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Adaptation of velogenic Newcastle disease virus in Vero cells:
velogenicity of virus unaltered after adaptation
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ITpooaguoyn ot dLaTiiENon TS LLOTNTAS TAYVYEVOVS OTEAEYOVG LOV
NS PEVOOTAVOAOVG 0€ ®VTTAQO Vero

PV Ravindra*, DVM, PhD, Barkha Ratta, MSc, PhD, Uttara Chaturvedi, MSc,
Sudesh Kumar Palia, MSc, Prasant Kumar Subudhi, DVM, PhD, Ashok K Tiwari, DVM, PhD

Molecular Biology Laboratory, Division of Animal Biotechnology, Indian Veterinary Research Institute

ABSTRACT. In the present experiment, velogenic Newcastle disease virus (NDV) was adapted to Vero cells without the addition
of exogenous trypsin. The cytopathic effect (CPE) in NDV-infected Vero cells was observed from passage 3 (P 3) onwards with
concomitant increase in the haemagglutination (HA) and virus titres. The CPE was characterized by rounding of cells, their
detachment from the surface and syncytia formation. The Vero-adapted NDV was confirmed by reverse transcription-polymerase
chain reaction (RT-PCR), which detected the amplification of haemagglutinin neuraminidase (HN) gene from virus-infected cells.
The mean death time (MDT) of 58 hours upon inoculation to embryonated chicken eggs and the intravenous pathogenicity index
(IVPI) of 2.12 following inoculation to SPF chicken suggested that Vero adapted virus retained the velogenicity even after ten
passages. Furthermore, the nervous signs and haemorrhages in the pro-ventriculus of birds that died at day 5 post inoculation with
P10 virus confirmed that the Vero-adapted NDV was a neurotropic viscerotropic velogenic strain.
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ITEPIAHWH. Zmv tapodoa epyaoia, Toyuyeveg otéheyog tov 1ov g Wevdomavirovg (Newcastle disease virus, NDV) mpo-
CUQUAOTNHE 08 RUTTOQM TS CUVEYOUS XKUTTUOWXIS OE1dS Vero xmwoig Ty mpoabixn eEmyevots Opupivng. To »uttagomadoydvo
amotéleopa tov NDV ot »itraa mtaotneiitnxe amd v toit 8iodo, ue cuvaxdhovdn avEnom g oupoouyroAM TS Tov dY-
VOUNE %O TOV TITAOU TOV. TO #UTTaQ0Ta00YOVO OTOTEAETUOL YOQURTNOILSTOV 0ITd OTQOYYVAOTTOMNON TOV KUTTAQWY, ATORGAAY-
O1] TOUG ATt TV ETUPAVELDL TS PLAANS %ot OynuaTous ovyxutiov. Empefoiddnre n magovaoio tov mtpocaouoouévou ND 100 ota
wittapa Vero ue RT-PCR, wov aviyvevoe 10 Yovidlo TG aitoouyrornTivig — vevpamviddong ota polvouéva xitraga. O ué-
00G YOVOg TwV 58 wav wov mpoxrMiOnxe Bdvatog tav enfovmv ot eupfovopdoa apyd xat o deintng taboyevntirdmrag (evdo-
PAEPLag xoiynong) 2.12 (intravenous pathogenicity index (IVPI) wov eppaviobyxe petd tov evopaluopd eppovopdpnv SPF
APyDV vTodEVIEL GTL O TOOOUQUOOUEVOS OTOL RUTTOQA Vero L3g SLotonoe ™Y afoyevNTirOTNTA TOU OrOUN %ot LETA atd d€xa
dL6dove. EmmA€ov, ta veupnd CUMTTMORTO ROl OL GLUOQQAYTES OTOV TOGAOPO TV TTTNVAV, TA 0TOTa ROTAANEQY 5 NuéQes netd
Tov evopOaiuond tovg pe P10 100, emiPepaiwoay 6t 0 TQOCAQUOOUEVOS LOG OTO ®UTTOQO Vero 1Tav €vVo VEVQOoTQOTo, OTA-
XVOTQOTO, TAYVYEVES OTEAEYOC.

A&Eerg evgernoiaons: 16¢ Wevdomavdrovg, mpooaouoyn, »itraga Vero
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1. INTRODUCTION

Y 7irus adaptation to a host system is a pre-requisite
W for understanding the virus-induced pathogenesis,
host-pathogen interactions, etc. (Georgieva and Jorda-
nova, 1999). A number of viruses have been adapted
to cultured mammalian cells and targets within cells on
which viruses strike have been identified (Gadaleta et
al., 2002; Nagaleekar et al., 2007). NDV, an avian virus
belongs to the genus Avulavirus in the family
Paramyxoviridae (van Regenmortel et al., 2000). It has
a single stranded negative sense RNA as its genome
(de Leeuw and Peeters, 1999). It causes Newcastle
disease (ND) in birds of various species (Alexander,
1997). Although reports exist regarding NDV
adaptation to Vero cells (Ahamed et al., 2004; Mohan
et al., 2007), the titre of the virus obtained had been
low. In addition, the adaptation to Vero cells was
achieved with the addition of exogenous trypsin. In the
current study, velogenic NDV was adapted to Vero
cells without the addition of exogenous trypsin.
Additionally, the strategies, which resulted in higher
virus titre, have been discussed.

2. MATERIALS AND METHODS

2.1. Vero cell line, culture media, virus

Vero cells were grown in Glasgow’s Modified
Eagle’s Medium (GMEM) supplemented with 10%
fetal bovine serum, penicillin 100U/ml, streptomycin
100ug/ml and HEPES buffer (10mM final concen-
tration) (Duchefa Biocheme, The Netherlands). The
Chicken embryo fibroblasts (CEF)-adapted velogenic
NDYV was used for infecting the Vero cells.

2.2. Virus infection to Vero cells

In the present study, CEF-adapted virus, that has
the MDT of 58 h, ICPI of 1.65, IVPI of 2.15, GenBank
accession N0.AJ249529, was used. The titre of the
virus was 10°° tissue culture infective doses
(TCIDsg)/ml. Vero cells, grown to 80% confluence,
were infected with the above virus and incubated at
37°C. Ten subsequent passages were carried out in
Vero cells using previously passaged virus as source of
inoculum for the next passage. At every passage the
virus inoculum was diluted in maintenance medium
sequentially, 1:2, 1:5, 1:10, 1:20, 1:50, 1:100, 1:200,
1:500, 1:1.000, and 1:2.000, for up to 10 passages to
avoid the defective viral particles. The culture fluids of
each passage were assayed for HA activity.

2.3. Virus titration

Serial 10-fold dilutions of the virus were made in
maintenance medium. Each dilution was used to infect
Vero cells grown in 96 well tissue culture plates. Plate
was sealed and incubated at 37°C. Cells were observed
daily for characteristic cytopathic effect (CPE). The
TCIDsg/ml was calculated at 96 h p.i. as per the method
described by Karber (1931).

2.4. Haemagglutination (HA) and haemagglutination
inhibition (HI) assays

The HA and HI tests were performed as per the
standard protocol recommended by the Office
International des Epizooties (OIE, 2004). Briefly, for
HA test, 2-fold dilutions of the virus in phosphate
buffered saline (PBS, pH 7.2) was incubated with 1 %
chicken erythrocytes for 30 minutes (min) at room
temperature (RT). The reciprocal of the highest
dilution of the virus showing HA was used to calculate
4-HA units of the virus. On the other hand, for HI,
serial 2-fold dilutions of serum were made in PBS and
4-HA units of NDV were added to each dilution. Each
dilution was incubated for 30 min at RT. An equal
volume of 1% chicken erythrocytes diluted in PBS was
added as a test indicator. The HI end-point was read
as the highest dilution of the serum showing the
complete inhibition of HA activity.

2.5. The mean death time (MDT) and intravenous
pathogenicity index (IVPI)

The MDT and IVPI tests were performed as per
the protocol described by OIE (2004)
(http://www.oie.int/eng/normes/mmanual/A 00038.ht).
For MDT, P10 virus was diluted in sterile saline to give
ten fold serial dilutions up to 10°. 0.1 ml of each
dilution was injected into 10 day old embryonated
chicken eggs by allontoic route. Eggs were incubated
at 37°C. Eggs were examined everyday for 7 days. The
minimum lethal dose is the highest dilution of the virus
that causes the death of all the embryos. The mean
death time is the mean time in hours for the minimum
lethal dose to kill all embryos. For IVPL, P10 virus was
diluted 1/10 in sterile saline. 0.1ml of the diluted virus
was injected to 10 six-week old SPF chicken by
intravenous route. They were examined everyday for
up to 10 days. Birds were scored 0 if normal, 1 if sick,
2if paralyzed and 3 if dead. The IVPI is the mean score
per bird per observation over the 10-day period. The
details of IVPI are given in the following table.
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Birds Time interval (h)
24 48 72 96 120 144 168 192 216 240

1 0 0 1 2 3 3 3 3 3 3
2 0 0 1 3 3 3 3 3 3 3
3 0 0 1 3 3 3 3 3 3 3
4 0 0 1 3 3 3 3 3 3 3
5 0 0 0 2 3 3 3 3 3 3
6 0 0 1 3 3 3 3 3 3 3
7 0 0 1 2 3 3 3 3 3 3
8 0 0 0 2 3 3 3 3 3 3
9 0 0 1 2 3 3 8 8 3 3
10 0 0 1 2 3 3 3 3 3 3

2.6. Reverse transcription-polymerase chain reaction
(RT-PCR)

To confirm the Vero-adapted NDV at molecular
level, multiplex RT-PCR was carried out using primers
specific to the ‘HN’ (forward primer 5° GGG GGA
TAG GCA AAG AACTCATT 3’ specifying 401-423
nucleotide position and the reverse primer 5° GTA
TTG GCC GTC GAA CCCTAA C3’ specifying 843-
822 nucleotide position) and B-actin (forward primer
5" GAG AAG CTG TGC TAC GTC GC 3’ and the
reverse primer 5 CCA GAC AGC ACT GTG TTG
GC 3’) genes. The cycling conditions were 35 cycles of
94°C for 30 sec, 54°C for 45 sec and 72°C for 1 min.
The amplification of 443 bp specific for the HN and
275 bp for the f-actin were examined. The cDNA from
the mock-infected Vero and NDV-infected CEF was
used as negative and positive controls, respectively.

3. RESULTS

NDV-infected Vero cells were observed daily for
cytopathic changes. Up to passage 2 (P 2), cell
monolayer was intact with no visible morphological
changes from that of mock-infected cells even at 96 h
p.i. However, at P 3, CPE began to appear after 48 h
p.i. and was complete at 96 h p.i. The CPE was
characterized by rounding of cells, their detachment
from the surface and syncytia formation (figure 1A).
When examined by transmission electron microscopy,
majority of cells were bi-nucleated, a characteristic
feature of cell fusion (figure 1B). Subsequent passages
elicited the consistent CPE after 35-40 h p.i. The
intensity of CPE was increased with time unlike that in
mock-infected cells, in which monolayer was still intact
for a particular incubation period.

To examine if Vero-adapted virus was NDV, HA

analysis of each passaged virus harvest was done. The
HA titre was increased with concomitant increase in
the passage number. At P 10, the HA titre was 1: 64
and was effectively inhibited by NDV specific hyper-
immune serum at the highest dilution of 1:1024. To
examine if the virus titre had increased with increase in
the passage number, the virus titration was carried out
in 96 well flat bottomed tissue culture plates.
TCIDsy/ml were calculated at 96 h p.i. as per the
method described by Karber (1931). At P 5, virus titre
was 10 TCIDsy/ml, 10°*TCIDs/ml at P 8, while at P 10,
the titre was increased to 107" TCIDsy/ml. This finding
suggested that the infectivity of the virus was increased
as it adapted to the microenvironment of the Vero cell.
To confirm the Vero-adapted NDV at molecular level,
multiplex RT-PCR was carried out using primers
specific to the ‘HN’. As expected, PCR product of 443
bp specific for the HN and 275 bp for the f-actin were
amplified from virus-infected cells confirming the
presence of NDV in Vero cells (figure 2A).

Since velogenic NDV was used for infecting the
Vero cells at P 1, P 10 virus harvest was inoculated to
embryonated chicken eggs to verify the retention of
velogenicity. At 60 h post inoculation, all embryos were
found dead. The MDT was found to be 58 h. The
highest dilution of the virus inoculum that caused the
death of the embryos was 1: 10°. In addition, the IVPI
of the adapted virus following inoculation to 6-week
old SPF chicken was 2.12. This suggested that the
velogenicity of NDV remained unaltered even after
ten passages in Vero cells. Further, P10 virus harvest
was inoculated to six birds (white leghorn, Gallus
gallus, six weeks old) intramuscularly at the dose of
10°TCIDs/bird. Birds were observed daily for signs of
the ND. At day 4 post inoculation, birds began to show
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Figure 1A. Photomicrograph of
Vero cells showing the cellular
changes at 48 h p.i.

(a) Mock-infected Vero cells with
intact monolayer.

(b) Vero adapted NDV-infected
cells showing the characteristic CPE.

Figure 1B. Electron micrographs of
Vero cells showing the ultra-
structural changes at 48 h p.i.

(a) Mock-infected Vero cell with a
prominent nucleus, nucleolus and a
normal fibroblastic appearance.

(b) Vero-adapted NDV-infected cell
showing the fused nuclei.

Figure 2A. Detection of NDV in
infected Vero cells by RT-PCR.
Lanes 1: The PCR product from
mock-intected Vero cells (negative
control). 2: The HN amplification
(443 bp) from NDV-infected CEF
cells (positive control). 3: The HN
amplification (443 bp) from NDV-
infected Vero cells (Test).

4: 100 bp DNA ladder. Note that the
f-actin amplification (275 bp) was
used as an internal control.

Figure 2B. Confirmation of
velogenicity of Vero adapted NDV.
The Arrow in photograph shows
haemorrhages in the pro-ventriculus
of chicken.

dullness, tremors, discharge from the nose, greenish
diarrhoea, wing paralysis, lateral recumbency and
finally died on the next day. Postmortem examination
revealed the presence of haemorrhages in the pro-
ventriculus (figure 2B), intestine and caecal tonsils.
Trachea was also blocked with serous fluid. Based on
the postmortem lesions together with above signs, it
was concluded that Vero-adapted NDV was a
neurotropic viscerotropic velogenic strain.
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4. DISCUSSION

In the present study, CEF-adapted velogenic NDV
was adapted to Vero cells. HA, HI, RT-PCR and ino-
culation to experimental chicks were performed to con-
firm the Vero adapted NDV. A variety of viruses have
been adapted to heterologous host systems (Govorkova
et al., 1996; Eash et al., 2004; Nagaleekar et al., 2007).
Although Ahamed et al. (2004) were successful in
adapting the NDV to Vero cells, the titre of the virus at
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P 5 was found to be 10**TCIDsy/ml. In the present
study, the virus titre was 10°*TCIDsy/ml at P 5 and was
increased to 10”"TCIDsg/ml at P 10. During the first two
passages, NDV did not cause CPE, however CPE was
induced from P 3 onwards. This observation was similar
to the observation noted by Ahamed et al. (2004), who
also recorded the appearance of CPE from P 3 onwards
in NDV-infected Vero cells. In the present experiment,
we diluted the virus inoculum at every passage. This
avoided the defective viral particles interfering virus
infection to cells. This was evident from our earlier
experiments that CPE was not produced even at 96 h
p-i., when undiluted virus inoculum was used for
infecting the Vero cells. However, when cells were
infected with the diluted virus inoculum, the onset of
CPE as well as the titre of the virus was gradually
increased with the subsequent passages indicating the
replication of NDV in Vero cells.

The addition of exogenous trypsin had been shown
to promote the cleavage of pro-form of NDV fusion
(Fy) protein to its active forms (F; and F,), thus
promoting the virus entry into cells (Nagai et al., 1976;
Peeters et al., 1999). This particular strategy had been
used for the adaptation of NDV to a heterologous host
system (King, 1993). Since F proteins of velogenic NDV
are cleaved in cultured cells, the addition of exogenous
protease, such as trypsin, is not required. In the current

study, velogenic NDV was adapted to Vero cells without
the addition of exogenous trypsin. The other factors,
such as quick freezing and thawing twice, use of healthy
cells and maintenance of cold chain, were also found to
influence the adaptation of NDV to Vero cells. The
present approaches were similar to the strategies
followed for the adaptation of influenza virus to Vero
cells (Govorkova et al., 1996). Having adapted to a
particular host system the infectivity of the virus for that
system increases, while the virulence might decrease
(Ahamed et al., 2004; Mohan et al., 2007). However, in
the present study, though the infectivity of NDV to Vero
cells had increased (as indicated by the onset of CPE,
increase in HA and virus titres as passage number
increased), the velogenicity was unaltered even after ten
passages in Vero cells, thus suggesting that virus
adaptation to heterologous host depends up on the virus
strain, type of the host etc. The Vero adapted NDV was
used for further studies for elucidating the disease
pathogenesis, designing the antiviral strategies, etc.
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