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Idehtiﬁcation of a new human co ro’na\‘firus

Liavan, n der Hoek!, Kr7ys7t0nyrc , Maarten F Jebbink!, W\lma Vermeulen-Oost?, Ron ] M Berkhout?, -
Kat)a C\’Volthers‘ Pauhne M EW'erthelm—vm Dillen?, Jos Kaandorp?, Joke Spa'\rcraren2 & Ben Berkhout]

Three human coronavuuses are known to exist: human coranavirus 229E (HCoV 229E) HCoV-0C43 and severe acute respiratory
syndrome (SARS)-associated coronavirus (SARS-CoV). Here we report the identification of a fourth human coronavirus, HCoV- ~
NL63, using a new method of virus discovery. The virus was isolated from a 7-month-old child suffering from bronchiolitis and
conjunctivitis. The complete genome sequence indicates that this virus is not a recombinant, but rather a new group 1
coronavirus. The in vitro host cell range of HCoV- NL63 is notable because it replicates on tertiary monkey kidney cells and the

_ monkey kidney LLC-MK2 cell line. The viral genome contains distinctive features, including a unique N-terminal fragment within
" the spike: protein. Screening of clinical specimens from individuals suffering from respiratory iliness identified seven addltlonal

HCoV-NL63- |nfected individuals, indicating that the virus was widely spread within the human populatlon

To date, there is stil} a variety of human diseases with unknown eti-

ology. A viral origin has been suggested for many of these diseases,
g. the importance of a continuous search for new
viruses'3. Major difficulties are encountered, however, when
scarching for new viruses. First, some viruses do not replicate

invitro, at least not in the cells that are commonly used i viral diag-

nostics. Second, for those viruses that do replitate in vitro and cause
1 cytopithic effect (CPE), the subsequent virus identification meth-
ods may fail. Antibodies raised against known viruses may not rec-
ognize the cultured virus, and virus-specific PCR methods may not

amplify the new viral genome. To solve both problems, we devel-

oped-a new method for virus discovery. based on the cDNA-
amplified restriction fragment-length - polymorphism technique
(cDNA—AI‘LP‘) Here -we report. the identification of a new
coronavirus using . this method of Virus-Discovery-cDNA-
AFLP {(VIDISCA).

Coronaviruses, a genus of the Coronaviridae family, are envclopcd
viruses with u large plus-strand RNA genome. The genomic RNA is
27-32 kb in size, capped and polyadenylated. Three scrologically dis-

tinct. groups of coronaviruses have been described. Within. each

group, viruses are characterized by, their host range and genome
sequence. Coronaviruses have been identified in mice, rats, chickens,
turkeys, swine, dogs, cats, rabbits, harses, cattle and humans, and can
cause a varicty of severe diseases including gastroenteritis and respi-

ratory tract diseases™®. Three human coronaviruses have been stud-

ied in detail. HCoV-229E and HCoV-0QC43 were identified in the
mid-1960s, and are known to cause .the common told™'5. The
recently identified SARS-CoV causes a life-threatening pncumeonia,
ahd is the most pathogenic human coronavirus identified thus

farl- 18, SARS-CoV is likely to reside in an animal reservoir, and has.

recently. initiated the epidemic -in humans through zoonotic

" group 2 (refs. 21,2

transmission'®2%. 1t has been suggested that SARS-CoV is the first -
member of a fourth group ofLorona\lruses or thatitis an outlier of
2). ’ : :

The new coronavirys that we prcscm here was isolated l’rom achild
suffering from bronchiolitis and conjunctivitis. This was not an
isolated case, as we idcmviﬁcd the virus in clinical specimens from
seven additional individuals, both infants and adults, during the last
winter season. We also resolved the complete sequence of the viral .
genome, which revealed several unique f«nturcs :

RESULTS

Virus isolation from a child with acute respiratory disease

In January 2003, a 7-month-old child was admitted to the hospital
with coryza, conjunctivitis and fever. Chest radiography revealed typi-
cal fedtures of bronchiolitis. A nasopharyngeal aspirate specimein was
collected's d after the onset of disease (sample NL63). Diagnostic tests
for respirs 1tmy svncytial virus, adenovirus,influenza viruses' A and B,

parainfluenza virus types 1, 2-and 3, rhinovirus, enterovirus.
HCoV-229E and HCoV-0C43 yjelded negative results. The clinical
sample was subsequently inoculated onto human fetal lung fibro-
blasts, tertiary. monkey kidney cells (Cynomolgus monkey)-and Hela

. cells. CPE was detected exclusively on tertiary monkey kidney cells,

and was first hoted 8-d atter inoculation. The CPE was diffusc, with a
refractive appearance in the affected cells followed by cell detachment.
More pronounced CPE was observed upon passage onto the monkey
kidiney cell line LLC-MK2, with overall cell rounding and moderate
cell enlargement (Supplementary Fig. 1 online). Additional subcul-
‘tures on hwman fetal lung fibroblasts, rhabdomyosarcoma cells and
Vero cells remained negative for CPE. Immunofluorescence assays, o
detect respiratory syncytial virus, adenovirus, influenza viruses A and
B, and parainfluénza virus types 1, 2 and 3 remained negative. ‘Acid

1Department of Human Rc—trovirplagy, Academic Medical Center, University of Amsterdam, Meibergdreef 15, 1105 AZ, Amsterdam, The Netharlands. 2Public Health
Laboratory, Municipal Health Service, Nieuwe Achtergracht 100, 1018 WT, Amsterdam, The Netherlands. 3D2partment of Medical Microbialogy/Clinical Viroiogy,
Acadertic Medical Center, University of Amsterdam, Meibergdreef 15, 1105 AZ, Amsterdam, The Nelherlands. Pediatric Department, Siotervaart Hospital,
Louwesweg 6, 1066 EC Amsterdam, The Netharlands. Cuuespondence should be address&d 0 B.B. (b. berkhoutaamc uva.nl).
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lability and chloroform sensitivity tests indicated. that the virus was
most likely enveloped, and did not belong to the picornavirus group?'.

Virus discovery by the VIDISCA method
ldentification of unknown pathogens using molecular biology tools is

ditficult because the target sequence is not known, so genome-specific,

PCR primers cannot be designed. To overcome this problem, we
developed the VIDISCA method based -on the ¢cDNA'AFLP tech-

-nique®. The advantage of VIDISCA is that prior knowledge of the

sequence is not required, as the presence of restriction enzyme sites is
sufficient'to guarantee PCR amplification. The input sample can be
cither blood plasma er serum, or culture supernatant. Whereas
cDNA-AFLP starts with isolated mRNA, VIDISCA begins with a
treatment o selectively enrich for viral nucleic acid, including a cen-
trifigation step to remove residual cells and mitochondria (Fig. 1a). A
DNase treatment is also used to remove interfering chromosomal and

* mitocbondrial DNA from degraded cells {viral nucleic acid is pro-

tected within the viral particic). Finally, by choosing frequenty cut-
ting restriction enzymes, the method can be fine-tuned such that
maost viruses will be amplified. We were able to amplify viral nucleic
acids in EDTA-treated plasma from a person with hepatitis B viral
infection, and from a person with an acute parvovirus B19 infection
(Fig. 1b). The techniquc can also detect HIV-1in cell culture, demon-

strating its capacity to identify both RNA and DNA viruses (Fig. 1b). -

The supernatant of the CPE-positive LLC-MK2 culture NL63 was
aml)m.d by VIDISCA. The supernatant of uninfected cells was used
as a negative control. After the second P(_,I\ amplification step, unique
and prominent DNA fragments were present in the test sample but

" natinthe control (1 of 16 selective PCR reactions is shown in Fig. ic).

These fragments were clonéd and sequenced. Thirteen of 16 frag-
ments showed sequence similarity to members of the coronavirus
family, but significant sequence divergence with known coronaviruses

was apparent in all fragments, indicating that we had identified a new -

coronavirus. The sequences of the 13 VIDISCA (r.xgmcnts are pro-
vided in Supplementary Fll'Ul'L 2 online.

Figure 1 The VIDISCA method. (a) Schematic overview of-steps in VIDISCA
method. (b) Examples of VIDISCA-madiated virus identification. Specimens
were analyzed using ethidium bromide-stained agarose (parvovirus B19) or
Metzphor agarose {(HBY and HIV-1) gel alectrophoresis. Lane M, DNA
molecular weight.ma{kers; -, negative controls; +, VIDISCA PCR products
for HBV (amplified wilh primers HinP11-T/Msel-T), parvovirus B19 (HinP1i
standard primer only} or HIV-1 { EcoR{-A/Msel-C primers). (c) VIDISCA PCR
products for HCoV-NL63. HinP 11-G and Msel-A primers were used for

" selective amplification; producls were visualized by Metaphor agarose gel

electrophoresis. Lanes 1 and 2, duplicate PCR product‘ of cultured HCoV-
NL63 harvested from LLC-MK2 cells; 3 and 4, duplicate control
supernatant from uninfected LLC-MK2 cells; 5 and 6, duplicate negative
controls containing walter; M, 25-tp molecular weight marker. Arrow
indicates HCoV-NL63 fragment that was excised from gel and sequenced.

Detection of HCoV- NL63 in pat:ent specimens
To show that HCoV-NL63 originated from the nasoph'uvngcal
aspirate of the child, we designed a diagnostic RT-PCR that specifi-
cally, detects HCoV-NL63. This test confinmed the presence of
HCoV-NL63 in the clinical sample. The sequence of the RT-PCR
product of the 1b gene was identical to that of the virus identified
upon in vitro passage in LLC-MK2 cells (datd not shown). A
Having confirmed that the cultured coronavirus originated from
the child, the question reimained as to whether this was an isolated
clinical case, or whether HCoV-NL63 is circulating in bumans. To
address this question, we used two diagnostic RT-PCR assays to exam-
inc respiratory specimens of hospitalized individuals and those

_visiting the outpatient clinic between December 2002 and August

2003 (Fig. 2). We identified seven additional individuals carrying
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Figure 2 Detection of HCoV-NL63 in winter manths of 2002 end 2003.
(a) Number of patients lested per month. (b) Percentage of patients
positive for HCoV-NLE3.
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HCoV-NLG3 (Table 1). Sequence analysis of the PCR products indi~
cated the presence of a few characteristic point mutations in several
samples, suggesting that several viruses with different malecular
markers snay be cocirculating (Fig. 3 and Supplementary Fig. 3
online). At least five of the HCoV-NL63-positive individuals suffered
from respiratory tract illness; the clinical data of nwo individuals was
not svailable. Including the index case, five of the patients were chil-

dren less than 1 year old, and three patients were adults. Two adults

were hkely w be immunosuppressed, as one of them was a bone mar-

row trangplant recipient and the other an HIV-positive patient suffer-
ing from AIDS, with very low CD4* cell counts {Table 1). No clinical
data was available for the third adult. One patient was coinfected with
respiratory syncytial virus (no. 72), and the HIV-infected patient
(no. 466) carried Paeumocystis carinii. No other respiratory agent was
found in the other patierits, suggesting that the respiratory symptoms

were caused by HCoV-NL63. All positive samples were collected dur-.

ing the Jast winter season, with a detection frequency of 7% in January

2003. None of the 306 samples collected in the spring and summer of .

2003 contained HCoV-NLE3 (P < 0.01 by two-tajled ¢ test).
. Complete genome analysis of HCoV-NL63 - '
The genomes of coronaviruses have a charactéristic organization. The
5’ two-thirds-contain the 1a and 1b genes that encode the nonstruc-
tural polyproteins, followed by the genes encoding four structural
proteins: spike (8), cnvelope (E), membrane (M) and nucleocapsid
(N). The.genomes of known coronaviruses contain a variable nunber
of unique characteristic open reading frames (ORFs) encoding non-
structural proteins cither between the 1b and § genes, benween the
S and E gencs, bctwccn the M and N genes, or downstream of lhc
Ngene. - .

To deterruine whclhex the HCoV-NL63 genome organization.

shares’ th‘e'ﬁc characteristics, we constructed a ¢DNA library with puri-

fied virus stock as input material. A total of 475 genome fragmients .

were anilyzed, with an average coverage of seven sequences per
nucleatide. Specific PCR reactions were designed t fill in gaps and o
‘sequence regions with low-quality sequence data. We t.ombine'dilhis
with 5 dnd. 3’ rapid amphfcanon of cDNA Lnd\ to rcsol»e the com-
plcrc HCoV-NL63 gendme sequence.
The RNA genome of HCoV-NLG3 consists of 27,553 nudcond:.s
and 4 poly-A wil. With 2 GC content of 34%, HCoV-NL63 has the
. lowest GC content among the Coronaviridae, vh:ch range from
. 37429 (ref. 24). ZCurve software was used to identify the ORFs?,
and the genome configuration was portrayed using the similarity
lwnh knewn coronaviruses as a guide (Fig. 4a and Supplementary
Table 1 online). Short untranslited regions (UTRs) of 286 and 287
‘nucleatides are present at the 5" and 3’ términ, re\pemvcly. The la

HCoV-NL63
231 486
246
' . 9]l 251
496

- - "‘L[ 223
. t 28

72
~- HCaV-229€ -

("
0.058

Figure 3 Phylogenetic analysis of RT-PCR séqueﬁces of the 12 gene from
HCoV-NL63-positive patients, HCoV-229E was usad {o root the tree.
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Table 1 Patients positive for HCoV-NL63

Patient no. ' Age Symploras _ Specimen Sample daie
72 4 monihs URTI NPA 31 Dec 2002
251 + 67 years - Unknown oPA 7 Jan 2003
223 " 52 years Unknown® OPA g Jan 2003
NLB3? 7 rmonths LRTI ‘NPA " 10 Jan 2003
245 9 months LRTI _ OPA 13 Jan 2003
248 11 months URTY opPa” 16 Jan 2003
455" 40years - LRTI BAL 4 Feb 2003
496 7 months URTH - OPA 25 Feb 2003

Seven-month-cid patient from whoin HCoV-NL&3 was cultured. tPatient received borie mar-
row transplant in 2001. SFatient intacted with HIV-1; 20 CO4* cells per men3. URTI, 'upper
respiratory trrct illiess: LRTI, lower respiratory tract illness; NPA, nasopharyngeal aspuale
OFA, tiopharyngaal zspual* ‘BAL, bronchozlveolar lavaga.

and th genes encode the RNA polymerase and proteases that are
essential for virus replication. A potential pseudoknot structure is
present at position 12,439 (data not shown), which may provide the’
-} trameshift sw,xm] to translate the 1b polyprotein. Genes predicted
to encode the §, E, M and N proteins are found in the 3’ part of the.
genome. The hLmdgglutmm ‘esterase gene, which is present in some
group 2 coranaviruses, is not present in HCoV-NL63: ORF3, located
between the S and E genes, probably encodes a single accessory non- -
structural protein; this gene showed only limited similarity to ORF4A
and ORF4B of HCoV- 229E and ORF3 of porcine cpldcmu diarrhea
virus (PEDV). .
The laand lab polyprotr':ms are translated from the genomic RNA,
but the remaining viral proteins are translated from subgenomic
mRNAs made by discontinuous transcription during negative strand
synthesis®®, Each subgenomic mRNA has a common S’ end, derived
from the 5* portion of the genome (the 5 leader sequence), and con-
mon 3" coterminal parts. Discontinuous transcription requires base-
pairing between cis-acting transcription regulatory sequences (TRSs),
one located near the 5 part of the viral genome (the leader TRS) and
others located upstream of each of the respective ORFs (the bady

- TRSs)*?. The cDNA bank that we sequenced contained copies of the

subgenomic mRNA for the N protein, thus providing the opportunity

-to exactly map the leader sequence that is fused to all subgenomic

mRNAs. A leader of 72 nucleotides was identified at the 3" UTR.
Eleven of twelve nucleotides of the” leader TRS (5°-UCU-
CAACUAAAC-3% showed similarity with the body TRS upstream of

the N gene. Putative TRSs were also identified upstream of the §,

ORF3, E and M genes (Supplementary Table 2 online).

We next.aligned the sequence of HCoV-NL63 with the complete
genomes of ather coronaviruses. The percentage nucleotide idéntity
was determined for each gene and is listed in Table-2. Al genes except
the M gene shared the highest identity with HCoV-229E. To confinm
that HCoV-NL63 is a new member of the group 1 coronaviruses, we
canducted phylogenetic analysis using the nucleotide sequence of
the 1a, 1b, S, M and N genes (Fig. 4b). For each gene analyzed,
HCoV-NL63 clustered with the group 1 coronaviruses. The la, 1b
and S genes of HCoV-NL&3 are most closcly related to those of
HCoV-229E. However, further inspéction revealed a subcluster “of
HCoV-NL63, HCoV-229E and PEDV. Phylogenetic analysis could
not be performed for the ORF3 and E genes because the regions were
too variable or too small for analysis, respectively, Pootscan analysis
by the Simplot software version 2.5 (ref. 28) found no signs of
recombination (data not shown)

The presence af. 2 single nonstructural gene between the S and £
genes is noteworthy because almost all coronaviruses have two.
or more ORFs in this region, with the exception of PEDV and
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Figure 4 HCoV-NL&3 genome organizalion and phylogenelic analysis.
(a) ORFs encoding 1a, 1b, S, ORF3, £, M and N proteins are flanked by
286-nucleotide 5' UTR and 287-nucleotide 3’ UTR. Coordinates of each
ORF are provided in Supplementary Table 1 online. (b) Pﬁylogene(ie
analysis of HCoV-NLG3, using nucleotide sequences predicted to encode
la, 1b, S, M and N proteins (see Supplementary Methods oniine for
‘GenBank accession numbers). Red, group 1 viruses; blue, group 2;
green, group 3; purple, SARS-CoV. MHV, mouse hepatitis virus; 1BV, avian
infectious branchitis virus; BCoV, bovine coronavirus; FCoV, feline anteric
coronavirus; CCoV, canine coronavirus; FIPY, feline infectious peritonitis
virus; £qCoV, equine coronavirus? TCoV, turkey coronavirus,

"HCoV-0C43 (ref. 29,30). Perhaps most notable is a large insert of 537

nucleotides in the 5" portion of the § gene of HeoV- NIL63, as com-
pared with that of HCoV-229E. A BLAST search found no similarity
between this additional l/9—ammo acid domain of the S protein and
any coronavirus or ather sequence deposited in GenBank. An align-
ment of the HCoV-NL63 § protein sequence- with those of other
group | LOFOI‘H\'H’USC\ is \hown in Supplementary Figure 4 online.

DISCUSSION .
1n this study we present a detailed description of a new human coron-
avirus. This far; only three human coronaviruses have been charac-
terized if we’ inclade SARS-CoV; further characterization  of
HCaV-NL63 as the fourth member will provide important insight
into the variation among human coronaviruses. HCoV-NL63 is a
- member of the group 1 coronavirusés and is most closely related to
HCoV-229E, but the differences between them are prominent. First,
* they share on average only 65% scquence identity, Second, a single
gene, ORF3, in HCoV-NL63 takes the place of the 4A and 4B genes of
HCoV-229E. Third, the 5’ region of the § gene of HCoV-NL63 con-
tains a large in-frame insertion of 537 nucleotides. The N-terminal
region of the § protein has been implicated in binding to aminopepti-
dase N (group I coronaviruses) and sialic adid®!~*3, so the 179-amino
acid insert in HCoV-NL63 might be involved in receptor binding and
may explain the tropism of this v.i_rus in cell culture. However; the
aminopeptidase N receptor-binding domain of the HCoV-229E §
protein has been mapped to amino acids 407-547 (ref. 33), so it seems
“unlikely that the insertion will be directly involved in binding to
aminopeptidase N. Fourth, whereas HCoV-229E is fastidious in cell
culture with a narrow host range, HCoV-NL63 replicates efficiently in
monkey kidney cells. SARS-CoV js also able to replicate in monkey
kidney cells (Vero-E6 cells?®), yet the predicted S proteins of SARS-
CoV and HCoV-NL63 do not share a.domain that could explain the,
in vitro Host cell range.of these viruses. Other viral proteins may influ-
ence the cell tropisa of a virus, but none of the HCoV-NL63 proteins
were more closely related to SARS-CoV than to HCoV-229E.
Variability at the 5 end of the § gene, correlating with alterations in
tropism, has also been described for the group 1 coronaviruses
porcine ‘respiratory coronavirus (PRCoV) and. transmissible gas-
troeateritis vitus (TGEV). These porcine viruses are antigenically'and
genetically refated, but their pathogenicity is markedly different.
TGEV replicates in and destroys theé enterocytes of the small intestine,
causing severe diarrhea with high mortality in neonatal swine. In con-
trast, PRCoV (which emerged more recenty than TGEV) has a selee-
tive tropism for respiratory tissue, and very little capacity to replicate
in intestinal tissue. The difference between the TGEV and PRCoV $
gene sequences is comparable to the ditference between those of
HCoV-NL63 and HCaV-229E%. Compared with TGEV, PRCoV con-
tains ¢ deletion in the 5" hypervariable region of the S gene. The extra
region that is present at the 3” end of the TGEV § gene is responsible
for the hemagglutination activity ol TGEV, and jts capacity to bind to
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Table 2 Percent nucleotide sequence identity between HCoV-NL63 and other
‘coronaviruses
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¢DNA-AFLP  was performed essentially as
described?, with some modifications. The double-

. Group'l _ ) Group 2
Gene HCoV-2296  PEDV  TGEV  8Cav  MHY
1a 53 . 57 50 a0 38
1b 75 72 69 58 57
5 T 53 ag 5 34
ORF3 - 53 . a9 290 29 .25
E . 59, 54 a9 C37 39 |
M - 64 65 "46 : 47 43"
N 52 38 a5’ 20 29 -

strunded DNA was digested with the HinP11 und

Group 3 Group 24 preel restriction enzymes (New 1-_ngland Binlabs).
" lav SARS-COV Mgl and HinP 1] anchors (see below) were subse-
37 3e quently added, along with 50 ligase enzyme
59 58 (Invitrogen) in the supplicd ligase butfer, for 2hat .
32 32 37 °C. The Msel and HinP11anchors were prepared
19 23 by mixing a‘top-strand oligonucleotide (5-CTCG-
25 40 TAGACTGCGTACC-3 for the Mscl ancher and
43 42 5'-GACGATGAGTCCTGAC-3" for the HinPl{
31 30 anchor) with a bottom-strand oligonucleotide

GenBank stcession numbsers for viruses are provided in Supplementary Methads online.

sialic acid®%" However, this region shows o similarity to the
HCoV-NL6&3 insert.
The common cald~causing virus HCoV-229E Can cause more seri-

ous respiratory disease in infants and * jmmunocompromised

patients’Y. Our data indicate that HCoV-NL63 causes acuté respi-
ratory discase in children Below the age of 1 year, and in immuno-
compromised adults. To date, no known viral pathogen can be
identified in'a substantial portion of respiratory disease cases'in

humans (20~30%; ref. 38). Several assays have been used to diagnose’
. corenavirus infections. Traditionally, an antibody test is imple-

mented to measure a rise in titers of antibodies to the human coron-
aviruses HCoV-229E- or HCoV-OC43. (ref. '12). Antibodies to

HCoV-NL63 might cross-react with HCoV-229E, given that these .

viruses are ‘members of the.same serotype. If this were the case,
HCoV-NL63. infections’ might have been misdiagnosed as
HCoV-229E. Molecular biology tools such as RT-PCR assays%:40
were designed’ o selectively detect the human coranaviruses
HCoV-2 "’9E and -HCoV-OC43, .but these assays will not detect
HCoV-NL63. Even the RT-PCR assay that was designed to amplify all
known coronaviruses is not able to amplify HCoV-NL63 because

of several mismatches with the primer sequences.. The availability of

the” complete HCoV-NL63 genome sequence means that these
diagrostic assays can be substantially improved.
Our results- indicate that HCoV-NL63 is present in a sxgmﬁcnnt

_number of respiratory tract . illnesses of - unknown etiology. -

HCoV-NL63 was" detected in patients suffering from respiratory
disease, with a frequency of up.to 7% in January 2003. The virus was

-not detected in mare recént samples collected in the spring and
swomer of 2003, which correlates with the fact that human coron-
aviruses tend to be transmitted predominantly in the winter season!2”

Future experiments with more sensitive diagnostic tools should yield
a more accurate picture of the prevalence of this virus and its
association with respiratory discase.

METHODS

_ VIDISCA method. The virus was cultured on LLC-MK2 cells, Details of virus

culture and patient descriptions are availoble in Supplementary Methods

online. To remove residual cells and mitochondrid, 110 pi of virus culture’

supernatant wos spun for :10 min at maximum speed (13,500 r.p.m.) in an
Eppendorf microcentrifuge. To remove chromosomal DNA and mitochondr-
ial DNA from the lysed cells, 100 pl of supernatant was transferred to a fresh
tube and treated with DNase 1 for 45 min at 37 °C {Ambion). Nucleic acids
were extracted.as described™. A reverse transcription reaction was performed
with rundom hexamer primérs (Amersham Bioscience) and Moloney murine
leukemia virus reverse transcriptase (MMLV-RT; ov itrogen). Second-strand
DNA .\vnthcm was carried out with Sequenase I {Amersham Bioscience),
withaut further addition of a primer. A-phenol- chloroform extraction was
foltowed by ethanol precipitation.

" (5"-TAGGTACGCAGTC-3' for the Msel anchor
and 5'- CGGTCAGGACTCAT-3" for the HmPlI
anchor) in a 1:40 dilution ofhga:c buffer. Tw:.ntv
cycles of PCR were carried out with 10 pl of the ligation mixture, 100 ng of
HinP11 standard primer (5-GACGATGAGTCCTGAGCGC-3") and 100 ng of
Mscl standard primer (5-CTCGTAGACTGCGTACCTAA-3'). Five niicroliters
of this PCR product was used as input in the second ‘selective’ amplification
step, along with 100 ng HinP1i N-primer and JUO ng MseI-N-primer (the 'N’
indicates that the standard primers were exiended with one nucleotide; G,A, T
or C). The ‘selective rounds of amplification were done using ‘touchdown
PCR’: 10 cycles of 94 °C far 60 5, 65 °C for 30 s, and 72 °C for 1 min (annealing
temperature reduced by 1 °C per-cycle): 25 cycles of 94 °C for 30 s, 56 “C for
305, and 72 °C for | min; and finally 1 cycle of 72 °C for 10 min. Sixteen PCR
reactions, cach with 1 of the 16 primer combinations, were conducted for each
sumple tn this selective PCI The PCR praducts were analyzed ‘on 4%
Metaphar agarose gels (Cambrex), and the fragments of interest were cloned
and sequenced usiag BigDye terminatng resgents: Electcophoresis and data
collection were performed using an ABI 377 instrument. DNA malecular-
weight markers were from Invitrogen and Eu rogentec.

To detact HIV-1, we used VIDISCA with EceRl digestion instead of HinlP'11
digestion. VIDISCA was modified for parvovirus B19 detection as follows: the
reverse transcription step was excluded; only HinP1I digestion and adaptoc

. ligation were performed; the first PCR reaction was performed with 35 cycles
instead of 20; and the first PCR fragments were visualized by agarose gel clec-
trophoresis. Details of cDNA library construction and fult genome v.quenunz
are available in Supplcmcmary Methods online.

Dm‘x,nosnc 1‘(1 PCR. A total of 614 respiratory si |mples were collected from
493 individuals between December 2002 and August 2003 at the Academic
Medical Center in Amsterdam. The specimens included oral and nasopharyn-
geal aspirates, throat swabs, bronchoalveolar lavage and sputum. The samples
had-been collected for routine.viral diagnostic screening of peaple suftering
from upper and/or lower respiratory tract diseases, and the patients consented
that lheil‘ s:miplcs be uised for testing of respiratory viruses that included caro-
naviruses. \\c uscd 100 l of cach sample in a Boom extraction®. The dmgnm-
tic assay was designed based on the sequence of the 1b gene. The reverse
transcription was performed with MMLV-RT (Invitrogen), using 10 ng of

* yeverse transcription primer- (repSZ-KT, "-CCACTATAA( -3 coordinate
16232 in HCoV-NL63). The entire reverse transcription-mixture was added to
the first PCR mixture containing 100 ng of primer rcpSZ-1 {5'-GTGATG-
CATATGCTAATTTG-3" coordinate 15973) and 100 ng of primer repSZ-3
(5'-CTCTTGCAGGTATAATCCTA-3"; coordinate 16210). The PCR reaction
consisted of the following steps: 95 °C for 5 min; then 35 cycles of 95 °C for
t min, 55 °C for 1 min, and 72 °C for 2 min; then 72 °C for 10 min.

A nested PCR was started using 5 pl of the first PCR product with 100 ng ot
primer repSZ-2 (S-TTGGTAAACAAAAGATAACT-Y'; coardinate 16012) and
100 ng of primer repSZ-4 (5-TCAATGCTATAAACAGTCAT-3'; coordinate
16181). Twenty-five PCR cycles were performed using the same protile as the
first PCR. Ten microliters of each PCR product was analyzed by agarose gel
electropharesis. All positive samples were repeated and sequenced to conliem
the presence of HCaV-NLG3. To verify negative and positive PCR results, an
additional diagnostic RT-PCR assay was canducted using the 1a gene primers
SLAATATGTCTAACAAATAAAACGATT-3" (reverse  transcriptase - primer
P4H10-3; coordinate 6667), 5-CTTTTGATAACGGTCACTATG-Y (8§ 53852-
5P coardinale  5777) and  §-CTCATTACATAAAACATCAAACGG-Y
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(P4GIM-3-3P; coordinate G616) in the Arst PCR; and 5°-GGTCACTATG-
TAGTTTATGATG-3" (P3E2-5P;  coordinate 3788) and R
GGATTTTTCATAACCACTTAC-3" (8§ 6375-3P; cowrdinate 6313} in the
nested PCR. Details of sequence analysis are available in Supplementary

‘Methods online.

GenBank accession numbers, The HCoV-NLG3 sequences were deposited in
GenBank under accession numbers AY567457-AY567494.

Note: Supplenicatary information is available on the Nature Medicine website,
g ¥
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NL63), RS AR, FFITANA AV T NI FTANAAT- -BEY /\7/(/7/1/1/*7”74/1/
A1 B2 B SA/TANA T U A A HCoV-229, HCoV-0C43 &:ﬁbf;&ﬁmbf:s’)Lﬁ
FHIRE DR RIX. If‘*w‘ékf_oto 5IEHE. ﬁmﬂﬂﬁﬁx%tkﬂé‘/%%@%ﬁf’é%ﬁ‘ma tertiary YL (7
=UAFN) RN %L T HelLa #lICHERLIC Tertlary “JL/DUDEZIﬂHHEL Y \TOH CPE &1%
U, HEEE 8 B BI2#9H T CPE #5 BN, BRI T, BITOHBRELL72oT CPE
LT, T, MO REEN RS, S AOBEEIR LLC-M2 TR DL, AEie
BTN . E LB I R E<RVEE A CPE MEESE N, EME BRI, BAIR
BB ARG PORBARAG., Vero ABARICSH LiBINFE ML 2 EEFRIL, {KRIKE LT CPE fatE% RUIC, &
" 7= RS '7/(‘/1/2 FTFJ)IA A, /{‘/'7/1/1/47“9’/()\21A . Y /\"7/{/711/1‘/*7“"7/{/1/21
B2 BIERHT B0 DRERSLHEEDFRD. éléméﬁ‘*f@&rbto &Tﬁﬁé“ﬁt‘ﬁﬁ&?m
DL ADREEREE R, FOUANADH I DI T AT R Rb A, TLTES
7“'7/(11//"«//"“/1/-7’&#;*)2,1,@\f:b\:éz%/%bﬂ\7‘:0 -

VIDISCA ﬁ.’:kié?/fﬂ/ld)&tﬁ |
4— FoNeT BEEERFIN S LAND T, HEN PCR 7”74—« %{T'*j—/f/“?_f)\_é:(‘iziﬂg: ,
B, HoTHTEWEY— LAV TRADFHEEERAET A LITRETHD, HELZ
- DRIREERRRRT HT-IT, cDNA- ~AFLP i # o Lz VIDISCA & BAFE LT, VIDISCA D&
| FFELC. $IIRBER A3 PCR BB A+ RFE T 0T ERFIO T RS ELELL 2N
T Lies, BRI, MROESMEDOY Bh, HBL IR LERAOILNTED,
" cDNA-AFLP {3#BEL7c mRNA %&i%ﬂﬂ&?‘é@&;ﬁb\-VIDISCA'T“iiiff%é’%&lﬂ@ki]\ﬂ‘/l‘y
FRRET BEOABAT v T A ALK B HRIROICIRAE T DA OLIEN D, &
IE . SSRELT 4888 (0 A LR DIZBE Y AV AR F A TRESH TV D) b EREHREIR
LKY7 DNA ZEDIR< 79I DNase MERIELERA LT, ZAMICIT, BRE IO DHIREF
EARIRTBILICLY . FaE DA VARG FREIET 5 IO F EE AR T DTN TE
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Do FLEIL, B BUAFR VAN AR BE LB VRO A LR BI9 BB ED EDTA LEBE L
ML OO A VA ARIET HIEA TR, $2, TR I B RNA & DNA T #RES
BRENMIFEES N TV BTEND, *@&ﬁi%:%%b\“(?%#ﬂ]ﬂﬂﬁ r‘o HIV-1 W»xﬁ?ﬂﬁé &
LERETHE, ~

‘NL63 0 CPE BB LLC-MK2 i*%.t?ﬁ% VIDISA z_.,torﬁee#ﬁbtu @ﬁébrw‘n g b

m%$ﬁ7w7:/MFw¢LT%wtmz@E@PG%#%%ﬁctﬁ o= — DR ER
[mA%ﬁﬁﬁﬁm@wmﬁbhtﬁ;WwaaAm—» CRBbIEh T (BIRLT 16

7y:PCR iir“ont; 1% Fig.1 IKR¥), \.i’bf‘o@Lﬁ}ﬁL%ﬁu*/{bb tﬁ%ﬁﬂﬂ%ﬂ%mu_c 16

@')’6 13 U’r}##:DT?/(/L/X%M))‘//\—LJ,W iﬁ%ﬁﬂﬂ%n‘bf 23, éT@U’rm_m\TﬁE
%n@zmv“rﬂzvzwmgﬁaw JEDELY \*B@w;to%'ok%%nkc BB, B ELHLV 2
DTV%/&Z’&HEL?L;&%/TLT\/ \7;, 13 B VIDISCA Lﬁ)#@rggﬁaa 1% Fig.2 Ljr‘s“

BESEINGLD HCoV-NLE3 mﬂ
HCoV-NL63 75>/J\J%®§—“lﬁ",§®‘5i§|%k835§“9“6 LEFTID  FLET HCoV—NL63 %ﬁ%éﬁ

J?tiﬁ‘é WA RT-PCR &7 A L, ZOREICEI-T HCoV NL63 o)lsmvﬂﬁw&aépﬁb_

7=, 1b-3&{5F® PT-PCR = TRITAEEER S, LLC-MK2 ﬂﬂﬂ@kiﬁob\(‘/{/l: [N=FiIav: S0

 RELEOANADE ARSI — LI (F s RET), HEIRT VAL ABNRICERL T
LIRS TS, TS ERR DI THHO, HBU . HCoV-NLE3 AEPDRET .

27

E%i’.é%ﬁﬁﬂ\é@?ﬁtb\b%‘iﬁpﬁ;if&?ﬁ‘kuriiotu\5,, TOBRMERRT LD, AREE.

FXU 2002412 A ~2003 4 8 A ORI HEIEEH Nk BHEOMER R 2 TBAOZHTA

- RT-PCR REXAV TH~I (Fig.2), ZORR, 61K 7 40 HCoV-NLE3 REME A HEzR LI -

(Tablel), PCR FEMNC 11} 51 B FIDARMT 1L, iﬁf@@’ﬁfﬁé‘]f; REEDB VL ODDIRFIC

T'“?:‘EL,'C\/‘Z)‘”&&H—“L,‘G\T_O FOIENL, BiroT5y %v—ja %ﬁObKO#@?/fﬂ/jﬁil—]'
LT }rmorb\zﬂ BEMERTRL TV, (Fxg 3 RUHHZ Fig.3 1/74/)0 Z M HCoV-NLE3

IS BE DS, b 5 ANTEESRI ELATE, 2 %@%%7—5’@7\?(*%&#0
o RBBEEED, 5 AOBEIL L BTN BTH. 3 B THAL, ED3H 2 4D
BABESREFLOTRIESH). 20 2 AOFARED | KTAMBROBE. b5 1 AR

ffﬁ&bﬂm\ CD4%B@>&1%O AIDS & L7 HIV BB RETH T, 3 Aa‘m%%LOb\r@%

Rt dre %nrwt,cw 1A®$%(no T2)1X. RS DAL EIFELELTEY HIV 0BF
~ (n0.466) LBV THL 22— FVATAZ - AY=HARE LT, {00 B HbIER PR E 7S
%Eéhﬁmotiaiﬂmﬁ'%@FﬁmHQwa%L;oTﬁ%i.éntkwmk%rw
LT, 2 TOBMEREREASICERUE, %@*&m+:t 2003 £ 1' AT 7%13&;07:0

2003 EQELE IR 360 *ﬁﬁikkb\ﬂi HCoV-NL63 %%o%)@c:t%mot(ﬁ{ﬂllti@m

P<0. 01)

HCoV-NL63 fDéct/f/AMﬁ - .
3EIT'74/‘/2’7/Ni4~’ﬁ%19’]f£$%1_%¥f0'Cl/VZ) 5’ K¥ROD 2/3 12, #ﬁ‘ T\M’//\%”::I-—
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TRLTWDlal lb BIEEL, %W:ﬁwmo@m%‘t’aﬁ{ﬁ%ai/wﬁ (S), =>~a—7(E) JEM) .,
37V7f777°°/F‘(N)%§%0T0\60 BESIDIOF A NRY ) ML IS /03— LT
5 RANSESERMEMREA—T Y~ 7 7L~ 5 (ORFs) %, b & S EETR. S L E &

CmFHEM EN BETFRE if;‘iNL{K%@?(ﬁ‘uﬁOTb\é » SRR

HeoV-NLE3 TR ERA L TV BOMBALIITT BIedic, B AF R LL TORSS
TAN AN, cDNA FA75Y— LT, THTUEEL T ED I/ S— T LET 475
7/Amﬁ%mﬁttﬁ?m0%@bétbbﬁfbﬁ“%ﬂ"“&@ﬁﬁﬁ%%%%&bét
HIT, KR PCR K% 7 A L7z, HcoV-NL63 0)@/7/@&@%&%#57&% cDNA K -
DS ke RE HE S (rapid amplication) & 3° KIS FH &4 BHEDET, -

- HeoV-NL63 ? RNA &/ af 27.553 tR 2k THH R A FRIREFF D, :n:%rjvrzvz GC ﬁ;%oj

BEERIL 37 ~42% TH DA T HeoV- NL63 i34%rmﬁ%>ﬂi%wcc By, AT ) —
)/97V—JA(ORFS)’5:[—JAE?‘671 . ZCurve Y7h7 =7 (Zcurve Software) &MV Tz, 1 -

@?aﬁ&b'(&%%ﬂ@:Dﬁ"?/(/l/zck@*ﬁblﬁ%ﬂ%b‘f #/A@#fdsﬁa—s%%b\to 286 i_mg&

- 287 IWEDE TR R 5" Kimd 37 RO ENEIUCTEIELT, [a & b EEFIEYANLA

BEUC YA RNARY AT —EET 0T 7 — t(ﬁ//\w\ﬁ*@%n«‘)%:J—mﬂ\to Ya—k/vh

PSR B ATRNE. T bvAF A UEEDTL—AL THNEED b BY T 0T A A FRE LT

ﬁdib%5ﬂﬁﬁﬂaﬁ9®t_5kﬁéo&E\Mm@JCNﬁ/A7%3—bLTM65?mT%5'

iE‘{z‘:.—‘Hbilf/ArD ST RS, WK 07b>0>7"/1/~'—_7°2::cifrjzr/v;q:%‘—?‘d‘:'f%’:\ NETY

NF =T AF S F AR T HooV-NLE3 ISHAFEL TV, S & B SBEFRICHIEY S

- ORF3IXizSA, VoI T e ) —IEiEs L R 0&a—FL TS, ZO&EEF - HeoV-229E
0> ORF4A & ORF4B IR LC. #L T %mﬁ'ri“r‘;ﬁﬁwr/vm ORF3 {Zxf L TR ERVZFRILL
&%TLL)V : » : ‘
le ETabRYTOT ALY/ ARNADLEIIRE DD, BIDTALAZ LI DNTHL, A
TAHEGBOBIRD T ERER T J:‘Q%ELT:*?LT“/*I/‘Z“/ﬁ mRNA ALERREFL TV, ‘§‘b“7‘i

V= /2y mRNA L, 7/ AD5 (5’ ) — & —EeF) L3l 37 HRmEAOHEELIZS Rk HL

TV, FBEEERSRT AT, A BESHIHET]. $2bbUAVARETD 5545
(B $BEF (J—F —TRS) L ENEND ORF BB SR ORI B ASUET
H5, %A%:Bﬁ%%ﬁaﬁlj%ﬁiiu: cDNA /3> 71T N &7/\"7&1%?*5#7‘;/“;/57 mRNA =2t°
—EZEFATY \Zs\_»”c@:ai#f:/“z/iyﬁmRNA ICBEA LTV BY — & —BEBI DT B 2 TEREIC 2.

CRTAIEKERB, VD 12 HEES'UR OBIRHLEL, Y -5 —

© TRS(5'-UCUCAACUAAAC-3")0> 12 DS 11 FEI, N #2570 TRS LI EDRIIR

PR 2 U, BEESETD S ORF3, E £LT MBEFOLRICR oMok, -
KAz, fM):mv“Wﬂ/;Uf/AtétL HeoV-NL63 D42t 5% — Pl ~ B U, &

BEFACONT, HEOR DA~ TSRk, TREFE 2 IR, M EEFERY

T FEY & TOERTFI HeoV-220E FFICEVE— 2 HL T (B 4b), HcoV-NL63 43771

“—7°1"—‘1'!3ﬂ‘?/fﬂ/?x@f‘}fﬁtﬁt;@‘/\'"*"-c"kibfo:«‘:i’T&a’E’*V)f:é")"" la b, S\ M & N E{EFOIEE

BF% AT, RERAEMITLITR o0, BITLCE BE FICH LT, HooV-NLE3 +1
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HeoV-229E EDRI TS FA5 —53 Bbiufc, HeoV-NLE3 O la, 1b: S 13 HeoV-229E DL B
BV SERBIEA S B, LDL2Ah, KVBECH~5E HooV-NL63, HeoV-229E & PEDV (477
7AF—DERICH DI HH 21z, ORFI & B BIRTFEDHT DITHL, &4 DETREAHED
Kb ZTLICEATVBT0, Xt B EEFI/NETEBRHIC, +F§§éﬁ¥*ﬁ&iﬁifm>oto v
LT oyh/ZM =T Ver.2.5 K57 —7\%/ MTICE DR EFRAEOFINIR b2
7o, S EEFE E EREFOMIC, EOHBEREFAFETIILHEBICET . L0
PEDV & HeoV-0OC43 #h& VLA E £ TOaRT VAN AT ORI 2ME, bLUT TN LD
ORF Hb o TNBMLE, e BALSLLER T X&ILH, HeoV-2298 DA LB,
‘HcoV-NL63 D S B|EF DS FBAIC 537 ELWIRVFEAMN HBHTLT, TDESIC S BETFIC
fHIEh TS 179 7\/&}~7‘/{/&ﬁ£®:DT'?/(/Wkim;t GenBank IEREN TWBIDOY
ANABFIORITIE, SFEEIA /2T LA BLAST #— %&;otbbmoto Hcov—NL63 DS F
R TERSEMD T N—T 1:1\:?-'7/(/1/;<0>7cn6& §!JLItf\7itt¢x%: Sum)lement Figured

online {Z /L7,

FA4AH /./a/ - - ' . : '
FLEEL, Kﬁ?ﬁkkb\‘c%u\t}\:lmﬁ"%{/lxzkob\f niﬁ‘;mfﬁﬁfﬁ%?%/%brb\éo REDOL
5 SARS-CoV ABHAHL. 3 MEDEIIRF A LADURNSH LIS TS, 4 BE DA
2/8—ELT, HCoV-NLE3 DHREEBICBAEACTBIE, LRV ADE(ICRTS
- iﬁ}ﬁ%ﬁﬁtfbfb%ﬁo HCoV-NL63 i1, :m+¢4zvzy"/v~7"®¥ BTHY. HCoV-229E &
HELERDBMRIZHD, L LIEKE . 20200 ALADEVVIHEE THD, 1| ERK. AE
HIFHLThTh 56%0EERFIOE £/ - TV 527 T, 2 B ik, HCoV-229E O
4A EEFE B {n%?ﬂbéuﬂék HCoV-NL63 Tt 1 DD&{5F ORF3 BEEL TS, 3 &
B i, HCoV-NL63 0 S E{ETF 5 RIMFEMIC, KE2ALTL—ATHASNI 537 HENHDE
EThB, S FUr LD N KBRS, 71 ~NTF ¥ NERFUA VAT =T 1E T B
DIEEIBID> TV BIENS, HCoV-NLE3 273 /BE 179 B AL £ 75— DA BIE
LTWB TN HY, Lo THBISEIC BV To DDA L ADEAMMRBHT 2L Bh2L,
LaLA2dsh, HCoV-229E O S #L/yTI)RTFH—¥ N LETE AN AU BT IVEE
407-547 V(BT BN T3 (ref.33), B2 CL ZOBMABT I/ RTFH—F N OREICEHE
B5 LT WA ATEHEIIE & B iLd, 4 B BiL. HCoV-229E 1116V 5 T84 15> T, MRk -
HER A EBECTHDDICRLT, HCoV-NLE3 14 LB HIITHE B M5, SARS-CoV b
*i-, %m%%ﬂmﬂﬁi%&’f’“é:&bif%(Vero—Es #Aa), L2>L. SARS-CoV & HCoV-NL63
DTS IVIN, INBDOTANADAVE M TORE EHIFHELRA TEDEAON A& )
BoTuizly, ftﬁ@ﬁxr/w\ﬁ//wgin¢/(/w<0>,fﬂ1ﬁa¥ﬁfum_ B Y BT T RGN H DA
. HCoV-NLE3 DR THFL Iz 5 T, HCoV-229E lZ%tLTEDb SARS-Co WRLTOH B

ﬁﬁ%fiﬁﬁf—?bﬁ’i?ﬁ’oto

:mT'?/(/l/zﬁ N=7107 &W&%E:m“v/r/vx (PRCoV) &7 Mn%’ri BIBERTANA
(TCEV) KRB\ T RO LB IR T5 S BIE T 5 RO EBIEL RIS SN TS, Zhb

(W]
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b haa AR | | . | 2 7

0)7“57'74/1/z¢i REEEL TEEF 50 LERBIEICHE . FOREMIC b\fﬁb%
CER T RAR TRES ISR, —F. PRCoV(TGE\/ BAASS lis L?‘&Otﬂfﬁtf_)(iﬂ%ﬁf&ﬁ
| HREHICRIROBIMEA A L, BRI BV TTb TR ERUAMT I, TGEV &PRCoV M S
B FESIOIEEL, S BT OBAIER 5 KIHICKEKNHD, TCEV O S T 5 Ki
HHERIESIT. TGEV @ﬂuiﬁé&%%’&&u UTV BEANORBEBICEEL TS, L Lreases,
T OSEE HCoV-NL63 D1 ALE4 &@iﬁéuti%m—l, u\m\ |
— A% IR % 3 I%F2 4 HCoV-229E TANRL, NREREREBEI, ot‘oéf“tzﬂﬂ?%k
RBRRZ5ISRITARIERHD, ﬂé@‘f—/ﬂi HCoV-NL63 5 1 BELA T /N
SBEIPOTREFFREBRRE S FRITILERL TS, 1EEAL OEMPRBRFICEL
T4 BETEOTANARRALRE TE TRV (20-30%, 28 38), £LT, aa AV ARG
_ EBETT BN 4 2 FERBNBI TS, EHEIIC, thanFy (/LA HCoV-229E Foid
HCoV-0C43 I 5 BIAMAARD kS RIETH70I0, ERESTHIL TS (BB 12), bL
INLDYANADRRCMIER DA S—12L T BE, HCov—NL63L¢:ﬁ@“5ﬁﬁsti HCoV-229E I2
ML TRERSE R AN 5D, bLEI ThorkLicbi, HCoV-NLE3 Bk,
HCoV229E LRRES &I ATREMEAS o7 Asb LILARL Y, RT-PCR IR72E D5 FEMHY — 4T, &
FEEF DAL A HCoV-0C43 BRIRANTIRIH T B L5 FH A & fons, HCoV-NLE3 4R T
BIENA BERID RS 0 YA LA LIRS BB F YA Ll RT-PCR. IECELL, 754
'v-iﬁgﬁa§uo)b\<oﬁ'nn§%&brw‘;w®r HCoV-NL63 Wp:.;«m SRR TH DS,
HCoV-NL63 D&%/ ©ERFHE A AFTBILIL. I8 HIED KIBRUEF BIRL TV 5,
FLEN B RITRATRHOLHOKEIC, HCoV-NLE3 A FELTWHIERRLTVD, FE
BBFREBSIBEND HCoV-NL63 ##& H L7z, %mﬁtﬁ%ﬁﬂ;ﬁui 2003 4E 1 BIEZE 7% T
#o7c, 2003 FEOFEEIRBLIELH L MR KD 674»z¢i#ﬁaﬂénm>ot AU, ER
:‘Dj"?’f/l/ziigtﬁ‘LF@JE’J‘\-{K*&?%{@W‘u&)étb\')»—k(& 895, _djrj'fr/l/?\ ctéf’z
BRI L BFIR A & O RSB S5 A IEMER A A— U, J:Uf.izlﬁ@r%b‘ LU — L% N
G RO LT HoNBTHE),

Ltk
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