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bstract

Six cell lines routinely used in laboratories were tested for permissiveness to the infection with the newly identified human coronavirus NL63.
wo monkey epithelial cell lines, LLC-MK2 and Vero-B4, showed a cytopathic effect (CPE) and clear viral replication, whereas no CPE or

eplication was observed in human lung fibroblasts MRC-5s. In Rhabdomyosarcoma cells, Madin–Darby–Canine-kidney cells and in an undefined
onkey kidney cell line some replication was observed but massive exponential rise in virus yield lacked The results will lead to an improved

outine diagnostic algorithm for the detection of the human coronavirus NL63.
2006 Elsevier B.V. All rights reserved.
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The human coronavirus NL63 was detected in 2004 (van
er Hoek et al., 2004; Fouchier et al., 2004) and meanwhile
ppeared to be a serious pathogen causing infection of the upper
nd lower airway in children and elderly (e.g. Bastien et al.,
005; van der Hoek et al., 2005). Although the NL63 infections
ccur frequently, the virus remained undetected until the usage
f a new virus discovery strategy (VIDISCA), which led to its
etection. The reason for this late detection despite the use of
lassical virus isolation techniques remains unclear. Difficulties
o initiate an NL63-infection in the cell lines routinely used for
iagnostics, or lack of CPE in these cells may be responsible. In
rder to address these questions with the aim of the development
f a more sensitive diagnostic, we consequently tested several
ell lines commonly used for routine diagnostic purposes for
heir ability to support coronavirus NL63 replication.

The following cell lines were cultivated with MEM

anks’/Earle’s medium (Invitrogen, Breda, The Netherlands)
ith 5% bovine fetal calf serum (FCS) at 34 ◦C: Human lung
broblasts (MRC-5: ATCC-CCL-171), rhabdomyosarcoma
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RD) cells (A-204; ATCC-ACC-250), Madin–Darby–Canine-
idney cells (MDCK: ATCC-CCL-34), monkey kidney cells
Vero-B4 cells: ATCC-ACC-33; LLC-MK2 cells: ATCC-
CL7), and a laboratory adapted non-ATCC-listed monkey kid-
ey cell line named MS (monkey stable).

Cells were inoculated with MOI 0.1 (i.e. 10,000 TCID50/ml)
n MEM Hanks’/Earle’s medium with 3% FCS for 8 h at 4 ◦C.
n order to avoid subsequent detection of dead input virus or
ree input NL63-RNA, the inoculation medium was removed,
ells were washed twice with phosphate buffered saline, and
resh pre-warmed medium (34 ◦C) was added. Aliquots (500 �l)
rom the supernatant were sampled at inoculation and then every
4 h up to day 7 post inoculation (p.i.). Cells were viewed
nder a microscope daily and the occurrence of CPE was
ecorded.

Total RNA was extracted from the supernatant by the silica-
ffinity based Boom extraction method (Boom et al., 1990) and
luted in 100 �l water. Reverse transcription was performed with
oloney murine leukemia virus reverse transcriptase (MMLV-
T) (Invitrogen; 200 U per reaction) and 10 ng of random hex-
mers (Amersham Biosciences) in 10 mM Tris pH 8.3, 50 mM
Cl, 0.1% Triton-X 100, 6 mM of MgCl2 and 50 �M of each
NTP at 37 ◦C for 90 min in a total volume of 40 �l.

mailto:schildgen@mibi03.meb.uni-bonn.de
dx.doi.org/10.1016/j.jviromet.2006.07.023
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Virus yield was determined by real time PCR using the
latinum Quantitative PCR SuperMix-UDG (Invitrogen)
Fig. 1). A 10 �l of cDNA was amplified in 50 �l 1× Platinum

uantitative PCR Super mix-UDG (Invitrogen) with 5.5 mM of
gCl2, 10 �M of specific probe labeled with FAM and Tamra

nd 45 �M of each primer. The following primers were used for

5
R
7
C

ig. 1. Two representative quantifications of coronavirus NL63-RNA in culture super
T-PCR and is represented as percentage compared to the inoculated virus before wa
nd Vero-B4 cells displayed clear NL63 replication.
cal Methods 138 (2006) 207–210

CoV-NL63—sense: 5′-GCGTGTTCCTACCAGAGA GGA-
′; anti-sense: 5′-GCTGTGGAAAACCTTTGGCA-3′; probe:
′
-FAM-ATGTTATTCAGTGCTTTGGTCCTCGTGAT-TAM-
A-3′. The reaction was carried out on an ABI PRISM®

000 Sequence Detection System (Applied Biosystems Foster
ity, California). Following the UDG treatment for 2 min at

natant of different cell lines. Viral RNA was measured by quantitative real time
shing (day 0). Six indicated cell lines were used of which only the LLC-MK2
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Fig. 1. (

0 ◦C and the denaturation for 5 min at 95 ◦C, 45 cycles of
mplification were performed for 15 s at 95 ◦C and 60 s at
0 ◦C.

RNA from a titrated virus culture was used as input for the
tandard curve. The concentration in the viral RNA stock was

etermined using in vitro transcribed RNA.

The viral growth kinetics examined by real time PCR revealed
hat LLC-MK2 cells as well as Vero-B4 cells, both monkey kid-
ey cell lines, supported the amplification of viral genomes,

t
T
b
V

nued ).

esulting in high titers with an up to 4000-fold increase in virus
ield. In both cell lines an initial decrease in the number of
enomes in the supernatant was observed that was most obvi-
us for Vero-B4 cells inoculated with coronavirus NL63. The
umber of genomes increased from days 2 to 3 post inocula-

ion and reached a plateau on day 4, resulting in equal kinetics.
his observation confirmed and extended the earlier finding
y Fouchier et al. (2004) and Kuiken et al. (2003) who found
ero118 permissive for NL63 and SARS coronavirus, respec-
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ively, consequently giving rise to the assumption that Vero cells
n general are permissive for NL63.

Only marginal increases in the number of genomes that
ere in the range of the intra-assay variability were observed

or MDCK cells, MS cells, and RD cells, giving raise to the
ypothesis that these cell lines were not permissive or at most
ot fully permissive for coronavirus NL63. Taking into account
hat these cell lines also displayed a CPE (see below) one may
peculate that inoculation of MDCK cells, MS cells, and RD
ells with coronavirus NL63 is toxic for these cell lines, proba-
ly due to the temporarily expression of viral genes of NL63
hat was not earlier. However, it remains to be investigated
hether there is indeed no intracellular genome amplification
r whether these cell lines solely cannot excrete viral parti-
les into the cell culture supernatant, both of which is possible
n case of LLC-MK2 and Vero-B4 cells. Most interestingly,
ung fibroblasts were not permissive for NL63 at all, suggest-
ng that these cell lines have de-differentiated in cell culture.
PE were observed in all cell lines from days 4 to 5 (MDCK,
S, Vero-B4, LLC-MK2) or at days 5–6 (RD). This effect
as virus-specific since negative control cells displayed no

ytopathicity until day 6. The observed NL63-CPE was virtu-
lly indistinguishable from cytopathic effects caused by other
iruses; thereby, from the morphological changes observed, the
bserved CPE resembles the CPE induced by picornaviruses.
nfected cells became small and detached from the cell culture
ask. Thereby, no plaque formation but a diffuse initiation of
PE formation was observed. Neither a CPE nor an increase

n the number of genomes was observed for MRC-5 lung
broblast.

The results indicate, in analogy to earlier observations with
uman metapneumovirus (Deffrasnes et al., 2005), that some
ell lines routinely used for viral laboratory diagnostics are per-
issive for coronavirus NL63 infection. The lack of a specific
PE but also the limited number of fully permissive cell lines
ay be the reason for the “late” identification of the virus, as

he CPE, if it occurred, may have been interpreted as CPE from
nown viruses.

This latter observation that the CPE was unspecific or may
ave been absent at all may explain why isolation of new NL63
solates has not been described since the initial studies by van der
oek et al. (2004) and Fouchier et al. (2004). As LLC-MK2 and
ero are very common cells in diagnostic facilities, the original

solation of NL63 may thus have been an exceptional event and
iagnostic culture on these cells may be very unrewarding. Thus,
lso in case of a lacking CPE it may be worth to monitor cell

ulture supernatants by PCR assays in case of a given clinical
vidence for a viral respiratory infection.

In summary, in order to improve the laboratory diagnosis of
oronavirus NL63, we would recommend first to perform the

v
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CR analysis of the specimen and then to subsequently inoc-
late a broad spectrum of cell lines, followed by an additional
CR analysis of the cell culture supernatant. By this algorhithm

here would be no delay in the diagnosis, because in routine diag-
ostics time is often a critical issue, but additional information
ay be available after all procedure were finished. Although we

ave not compared the differences in the sensitivity of the com-
ined PCR/culture/PCR protocol versus a PCR-only protocol,
number of earlier publications describing the identification of
new” viruses clearly demonstrate that with respect to the spec-
rum of viruses the combined approach appears to be superior
e.g. van den Hoogen et al., 2001; van der Hoek et al., 2004;
ouchier et al., 2004).
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