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Two giant pandas (Ailuropoda melanoleuca) died of
unknown causes in a Chinese zoo. The clinical disease
profile suggested that the pandas may have suffered a
viral infection. Therefore, a series of detection including
virus isolation, electron microscopy, cytobiological assay,
serum neutralization and RT-PCR were used to identify
the virus. It was determined that the isolated virus was a
canine coronavirus (CCV), on the basis of coronavirus,
neutralization by canine anti-CCV serum, and 84.3% to
100% amino acid sequence similarity with CCV. The
results suggest that the affected pandas had been infected
with CCV.
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The giant panda (Ailuropoda melanoleuca) is an
endangered animal that is treasured by humans and strictly
protected by law. Currently, pandas face the threat of
infectious diseases [3,10]. It has been reported that
antibodies against multiple species of viruses such as
canine distemper virus, canine coronavirus (CCV) [3,4].
However, little information is available regarding the
clinical relevance and epidemiology of these pathogens in
giant pandas.

Here we report a strain of CCV isolated from the livers
and spleens of diseased pandas.

In July 1997, three adult giant pandas (two 26 year old
males and one 12 year old female) in Chonggin city in
China, demonstrated roughed hair coats, ataxia, fishy eyed
and blurred vision with mucopurulent conjunctivitis
followed 5 days later with frothy oral discharge with a fetid
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odor. 7 days later, the pandas developed an acute onset of
dyspnea, vomiting, diarrhea with bloody stools, brown
urine and fever. The animals were treated with a com-
bination of cefperazone-sulbactam (80 mg/kg/day for 5
days, IM; Huirui, China) and fluconazole capsules (200 mg
per day for 3 weeks, PO; Lanlin, China). After one month
of treatment, the 26 year old female and the 12 year old
male died with convulsions and other neurologic signs
including repetitive muscle fasciculations, muscle stiffening,
and collapse. The other female slowly recovered.

Upon necropsy, the lungs, liver, and spleen of all
animals had multifocal hemorrhagic foci. Hemorrhage and
edema was present in the intestinal mucosa and mesenteric
lymph nodes. Sections of liver and spleen were aseptically
collected and stored in a 10 mL sterilized glass bottle at
—80°C until used for RNA isolation.

Both of freshly cut surfaces samples of livers and spleens
were cultured for bacteriology and incubated in bovine
liver medium, ordinary bovine broth, bovine liver agar
medium, blood agar medium, and sabouraud glucose agar
medium (Beijing Shuangxuan Microbe Culture Medium
Products Factory, China), respectively, at 37°C.

The frozen tissues were cut into pieces of about 3 mm and
mixed with Hank’s solution containing 10% fetal calf
serum (FCS; Sigma-Aldrich, USA) at aratio of 1 : 10 (w/v)
and homogenized using a Dounce homogenizer (Beijing
Liuyi, China). The homogenates were centrifuged at 3,000
rpm for 30 min, and the supernatant was collected and
mixed with 100 units of penicillin (0.01 mL) and 100 units
of streptomycin (0.01 mL) per ml before 1 mL of the
mixture was covered on the monolayer of Felis catus
whole fetus (FCWF) cells, received from the Military
Veterinary Institute of Quartermaster University of
Chinese People’s Liberation Army. The cultures were
passed once every 3~4 days until a cytopathic effect
(CPE) appeared.

Cells with obvious CPE were collected and diluted with



262 Feng-Shan Gao ef al.

10 volumes of Hank’s solution containing 10% FCS,
followed by centrifugation at 3,000 rpm for 10 min to
remove large cell debris and at 8,000 rpm for 10 min to
remove other particles. The supernatant was subjected to
negative-staining as described by Nermut [6] and observed
under an electron microscope (TEM, JME-100EA III;
JEOL, Japan). Additionally, ultrathin sectioning of cultured
cells was used to examine inclusion bodies with reference
to a previously described method [8].

The neutralization titre of the isolated virus was
determined in FCWF cells and the 50% tissue culture
infective dose (TCIDso) was calculated using the method
of Reed-Muench [1]. The neutralization test was
performed as previously described [7]. Briefly, FCWF
cells were grown in 96-well flat-bottomed plates until a
monolayer of cells formed. Two-fold dilutions of anti-
CCV positive or negative serum were added and incubated
at 37°C for 30 min followed by addition with 100 TCIDs
of the virus to each well. The neutralization titer is reported
as a logarithm of the highest dilution of serum that could
neutralize 100 TCIDs of the virus.

Total RNA was extracted from the giant pandas’ spleens,
infected and non-infected FCWF cells (as positive and
negative controls) using the TRizol Reagents kit (Invi-
trogen, USA) per the manufacturer’s recommendations
and the RNA samples were stored at —80°C until use. The
extracted total RNA was reverse transcribed to cDNA
using avian myeloblastosis virus reverse transcriptase
(TaKaRa, Japan) and oligo (dT) primers per the manu-
facturer’s recommendation. The PCR detection was
processed according to Naylor et al. [5]. who described a
nested PCR methods to identify a CCV. The PCR product
was cloned into pPGEM-T Easy Vector (Promega, USA) per
the manufacturer’s recommendations and then sequenced.
The sequence was analyzed by GENETYX version 9.0
computer software (Software Development, Japan) and
DNAMAN version 4.0 (Lynnon BioSoft, Canada).

Bacteriology failed to grow organisms in cultures
inoculated with liver and spleen after 48 h culture.

Fig. 1. Isolation and culture of giant panda virus (GPV) in Felis
catus whole fetus (FCWF) cell line. (A) Uninfected FCWF cells;
(B) FCWF cells inoculated with 10,000 TCIDsy GPV. The arrows
indicate cells with cytopathic effect, which became round and
detatch from the bottom of the culture flask. x400.

Cell cultures displayed CPE after 10 passages. Cell
fusions could also be observed when comparing infected
cultures with negative controls (Figs. 1A and B). The
isolated virus was named as giant panda virus (GPV).

To visualize the virus, the culture supernatants were
examined under an electron microscope post negative-
staining. As shown in Fig. 2A, coronavirus-like viral
particles were clearly seen in the supernatant of samples.
The ultrathin sections also showed multiple inclusion
bodies within the cytoplasm of FCWF cells. Within
inclusion bodies some virions had an electron-lucent
center, with the nucleocapsid juxtaposed to the envelope,
while others were relatively dark when the nucleocapsid
was present throughout the particle (Fig. 2B).

A TCIDso of GPV was calculated as 10°”/mL according
to Reed-Muench’s method [1]. The viral activity of GPV
could be neutralized with CCV positive serum from dogs.
The mean neutralization titer was 2.18, but when using the
CCV negative serum, the neutralization titer was 0.3. This
observation demonstrates that the activity of GPV could be
specifically neutralized by CCV-positive serum but not by
CCV-negative serum.

The virus was further analyzed at the molecular level
using RT-PCR. After RT-PCR a 514 bp fragment was
amplified from tissues and infected FCWF cells, while
PCR for non-infected FCWF cells yielded no results. By
sequencing and analysis, the sequences from tissues and
infected FCWF cells showed 100% nucleotide identity. As
shown in Fig. 3A, the amino acid sequence of the amplified
GPV S gene was 98.7% identical to the S protein of CCV
K378. In addition, the sequence of the GPV S gene was
also 84.3% to 100% identical to the other strains of CCV,
including CCV1-71 (AF116246), CCV6 (A22882), CCV
C54 (A22886), CCV INSAVC (D13096), UWSMN- 1
(AF327928), CCV TN449 (AF116245), and CCV5821
(ABO017789) (Fig. 3B).

The pandas in this case study did not respond to
anti-bacterial or anti-fungal therapy. However, the clinical

Fig. 2. Detection of GPV under electron microscopy. (A)
Detection of GPV particles in culture supernatant by negative
staining. The arrows indicate the corona spikes of the GPV
particles. (B) Detection of inclusion bodies of GPV in FCWF
cells by ultrathin section. The white arrow indicates the cytoblast
of an infected FCWF cell. The black arrow indicates the
inclusion bodies of GPV in the cytoplasm of cells. Scale bars =
200 nm.
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A

[98.750% / 160 aa]

GPY 1 HVHG DPVSIIIVIS

B

K378 61" TEVUYNCSRS ATTTAYKDFS NIHAFYFDME AMENSTGNAR GKPLLVHVHG DPVSIIIYIS
107

GPY  15' AYRDDVQGRP LLKHGLLCIT KNKIIDYNTF TSAQUSAICL GDDRKIPFSV IPTDNGTKIF

TEXEXXE TF KETXRAXAXS AXXXTXXNELS AXXAXNRLXNE SXXXXXXNXLES AXXXXNAERARN

K378 121" AYRDDVQPRP LLKHGLLCIT KNKIIDYNTF TSAQWSAICL GDDRKIPFSV IPTDNGTKIF

GPV 75' GLEWNDDYVT AYISDRSHHL NINNNWFNNV TILYSRSSTA TWQKSAAYVY QGVSNFTYYK

FEXXTXXNAES KAXKXRXAERAS FAXKERAXNLS AXXFAXNES X FAXXEXXAXEST AXXRAATEARN

K378 181" GLEWNDDYVT AYISDRSHHL NINNNUFNNV TILYSRSSSA TUQKSAAYVY QGVSNFTYYK

GPY  135' LNNTNGLKSY ELCEDYEYCT GYATNV
FRRRTRRTET TRRRTTTTET ARRRAT
K378 241" LNNTNGLKSY ELCEDYEYCT GYATNVFAPT VGGYIPHGFS FNNUFMRTNS STFVSGRFVT
266

GPV GPV
CCV1-71 100.0% CCV1-71
CCV-K378 98. 7% 98.7% CCV-K378

CCV-6 94.8% 94.8% 94.1% CCV-6

CCV-C54 90.6% 90.6% 90.0% 86.3% CCV-C54

CCV-INSAVC 87.5% 87.5% 86.9% 83.0% 90.6% CCV-INSAVC

UMWSHMN-1 86.2% 86.2% 84.9% 851.4% 84.9% 8l.6% UMUSMN-1
CCVTN449 85.0% 85.0% 84.4% 79.7% 80.6% 80.0% 80.9% CCVIN449

CCVs82l 84.3% 84.3% 83.6% 80.3% 8l.1% 80.5% 80.8% 95.6% CCVs821

Fig. 3. Analysis of GPV based on gene sequencing. (A)
Comparison of amino acid sequences of S gene product from
GPV by nested PCR assay with that of the S gene of canine
coronavirus (CCV) K378 (X77047). The asterisk indicates
conserved amino acids between GPV and CCV K378; the dot
indicates synonymous mutations of amino acids between GPV
and CCV K378; the blanks indicate mutant amino acids between
GPV to CCV K378; the number after the virus’ name corre-
sponds to the amino acid position in the S gene. (B) Percentage of
amino acid identity between the partial S gene of GPV and CCV.

course of their disease suggested pathology caused by an
infectious organism. Multifocal hemorrhagic foci on
tissues including intestine, lung, liver and spleen indicated
the organism could induce viremia while severe
endosmotic lesions on hepatic lobules and micronodular
proliferation of lymphoid cells implied that the organism
might propagate in the cells. All of the findings were
consistent with a viral disease process. In addition,
coronavirus-like viral particles in supernatant from
negative-staining spleen and liver tissues were seen under
the electron microscope. Therefore, isolation and
identification of a potential viral pathogen was pursued.
Canine coronavirus was first isolated from a case of
canine enteritis during an epizootic in Germany in 1971.
Later, Woods and Wesley [9] reported that CCV could
infect neonatal pigs and even older pigs. In addition,
Mainka et al. [4] detected antibodies to CCV from captive
pandas by neutralization assay. However to date, there
have been no published reports of CCV infection in
pandas. In this study, we isolated a strain of CCV from two
giant pandas, which suggests that pandas can be infected
with CCV. To isolate the virus, two inoculation methods
including simultaneous inoculation and monolayer-culture
inoculation were tried and a coronavirus was successfully

isolated. The electron microscopy results provided further
evidence that GPV might be a coronavirus-like virus as did
the virus neutralization assay.

Next, the GPV sequence was analyzed to further
characterize the virus. The results indicated that the amino
acid sequence of GPV shared a high identity with other
CCV. GPV was most closely related to CCV 1 ~71 (100%
amino acid sequence identity) which was reported as
non-fatal to dogs, but may cause a more virulent form of
disease in other species [2].

Further characterization of the GPV gene, such as cloning
of the entire S gene or other viral structure, may provide
additional information on the virus.
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