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Abstract | African wild dog (Lycaon pictus pictus) is an endangered species and captive populations
are important for conservation. Canine distemper virus (CDV') and canine parvovirus (CPV) are two
infections threatening the survival of this species. Based on a limited number of animals, live attenu-
ated vaccines have been suggested to provide protective immunity in the African wild dog; however,
their use has been hampered by the fear of vaccine-induced disease. Kolmarden Wildlife Park in
Sweden has used a live attenuated vaccine without any apparent cases of vaccine-induced disease,
but no studies to evaluate immune response after vaccination have been performed. The objective of
this study was to gain more knowledge about immune response following vaccination of the African
wild dog, in order to improve husbandry in zoos and help wildlife conservation. In total, 146 serum
samples from 47 individuals were analyzed. Serum neutralization test was used to determine presence
of CDV antibodies, and an indirect IgG ELISA was used to detect CPV antibodies. Neutralizing
antibodies was induced after CDV vaccination and persisted up to 3.9 years. Most animals had high
IgG antibody titers to CPV prior to vaccination and vaccination did not result in increased titers. A
decline in CPV antibody titer with increasing age was observed regardless of immunization status.
Our results suggest that vaccination of African wild dogs with a live attenuated domestic dog vaccine
may provide adequate protection against CDV, and could therefore be an important tool for the con-

servation of this endangered species.
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Introduction in the wild (McNutt et al., 2012). Hence, the species
is listed by the International Union for Conservation

frican wild dog (Lycaon pictus pictus) is a member ~of Nature (IUCN) as endangered and with a popula-

of the Canidae family. Current estimates suggest tion decline (IUCN, 2012). The greatest threats to the

that there are only 3000-5500 African wild dogs left African wild dog are conflicts with humans and infec-
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tious diseases, such as canine distemper virus (CDV)
and canine parvovirus (CPV) (McNutt et al., 2012).
There are over 500 wild dogs in zoos worldwide and
the captive population is important for the conserva-
tion of this endangered species.

CDV is an RNA-virus of the genus Morbillivirus and
tamily Paramyxoviridae (Greene and Appel, 2006). A
wide range of mammals is considered to be suscep-
tible to CDV infection (Appel and Summers, 1995;
Philippa, 2010), but canids are the main host and
believed to act as a reservoir for infection in wildlife
(Cleaveland et al., 2000). Several outbreaks of canine
distemper have been documented in African wild
dogs; for example, in 2007 in Serengeti National Park,
several animals in a pack died after showing signs of
ataxia, weakness, dehydration and diarrhea (Goller et
al., 2010). CDV-infection was confirmed by immu-
nohistochemistry, and RT-PCR provided the first
molecular characterization of CDV in free-ranging
African wild dogs. Subclinical infections of CDV
based on serological studies have also been suggested

(Goller et al., 2010).

CPV is a DNA-virus of the family Parvoviridae,
most likely causing natural infection in all species
within the Canidae family (McCaw and Hoskins,
2006). Exotic animals show similar clinical signs as
domestic dogs, including acute deaths, hemorrhagic
gastroenteritis, dehydration, anorexia and vomiting
(Wallach and Boever, 1983). A correlation between
smaller pack sizes and increased CPV antibody titers
in African wild dogs was observed in a game reserve
in Tanzania, probably due to increased pup mortality

during the time the pups were still in the den (Creel
et al., 1997).

An effective way to protect domestic dogs against
CDV and CPV infections is to vaccinate (Greene
and Schultz, 2006). Currently available commer-
cial vaccines are either killed or live attenuated and
can include strains of both viruses, among others.
Killed vaccines do not give adequate protection in
wild canids (van de Bildt et al., 2002; van Heerden
et al., 2002), but studies of live attenuated vaccines,
using limited number of animals, reported increas-
ing antibody titers (Spencer and Burroughs, 1992;
van Heerden et al., 2002), which correlates well with
protection against disease in domestic dogs (Schultz,
2006). The concerns of vaccine-induced disease have,
however, limited the use of live vaccines in captive en-

dangered canines (Appel and Summers, 1995; Loots
et al., 2016; McCormick, 1983; van Heerden et al.,,
1989).

'The aim of this study was therefore to investigate ef-
tects of vaccination with a commercial live attenuat-
ed vaccine on the development of antibody titers to

CDV and CPV.
Materials and Methods

Animals and sampling

Kolmarden Wildlife Park (Kolmérden, Sweden) has
kept African wild dogs during the period 2001 and
2014, and in 2003 breeding animals were moved to
Kolmarden from various zoos in Europe. The animals
live in a pack of approximately 12 individuals. An al-
pha couple has had one litter of 8-12 puppies per year
since 2005. Routine monitoring of disease and clini-
cal signs of infectious diseases was performed. Blood
samples were drawn when the animals were immobi-
lized for other reasons and collected over several years
(2001-2012). Serum samples were therefore collected
at different ages, at different times since vaccination,
and not all animals were sampled before vaccination.
Samples were centrifuged as soon as possible after
collection and stored at -24°C. Serum samples of suf-
ficient quantities (>0.25 ml) and belonging to individ-
uals with complete medical records, were analyzed for
the presence of antibodies against CDV and CPV, as
described below. In total, there were 146 serum sam-
ples from 47 individuals and the sample distribution
per year was as follows: 2001 (n=7), 2002 (n=1), 2003
(n=7), 2004 (n=13), 2005 (n=0), 2006 (n=10), 2007
(n=11), 2008 (n=42), 2009 (n=14), 2010 (n=6), 2011
(n=32) and 2012 (n=3).

Vaccine and vaccinations

A commercial domestic dog vaccine (Nobivac DHP
Live vet., Intervet, Sollentuna, Sweden) containing
freeze-dried, living, avirulent strains of CDV (210*
TCIDS50 per dose of the Onderstepoort strain), CPV
(2107 TCIDS50 per dose of strain 154) and adenovirus
(CAV2) (210* TCID50 per dose of the Manhattan
LPV3 strain) were used. The vaccine was adminis-
tered subcutaneously using the same dose regardless
of age and size of the animal. Animals were vacci-
nated (n=41) when immobilized for other reasons
with no routines for revaccination. Some animals
were never vaccinated. Of the 11 animals moved to

Kolmairden Wildlife Park, 8 animals had unknown
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vaccination status, 1 animal had been vaccinated with
an ISCOM -based vaccine (De Vries et al., 1988) and

2 had not been vaccinated.

Serum neutralization test for detection of CDV antibodlies
Serum neutralization test (SN) is considered to be the
gold standard for CDV antibody detection (Greene
and Schultz, 2006). Heat inactivated (+56°C for 30
minutes) serum samples were titrated in 2-fold di-
lutions from 1:4 to 1:256 in Eagle’s minimal essen-
tial medium (EMEM, National Veterinary Institute,
Uppsala, Sweden) on a 96-well microtiter plate. Each
titration was performed in duplicate. To each well, 100
TCIDS50 of CDV (Bussel strain) were added. After an
incubation of 60 minutes at +37°C and 5% CO,, Vero
cells and EMEM were added to the wells. The plates
were then incubated as above for an average of 4 days.
Each test serum had a control well without virus to
check that the serum itself did not cause cytopatho-
genic effects (CPE). On a separate control plate, virus
dilution, cells, and a positive control were confirmed.

'The plates were checked for CPE daily. All wells with
CPE were counted as virus infected, and therefore
without antibody protection. The final reading time
(on average 4 days) was when all wells with virus ti-
tration 107 on the control plate displayed CPE. The
plates were checked at least one additional day after
the final reading to verify that no additional CPE had

occurred.

ELISA (enzyme-linked immunosorbent assay) for the
detection of CPV antibodies

For detection of CPV antibodies an indirect IgG
ELISA was used, and samples were analyzed by the
European Veterinary Laboratories (EVL, Woerden,
'The Netherlands) according to their standard proce-
dures. Briefly, test sera were diluted 3-fold from 1:50
to 1:1350. An HRP-conjugated antibody directed
against domestic dog IgG was used for detection of

IgG bound to the CPV-antigen.

Statistical analyses

The effect of age at sampling on the titer of CPV anti-
bodies was investigated with a linear mixed regression
model, with animal included as a random effect to ac-
count for the repeated observations for some animals.
'The possibility of a curvilinear association was investi-
gated by introducing a quadratic term and of different
effects between home-born and immigrant individ-
uals by introducing an interaction term between age

and “source”. The residuals were investigated and were
found to be approximately normally distributed.

Results

Routine monitoring of disease and clinical signs of infec-
tious diseases

No disease outbreaks or direct signs of infectious dis-
eases in the pack were recorded, indicating that no
cases of vaccine-induced disease in the 41 animals
vaccinated with the live attenuated vaccine have oc-
curred during the observation period (2001 — 2014).
Several pups in the 2006 litter were euthanized due
to fractures proven to be related to calcium deficient

feed.

Neutralizing antibodies to CDV

Titers before and after vaccination, for animals with
both samples drawn (n=28), are shown in Table 1 (for
all animals, see Supplementary Table 1). All animals
but one developed neutralizing antibodies to CDV,
and had a 4-fold increase in titer indicating a serocon-
version following vaccination (Coyne, 2000; Tizard,
2009). None of the animals had neutralizing antibody
titers > 20 before vaccination, and for all samples where
there was an indication of neutralizing antibodies pri-
or to vaccination, the results could have been affected
due to bacterial contamination (Table 1).

The youngest pups were 73 days old at vaccination
(n=7). These vaccinations resulted in induction of
neutralizing antibody titers (titer < 20 pre-vaccina-
tion and > 256 post-vaccination). The dam of these
pups did not have antibody titers > 20 at the time of
parturition and suckling, and she was not vaccinat-
ed until 6 months after parturition. Nine pups from
another litter were vaccinated at 80 days of age and
eight of them also developed neutralizing antibody
titers (range: 178 - 2256, mean: 246). Animals vacci-
nated under 120 days of age did not have significantly
shorter durations of antibody titers > 20 compared to
animals vaccinated at an age over 120 days (Figure 1).

Eighteen individuals were vaccinated at least twice
and their blood sampled after each vaccination. If the
first vaccination induced neutralizing antibody titers
> 20, there was no detectable increase in titers after
the second vaccination. However, if the first vaccina-
tion did not result in seroconversion (individual 25), a
revaccination (924 days later) resulted in an increased
titer.
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Table 1: Antibody titers to canine distemper virus (CDV)
in African wild dogs at pre- and post-vaccination using a
serum neutralization test (SNT).
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1 <4 456 > 256 156
2 <4 864 > 256 434
3 6* 73 > 256 80
4 4 73 > 256 80
5 11* 73 > 256 80
6 < 4* 73 > 256 80
7 <4 864 > 256 521
9 <4 80 > 256 407
10 <4 77 > 256 349
11 <4 77 > 256 349
13 <4 80 178 924
16 <4 858 > 256 199
17 <4 858 256 199
19 <4 80 > 256 23
20 <4 458 > 256 290
24 <4 77 > 256 349
25 <4 80 <4 407
27 <4 80 > 256 924
28 <4 80 > 256 924
29 <4 80 > 256 924
30 <4 80 > 256 924
31 <4 80 > 256 924
32 <4 458 > 256 553
35 <4 858 > 256 1066
36 <4 77 > 256 349
37 6" 73 > 256 80
38 & 73 > 256 80
39 & 73 > 256 80

All animals included were sampled at the same day as being vacci-
nated (pre-vaccination titer). The sample collected closest in time to
vaccination was used to indicate post-vaccination titer. * indicates
serum samples that could have affected the SN'T due to bacterial con-
famination.

The duration of neutralizing titers > 20 was up to
3.9 years (n=11, mean: 1107 days, range: 1066 —
1434 days). No blood samples longer than 3.9 years
post-vaccination were available, hence it cannot be
excluded that the duration of neutralizing titers > 20
is even longer.
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Figure 1: Duration of antibody titres to canine distemper
virus (CDV) depending on age at time of vaccination.
Unfilled boxes are individuals vaccinated <120 days of
age, and filled boxes are individuals vaccinated >120 days
of age. Titres 2 1:256 are quoted as 257.
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Figure 2: Antibody titres (y-axis) to canine parvovirus
(CPV) at different ages in days (x-axis).

Antibodies to CPV

In contrast to CDV, where no or very low neutral-
izing antibody titers were detected prior to vaccina-
tion, high antibody titers to CPV were detected in the
sera of most animals before vaccination (61 samples
from 44 individuals, mean: 1:1900, range 1:6-1:3200).
Young individuals (53 samples, age: <1500 days,
range: 1:6-1:3200) generally had higher titers than
older individuals (8 samples, age: >1500 days, range:
1:386-1:1825). In 13 of 26 vaccinated animals, the
CPV antibody titer increased after vaccination (mean
increase in titer: 101%, range: 39-233%), whereas 5
animals had decreased titers (mean decrease in titer:

35%, range: 31-49%; Table 2). Eight of the vaccinated
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animals did not have any substantial changes in CPV
antibody titers. No animal had a fourfold increase in
titer after vaccination, indicating that no serocon-
version had taken place despite vaccination (Coyne,

2000; Tizard, 2009).

Table 2: Antibody titres to canine parvovirus in Af-

rican wild dogf at pre- and post-vaccination using an

IeG-ELISA.
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2 1257 864 2029 434
3 718 73 1301 80
4 1050 73 1634 80
5 671 73 2236 80
6 1560 73 2212 80
7 1663 864 1155 521
9 1525 80 2115 407
10 573 77 1900 349
11 1052 77 720 349
13 802 80 726 924
16 1341 858 1423 199
17 1268 858 1243 199
19 1708 80 1684 23
24 776 77 1623 349
25 1125 80 1046 407
27 1862 80 1771 924
28 2016 80 1379 924
29 1776 80 1797 924
30 2776 80 2462 924
31 2421 80 1242 924
32 1736 458 1149 553
35 991 858 1434 1066
36 950 77 1365 349
37 707 73 2186 80
38 1225 73 2342 80
39 1597 73 2815 80

All animals included were sampled at the same day as being vacci-
nated (pre-vaccination titer). Only individuals born at Kolmdrden
Wildlife Park are included in the table. The sample collected closest in
time to vaccination was used to indicate post-vaccination tifer.

Since vaccination did not affect the serum antibody
levels, statistical analysis was performed to determine
if difference in titers were linked to age. A decrease
in titer with age was evident (regression coeflicient =

-0.239; Standard Error + 0.050; Fig. 2), and the re-

gression analysis showed a highly significant associ-
ation (p-value <0.0001). The titer thus decreases by
0.239 units per day of increasing age. The quadratic
term was not significant, i.e. no indication that the
association was not linear, and there was no statistical
difference between home-born and immigrant indi-
viduals (data not shown).

Pups from the litter born at the end of 2006 (n=
5) had the lowest antibody titers to CPV. Titers of
1:1502 and 1:1454 were observed in the mother’s se-
rum in July 2006 and March 2008, respectively. At 39
days of age, the average antibody titer of the pups was
1:88. Four of the pups from the same litter were sam-
pled at 69 days of age, with average titers of 1:1543.
A greater than 4-fold increase in titer indicates that
a seroconversion had occurred despite the pups not
being vaccinated.

Discussion

In this study, we show that African wild dogs devel-
op neutralizing antibody titers > 20 to CDV after
vaccination with a live attenuated domesticated dog
vaccine. Kolméirden Wildlife Park has not had any
apparent cases of vaccine-induced disease in their
vaccinated African wild dogs, despite using live atten-
uated vaccines that have been shown to induce dis-
ease (McCormick, 1983; van Heerden et al., 1989).In
most reports describing such disease in African wild
dogs, the afflicted individuals were frail or in some way
affected by disease (McCormick, 1983; van Heerden
et al., 1989). The lack of such cases in Kolmérden
Wildlife Park may be due to the vaccine strain used
(Onderstepoort strain), as this strain is considered to
be one of the safest (Appel and Summers, 1995), and/

or that only healthy individuals were vaccinated.

'There are no studies indicating the cut-oft for neutral-
izing antibody titers needed for protection to CDV
infection. In one study, a neutralizing antibody titer
of 2 20 was observed in an African wild dog prior to
a CDV outbreak that the dog survived (van de Bildt
et al., 2002); however, it was not documented whether
that dog actually was exposed to virus. In domestic
dogs, neutralizing antibody titers of > 20 are consid-
ered as a cut-off for protective immunity to CDV in-
fection (Carmichael, 1999). Whether the same holds

true for African wild dogs are still unknown.

'The duration of CDV neutralizing antibody titers 2
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20, though based on a few individuals, appears to be
at least up to 3.9 years. One vaccination at a young age
was enough to trigger an immune response, and since
a sterile immunity was achieved, there seems to be no
reason to submit the animals to a second vaccination
until at least 3 years have passed. A previous study on
African wild dogs reported a persistence of CDV an-
tibodies for at least 451 days (1.2 years) (van Heerden
et al., 2002). The long duration observed in this study
is in good agreement with studies of domestic dogs,
where the persistence of protective neutralizing an-
tibodies was at least 5 years in a challenge study and
even longer based on in vitro analyses of antibody ti-
ters (Schultz, 2006). Since no blood samples were tak-
en more than 3.9 years after vaccination, it is possible
that the duration of these antibodies in African wild
dogs is as long as observed in domestic dogs.

In contrast with the clear induction of CDV neutral-
izing antibodies by the live attenuated vaccine com-
monly used in domestic dogs, we did not observe an
increase in CPV antibody titer after immunization.
The African wild dogs in our study most likely had
sterile immunity to CPV before vaccination, inter-
fering with the live attenuated CPV strain. Another
explanation for the lack of increasing CPV antibody
titers could be interference between the three differ-
ent virus strains included (CDV, CPV and CAV),
resulting in less efficient virus replication and immu-
nization of CPV. Such interference has, to our knowl-
edge, not been reported in domestic dogs, making this
explanation less likely.

In this study, the true vaccine efficacy regarding CPV
could not be demonstrated. To fully evaluate the vac-
cine there is a need for either a challenge study, which
is not possible in this endangered species, or for se-
rum samples from vaccinated animals with no pre-
vious exposure to the virus which can be analyzed to
determine antibody titers. Here, there were too few
samples from individuals with low CPV titers (with-
out sterile immunity) before immunization in order
to confirm that vaccination triggered a humoral im-
mune response. A previous study has argued that vac-
cination of African wild dogs with a live attenuated
CPV vaccine strain was successful (van Heerden et
al., 2002), but this study was based on few individu-
als (n=8) and the detected antibody titers were often
not increased fourfold, indicative of seroconversion
(Coyne, 2000; Tizard, 2009). In fact, the titer varia-

tion between samples in non-vaccinated individuals

was similar to the titer increase in post-vaccination
samples (van Heerden et al., 2002). Thus, the efficacy
of CPV vaccination in African wild dogs is still an
open question.

'The antibody titers to CPV observed in this study be-
fore vaccination could reflect natural immunity con-
tributed to virus in the surroundings. Parvoviruses are
extremely durable and can survive for a long time in
the environment, and they are resistant to most disin-
tectants (McCaw and Hoskins, 2006). CPV is highly
contagious and is transmitted primarily by oro-nasal
contact with infected feces, but also humans, insects
or rodents can spread the virus (McCaw and Hoskins,
2006). In accordance with our study, CPV antibody
titers were seen in all African wild dogs regardless of
vaccination status (van Heerden et al., 2002).

The first African wild dogs to arrive at Kolméirden
Wildlife Park were between 6-12 years old on arriv-
al. Most of these animals were seropositive with low
CPV antibody titers on arrival at the park. Two years
later, low CPV antibody titers were still detectable.
'This could be because there was less parvovirus in the
environment during the early period and no natural
boosting of the humoral immunity occurred. The Af-
rican wild dog litter born in 2006 had low CPV an-
tibody titers at 39 days of age, but had seroconverted
only 30 days later. This seroconversion coincided with
the time when pups had begun to leave the den and
therefore increase the risk of exposure to contamina-
tions in the environment.

Regardless of vaccination status there is a signifi-
cant decrease in CPV antibody titer with increasing
age. The immune system undergoes changes as ani-
mal ages, so-called immunosenescence (HogenEsch
and Thompson, 2010). It has been proven that older
domestic dogs can maintain protective titers against
parvovirus (Schultz et al., 2010). However, some stud-
ies of domestic dogs show higher antibody titers in
sera of a greater proportion of young individuals (re-
viewed in McCaw and Hoskins, 2006), while protec-
tive titers are not detected in a greater proportion of
older individuals (Taguchi et al., 2011). Whether vac-
cination of older African wild dogs with low antibody
titers would increase the level of CPV antibodies is
not known and should be explored.

'The question remains why there are no clinical signs
of CPV infection in African wild dogs in zoos, when
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CPV in the environment seems to trigger a humoral
immune response. It is believed that all members of
the family Canidae are susceptible to parvovirus (Mc-
Caw and Hoskins, 2006), but no cases in African wild
dogs have been confirmed by virus isolation or direct
detection of the virus. The presence of antibodies has
been described in the African wild dog, both in the
wild (Woodroffe et al., 2012) and in captivity (van
Heerden et al., 2002). In domesticated dogs, there are
both acute cases with sudden death and subclinical
cases with no or very mild clinical signs (Steinel et al.,
2001). CPV requires rapidly replicating cells such as
intestinal epithelial cells to proliferate (McCaw and
Hoskins, 2006). Young growing animals are there-
fore most severely affected by the virus, and especially
pups less than 12 weeks of age, due to lack of protec-
tive immunity and larger amounts of dividing cells.
In African wild dogs, CPV is the suspected cause of
increased pup mortality, although dead pups can often
not be recalled for pathological examination and vi-
rus isolation (Creel et al., 1997). Kolmirden Wildlife
Park has only had video surveillance of the African
wild dog den on 1-2 occasions and occasional deaths
of pups before leaving the den would most likely not
be detected. One explanation could be circulation of
less virulent strains of CPV or similar viruses induc-
ing cross-protective antibodies.

Conclusions

Knowledge regarding vaccination of African wild dogs
is lacking, especially concerning at what age pups can
be successfully immunized without interference of
maternal antibodies and duration of immunity. More
knowledge about the efficacy of vaccination can lead
to better husbandry in zoos and help this species to
survive in the wild. In this study, we show that a live
attenuated domestic dog vaccine induced neutralizing
antibodies to CDV in the African wild dog. Healthy
pups vaccinated as early as 11 weeks of age developed
CDV neutralizing antibodies. Since the presence of
CDV neutralizing antibody titers > 20 persisted at
least 3 years, vaccination is probably not needed to
be repeated during that time, avoiding the frequent
use of vaccines and saving the animals from stress and
other risks associated with sedation and vaccination.
Even though the effect of CPV vaccination could not
be concluded in this study, recommended vaccination
procedures would be the same as for CDV, because
the vaccine currently in use contains vaccine strains of
both viruses.
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