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RESUMO.- [Raiva em bovinos: perdas econômicas e sua 
mitigação através da vacinação antirrábica.] A raiva é 
uma das doenças neurológicas mais comuns em bovinos no 
Brasil, causando perdas econômicas significativas. Dados 
sobre o impacto econômico da raiva em bovinos de vários 
países estão disponíveis. No entanto, no Brasil, esses dados 
enfocam principalmente o ponto de vista de saúde pública, 
enfatizando os custos relacionados à prevenção da raiva em 
humanos, em cães ou animais silvestres. Estudos pontuais 
realizados em diferentes regiões do Brasil indicam perdas 
econômicas importantes causadas pela raiva em bovinos no 

país. No entanto, os estudos sobre as perdas causadas pela 
doença em bovinos carecem de uma análise detalhada das 
propriedades rurais afetadas com base em dados das agências 
oficiais de controle de doenças. O objetivo deste trabalho foi 
avaliar o impacto econômico da raiva bovina e sua mitigação 
através da vacinação antirrábica em propriedades rurais de 
Mato Grosso do Sul, no Centro-Oeste do Brasil.

TERMOS DE INDEXAÇÃO: Raiva em bovinos, perdas econômicas, 
vacinação antirrábica, bovinos, clínica.

INTRODUCTION
Rabies is a neurological disease caused by a Lyssavirus of the 
Rhabdoviridae familyand can affect all mammals (Swanepoel 
2004). In cattle, it is an acute disease, invariably fatal, transmitted 
through the saliva of the vampire bat Desmodus  rotundus 
(Barros et al. 2006). It is one of the most prevalent neurological 
diseases in ruminants (Barros et al. 2006), causing significant 
economic losses, especially for developing countries (King & 
Turner 1993, Rupprecht et al. 2002, Lima et al. 2005).

Although the economic significance of rabies in cattle in 
Brazil can be inferred by studies on the prevalence of the 
disease in different regions of the country (Langohr et al. 2003, 
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Marcolongo-Pereira et al. 2011, Ribas et al. 2013), there are no 
detailed studies on the economic losses caused by the disease. 
An estimation of these losses is hampered by the difficulty 
in obtaining reliable data on the occurrence of the disease 
(Kotait et al. 1998, Braga et al. 2014, Taylor & Knopf 2015). 
The Brazilian National Herbivore Rabies Control Program 
(PNCRH), implemented a solid system of information and 
surveillance in areas or properties at risk, closely following the 
outbreaks of the disease. It aims to effectively control rabies 
in domestic herbivores through strategic vaccination of the 
susceptible species and control of the vampire bat. The data 
generated by the PNCRH are an essential source for the study 
of the economic impact caused by rabies in cattle in Brazil.

In 1988 The World Health Organization (WHO) recognized 
the lack of data on the economic significance of rabies and 
suggested the development of a model that would be the basis 
for determining the costs required for controlling the disease, 
but this model did not appear in the literature (Meltzer & 
Rupprecht 1998).

Studies on the economic impact of rabies are conducted 
in several countries, but the focus of these studies is mainly 
on public health, emphasizing the costs related to the 
prevention of human (Shwiff et al. 2007, Dhankhar et al. 2008, 
Anyiam et al. 2017), canine or wild animals (Knobel et al. 2005, 
Sterner et al. 2009, Hampson et al. 2015) rabies. Wild stock is 
a potential transmitter of the disease to humans (Swanepoel 
2004). Particularly concerning bovine rabies, a detailed study 
was conducted in Mexico (Anderson et al. 2012) analyzing and 
comparing the efficiency of two methods of rabies control: 
vampire bat control and vaccination of cattle at risk.

However, studies analyzing losses occurring on rural 
properties, based on data from an official disease control 
program, were not found in the literature. Analysis of the 
economic impact of diseases is relevant to highlight the 
importance of agricultural defense policies. It also contributes 
to identifying priority health policies and also to support 
decision making by rural producers.

Using data provided by PNCRH, this study was aimed 
to evaluate the economic impact of bovine rabies on rural 
properties of Mato Grosso do Sul (MS) and the mitigation of 
this impact by antirabies vaccination.

MATERIALS AND METHODS
A retrospective study was carried out consulting the data contained in 
the initial formulary (FORM IN) on bovine rabies of the State Agency 
of Animal and Plant Health Protection of MS (IAGRO). The study 
covered all state area from 2010 to 2016. The following data were 
analyzed: size of the property, its location, the notifications of rabies 
occurrence, the number of bovine in the herd, the number of cattle 
deaths and the herd rabies vaccination status.

For the calculations, the criterion for considering a rabies case 
was any sick or dead cattle from a herd with an ongoing outbreak 
with a definite diagnosis of rabies in one or more components of 
the herd. Tests accepted for detecting a positive case were direct 
fluorescent antibody test (dFA) and intracerebral inoculation of 
suckling mice (IISM), following the Brazilian Herbivore Rabies 
Control Manual (BHRCM) (Brasil 2009). An event was considered 
an outbreak of bovine rabies there was the death of more than one 
bovine per herd.

The market value of the kg of beef was used for the calculation 
of the stockholders’ equity considering the number of cattle in the 

property studied. The calculations were made using the average of 
the prices reported by CEPEA/ESALQ and BM&F Bovespa (CEPEA 
2017), for July 2017, which is the official source for the price of the 
kilo of fat steers in Brazil, which was converted to dollars using the 
Brazilian Central Bank quotations for the same period.

Morbidity (morb.) was calculated by the following formula 
(Thrusfield 2004):

	

Total of  sick cattleMorb. 100
Total cattle population at risk

 
= × 
 

The patrimony estimated (PEs) for each property was based on 
the number of cattle in the herd. The value of each cattle category 
was estimated by the value paid per kg of beef multiplied by the 
estimated weight of individual cattle in each category multiplied 
for the yield of carcass:

	 ( ) ( )PEs N.cattle E. weight E.Y.C ) US$ / kg= × × ×

Where N.cattle = number of cattle, E.weight = Estimated weight, and 
E.Y.C = Estimated yield of carcass.

The estimated total equity was calculated by the sum of the 
estimated equity in each cattle category. The economic losses per 
category (EconLCat) were estimated by the sum of the dead animals 
in the category multiplied by the estimated weight and estimated 
yield, multiplied by the amount paid per kg of beef according to the 
following formula:

	 ( )( )EconLCat head cat E. weight EYC US$ / kg= ∑ × × ×

Where head cat=heads per category,E.weight = Estimated weight, 
and EYC = Estimated yield of carcass.

The total economic loss was calculated using the sum of the 
economic losses per category. For the calculation of the dose of rabies 
vaccine, prices practiced in the resales market of the Capital of MS 
were surveyed. The cost of vaccination by category of cattle was 
calculated using the total number of cattle per category multiplied 
by the number of times they were vaccinated and then multiplied 
by the amount paid per vaccine dose. Three strategic vaccinations 
were considered, one at three months, one booster after 30 days 
and annual revaccinations, according to the BHRCM. The total cost 
of vaccination was calculated by adding up the cost of vaccination 
in the different cattle categories.

	 Cvac / cat.   head catx numbers of  vaccine doses US$ / dose( )= ∑ ×

Where Cvac = Cost of vaccination, head cat = heads per category.
The following formula estimated the relationship between the cost 

of herd vaccination and the economic loss caused by rabies‑induced 
death in cattle:

	 ( ) ( )( )C.Vac. / P.Econ  TVacC / TEconL   100= ×

Where Cvac = Cost of vaccination, TvacC cost, TEconL= total economic 
loss.

The resultant values were analyzed to obtain the descriptive 
statistics with the determination of the histograms of occurrences.

RESULTS
From January 2010 to December 2016, there were 52 outbreaks 
of bovine rabies in 23 out the entire 79 municipalities 
forming the state of Mato Grosso do Sul (Fig.1), with a total 
of 305 deaths of rabid cattle. The size cattle herd of Mato 
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Grosso do Sul is of 21.8 million bovines (IBGE 2016), of which 
9.50 million (43.57% of the herd of the state of MS) are in 
areas where rabies occurs and therefore are exposed to the 
risk of bovine rabies. Epidemiological data on outbreaks are 
shown in Table 1.

Cases of bovine rabies were observed in large and small farms, 
with herds consisting of 10 to 6,210 cattle. The  estimated value 
of the assets ranged from US$ 4,307.00 to US$ 3,005,948.00. 
The average value of the equity was estimated at US$ 402,528.00. 
The total value of the assets of properties that had outbreaks 
of rabies was valued at approximately US$ 20,931,466.00.

In 28 properties, the number of deaths per herd varied 
from 1-2 cattle, in ten the number was 3-5 cattle and in 
fourteen properties the number of dead cattle died was 
above six. The morbidity varied widely from 0.04-20%; the 
lethality was 100%.

In 39 properties, the estimated patrimony was up to 
US$ 500,000.00; other thirteen properties presented values 
above that (Fig.2), indicating that most of the properties fit 
as small and medium rural properties. In 47 properties, the 
estimated economic loss was less than US$ 5,000.00; the 
others sustained losses heavier than this (Fig.3).

Currently, MS has 12 municipalities where vaccination 
is mandatory, namely: Aquidauana, Anastácio, Corumbá, 
Miranda, Bonito, Coxim, Corguinho, Bodoquena, Rio Verde 
de Mato Grosso, Rio Negro, Jardim, and Ladário (Fig.1). 
The criterion adopted for the inclusion of a municipality in an 

area of obligatory vaccination is in the number of outbreaks 
that occurred historically in this municipality (Brasil 2009).

The average dose price of anti-rabies vaccine practiced in 
MS in July 2017 was $ 0.12. The estimated amounts spent on 
vaccination ranged from US$ 2.00 to US$ 1,437.00 per property, 
depending on the number of cattle. In 45 properties this cost 
was less than US$ 200.00. The average cost of vaccination 
was $ 148.00. Total vaccination expenditures of all herds at 
all properties where outbreaks of rabies were observed were 
US$ 7,716.12 (Fig.4).

The ratio of the estimated cost of rabies vaccination of 
the entire herd to the economic loss per property was, on 
average, 9.74%. In 37 properties, this relation was less than 
10% (Fig.5). The relation between the total cost of vaccination 
and the total economic loss, adding up to all the properties 
studied, was 5.8%.

Fig.1. Map of Mato Grosso do Sul highlighting the municipalities where one or more rabies outbreak occurred from 2010 to 2016. The number 
of outbreaks for each municipality is noted.

Fig.2. Histogram of the distribution of the values in US dollars of 
estimated stockholders’ equity of the rural properties where 
outbreaks of bovine rabies occurred.
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Table 1. Epidemiological data on bovine rabies outbreaks in Mato Grosso do Sul, from 2010 to 2016

Outbreak Month Year Municipality Number of cattle in the 
herd Number of deaths Morbidity

(%)
1 January 2010 Alcinópolis 5,970 76 1.27
2 February 2010 Pedro Gomes 1,609 6 0.37
3 March 2010 Alcinópolis 584 2 0.34
4 March 2010 Alcinópolis 39 3 7.69
5 August 2010 Alcinópolis 338 2 0.59
6 December 2010 Taquarussu 37 1 2.7
7 December 2010 Taquarussu 150 2 1.33
8 December 2010 Taquarussu 85 1 1.18
9 March 2011 Aquidauana 996 6 0.6

10 March 2011 Rio Brilhante 1,282 5 0.39
11 February 2011 Nova Alvorada do Sul 499 2 0.4
12 March 2011 Cassilândia 234 6 2.56
13 March 2011 Cassilândia 258 1 0.39
14 October 2011 Cassilândia 182 1 0.55
15 October 2011 Cassilândia 488 1 0.2
16 October 2011 Cassilândia 57 1 1.75
17 December 2011 Nova Alvorada do Sul 441 3 0.68
18 March 2012 Inocência 419 2 0.47
19 May 2012 Anastácio 903 12 1.33
20 June 2012 Miranda 421 3 0.71
21 October 2012 Miranda 1430 1 0.07
22 January 2013 Caracol 572 5 0.87
23 May 2013 Inocência 636 4 0.63
24 May 2013 Mundo Novo 21 1 4.76
25 June 2013 Mundo Novo 22 1 4.55
26 June 2013 Mundo Novo 20 1 10
27 September 2013 Sonora 5,297 33 0.62
28 February 2014 Bela Vista 2,482 1 0.04
29 March 2014 Taquarussu 10 2 20
30 April 2014 Bonito 1,388 6 0.43
31 April 2014 Coxim 19 2 10.53
32 April 2014 Bonito 1,024 10 0.97
33 May 2014 Bonito 318 4 1.26
34 May 2014 Bonito 18 2 11.11
35 June 2014 Sete Quedas 1,196 3 0.25
36 June 2014 Bela Vista 533 9 1.69
37 July 2014 Sete Quedas 1,106 2 0.18
38 June 2014 Inocência 139 3 2.16
39 July 2014 Pedro Gomes 595 2 0.34
40 September 2014 Sete Quedas 1,321 1 0.08
41 October 2014 Tacuru 430 7 1.63
42 October 2014 Sete Quedas 731 2 0.27
43 November 2014 Bela Vista 231 2 0.87
44 May 2015 Rio Brilhante 68 2 2.94
45 April 2015 Pedro Gomes 661 9 1.36
46 June 2015 Bela Vista 1,200 33 2.75
47 July 2015 Ribas do Rio Pardo 577 2 0.35
48 July 2015 Campo Grande 150 1 0.67
49 March 2015 Corumbá 27 3 11.11
50 March 2015 Pedro Gomes 150 1 0.67
51 April 2016 Nova Andradina 4,268 6 0.14
52 September 2016 Novo Horizonte do Sul 6,210 8 0.13

TOTAL 47,842 305
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DISCUSSION
The results of the present study demonstrate that rabies is 
a frequent disease in bovines in MS occurring in every year 
of the studied period. The area where the outbreaks were 
diagnosed is where of the cattle population of MS is concentrated 
(IBGE 2016). It is noteworthy that of the 23 municipalities 
with the occurrence of bovine rabies, 12  are mandatory 
anti‑rabies vaccination zone (IBGE 2016). The persistence in 
the occurrence of outbreaks in this zone indicates a failure 
in the immunization process of the cattle.

In five of the seven years studied, the number of outbreaks 
was 6-9, with one peak and significant declines in the number 
of outbreaks in one and two years respectively. The highest 
number of outbreaks diagnosed in certain years can be 
attributed to a more effective surveillance in those years 
(Brasil 2009, Oliveira et al. 2013). The decline is considered a 
standard pattern in rabies epidemiology (Mori & Lemos 1998, 
Teixeira et al. 2008) and it is attributed to cyclic dynamics of 
vampire bat population.

When analyzed in their entirety, the economic losses of the 
reported outbreaks are below US$ 5,000.00. In a few outbreaks, 
the losses were between US$ 15,000.00 and US$ 25,000.00. 
These data demonstrate the importance of analyzing stratified 
losses by focusing on the occurrences of each property. Data 
evaluated without considering the morbidity ratios of each 
outbreak do not reflect the potential risk for each property 
and may convey the wrong message that the disease poses 
no risk of significant economic losses for individual farmers.

This misinterpretation is apparent when analyzing the 
total herd of farms with rabies outbreaks: properties with 
the lowest number of cattle had the highest morbidity ratios.

Lethality is invariably 100%; in order to calculate the 
losses, all sick cattle at the time of data collection should be 
considered as a loss.

The data presented here markedly differ from those 
of other rabies Brazilian studies (Sanches  et  al. 2000, 
Lemos 2005, Lima et al. 2005). Some authors mention that 
30,000 to 40,000 cattle die each year of rabies in Brazil 
(Silva et al. 2000, Heinemann et al. 2002). It should be noted, 
however, that these studies are not based on reliable surveys, 
and the authors mention lack of accurate official data on 
deaths caused by bovine rabies.

The difficulty in obtaining accurate data on the losses 
caused by bovine rabies in Brazil is mentioned by several 
authors (Lemos 2005, Oliveira et al. 2013, Andrade et al. 2014). 
Studies based on surveys involving historical series reveal 
great variation according to the region of the country where 
the study was done. In a thirty-five-year retrospective 
study conducted in the Central region of Rio Grande do 
Sul, 151 cases of bovine rabies were diagnosed, in a total of 
6,021 examined materials (49.5%) in the routine diagnostic 
service. A retrospective 16-year study conducted in the state 
of Paraná (Dognani  et  al. 2016) describes the occurrence 
of 2,331 (30.6%) cases in a total of 7,627 bovine samples 
examined. Another 16-year retrospective study was conducted 
in Rio Grande do Sul (Teixeira et al. 2008), in which 670 cases 
of rabies were diagnosed within a total of 1,729 samples 
(38.7%). In Minas Gerais (Silva et al. 2001), in a period of 
7  years, 1,540 cases of rabies were found out of a total of 
3,073 samples examined (50.1%),

Despite the relevance of these studies to demonstrate 
the importance of rabies as a cause of mortality in cattle, 
the description of the morbidity ratios of the outbreaks is 
fundamental for estimating the economic losses caused by the 
disease. This is evident in the present study; of 28 outbreaks 
diagnosed on farms with up to 500 cattle, 18 had morbidity 
ratios higher than 1%, and of these, in six, it was higher 
than 5%. When properties with more than 500 cattle were 
analyzed, in only five the morbidity ratio exceeded 1%, and 
in no instance, this ratio was higher than 3%.

The methodology used to estimate the economic losses due 
to bovine rabies-related deaths used in this study is similar to 
those used in other studies to estimate the economic losses 
caused by a specific disease in cattle (Heckler et al. 2018)

Another methodology used to estimate economic losses 
caused by a particular disease is the database from veterinary 
diagnostic laboratories - VDLs (Lima  et  al. 2005). In this 
approach, the percentage of d cases of a particular disease 
in cattle diagnosed in a given VDL is calculated over the total 
number of diagnosis performed in cattle in that VDL and this 

Fig3. Histogram of the distribution of the values in US dollars of 
estimated economic losses of the rural properties where outbreaks 
of bovine rabies occurred.

Fig.4. Histogram of the distribution of the values in US dollars of 
the estimated cost with vaccination in rural properties where 
outbreaks of bovine rabies occurred.

Fig.5. Histogram of distribution of the values of the ratios (%) between 
estimated cost with vaccination and estimated economic losses 
for rural properties where outbreaks of bovine rabies occurred.
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percentage is extrapolated as the percentage of deaths caused 
by this disease in the region of the VDL. In a survey of bovine 
diseases carried out in Mato Grosso do Sul between 2008 
and 2012 (Ribas et al. 2013), 15.92% were cases of rabies. 
Considering that the annual mortality of cattle in Brazil is 
estimated at 5% and that the herd size of MS at the time of 
the study was 23 million cattle, then 183,080 of these would 
die from rabies. However, the data of the present study do 
not support this, since deaths attributed to rabies in almost 
seven years totaled 305 cattle. Such a discrepancy should 
not be expected in the face of the existence of an official 
bovine rabies control program in Brazil, which determines 
the compulsory notification of cases of the disease (Brasil 
2009). However, this notification depends on the farmer’s 
initiative; therefore, the accuracy of the methodologies used 
depends on the improvement of data collection by the official 
veterinary service.

Data on the losses caused by bovine rabies in other countries 
are also very imprecise. In Central and South America, the 
estimated loss for the disease is 100,000 to 500,000 cattle 
per year, but there is insufficient data to accurately determine 
these figures and fatality cases are estimated to be greater 
than the figures presented (Swanepoel 2004). There is a 
shortage of data on bovine rabies; in several countries where 
more accurate epidemiological information on canine rabies 
and rabies in wild animals, exist (Swanepoel 2004). An earlier 
study shows that in the Americas, the annual cattle loss 
varies from two to 32,200 animals, with an economic impact 
of US$ 5,000 to US$ 22 million (Acha & Malaga-Alba 1968). 
The economic impact of the disease is also evaluated from 
public health, mainly the cost with pre and post-exposure 
treatment in humans.

The total cost of vaccination would be less than US$ 200.00 
in 45 of the 52 properties surveyed in the current report. 
When the cost of vaccination is compared to the losses 
caused by rabies-associated deaths, regardless of the size of 
the herd, the cost of the vaccination averaged 9.74% of the 
estimated economic loss, demonstrating that vaccination is 
an efficient and economically feasible procedure for rabies 
control. Although rabies vaccination is widely recommended 
in Brazil (Brasil 2009), there are not detailed reports on the 
efficiency of this procedure in the mitigation of the economic 
losses. In a study carried out in Mexico (Anderson et al. 2012), 
which compared the economic impact of bovine rabies-cost 
with two methods of its prevention, it was concluded that 
vaccination of cattle is more economically beneficial to the 
farmer than the control of vampire bats.

The data obtained in the present study demonstrate 
that the correct evaluation of the damages caused by rabies 
requires an adequate methodology based on the collection 
of individualized data on each occurrence of the disease. 
Considering that 43.57% of the MS cattle herd is in an area 
of risk for rabies, the morbidity ratios cannot be extrapolated 
to the total State herd.

The morbidity ratios can be higher than those described in 
the present study since our data considered deaths reported 
at the time of the outbreak, which is most likely lower than 
if the final outbreak data. The absence of standardization in 
data collection procedures is also a limiting factor for the 
elaboration of an efficient model for estimating the economic 
losses caused by bovine rabies.

CONCLUSIONS
Rabies is a cause of economic losses for the cattle industry 

in Mato Grosso do Sul. Vaccination is an economically feasible 
sanitary measure to minimize losses regardless of the size 
of the herd.

It is necessary to improve the efficiency in data collection 
by the rabies surveillance system in order to better evaluated 
the economic losses in the outbreaks.
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