e S, I

o,

-
0.,

0.,
L)

L
rog.

P

Ciéncia Rural, Santa Maria, v.47: 11, €20170125, 2017 http://dx.doi.org/10.1590/0103-8478¢r20170125

ISSNe 1678-4596
MICROBIOLOGY

Ciéncia

Antibodies against rabies virus in dogs with and without history
of vaccination in Santa Maria — RS — Brazil

Karina Gonzalez Fernandes'! Mathias Martins' Bruna Portolan Amaral
Juliana Felipetto Cargnelutti' Rudi Weiblen? Eduardo Furtado Flores?

"Programa de Pos-graduagdo em Medicina Veterinaria, Setor de Virologia, Universidade Federal de Santa Maria (UFSM), Av. Roraima, 1000,
97105-900, Santa Maria, RS, Brasil.

2Setor de Virologia , Departamento de Medicina Veterinaria Preventiva, Universidade Federal de Santa Maria (UFSM), Santa Maria, RS,
Brasil. E-mail: eduardofurtadoflores@gmail.com. “Corresponding author.

ABSTRACT: The present study investigated the frequency and magnitude of neutralizing antibodies to rabies virus (RABV) in dogs with and
without historic of vaccination in Santa Maria/RS. Group A included serum samples from 440 dogs with recent historic of vaccination against
rabies, obtained during the 2015 rabies vaccination campaign. Group B included 300 serum samples from dogs submitted to the Veterinary
Hospital of the Universidade Federal de Santa Maria in 2015, whose historic of rabies vaccination was unknown. Serum samples were
submitted to the rapid fluorescent focus inhibition test (RFFIT) to detect neutralizing antibodies against RABV. In group A, 70.6% (310/440)
of the samples had neutralizing antibody titers >0.5 international units per milliliter (IU mL"'), considered an indicative of protection against
rabies by the World Health Organization. However, approximately 30% of the dogs did not contain antibodies in adequate levels. In group
B, 42.3% (127/300) of the samples contained neutralizing antibody titers >0.5IU mL" and 57.7% (173/300) were negative or contained titers
below of the value considered immunized. These results demonstrate that an important proportion of vaccinated dogs (~30%) did not develop
adequate antibody levels, mainly those receiving a single vaccine dose. Serologic testing of animals with unknown historic of vaccination
revealed relatively low vaccine coverage in the general dog population. Thus, reformulation of immunization strategies — especially the
recommendation of a boost vaccination 30 days afier the primary dose — and extension of vaccination campaigns are necessary to reach
adequate levels and coverage of immunity against RABV in the canine population.

Key words: canine, immunity, RABV, serological response, vaccine.

Anticorpos contra o virus da raiva em cies com e sem histérico
de vacinacio em Santa Maria — RS — Brasil

RESUMO: O presente estudo investigou a frequéncia e a magnitude dos anticorpos neutralizantes do virus da raiva (RABV) em cdes com e
sem historico de vacinagdo em Santa Maria/RS. O Grupo A incluiu amostras de soro de 440 cdes com historico recente de vacinag¢do contra
a raiva, obtidos durante a campanha de vacinag¢do contra a raiva de 2015. O Grupo B incluiu 300 amostras de cdes submetidos ao Hospital
Veterinario da Universidade Federal de Santa Maria em 2015, cujo historico de vacinagdo antirrabica era desconhecido. As amostras de soro
Sforam submetidas ao teste rapido de inibi¢do de focos fluorescentes para detec¢do de anticorpos neutralizantes do RABV. No grupo A4, 70,6%
(310/440) das amostras possuiam titulos de anticorpos neutralizantes >0,5 unidades internacionais por mililitro (Ul mL"), considerado um
indicador de prote¢do contra a raiva pela Organiza¢do Mundial da Satide. No entanto, aproximadamente 30% dos animais ndo continham
anticorpos em niveis adequados. No grupo B, 42,3% (127/300) das amostras continham titulos de anticorpos neutralizantes >0,5UI mL"
e 57,7% (173/300) eram negativas ou continham titulos abaixo do valor considerado imunizado. Estes resultados demonstram que uma
propor¢do importante de cdes vacinados (~30%) ndo desenvolveu niveis adequados de anticorpos, principalmente aqueles que receberam uma
unica dose de vacina. O teste sorologico de animais com historico de vacinagdo desconhecido revelou uma cobertura vacinal relativamente
baixa na populagdo geral de cdes. Assim, a reformulagdo das estratégias de imunizagdo — especialmente a recomendagdo de uma vacinag¢do
de refor¢o 30 dias apos a primeira dose — e a extensdo das campanhas de vacinagdo sdo necessarias para atingir niveis e cobertura adequados
de imunidade contra o RABV na popula¢do canina.

Palavras-chave: canino, imunidade, RABYV, resposta sorolégica, vacina.

INTRODUCTION rabies, mainly in developing countries (WHO, 2013).
The disease is caused by rabies virus (RABV), an

Rabies is an ancient zoonotic disease that enveloped, bullet-shaped and negative-sense RNA

remains a serious problem for public and animal virus belonging to the genus Lyssavirus, family
health in many countries (OIE, 2016). Every year, Rhabdoviridae (ICTV, 2014). Virtually, all warm-

X . approximately 70.000 human deaths are attributed to blooded animals (mammals) are susceptible to
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RABYV infection, whose ensuing disease is usually
fatal (RHODES et al., 1998).

In nature, RABV is perpetuated through
cycles of infection involving carnivores and other
terrestrial mammals (North America and Europe) or
hematophagous bats (Central and South America). In
South America, the hematophagous bats Desmodus
rotundus are the main reservoirs and sources of RABV
for livestock (ARELLANO-SOTA, 1988). In rural/
wild regions, human infection is usually associated
with bytes/aggressions by bats or, less frequently, by
terrestrial mammals (RHODES et al., 1998).

In urban areas, RABV is maintained
through cycles of transmission among dogs, and less
frequently, cats (RHODES et al., 1998). RABV has
been occasionally detected in non-hematophagous
bats in some cities, yet their role in virus transmission
is unclear (CABRAL et al., 2012). Control of urban
rabies is usually performed by massive immunization
of canine and feline populations, associated with
control of populations of stray dogs (WHO, 2013).

In many Brazilian states, urban rabies (e.g.
canine and feline) has been controlled and eradicated
during the last decades, mainly through official
programs of immunization, which were able to reduce
drastically virus circulation (SVS, 2016). However,
the virtual eradication or significant decrease in the
number of cases led to the gradual dismounting of
the official immunization programs (WHO, 2013).
Sporadic cases of canine and feline rabies have been
occasionally reported in a few cities in the last years,
indicating the need for continuing vaccination (SVS,
2016; SILVA et. al., 2015).

Few states and/or cities, mainly in
Southeastern Brazil, maintain official rabies control
programs by massive vaccination. In most of the
country, annual immunization of dogs against rabies
became a voluntary initiative or, in some cases,
carried out by non-governmental organizations. These
initiatives are not coordinated and usually do not follow
strict guidelines regarding to immunization strategies
and periodic evaluation (FLORES — verbal report).

In Rio Grande do Sul State (RS), an
increase in the number of cases of bat/herbivorous
rabies is occurring. Between 2011 and 2016, the
official agency counted 538 outbreaks of rabies
(SEAPA, 2016). In contrast, urban rabies is virtually
eradicated with no canine cases and only two feline
cases (a bat lineage RABV) in the last 20 years.
However, the continuous circulation of RABV in
bats and herbivorous in the last years has raised
concerns about a possible transmission of the virus
to urban dogs.

Located in central RS, Santa Maria has
approximately 300 thousand inhabitants and the actual
size of the canine population is unknown. In addition
to voluntary vaccination in Veterinary Clinics and
Pet Shops, whose numbers are difficult to estimate,
an annual vaccination campaign has been carried
out by veterinary students, reaching from 13.000 to
18.000 animals every year (FLORES — verbal report).
Vaccine coverage and efficacy are largely unknown.
Thus, this study aimed to determine the magnitude of
the serological response in dogs with recent history of
vaccination and to investigate the frequency and level
of antibodies to RABV in dogs with unknown history
of vaccination against rabies in Santa Maria/RS.

MATERIALS AND METHODS

Serum samples

Serum samples were collected from two
groups of dogs: group A (n=440) consisted of dogs
taken to the annual rabies vaccination campaign
(2015), with a confirmed history of at least one
immunization against rabies from 2013 to 2015; group
B (n=300) consisted of dogs taken to the University
Veterinary Hospital (HVU/UFSM) in 2015 for varied
clinical and/or surgical procedures, whose history of
vaccination against rabies was unknown. History of
vaccination in animals of group A was ascertained
by positive answer by the owner or presentation of
vaccination certificate. In addition, data regarding
to gender, age, and number of vaccinations and year
of the last immunization were also obtained. Serum
samples were stored at -20°C and inactivated at 56°C
for 30min before testing.

Cells and virus

All procedures of virus amplification,
quantitation and virus-neutralizing tests were
performed in baby hamster kidney cells (BHK-21
[C-13 ATCC® CCL-10™]). Cells were cultured
in minimum essential medium (MEM) containing
ampicillin (1.6mg L"), streptomycin (0.4mg L)
and amphotericin B (2.25mg L") supplemented with
10% fetal bovine serum (FBS). The RABV strain
Challenge Virus Standard (CVS132-11A) used in
virus-neutralizing tests was kindly provided by the
Instituto Pasteur (Sao Paulo, SP, Brazil).

Rapid fluorescent focus inhibition test (RFFIT)

Tests were performed in 96-well plates
according to SMITH et al. (1973), with modifications.
Briefly, two-fold dilutions of sera (starting at 1:10)
were incubated with approximately 100 tissue
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culture infectious dose 50% (TCID,)) of CVS for
90min at 37°C, followed by addition of a suspension
of BHK-21 (approximately 2.5 x 10* cells/well),
culture medium and incubation at 37°C in 5% CO,
for 48h. Then, cells were individualized by trypsin,
resuspended in culture medium and left to attach in
multispot glass slides. Cells were then fixed in cold
acetone for 5 min, air dried and incubated with an
anti-RABV antibody conjugated with fluorescein
isothiocyanate (FITC) for 1h. Slides were observed
in an epifluorescence microscope (Axiolab ZEISS®).
All tests were performed in duplicates. Neutralizing
antibodies titer was considered the highest serum
dilution able to prevent virus replication as ascertained
by absence of virus antigens in indicator cells. A
reference positive serum provided by Instituto Pasteur
(Sao Paulo, SP, Brazil), containing 0.5 international
units per milliliter (IU mL"), was used in all tests.
Neutralizing titer of this serum was used as reference
to calculate the neutralizing titer of test samples in [U
mL". Neutralizing titers were converted to geometric
mean titer (GMT) according to PERKINS (1958).

Statistical  analysis.  The  program
Statgraphics® Centurion XV version 15.1 was used to
perform statistical analysis. The data were submitted
to analysis of variance and statistical difference was
verified by simple regression (P<0.05).

RESULTS

Group A consisted of 440 serum samples
of dogs with history of vaccination, as ascertained by
interviews with the owners and/or presentation of the
vaccination card. From these, 310 samples (70.6%)
presented neutralizing antibodies to RABV in titers
>0.5IU mL. The other 129 samples (29.4%) were
negative or harbored antibody titers <0.51U mL-!
(one sample was toxic for cells). Among the 310
samples with antibody titers >0.5IU mL"', the titers
ranged from 0.5 to >16IU mL"". Figure 1A presents
the frequency and distribution of the respective
neutralizing antibodies titers against RABV in the
analyzed samples. The titer was 0.5IU mL" in 6.1%
samples; 7.5% had a titer of 11U mL", 12.1% had
a titer of 21U mL"!, 15.9% presented a titer of 41U
mL", 18% presented a titer of 81U mL" and 10.9%
presented a titer of 161U mL™! or higher (Figure 1A).
The GMT of the reagents was 3.81U mL".

Among dogs harboring antibody titers
>0.5IU mL", 77.4% had a history of more than
one dose of rabies vaccine and the mean number of
prior vaccinations in these animals was 4.3 times.
A relationship between the number of vaccinations

and the titer of antibodies could be observed in these
animals (simple regression [P<0.05]).

The mean number of vaccinations was
2.74 times in the 129 animals that were seronegative
or harbored antibody titers <0.5IU mL". Among these
dogs, 42.6% (55/129) had received only one vaccine
dose and the other 57.4% (74/129) received two or
more doses. Among these animals, 64.7% received
the last rabies shot two years ago. In contrast, 92.9%
of the animals harboring antibody titers >0.5IU mL"!
had been vaccinated in the previous year.

Group B consisted of dogs submitted
to the HVU/UFSM for clinical and/or surgical
procedures with unknown historic of rabies
vaccination. Among these animals, 42.3%
(127/300) presented antibody titers >0.51U mL",
indicating adequate protection, whereas 57.7%
(173/300) had no detectable neutralizing antibodies
against RABV (Figure 1B).

DISCUSSION

Massive  vaccination of dogs and
cats has contributed significantly for the drastic
reduction of urban rabies in several Latin American
countries, including Brazil (WIDDOWSON et al.,
2002). In Brazil, official immunization programs
were successful in reducing the incidence of the
disease, leading to virtual eradication of rabies in
most states. Unfortunately, these programs were
eventually discontinued, being gradually replaced by
voluntary and/or unofficial campaigns/initiatives of
immunization (ALBAS et al., 2013). These initiatives
are generally isolated, uncoordinated and are not
subjected to official/governmental control. Although
the number of rabies cases has been reduced, sporadic
cases of canine, feline and human rabies have been
occasionally reported in some Brazilian states/cities
(CRMV-RS, 2014; SILVA et al., 2015).

In RS, urban rabies is considered virtually
eradicated. Only two cases, probably transmitted
from bats to dogs/cats (since involved the bat RABV
lineage), have been reported in the last two decades,
with no transmission within these species (CEVS,
2013). However, rabies in livestock has reached
unprecedented levels in the last years, with official
estimates exceeding 50,000 bovine deaths. Hence, the
massive RABV circulation in wild/rural areas has led
to the concern of its possible transmission to urban
dogs and cats. In this sense, maintaining vaccine
coverage in urban dog and cat populations would be
recommended as to minimize the risk of introduction
and transmission of RABV virus in cities.

Ciéncia Rural, v.47, n.11, 2017.
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Figure 1 - Distribution of neutralizing antibodies titers against rabies virus. International units per milliliter (IU mL™"). A - Samples
of canine serum group A (n=439), with a history of anti-rabies vaccination of at least one dose in the last two years. B -
Samples of canine serum group B (n=300), with no known history of rabies vaccination.
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Serological analysis of dogs with history of
rabies vaccination (group A = 440 samples) showed
that 70.6% (310) harbored anti-RABV antibody
titers compatible with protection (WHO, 2013).
Moreover, approximately 90% of these dogs had
titers at least twice as high as 0.5IU mL™" (Figure 1A).
Conversely, 129 samples (29.3%) were negative or
contained antibodies titers below the threshold level
recommended by the WHO. These data is concerning
considering the vaccination status of the animals - all
have been vaccinated within the last two years - and
indicated failure in the vaccination strategy and/or in
vaccine quality.

From the 129 dogs harboring non-
protective or undetectable antibodies levels, 55
(42.6%) had received a single vaccine dose in the
past. The manufacturer’s protocols of rabies vaccines
licensed in Brazil recommend a single vaccine dose
and abooster 12 months later. These protocols disagree
from most protocols for inactivated, adjuvanted
viral vaccines, which usually recommend an initial
vaccination and a booster 30 days later to complete
the immune stimulation (FLORES - verbal report).
Thus, it appears that part of the animals harboring
low antibody titers would not have been adequately
vaccinated. In this sense, our data reinforce the need
of a booster vaccination soon after the first vaccine
dose (~30 days apart) for the induction of adequate
antibodies levels.

A few studies have investigated the
serological response of dogs to RABV vaccines in
Brazil. Nonetheless, these studies employed different

methodologies, varied experimental designs, different
animal populations, varied sampling times/intervals,
diverse number of doses and vaccination intervals,
etc. These differences/discrepancies preclude a
more detailed and precise comparison of the results.
RAMANNA et al. (2007) verified that only 56%
of dogs receiving a single vaccine dose developed
adequate antibodies levels. PAEZ et al. (2011)
observed that 48% of the animals not receiving an
annual booster vaccination did not harbor adequate
serological response to RABV. Examining 432 serum
samples of young and adult dogs that received a
single dose of anti-RABV vaccine, SILVA et al.
(2014) reported that 21.76% did not present adequate
antibodies levels, being 67.02% from puppies. The
authors concluded that puppies should receive a
second vaccine dose as a complement of prime-
vaccination to increase the antibodies titers. Similar
results were observed in other studies (ALMEIDA
et al.,, 1997; SEGHAIER et al., 1999; SILVA et al.,
2009), reinforcing the need for complementation of
primary vaccination in those animals receiving the
first anti-RABV vaccine.

Failures in the immunization to RABV
were also reported by ALBAS et al. (2013) when
analyzing the serological response in 834 vaccinated
dogs and cats in southeastern Brazil. Only 52.1%
of the vaccinated dogs had detectable neutralizing
antibodies titers. In the studies mentioned above,
the age or primary vaccination and lack of a short-
interval booster (or a complement of primary
vaccination) appear as the major problems leading

Ciéncia Rural, v.47, n.11, 2017.
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to vaccination failure. Reinforcing the importance
of complementation of primary vaccination,
BABBONI et al. (2014) demonstrated that 99% of
576 primo vaccinated dogs receiving a booster 30
days later harbored adequate antibody levels when
examined a month later.

Most campaigns of vaccination of dogs
and cats against rabies in Brazil — including that
carried out annually in Santa Maria/RS - employ
vaccines containing inactivated RABV amplified in
BHK-21 cells and aluminum hydroxide as adjuvant.
Vaccine quality, dose, age of primary vaccination,
nutritional status, presence of concomitant infections,
in addition to the individual immunological capacity
may interfere with the indices of vaccine failure
(SEGHAIER et al., 1999; ALMEIDA et al., 1997,
MORTERS et al., 2014). As these factors were not
evaluated in the present study, it is not possible to
attribute to any of them the observed unresponsiveness
to vaccination in many animals.

Testing the samples of dogs from group
B (no known history of anti-RABV vaccination)
revealed that 42.3% (127/300) had titers equal to or
higher than 0.51U mL"!, while 57.7% (173/300) had no
antibodies in titers considered to be protective (Figure
1B). These animals represented a convenience sample
and, as such, should not be considered representative
of the canine population of Santa Maria. In fact, these
values are likely overestimated comparing to the real
vaccine coverage in the total canine population, since
they probably represent dogs from owners with socio-
economical above the population average. For these
reasons, the real frequency of dogs with protective
antibody titers to RABV in Santa Maria is likely
lower than the 42.3% detected in this study.

The actual size of the dog populations
is generally underestimated due to the difficulty
of counting stray dogs and, as a result, the vaccine
coverage is frequently overestimated (SUZUKI et
al., 2008). The ratio between human and dog varies
according to the demographic, behavioral and
spatial characteristics of the dogs and demographic
and socioeconomic characteristics of the human
population (WHO, 2013). NUNES et al. (1997)
surveyed a city in the interior of Sdo Paulo State and
estimated that the population of dogs corresponds
to 28% of the human populations. ALVES et al.
(2005), also in Sao Paulo State, reported 25% (one
dog for every four inhabitants). MASCARENHAS
et al. (2009) in a municipality in the northeast of the
Bahia state, estimated 15% the dog population in
relation to the number of inhabitants. Santa Maria has
approximately 300,000 inhabitants and the actual size

of the canine population is unknown. Considering an
average estimate of 20% of the human population,
the total dog population would reach approximately
60,000 dogs. Non-official annual vaccination
campaign covers between 13,000 and 18,000 animals
annually (FLORES - verbal report). The number of
animals immunized in private clinics and pet shops is
unlikely to reach 5,000 dogs. Thus, even considering
an optimistic scenario, only approximately 30% of
the dog population has been vaccinated every year.
According to the WHO (2013), vaccination
coverage of 70% of the canine population in non-
endemic areas is enough in preventing transmission
of the disease. Although, the urban area of Santa
Maria is considered free of rabies, cases in cattle,
horses and sheep have been reported in nearby rural
communities, demonstrating the circulation of RABV.
Thus, considering the potential risk of introduction of
the virus from nearby rural areas, our data indicated
that the vaccine coverage in dogs in Santa Maria may
not be sufficient to prevent an eventual introduction
and transmission of the virus to unprotected dogs.

CONCLUSION

Serological testing demonstrated that
approximately 30% of dogs with recent history of
vaccination against rabies in Santa Maria/RS do
not contain neutralizing antibodies against RABV
in adequate levels. The introduction of a booster
vaccination soon after the initial vaccine dose in
puppies may be necessary to raise the antibody levels
and vaccine coverage. Serological testing of dogs
with unknown historic of vaccination revealed that
vaccine coverage in the dog population is probably
below the levels recommended by the WHO. In
conclusion, the strategy of immunization must be
reviewed and vaccine coverage must be expanded as
to provide adequate protection to the dog population
against a potential introduction of RABV.
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