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Hightights from the 18th ECCMID

First European InTagiion Day

The launch of the first Ewgpean Day
of Fighting Infection took plategt the
18th annual European Congress™q
Clinical  Microbiology and Infectious
Diseases {ECCMID} in Barcelona, Spain
(April 19-23). “We need to make
people more aware of infections, and
to highlight to the general public in
particular that everyone can play a

part—for example, in the correct use
of antibiotics”, Giuseppe Cornaglia
{University of Verona, ttaly) told TUID.
“The day will also serve to reinforce
collaborations between alt players in
the field of infectious diseases in Europe

and to improve knowledge”, he added.

The day has been created to mark

the 25th anniversary of the European
Society of Clinical Microbiology apé
{nfectious Diseases (ESCMID)L~""An

important aim for us now,#to work

“towards fostering greaterZollaboration

between eastern pitl western Europe,
through professional exchange and
improving” our  support to young
scienSts.”

ECCMID research highlights
A key focus of the meeting was around
antibiotic resistance in FEurope and
how best to ensure more rational
se of antibiotics by dinicians. in a
prévs, conference, Fernando Baquero
{Hospit2gamon y Cajal, Madrid, Spain)
said clinicianiwe particularly concerned
about  resistand®_ to  antibiotics
commonly used in cdren. He said:
“Innovative antibiotics are™pt beiad
developed, and industrial &arch
fadiiities on antimicrobial #Qents e
increasingly being down..we
therefore cannot w all the antibiotics
commonly auflable for use in adults
forthe tgpfiment of children”,
Sorethroats are common in children,
vét only 15-30% of them are caused by
pathogenic bacteria, most frequently.

. group A streptococci. In an expert

session, Paul Litte (University of
Seuthampton, UK) warned dinicians

against prescribing antibiotics
immediately. “There are several
alternatives: if rapid streptococcal

tests are available it takes just 5 min

to exdude or confirm infection. if a
rapid test is not available, it's safeAd
wait 3 days before using antjbfOtics”,
he said. Antibiotic therapyShould be
started after 3-4 d@€ H necessary,
“in the meantimeyou can give anti-
inflammatogy”drugs to control the
Symptop

Facconelli and colleagues (Catholic
niversity, Rome, Italy} did a 1-year
cohort study to analyse the risk factors
for infections by antibiotic-resistant
bacteria  in  hospital  admissions,
sfections  caused by antibiotic-
resiStaqt bacteria were diagnosed in
398 patiewjs (seven cases per 1600
admissions). report an increased
fisk associated whty_colonisation in
patients aged >60 yeaPswith urinary
catheters and clinical signs dRpacterial
infections at admission and in paveqts
previously treated with antibiotics)
and conclude that greater recognition
of these risk factors . may influence the
selection of empirical treatment.

Sadly Hargreaves

New arenavirus discovered in Bolivia

~ An international team from Bolivia,
" . Pery, and the US Centers for Disease
" Control and Prevention {CDC, Atlanta,

GA, USA) has discovered a new

arenavirus in a fatal case of haemor

rhagicfeverin Bolivia. Complete genome
analysis revealed a distinct member of
the arenavirus family; namried Chapare
virus, after a river in the foothills of the
Andes. The virus is phylogenetically
related to other arenaviruses that

naturally cause haemorrhagic fever in
South America, particularly Sabia virus,
Study investigator Stuart Nichol

{CDC) said that “arenavirus-assodiated
haemorrhagic fever has been described
in Argentina (Junin virus), Bolivia

{Machupo and now Chapare virus),
Venezuela (Guanarito virus), and Brazil
{Sabia virus), The number of cases per
year varies substantially, from around

“hitpifinfection.thelancet.com Val 8 June 2008

a few hundred cases down to double
digits for the whole region”. Nichol
added: “It is highly likely that Chapere
virus has been present in a rodent
reservoir for a long time, although
spill-over to human beings is probably
infrequent”. Michael Farzan (Harvard
Medical School, Boston, MA, USA)
said: *The discovery underscores the
ease with which vituses replicating
in South American wild rodents can
acquire the ability to infect human
beings and cause serious disease.
This is especially a concern, since the
natural habitats of these rodents are
being disrupted in a variety of ways”.
A possible new poxvirus has been
discovered following serological tests
in red colobus monkeys in Uganda.
lead investigator Tony Goldberg
{University of lllinois, Urbana, IL, USA)

99

said that the virus is simifar, but ot
icdentical, to known orthopoxviruses,
which includes smallpox virus,
Goldberg added: “The likelihood of
the new virus infecting human beings
inthe near future is probably low; there
was no evidence of human poxvirus
infection in the study area. One of

~

the main implications of our study is

that there are new, as yet unidentified
poxviruses in  the environment”.
Nevertheless, Goldberg peinted out
that poxviruses are notoricus for
crossing species barriers.

The concern with both new viruses is
that emerging infections have roughly
quadrupled over the past 50 years, and
that wildlife zoonoses account for the
majority of such diseases.

Cathel Kerr

e printed journal includes an
image merely for illustration

For more on ESCMID see htipff
www.escmid.og

For mote on Chapare vitus see
PLOS Pathog 2008; 4: ¢1000047;
DO10.1373fjournat,
Ppat1000047

For more.on the novel poxvirys
in totobus monkeys inUganda
se¢ Emerg Infect Dis 2008;

14: http:/fwanw.cdegovfeid/
content/14/5/801.him

Fot more on emerging
Infectious diseases and wildlife
I00n0ses see Mewsdesk

Lancet lafect Dis 2608; 8: 218-19
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Identification of cardioviruses related to Theiler’s
murine encephalomyelitis virus in human infections
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- Cardioviruses comprise a genus of picomavirusesthat cause severe
. illnesses in rodents, but little is known about the prevalence,
dwerstty, or spectrurh of disease of such agents among humans. A

single cardiovirus isolate, Saffold virus, was cuftured in 1981 in
stool.from an infant with fever. Here, we describe the identifica-

- tion"of a group of human cardioviruses that have been ‘cloned

dlrectly from paﬂent specimens, the first of which. was detected
using a pan-viral microarray in respiratory secretions fram a child
with influenza-like illness. Phylogenetic analysis of the nearly
complete viral genome (7961 bp) revealed that this virus belongs
to the Theiler's murine encephalomyelitis virus (TMEV) subgroup of
cardioviruses and is most closely related to Saffold virus. Subse-
guent screening by RT-PCR of 719 additional respiratory specimens
[637 {89%) from patients with acute respiratory illness] and 400

* cerebrospinal fluid. specimens from patients with neurological
disease (aseptic meningitis, encephalitis, and multiple sclerosis)
- revealed no evidence of cardiovirus infection. However, screening

of 751 stool specimens from 498 individuals in a gastroenteritis
cohort: resulted in the detection of 6 additional cardipviruses
(1.2%). Although all 8 human cardioviruses (including ' Saffold

virus) dustered together by phy!ogenetlc analysis, significant se--

quence dwersnty was observed in the VP1: gene {66.9%-100%

pairwise amino aczd |dentmes) These fi ndings. ‘suggest that there )
. exists a dwersa -group of novel. human Theiler's murine encepha-

Iomyel:t:s virus-like cardiovituses that hitherto have gone lal‘gely

undetected, are found primarilyin the gastrointestinal tract; can be

_shed asymptomaticatly, and have potential Imks to enteric. and
‘extramtestmal disease.

DNAmucroarrays 1 gastroentemrs | Infleenza-like |Ilness 1 plcomavll'usf

" virus discovery

P icornaviruses are positive single-stranded RNA viruses that

cause & variety of irportant disease states in humans and’
animals. Several genera of picornaviruses are recognized, based "
on genomic sequence ard virus biology. The Cardiovirus génus .

of the family Picornaviridae consists of two subgroups: Theiler’s

murine encephalomyehtxs virus (TMEV) and related virises-

(Theiler-like ‘vitus NGS910 of iats, Vilyuisk virus) (1-3), and

-encephalomyocarditis’ vitus (EMCV) and related viruses
. (BMCY, Mengcmrus, Columbia SK virus; Maus-Elberfeld vi--

rus)‘(4): All thésé viruses infect rodents, replicate in the-gas-

" trointestinal (GI) tract #nd are transmitted by the fecal-oral
oute. Although entéric infeétion by these vifuses is often mild
or asymptomatic, extraintestinal spread- of these viruses can- -
occiir and can lead to systemic disease (1). As their name jmiplies,”

~the. EMCV-lTike ageats cause encepbalitis and ‘myocaiditis,
wheteas thé TMEV family is linked to CNS infection’ In

experimental settings, intracerebral inoculation of mice with

TMEYV can produce acute encephalomyelitis andfor a chronic
demyelinating disease resembling humian’ miiltiple ‘sclefosis’
{MS), dependlmr upon ‘the strain of TMEV used (5). Otal

 14124-14129 | PNAS | Sep:embe,ns.z'ooa | vol.105 | no.37

inoculation with TMEV may also result in encephalomyelitis,
especially when large inocula are delivered to neonatal mice (6).

Whether authentic human cardioviruses exist has long been
debated. The first candidate human cardiovirus was Vilyuisk
virus, which was linked to Vilyuisk encephalitis, 'an unusual

Sibedia in the 1950s and still endemic to the region (7, 8). The
Vilyuisk virus was initially isolated from the cercbrospmal fluid
{CSF) of an affected patient and underwent 41 serial passages in
mice before sequencing and characterization as a TMEV-like
picornavirus (3, 9). Given its sequence similarity to TMEV and
its extensive passage history in mice, questions have arisen as. to
whether the virus may in fact be of murine origin. In 1981,
another TMEV-related cardiovirus was cultured from the stool
of an infant-who preseated with a febrile itlness (10). Although

early passages appeared to show that the virus was transmissible,. -

long-term continuous propagation of the isolate has been prob-

‘lematic. The nearly complete genomic sequence of this-isolate

{provisionally ‘called Saffold virus) was recovered frem frozen
stocks by cloning in 2007 and was found to be much more
divergent. from TMEV. than-Vilyuisk virus (10). However, nei-

-neurodegenerative disease found among the Yakuts people of

ther Vilyuisk nor Saffold virus was cloned directly from primary |

clinical specimens, and the diversity, prevalence, dand potential

clinical manifestations of human cardiovirus mfecnou ‘have -

remained largely unexplored. %
We have previously developed a pan-wrai DHNA rmcroarfay
{Virochip; University of California, San Francxsco) designed to

detect known and novel viruses in clinical specimens on the bagis -

-of homology to conserved regions of known viral sequences (11).

The current study uses microarrays from the third and fourth
generations of this platform (Viro3, Virod). The Viro3 platforn
has 19,841 viral oligonucleotides derived from all publicly avail-

able viral sequence as of June 2004 (12, 13). The Viro4 platform

is a streamlined update of the Viro3: platform. consisting’ of

14,740 viral oligonucleotides derived from all publicly available .
viral sequence as.of June 2006. Thé Virochip has-been used to-

‘detect novel pathogens such as the severé .acute respiratory .

syndrorie coronavirus (14) and XMRYV, a retrovirus identified

in prostate tissue of men with germ-line mutations in RNase L

Author contributions: CY.C, D.G, and JLD. designed research; CX.C.. ALG, KK, T.K,
and CR. performed research; CY.C, ALG, KEE. 1K1, CAG. 5.Y. DPS, TOH, L7,
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(15). The platform- has also been successfully used to detect.



known and divergent viruses in acute respiratory tract infections
in several recently published studies (12, 13, 16, 17).
in this study, we used the Vuochxp to screen respiratory
secretions from patients with influenza-like illness who lacked a
- diagnosis despite extensive microbiological testing, In one such
patient, we detected and fully sequenced a. cardiovirus in the
Saffold group. Related cardioviruses were subsequently found in
stool specimens from an additional six individuals collected as
‘part of a study examining household transmission of gastroen-
teritis (18). We report here the existence and overall phylogeny
of a diverse group of human cardioviruses and discuss their
potcntial association with human disease.

Results

Detection of a Cardiovirus in a Patient with Influenza-Like liness. A
-total of 460 respiratory secretions from patients meetmg a case
definition of influenza-like illness were screened for respiratory
viruses by culture, In 108 culture-negative spec:mens selected
from elderly and pediatric ‘patients, 16 specimens remained
negative after subsequent RT-PCR testing for respiratory syn-
cytlal virus (RSV), influenza A/B (Flu A/B), rhinovirus (RV),
and enterovirus (EV). Thiese 16 specimens were assayed for the
presence of viruses asing the Virochip (Vire3), with microartay
-analysis cartied out using “E-Predict and ranked z score analysis,

as préviously described (12, 19). :

Four of the 16 specimens yielded a positive mlcroarray hy-
bridization signature suggestive of a virus. Two of the signatures
corresponded to metapneumovirus; one signature corresponded
to adenovirus, and-one signature indicated the presence of a .
cardiovirus related to TMEV. From the microariay containing

" the-cardiovirus signature, the highest intensity oligonucieotides

mapped to the 5'-untranslated region (5'-UTR) and 2C gene of .

..-thie TMEV . genome;.the ‘most conserved regions among cardio-,
viruses and picomaviruses in general (Fig. 14, “ARRAY”). To
recover viral equence, we designed primers based on the highest
mtcnsuy array fedtures:and alignment of well conserved se-
quences:from four cardioviruses (TMEV-DA, TMEV-GDVIL,
Theiler-like- NGS910 virus, and EMCV). :One set of primers
sucegssfully ampllﬁed a 224 bp fragment from the virat 5*-UTR.

The fragment shared 90% nucleotide identity with the 5'-UTR

région of Theiler-like NGS910 virus. This finding established -
that the virus in quesnon was indeed a cardiovirus and a relative
of the TMEV grotp. of wruses We designated this initial
'cardlovuus stram UcL

Cornp‘ete Genorne Sequentmg and Analysus of ucl. To clone and

- séquence the remiainder of thé UCL genome, additional short
fragments were first Gbtained from’ comseived regions in the 2C
.(hehmse) and 3D (polymerase) genes by use of consensus PCR -
primers derived from alignment of the four cardiovifuses meu-
tioned prenously Long-rarige RT-PCR u using specific. pnmers was
then used to bridge the gaps; This resulted in PCR amphﬁcanon of
two long overlapping ffagments {=53 and 3.7 kB in size) jointly
spanning nearly the entire length of the virus genome (Fig..14,
“RT-PCR*). Cloned ‘ends of the genome were recovered -and

- sequeiced using a RACE amplification protocol (20, 21).

The nearly complete sequence of UC1 is 7961 nt in length and |
forms a distinct branch in the Cerdiovirus genus, with Saffold’
(Flg 1B). The averall nucledtide identity to Saffold virus

1s >90% in the 5"-UTR and the region coding for the nonstruc-
tural proteins but only 70% in the region coding forthe capsid, -
proteins (Fig: 14, “Saffold”). There is much less overall nucle-
otide sequence 1dent1ty to other members of the TMEV sub-
group (70—-80%) and EMCV (30-55%). A poly(C) iract that has'
- been reponed in EMCV but not in TMEV strains is not present
~in'the’5’-UTR of UCL. Similar to other cardioviruses; the ORF
. of UCL is predicted to_code for a single -2296-amijtio. acid-

polyprotem that is subsequently cleaved mto “the L protein, thc :

Chiu et ai._
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Fig. 1.. Genome sequence of UC1 {A) Genome sequence similarity’ plots
compare UC1 with Saffold virus, Theiler-Like NGS0 virus, TMEV-DA, TMEV-
GOV, Vilyuisk virus (part:al sequence only), EMCV, and poliovirus. The y axis
scale for each p[ot represents percentage of nucleotide Identities from 0%to -
100%: Regions of the gencime with percentage of nuclectide Identities of -
>70% are highlighted in pink. The Virochip oligonudeotides used to detect -
UCH (“ARRAY"), the fragments generated By long-range RT-PCR and used to -
sequence most of the virus (“RT-PCR™), and the cardipvirus. primers and .
resulting PCR fragments used for screening of stool, C5F, and respiratory
secretions ("SCREENING®) areatso shown mapped onto the UCT genome, The
sequences of these primers are provided in Tabie 1. (8} Radial tree deptcts'rhe.n
phylogenetic relationships between the genomes of UCt dnd the seven .
aforementloned cardioviruses,

caps:d pmtems (VPl VP2, VP3, and VP4} and nonstructural .
proteins involved in viral rephcatlon (24,28,2C, 3A,3B,3C, and
3D). (Fig. 14). Like Saffold virus, UC1 encodes an L protein
containing a zinc finger; an acidic domain, and a partially deleted
Ser/Thr-rich domain {22, 23) and potentially encodes a severely
truncated L* protein that begins with an ACG codon rather than

'AUG (22, 23) [supporting information (SI) Fig. $14}.

In cardioviruses, the surface loaps CD of VP1 and EF of V’PZ

“are, exposed on the capsid surface and are thought to be involved

in host celi tropism and viral pathogenesis (24). These loops are

~the regions of greatest divergence between UCI and the other

card.icmruses, including Saffold virus (Fig. S1B). ‘Between UC1
and Saffold virus, there is 52% and 61% amiino acid identity in. .

_the exposed surfacc loops CD and EF, respectively. The cotre-

sponding identities (29% and 24%) are much lower between

: UCl and the rodem cardxomses

Companson of UC1 Aminé Acid Sequence with Other Cardm\nruses.
. “The level of divergence bétween the sequence of UC1 and other
ioviruses is- malntamed at the amino acid level. Between UCL
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