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Positive effect of organic zinc supplementation on the persistence of 
anti-rabies neutralizing antibodies in healthy sheep
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de anticorpos neutralizantes anti-rábicos em ovinos saudáveis
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Abstract

The main prophylactic tool to control rabies in herbivores is the systematic vaccination of susceptible 
animals. This study aimed to evaluate the positive effect of organic zinc (Zn) supplementation on the 
persistence of anti-rabies neutralizing antibodies in healthy sheep. A total of 36 Texel ewes were selected 
and randomly divided into 2 groups of 18 animals each. The treated group (TG) received organic Zn 
supplementation for 90 days, and after this period, 2 doses of rabies vaccine with a 30-day interval. 
The control group (CG) received the vaccine doses only and was not supplemented with organic Zn. 
Blood samples were collected before the first vaccination and 30, 60, and 90 days after vaccination, to 
determine the anti-rabies neutralizing antibody titer using the Rapid Fluorescent Focus Inhibition Test 
(RFFIT). The average values of anti-rabies serum-neutralizing antibodies 30 days after the first dose 
were 1.33 ± 0.62 IU mL-1 for the CG and 1.57 ± 0.80 IU mL-1 for the TG; 60 days after the second dose 
the average values were 7.60 ± 7.08 IU mL-1 and 12.97 ± 9.46 IU mL-1 for the CG and TG, respectively, 
with a significant difference between groups. The TG presented 100% vaccine coverage of the primary 
vaccination, whereas the CG presented 89.47% coverage. Oral supplementation with 75 mg organic 
Zn significantly increased the persistence of anti-rabies antibody titers in sheep, and it improved the 
vaccine coverage of the primary vaccination.
Key words: Immunity curve. Mineral mixture. Rabies vaccine. Sheep. Zinc supplementation.

Resumo

A principal ferramenta profilática para o controle da raiva em herbívoro é a vacinação sistemática de 
animais susceptíveis. A presente pesquisa teve como objetivo avaliar o efeito positivo da suplementação 
de zinco orgânico na persistência de anticorpos neutralizantes anti-rábicos em ovinos saudáveis. Foram 
selecionadas 36 ovelhas Texel, aleatoriamente divididos em dois grupos com 18 animais cada. O grupo 
tratado (GT) recebeu suplementação com zinco orgânico durante 90 dias, e, após este período, foram 
administradas 2 doses de vacina anti-rábica com intervalo entre elas de 30 dias. O grupo controle (GC) 
recebeu apenas as doses da vacina, e não foi suplementado com zinco. Amostras de sangue foram 
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colhidas antes da primeira dose da vacina, e 30, 60 e 90 dias depois da vacinação, a fim de determinar o 
título de anticorpos neutralizantes anti-rábicos utilizando o teste rápido de inibição do foco fluorescente 
(RFFIT). As medias dos anticorpos anti-rábicos do soro, 30 dias após a primeira dose foi de 1,33 ± 
0,62 IU mL-1 para o grupo controle, e 1,57 ± 0,80 IU mL-1 para o grupo tratado. 60 dias após a segunda 
dose, as medias foram de 7,60 ± 7,08 IU mL-1 e 12,97 ± 9,46 UI ml-1 no GC e GT, respectivamente, 
com significância entre os grupos. O GT apresentou 100% de cobertura vacinal na primeira dose, 
enquanto o GC apresentou 89,47%. A suplementação oral com 75 mg de zinco orgânico aumentou 
significantemente a persistência de títulos de anticorpos anti-rábicos em ovinos, e melhorou a cobertura 
vacinal na primeira dose.
Palavras-chave: Curva de imunidade. Mistura mineral. Ovelhas. Suplementação com zinco. Vacina 
anti-rábica.

Introduction

There is scarcity of information describing the 
functional competency of the immune system and 
how management-related factors (i.e., nutrition, 
environmental conditions) influence the immune 
responsiveness and, ultimately, infectious disease 
resistance (NONNECKE et al., 2009). Many 
authors have studied how nutraceuticals interface 
with the immune response, with the clear objective 
of improving the protection of both animals and 
humans against various types of infections (BUN et 
al., 2011; GRUBER et al., 2013; NAGALAKSHMI 
et al., 2015). In studies of strategies to increase the 
defense mechanisms of the body, we highlighted 
the effects of nutrition on the immune response, 
and among the most studied nutrients were minerals 
and vitamins (SANTOS; FONSECA, 2006). Trace 
minerals are required for immune system integrity, 
vitamin synthesis, enzyme formation, and hormone 
structure (RABIEE et al., 2010).

Zinc (Zn) is an essential mineral for animals, 
since it is present in several metallic enzymes, 
and it has paramount importance in the integrity 
of the immune system by increasing resistance to 
infectious diseases (CARVALHO et al., 2003). The 
immune system is particularly dependent on Zn 
(FRAKER; KING, 2004), and Zn deficiency has 
been implicated in immune function declination 
with age (HAASE et al., 2006). 

Zn exerts a direct effect on the production, 
maturation, and function of leukocytes 
(MOCCHEGIANI et al., 2000). Low Zn concentration 

results in extensive damage to T lymphocytes, and 
modifies the synthesis of lymphocytes, which can 
induce immunosuppression (BRUNETTO et al., 
2007). Trace minerals have an essential role in the 
maintenance of immunocompetence of animals 
(TEIXEIRA et al., 2014). Zn supplementation 
may increase immunocompetence and decrease 
the incidence and severity of some infections 
(viral, microbial, and parasitic) in individuals or 
animals with diagnosed or suspected Zn deficiency 
(FAILLA, 2003). 

In Brazil, rabies is considered an endemic 
disease, with a very heterogeneous distribution. Due 
to its continental characteristics and its diversity of 
fauna, it is difficult to eradicate (LIMA et al., 2017). 
Annually, there are more than 1000 reports of rabies 
in livestock animals, particularly bovine, including 
horses and sheep, which, due to the underreported 
calculated rate for Brazil, results in annual deficits 
of millions of dollars (BRAZIL, 2009). 

This disease is regarded as one of the most 
important zoonosis as it can cause fatal encephalitis 
in all mammals. It is distributed worldwide, and 
there is currently no effective therapy (DAHER, 
2005). The common vampire bat (Desmodus 
rotundus) is widely distributed in Latin America, 
and is the major source of rabies virus infection 
in herbivores (ARELLANO-SOTA, 1988). Rabies 
transmitted by vampire bats in livestock has been 
controlled by reducing the population of vampire 
bats and by mass vaccination of cattle (MAYEN, 
2003; MASSAD et al., 2011). Booster doses are 
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required for effective protection, as one dose of 
vaccine is insufficient to protect the animals against 
rabies (ALBAS et al., 2005).

Due to the importance of vaccination for anti-
rabies prophylaxis, it has been necessary to find ways 
to increase the effectiveness of vaccination against 
rabies (FERREIRA et al., 2009). In Brazil, the effect 
of Zn supplementation on the anti-rabies humoral 
immune response in cattle has been investigated, but 
the results are still not satisfactory, presumably due 
to the short period of Zn supplementation (MARIA 
et al., 2009), assuming that a significant increase 
in serum Zn levels is observed with prolonged 
administration of the mineral (CUNHA FILHO et 
al., 2009). 

This study aimed to evaluate the positive effect 
of organic Zn supplementation on the persistence of 
anti-rabies neutralizing antibodies in healthy sheep.

Materials and Methods

Study location and experimental design

The experiment was conducted at a farm located 
in the city of Londrina, Paraná, Brazil. Thirty-six 
randomly selected Texel ewes with an average age 
of 14.6 months and 41.0 kg live weight (LW) were 
included. The animals (n = 36) were divided into 2 
groups (18 animals/group): treated group (TG) and 
control group (CG).

The animals in both groups were vaccinated 
with the commercial anti-rabies vaccine (D90) and 
received a booster 30 days after the first vaccination 
(D120), in compliance the recommendations of 
the Ministry of Agriculture, Livestock, and Supply 
(BRASIL, 2009).

Supplementation and sampling

The TG was supplemented with a mineral 
mixture (Cativa Ovinos®) with the addition of 
organic Zn (Bioplex Zn® – Alltech do Brasil), and 
was immunized with 2 doses of a commercial rabies 

attenuated vaccine (Alurabiffa®/Merial/SC, lot 
006/11, needle 25 mm); the CG was supplemented 
with mineral mixture only, without the addition of 
organic Zn, and vaccinated according to the above 
protocol. All animals were vaccinated on the 90th 
day of the experiment, when the accumulated 
micromineral was predicted to be exerting a higher 
effect on the TG.

Each group was maintained in separate 5-hectare 
pickets, which had similar topography and were 
primarily inhabited by Brachiaria brizantha grass 
without fertilization. The animals were rotated 
monthly during the 180 days of the experiment. 
The CG received 500 g mineral mixture (inorganic 
Zn) daily at the feeder, and the TG, in addition 
to receiving 500 g mineral mixture, was orally 
supplemented with 0.5 g (75 mg) head day-1 organic 
Zn during the experimental 180-day period.

At the onset of the experiment, animals were 
identified, weighed, and dewormed with 1% 
Moxidectin; parasitic worms were monitored by the 
Famacha® method every 15 days. At the beginning 
(D0) and at the end (D180) of the experiment, samples 
were collected from the water and the pastures of 
each picket to determine Zn concentration through 
atomic absorption spectrophotometry (AAS) 
performed at LaborSolo Laboratories.

Blood samples were collected at the time of 
vaccination (D90) and 30 (D120), 60 (D150), and 
90 (D180) days after receiving the first dose in order 
to determine the anti-rabies neutralizing antibody 
titer, by the serum-neutralizing technique in BHK21 
cells based in the rapid fluorescent focus inhibition 
test (RFFIT); this methodology was validated at 
Instituto Butantan in São Paulo, Brazil (MOURA et 
al., 2008).

Ethics Committee on the usage of animals

The experiment was carried out in accordance 
with the guidelines of the Ethics Committee on the 
usage of animals in experiments and was approved 
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by the scientific committee (CEA/UNOPAR 
007/11).

Statistical analysis

The statistical package Minitab 13.0 was used 
for analysis of data; quantitative data underwent a 
variance analysis (ANOVA) with a 5% minimum 
significance level. Data regarding correlations was 
evaluated by using Pearson’s coefficient.

Results

The World Health Organization (WHO) and 
World Organization for Animal Health (OIE) 
adopted as an indicator to evaluate the effectiveness 
of rabies vaccine and immune response titers in 
humans and animals equal to or above 0.5 IU 
mL-1 (WHO, 1992). The values for anti-rabies 
neutralizing antibody titers 30 days (D120) after 
primary vaccination were higher than those of 
references in both groups, demonstrating a higher 
titer in the TG. However, no statistically significant 
difference was observed between the 2 groups 
(Table 1). 

Table 1. Antibody titers (IU mL-1) in sheep serum of the CG and TG with 2 doses of rabies vaccine, on day 90 and 
on day 120. 

GROUPS Neutralizing antibodies titers (IU mL-1) 1

D90 D120 D150 D180
Treated ≤ 0.12 ± 0aA 1.57 ± 0.80aA 15.47 ± 10.76bB 12.97 ± 9.46bB

Control ≤ 0.12 ± 0aA 1.33 ± 0.62aA 13.67 ± 9.55bB 7.60 ± 7.08cA

aLower-case letters at the same column indicate no significant difference (p < 0.05).
ACapital letters at the same row indicate no significant difference (p < 0.05).
1 Days of experiment: D90 = before vaccination; D120 = 30 days after the first vaccine dose; D150 = 60 days after the first vaccine 
dose. D180 = 90 days after the first vaccine dose.

As shown in Table 1, 90 days after primary 
vaccination (D180), the TG showed a persistent 
anti-rabies neutralizing antibody titer of 12.97 ± 
9.46 IU mL-1, statistically similar to that observed 
60 days after vaccination (D150). However, the CG 
showed an average of 7.60 ± 7.08 IU mL-1, which 
was less than that observed 60 days (D150) after the 
primary vaccination, with the significant difference 

between groups (p ≤ 0.05) demonstrating lower 
persistence. 

The results displayed in Table 2 demonstrate 
that 30 days (D120) after the first vaccination, all 
the animals from the treated group (100%) attained 
a protective anti-rabies neutralizing antibody titer 
equal or greater than that recommended by the 
WHO and OIE(2010), (≥ 0.5 IU mL-1).

Table 2. Percentage of sheep with protective anti-rabies neutralizing antibody titer (≥ 0.5 IU mL-1) after vaccination.

GROUPS % serum conversion (antibodies ≥ 0.5 IU mL-1)1

D90 D120 D150 D180
TG 0 100 100 100
CG 0 89.47 100 100

1 Days of experiment: D90 = before vaccination; D120 = 30 days after the first vaccine dose; D150 = 60 days after the first vaccine 
dose; D180 = 90 days after the first vaccine dose.
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The average amount of Zn obtained through 
pasture samples collected at day 0 (31,23 ppm 
kg DM-1) and day 180 (27,93 ppm kg DM-1) was 
29.58 ppm kg DM-1. Considering 3% DM intake 
of LW and an absorption of only 60% of Zn found 
in the pasture (NRC, 2007), the total Zn individual 
consumption was 21.83 ppm per day in the basal 
diet, which is less than the recommended level of 
27 ppm per day, reinforcing the need for mineral 
supplementation with Zn (NRC, 2007).

The quantity of Zn in the mineral mixture was 
5000 ppm kg-1. Considering that the consumption of 
the mineral mixture was 21.82 g head day-1 in both 
groups, which is within the expected consumption 
of 10–28 g head day-1 (PUGH, 2005), the individual 
total consumption of Zn in the mineral mixture was 
65.46 ppm per day. 

The level of organic Zn provided to the treated 
group consisted of 75 mg head day-1 . 

The final average daily Zn intake was 87.45 ppm 
and 162.45 ppm, in the CG and TG, respectively; 
both values were higher than that recommended by 
the National Research Council (NRC). 

Discussion

The rabies vaccine was used as a model to 
ascertain the effect of organic Zn supplementation 
in the interface of nutrition and effectiveness of 
rabies vaccine by immune response titers and the 
persistence of anti-rabies neutralizing antibodies. 
This model is advantageous in healthy sheep 
that have never been in contact with the virus, as 
contact with virus in animals that have never been 
previously vaccinated will necessarily cause clinical 
manifestation (DAHER, 2005). 

The results obtained at 30 and 60 days after 
primary vaccination (Table 1) and the high daily Zn 
consumption in CG, i.e. 87.45 ppm per day, 3-fold 
higher than the value recommended by the NRC, 
justify the failure of significance of neutralizing 

antibody titers on days D120 and D150 between 
groups.

The WHO indicates that booster doses obtain 
higher antibody levels. It has been warned 
(PASTORET et al., 1995) that the use of only 1 dose 
of vaccine is not sufficient to protect animals against 
rabies; therefore, there is a need for boosting doses 
for the persistence of those antibodies. However, 
the results for effectiveness of rabies vaccine (Table 
2) of the TG at 30 days after the first vaccine dose 
indicated that all animals in the TG would be 
protected before the booster dose, considering that 
the efficacy of the rabies vaccine is reached when 
titers become equal to or above 0.5 IU mL-1 (WHO, 
1992). Although the CG presented an antibody 
average of 1.33 ± 0.6 UI/mL (Table 1), 10.53% 
of sheep showed titers below the protective value 
recommended by the WHO (Table 2), indicating 
that they would not be effectively protected against 
the rabies virus, thus requiring a reinforcement 
dose. Thereafter, the reinforcement applied 30 days 
after primary vaccination potentiated the humoral 
immune response in both groups, significantly 
increasing antibody levels 60 days after the primary 
vaccination to 15.47 IU mL-1 in the TG and to 13.67 
IU mL-1 in the CG (Table 1); thus, the CG became 
protected based on the WHO exigency. The TG 
presented better primary vaccine coverage compared 
to the CG, which reinforces the benefits of organic 
Zn supplementation for better immunization. 

Extrapolating the data obtained in this study to 
predict the persistence of anti-rabies neutralizing 
antibodies for annual revaccination, and 
considering that the TG did not have a significant 
decrease in neutralizing antibodies 90 days after the 
primary vaccination and 30 days after the booster, 
maintaining the titers (Table 1), we suggest that 
the revaccination protocol should be modified 
accordingly to persistence. Therefore, more studies 
should be carried out to elucidate the role of organic 
Zn supplementation in nutrition and vaccine 
effectiveness. 
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Zn plays an important role in the immune 
system, including the synthesis of DNA and RNA, 
and consequently the replication and proliferation 
of immune cells (SPEARS; WEISS, 2008). Zn 
exerts a direct effect on the production, maturation, 
and function of leukocytes (MOCCHEGIANI et 
al., 2000), and on the specific cellular response 
through its role in clonal expansion of lymphocytes 
(SHANKAR; PRASAD, 1998). Consequently, 
supplementation of Zn in the diet of livestock 
animals is required (TOKARNIA et al., 2000)
(PEIXOTO et al., 2005). 

There is a natural decrease in antibody titers with 
time; nevertheless, 90 days after primary vaccination 
the group supplemented with organic Zn showed a 
titer of anti-rabies neutralizing antibody that was 
statistically similar to that observed 60 days after 
vaccination (Table 1), showing the persistence of 
anti-rabies neutralizing antibodies. In contrast, 
the CG presented lesser antibody titer than that 
presented at 60 days after the primary vaccination. 
This significant difference between groups (p ≤ 
0.05) demonstrated a lower persistence of anti-
rabies neutralizing antibodies in animals that were 
not supplemented with organic Zn. These results 
indicate that supplementing sheep with organic Zn 
increases the persistence of anti-rabies neutralizing 
antibodies.

A study (MARIA et al., 2009) that used 4 
supplemental organic Zn schemes, 0, 2000, 
4200, and 6000 mg Zn kg-1, concluded that 
supplementation did not significantly interfere 
with anti-rabies antibody titers in cattle. These data 
corroborate the results of a second study (SPEARS, 
2000), which also noted that Zn supplementation 
did not change the production of antibodies against 
Infectious Bovine Rhinotracheitis. However, the 
short period of supplementation limits these results-
Maria et al. (2009) supplemented only for 90 days, 
whereas a significance increase in serum Zn was 
observed by Cunha Filho et al. (2009) only after 90 
days of supplementation with organic Zn .

Zn exerts a direct effect on the production, 
maturation, and function of leukocytes 
(MOCCHEGIANI et al., 2000). Low Zn 
concentration results in extensive damage to 
T lymphocytes and modifies the synthesis of 
lymphocytes, which can induce immunosuppression 
(BRUNETTO et al., 2007). Trace minerals have an 
essential role in maintaining the immunocompetence 
of animals (TEIXEIRA et al., 2014).

There are several reports that organic trace 
minerals (OTMs) are biologically more available 
than inorganic forms and can improve the health 
and productivity of ruminants (YOST et al., 2002); 
thus, there has been considerable interest in the use 
of OTMs in ruminant diets (RABIEE et al., 2010). 
Nemec et al. (2012) found that supplementation of 
Zn, Mn, and Cu as chelated sources may enhance 
the immune response of early lactating dairy 
cows compared to immune response in cows 
supplemented with inorganic sources.

Therefore, absorbable trace minerals may be 
supplied at a lower amount using OTMs rather than 
inorganic trace minerals. Alternatively, feeding 
similar levels of organic supplements in place 
of inorganic supplements may provide increased 
bioavailable trace minerals to support biological 
processes (NEMEC et al., 2012).

The result of higher vaccine coverage in the 
TG may be explained by the increased supply 
of Zn and its bioavailability, as Zn derived from 
organic sources has been shown to be 2-fold more 
bioavailable than the element from an inorganic 
source (CLOSE, 1998). 

The quality of the immune response is highly 
dependent on the activation-induced clonal expansion 
of antigen-specific T cells and their differentiation 
into effector cells. Defects in activation, clonal 
expansion, and differentiation all have the potential 
to affect the immune response negatively (LEE et al., 
2008). The antigenic stimulation of B cells leads to 
subsequent hypermutation and selection processes, 
with the occurrence of a high response organized 
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with a definite purpose, perhaps generated in 
germinal centers, forming plasmocytes and memory 
cells (LANZAVECCHIA; SALLUSTO, 2009). 
After each reinforcement, the repertoire of memory 
cells re-enters the hypermutation and selection 
cycle, generating an increase in plasmocytes, which 
peak (up to 100-fold the basal level) at the 7th day 
in peripheral blood. The increase in plasmocytes 
coincides with a rapid increase in serum antibodies, 
which reach a plateau at day 10 (LANZAVECCHIA; 
SALLUSTO, 2009).

Conclusion

Organic Zn supplementation positively interfered 
with the persistence of anti-rabies antibodies, which 
could allow for differentiated vaccination intervals 
for sheep supplemented with organic Zn.
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