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ABSTRACT.- Trujillo-Rojas L.M., Gutierrez-Gutiérrez M. & Ruiz-Saenz . 2018. Low level of the
immune response against rabies virus in dogs and cats, a cross-sectional study in sheltered
animals, Santander, Colombia. Pesquisa Veterindria Brasileira 38(11):2109-2116. Universidad
Cooperativa de Colombia, Bucaramanga, Colombia. E-mail: julianruizsaenz@gmail.com,
julian.ruizs@campusucc.edu.co

Rabies is an incurable and fatal progressive viral encephalomyelitis that causes approximately
61,000 deaths a year globally mainly by dog bites, which show the importance of anti-rabies
vaccination in dogs to achieve elimination of the disease. In Colombia, multiple cases of human
rabies transmitted by dogs and cats have been reported since 1999, showing an increased
significance of cats in the transmission of rabies, mainly in rabies of wild origin. Therefore,
the aim of the present study was to evaluate the development of neutralizing antibodies in
dogs and cats during the mass vaccination campaign of the second half of 2015 in the city of
Bucaramanga. For this purpose, a descriptive cross-sectional study with convenience sampling
was conducted in 382 dogs and cats (295 dogs, 87 cats), and an evaluation of the humoral
immune response of the animals was performed by quantitative ELISA. The prevalence of
optimal neutralizing antibodies (>0.5 IU/ml) was only 32.76% (95% CI=28.05-37.46%) in
the entire population studied and most of the animals did not have an adequate response to
the vaccination, or seroconversion was not detected on them (65.45-95% confidence interval,
CI=60.68-70.21%). Significant difference was found between the neutralizing antibody
titers in cats and dogs, with a higher neutralizing response in cats. In conclusion, although
mass vaccination campaigns for dogs and cats are the most important measure to interrupt
virus circulation among the animals, achievement of a good neutralizing immune response
in the animals is useful to demonstrate that vaccination has been successful, allowing the
maintenance of the required minimum levels of population immunity. These results will allow
the implementation of corrective measures in Bucaramanga to achieve better seroconversion
rates. Other cities are expected to implement similar seroconversion assessments to verify
the quality of effective anti-rabies vaccination in animal populations.

INDEX TERMS: Immune response, rabies virus, dogs, cats, sheltered animals, Santander, Colombia,
vaccination.

RESUMO.- [Baixo nivel de resposta imune contra o virusda  viral progressiva incuravel e fatal que causa aproximadamente

raiva em cies e gatos, um estudo transversal em animais
abrigados, Santander, Colombia.] A raiva € uma encefalomielite
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61.000 mortes por ano no mundo, principalmente por
mordidas de cies, que mostram a importancia da vacinagdo
anti-rabica em caes para conseguir a eliminagdo da doenca.
Na Colémbia, varios casos de raiva humana transmitida por
cdes e gatos foram relatados desde 1999, mostrando um
aumento na importancia de gatos na transmissdo da raiva,
principalmente em raiva de origem selvagem. Portanto, o
objetivo do presente estudo foi avaliar o desenvolvimento de
anticorpos neutralizantes em cdes e gatos durante a campanha
de vacinagdo em massa do segundo semestre de 2015 na cidade
de Bucaramanga. Para este propoésito, um estudo descritivo
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transversal com amostragem de conveniéncia foi realizado
em 382 cdes e gatos (295 caes, 87 gatos), e uma avaliacdo da
resposta imune humoral dos animais foi realizada por ELISA
quantitativo. A prevaléncia de anticorpos neutralizantes dtimos
(>0,5 Ul/ml) foi de apenas 32,76% (IC 95% = 28,05-37,46%)
em toda a populacdo estudada e a maioria dos animais nao
teve resposta adequada a vacinagdo, ou a soroconversao
foi ndo detectado neles (65,45-95% intervalo de confianca
IC=60,68-70,21%). Diferenca significativa foi encontrada entre
os titulos de anticorpos neutralizantes em gatos e caes, com
uma maior resposta neutralizante em gatos. Em concluséo,
embora as campanhas de vacinagdo em massa para cdes e
gatos sejam a medida mais importante para interromper a
circulagdo do virus entre os animais, a obten¢ao de uma boa
resposta imunolégica neutralizante nos animais é util para
demonstrar que a vacinacao foi bem sucedida, permitindo a
manuten¢ao necessaria dos niveis minimos de imunidade da
populacdo. Esses resultados permitirdo que a implementagao
de medidas corretivas em Bucaramanga alcance melhores
taxas de soroconversao. Outras cidades devem implementar
avaliagdes similares de soroconversao para verificar a qualidade
da vacinacdo anti-rabica efetiva em populacées animais.

TERMOS DE INDEXACAO: Resposta imune, virus da raiva, caninos,
felinos, animais abrigados, Santander, Colombia, vacinagao.

INTRODUCTION

Rabies is an incurable and fatal progressive viral encephalomyelitis
caused by alyssavirus (Bourhy etal. 2008). Rabies virus (RABV)
belongs to the order Mononegavirales, family Rhabdoviridae,
and genus Lyssavirus (Afonso etal. 2016). Rabies transmission
occurs in two epidemiological forms: a) urban, with the dog
as the main reservoir and transmitter, and b) wild, with
animals such as bats, foxes, and wolves as reservoirs and
transmitters and cats as transmitters (Hampson et al. 2009,
Paez etal. 2011).

Despite being fatal in 100% of cases, it can also be
prevented in 100% of cases, either with massive pre-exposure
vaccination or post-exposure prophylaxis measures, which
include the use of immunoglobulins and vaccines, to prevent
disease development in exposed patients (Abela-Ridder 2015,
Cleaveland et al. 2006).

Countries that implement rabies elimination programs
show a marked reduction in infections, often leading to the
elimination of the disease (WHO 2013). To break the RABV
transmission cycle, elimination programs center around
dog vaccination campaigns, which must include at least
70% of the dog population in order to stop transmission
(Belotto et al. 2005, Cleaveland et al. 2006, WHO 2013).

Ofthe 61,000 deaths per year caused by rabies in humans
(WHO 2013), 99% are caused by dog bites, proving the
importance of rabies vaccination in dogs to prevent human
rabies (Abela-Ridder 2015). In Colombia, seven cases of rabies
transmitted by dogs and nine by cats have been officially reported
since 1999, showing that cats have acquired importance as a
transmitter, due in large part to their nocturnal and hunting
habits, that expose it to RABV by contact with wildlife rabies
infected bats (Minsalud 2014, Castro Castro et al. 2016).

Colombia has historically been affected by urban and wildlife
rabies outbreaks (Paez etal. 2003a, 2003b, 2005). The most
recent outbreak of dog-transmitted rabies occurred in the years
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2006-2008 in the Santa Marta Tourist District, Department
of Magdalena, which claimed the lives of four humans and
dozens of dogs (Paez et al. 2009a). Different case analyses
show the ongoing occurrence of urban RABV outbreaks caused
by wild variants and leading to multiple animal and human
deaths in the country (Badillo etal. 2009, Mantilla etal. 2010,
Paez etal. 2009b, Valderrama et al. 2006), and the increasing
importance of cats as transmitter agents of these wild
variants (Paez et al. 20094, Castro Castro etal. 2016), which
demonstrate the importance of maintaining high vaccination
coverage also in cats, although the “Regional Program for the
Elimination of Human Rabies” has been focused mainly on
dogs (OPS 2005, Schneider et al. 2007).

To reduce rabies cases to zero, one essential point is to achieve
sustained vaccination in dogs and cats. (Abela-Ridder 2015).
In Colombia, canine and feline populations are increasing in urban
areas; in Bucaramanga specifically, the estimated population
of dogs and cats in 2010 was 39,582 individuals, of which
31,604 were canine and 7,978 feline (Arismendy et al. 2010),
and although no clinical cases of canine rabies have been
identified in the department of Santander since 2004, the arrival
of wildlife rabies to urban populations is a constant threat
(Badillo et al. 2009, Paez et al. 2009b, Mantilla et al. 2010).

In Colombia, the vaccination of canines and felines is
mandatory. The national rabies vaccination program has
achieved a national vaccination coverage that varied between
45% and 63% from 1994 to 2005 (Cediel et al. 2010).
However, campaigns often do not have the expected impact
because of multiple factors, including the dispersal of the
vaccination strategy over the 12 months of the year and a
likely underestimation of the canine population (OPS 2005),
as well as the use of inactivated low potency vaccines, the
number of doses, interval between vaccinations, age at
vaccination, among others, all factors that can influence the
immune response (Berndtsson et al. 2011). The impact of
failures in the cold chain of vaccines, inadequate handling
of biologicals, inappropriate vaccine inoculation in canines,
use of expired vaccines, or dishonesty of the persons or
entities that sell the vaccines (Paéz et al. 2007) has also been
described. In Colombia, these problems have led to vaccine
failures in which up to 35% of the vaccinated population does
not develop an immune response or does so inadequately
(Paez etal. 2011).

The aim of the present study was to evaluate the production
of neutralizing antibodies in dogs and cats vaccinated during
the mass vaccination campaign of the second half of 2015
in the city of Bucaramanga and its metropolitan area. These
data should be used to study the outcome of mass vaccination
campaigns and as a tool for decision-making about the
implementation of control strategies to improve vaccination
coverage by health authorities, at both the regional and
national levels.

MATERIALS AND METHODS

Ethics statement. This study was approved by the Ethics
Committee for Animal Experimentation of the Cooperative University
of Colombia, Bucaramanga (Act 023 of July 2014). The owners and
managers of the animal shelters signed an informed consent form
endorsed by the above-mentioned ethics committee. In addition,
the authors state that all scientific, technical, and administrative
rules for animal research were followed on this study.
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Type of study and samples. A descriptive cross-sectional study
with convenience sampling was conducted in 382 dogs and cats
(295 dogs, 87 cats) belonging to the metropolitan area of Bucaramanga
(Santander), Colombia (Fig.1). The sample size was defined using
WinEpi 2.0 software (available online at: http://www.winepi.net/),
considering an estimated prevalence of 50% and a 95% confidence
level and assuming an error of 5%. Taking into account pet ownership
data, aratio of 3:1 dogs to cats was sampled. The inclusion criterion
for the patients was to have been vaccinated in a mass vaccination
campaign and to have the card showing a vaccination date of no
more than 10 months prior to the time of sampling.

In these patients, 1ml of blood was drawn into Vacutainer®
tubes by puncturing the radial vein of the forearm or the cephalic
vein (in dogs) or the jugular vein (in cats) using a 22 gauge needle.
Samples were allowed to clot at room temperature and then
centrifuged for 15 minutes at 5,000xg. Sera were separated and
stored frozen at -80°C until the levels of neutralizing anti-rabies
antibodies were measured.

ELISA screening of the samples. To evaluate the humoral response
of the animals, the quantitative Enzyme-Linked Immunosorbent
Assay (ELISA) “Platelia Rabies Il Kit ad usum Veterinarium” (Bio-Rad®
Laboratories-Marnes La Coquette, France) was used for the detection
and quantification of anti-rabies glycoprotein antibodies in the
serum of animals, following the methodology and precautions
recommended by the manufacturer.

This ELISA allows the quantification of equivalent neutralizing
antibody titers (EU/ml) by comparison with a calibration curve
prepared with different dilutions of an OIE-approved International
Standard Serum with neutralizing antibody titers measured in IU/ml.
This ELISA has been previously validated, with viral neutralization
tests (Servat et al. 2007) showing optimal results.

In order to increase sensitivity the Platelia Rabies II kit, we used
athreshold of 0.3 EU/mL instead of 0.5 EU/mL as has been reported
recently (Knoop et al. 2010, Wasniewski et al. 2014). Neutralizing
antibody titers are presented in four international standard categories:
undetectable titers at a level of <0.125 EU/ml, insufficient titers at
0.125-0.3 EU/m], sufficient titers at 0.3-4 EU/ml, and high titers at
>4 EU/ml. According to this modification, Sensitivity and Specificity
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for this test has been reported of 92.68 and 100% respectively
(Wasniewski et al. 2014).

Statistical analysis. The computer programs WinEpi 2.0
(available online at: http://www.winepi.net/) and Prism® 7.01 for
Windows™ (GraphPad Software, La Jolla/CA) were used for the
statistical analysis and processing of data. Descriptive statistics
of demographic data were generated. Categorical variables are
summarized as frequencies and proportions, and continuous
variables are summarized as means or medians with their dispersion
measures. A bivariate analysis was performed to compare the
positive and negative results of the vaccinated patients using the
chi-square test or Fisher’s exact test. Normality was verified by the
Shapiro-Wilk test, and the differences between continuous variables
were calculated with the Mann-Whitney test. Comparisons among
the animal shelters were performed using the Kruskal-Wallis test
with Dunn’s multiple comparisons test. In all cases, the results were
considered statistically significant at a level of p<0.05.

RESULTS

The study population consisted of 295 dogs and 87 cats
belonging to animal shelters in the city of Bucaramanga and its
metropolitan area (Fig.1). These animals were vaccinated with
one dose of inactivated rabies vaccine between 5 and 8 months
prior to sampling. The population of dogs studied consisted of
37.28% males and 62.72% females. A similar sex distribution
was found in the cat population, in which 39.08% were males
and 60.92% females. The mean age was 3.69 years for the dogs
(range 1 to 8 years) and 3.81 for the cats (range 1 to 10 years)
included in the study.

In the evaluation of neutralizing antibodies, most of the
animals did not have an adequate response to the vaccination,
or seroconversion was not detected on them (65.45%-95%
confidence interval, CI=60.68-70.21%). To perform an optimal
estimated of the antibody titers, we adjusted the prevalence
according to the sensitivity and specificity data reported for
the Platelia Rabies Il ELISA (Wasniewski et al. 2014). The real
prevalence of optimal neutralizing antibodies (20.3 EU/mL)
was only 32.76% (95% CI=28.05-37.46%) in the entire

4

Bucaramanga

Fig.1. Geographical location of the sampling site in Bucaramanga, Colombia. The pink area denotes Santander Province, and the blue area
denotes Bucaramanga City. The map was created using DIVA-GIS software version 7.5.0 for Windows™.
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population studied. In addition, the prevalence of suboptimal
or insufficient antibodies was 4.51% (95% CI=2.43-6.59%).

In the differential evaluation of neutralizing antibodies
between dogs and cats, a highly significant difference (p<0.001)
was found between the neutralizing antibody titers in cats
and dogs when titers were measured in Equivalent Units/ml
(EU/ml), with a higher neutralizing response shown in cats
compared to dogs (Fig.2). Conversely, dogs had a statistically
higher prevalence of non-reactors than cats (Fig.2A).

In the dog population, 26.69% (95% CI=21.64-31.74%)
of the dogs sampled had a sufficient neutralizing serological
response (between 0.3 and 4 EU/ml, Fig.2B). The highest
proportion (77.17%-95% Cl=72.38-81.96%) did not showed
serological evidence of seroconversion to vaccination and
4.01% (95% Cl= 1.77-6.25%) of the dogs studied had an
insufficient seroconversion rate.

The distribution in cats varied considerably to the dogs, with
a prevalence of cats with sufficient antibody titers (52.08%
- 95% CI=41.59-62.58%) similar to the proportion of cats
in which seroconversion was not detected (48.36% - 95%
CI=37.86-58.86%). Only 6.19% (95% CI=1.13-11.25%) of
the cats sampled had an insufficient neutralizing serological
response. Of the entire population evaluated, only one individual
(1.23%-95% CI=0.00-3.55%) had a high level of neutralizing
antibodies (>4 EU/ml], Fig.2B).

In the analysis of antibody distribution by sex in dogs,
significant differences were found between the neutralizing
serological response of male dogs compared to the response
of females (Fig.3A), with a higher frequency of male dogs that
did not produce an immune response compared to females
(Fig.3B).In the case of cats, no difference was found between
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the antibody levels of males and females, nor was a difference
observed in any of the seroconversion subgroups (Fig.3C,D)

Finally, to evaluate the occurrence of an anthropogenic
effect in the vaccination process, a subgroup analysis was
performed, evaluating 358 of the samples that belonged to
the four main animal shelters. The assessment determined
whether differences existed in the seroconversion level
between the animals belonging to the different subgroups,
with a highly significant difference being observed between
them (p<0.001), with better seroconversion rates in some
shelters (Fig.4A,D) compared to others (Fig.4B,C). However,
as shown in the figure, the majority of the population is
distributed with a low level of neutralizing humoral immunity.

DISCUSSION

Although a reduction of more than 90% of the cases of human
rabies transmitted by dogs in Latin America (OPS 2005,
Schneider etal. 2007) has been achieved within the framework
of the “Regional Program for the Elimination of Human Rabies
Transmitted by Dogs”, rabies is still considered the most
important viral zoonosis (Dodet et al. 2008). In this endeavor,
mass vaccination campaigns for dogs and cats are the most
important measure to stop virus circulation among the animal
population, and long-term sustained coverage is required to
avoid the re-emergence of the disease (Schneider etal. 2007).
In addition to good vaccination coverage, achievement of a good
neutralizing immune response in the animals is necessary to
demonstrate that vaccination has been successful, allowing
the maintenance of the minimum levels of required population
immunity (Hampson et al. 2009). Our results show that only
a quarter of the population evaluated (25.92%) achieved an
optimal neutralizing immune response (Fig.2). This undoubtedly
shows a failure in urban rabies elimination programs and a
latent risk to the animal and human populations.

Although most of human rabies cases in Latin America
have been transmitted by dogs (Schneider etal. 2007), in the
last decade, cats have become a major bridge of transmission
of wildlife rabies to humans (Paez et al. 2009a). In fact, the
last case of human rabies in the region studied was due
to a wild-type virus transmitted by cats in an urban area
(Mejia-Angarita & Lopez-Martinez 2010), which shows the
important impact that the inclusion of cats in the plans for
control and elimination of rabies has on the epidemiology
of the infection.

Notably, although 71.53% of the vaccinated dogs did not
develop neutralizing humoral immunity, only 44.83% of the
cats vaccinated in the mass vaccination campaigns of the second
half of 2015 did not develop neutralizing antibodies. These
results in dogs are far from the results reported by Paez et al
(Paezetal. 2011), who demonstrated that 74.9% of dogs had
an adequate humoral immune response, that is, at levels equal
to or higher than 0.5 IU/ml. In the case of cats, the present
study is the first one in Colombia that shows the results of
the anti-rabies immune response in cats in the country.

In Bucaramanga, according to the data published by the
Ministry of Health, rabies vaccination coverage in dogs and cats
was 41.96% in 2014, (Minsalud 2015). When this coverage is
added to the poor humoral response of vaccinated animals, a
high risk level is shown for the re-emergence of both urban
and wildlife rabies in animals and humans, as has already
been reported (Mejia-Angarita & Lépez-Martinez 2010).
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Different factors might explain these low seroconversion
rates. As an independent study, it was not possible to retrieve
information from the manufacturer and/or type of vaccine

used, batch, etc. However, although the vaccination card was
reviewed (data not shown), the information provided in these
cards by the personnel responsible for vaccinations was
inconsistentand incomplete and did not allow the evaluation
of vaccine-related variables that could explain the low rate of
seroconversion. This information could be confirmed in the
study by (Paez etal. 2011), demonstrating that there may be
vaccines and/or batches that do not allow the production of
effective antibody titers (Paez et al. 2011). The differences
found in the level of seroconversion among animal shelters
(Fig.4) allow us to assume that there are anthropogenic
variables that influence the immune response of vaccinated
animals. These occur in addition to the biological responses
that affect the dogs and cats and are attributable to factors
such as nutritional status or health status (Almeida et al. 1997,
Rigo & Honer 2006, Tordo et al. 2005).

Most of the regional campaigns of vaccination of dogs
and cats against rabies in Brazil (Fernandes et al. 2017) and
Colombia (present data) used cell culture rabies inactivated
virus and aluminum hydroxide as adjuvant. Similar to the
analyzed data by (Fernandes et al. 2017), Vaccine quality,
dose, age of primary vaccination, nutritional status, presence
of concomitant infections, in addition to the individual
immunological capacity could not be evaluated, it is not possible
to attribute to any of them the observed unresponsiveness
to vaccination in many animals.

We believe that the number of vaccine doses received
by the animals is not confusing the results. Although it has
been reported that around 14% of primo-vaccinated dogs

Pesq. Vet. Bras. 38(11):2109-2116, novembro 2018
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have presented neutralizing titers lower than the minimum
threshold (0.5 IU/mL) (Cliquet et al. 2003), most of the animals
belonging to the evaluated shelters has been previously
vaccinated at least one time because vaccination atadmittance
of the shelter it is mandatory (Day et al. 2016) and it is well
assumed that for multiple vaccinated dogs, antibody titers
did not depend on the time elapsed since the last vaccination
(Cliquet et al. 2003, Mansfield et al. 2004).

Also, it was previously demonstrated that the peak of rabies
antibody titers initially rises and then from about 6 to 8 weeks
onwards the titers slowly decreases, eventually resulting in
an increase in the number of test failures (Jakel et al. 2008,
Kennedy et al. 2007, Van de Zande et al. 2009). It could be
possible that our evaluation lost the peak of seroconversion
in the animals and that the level of antibodies goes below
the protective threshold of 0.5 IU/mL, however this
does not mean that they are not protected against rabies
(Lakshmanan et al. 2006); in fact, the presence of detectable
neutralizing antibodies against rabies at the time of a possible
wild type virus challenge does not indicate protection for all
animals (Aubert 1992, Hooper et al. 1998).

This is the first study evaluating the vaccine response
that includes samples of both dogs and cats in Colombia.
Considerably, our results (Fig.2A) demonstrate a significant
difference with a higher prevalence of neutralizing antibodies
in vaccinated cats compared to dogs. Similarly, in a study of
samples of dogs and cats vaccinated in two cities in Southeastern
Brazil, significant differences were found in the development
of antibodies between dogs and cats in only one of the cities
studied (Albas etal. 2013). This finding could explain that the
differential response of dogs and cats is mainly mediated by
anthropogenic factors such as the vaccination culture and the
quality of the vaccination, etc., rather than by a differential
biological response between the two species (Moore etal. 2015,
Tordo et al. 2005).

In similar way to our results, it has been recently reported
the frequency and magnitude of neutralizing antibodies to
RABV in dogs with and without historic of vaccination in Santa
Maria/RS, Brazil, during missive 2015 rabies vaccination
campaign (Fernandes et al. 2017), the results shown that
after single dose vaccination, between 30-58% of dogs do not
contain neutralizing antibodies against RABV in adequate levels,
highlighting current vaccine status in dogs that may not be
sufficient to prevent an eventual introduction and transmission
of the virus to unprotected dogs (Fernandes et al. 2017).

Since the development of the Platelia™ Rabies I kit ad usum
Veterinarium by Bio-Rad in 2006 (Servat et al. 2007) and
the certification by the OIE in 2007 for the determination
of immune status postvaccination in individual dogs or cats
(World Organisation for Animal Health 2007), this ELISA
seemed to be a reliable alternative method to the current
seroneutralisation tests (FAVN test: fluorescent antibody virus
neutralisation test; RFFIT: rapid fluorescent focus inhibition
test). However, many discordant results were observed when
comparing the titers obtained by the Platelia Rabies II kit
and those obtained with the FAVN or RFFIT. Compared to
the FAVN test, this ELISA was not sensitive enough for rabies
antibody detection with the current threshold of 0.5 EU/mL
indicating that that this ELISA underestimates the rabies
antibody titers obtained in vaccinated animals (even in
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high positive samples) compared to the gold standard tests
(Knoop et al. 2010, Wasniewski et al. 2014).

In order to increase sensitivity of the Platelia Rabies II
kit, results obtained from an international collaborative
study of the proficiency of the test has shown that this ELISA
could be used for research purposes with a threshold set at
0.3 EU/mL instead of 0.5 EU/mL (Wasniewski et al. 2014),
recommendation that where take into account in this paper
in order to have a more precise and less restrictive results.

As mention before, there is not outbreaks of urban
rabies in Colombia since 2008 (Paez et al. 2009b); However
multiple cases human rabies transmitted by cat or by bats
has been recorded in urban areas (Valderrama et al. 2006,
Paez et al. 2009a, Mantilla et al. 2010, Mejia-Angarita &
Loépez-Martinez 2010). Besides, we have recently showed
that Livestock rabies transmitted by bats has an increasing
trend of the disease and is present in 62.5% of Colombian
provinces (Marin-Alvarez et al. 2014). Thus, considering
the potential risk of introduction of the virus from nearby
rural areas through bat or cat hunting bats, our present data
indicated that the vaccine coverage in dogs/cat could be unable
to respond efficiently to a possible challenge with field virus
and could lead to possible outbreak of urban canine/feline
rabies and possibility to human rabies cases.

CONCLUSIONS

Our results highlight the low real coverage of rabies
vaccination and demonstrate that, after a mass vaccination
campaign, the vast majority of animals in the study population
would be unable to respond efficiently to a challenge with
field virus.

A post-vaccination determination of antibody titers is
recommended as a more objective measure to evaluate rabies
vaccination campaigns in addition to traditional coverage
measures.

These results will allow the implementation of corrective
measures in the Bucaramanga dog and cat population to
achieve better seroconversion rates.

Other cities are expected to implement similar seroconversion
assessments to prove the quality of effective anti-rabies
vaccination in animal populations.
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