectively. Compared with sequences rep-
resentative of the four EV-A71 genogroups, these two se-
quences formed a separate cluster containing no other se-
quence (Fig. 2B). Despite the relatively small number of VP2
sequences from field viruses available from public databases,
the phylogram for this region also supported the classification
of isolate NMA-03-008 in a new genogroup (Fig. 2C). The anal-
yses performed for both VP1 and VP2 indicated that isolate
NMA-03-008 belonged to a previously unknown genogroup of
EV-A71.

Phylogenetic analyses of HEV-B. In VP1 analysis, 74 of the
89 sequences segregated with the HEV-B species and could be
assigned to 32 different types. Seven HEV-B strains corre-
sponded to recently described types (EV-B69, EV-B74, EV-
B77, EV-B80, EV-B84, and EV-B101) for which only a few
sequences are currently available in databases. The VP2 and
VP1 methods gave the same type identification for 53 of these
isolates (Table 1).

Based on the VP1 region, the Central African strains of the E-6,
-11, -13, and -30 types belonged to several lineages that have al-
ready been described for these types and that include strains iso-
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lated from elsewhere around the world (9, 10, 27) (data not
shown).

The E-7 type featured at least four main clusters (34), as sup-
ported by bootstrap values higher than 77% (Fig. 3); the prototype
strain Wallace did not fall into any of these clusters and consti-
tuted a separate lineage. The A and C clusters contained isolates
from different continents, whereas the B cluster contained only
isolates from China. All eight E-7 isolates from the CAR grouped
together in a new cluster (cluster D; bootstrap value of 96%)
containing no previously reported sequences. A similar clus-
tering was observed for the VP2 sequences of E-7 strains (data
not shown).

Phylogenetic analyses of HEV-C. VP1 analysis assigned the 18
HEV-C isolates to seven different types, with almost half these

sequences being of the CV-A13 type (Table 1). Previous phyloge-
netic analyses based on VP1 sequencing identified several clusters
in this type (12). The eight Central African CV-A13 isolates fell
into three of these clusters (Fig. 4): two fell into cluster A, which
also contained strains isolated in North America and Asia between
1998 and 2000, and two others into cluster C, together with strains
isolated in Madagascar. The four remaining sequences clustered
with a strain isolated in the Democratic Republic of the Congo in
2000 (30); those five sequences together displayed homologies of
at least 83.8% and 95.1% at the nucleotide and peptide levels,
respectively. Together, they defined a new cluster, cluster D (boot-
strap value of 100%). Those five sequences displayed a 6-nt-long
deletion with respect to the other CV-A13 strains (VP1 nt 453 to
458, according to the numbering of prototype strain Flores). The

FIG 1 Distribution of the 98 HEV VP1 sequences. (A) Geographic distribution of the sequences in the 16 prefectures of the CAR and in the town of Bangui. Below
the map, the number of inhabitants (in thousands) and the population density (in inhabitants per square kilometer) are indicated for each prefecture and for
Bangui (data are from the 2003 census). (B) Distribution of the VP1 sequences within the 4 HEV species according to the period of isolation. *, chi-square
analysis. The figure was drawn with an outline map provided by d-maps.com (http://d-maps.com/index.php?lang�fr).

Bessaud et al.

1652 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


phylogenetic tree based on the CV-A13 VP2 region displayed a
similar pattern of clustering (data not shown).

Within the CV-A17 type, the VP1 sequence of isolate BAN-06-
114 grouped with a strain isolated in the Democratic Republic of
the Congo in 2000 (30), with a bootstrap value of 99% (Fig. 4).
Within the EV-C99 type, the VP1 sequence of isolate MAM-06-
060a fell into cluster B (12), which also contained sequences from
Asia and North America (data not shown). Compared with VP1
sequences available in GenBank, the four CV-A20 and the two
CV-A24 isolates constituted a unique lineage in their respective
types (data not shown).

Phylogenetic analyses of HEV-D. According to VP1 analysis,
the three Central African HEV-D strains belonged to the recently
described EV-D111 type, which previously included only two iso-
lates (24, 30). As the five sequences depicted in Fig. 5 were ob-
tained with primers targeting different regions of the genome,
they displayed a match over only �350 nt (nt 117 to 471, accord-
ing to KK2640 VP1 numbering). In this region, they featured ho-
mologies higher than 81.4% and 89.9% at the nucleotide and pep-
tide levels, respectively. Despite the small number of sequences
available for this type, two clusters were distinguishable in the VP1
region (Fig. 5).

TABLE 1 Distribution of the Central African non-PV HEV into species and types

Species and type

No. of typed strains GenBank accession no.

VP1 VP2 VP1 VP2

HEV-A 3 3
CV-A10 2 2 JN255588–JN255589 JQ038038–JQ038039
EV-A71 1 1 JN255590 JQ038040

HEV-B 74 53
CV-A9 1 1 JN255591 JQ038041
CV-B1 1 1 JN255592 JQ038042
CV-B4 1 1 JN255593 JQ038043
CV-B5 1 JN255594
CV-B6 1 1 JN255595 JQ038044
E-1 3 1 JN255615–JN255617 JQ038058
E-2 1 1 JN255632 JQ038071
E-3 3 2 JN255639–JN255641 JQ038075–JQ038076
E-4 3 JN255642–JN255644
E-5 1 JN255645
E-6 3 3 JN255646–JN255648 JQ038077–JQ038079
E-7 8 7 JN255649–JN255656 JQ038080–JQ038086
E-9 1 JN255657
E-11 6 4 JN255596–JN255601 JQ038045–JQ038048
E-12 1 1 JN255602 JQ038049
E-13 7 4 JN255603–JN255609 JQ038050–JQ038053
E-14 2 1 JN255610–JN255611 JQ038054
E-19 3 3 JN255612–JN255614 JQ038055–JQ038057
E-20 3 2 JN255618–JN255620 JQ038059–JQ038060
E-21 6 5 JN255621–JN255626 JQ038061–JQ038065
E-25 3 3 JN255627–JN255629 JQ038066–JQ038068
E-26 1 1 JN255630 JQ038069
E-29 1 1 JN255631 JQ038070
E-30 4 1 JN255633–JN255636 JQ038072
E-32 1 1 JN255637 JQ038073
E-33 1 1 JN255638 JQ038074
EV-B69 1 1 JN255659 JQ038088
EV-B74 2 2 JN255660–JN255661 JQ038089–JQ038090
EV-B77 1 1 JN255662 JQ038091
EV-B80 1 1 JN255663 JQ038092
EV-B84 1 1 JN255664 JQ038093
EV-B101 1 1 JN255658 JQ038087

HEV-C 18 13
CV-A13 8 6 JN255665–JN255672 JQ038094–JQ038099
CV-A17 1 1 JN255673 JQ038100
CV-A20 4 4 JN255674–JN255677 JQ038101–JQ038102, JQ038104–JQ038105
CV-A21 1 JN255678
CV-A24 2 2 JN255679–JN255680 JQ038106–JQ038107
EV-C99 1 JN255682
EV-C102 1 JN255681

HEV-D 3 2
EV-D111 3 2 JN255683–JN255685 JQ038108–JQ038109

Total 98 71
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No EV-D111 VP2 sequences were available from public data-
bases. In comparison with other HEV-D VP2 sequences, the two
Central African EV-D111 VP2 sequences clustered together (data
not shown), displaying a nucleotide homology of 87.8% and an
amino acid homology of 97.8%.

DISCUSSION

Our main goal in this study was to investigate the diversity of HEV
strains circulating in the CAR by analyzing non-PV HEV strains
isolated from the stools of children with acute flaccid paralysis of
unknown origin. In addition to PV, other viruses, such as West
Nile virus, Epstein-Barr virus, and non-PV HEV, may be impli-
cated in acute flaccid paralysis (30, 33, 37, 54, 66). As this study
was performed retrospectively, it was not possible to establish a
causal link between the clinical symptoms and the presence of an
HEV strain in the stools of the children. We have therefore a par-
tial picture of the diversity of HEV in the CAR rather than a panel
of the HEV strains actually responsible for acute flaccid paralysis.

We first subjected all the isolates to molecular typing on the
basis of their VP1 sequences, which is the method most commonly
used for HEV typing (11, 17, 20, 42–45, 62). An alternative typing
method (40, 41), based on partial sequencing of the VP2 region,
was used in parallel. A huge diversity of serotypes was observed.
Most of the isolates belonged to species HEV-B, consistent with
previous observations in many epidemiological investigations on
HEV circulating in other countries (3, 6, 8, 13, 59, 63). This pre-
dominance could have been partly due to cell culture techniques,
which may favor the detection of this species (19, 25), as suggested

by the significant increase in the isolation of non-B HEV since
2004, when the systematic testing of stool samples on HEp-2c cells
was introduced (Fig. 1B). The use of this cell line increased the
frequency with which strains belonging to the HEV-C species were
isolated in previous studies in Madagascar (49, 51). Similar results
were also recently obtained in Cameroon (S. Sadeuh-Mba and F.
Delpeyroux, unpublished data).

The VP1 method showed that the isolates belonged to 42 dif-
ferent types and to several lineages within some of these types;
most of these typing results were confirmed by VP2 analysis (Ta-
ble 1). Obtained from fewer than 100 stool samples, this result
revealed the huge diversity of HEV strains cocirculating in the
CAR. Some of the isolates belonged to lineages that also contained
viruses isolated in distant countries, suggesting probable world-
wide circulation of the viruses concerned. In contrast, some of the
CAR isolates were found to belong to lineages containing viruses
isolated only in Africa. Thus, the three HEV-D isolates of this
study belonged to the recently described EV-D111 type (Fig. 5),
which had previously been found only in Cameroon (24) and in
the Democratic Republic of the Congo (30), both of which border
the CAR. Similarly, some CV-A13 and CV-A17 isolates from the
CAR defined new clusters within their own type with viruses iso-
lated in the Democratic Republic of the Congo in 2000 to 2001
(30).

Through the use of both VP1 and VP2 analyses, this study also
identified an EV-A71 VP1 sequence that did not belong to the
genogroups already described within this type (Fig. 2). That VP1

FIG 2 Phylogenetic relationships between the Central African EV-A71 sequences and other EV-A71 sequences representing the different genogroups. (A)
Phylogram based on VP1 sequences (nt 1 to 855 according to BrCr VP1 numbering). (B) Phylogram based on partial VP1 sequences (nt 157 to 458 according to
BrCr VP1 numbering). (C) Phylogram based on partial VP2 sequences (nt 229 to 523 according to BrCr VP2 numbering). The Central African sequences are
indicated by filled circles. For the other sequences, the location and year of isolation are indicated, if known. Filled triangles indicate the prototype strains. The
percent bootstrap values are indicated if higher than 75. The CV-A16 G-10 sequence was introduced for correct rooting of the trees.
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sequence was close to a sequence of an EV-A71 isolate from Nige-
ria. Many EV-A71 strains collected worldwide have been se-
quenced, but only few were from Africa. Besides the two sequences
analyzed here, only two other African strains, isolated in Kenya,
have been partly sequenced in the VP1 region. Both these strains
were shown to belong to genogroup C (21). Our findings indicate
that there is an additional genogroup whose limited circulation,
which is apparently confined to Africa, could explain the fact that
it was not detected before. Since the occurrence of severe out-
breaks in Europe in the 1970s, EV-A71 has been considered a
major threat capable of causing poliomyelitis-like disease (1, 46,
47). It is known to be the major cause of hand, foot, and mouth
disease (HFMD) and has been implicated in tens of thousands of
cases in Asia, with hundreds of fatal cases of neurologic disorders,
since the late 1990s. Over the same period, EV-A71 has been im-
plicated in rare and limited outbreaks in developed countries (65).
The rapid spread of HFMD in Asia, a region where the disease is
endemic, appears to be related to the diversification of certain
genogroups and the emergence of new subgenogroups (61). The
factors underlying the evolution, diversification, and pathogenic-
ity of this virus remain obscure. The discovery of a previously
unknown genogroup circulating in at least some African regions
may provide a useful additional piece of the puzzle. Given the
highly pathogenic nature of some EV-A71 strains (46, 57), the
pathogenicity and ability to cause epidemics of members of this
new genogroup should be investigated in future studies.

With the VP1 method, five supernatants were found to contain
at least two different types but this number probably represents an
underestimation (30). The detection of mixed genomic sequences
in field samples requires the cloning of RT-PCR products and the

sequencing of several clones for each sample. This process is labor-
intensive and not suitable for the screening of a large number of
samples. We therefore chose to sequence the RT-PCR products
directly, introducing a cloning step only when electropherograms
showed superimposed peaks. The presence of two or more viruses
would account for the discordance between VP1 and VP2 typing
results for some samples. Alternatively, these discrepancies may
have resulted from recombination events that had occurred
within the capsid region. Such events are believed to be infre-
quent, probably because of the structural constraints imposed on
virions, but previous studies have shown that they can occur in
both PV species (14, 15, 23, 36, 39, 60, 67) and non-PV HEV
species (16). Further analyses are under way to determine whether
the discrepancies observed between the VP1 and VP2 methods for
some samples can be attributed to such uncommon recombina-
tion events.

Given the bias due to the cell lines used for virus isolation
mentioned above, the proportions of HEV-C strains detected in
the CAR (approximately 18% for the whole period and 35% dur-
ing the 2004 to 2006 period) are noteworthy. In most of the epi-
demiological studies that have been performed on HEV-infected
patients in developed countries, the proportions of HEV-C iso-
lates ranged from 0% to 4.7% (6, 8, 32, 52, 59, 63, 64). The high
proportion of HEV-C species isolates in this study could have
been due to the selection of stool samples from children with acute
flaccid paralysis: in an investigation carried out over a 5-year pe-
riod in China, in the same clinical context, 195 isolates were typed
and 32 (16.4%) were found to be HEV-C (13). Similarly, in Cam-
bodia, 40% of the non-PV HEV isolates from patients with acute
flaccid paralysis were found to belong to the HEV-C species (7).

FIG 3 Phylogenetic relationships between the Central African E-7 sequences and other E-7 sequences available in GenBank (nt 1 to 413 according to Wallace VP1
numbering). The Central African sequences are indicated by filled circles. For the other sequences, the location and year of isolation are indicated, if known. The
percent bootstrap values are indicated if higher than 70. Filled triangles indicate the prototype strains. The E-6 D’Amori sequence was introduced for correct
rooting of the tree.
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The HEV-C species also include the three PV types. Intraspecies
recombination events between wild-type or vaccine PV stains and
non-PV HEV-C strains have been previously reported to have
given rise to epidemic recombinant VDPV strains (22, 38). The
cocirculation of PV and other HEV-C strains might provide a
favorable context for the occurrence of such recombination
events. Thus, the two outbreaks due to recombinant VDPV that
occurred in Madagascar in the 2000s (50, 53) were linked to the
high frequency of HEV-C on this island (12, 28, 29, 49, 51). A
recombinant PV/non-PV HEV-C virus was also identified in
Cambodia (7). The high frequency of HEV-C in the CAR, associ-
ated with the widespread use of oral PV vaccine and the sporadic
importation of wild-type PV strains into the country (PV-3 in

2009 and PV-1 in 2011, according to reference 5), could promote
the emergence of recombinant VDPV.

In conclusion, this retrospective report highlights the consid-
erable diversity of HEV species circulating in the CAR. That pop-
ulation contains a number of lineages of viruses circulating world-
wide but also several lineages that seem to be limited to Africa. In
particular, the newly identified EV-A71 genogroup described here
has never been observed outside central Africa and merits partic-
ular attention due to its potential pathogenicity. The high propor-
tion of HEV-C isolates among those collected from children with
acute flaccid paralysis is also a matter of concern, as it suggests that
there may be a risk of emergence of recombinant PV/non-PV
HEV-C strains with increased virulence.

FIG 4 Phylogenetic relationships between partial VP1 Central African CV-A13 and CV-A17 sequences and sequences available in GenBank (nt 1 to 449
according to Flores VP1 numbering). The Central African sequences are indicated by filled circles. For the other sequences, the location and year of isolation are
indicated in the tree. Filled triangles indicate the prototype strains. Previously reported clusters that do not contain any Central African sequences are collapsed.
Percent bootstrap values are indicated if higher than 70.

FIG 5 Phylogenetic relationships between Central African EV-D111 sequences and other HEV-D sequences, based on partial VP1 sequences (nt 117 to 471
according to KK2640 VP1 numbering). The Central African sequences are indicated by filled circles. For the other sequences, the location and year of isolation
are indicated, if known. Filled triangles indicate the prototype strains.
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