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Abstract

This study aimed to analyze economically different control protocols for beef cattle gastrointestinal 
nematodes in Brazil. Field study data previously published was used to compare three groups: 1) non-
dosed; 2) current deworming program with two doses - May and November; and 3) alternative strategic 
control program with three doses - May, August, and November. An economic sensitivity analysis was 
performed based on beef carcass price (BCP) variation, thus creating three economic scenarios: 1) 
more probable (M) using the mean BCP in the studied region; 2) optimistic (O) using the mean BCP 
plus standard deviation; and 3) pessimistic (P) using the mean BCP minus standard deviation. Stock 
valuation (SV), operational result (OP), and treatment differential (TD) were calculated for each scenario. 
Average BCP was US$ 2.93 kg-1 carcass (± US$ 0.27 kg-1 carcass). The mean annual cost of deworming 
per animal was US$ 5.43 and US$ 7.97 for protocols with two and three doses, respectively. The cost 
of anthelmintic treatment represented 0.63% and 0.74% of operating results, both in M scenario.  TD 
ranged from 9.5% to 27.6% for the assessed protocols. Regardless of the scenario, the protocol with 
three annual dosages presented the highest SV and OP, which economically justifies its implementation 
in strategic control of gastrointestinal nematodes in grazing beef cattle in Central Brazil. These results 
also demonstrate the relevance of strategic anthelmintic treatments in weaned stocker calves in tropical 
and humid subtropical areas.
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Resumo

O objetivo deste estudo foi analisar diferentes protocolos de controle de nematodas gastrointestinais em 
bovinos de corte no Brasil. Dados de estudo de campo publicados anteriormente foram utilizados para 
comparar três grupos: 1) não dosificado; 2) o programa de desverminação utilizado atualmente com 
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duas dosificações - maio e novembro; e 3) um programa de controle estratégico com três dosificações 
- maio, agosto e novembro. A análise de sensibilidade econômica foi realizada com base na variação 
do Preço da Carcaça Bovina (PCB), assim criando três cenários econômicos: mais provável (M), 
utilizando o PCB médio na região do estudo; Otimista (O), usando o PCB mais o desvio padrão e 
pessimista (P), usando o PCB menos o desvio padrão. Para cada cenário, a valorização de estoque 
(VE), o resultado operacional (OP) e o diferencial de tratamento (DT) foram calculados. O PCB médio 
foi de US$ 2.93 kg-1 de carcaça (± US$ 0.27 kg-1 de carcaça). O custo médio anual de desverminação 
por animal foi US$ 5.43 e US$ 7.97 no protocolo com duas e três doses, respectivamente, e o custo 
do anti-helmíntico representou 0.63% e 0.74% do resultado operacional, ambos no cenário M. Os 
diferenciais de tratamento dos protocolos avaliados variaram de 9.5% a 27.6%. Independentemente do 
cenário econômico simulado, o protocolo com três dosagens anuais apresentou a maior VE e OP entre 
os protocolos avaliados, justificando economicamente sua implementação para o controle estratégico 
de nematodas gastrointestinais de bovinos de corte criados em pastagem no Brasil Central e também 
demonstram a relevância de tratamentos anti-helmínticos estratégicos em bezerros desmamados em 
áreas subtropicais tropicais e úmidas.
Palavras-chave: Controle. Cooperia. Econômico. Haemonchus. Tropical.

Introduction

Brazilian beef cattle industry stands out on the 
world stage for having the second largest cattle 
herd, being the first largest producer, and the second 
largest exporter of beef and veal (USDA, 2017). 
With around 158 million hectares (ha) of pasture, 
wherein 36% native and 64% cultivated (IBGE, 
2006), a remarkable characteristic of Brazilian beef 
cattle production systems is that, mostly, it can be 
considered as grass-fed based (FERRAZ; FELÍCIO, 
2010). However, this resource is, mostly, exploited 
in an ineffective and unsustainable way. About 78% 
of the cultivated pastures has a stocking rate of 0.8 
animal unit (AU*) per hectare (DIEESE, 2011), 
which is considered low since the animal support 
capacity of forage species less demanding in soil 
quality varies on average from 1 to 1.5 AU ha-1 year-

1 (VALLE et al., 2010).

The Brazilian livestock production almost 
exclusively grass-fed associated with tropical 
characteristics, hot and humid summers and cold 
and dry winters, provides conditions for an all-year-
round occurrence of gastrointestinal nematodes 
(GINs) in bovines (HECKLER et al., 2016), 
thereby negatively affecting animal reproduction 
and production performances, even that of their 
offspring (LOYACANO et al., 2002). These same 
epidemiological characteristics can be observed in 

other tropical humid regions, such as in northern 
Argentina (SUAREZ et al., 2018) and Tanzania 
(KEYYU et al., 2009), where Cooperia spp. and 
Haemonchus spp. are predominant with increasing 
fecal egg counts (FEC) in mid-winter (dry period). 

Anthelmintics contributes to increase production 
performance of cattle, mainly in growing animals, 
with weight gains ranging from 11.85 to 49 kg 
per animal, when compared to non-dosed animals 
(KEYYU et al., 2009; HÖGLUND et al., 2013; 
BORGES et al., 2013; SUAREZ et al., 2018). 
Besides animal production performance, the entire 
livestock production chain could be affected by 
GINs. Annual direct losses in Brazil are estimated 
in US$ 7.1 billion, which represents 51% of annual 
losses by parasites (GRISI et al., 2014). In addition, 
the use of anthelmintics with low efficacy, due to 
GIN-resistant populations, can lead to losses in 
cattle production (BORGES et al., 2013; CANDY 
et al., 2018).

Most Brazilian cattle ranchers (about 80%) 
use anthelmintic treatments only to merge 
this management with other activities, mainly 
compulsory vaccination against foot-and-
mouth disease (FMD) in May and November, 
disregarding GIN epidemiology (BIANCHIN, 
1991; SOUTELLO et al., 2007), which, in the 
conditions of central-western Brazil, during the 
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dry period of the year (May to September), occurs 
a reduction of environmental contamination, thus 
being recommended anthelmintic treatments in this 
period (BIANCHIN, 1991).

To this end, an alternative strategic control against 
GINs of beef cattle was proposed in Midwest Brazil 
(HECKLER et al., 2016). This new proposal aims 
to merge fixed cattle handling practices and GIN 
epidemiology described by Bianchin et al. (1996). 
That said, treatments should be performed in May, 
with FMD vaccination since parasitic loads in 
animals increase at the beginning of the dry period; 
in August, due to a nutritional and immunological 
deficit by reductions in forage quality during the 
dry season; and in November, seeking to reduce 
environmental contamination for the next (rainy) 
season hence coming years, in addition to merge 
with the second FMD vaccination (HECKLER et 
al., 2016). 

Other studies in tropical and subtropical regions 
have been conducted, such as a program of four 
strategic treatments per year in Tanzania (KEYYU 
et al., 2009), and a combination of two anthelmintics 
of different classes at two different times during the 
summer grazing in the Gulf Coast, United States 
(WALKER et al., 2013). Although benefits of these 
programs have been discussed, financial shortfalls 
in the economy of producing countries have not 
been reported frequently, as well as studies on the 
interaction among parasite control, productivity, 
and economic aspects. Therefore, this study aimed 
to perform an economic analysis on a GIN strategic 
control for beef cattle and compared it to non-
treated herds and to conventional treatment protocol 
of weaned animals raised extensively under tropical 
climate conditions.

Material and Methods

Firstly, we performed a simulated financial 
evaluation of the six deworming protocols evaluated 
by Heckler et al. (2016), based on the economic 
scenario from January 2015 to December 2017. 

The assessed variables were: deworming cost (DC), 
stock valuation (SV), operating result (OP), and 
treatment differential, expressed in dollars (US$). 

DC was calculated according to the following 
formula: DC = Cost of Anthelmintic + Labor Cost; 
wherein: Labor Cost (LC) = (value of anthelmintic 
product/ product volume) x (average weight of 
animals/ dose). The value of the products was set 
to US$ 77.93 for 3.5% doramectin (TreoAce®), 
US$ 47.96 for 1% moxidectin (Cydectin®), and 
US$ 6.30 for 18.8% levamisole (Ripercol®). 
The administered dose was calculated using 
the individual weight of animals, following the 
manufacturer’s recommendation of 0.7 mg kg-1 for 
3.5% doramectin, 0.2 mg kg-1 for 1% moxidectin, 
and 4.7 mg kg-1 for 18.8% levamisole. The labor cost 
(LC) was US$ 34.17, regarding a working day for a 
team of four rural workers, who received monthly a 
rural minimum wage at the time and place of study. 

Stock valuation (SV) was estimated by the 
following formula: SV = mean final weight gain x 
beef carcass prices (BCP) x carcass yield. 

Carcass yield was estimated at 53%, according to 
the national average for Zebu breed (ABIEC, 2017). 
For BCP, we used the values traded in the region 
reported by Heckler et al. (2016), according to the 
Cepea-Esalq/USP database from January 2015 to 
December 2017, expressed in US$ per kg of carcass 
(US$ kg-1 carc.) (Figure 1). 

Operational result (OP) was obtained by the 
following formula: OP = SV – DC, being calculated 
for all the evaluated groups and expressed in dollars 
(US$). Treatment differential (TD) was estimated 
as the difference between the operating result of 
evaluated groups and expressed in dollars (US$). 
The TD of each group was calculated in relation to 
T1 (TD1) and T2 (TD2) groups.

A sensitivity analysis of BCP for the period 
between January 2015 and December 2017 was 
performed, determining the mean, maximum, 
minimum and standard deviation. Based on this 
analysis and on the animal production performance 
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reported by Heckler et al. (2016), a MOP 
analysis (GITMAN, 2001) was performed for the 
three treatment protocols: T1 - non-dose, T2 - 
conventional protocol with two annual doses in the 
months of May and November (3.5% doramectin), 
and T3 - three annual doses in the months of May 
(3.5% doramectin), August (1% moxidectin), and 
November (3.5% doramectin).  Three economic 

scenarios were created: a more probable (M), using 
the mean BCP of the studied region; an optimistic 
(O), using the BCP plus standard deviation; and 
a pessimistic (P), using the BCP minus standard 
deviation. For each scenario, SV, OP, TD1, and 
TD2 were calculated. Subsequently, for scenario M, 
the behavior of these variables was evaluated for 
different herd sizes.

Figure 1. Economic scenarios and annual oscillation of beef carcass prices (US$ kg-1) in the Brazilian market, between 
2015 and 2017, according to the Cepea-Esalq/USP.
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The economic losses in cattle due to GINs were 
estimated by the reductions in SV, since the non-
dosed group showed neither mortality nor weight 
loss only in two out of the 26 monthly weight gain 
assessments, according to data obtained by Heckler 
et al. (2016).

Results and Discussion

Even though cost-benefit analysis is more 
suitable for economic evaluation of GINs in cattle, 
the fraction that could be recovered through the 
use of control strategy was difficult to determine 
(VAN DER VOORT et al., 2013). In this study, 
such analysis was enabled by the use of field data 
(HECKLER et al., 2016) of six treatment strategies: 
T1: non-dosed; T2: May and November with 
doramectin at 3.5%; T3: May (3.5% doramectin), 
July (18.8% levamisole), and September (3.5% 

doramectin); T4: May (3.5% doramectin), July (1% 
moxidectin), and September (3.5% doramectin); 
T5: May (3.5% doramectin), August (18.8% 
levamisole), and November (3.5% doramectin); T6: 
May (3.5% doramectin), August (1% moxidectin), 
and November (3.5% doramectin).  

Table 1 shows the financial evaluation of these 
treatment protocols. Animal production performance 
(weight gain) in T6 was statistically equal to those 
of T3, T4, and T5 but the only one superior to T2 
and T1 (HECKLER et al., 2016). In addition, two 
of the three T6 doses could be reconciled with 
FMD vaccination management, making it more 
applicable; thus, the other economic analyses were 
applied only for T1, T2, and T6.

A historical series analysis of BCP in 2015, 2016, 
and 2017 showed annual oscillations of 60.83%, 
33.62%, and 10.52%, respectively (Figure 1). When 
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a five-year period was considered (2013 to 2017), 
BCP average increased by 47.8% (CEPEA, 2018). 
In view of such instability, a sensitivity analysis 

had to be performed; thus, the risk of adopting 
deworming protocols in different scenarios could 
be evaluated.

Table 1. Economic analysis of a financial simulation of production performance per animal for six strategic control 
treatments against gastrointestinal nematodes in cattle evaluated by Heckler et al. (2016).

Treatment MWG (Kg) SV (US$) CA (US$) LC (US$) DC (US$) OP (US$) TD1 (US$)
T1 106.77 166.00 - 6.41 6.41 159.59 -
T2 120.80 187.81 1.16 4.27 5.43 182.38 22.79
T3 131.44 204.36 1.26 6.41 7.67 196.69 37.10
T4 131.17 203.93 1.49 6.41 7.89 196.04 36.45
T5 134.39 208.94 1.31 6.41 7.72 201.22 41.63
T6 140.88 219.03 1.57 6.41 7.97 211.06 51.46

MWG: Mean Weight Gain, SV: Stock Valuation, CA: Cost of Anthelmintic, LC: Labor Cost, DC: Deworming Cost, OP: Operation 
result, TD1: Treatment Differential in relation to T1. T1: non-dosed, T2: May and November with doramectin at 3.5%, T3: May 
(3.5% doramectin), July (18.8% levamisole), and September (3.5% doramectin), T4: May (3.5% doramectin), July (1% moxidectin), 
and September (3.5% doramectin), T5: May (3.5% doramectin), August (18.8% levamisole), and November (3.5% doramectin), 
T6: May (3.5% doramectin), August (1% moxidectin), and November (3.5% doramectin).

According to the sensitivity analysis, between 
January 2015 and December 2017, minimum, 
average, and maximum BCP values were US$ 2.32, 
US$ 2.93, and US$ 3.71 kg-1, respectively. Mean 
value plus standard deviation was US$ 3.20 kg-1 

for scenario O, and mean value minus standard 
deviation was US$ 2.66 kg-1 for scenario P. Table 
2 presents the simulations of economic scenarios 
(MOP analysis).

Table 2. Mean deworming cost (DC), stock valuation (SV), operating result (OP), and treatment differential (TD) per 
animal, expressed in dollars (US$), for each treatment and the three simulated economic scenarios (more probable, 
optimistic, and pessimistic). 

Economic scenario Treatment SV (US$) DC (US$) OP (US$)
TD1 TD2

US$ % US$ %

Pessimistic
T1 150.64 0.00 150.64 - - - -
T2 170.44 5.43 165.01 14.37 9.5% - -
T6 198.77 7.97 190.80 40.15 26.7% 25.78 15.6%

More probable
T1 166.00 0.00 166.00 - - - -
T2 187.81 5.43 182.38 16.39 9.9% - -
T6 219.03 7.97 211.06 45.06 27.1% 28.67 15.7%

Optimistic
T1 181.35 0.00 181.35 - - - -
T2 205.19 5.43 199.76 18.41 10.1% - -
T6 239.29 7.97 231.32 49.96 27.6% 31.56 15.8%

Economic scenario: More Probable, using the average BCP in the studied region; Optimistic, using the BCP plus standard deviation; 
and Pessimistic, using the BCP minus standard deviation. T1 - non-dosed, T2 - conventional protocol with two annual doses of 3.5% 
doramectin in the months of May and November, and T3 - three annual doses in the months of May (3.5% doramectin), August 
(1% moxidectin), and November (3.5% doramectin). TD1: treatment differential in relation to T1. TD2: treatment differential in 
relation to T2.
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In this study, fixed and variable production 
costs were inserted into DC. As a fixed cost, LC 
for deworming was considered, regardless of any 
other activity (e.g., FMD vaccination). LC was 
simulated since treatment protocols were tested 
under experimental conditions in the ranch intended 
for research purposes; therefore, the ranch costs 
would not represent reality. As a variable cost, only 
anthelmintics purchase cost was considered.

The mean deworming cost (DC) per animal in T2 
was US$ 2.67 in May and US$ 2.76 in November, 
with a total cost of US$ 5.23 animal-1 year-1. For T6, 
it was US$ 2.67 in May, US$ 2.50 in August, and 
US$ 2.80 in November, totaling US$ 7.97 animal-1 
year-1. LC was US$ 4.27 animal-1 year-1 and US$ 6.41 
animal-1 year-1 for T2 and T6, respectively. When 
DCs were converted into kg of carcass in scenario 
M, the following conclusion was made: if compared 
to T1, each 1 kg invested in animal deworming 
provided economic gains equivalent to 3.13kg and 
5.65 kg of carcass in T2 and T6, respectively. 

Anthelmintic cost in scenario M represented 
0.63% of OP in T2 and 0.74% in T6. Yet, in scenario 

P, this cost represented 0.70% and 0.82% of OP in 
T2 and T6 respectively. Regardless of the scenario, 
these results show that deworming costs do not 
exceed 1.0% of OP.

Comparing OP with anthelmintic cost, we 
could note that each US$ 1.00 spent on deworming 
resulted in a return of US$ 157.2 and US$ 134.4 
using two and three annual doses, respectively. The 
protocol of three annual dosages presented a lower 
rate of return in relation to that with two annual 
dosages. Despite this difference, the protocol with 
two doses could also be adopted since it showed 
higher profitability, given its higher OP results in all 
the simulated scenarios.

DC was calculated for a 16-animal herd, as used 
by Heckler et al. (2016), although the operational 
capacity of the team of workers considered in the 
analysis is greater. Thus, DC can decrease with 
an increasing number of animals handled per day 
(Figure 2). The reduction of DC was more intense 
up to 200 animals handled per day, above that, it 
was smaller. 

Figure 2. Simulation of economic efficiency in different herd sizes (T1, T2, and T6 groups). 
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The gain from the use of the deworming protocols 
was economically simulated by the stock valuation 
variable. Since the animal category, at the end of 
the study by Heckler et al. (2016), did not fit into 
any of the indicators (bull and calf) in the Cepea-
Esalq/USP database, whose prices and indicators 
are extremely relevant for Brazilian agribusiness. 
Therefore, this category was considered as a stock 
for farms and the performance of protocols was in 
accordance with the valuation of this stock, that 
is, how much value will be added to these animals 
in future commercialization. Table 2 presents the 
simulation of this stock valuation.

Even non-dewormed animals showed weight 
gains, hence stock was valued. However, this 
valorization was much lower (Table 1) than that 
of treated animals (2 or 3 doses year-1). This might 
have occurred due to higher protein, energetic, 
and mineral demands of animals (POPPI et al., 
1990; GÁRATE-GALLARDO et al., 2015) in an 
attempt to maintain homeostasis and productive 
performance, due to GINs parasitism. Thereby, non-
dosed animals in scenario M ceased to be valued at 
US$ 53.03 animal-1 if compared to those dosed three 
times a year, and at US$ 21.82 animal-1 compared to 
those dosed twice a year. In scenario O, non-dosed 
animals ceased to be valued at US$ 23.83 and at US 
$ 57.94 animal-1 compared to those dosed two and 
three times a year, respectively. In the long term, the 
losses of non-dosed animals may be even greater, 
since non-dosed animals or those treated twice a 
year would need to remain longer in pastures to 
reach the same weight as those dosed three times a 
year, thereby reducing ranch profitability.

When using an average annual stocking rate 
of 1.05 AU ha-1, as in Heckler et al. (2016), a 
productivity increase of US$ 57.34 ha-1 year-1 is 
expected in scenario M, only by adding a single 
anthelmintic treatment in August, compared to 
the practice adopted by ranchers to control GINs 
(2 treatments year-1). This represents an increase 
of 31.4% in productivity per area. Not only was it 
added an additional dosage, but a specific time was 

established (peak dry season), aiming to increase 
animal performance and area productivity, also 
seeking to reduce environmental contamination by 
non-parasitic stages of GINs.

Differences in the evaluated economic variables 
might be even more significant if tested in larger 
herds since LC would be diluted (Figure 2). 
However, for MOP analysis of T1, no DC was 
considered to represent the ranches adopted no 
anthelmintic treatment protocol. Thus, weight gain 
under this situation could be greater since animals 
are not handled, and hence the differences are 
reduced.

Nevertheless, the protocol using three annual 
doses was numerically superior for the three 
evaluated variables (stock valorization, operational 
result, and treatment differential), regardless of the 
simulated economic scenario, proving the economic 
superiority of an alternative strategic control 
program for GINs in grazing beef cattle during the 
growing phase in Central Brazil, compared to the 
traditional strategic control, and also the economic 
impact of GINs in beef cattle.

Conclusion

Compared to the other protocols evaluated 
in this study, the strategic control program of 
gastrointestinal nematodes with three annual 
doses (May, August, and November), known as 
5-8-11, improved the production and economic 
performances of grazing beef cattle during the 
growing phase in Central Brazil, regardless of 
the simulated economic scenario. In addition, the 
study also underscored the relevance of strategic 
anthelmintic treatments for weaned calves in 
tropical and humid subtropical areas.
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