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Abstract 
The aim of the present study was to assess the immune response and safety of a 
commercially available rabies virus vaccine in the giant panda. Serum antibody titers 
were measured and recorded during a one-year period post-vaccination. We injected 
13 giant pandas with inactivated adjuvant vaccine against the rabies virus produced by 
NOBIVAC of Netherlands, followed by blood collection for serologic response. 
Rabies antibody titers were measured over a period of 12 months using the fluorescent 
antibody virus neutralization (FAVN) test. No adverse reactions were observed. 
Furthermore, the vaccine was able to elicit a strong immune reaction from recipients of 
adult groups, and maintain an adequate level of antibody titers for the duration of at 
least one year.  Panda cubs received vaccines for the first time were 50% (2/4), 
developed an antibody response post-vaccination. We concluded that this vaccine is 
safe and effective for use in the giant panda, providing strong protection against 
exposure to rabies. 
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 Introduction 
 Rabies is caused by neurotropic viruses of the 
genus Lyssavirus belong to the family Rhabdoviridae, 
and is transmissible to all mammals. Infections due to 
rabies have been described in numerous species of 
exotic felids, both in the wild and in captivity (Sillero et 
al., 1996; Rupprecht et al., 1998; Dennis et al., 1999; 
Haydon et al., 2002; Wack, 2003; Ellen et al., 2014; 
Aham et al., 2015). Serologic studies have also shown 

that rabies may pose a serious threat to wild and captive 
felid populations, like Namibian cheetahs (Munson et 
al., 2004), African lions (Packer et al., 1999), African 
wild dogs (Gascoyne et al., 1993; Vial et al., 2006) and 
laboratory dogs (Minke et al., 2009). Rabies is a 
zoonotic infectious disease of viral origin that causes 
distress of the central nervous system. Clinical signs in 
animals include erratic temperament and behaviour, 
irrational fever and anxiety, excess salivation, and 
pharyngetl muscle spasms. Death is caused by an 
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eventual paralysis of all functional organs and systems. 
Rabies is an epidemic with a high mortality of almost 
100%. As no clinical sign or gross post-mortem lesion 
can be considered pathognomonic in domestic or wild 
animals, the diagnosis of rabies has to rely on 
laboratory testing. Ahmad ea al. (2015) investigated the 
histopathological, immunohistochemical and molecular 
diagnosis of rabies in randomly selected ruminant’s 
brain tissue found the rabies positive in goat and 
buffalo brain and suggested proper awareness, reliable 
prophylactic measures and diagnostic methods prevent 
the concurrent spread of the rabies virus in humans and 
animals. Surprisingly, the epidemiology of rabies has 
not been documented in the giant panda due to few 
reported cases; however, due to severity of disease once 
infected, protective measures such as vaccination 
should be taken for disease control and prevention. 

Vaccinations against common infectious diseases 
such as rabies and canine distemper virus have been 
proven effective and have been widely used for many 
years. However, due to the scarcity of the giant panda 
population, there are a limited number of studies that 
document and report the changes in the serum antibody 
titer following exposure to vaccinations in this species. 
In addition, in and out of China, the used vaccines are 
different in their origin, country of production, quality, 
and other properties. Currently, there is no giant panda-
specific vaccination against the rabies virus. A number 
of zoos in China currently use an attenuated polyvalent 
canine rabies vaccine produced in China to vaccinate 
resident giant pandas. However, its effectiveness, the 
elicited antibody response, and the vaccination schedule 
have yet to be proven appropriate.  

NOBIVAC® Rabies is a commercially available 
inactivated rabies vaccine for dogs and cats, and it is 
commonly used in zoos with other wildlife. 
NOBIVAC® Rabies was used in this study. We aim to 
assess the effectiveness of rabies vaccination in the 
giant panda by administering the vaccine and taking 
routine measurements of serum antibody levels. To our 
knowledge, no similar studies examining the changes in 
systemic antibody titers following rabies vaccination in 
the giant panda have been published in the veterinary 
literature. Our results will help us to understand the 
effectiveness of the rabies vaccine, as well as guide us 
to formulate an appropriate vaccination program for the 
giant panda. 
 Materials and Methods 
 
Vaccine and animals 

The vaccine used in this study is an inactivated 
adjuvant vaccine against rabies virus produced by 
Nobivac of Netherlands, which is for dogs and cats. 
This vaccine contains ≥ 2 IU of the rabies virus strain 
RIV (Pasteur Institute) per vaccine dose. NOBIVAC® 

Rabies (Batch No: A158A01) was administered to all 
the giant pandas in this study. 

All of the giant pandas were housed at the Chengdu 
Research Base of Giant Panda Breeding (CRBGPB).  
CRBGP classifies giant pandas by the following age 
groups as described by Zhang and Wei (2006): cubs 
(0.5-2 years); sub adults (2-4 years); adults (4-20 
years); senior (> 20 years). For this study, only cubs 
and adults were used. The giant pandas were 
provisioned with bamboo, bamboo shoots, apples, 
panda bred like supplement produced at the CRBGPB. 
All the giant pandas in this study were presumed 
healthy and routine parasite control was administered 
monthly with 0.2 mg/kg give orally, Ivomec® 
(MERIAL, INC, Waaederweg 39, Haarlem, 
Netherland). NOBIVAC® Rabies was given as a yearly 
vaccination via subcutaneous injection, one vial per 
dose. 
 
Blood collection 

Blood samples were collected from the basilica 
vein of the right or left arm using a 22 mm-gauge 
needle and a vacuum blood collection tube. Pandas 1.5 
years and up were trained to place their arms in a metal 
sleeve and allowed blood to be collected voluntarily for 
food rewards without anesthesia. Pandas which were 
younger than 1.5 years old were not yet trained, for this 
reason, blood was taken when they were restrained by 
keepers, from the basilica vein of the right or left arm. 
In this study, blood was collected prior to vaccine 
administration, one month, three months, six months, 
nine months, and one year post vaccination. The serum 
was separated by centrifugation at 1500 rpm for 15 min. 
The serum was labeled and stored in polypropylene 
tubes at -80°C until later analysis. 
 
Serologic analyses 

Rabies antibodies titers were measured following 
administration of the rabies vaccine by fluorescent virus 
antibody neutralization (FAVN) (Cliquet et al., 1998) 
test which is recommended by the Office International 
Des Epizooties (OIE) as the highest standard. The 
minimum measurable antibody titer considered to 
represent a level of immunity in humans that correlates 
with the ability to protect against rabies infection is 0.5 
IU per mL of rabies antibodies. Serum antibody level of 
these samples was measured by OIE Reference 
Laboratory for Rabies in China. 
 Results  
 

Thirteen giant pandas were used for this study 
(four cubs, nine adults) and 78 samples of serum were 
obtained in total. In the months preceding the study, no 
pandas showed symptoms for any serious disease. 
Changes in serum antibody titer against rabies post
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Table 1: Changes in serum antibody titers against rabies post-vaccination 
No. Sex Age 

(year) 
Group Titer pre-vaccination 

(IU/ml) 
Titer level at time (days) after vaccination (IU/ml) 

     14 day 30 day 90 day 180 day 270 day 330 day 
1 F 20 Adult 1.50 3.42 3.42 5.92 1.97 1.5 0.87 
2 F 6 Adult 0.50 1.14 7.79 1.92 0.87 1.14 0.29 
3 M 6 Adult 0.87 - 0.87 0.22 0.50 0.38 0.29 
4 F 6 Adult 0.07 - 5.92 - 0.22 0.07 0.10 
5 M 6 Adult - 1.97 0.87 - 0.29 0.22 0.22 
6 F 8 Adult 0.50 7.79 5.92 1.14 1.97 0.87 0.50 
7 M 9 Adult 1.50 2.60 2.60 1.50 1.97 0.66 0.66 
8 F 11 Adult 0.07 4.50 3.42 0.07 - 0.06 0.10 
9 M 13 Adult 0.50 0.87 0.87 - 0.38 0.29 0.29 
10 M 1 Young 0.01 0.66 - - 0.10 0.06 0.17 
11 M 1 Young 0.17 0.22 0.38 0.22 - - 0.17 
12 M 1 Young 0.02 0.22 - 0.10 0.17 0.10 0.10 
13 M 1 Young 0.03 0.50 - 0.50 0.10 0.13 0.06 

 vaccination were shown in Table 1. Rabies titers of 0.5 
U/ml or greater were considered protective. For the 
adults, 66.6% (6/9) of the pandas sampled had existing 
antibodies against the rabies virus even before vaccination 
at  0.5 IU/ml, and the vaccine was able to stimulate a 
protective immune response in all the adult pandas (9/9). 
Only 50% of the cubs (2/4), developed an antibody 
response post-vaccination. 
 Discussion 
 

Cubs that have not been previously exposed to the 
rabies vaccine showed an incomplete protective antibody 
titer against the rabies virus prior to the vaccination event 
(< 0.50 IU/ml). Only 50% of them (2/4), developed an 
antibody response post-vaccination, and both of them 
achieved a level of at least 0.50 IU/ml at two weeks post-
vaccination. However, due to unexpected circumstances, 
we were unable to collect whole blood from the cubs at 
the four-week mark to complete our data. As mentioned, 
the panda cubs were not yet trained for voluntary blood 
collection, for this reason, blood was taken when they 
were restrained, which was not always possible and led to 
several missed samples. Only half of the cubs mounted an 
appropriate antibody response with the peak antibody 
concentration occurring at two-weeks post-vaccination 
and decreasing thereafter. Even at the highest 
concentration their levels were barely above the threshold 
level required for adequate protection of 0.50 IU/ml. 
When a panda first encounters a vaccine, it begins to 
mount an immune response for the first time toward the 
inoculated antigen. These antibodies produced tend to 
have a weak level of protection and short half-life. At the 
second vaccination event, the immune system is 
stimulated once more to the antigen, producing antibodies 
in higher concentrations and with longer half-lives. Thus, 
panda cubs that receive the vaccine for the first time 
cannot mount an adequate antibody response due to the 
young age as well as their immature immune system. As 

these pandas grow older their immune systems will begin 
to mature as well. A similar phenomenon was observed in 
cattle by Reis et al. (2009 & 2013). These results suggest 
that an optimized vaccination plan be formulated or 
administer panda cubs with a booster dose of vaccine. 

Of the adult pandas sampled, 66.6% (6/9) had 
existing antibodies against the rabies virus even before 
vaccination at  0.5 IU/ml, indicating that these pandas 
had most likely been previously vaccinated against rabies 
virus and the antibody has not yet dropped below 
detectable levels. It is reported that antirabies titer were 
detectable in horses at the initial sampling time (Muirhetd 
et al., 2008). In addition, on day 30, all of the adult 
pandas (9/9) presented an increase in antibodies with 
titers superior to the threshold of protection (0.5 IU/ml). 
Looking at the trend of the rise and fall in serum antibody 
concentrations, it can be speculated that the increase in 
antibodies is seen between two weeks and three months 
post-vaccination. From three months to nine months post-
vaccination antibody levels begin to decline, and by 
eleven months the serum antibody titer have returned to 
pre-vaccination levels or even lower. In a few pandas 
antibody titer provided protection against rabies at twelve 
months after vaccine exposure. This suggests that 
antibody titer in mature pandas are maintained in 
circulation for longer than those in immature ones and can 
provide protection for about one year. Therefore, for most 
giant pandas, vaccination against rabies virus can be 
conducted yearly to maintain protective levels of antibody 
titers in circulating serum at all times. 

Louise et al. (2011) investigated factors associated 
with reaching the internationally accepted threshold 
antibody titre of 0.5 IU/ml following rabies vaccination in 
dogs. Two kinds of rabies vaccine were evaluated in their 
study and one is NOBIVAC ® Rabies Vet which is the 
same vaccine used in our study. The results showed that 
dogs vaccinated at an age less than six months or over 
five years of age had a higher failure rate than dogs 
between six months and five years. This is in concordance 
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with the findings of our study, the cubs had a higher 
failure than the adults. Mansfield et al. (2004) and 
Kennedy et al. (2007) also showed a higher risk of lower 
antibody titres with increasing age as well as for dogs less 
than one year of age compared to adults. Muirhead et al. 
(2008) evaluated the effect of age on the specific systemic 
antibody response after rabies and influenza vaccination 
in healthy horses, and the results showed that there was 
no significant difference in the antirabies neutralizing 
antibody titer response between the older and younger 
horses, the antirabies titer generated by both the younger 
and older horses were generally low. The older horses had 
a significantly reduced anamnestic response to influenza 
vaccine, this potentially could result in a reduced capacity 
of the elderly to respond to a novel pathogen compared 
with younger subjects (Cossarizza et al., 1997; Rocha et al., 
1992; Ginaldi et al., 1999; Castle et al., 2000). In our study, 
there was no old age group so we do not know the effect of 
age on the antibody response, it is difficult to get blood 
samples continuously from the older giant pandas. Further 
studies should be conducted to elucidate the effectiveness 
of NOBIVAC ® Rabies in the older giant pandas.  

 
Conclusions 

In the thirteen pandas that received the rabies 
vaccines produced by Nobivac, Netherlands, no adverse 
reactions to the vaccine were seen within one year post-
vaccination. The NOBIVAC ® Rabies vaccine induced a 
serologic response in all of the pandas in our study from 
day 14 except for two cubs. The titers are considered 
protective, in accordance with the recommendations of 
the World Health Organization (titer  0.5 IU/ml) (WHO, 
2004). Antibody response is much more strongly elicited 
in adult pandas and maintained a protective level in 
circulation for a year. Therefore, we conclude that the 
vaccine is appropriate for use in giant pandas, and annual 
vaccination of giant pandas against the rabies virus using 
the killed vaccine produced by NOBIVAC is safe and 
recommended.  
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