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Detection of the New Human Coronavirus HKU1:
A Report of 6 Cases
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Background. Human coronavirus HKU1 (HCoV-HKU1), a new group 2 coronavirus, was first characterized
in 2005 from 2 adults with pneumonia in Hong Kong, China. To the best of our knowledge, there is no other
report to date about the detection of this new virus. We report a molecular method allowing for the detection of
HCoV-HKU1 and also report the clinical presentation of 6 infected patients.

Methods. We screened 141 specimens (135 nasal samples and 6 stool samples) received in February and March
2005 in our laboratory and obtained from 135 hospitalized patients (61.5% of whom were <5 years old and 34.1%
of whom were >20 years old) for HCoV-HKUL1.

Results. HCoV-HKU1 was detected in 6 (4.4%) of the 135 nasal specimens and in 2 (33.3%) of the 6 stool
samples; the positive samples were obtained from 6 patients (5 children and 1 adult). The clinical presentation of
these 6 patients was as follows: 3 were admitted to the hospital for acute enteric disease resulting in severe
dehydration associated with upper respiratory symptoms; 1 had fever, otitis, and febrile seizure; 1 had a sample
obtained to investigate failure to thrive; and 1 had a sample obtained for exploration of X-linked agammaglob-
ulinemia and hyperleucocytosis.

Conclusion. HCoV-HKU1 can be detected in respiratory and stool samples from children and adults in a part
of the world other than Hong Kong. Our results suggest that HCoV-HKU1 could be associated with respiratory
and enteric diseases, and its detection can be related to a persistent asymptomatic infection in patients with poor

underlying conditions.

Coronaviruses (family Coronaviridae, order Nidovira-
les) are enveloped viruses with a linear, nonsegmented,
positive-sense, single-stranded RNA genome and are
divided into 3 distinct groups (group 1, group 2, and
group 3). Five types of human coronaviruses (HCoV)
have been described: HCoV-OC43 and HCoV-229E
have been recognized since the mid-1960s and belong
to group 1 and group 2. In 2003, the severe acute re-
spiratory syndrome (SARS)-associated coronavirus
(SARS-CoV) was identified, but it has not yet been
assigned to one of the groups [1]. In 2004, another
group 1 coronavirus, HCoV-NL63, was reported in The
Netherlands {2, 3]. In January 2005, a new group 2
coronavirus, HCoV-HKU], was found in 2 patients
with pneumonia in Hong Kong. This new coronavirus
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was detected by RT-PCR of the pol gene of coronavi-
ruses with use of conserved primers in the nasopha-
Tyngeal aspirates of patients. The complete genome was
sequenced, and its general organization concurs with
those of other coronaviruses. It contains the HE gene,
which characterizes the group 2 coronaviruses, and has
a very intriguing feature consisting of a variable number
of tandem copies of a 30-bp repeat region that codes
for a highly acidic domain (ATR) in ORFla (nspl1 re-
gion). Despite the high number of cell cultures inoc-
ulated with respiratory samples, HCoV-HKU1 could
not be recovered from cell culture [4]. No cytopathic
effect was observed, and RT-PCR performed on the
culture supernatant and cell lysates showed a lack of
viral replication. Isolating HCoV on cell culture is very
difficult. HCoV prototype strains 229E, OC43, and
NL63 can replicate in MRC5 cells, HRT18 cells, and
LLC-MK2 cells, respectively, but there are still few pri-
mary isolates. Woo et al. [4] reported that SARS-CoV
can be recovered only from <20% of patients infected
with SARS-CoV. There is no other report to date con-
cerning the detection of HCoV-HKU1. In our labo-

ratory, we conducted a preliminary study of 135 re-
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spiratory samples to know if this new coronavirus can be
detected in a part of the world other than Hong Kong. The
purpose of this article is to present the method used for the
detection of HCoV-HKU1 and report the clinical presentation
associated with this infection.

MATERIALS AND METHODS

We screened arbitrarily for HCoV-HKU1 135 HUH7 cell cul-
ture showing an extensive lysis at day 4 after onset of infection.
HUH?7 cells were inoculated with respiratory samples collected
from 135 patients hospitalized in February and March 2005 at
the University Hospital of Caen (Caen, France). The age dis-
tribution of the tested patients was as foliows: 83 patients
(61.5%) were <5 years of age, 6 patients (4.4%) were 6-20 years
of age, and 46 patients (34.1%) were >21 years of age. The
tested respiratory specimens were obtained from patients with
respirétory symptoms and then were sent to the laboratory for
viral diagnosis. The patients or, in the case of minors, the
parents or legal guardians of the patients consented to having
their samples tested for respiratory viruses, including corona-
viruses, The samples were processed routinely for immunoflu-
orescence direct antigen assay using monoclonal antibodies
against influenza A and B viruses; respiratory syncytial virus;
parainfluenzavirus types 1, 2, and 3; and adenovirus (Imagen).
All samples had negative results. It is part of our strategy to
inoculate samples with negative results onto a cell culture sys-
tem (HUH7 cell line) [5]. In this protocol, HuH7 cells were
grown in RPMI-1640 medium with glutamine with 5% fetal
calf serum (Gibco; Invitrogen), penicillin (100 U/mL), and gen-
tamycin (50 pg/ml), and were distributed in 48-well tissue
culture microplates, When HUH?7 cells were 80% confluent,
the growth medium was discarded and each well was inoculated
with 100 kL of the clinical samples. Microplates were centri-
fugated at 1500 rpm for 30 min at 30°C. Samples were then
removed, and each well was filled with 1 mL of the same culture
medium supplemented with 2% fetal calf serum (Gibco; In-
vitrogen). By day 4 after onset of infection, HuH7 cells were
examined for cytopathic effect and the supernatant were used
for amplification techniques. Cytopathic effect characteristics
are as follows: small cells, no refringent, cells scattered on the
culture, and a progressive lysis of the cell sheet. The RNA was
extracted using the High pure RNA isolation kit (Roche) and
tested with RT-PCR techniques previously described and used
for the detection of rhinovirus, enterovirus, influenza virus C,
HCoV-229E, HCoV-OC43, and HCoV-NL63 [6, 7]. A 1-step
HCoV-HKU1 RT-PCR amplification of a 443-bp fragment was
performed using the OneStep RT-PCR kit (Qiagen) and the
following primers set defined in N gene from the GenBank
sequence database (accession number AY597011): HKU1 sens
(5-ACCAATCTGAGCGAAATTACCAAAC-3') and HKU]1 an-
tisense (5-CGGAAACCTAGTAGGGATAGCTT-3'). The reac-

tion was undertaken using OneStep RT-PCR kit (Qiagen, Cour-
taboeuf) according to the manufacturer’s protocol. Each
RT-PCR test was performed using the usual precautions to
avoid contamination. No cross-reaction of this RT-PCR assay
was observed with the other classical HCoV. The assay was
performed without a positive control. RT-PCR products were
processed on an agarose gel stained with ethidium bromide and
visualized under UV light. The positive results were confirmed
by sequencing from the amplified product and by RT-PCR
performed directly with use of the respiratory specimens. For
2 patients with results positive for detection of HCoV-HKU1
in respiratory specimens, stool samples obtained at the same
time were available and have been tested. Two other RT-PCR
assays were performed using the specimen that was positive for
HCoV-HKU1 detection, one of which involved amplification
of a 713-bp fragment with S1 gene-specific primers HKU1-S1
sens (5-ACCACAGTTCCTCGCATAAGT-3') and HKU1-S1
antisense (5-AGATATTGGCGTTTAGAC-3'), the other am-
plifying a variable size fragment with primers defining on both
sides of the highly acidic domain in ORFla (ATR-HKU] sens:
5'-AATGGCCTCTCGTATGTAT-3; ATR-HKU1 antisense: 5'-
TTACAAGTAACACAGAACGCA-3). The RT-PCR products
were sequenced, and the obtained nucleotide sequences of the
partial S1 gene were compared with the prototype strain se-
quences available in GenBank. The alignments were prepared
using Clustal X, version 1.83. A phylogenetic tree was con-
structed by the neighbor-joining method, and bootstrap values
were determined by 1000 replicates. We used HCoV-OC43 as
an outgroup. The medical records were examined retrospec-
tively for the 6 patients with test results positive for HCoV-
HKU1L.

RESULTS

Among the 135 cell cultures tested with RT-PCR, the positive
samples consisted of 10 coronaviruses (6 positive for HCoV-
HKUJ, 2 positive for HCoV-NL63, and 2 positive for HCoV-
OC43), 23 rhinoviruses, 1 enterovirus, and 1 influenza virus
C. There were 2 codetections, one of which consisted of HCoV-
HKU1 and influenza virus C, and the other of which consisted
of rhinovirus and HCoV-OC43. To eliminate cell culture con-
tamination, the N gene HCoV-HKU1 RT-PCR was performed
directly on the respiratory specimens obtained from the 6 pa-
tients. All of these specimens, as well as the stool samples avail-
able for 2 of these patients, were found to have positive resuits.
The 443-bp amplicon resulting from the amplification of the
partial N gene was sequenced for 6 of the 8 specimens with
positive results (GenBank accession numbers DQ131635~
DQ131641) (figure 1). Our isolates shared 98%—100% nucle-
otide identity with the same region of the HCoV-HKU1 ref-
erence strain. We then sequenced the 713-bp amplicon
corresponding to partial spike gene of 4 positive specimens.
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Figure 1. Ethidium bromide stain of 2% agarose gel showing RT-PCR
products (443 bp).of partial coronavirus N gene with human coronavirus
HKU1—specific primers. Lane 1, size marker (100 bp); /anes 2, 4~7, and
9, positive respiratory samples; /anes 3 and 8, negative control RT-PCR
mix.

Genetic sequences from other positive specimens could not be
obtained, because the primers used for the amplification of the
partial spike gene did not amplify a PCR product of sufficient
quantity to allow for reliable genetic sequencing analysis. The
phylogenetic analysis of 603-bp of these sequences (GenBank
accession numbers DQ131642-DQ131645) shows that our iso-
lates form a group containing sequences with different markers
and that there is no cross-contamination between the different
isolates, Three of these isolates clustered with the prototype
strain described in Hong Kong. One isolate (DQ131645) had
characteristics of an outlier (figure 2). To determine if our
isolates contained a variable number of tandem copies of 30-
bp repeat region—the significant feature of HCoV-HKU1—we
sequenced amplicon resulting from a RT-PCR of the region of
ORFla. To confirm the number of ATRs, this test was con-
ducted several times for 2 isolates. The results show that there
were 7 and 8 ATRs in the 2 isolates tested, compared with 11
and 14 ATRs recorded in the 2 Hong Kong isolates {4].
HCoV-HKU1 was detected in nasal and stool samples ob-
tained from 6 patients, 4 of whom were male, and 2 of whom
were female (table 1). The age of the infected patients ranged
from 8 months to 5 years, with the exception of one 19-year-
old man (patient 5). The age distribution of the patients in-
fected with HCoV-HKU1 and the age distribution of tested
patients were closed. The medical records of all 6 patients were
examined. Three of them (patients 1, 2, and 6) were admitted
to the hospital for severe dehydration due to fever, vomiting,
and diarthea. Upper respiratory symptoms (rhinitis, pharyn-
gitis, or otitis) were also reported. Unfortunately, no stool sam-
ples for these patients were available in the hospital. Patient 4
had a febrile seizure and otitis. Both respiratory and stool sam-
ples tested positive for HCoV-HKU1. Patients 3 and 5 were
admitted to the hospital for a complete investigation and did
not suffer from acute symptoms; patient 3 was an 8-month-

old girl with failure to thrive, and patient 5 was a 19-year-old
man with Bruton agammaglobulinemia and hyperleucocytosis
with a final diagnosis of chronic myeloid leukaemia. A stool
sample obtained from patient 3 was available and tested positive
for HCoV-HKU1.

DISCUSSION

HCoV-HKU1 was first characterized in Hong Kong in January
2005 in the respiratory specimens of 2 adults with pneumonia.
HCoV-HKUL1 is a previously unrecognized group 2 coronavi-
rus. The clinical significance of this viral infection was made
evident in the index patient by the combined evolution of
clinjcal symptoms, viral loads in the respiratory samples, and
development of a specific antibody response. This index patient
was a 71-year-old Chinese man with poor underlying condi-
tions (pulmonary tuberculosis complicated by bronchiectasis,
a history of being a chronic smoker, and obstructive airway
disease). He was admitted to the hospital for pneumonia and
was discharged after 5 days of hospitalization. However, re-
spiratory, stool, and urine samples were collected from him
weekly for a 5-week period. The viral load in respiratory spec-
imens decreased during the second week of the illness and was
undetectable in the third week. The decrease in viral load was
accompanied by recovery from the iliness and development of
a specific antibody response. HCoV-HKU1 was detected only
in respiratory specimens, not in stool and urine samples {4].
There is no other report to date about the geographic and
temporal distribution and the clinical symptoms associated
with this virus.

In our study, the arbitrary decision was made to screen 135
HUHZ7 cell cultures showing a cytopathic effect at day 4 after
onset of infection and inoculated by nasal specimens collected
during 2 winter months, February and March 2005. The choice
of HUH7 cells was made because some studies showed that
these cells appear to have a broad spectrum, allowing for the
detection of a wide range of viruses, including coronaviruses
229E, OC43, and MHV [8-10). Unfortunately, we failed to
amplify HCoV-HKU1 on HUH?7 cells by serial passage. At first
passage, we could see a cytopathic effect on day 4. However,
because of the lack of specific antibodies against HCoV-HKU1,
we could not test HUH7 cells to know whether there were
infected cells showing viral replication. So, the HCoV-HKU1
RNA detected by RT-PCR may be a residual virus from a clinical
sample or a virus amplified in cell culture in the first passage
on HUH?7 cells. The duration of incubation is limited to 4 days,
which may be insufficient for the growth of coronaviruses.
More experiments are being conducted to adapt HKU1 strains
to cell line. Six patients were infected with HCoV-HKU}1, in-
cluding 5 children and 1 adult. Because samples were obtained
mainly from pediatric departments, 61.5% of the tested patients
were children. So, the high frequency with which HCoV-HKU1
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Figure 2. Phylogenetic analysis of a 603-bp region of partial spike gene of 4 human coronavirus (HCoV}-HKU isolates from France. The phyiogenetic
tree was constructed by the neighbor-joining method, and bootstrap values were determined by 1000 replicates in Ciustal X, version 1.83. To construct
the tree, the reference strain HCoV-HKU1 (NCO06577) was included. HCoV-0C43 is used as the outgroup.
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Table 1. Clinical presentation of patients infected with huinan coronavirus HKU1,

Patient Sample date Age/sex Medical history Symptomi(s) Diagnosis Stool sample
1 14 February 2005 3 years/F None Fever (temperature, Gastroenteritis, Not tested
38°3), vomiting, diar dehydration
rhea, rhinitis, otitis
2 8 February 2005 5 years/M None Fever (temperature, Gastroenteritis, Not tested
39°3), vomiting, diar dehydration
. rhea, weight loss
3 4 March 2005 8 months/F In uterine growth retardation  Failure to thrive Full investigation Positive for HKU1
4 7 March 2005 18 months/M  Atopic dermatitis and Fever, ofitis, convulsions  Febrile seizure Positive for HKU1
bronchiolitis
5 11 March 2005 19 years/M Bruton disease and Hyperleucocytosis Chronic myeloid leukemia  Not tested
bronchiectasis (WBC count, 54,000
cellsfmm?)
e® 29 March 2005 9 months/M None Fever {temperature, Severe dehydration Not tested

39°C), vomiting, diar
rhea, rhinitis,
pharyngitis

* Patient was coinfected with human coronavirus HKU1 and influenza C virus.

was detected in children was biased because of the recruitment
of the samples. There is no evidence that children are more
commonly infected by HCoV-HKU1 than other individuals.
Positive specimens were collected throughout the study period,
from 14 February to 24 March 2005. This distribution did not
indicate an outbreak. HCoV strains OC43, 229E, and NL63 are
reported to have a winter seasonality in temperate regions [2,
8, 9, 10]. Our study only suggests that HCoV-HKU1 could also
have a winter seasonality in these regions. A better understand-
ing of the epidemiology of different HCoV in different parts
of the world could contribute to better management of the
molecular and serological diagnosis of future emerging or ree-
merging viruses, such as SARS-CoV. Because of the lack of a
systematized selection of the tested samples, the patients with
positive results are presented as case reports.

1t should be noted that one-half of the patients were admitted
to the hospital not for respiratory illnesses, but for gastroen-
teritis resulting in severe dehydration associated with upper
respiratory symptoms. In effect, previous studies have suggested
that coronaviruses other than SARS-CoV may be involved in
enteric diseases, despite the fact that there is no clear evidence
that they cause enteric illness [9, 11-13]. This would not be
surprising in view of the clear involvement of SARS-CoV and
some animal coronavirus strains in severe diarrheal diseases.
We have shown that HCoV-HKU1 can be detected in stool
samples. Nevertheless, further studies must be conducted to
confirm the potential dual tropism (respiratory and enteric) of
this group 2 coronavirus.

HCoV-HKU1 was also detected in 2 patients without acute
symptoms and with poor underlying conditions (patients 3 and
5). Although HCoV (except SARS-CoV) were generally asso-
ciated with acute and self-limiting respiratory infections, this
detection of viral RNA can be related to a persistent or asymp-
tomatic chronic infection. Chiu et al. {14] reported a repeated

detection of HCoV-229E in an immunocompromised child >3
months old. The genetic analysis of a 305-bp region of the
spike protein region of 229E revealed that these 3 specimens
had identical genetic sequences, providing evidence of virus
persistence rather than reinfection. Patient 6, who tested pos-
itive for HCoV-HKU], had an influenza C virus detected in
the same clinical specimen. It is not possible to determine
whether this is true coinfection or whether 1 of the viruses
represents continued shedding from a previous infection. It is
interesting to note that the genome of group 2 coronaviruses
and influenza C virus both contain the HE gene. Phylogenetic
analysis suggested that the HE genes of coronaviruses and in-
fluenza C have a common ancestral origin. Because HCoV and
influenza C virus infect similar tissues, the significant sequence
homology between the HE genes of the 2 viruses suggests that
coinfection followed by recombination could have occurred in
the past [4, 15]. The expression of the HE gene has been shown
to be heterogeneous in different species of group 2 coronavi-
ruses. The biological significance of HE protein is not well
understood. Further experiments have to be performed to de-
termine the essentiality and function of HE in HCoV-HKU]1,
especially in cell tropism.

In conclusion, we report a molecular method allowing for
the detection of the new coronavirus HKU1. We are able to
detect HKU1 in respiratory samples and stool specimens, in-~
dicating that this virus can be excreted in this way. Our results
indicate that HCoV-HKU1 is present in hospitalized patients
with mild respiratory and enteric tract illness. Determining
whether or not HCoV-HKU1 can cause enteric diseases will
require further investigations. Phylogenetic analysis of our iso-
lates suggest that both variants of HCoV-HKU1 may cocir-
culate, Ours is the first observation and report of HCoV-HKU1
infection in France. Future studies will yield more-accurate data
about the circulation of this virus.
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Bats Are Natural Reservoirs of

SARS-Like Coronaviruses
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Severe acute respiratory syndrome (SARS) emerged in 2002 to 2003 in southern
China. The origin of its etiological agent, the SARS coronavirus (SARS-CoV),
remains elusive. Here we report that species of bats are a natural host of
coronaviruses closely related to those responsible for the SARS outbreak. These
viruses, termed SARS-like coronaviruses (SL-CoVs), display greater genetic
variation than SARS-CoV isolated from humans or from civets. The human and
civet isolates of SARS-CoV nestle phylogenetically within the spectrum of SL-
CoVs, indicating that the virus responsible for the SARS outbreak was a member

of this coronavirus group.

Severe acute respiratory syndrome (SARS)
was caused by a2 newly emerged coronavirus,
now known as SARS coronavirus (SARS-CoV)
(1, 2). In spite of the carly success of etio-
logical studies and molecular characterization
of this virus (3, 4), efforts to identify the ori-
gin of SARS-CoV have been less successful.
Without knowledge of the reservoir host dis-
tribution and transmission routes of SARS-
CoV, it will be difficult to prevent and contro}
future outbreaks of SARS.

Studies conducted previously on animals
sampled from live animal markets in Guang-
dong, China, indicated that masked palm civets
(Paguma larvata) and two other species had
been infected by SARS-CoV (5). This led to
a large-scale culling of civets to prevent fur-
ther SARS outbreaks. However, subsequent
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studies have revealed no widespread infection
in wild or farmed civets (6, 7). Experimental
infection of civets with two different human
isolates of SARS-CoV resulted in overt clin-
ical symptoms, rendering them unlikely to be
the natural reservoir hosts (8). These data sug-
gest that although P. larvate may have been
the source of the human infection that pre-
cipitated the SARS outbreak, infection in this
and other common species in animal markets
was more likely a reflection of an “artificial”
market cycle in naive species than an indi-
cation of the natural reservoir of the virus.

Bats are reservoir hosts of several zoonotic
viruses, including the Hendra and Nipah viruses,
which have recently emerged in Australia and
East Asia, respectively (9-17). Bats may be
persistentty infected with many viruses but rarely
display clinical symptoms (12). These charac-
teristics and the increasing presence of bats and
bat products in food and traditional medicine
markets in southern China and elsewhere in
Asia (13) led us to survey bats in the search
for the natural reservoir of SARS-CoV.

In this study, conducted from March to
December of 2004, we sampled 408 bats
representing nine species, six pgenera, and
three families from four locations in China
(Guangdong, Guangxi, Hubei, and Tianjin) af-
ter trapping them in their native habitat (Table
1). Blood, fecal, and throat swabs were col-
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lected; serum samples and cDNA from fecal
or throat samples were independently analyzed,
double-blind, with different methods in our
laboratories in Wuhan and Geelong (J4).

Among six genera of bat species surveyed
(Rousettus, Cynopterus, Myotis, Rhinolophus,
Nyctalus, and Miniopterus), three communal,
cave-dwelling species from the genus Rhinolo-
phus (horseshoe bats) in the family Rhino-
lophidae demonstrated a high SARS-CoV
antibody prevalence: 13 out of 46 bats (28%)
in R. pearsoni from Guangxi, 2 out of 6 bats
(33%) in R. pussilus from Guangxi, and 5 out
of 7 bats (71%) in R macrotis from Hubei.
The high seroprevalence and wide distribution
of seropositive bats is expected for a wildlife
reservoir host for a pathogen (15).

The serological findings were corroborated
by poylmerase chain reaction (PCR) analyses
with primer pairs derived from the nucleocapsid
(N) and polymerase (P) genes (table S1). Five
fecal samples tested positive, all of them from
the genus Rhinolophus: three in R. pearsoni
from Guangxi and one each in R macrotis and
R. ferrumeguinum, respectively, from Hubei.
No virus was isolated from an inoculation of
Vero E6 cells with fecal swabs of PCR-positive
samples.

A complete genome sequence was deter-
mined directly from PCR products from one of
the fecal samples (sample Rp3) that contained
relatively high levels of genetic material. The
genome organization of this virus (Fig. 1), ten-
tatively named SARS-like coronavirus isolate
Rp3 (SL-CoV Rp3), was essentially identical to
that of SARS-CoV, with the exception of three
regions (Fig. 1, shaded boxes). The overall
nucleotide sequence identity between SL-CoV
Rp3 and SARS-CoV Tor2 was 92% and in-
creased to ~94% when the three variable re-
gions were excluded. The variable regions are
located at the §” end of the S gene (equivalent to
the S1 coding region of coronavirus S protein)
and the region immediately upstream of the
N gene. These regions have been identified
as “high mutation” regions among different
SARS-CoVs (5, 16, 17). The region upstream
of the N gene is known to be prone to de-
letions of various sizes (5, /6, 18).

Predicted protein products from each gene
or putative open reading frame (ORF) of SL-
CoV Rp3 and SARS-CoV Tor2 were com-
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Table 1. Detection of antibodies to SARS-CoV and PCR amplification of N and P gene fragments with
SARS-CoV—specific primers. ND, not determined because of poor sample quality or unavailability of

specimens from individual animals.

PCR analysis:

Sampling . Antibody test: positive/total (%)
Bat species positive/total (%)
Time Location Fecal Respiratory
swabs swabs
Mar 04  Nanning Guangxi Rousettus leschenaulti 1/84 (1.2%) 0/110 ND
Maoming, Guangdong  Rousettus leschenaulti 0/42 0/45 ND
Cynopterus sphinx 0/17 0727 ND
July 04  Nanning, Guangxi Rousettus leschenaulti ND 0/55 0/55
Tianjin Myotis ricketti ND 0/21 0/21
Nov 04  Yichang, Hubei Rhinolophus pusillus ND 0/15 ND
Rhinolophus ferrumequinum 0/4 1/8 {12.5%)* ND
Rhinolophus macrotis S/7(71%)  1/8 (12.5%)1 0/3
Nyctalus plancyi on 0/1 ND
Miniopterus schreibersi 0/1 0/1 ND
Myotis altarium 0/1 0/1 ND
Dec 04  Nanning, Guangxi Rousettus leschenaulti 1/58 (1.8) ND ND
Rhinolophus pearsoni  13/46 (28.3%) 3/30 (10%)t  O/1
Rhinolophus pussilus 2/6 (33.3%) 0/6 0/2

*Positive fecal sample desipnated Rf1
designated Rp1, Rp2. and Rp3, respectively.

tPositive fecal sample designated Rml

{Positive fecal samples

AL::n|l‘|xlll‘.|1|1i‘.1|llf‘nulnl”)LAlJ”»
Pla P1b S BM N
B SL-CoV (Rp3)
b em———
S 3 E M 78 10 N

SARS-CoV (Tor2)
» =msmmm)
S 3 E M 78 10 N
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— > mwn
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Fig. 1. Genome organization of, and comparison between, SL-CoV and SARS-CoV. (A) Overall
genome organization of SL-CoV Rp3. (B) Expanded diagram of the 3 region of the genome in
comparison with SARS-CoV strains Tor2 and 523, following the same nomenclature used by Marra
et al. (4). The genes (named by letters P, S, E. M, and N) present in all coronaviruses are shown in
dark-colored arrows, whereas the SARS-CoV-specific ORFs are numbered and illustrated in light-
colored arrows. ORF10’ follows the nomenclature by Guan et al. {5) to indicate that the single ORF
present between ORF9 and N in SL-CoV is equivalent to the fusion of ORF10 and ORF11 in the
same region in SARS-CoV Tor2. The shaded boxes mark the only three regions displaying
significant sequence difference between the two viruses {table S2).

pared (table S2). The P, S, E, M, and N pro-
teins, which are present in all coronaviruses,
were similarly sized in the two viruses, with
sequence identities ranging from 96% to
100%. The only exception was the S1 domain
of the S protein, where sequence identity fell to
64%. The S1 domain is involved in receptor
binding, whereas the S2 domain is responsible
for the fusion of virus and host cell membranes
(19). The sequence divergence in the S1 do-
main corroborated our serum mueutralization

studies. which indicated that although bat sera
have a high level of cross-reactve antibodies
(with enzvme-linked immunosorbent assay
titers ranging from 1:100 to 1:6400), they
failed to neutralize SARS-CoV when tested on
Vero EG6 cells. This finding suggests that S1 is
the main target for antibody-mediated neutral-
ization of this group of viruses, which is con-
sistent with previous reports indicating that
major SARS-CoV neutralization epitopes are
located in the Sl region (20, 21).

REPORTS

In addition to the five genes present in all
coronavirus genomes, coronaviruses also have
several ORFs between the P gene and the 3
end of the genome that code for nonstructural
proteins. The function of these nonstructural
proteins is largely unknown. The location and
sequence of ORFs are group- or virus-specific
and hence can serve as important molecular
markers for studying virus evolution and clas-
sification (79, 22). SARS-CoV has a unique
set of ORFs not shared by any of the known
coronaviruses (3, 4). Most of these ORFs
were also present in SL-CoV, confinming the
extremely close genetic relationship between
SARS-CoV and SL-CoV (Fig. 1 and table S2).

Coronaviruses produce subgenomic mRNAs
through a discontinuous transcription process
not fully characterized (19). Conserved nucle-
otide sequences functioning as transcription
regulatory sequences (TRSs) are required for
the production of the subgenomic mRNAs. In
SARS-CoV, such TRSs were identified at
each of the predicted genc start sites (3, 4).
All of these TRSs were absolutely conserved
between SARS-CoV Tor2 and SL-CoV Rp3
(table S3), further demonstrating that these
two viruses are very closely related.

SL-CoV is completely different from a
bat coronavirus (bat-CoV) recently identified
by Poon et al. (7) from species of bats in the
genus Miniopterus during a wildlife surveil-
lance study in Hong Kong (Fig. 2). Because
the complete genome sequence was not
available for bat-CoV, only the trees covering
the common sequences (i.e., parts of the P1b
and S2 proteins) are shown. The phylogenetic
analysis demonstrated that SL-CoV Rp3 and
SARS-CoVs are clustered together but that
bat-CoV is placed among the relatively dis-
tant group 1 viruses. Hereafter, SARS-CoVs
and SL-CoVs will be collectively called the
SARS cluster of coronaviruses.

In addition to the complete genome se-
quence of SL-CoV Rp3, partial genome se-
quences for the other four PCR-positive bat
samples were also determined. Phylogenetic
analysis based on the N protein sequences
(Fig. 3A) revealed that the genetic variation
among the SL-CoV sequences was much greater
than that exhibited by SARS-CoVs (for sim-
plicity, only three human and civet SARS-CoV
isolates were used; the remainder are almost
identical to those shown). This was especially
obvious when SL-CoVs isolated from different
bat species were compared. Moreover, the re-
sults suggested that SARS-CoVs nestle phylo-
genetically within the spectrum of SL-CoVs.

We also compared the “high mutation” re-
gions in samples Rfl, Rml, and Rp3. For the
region upstreamn of the N gene, SL-CoVs from
all three bat species contained a singic ORF
(ORF10"), similar to that found in SARS-CoV
isolates from civets (5) and patients in the
carly phase of the outbreaks (/6, 18) but dif-
ferent from that in most human isolates, which
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Fig. 3. Phylogenetic trees based on deduced ami-
no acid sequences of (A) N, (B) ORF10', and (C)
$1 proteins. Tor2, SZ3, and GDO?1, different SARS-
CoV strains; Rf1, Rm1, and Rp1-3, different SL-
CoV sequences. The genetic distance scale shown
for (A) is different from those for (B) and (C).

have a 29-nucleotide deletion in this region
(3. 4, 16). ORF10’ in Rfl codes for a protein
having the same size (122 amino acids) as and
more than 80% sequence identity to ORF10’
proteins of SARS-CoVs, but those in Rmtl
and Rp3 code for a 12]1-amino acid protein
with only 35% sequence identity (Fig. 3B and
fig. S2). By contrast, analysis of the S1 pro-
tein regions (Fig. 3C and fig. S3) indicated
that Rfl was more closely related to SL-CoVs
from two other bat species than to SARS-
CoVs, suggesting that the SARS cluster of
coronaviruses could recombine to increase
genetic diversity and fitness, as is well doc-
umented for other coronaviruses (/9). We
were unable to sequence these regions for Rpl
or Rp2, owing to the poor quality of the fecal

The genetic diversity of bat-derived se-
quences supports the notion that bats are a
natural reservoir host of the SARS cluster of
coronaviruses. A similar observation has been
made for henipaviruses, another important group
of emerging zoonotic viruses of bat origin,
which show greater genetic diversity in bats
than was observed among viruses isolated
during the initial Nipah outbreaks in Malaysia
(23-26). The overall nucleotide sequence iden-
tity of 92% berween SL-CoVs and SARS-
CoVs is very similar to that observed between
Nipzh viruses isolated from Malaysia and
Bangladesh in 1999 and 2004, respectively
(25) (fig. S4). SL-CoVs present a new chal-
lenge to the diagnosis and treatment of future
disease outbreaks. The current tests and ther-
apeutic strategics may not work effectively
against all viruses in this group, owing to
their great genetic variability in the S1 do-
main region of the S gene.

The genus Rhinolophus contains 69 species
and has a wide distribution from Australia to
Europe (27). They roost primarily in caves and
feed mainly on moths and beetles. However,
notwithstanding the predominant Rhinolophus
findings in this study, it is highly likely that
there are more SARS-related coronaviruses o
be discovered in bats. Indeed, our positive
serological findings in the cave-dwelling fruit
bat Rousettus leschenaulii indicate that infec-
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tion by a related virus could occur in fruit bats
as well, albeit at a much lower frequency. A
plausible mechanism for emergence from a
natural bat reservoir can be readily envisaged.
Fruit bats including R leschenaulii, and less
frequently insectivorous bats, are found in mar-
kets in southern China. An infectious consign-
ment of bats serendipitously juxtaposed with a
susceptible amplifying species, such as P.
larvata, at some point in the wildlife supply
chain could result in spillover and establish-
ment of a market cycle while susceptible ani-
mals are available to maintain infection. Further
studies in field epidemiology. laboratory infec-
tion, and receptor distribution and usage are
being conducted to assess potential roles played
by different bat species in SARS emergence.
These findings on coronaviruses, together
with data on henipaviruses (23-25, 28), sug-
gest that genetic diversity exists among zoo-
notic viruses in bats, increasing the possibility
of variants crossing the species barrier and
causing outbreaks of disease in human popula-
tions. It is therefore essential that we en-
hance our knowledge and understanding of
reservoir host distribution, animal-animal and
human-animal interaction (particularly within
the wet-market system), and the genetic diversity
of bat-bome viruses to prevent futire outbreaks.
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Neurogenesis in the
Hypothalamus of Adult Mice:

Potential Role in Energy Balance
Maia V. Kokoeva, Huali Yin, Jeffrey S. Flier*

Ciliary neurotrophic factor (CNTF) induces weight loss in obese rodents and
humans, and for reasons that are not understood, its effects persist after the
cessation of treatment. Here we demonstrate that centrally administered CNTF
induces cell protiferation in feeding centers of the murine hypothalamus. Many
of the newbom cells express neuronal markers and show functional phenotypes
relevant for energy-balance control, induding a capadity for leptin-induced phos-
phorylation of signal transducer and activator of transcription 3 (STAT3). Co-
administration of the mitotic blocker cytosine-f-D-arabinofuranoside {Ara-C)
eliminates the proliferation of neural cells and abrogates the long-term, but not
the short-term, effect of CNTF on body weight. These findings link the sustained
effect of CNTF on energy balance to hypothalamic neurogenesis and suggest that
regulated hypothalamic neurogenesis in adult mice may play a previously
unappreciated role in physiology and disease.

The obesity epidemic has prompted major cf-
forts to develop safe and effective therapies
(1, 2). However, approved drugs for obesity
have limited efficacy and act only acutely,
with patients rapidly regaining weight after
termninating treatment (3). Only the neuro-
cytokine ciliary neurotrophic factor (CNTF)
and Axokine, an analog of CNTF developed
as a drug candidate for the treatment of obe-
sity, appear to deviate from this paradigm.
Rodents and patients treated with Axokine
were reporied (o maintain lowered body
weights weeks to months after the cessation
of treatment (4, 5). This feature of Axokine/
CNTF action is unexplained and suggests that
CNTF induces long-lasting changes in one or
more elements of the energy-balance circuitry.

In rodents, CNTF is most potent when
administered directly into the cerebrospinal
fluid (6) and activates signaling cascades in
hypothalamic nuclei involved in feeding
control (5, 7, 8). For instance, CNTF acti-
vates phosphorylation of signal transducer
and activator of transcription 3 (STAT3)ina
population of hypothalamic neurons that
substantially overlaps with those activated
by leptin (5). However, in contrast to CNTF,
leptin-treated animals do not maintain their
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lowered body weight after the cessation of
treatment. We thus sought a CNTF-specific
mechanism to explain this long-term effect.
CNTF supports the survival of neurons in
vitro and in vivo (9) and has also been impli-
cated in the maintenance of adult neural stem
cells (/0). Furthermore, other trophic factors,
such as epidermal growth factor and fibroblast
growth factor 2, are known to act as mitogens
on adult neuronal progenitors (77, 12), and they
promote the functional regeneration of hippo-
campal pyramidal newrons (/3). Neurogenesis
in the adult brain is most clearly defined in the
subventricular zone (SVZ) of the lateral ven-
tricles and the subgramlar zone (SGZ) of the
hippocampal formation (J4). However, recent
reports indicate that the neuroproliferative
potency in the adult extends to other brain
structures, including the hypothalamus (75-17).
On the basis of these findings, we hypothesized
that the long-term effect of CNTF on body-
weight regulation might involve neurogenesis
in the hypothalamus, which is the brain region
most relevant for energy-balance regulation.
To assess the mitogenic potency of CNTF
in the adult nervous system in vivo, we
delivered the cell-proliferation marker bromo-
deoxyuridine (BrdU) alone (vehicle treatment)
or together with CNTF directly into the
cerebrospinal fluid of mouse brains (/8).
CNTF and BrdU were continuously infused
for 7 days into the right lateral ventricle using
osmotic minipumps. Mice were switched to a
high-fat diet two months before surgery and
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were kept on this dict throughout the experi-
ments. In accordance with previous results {5),
CNTF-treated mice showed a marked reduc-
tion in body weights (Fig. 1A), which persisted
after termination of CNTF delivery. Mice were
killed 22 days after surgery, and brain sections
were immunostained with an antibody against
BrdU. Because BrdU incorporates into DNA of
dividing cells, BrdU-positive (BrdU+) cells are
thought to represent newborn cells, Figure 1B
shows coronal sections of vehicle- and CNTF-
infused animals at the level of the arcuate,
ventromedial, and dorsomedial nuclei, well-
known hypothalamic centers for energy-balance
regulation (19). In vehicle-infused animals, few
BrdU+* cells were detected in the parenchyma
surrounding the third ventricle (Fig. 1B, left).
Administration with CNTF led to a dramatic
increase of BrdU+ cells (Fig. 1B, right). Note
the higher density of BrdU+ cells at the base
of the third ventricle, which is part of the ar-
cuate nucleus/median eminence.

The pattemn of CNTF receptor (CNTFR)
mRNA expression is consistent with this ob-
servation. In situ hybridization using a ribo-
probe against CNTFR mRNA revealed strong
staining in the walls of the basal third ventricle
and surrounding arcuate nucleus parenchyma
(Fig. 1C). Because this section originated from
an animal treated with both CNTF and BrdU,
we colabeled with antibodies 1o BrdU. Many
BrdU+* cells were positive for CNTFR ex-
pression, indicating that CNTF, at least in part,
directly promotes cell division by binding to
CNTFR on putative neural progenitor cells
(Fig. 1D, inset). By counting all newly gener-
ated cells in the caudal hypothalamus, CNTF
treatment led to a marked increase of BrdU+
c¢lls over vehicle-infused animals (Fig. 1E).
The total number of BrdU+ cells in CNTF-
treated animals remained constant for at least
2 weeks afier the infusion period. Subsequent-
ly. the numbers decreased but plateaved at a
high level. Vehicle-infused animals showed a
similar fractional decrease over time. Thus it
appears that the majority of hypothalamic
BrdU+* cells do not die or migrate to distant
areas as reported for newbomn neurons of the
SVZ, which follow the rostral migratory stream
toward the olfactory bulb (20).

To investigate the origin of adult-born cells
in the hypothalamus, we examined CNTF and
vehicle-infused brains every 12 hours starting
48 hours afler surgery, a time when the in-
fused CNTF/BrdU should just reach the ven-
tricular system (/8). Hypothalamic BrdU
incorporation was first detected 60 to 72 hours
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[5331] First Report of Dengue Virus Infection in a Bone Marrow Transplant Patient. Session Type: Publication Only
Myrna S. Figueroa, Luis A. Clavell San Jorge Children's Hospital, Santurce, PR

Dengue virus infections are a frequent cause of morbidity and mortality in certain endemic areas of the world but it has never been
reported to occur in a bone marrow transplant patient. We describe a pediatric patient with ALL on her first bone marrow relapse
undergoing allogeneic bone marrow transplant who developed sepsis and irreversible shock that on postmortem autopsy proved to be
secondary to dengue virus infection Type 4. A 6 years old female with ALL underwent an allogeneic bone marrow transplant from her
sibling (6/6 match) on Nov 10, 1994. She received TBI (1200 rads) and ARA-C (3gm/m2 per dose per 12 doses) as preparative regimen.
She deveioped generalized skin erythema on day +5 followed by fever on day +6. The foliowing days were characterized by continued
fever spikes, severe mucositis, persistence of the erythematous skin rash (first degree burn like) and gross hematuria in spite of broad
spectrum antibiotic coverage. Blood cultures were reported negative. She developed irreversible shock and finally died on day +11 post-
transplant. At autopsy (Nov 22, 1994), Dengue virus type 4 was isolated from blood, ascitic fluid, liver and spleen by routine viral culture at
San Juan C.D.C. Dengue Branch. Resuits were confirmed by polymerase chain reaction. Her donor also developed low grade fever the
day after bone marrow donation. Further blood testing on donor (Dec 2, 1994) showed positive IgM antibodies against Dengue virus Type
4. The recipient viral cultures matches with donor acute titers for Dengue Type 4, suggesting infection through bone marrow transplant.
Dengue virus infection may cause significant morbidity and mortality to blood and bone marrow recipients in endemic areas of the world. |
Abstract #5331 appears in Blood, Volume 106, issue 11, November 16, 2005
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