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Investigation of Canine Distemper Virus Infection in Dogs in the Antalya Province
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ABSTRACT

Canine distemper virus (CDV) is one of the most prevalent infectious agents causing severe clinical symptoms among
canids. Communal life-habitat, for example, clinics, dog-shelters, or rural areas, is critical in terms of the transmission
dynamics of CDV. In this study, the blood serum samples from 92 dogs, which were brought to the rehabilitation
center and private veterinary clinics in Antalya with various internal medical problems, were examined for CDV
infection. The sampled dogs were unvaccinated and aged 2 to 12 months. Samples were tested using a commercial
immunochromatographic rapid test for detection of CDV-antigens and Enzyme Linked Immunosorbent Assays (ELISA)
for detection of CDV-specific Immunoglobulin G (IgG) and Immunoglobulin M (IgM).

The most common clinical findings in the 92 dogs sampled were mucopurulent discharge in the eye (45.65%),
nasal hyperkeratosis (35.87%), nasal mucopurulent discharge (25%), cough (13.04%), diarrhea (8.70%), and fatigue
(6.52%). It was observed that clinical findings were more intense in the early reconvalescent period. 5.43% (5/92) of
the samples examined by the immunochromatographic rapid test were positive. The positivity rates of IgG and IgM
antibodies by ELISA were 80.43% (74/92) and 94.56% (87/92), respectively. Totally, 91 (98.91%) of the 92 dogs tested
by ELISA for I1gG and IgM antibodies were positive for one or both antibodies, and one (1.09%) was negative for both
antibodies. In conclusion, it was determined that CDV infection is actively circulating in the Antalya province and
poses a risk to unvaccinated dogs in the region.
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Antalya’daki Kopeklerde Canine Distemper Virus (CDV) Enfeksiyonunun

Arastirilmasi
OZET
Canine distemper virusu (CDV), kdpek tirleri arasinda ciddi klinik semptomlara neden olan en yaygin enfeksiy6z
ajanlardan biridir. Klinikler, kopek barinaklari veya kirsal alanlar gibi ortak yasam alanlari, CDV’nin bulasma dinamikleri
acisindan kritik Gneme sahiptir. Bu arastirmada Antalya ilindeki Rehabilitasyon merkezine ve 6zel veteriner kliniklerine
cesitli dahili saglk problemleriyle getirilen, toplam 92 adet kdpekten alinan kan 6rnekleri CDV enfeksiyonu yoniinden
incelendi. Kdpekler, 2-12 aylik ve asisizlardi. Ornekler CDV-antijenlerinin saptanmasi icin ticari immunokromatografik
hizli test kiti ile, CDV spesifik immunoglobulin G (IgG) ve immunoglobulin M (IgM) antikorlarin saptanmasi igin ise
ticari Enzyme Linked Immunosorbent Assay (ELISA) kitleri ile test edildi.
Orneklenen 92 képekte en fazla gézlenen klinik bulgular sirasiyla g6zde mukopurulent karakterde akinti (%45,65),
nasal hiperkeratoz (%35,87), nasal mukopurulent akinti (%25), 6ksirik (%13,04), ishal (%8,70), halsizlik (%6,52)
olarak kaydedildi. Klinik bulgularin erken rekonvalesan dénemde daha yogun oldugu gdzlendi. immunokromatografik
hizl test ile incelenen numunelerden %5,43 (5/92)'G pozitif bulundu. ELISA ile 1gG antikorlari yoninden pozitiflik
orani %80,43 (74/92) olarak bulundu. ELISA ile IgM antikorlari yoniinden pozitiflik orani ise %94,56 (87/92) olarak
tespit edildi. Genel olarak, IgG ve IgM antikorlarinin tespiti icin ELISA ile test edilen 92 kopekten 91 tanesi (%98,91)
IgG veya IgM antikorlarindan biri veya her ikisi yoniinden pozitif, 1 (%1,09) tanesi ise her iki antikor yoniinden negatif
bulundu. Sonug olarak, Antalya ilinde CDV enfeksiyonunun yaygin bir sekilde dolasimda oldugu ve bolgedeki asisiz
kopekler igin risk olusturdugu belirlendi.
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Introduction

Canine Distemper Virus (CDV) is a negative single-
stranded and non-segmented RNA virus belonging to
the species Canine Morbillivirus, the genus Morbillivirus,
the subfamily Orthoparamyxovirinae, and the family
Paramyxoviridae (ICTV, 2020). CDV, which is one of the
most important viruses for dogs, causes respiratory,
digestive, and nervous system disorders and death in
young dogs. Besides being a multisystemic infection,
diagnosis and treatment of the disease can be difficult
because it causes severe immunosuppression and
prepares the ground for other diseases (Elia et al., 2015;
Sabatino, 2016).

Distemper infection is endemic in many parts of the
world. The incidence of the disease is very low in
developed countries (Sabatino, 2016). CDV can infect
dogs of all ages, but puppies aged 0—6 months are
especially susceptible (Caliskan, 2007; Latha et al.,
2007b).

For the control and prevention of infection, it is necessary
to know the incidence, prevalence rates, and risk factors
in the region. The most basic preventive measure against
CDV is vaccination. Since the early 1960s, the routine use
of modified live virus vaccines has been done to struggle
against the virus. Vaccination programs are important
in order to prevent the transmission of infection and to
ensure adequate immunity (Budaszewski et al., 2016).

Numerousclinical parametersandlaboratoryanalysesare
recommended for the definitive diagnosis of distemper.
However, the unpredictable and variable disease course,
such as duration of viremia, clinical findings, and deficient
or delayed humoral or cellular immune responses,
hinders the correct diagnosis of distemper and makes
the collection of appropriate samples for laboratory
confirmation very important. Meanwhile, given that the
infection is highly contagious, detection of CDV from
different biological samples is essential for determining
the correct treatment and necessary precautions (Elia et
al., 2015; Sabatino, 2016). It has been reported that the
infection causes high mortality and morbidity, especially
in unvaccinated puppies, and poses a serious threat to
all unvaccinated house dogs and stray dogs (Elia et al.,
2015; Zacharias et al., 2016).

According to studies conducted in Turkey, canine
distemper virus infection is a disease that constantly
increases and becomes widespread over the years
(Caliskan and Burgu, 2007; Esin, 2013; Saltik, 2018). In
this study, it was aimed to determine the current status
of CDV infection, which seriously threatens the health
of dogs, both owned and stray dogs brought to private
veterinary clinics and the rehabilitation center in Antalya
province. In the study, clinical findings in dogs were
monitored and evaluated with laboratory (test for the
presence of antigen, IgG and IgM) results.

Materials and Methods

For this study, blood serum samples taken for diagnostic
purposes from a total of 92 unvaccinated dogs under the
age of one with various internal health problems in the
province of Antalya in May 2019 were used. 28 of these
animals were brought to private veterinary clinics, and
64 of them were dogs, either brought to a street animal
rehabilitation center in Muratpasa-Antalya or housed
there due to health problems. It was known that all of
the animals sampled had a connection with the street
and could roam freely. Information about the sampled
dogs (age, sex, health status, clinical findings, lifestyle,
etc.) was recorded. Three of the animals ranged from 2-6
months, and 89 of them were between 6—-12 months. It
was recorded that 30 of the dogs were males and 62 of
them were females. The sampled animals were randomly
selected. Permission was obtained from the Akdeniz
University Animal Experiments Local Ethics Committee
for the study (Protocol no: 2017.08.005 Decision No: 74).

In order to be tested for CDV-antigen and IgG and IgM
antibodies against CDV from blood samples taken into
kaolin tubes by the veterinarian under appropriate
conditions in the clinical environment, their serums were
separated and stored at -20 °C.

The 92 blood serums from dogs were tested for the CDV
antigen by a commercially available rapid test kit with
an immunochromatography principle (CDV Ag-Antigen
Rapid Test kit®, BioNote, Inc., Republic of Korea). The
CDV specific 1gG and IgM antibodies in all serums were
investigated by commercially available indirect ELISA kits
(Distemper 1gG and IgM Ab ELISA, Biopronix Agrolabo,
Italy). All the tests were performed according to the
manufacturer’s instructions.

Results

Dogs sampled in the study had clinically suspicious or
significant signs of CDV infection. The clinical findings
recorded in dogs are listed in Table 1.

The rates of clinical findings observed in dogs sampled in
thestudyareasfollows:45.65%(42/92) eye mucopurulent
discharge, 35.87% (33/92) nasal hyperkeratosis, 25%
(23/92) nasal mucopurulent discharge, 13.04% (12/92)
cough, 8.70% (8/92) diarrhea, 6.52% (6/92) fatigue,
1.09% (1/92) skin scaling, dermatitis around the eyes,
anorexia, vomiting, myoclonus and hair loss (Table 1).
While only 1 of the above-mentioned clinical findings
was observed in 57 dogs, 26 dogs had two clinical
findings and 9 had three of the above-mentioned clinical
findings.

In the study, CDV antigen was investigated with a
commercial immunochromatographic rapid test kit and
CDV specific IgG and IgM antibodies were investigated
with commercial ELISA kits in 92 blood serums taken
from dogs for diagnostic purposes. Whereas the antigen
positivity rate was 5.43% (5/92), the seropositivity rates
for 1gG and IgM antibodies were 80.43% (74/92) and
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Table 1. The positivity rates of IgG and IgM antibodies according to the clinical findings of the dogs

IgG IgM
Clinical Finding it it
N *(%) IgG Bosmve .y IgsM r.Josmve .y
animals animals
Eye Mucopurulent Discharge 42 (45.65) 31 73.81 39 92.86
Nasal Hyperkeratosis 33(35.87) 30 90.91 32 96.97
Nasal Mucopurulent Discharge 23 (25) 17 73.91 22 95.65
Cough 12 (13.04) 11 91.67 12 100
Diarrhea 8(8.70) 7 87.5 7 87.5
Weakness 6(6.52) 5 83.33 6 100
Cachexia 5(5.43) 4 80 4 80
Flaking of the Skin 1(1.1) 0 0 1 100
Myoclonus 1(1.09) 1 100 1 100
Hair Loss 1(1.09) 1 100 1 100
Dermatitis Around the Eyes 1(1.09) 1 100 1 100
Anorexia 1(1.09) 1 100 1 100
Vomiting 1(1.09) 1 100 1 100
N: Number of animals showing clinical signs out of 92 dogs
*%: Percentage of animals with each observed clinical signs
**9%: Percentage rates of IgG or IgM positivity in animals for each clinical signs
Table 2. Distribution of IgG and IgM antibodies in sampled dogs
1gG
Total
Positive (%) Negative (%)
oM Negative (%) 1(%18.48) 4 (%4.35) 5 (%5.43)
[4
Positive (%) 17 (18.48) 70 (%76.09) 87(%94.56)
Total 18 (%19.56) 74(%80.43) 92

94.56% (87/92), respectively.

Of the samples tested by ELISA for the detection of 1gG
and IgM antibodies, 98.91% (91/92) were positive for
one or both 1gG and IgM antibodies, and 1.09% (1/92)
were negative for both antibodies. It was determined
that 76.09% (70/92) of these dogs were positive for
both antibodies (IgM and IgG antibodies). While 18.48%
(17/92) of the sampled dogs were positive only for IgM
antibodies (negative for 1gG), 4.35% (4/92) were found
to be positive only for IgG antibodies (negative for IgM)
(Table 2).

According to the method based on the presence of I1gG
and IgM antibodies defined by Richmann et al. (2017)
and used for CDV infection by Saltik and Kale (2020),
clinical periods of infection were evaluated as acute (IgG-,
IgM+), early convalescent (IgG+, IgM+), late convalescent
(lgG+, IgM-), and no infection (IgG-, IgM-). Table 3 shows
the number of animals based on their infection status.
In animals, clinical symptoms were most common in the
early convalescent period (Table 4).

In the samples taken from the owned dogs brought
to the private clinic, the positivity rates for IgM and

IgG antibodies were detected at 89.29% (25/28) and
75% (21/28), respectively. In these dogs, antigen
positivity was found at a rate of 3.57% (1/28), in the test
performed with the rapid test kit. In 64 dogs from the
rehabilitation center, a positivity rate of 96.87% (62/64)
was found for IgM antibodies, whereas it was found to
be 82.81% (53/64) positive in terms of 1gG antibodies.
Antigen positivity was detected in 6.25% (4/64) of 64
dogs examined with the rapid test kit.

Discussion

This study was carried out to determine the status of
CDV infection in stray dogs in the rehabilitation center in
Antalya and in owned dogs brought to private veterinary
clinics. In the study, the clinical findings in dogs and the
test results for the presence of antigen, 1gG, and IgM
were evaluated.

The detection of specific IgM antibodies has an
important place in the diagnosis of CDV infections (Latha
et al., 2007a), and it seems to be the ideal method for
the serological diagnosis of acute distemper infections
(von Messling et al.,, 1999). Saltik and Kale (2020)
argue that the diagnosis gives highly reliable results by
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Table 3. Number of animals in infection periods according to the presence of IgG and IgM antibodies against CDV

Infection periods 18G IgM Animal / n %
Acute + 17/92 18.74
Early Convalescent + + 70/92 76.097
Late Convalescent + - 4/92 4.35
No Infection - 1/92 1.09

testing 1gG and IgM antibodies at the same time. Their
study showed that detection of the canine distemper
virus specific antibodies by the ELISA is quick and safe
in naturally infected dogs. Consequently, this method
is very useful for the pre-diagnosis of the disease when
evaluated together with the clinical symptoms. In their
research on 50 dogs, they found positivity rates for IgG
and IgM antibodies of 94% (47/50) and 58% (29/50),
respectively. Latha et al. (2007a) detected seropositivity
for the presence of IgM antibodies by ELISA in 34 of the
blood sera of 70 vaccinated dogs. Blixenkrone-Mgller
et al. (1993) collected blood serum from 66 vaccinated
and unvaccinated dogs that were clinically suspicious
and found 74% (49/66) IgM antibody positivity in these
serums by ELISA. In the samples collected from the
conjunctiva, they obtained antigen-positive results with
a rate of 42% (27/65) by indirect immunofluorescence
test. In this study, it was found to be 94.6% (87/92)
positive for the presence of IgM antibodies in ELISA,
whereas antigenpositivity was 5.43% (5/92) in the rapid
test.

Caliskan and Burgu (2007) found IgG-positivity at 41%.
Esin (2013) reported that 70 of 116 (60.34%) dogs
were IgG-positive in the ELISA. Saltik (2018) found 94%
positive for IgG antibodies in his research. In this study,
it was determined that 80.43% (74/92) of 92 dogs were
positive for IgG antibodies in the ELISA.

In this study, 91 (98.91%) of the 92 samples tested
with ELISA for detection of CDV-specific IgG and IgM
antibodies were positive for either or both of these
IgG or IgM antibodies, and 1 sample (1.09%) for both
antibodies was found negative. This means that 98.91%
of dogs are newly or previously infected with CDV. The
reason for the high rate of up to 99% in the presented
study can be shown that the sampling was done only in
dogs with clinical findings. However, the fact that 99%
of the animals brought to the clinic and rehabilitation
center within 1 month show antibody positivity for
distemper gives information that the prevalence of the
infection has reached serious levels when the results
of this study are compared with previous studies. It
should also be noted that the dogs sampled in the study
were chosen randomly from among dogs with internal
health complaints, not because they were particularly
suspicious of CDV. This shows that CDV infection is
seriously prevalent in the region.

Depending on the severity of the infection and the viral

strain, the virus-specific IgMs could be found from the
6-8th day up to the 3rd month following the infection
(Appel and Summers, 1999; Barrett, 1999). Based on
the literature information and the data obtained in the
study, it is thought that acute CDV-infection is not short-
lived in Antalya, but is widespread and effective for more
than 3 months, and even endemic.

Richmann et al. (2017) reported the infection process
as acute, early reconvalescent, and late reconvalescent
periods based on the findings of IgG and IgM antibodies
for viral infections such as measles and hepatitis A. Saltik
(2018) determined the periods of CDV infection in line
with the antibody findings using the same method in
his study. In this study, 17 (18.48%) of the dogs sampled
were positive only for IgM, 70 dogs (76.09%) were
positive for both antibodies (IgG and IgM antibodies),
and four dogs (4.35%) were found to be positive only
for 1gG antibodies. Based on these data, according to
the evaluation method reported by Saltik (2020) and
Richmann et al. (2017), 18.48% (17/92) of the animals
were in the acute phase, and 76.09% (70/92) were in
the early convalescent period. It was determined that
4.35% (4/92) of them were in the late reconvalescent
period, that is, in the last period of the disease or had
the disease. However, IgM-negative and IgG-positive
results may also indicate chronic infection (Esin, 2013;
Saltik, 2018).

The findings that only one dog did not have CDV infection
and the high persentage rate of IgM antibodies indicate
that the CDV infection is acutely intense in the region
and that the dogs in the region are at a serious risk of
distemper. Despite the inadequacy of the study in terms
of epizootiology and the lack of epizootiological data,
the high number of animals infected with CDV infection
that were brought to clinics and a rehabilitation center
within 1 month of sampling suggests that the viral load
in Antalya is high. Consequently, the incidence may be
high.

In some studies conducted in Turkey, it was reported that
the rate of positivity was higher in dogs with respiratory
and digestive system symptoms together (Caliskan,
2007; Saltik and Kale, 2020). Blixenkrone-Mgller et al.
(1993) reported that they found the most (31/46) CDV
positivity in terms of conjunctivitis, respiratory and
gastro-intestinal symptomes. In this study, 45.65% (42/92)
of the dogs sampled had mucopurulent discharge in the
eye, 53.87% (33/92) nasal hyperkeratosis, 25% (23/92)
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Table 4. Frequency of clinical findings during CDV infection periods

Acute iy Late No Infection
Clinical Finding IgG-/IgM+ C‘,”g’f}fsﬁjj‘ ' CT"(‘;'T/TSK,T_'" IgG-/IgM-
g8G+/lg g8G+/Ig
N n % n % n % n %
Eye Mucopurulent Discharge 42 10 23.81 29 69.05 2 4.76 1 2.38
Nasal Hyperkeratosis 33 3 9.09 29 87.88 1 3.03 0 0
gf‘;‘:a“r’;:°°p“'“'e"t 23 6 26.09 16 | 69.56 1 435 0 0
Cough 12 1 8.33 11 91.67 0 0 0 0
Diarrhea 8 1 12.50 6 75.00 1 12.50 0 0
Weakness 6 1 1.67 5 83.33 0 0 0 0
Cachexia 5 1 20 3 60 1 20 0 0
Flaking of the Skin 1 1 100 0 0 0 0 0 0
Myoclonus 1 0 0 1 100 0 0 0 0
Hair Loss 1 0 0 1 100 0 0 0 0
Dermatitis Around the Eyes 1 0 0 1 100 0 0 0 0
Anorexia 1 0 0 1 100 0 0 0 0
Vomiting 1 1 100 0 0 0 0 0 0

N: Number of animals showing clinical signs out of 92 dogs. n: Positive animals with clinical signs

nasal mucopurulent discharge, 13,04% (12/92) had
cough, 8.70% (8/92) diarrhea, 6.52% (6/92) fatigue,
1.09% (1/92) had flaking of the skin, dermatitis around
the eyes, loss of appetite, vomiting, myoclonus and hair
loss were observed. It was observed that the period with
the highest clinical symptoms was the early convalescent
period (see Table 4). It can be said that the probable
cause of most of the clinical findings seen in the late
convalescent period is immunosuppression due to
infection and secondary infections (Saltik, 2018).

Blixenkrone-Mgller et al. (1993) found positive results
in 50 out of 66 specimens, and they reported that 48
of those specimens were under the age of two. In this
study, it was observed that all animals brought to the
rehabilitation center and clinic were aged between 2
and 12 months. Of the 92 samples collected, 3.30%
(3/92) positive for antibodies were aged 2—-6 months,
and 96.70% (88/92) were aged 6-12 months. It was
determined that 32.97% (30/92) of the dogs were male
and 67.03% (61/92) were female. Based on previous
studies (Esin, 2013; Wang et al., 2018; Dorji et al., 2020),
although no difference in susceptibility according to
gender was reported in the disease, in this study, the
number of female dogs with infection was twice as high
as that of males. Dorji et al. (2020) reported that there
were no significant differences in the seroprevalence of
CDV among different sexes, breeds, age classes, pet and
stray dogs, and between the two study sites in Western
Bhutan.

In the samples taken from the owned dogs brought to

the private clinic, antigen positivity was found in 3.6%
(1/28), positive in terms of IgM antibodies in 89.3%
(25/28) and IgG antibodies in 75% (21/28). While antigen
positivity was found at a rate of 6.25% (4/64) in 64 dogs
in the rehabilitation center, it was determined that they
were 96.88% (62/64) positive for IgM antibodies and
82.81% (53/64) for 1gG antibodies. The spread of CDV
is primarily shaped by inhalation (Benieke et al., 2009).
The severity of the disease, mortality and morbidity
rates vary depending on the body’s immune system and
secondary infections. Especially in animal shelters with
collective living conditions, a more suitable environment
is created for the spread of the disease (Sahna et al.,
2008). In the study, it is seen that the infection is quite
intense in animals in shelters and street conditions.
Since animals kept in rehabilitation centers and animal
shelters are exposed to infection more frequently, they
have an increased epizootiological risk as a source of
viruses for both stray animals and domestic dogs after
they are released into their natural environment. These
centers play an important role in the spread of infectious
diseases among animals. Animals with acute infections
have a very high risk of transmitting the virus through
saliva, feces, or aerosols. In the study, it can be said that
stray and owned animals are at the same risk. Pets are
always in contact with the street, and there is a possibility
of contact with stray animals in order to meet the need
for walking and toileting on the street. Therefore, there
is always the risk of getting the virus. Since stray animals
are unvaccinated and the virus is constantly circulating
in them, they are in the position of a reservoir and pose
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a potential risk to pets. For this reason, it is thought that
establishing control programs against CDV and regularly
vaccinating all dogs with and without owners living
in city centers can minimize distemper-related losses.
However, it is not currently feasible, either logistically
or economically, to vaccinate all stray dogs. Therefore,
it may be advisable to keep dogs at home, especially in
the first phase, and only release them after they have
been vaccinated against CDV. In addition, in order to
prevent the spread of infectious diseases, it is necessary
to develop control programs such as adopting stray
dogs, neutering them, and improving the hygiene and
management of shelters.

Due to their easy application in veterinary medicine
and rapid results, immunochromatographic imaging
systems, also called rapid tests, have become a highly
preferred method. It is very practical and useful
because the treatment protocol is quickly formed after
simple and fast results are obtained and the diagnosis
is made. Although the sensitivity and specificity of the
rapid test are low, this test can be performed quickly
before performing RT-PCR, electron microscopy, virus
isolation, immunofluorescence, and ELISA tests due to
its practicality (Elia et al., 2006). But in this study, the rate
of antigen positivity with rapid testing was found to be
very low (5.43%).

Wang et al. (2018) tested 32 nasal swab samples from
clinically suspicious dogs with a rapid test kit and found
62% positivity. They also obtained the same results in
their comparison with RT-PCR. Esin (2013) reported
that 45 of the eye swabs collected from a total of 116
clinically suspicious animals were positive. Vivaldo
(2019) reported that 54% positivity in ocular fluids, 51%
in urine, and 46% in blood were observed in 141 dogs in
his study. He reported that positivity was 62% by ELISA,
46% by the immunochromatographic method, and 95%
by RT-PCR. In this study, positive results were obtained
in 5/92 (5.4%) of the rapid antigen tests performed on
blood serum. The reason for the low rates in the rapid
antigen test may be the use of a serum sample instead
of a conjunctival swab sample and the low amount of
antigen in the circulation due to the formed antibodies.
It is thought that this rate may be higher if it is done
with tear samples. Due to the results obtained in this
study, the availability of immunochromatographic rapid
test methods in CDV diagnosis using different diagnostic
materials (blood, serum, tears, saliva, etc.) should be
investigated. In addition, it may be recommended to
check the specificity and sensitivity of the rapid tests at
periodic intervals, considering the antigenic variability of
the virus, time, and geographical location.

Conclusion

As a result of this study, it was observed that an acute
CDV infection was common in dogs in Antalya when
the sampling was done, and an probably intense virus
load was circulating in the region. It has been concluded
that the infection poses the same risk to free-running

dogs on the street, both stray and owned dogs. It has
been observed that the rate of infected female animals
is twice that of males, and it is frequently encountered
in animals under one year old. Based on the results of
this study, although epidemiological data is scarce, it
is estimated that the incidence and prevalence of CDV
infection may be high. In addition, it was observed that
clinical findings of CDV infection were more intense in
the early reconvalescent period.

Consequently, study data suggests that strategies
to combat CDV infections need to be developed
and strictly implemented. For this, more research
on CDV’s epizootiology (incidence, prevalence, host
characteristics) and virological properties (genetic
variability of the virus, the success of antibodies against
vaccinia virus in protecting against existing strains in the
region, the relationship between pathogenesis and field
isolates, etc.) is needed.
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