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ABSTRACT

Rabies is a contagious viral disease that can be easily transmitted by the saliva and brain/nervous system tissues of the infected animals, causing severe and fatal
encephalitis in both animals and humans. Vaccination campaigns are crucial to combat and prevent rabies’s spread in dogs and humans. The Modified Fuenzalida &
Palicios vaccines have been widely used since the 70s and have proven effective in producing a solid serological response. Since 2008, the Brazilian Ministry of
Health has introduced a Cell Culture Rabies Vaccine (CCRV) for all dog mass vaccination campaigns in Brazil. However, to date, there is limited evidence on the
immunologic response of dogs to this type of vaccine in field conditions. The present study evaluated the serological response in dogs vaccinated with CCRV from
blood samples of 724 dogs using the Simplified Fluorescence Inhibition Microtest — SFIMT. Dogs with a titer equal to 0.5 IU/mL or above were considered sero-
positive. The results revealed that 59.12% (428/724) of all dogs tested and 48.49% (32/66) of primo-vaccinated animals were seropositive. The percentage of
seronegative animals was higher than seropositive for animals that received a single dose during their life (p < 0.05). The opposite was observed in animals with five
or more doses. The results of this study demonstrated that the CCRV vaccines elicit a satisfactory immunological response in field conditions and can constitute an
essential population-level preventive strategy as part of annual canine rabies vaccination campaigns. Although its effectiveness has been studied, there is limited
evidence of its immunological response in dogs under field conditions. This paper evaluates the serological response to CCRV in dogs vaccinated during mass
vaccination campaigns from 2012 to 2017.

1. Introduction

Rabies is an acute viral disease caused by a Lyssavirus from the
Rhabdoviridae family that can affect all mammals, including humans. It
is characterized by acute and progressive encephalitis with approxi-
mately 100% mortality [1], causing about 59,000 deaths annually, of
which 59.6% occur in Asia and 36.4% in Africa [2]. In 2020, WHO
proposed a global plan for rabies control called “Zero By 30” to reduce
the transmission from dogs and subsequent human deaths to zero by
2030.

The incidence of reported human and dog rabies cases in Latin
America and the Caribbean has decreased considerably through sus-
tainable control [3]. Approximately 40% of suspected rabies exposure
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incidents occur in children under 15 years [4], with an estimated global
economic cost of $8.6 billion [5].

Rabies virus antigenic variant two can be eliminated from the urban
environment by adopting efficient prevention measures such as human
and animal vaccination, availability of anti-rabies serum, and surveil-
lance actions [6]. Mass animal vaccination campaigns have been shown
to reduce the incidence of dog-mediated rabies. In developing countries,
70% of reported rabies cases are caused by dogs and cats, so vaccination
campaigns targeting these species are crucial [7].

In Brazil, since its introduction in 1973, the National Rabies Pro-
phylaxis Program (PNPR) has been considered one of the priority pro-
grams of the national health policy to promote systematic activities for
combatting human rabies and disease control in animals [8]. The canine
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Fig. 1. Vaccination and sampled sites of dog blood collection. Botucatu — Brazil, 2023.

rabies vaccination campaigns in Brazil resulted in a significant decrease
in both human and canine rabies notifications from over 1200 canine
rabies notifications and a mortality rate of 0.014 human deaths per
100,000 inhabitants in 1999 to 9 canine rabies notifications and no
reported human cases in 2018 [1].

In 1973, the Sao Paulo Government created the Standing Committee
on Rabies Control (CPCR), coordinated by the Sao Paulo Pasteur Insti-
tute, which coordinates the State’s Rabies Control Program [9,10].
However, the first rabies control activity in the Sao Paulo state in Brazil
dates back to 1968 in Botucatu, supported by the Faculty of Veterinary
Medicine and Animal Science from Sao Paulo State University — UNESP.

Rabies control activities in the municipality of Botucatu have
occurred annually for the past 50 years. In 2010, it was awarded “The
Best Regional Event in Rabies Prevention and Control in Latin America
and the Caribbean” by the Pan American Health Organization (PAHO),
the World Health Organization (WHO), and the Global Alliance for
Rabies Control [11]. In the municipality of Botucatu, the last case of
canine rabies was diagnosed in 1985 [12]. Much of this success can be
attributed to the high vaccine coverage achieved by the annual rabies
vaccination campaigns. Rabies mortality in dogs is more significant in
unvaccinated animals and animals that do not develop detectable anti-
body levels, as those who produce neutralizing antibodies rarely
become sick when exposed to the virus [13].

Public mass animal rabies vaccination campaigns in Brazil were
carried out with the modified Fuenzalida & Palacios vaccine, made from
infected suckling-mouse brains, before 2009 [14,15]. Since 2008 [16],
the Brazilian Ministry of Health has approved using cell culture rabies
vaccines (CCRV). The main viral strains used in the manufacture of those
vaccines are Pasteur virus (PV), Pitman-Moore (PM), or Flury Low Egg

passage (LEP), which effectively protect against Rabies lyssaviruses
circulating in Brazil [17].

Developing an adequate immunological response following canine
CCRV vaccination is a significant strategy to prevent human rabies,
especially when dogs or bats are the main reservoir [18]. Silva et al. [19]
evaluated the immune response of 432 healthy dogs in field conditions
receiving a single vaccine dose and reported that 21.76% did not present
protective titers against the rabies virus. Similarly, Fernandes et al.
(2017) [20] investigated the frequency of neutralizing antibodies in
dogs with and without a vaccination history, revealing that 30% of
vaccinated dogs did not present adequate antibody response.

Previous studies suggest that the humoral response in dogs that
received Fuenzalida & Palacios vaccines may be compromised after 12
months, especially in single-dose situations [21]. No further in-
vestigations were found in the scientific literature about the humoral
response in dogs from Brazil after the vaccine change.

The present study aimed to evaluate the serologic response of dogs
who have received CCRV in field conditions.

2. Material and methods

The study received research ethics approval from the Animal Ethics
Committee (CEUA) from the Faculty of Veterinary Medicine and Animal
Science (FMVZ) of the Sao Paulo State University — UNESP under pro-
tocol 0166/2017. All 724 owners of the animals participating in this
study signed a consent form.

Botucatu municipality is located 235 km from Sao Paulo State cap-
ital, in the central region of the State at 22° 53' 09” S and 48° 26’ 42" E
and 840 m above sea level with a population of 127,328 inhabitants
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Table 1
Composition of vaccines used at the mass vaccination campaigns between 2012
and 2017. Botucatu — Brazil, 2023.

Type Vaccine 1 Vaccine 2 Vaccine 3 Vaccine 4
2012 X

2013 X

2014 X

2015 No vaccination

2016 X X X

2017 X X

Vaccine 1 - High concentrations of fixed rabies virus, grown in cell culture,
inactivated by betapropiolactone and added with aluminum hydroxide; Vaccine
2 - Rabies virus suspension, Pasteur Virus (PV) strain, grown in BHK cells and
inactivated by Binary Ethyleneimine (BEI); Vaccine 3 - Rabies virus suspension,
PV strain, cultured in BHK cells; Vaccine 4 - Fixed rabies virus suspension, PV, of
cell culture origin, with aluminum hydroxide gel as adjuvant.

(85.88 inhabitants/kmz), 96% (n = 106,851) of which live in the urban/
metropolitan area. The municipality’s area is 1482.874 km?, of which
154 km? corresponds to the urban area and 1329 km? to the rural area
[22]. 2018, the municipality’s total estimated dog population was
27,735 dogs [23].

A random sample of 724 dogs was selected during the 46th Dogs and
Cats Rabies Vaccination Campaign, held from September 11th to 15th,
2017, from 15 vaccination sites with the highest vaccination rate in the
previous campaign, distributed throughout the urban area (Fig. 1).

Animals participating in the study were randomly selected during
vaccination activities at the posts with the highest volume of dogs
registered for vaccination in the previous year. Therefore, three stations
were chosen for each of the five sectoral regions of the municipality,
totaling 15 collection stations. Owners of participating dogs were
invited to participate in the investigation, and those who accepted were
included in the study. Sampled dogs were chosen from an estimated
population of 27,735 animals, considering 75% of participation accep-
tance with free and informed owner consent, an estimation error of
3.65%, and a confidence level of 95% [24].

Individual animal data, including sex and age of the animal, body
condition, clinical signs, treatments, periodical deworming, feeding
type, vaccination history and rabies vaccine history number, and
contextual factors, including the number of animals housed, place of
residence, and vaccination service, was collected from owners via a
questionnaire. The same team of trained blood collection officers
delivered the questionnaire to all owners.

The vaccines used during the evaluation period are described
(Table 1). Four different laboratories produced each type of vaccine, and
despite all vaccines being made in cell culture, they presented different
compositions. The present study did not evaluate the response of the
various types of vaccine compositions.

Blood samples were collected from the cephalic or jugular vein with
5 mL syringes and 25 x 7 mm needles and transferred to test tubes
without anticoagulants. After coagulation, the lines were centrifuged at
1600g for 10 min. The resulting serum was transferred to microtubes and
frozen at —20 °C. Serum determination of neutralizing antibodies to
rabies was performed at the CCD-SES Pasteur Institute Rabies Diagnostic
Laboratory of Sao Paulo (WHO Collaborating Center on Rabies and
National Reference Laboratory for Rabies Diagnosis), by the Simplified
Inhibition Microtest. Fluorescence - Simplified Fluorescence Inhibition
Microtest — SFIMT [25,26] using the Pasteur Virus (PV) strain. In this
study, a neutralizing antibody level of 0.5 IU/mL or higher for RABV was
considered an adequate titer (seropositive), as the World Health Orga-
nization (WHO) and the World Organization for Animal Health (WOAH)
recommended.

Statistical analyses of the association between serum response and
animal characteristics were performed in three groups according to the
year and the type of vaccine used at the mass campaign (Table 1). The
first comparison considered animals with a single dose vaccine
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nominated as primo vaccinated. The second comparison included ani-
mals under five years old who received CCRV only, and the third group
included animals over five years old who possibly received Fuenzalida &
Palacios vaccine doses. For statistical analysis, animals were classified
according to age as “< 12 months, 1 to 5 years, and > five years old”; the
number of antirabies vaccine doses as 1,2,3,4 and 5 or more doses; the
year of the last antirabies vaccination (classified as 2011, 2012, 2013,
2014, 2015, 2016); the animal’s body condition (classified as thin, ideal,
overweight and obese).

The association between the presence or absence of adequate titer
and intrinsic or extrinsic variables was performed by Goodman’s Asso-
ciation Test [27], complemented with multiple comparisons between
and within variables. We conducted exploratory analyses using SPSS
Statistics, considering the owners’ responses. A p-value of <0.05 was
considered statistically significant.

3. Results

From sampled dog population (724), 516 (71.27%) presented ideal
body conditions, 586 (80.94%) were domiciled, 387 (53.45%) were
dewormed, 387 (53.45%) were not neutered, 430 (59.39%) feed on
commercial food, 690 (95.31%) were not receiving any disease treat-
ment, and 491 (67.82%) were vaccinated in public vaccinations services
(Fig. 2).

Of sampled dogs, 428 (59.12%) were seropositive, and 296 (40.88%)
were seronegative.

A statistically significant association was observed between the
seropositivity and the number of doses the animals received (Table 2). In
animals that received a single dose during their life, the percentage of
animals seronegative is higher than the seropositive (p < 0.05). The
opposite was observed in animals with five or more doses, with a higher
seropositivity proportion.

In the group of animals over five years, the proportion of seropositive
animals is higher than that of non-seropositive animals (p < 0.05).
However, the frequency of non-seropositive animals is higher in animals
under 12 months of age. In both the seropositive and non-seropositive
groups, animals are predominated between 1 and 5 years (Table 3).

Periodic deworming was shown to have a positive association with
seropositivity, as the proportion of animals seropositive was significant
in the frequently dewormed group (p < 0.05) (Table 4).

Regarding primo-vaccinated animals, there was an association be-
tween the seropositive group and body scores since the percentage of
seropositive animals with ideal body scores was higher than the animals
non-seropositive (p < 0.05). In contrast, the proportion of non-
seropositive animals is higher in overweight animals. It was also
observed that dogs who received other vaccines concomitant with rabies
presented a better seroconversion (p < 0.05). The opposite is true for
animals that receive the rabies vaccine only. There was no association
between gender, sterilization, age, clinical signs, treatments, type of
feeding, place of residence, service used for vaccine administration, and
the presence of adequate titer of primo-vaccinated dogs.

4. Discussion

Our results revealed that rabies cell culture vaccines promoted a
better humoral response than verified by Rigo and Honer [28] with the
modified Fuenzalida & Palacios vaccine in the general dog population,
who found that 170 (51.1%) of 333 dogs did not develop adequate titers
for the latter vaccine. However, in the same study, researchers found no
association between the number of doses and an adequate titer, an as-
sociation that could be verified in the present study.

There are just a few studies in the scientific literature on the immune
response conferred by the cell culture vaccine in domestic animals
attending annual rabies vaccination campaigns and are subject to
various forms of exposure to the virus in varying clinical, nutritional,
environmental, socioeconomic and maintenance, which does not allow
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Fig. 2. Frequency of dogs in percentage regarding their intrinsic characteristics. Botucatu — Brazil, 2023.
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Table 2
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Serum evaluation in the sampled dog population according to the number of doses received. Botucatu — Brazil, 2023.

Number of doses

Seropositive 1 2 3

No (<0.5 IU/mL)
Yes (>0.5 IU/mL)

107(0.391)bB
56(0.142)aA

53(0.193)aA
78(0,198)aA

43(0.157)aA
68(0.173)aA

4 +5 Total Not answered

23(0.084)aA 48(0.175)aA 274 22

59(0.150)bA 133(0.337)bB 394 34
Total 668 56

Two proportions followed by the same lower case, within a fixed number of doses range, do not differ (p > 0.05) from each other in seropositivity; Two proportions
followed by the same capital letter, within the same response, do not differ (p > 0.05) from each other regarding the number of doses groups.

Table 3
Serum evaluation in the sampled dog population according to age. Botucatu — Brazil, 2023.
Age
Seropositive < 12 months 1 to 5 years > 5 years Total Not answered
No (<0.5 IU/mL) 27(0.092)bA 184(0.626)aC 83(0.282)aB 294 2
Yes (>0.5 IU/mL) 4 (0.010)aA 247(0.585)aC 171(0.405)bB 422 6
Total 716 8

Two proportions followed by the same lower case, within a fixed age range, do not differ (p > 0.05) from each other in seropositivity; Two proportions followed by the
same capital letter, within the same response, do not differ (p > 0.05) from each other regarding the age groups.

Table 4
Serum evaluation in the sampled dog population according to the deworming routine. Botucatu — Brazil, 2023.
Deworming
Seropositive No Total Not answered
No (<0.5 IU/mL) 149(0.505)bA 146(0.495)aA 295 1
Yes (>0.5 IU/mL) 180(0.428)aA 241(0.527)bB 421 7
Total 716 8

Two proportions followed by the same lower case, within a fixed age range, do not differ (p > 0.05) from each other in seropositivity; Two proportions followed by the
same capital letter, within the same response, do not differ (p > 0.05) from each other regarding the deworming groups.

us to discuss the topic further. However, Silva et al. [19] evaluated the
immune response of dogs that were admitted to the European Com-
munity, supposedly with adequate nutritional and health status, who
received a single dose of the cell culture vaccine and found that out of
432 samples, 21.76% had no adequate titer against the rabies virus, and
67.02% of which were puppies.

When the relationship between immune response and the age of dogs
was analyzed, a better immunologic response to the cell culture vaccine
in dogs older than five years was observed compared to animals younger
than 12 months. This is probably due to the maturation of the immune
system and the number of vaccine doses received throughout their life
course. This difference was reported by Silva et al. [19], who stated that
adult dogs show a better immune response when comparing their
average neutralizing antibody levels with younger animals, thus
requiring a second dose of vaccine before 12 months, which would in-
crease the possibility of a faster, more significant, and longer-lasting
response.

Some authors [21,29,30] observed an abrupt drop in serum anti-
rabies antibody concentration for the Fuenzalida & Palacios vaccine,
suggesting that a vaccination booster between the annual campaigns is
needed. Vaccine boosters were also more efficient in dogs that had
received two or more previous vaccinations.

The present study also observed that the number of vaccine doses is
associated with the immune response since dogs that received four or
more doses of cell culture vaccine responded significantly better than
those that received only one dose. This immunologic response can be
explained by the immune system’s maturation, which becomes more
competent over time, and by the consecutive stimulation caused by the
vaccine, making the immune response more efficient in antibody
production.

It was also possible to verify that dewormed, under treatment, and
neutered dogs had a better vaccine response, suggesting a positive
relationship with the responsible ownership as owners who are worried

about their dog’s health are more likely to maintain a regular vaccina-
tion schedule, deworming, and feeding care. Additionally, animals free
from other infections and in good health have the most competent and
responsive immune systems, whether by natural or artificial active
immunization.

The World Health Organization posits that 70% canine vaccination
coverage is necessary to eliminate canine-mediated transmission.
However, vaccination may not guarantee that the animals retain
adequate seroprotection [4]. Although previous studies have shown that
most states in Brazil surpass 80% canine vaccination coverage, our re-
sults found that <60% of sampled dogs had protective rabies-
neutralizing antibody titer. In particular, primo-vaccinated dogs had
lower seropositivity than other groups, suggesting additional boosters
may be necessary to maintain herd immunity between annual cam-
paigns [31].

In the primo-vaccinated dog group, it was found that the charac-
teristics related to adequate titer differ concerning the general canine
population. In this group, body score proved an important attribute
linked to the animal response. Dogs classified as having an ideal body
score stood out considerably compared with the other scores in the
adequate titer primo-vaccinated animal category. This finding corrob-
orates that well-nourished animals become more competent in devel-
oping antibodies against natural infections and more responsive when
subjected to vaccination protocols. This is also true for primo-vaccinated
dogs receiving doses of vaccines not only against rabies but also other
diseases.

5. Conclusions

The immunologic response of dogs to rabies culture cell vaccine is
satisfactory in the context of mass dog vaccination campaigns. The
immunologic response is likely to be improved by multiple dog vacci-
nations and adopting responsible ownership practices such as caution
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with animal welfare, neuter-ing, deworming, and maintaining vaccina-
tion against other diseases.

The present study’s findings suggest that the seroconversion after the
primo vaccination is unsatisfactory, indicating that a vaccine booster
may be needed after one month.

It was also possible to conclude that the serum titer of neutralizing
antibodies against rabies decays within a year, especially revealing the
need for an annual vaccine booster.

Al statement

While preparing this paper, the author(s) used Grammarly® to re-
view the translation from Portuguese to English. After using this tool/
service, the author(s) reviewed and edited the content as needed and
take(s) full responsibility for the publication’s content.

CRediT authorship contribution statement

Rodrigo Iais da Silva: Validation, Resources, Investigation, Formal
analysis. Luciana Botelho Chaves: Validation, Methodology, Formal
analysis. Sandriana dos Ramos Silva: Validation, Methodology,
Formal analysis. Iana Suly Santos Katz: Validation, Methodology,
Formal analysis. Elaine Raniero Fernandes: Validation, Methodology,
Formal analysis. Rene Cunha Neto: Validation, Methodology, Formal
analysis. Carlos Roberto Padovani: Writing — review & editing, Vali-
dation, Methodology, Investigation, Formal analysis. Jose Rafael
Modolo: Writing — review & editing, Validation, Methodology. Ricardo
J. Soares Magalhaes: Writing — review & editing, Validation, Meth-
odology. Holly Crompton: Writing — review & editing, Validation,
Methodology. Cassiano Victoria: Writing — review & editing, Writing —
original draft, Visualization, Validation, Supervision, Project adminis-
tration, Data curation, Conceptualization.

Declaration of competing interest

The author(s) declares no conflict of interest in this work.
Data availability

Data will be made available on request.
Acknowledgments

We acknowledge CAPES for the financial support and the Botucatu
Surveillance Health Team (VAS) for the logistic support.

References

[1] Brasil, “Raiva,” Ministério da Satide, Accessed: Sep. 25. [Online]. Available: https
://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/r/raiva/raiva, 2023.

[2] OIE, “Rabies,” Rabies, Accessed: Dec. 16. [Online]. Available: https://www.who.
int/news-room/fact-sheets/detail /rabies, 2020.

[3] M.A.N. Vigilato, et al., Progress towards eliminating canine rabies: policies and
perspectives from Latin America and the Caribbean, Philos. Trans. R. Soc. B Biol.
Sci. 368 (1623) (Aug. 2013) 2-8, https://doi.org/10.1098/rstb.2012.0143.

[4] WHO. World Health Organization, et al., WHO Expert Consultation on Rabies:
Third Report, Accessed: Dec. 16, 2020. [Online]. Available, https://www.who.
int/news-room/fact-sheets/detail /rabies, Jan. 2018.

[5] K. Hampson, et al., Estimating the global burden of endemic canine rabies, PLoS
Negl. Trop. Dis. 9 (4) (2015) 20, https://doi.org/10.1371/journal.pntd.0003709.

[6] A.J. Belotto, Organization of mass vaccination for dog rabies in Brazil, Clin. Infect.
Dis. 10 (Supplement_4) (Nov. 1988) S693-S696, https://doi.org/10.1093/clinids/
10.Supplement_4.S693.

[7] Sao Paulo, Manual Técnico do Instituto Pasteur: vacinacao contra a raiva de caes e
gatos 11 (3) (2004), https://doi.org/10.1590/50104-59702004000300011.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

One Health 18 (2024) 100713

M.C. Schneider, G.A. De Almeida, L.M. Souza, N.B. De Morares, R.C. Diaz, Rabies
control in Brazil from 1980 to 1990, Rev. Saude Publica 30 (2) (1996) 196-203,
https://doi.org/10.1590/50034-8910199600020001 2.

Sao Paulo, Governo do Estado de Sao Paulo., “Decreto n° 41.286, de 6 de novembro
de 1996,” Webpage, Accessed. [Online]. Available: https://governo-sp.jusbrasil.co
m.br/legislacao/172362/decreto-41286-96, Dec. 21, 2020.

Sao Paulo, Assembléia Legislativa do Estado de Sao Paulo., “DECRETO N. 2.862,
DE 21 DE NOVEMBRO DE 1973,” Webpage, Accessed. [Online]. Available: https
://www.al.sp.gov.br/repositorio/legislacao/decreto/1973/decreto-2862-21.11.
1973.html, Dec. 21, 2020.

S.D. Babboni, J.R. Modolo, Evolucao das campanhas de vacinacao anual contra a
Raiva de caes e gatos em municipios como atividade extensionista Evolution of
annual vaccination campaing against dog and cat rabies in municipalities as
extensionist activity, in: 8 Congresso de extensao universitaria da UNESP, 2015.
J. Marinho, J.R. Modolo, “Unesp comemora 50 anos de combate a Raiva em
Botucatu/SP - Noticias - Unesp - Universidade Estadual Paulista - Portal,” webpage,
Accessed. [Online]. Available: https://www2.unesp.br/portal#!/noticia/339
32/unesp-comemora-50-anos-de-combate-a-raiva-em-botucatu-sp, Jan. 26, 2021.
D.J. Dean, W.M. Evans, W.R. Thompson, Studies on the low egg passage flury
strain of modified live rabies virus produced in embryonating chicken eggs and
tissue culture, Am. J. Vet. Res. 25 (1964) 756-763.

E. Fuenzalida, R. Palacios, J.M. Borgono, Antirabies antibody response in man to
vaccine made from infected suckling-mouse brains, Bull. World Health Organ. 30
(1964) 431-436.

A. Albas, E.A.N. de Souza, M.R. Picolo, S.R. Favoretto, A.R. da Gama, M.M. Sodré,
The bats and rabies in the Western region of the state of Sao Paulo, Brazil, Rev. Soc.
Bras. Med. Trop. 44 (2) (2011) 201-205, https://doi.org/10.1590/S0037-
86822011005000001.

Vacinacao antirdbica, Accessed. [Online]. Available: http://epidemiologia.alfenas.
mg.gov.br/mostra.asp?conteudos=139, Mar. 12, 2024.

F. Ito, J. Megid, M.G. Ribeiro, A.C. Paes, Raiva, in: Doencas infecciosas em animais
de producao e de companhia, Rocca, Sao Paulo, 2016, pp. 799-819.

K. Natesan, S. Isloor, B. Vinayagamurthy, S. Ramakrishnaiah, R. Doddamane, A.
R. Fooks, Developments in rabies vaccines: the path traversed from Pasteur to the
modern era of immunization, Vaccines 11 (4) (Apr. 2023), https://doi.org/
10.3390/vaccines11040756.

V.A. Da Silva, et al., Resposta imune humoral de caes domésticos que receberam
dose tnica de vacina antivirus da raiva, Rev. Educ. Contin. Em Med. Veterinaria E
Zootec. CRMV-SP 12 (1) (Oct. 2014) 20-25, https://doi.org/10.36440/recmvz.
v12i1.23105.

K.G. Fernandes, M. Martins, B. Portolan Amaral, J. Felipetto Cargnelutti,

R. Weiblen, E. Furtado Flores, Antibodies against rabies virus in dogs with and
without history of vaccination in Santa Maria-RS-Brazil, Ciénc. Rural 47 (11)
(2017) 7, https://doi.org/10.1590/0103-8478cr20170125.

S.D. Babboni, H.F. da Costa, L.F. de Martorelli, A. P, A.G. de Kataoka, C. Victéria, J.
R. Modolo, Avaliacao da imunidade ativa de caes primovacinados (Fuenzalida &
Paldcios) no intervalo de campanhas anuais de vacinagao contra a raiva no
municipio de Botucatu/SP, Rev. Cientifica Eletronica Med. Veterinaria no. 20
(2013) 116.

Brasil, IBGE | Cidades@ | Sao Paulo | Botucatu | Panorama, Accessed. [Online].
Available: https://cidades.ibge.gov.br/brasil/sp/botucatu/panorama, Mar. 03,
2021.

Sao Paulo, Secretaria de Estado da Satde., “Populacao de caes e gatos no estado de
Sao Paulo,”, 2018.

W.G. Cochran, Sampling techniques, John Wiley & Sons, New York, 1977.

S.R. Favoretto, M.L. Carrieri, M.S. Tino, C.R. Zanetti, O.A. Pereira, Simplified
fluorescent inhibition microtest for the titration of rabies neutralizing antibodies,
Rev. Inst. Med. Trop. Sao Paulo 35 (2) (1993) 171-175, https://doi.org/10.1590/
S0036-46651993000200009.

M.M. Kaplan, H. Koprowski, C.E. Rupprecht, A.R. Fooks, B. Abela-Ridder,
Laboratory Techniques in Rabies 23, WHO, World Health Organization, Geneva,
1973.

L.A. Goodman, Simultaneous confidence intervals for contrasts among multinomial
populations, Ann. Math. Stat. 35 (2) (1964) 716-725.

L. Rigo, M.R. Honer, Titulacao de anticorpos contra o virus da raiva em caes, em
Campo Grande, MS, na Campanha Anti-Rabica de 2003, Rev. Soc. Bras. Med. Trop.
39 (6) (Nov. 2006) 553-555, https://doi.org/10.1590/50037-
86822006000600008.

P.M.L. Germano, Avaliacdo da resposta imunitdria da vacina anti-rabica preparada
em cérebros de camundongos lactentes aplicadas em cées primo vacinados, em
condicoes naturais, Rev. Fac. Med. Veterindria E Zootec. Universidade Sao Paulo
19 (1) (Mar. 1982) 67, https://doi.org/10.11606/issn.2318-3659.v19i1p67-73.
M.F. Almeida, E.A.C. Aguiar, L.A.F. Martorelli, D. Presotto, M.M. Brandao, O.A.
C. Pereira, Humoral immune response of dogs to the inactivated suckling mouse
brain vaccine utilized in anti-rabies campaigns in Brazil, Rev. Saude Publica 31 (5)
(1997) 502-507, https://doi.org/10.1590/50034-89101997000600009.

0.S. Baquero, M.R. Queiroz, Size, spatial and household distribution, and rabies
vaccination coverage of the Brazilian owned-dog population, Transbound. Emerg.
Dis. (May 2019), https://doi.org/10.1111/tbed.13204 p. tbed.13204.


https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/r/raiva/raiva
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/r/raiva/raiva
https://www.who.int/news-room/fact-sheets/detail/rabies
https://www.who.int/news-room/fact-sheets/detail/rabies
https://doi.org/10.1098/rstb.2012.0143
https://www.who.int/news-room/fact-sheets/detail/rabies
https://www.who.int/news-room/fact-sheets/detail/rabies
https://doi.org/10.1371/journal.pntd.0003709
https://doi.org/10.1093/clinids/10.Supplement_4.S693
https://doi.org/10.1093/clinids/10.Supplement_4.S693
https://doi.org/10.1590/S0104-59702004000300011
https://doi.org/10.1590/s0034-89101996000200012
https://governo-sp.jusbrasil.com.br/legislacao/172362/decreto-41286-96
https://governo-sp.jusbrasil.com.br/legislacao/172362/decreto-41286-96
https://www.al.sp.gov.br/repositorio/legislacao/decreto/1973/decreto-2862-21.11.1973.html
https://www.al.sp.gov.br/repositorio/legislacao/decreto/1973/decreto-2862-21.11.1973.html
https://www.al.sp.gov.br/repositorio/legislacao/decreto/1973/decreto-2862-21.11.1973.html
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0055
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0055
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0055
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0055
https://www2.unesp.br/portal#!/noticia/33932/unesp-comemora-50-anos-de-combate-a-raiva-em-botucatu-sp
https://www2.unesp.br/portal#!/noticia/33932/unesp-comemora-50-anos-de-combate-a-raiva-em-botucatu-sp
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0065
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0065
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0065
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0070
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0070
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0070
https://doi.org/10.1590/S0037-86822011005000001
https://doi.org/10.1590/S0037-86822011005000001
http://epidemiologia.alfenas.mg.gov.br/mostra.asp?conteudos=139
http://epidemiologia.alfenas.mg.gov.br/mostra.asp?conteudos=139
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0085
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0085
https://doi.org/10.3390/vaccines11040756
https://doi.org/10.3390/vaccines11040756
https://doi.org/10.36440/recmvz.v12i1.23105
https://doi.org/10.36440/recmvz.v12i1.23105
https://doi.org/10.1590/0103-8478cr20170125
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0105
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0105
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0105
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0105
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0105
https://cidades.ibge.gov.br/brasil/sp/botucatu/panorama
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0115
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0115
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0120
https://doi.org/10.1590/S0036-46651993000200009
https://doi.org/10.1590/S0036-46651993000200009
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0130
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0130
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0130
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0135
http://refhub.elsevier.com/S2352-7714(24)00039-9/rf0135
https://doi.org/10.1590/S0037-86822006000600008
https://doi.org/10.1590/S0037-86822006000600008
https://doi.org/10.11606/issn.2318-3659.v19i1p67-73
https://doi.org/10.1590/s0034-89101997000600009
https://doi.org/10.1111/tbed.13204

	Seroepidemiological survey to cell culture rabies vaccines (CCRV) in Brazil
	1 Introduction
	2 Material and methods
	3 Results
	4 Discussion
	5 Conclusions
	AI statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	References


