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ABSTRACT
Gavac® is a commercial vaccine for the control of cattle tick (Rhipicephalus (Boophilus) microplus), containing the
Bm86 protein antigen. The vaccine is supplied in multi-dose vials and the recommended application schedule
includes two initial doses on days 0 and 28, followed by a boosting dose every 6 months. As any other vaccine, it
requires cold chain conditions for storage and transportation, since heat stress conditions could affect vaccine efficacy.
However, remaining vaccine doses once the vials are punctured, particularly in multidose vials, could generate a
substantial loss of product due to the risk of vaccine instability. Therefore, this work was aimed to assess the safety
and efficacy of the vaccine subjected to thermal stress in punctured vials to collect relevant information regarding
the robustness of this immunogen under field conditions. It was found that pre-incubation of punctured vials at 37
°C up to 14 days neither increased the number of adverse reactions in experimental animals not the physicochemical properties of the emulsion. No statistical differences in the anti-Bm86 antibody titers were found after 7 days of
incubation at 37 °C. Moreover, after 15 days of heat stress, Gavac® was still capable of eliciting protective antibody
titers, with the ability to affect the reproductive parameters of ticks. These results demonstrate the stability, safety
and efficacy of Gavac® under these conditions and reinforce the robustness of the vaccine under field applications.
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RESUMEN
Estabilidad, seguridad e inmunidad protectora de la vacuna Gavac® sometida a estrés térmico. Gavac®
es una vacuna comercial para el control de la garrapata bovina (Rhipicephalus (Boophilus) microplus) que emplea
la proteína Bm86 como antígeno vacunal. Se fabrica en viales multidosis y se administra en esquemas de dos dosis
en los días 0 y 28, seguida de una dosis de refuerzo cada seis meses. Como otras vacunas, Gavac® requiere de
condiciones de cadena de frío durante su almacenamiento y transportación, pues las condiciones de estrés térmico
pueden afectar su eficacia. Sin embargo, en los viales multidosis, las dosis de vacuna remanentes tras el primer
uso pueden conllevar a una pérdida sustancial de producto por el riesgo de inestabilidad. En este trabajo se evaluó
la seguridad y eficacia de la vacuna sometida a estrés térmico en viales con un uso,para simular las condiciones
de campo. La vacuna remanente en los viales tras una punción e incubados a 37 °C por 14 días no incrementó el
número de reacciones adversas en el ganado bovino vacunado, ni alteró las propiedades fisicoquímicas de la emulsion. No se observaron diferencias estadísticamente significativas en los títulos de anticuerpos anti-Bm86 después de
siete días de incubación a 37 °C. Además, tras 15 días de incubación a 37 °C, la vacuna mantuvo su capacidad para
inducir respuesta protectora de anticuerpos suficiente para afectar los parámetros reproductivos de las garrapatas.
Estos resultados demostraron la estabilidad, seguridad, eficacia y robustez de Gavac® bajo condiciones de campo.
Palabras clave: garrapata bovina, eficacia de vacunación, immunógen Gavac®, proteína Bm86,
Rhipicephalus (Boophilus) microplus
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Introduction
Rhipicephalus (Boophilus) microplus is the most important cattle tick in tropical and subtropical areas [1].
This species has great veterinary importance since
it is able to transmit viruses, bacteria, protozoa and
rickettsiae [2]. In addition, ticks are responsible for
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severe economic losses in milk production, decreased
weight gain and damage to skin of the animals by biting [1-4].
During the last decade, some strategies to control
ectoparasites affecting animal production have been
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implemented, most of them involving chemical treatments. But, unfortunately, they have been unable to
prevent and control the steady development of resistance to the chemicals in use today, despite their high
effectiveness and practical use and with considerable
environmental impact [5].
For these reasons, strategies for tick control based
on integrated pest management have been proposed
as the current alternative to delay the phenomenon
of resistance to chemicals and to lower the environmental burden. The concept of control is based on
integrated management systems alternating chemical treatments and control with acaricides scheduled
according to the infestation index [6], or combined
with biological and mechanical control, immunological and genetic control, among others. The main
goal is to reach the greatest economic benefit for the
producer at affordable costs and in an environmentalfriendly scenario [7].
Inserted in the immune control is Gavac®, a vaccine based on the Bm86 antigen, isolated from gut
of the tick Rhipicephalus (Boophilus) microplus [810] and expressed in the methylotrophic yeast Pichia pastoris. This vaccine, which has been useful to
control tick infestations [11], is linked to a program
of integrated tick control. Among other major measures, the program requires a change in the methodology of implementation of the acaricides baths [12].
The vaccine is applied following an immunization
schedule consisting of two initial doses at weeks 0
and 4 and booster doses every six months [13]. This
scheme has proved effective in inducing high antibody titers in cattle regardless of race, sex or productive category [14-17].
Gavac® is distributed in multidose vials, which are
practical for field application; however, on many occasions, there are potentially useful doses left over in the
vials. However, using these remaining doses under field
conditions is not recommended, since it is assumed that
their safety and immunogenicity could be affected after
handling during endpoint applications [18]. Therefore,
in this work, the stability, safety and immunogenicity
of Gavac® vaccine doses remaining in punctured vials
exposed to thermal stress were studied.

Materials and methods
Heat stress experiment
Bottles from a production lot of Gavac® (M22131-1)
were used. Each vial contains 15 doses of 2 mL (100
µg of Bm86 protein each dose) for a total volume of
30 mL. The bottles were punctured with a needle for
a first extraction and kept at different temperatures according to the following experimental design: groups I
and II were preserved at 4 ºC for 14 days; group I was
used as the positive control of the experiment, therefore the bottles of this group were preserved intact.
Vaccines from groups III, IV and V were kept at 37 ºC
for 3, 7 and 14 days, respectively. A sentinel group of
six non-vaccinated animals in the same farm were used
as negative controls in this experiment.
Determination of vaccine organoleptic properties
The effects of heat stress on the organoleptic characteristics of the vaccine bottles were evaluated by

visual observation. Three vaccine vials for each temperature group were used. The bottles were opened.
The content was poured in 15 mL tubes and allowed
to settle in upright position for 10 min, and the contents of the tubes visually inspected for color and appearance. The emulsion must be bright white with a
homogeneous appearance to past the test, according
to the manufacturer’s instructions [19].
Thermal stability
The test was designed to determine the stability of the
emulsion after exposure to elevated temperatures. A
sample of 10 mL of the emulsion was poured into 15
mL centrifuge tubes. The height of the emulsion (Ho)
in the tube was measured. The tubes were kept for 15
days in an incubator at a temperature of 35 ± 2 ºC,
and the height of the emulsion was measured again
after that time (Hu). The Hu/Ho ratio was then calculated. This ratio must be equal to or higher than 0.9 to
comply with the quality standards established for the
vaccine [19].
Sterility test
Volumes of 2 mL of Gavac® were extracted from
a vial previously punctured and further incubated
either at 4 °C or 37 °C, as described before, and afterwards, they were added to 200 mL of dispersant
solution (Peptone + Tween 80). After homogenization of the mixture, a 20-mL sample was taken and
added to flasks with different culture media (Tryptone Soy Broth for fungi and Thioglycolate for bacteria). Other flasks with the same media inoculated
with 103 c.f.u./mL of the respective microorganisms
were used as positive controls (Staphylococcus aureus, Pseudomonas aureginosa and Clostridium sporogenes for bacteria and Bacillus subtilis, Candida
albicans, Aspergillus niger for fungi). Flasks were
then incubated for 14 days at 30 to 35 ºC for bacteria
and 20 to 25 ºC for fungi. Negative controls treated
with each medium were included. Flasks were observed on days 3, 5, 7, 9, 11 and 14 for the presence
of turbidity, biofilms, lumps or any other form of microbial growth.
Drop size distribution
Samples of 20 µL of the vaccines subjected to each
treatment were diluted in 980 µL of 10 % Montanide
adjuvant solution (Seppic, France). The mixture was
stirred gently to preserve the original drop sizes. The
emulsion was then observed microscopically and a
total of 100 drops were measured. To comply with
the test, 80 % of the drops in the sample must have a
diameter equal to or lower than 5 µm [19].
Immunization of animals with Gavac® under
field conditions
Thirty bovines (crossbred Siboney) over 4 months of
age, with a body weight higher than 100 kg and serologically negative for Bm86 were used. The animals
were identified by ear-clips and randomly assigned to
one of the 5 treatment groups specified above. Six animals were included per group. Vaccines were applied
by deep intramuscular injection of 2 mL (100 µg) in
the neck muscles with 16 gauge needles on days 0
and 28.
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Collection of sera and measurement of antiBm86 antibodies titers by ELISA
Blood samples were taken on days 0, 28 and 56 of
the study; the sera were extracted and kept at –20
°C until used. The anti-Bm86 antibody titers were
determined by ELISA as previously described [20].
Briefly, ELISA microplates (Nunc, Polysorp) were
coated with Bm86 protein at 2 µg/mLand incubated
overnight at 4 ºC. Subsequently, plates were washed
with PBS-Tween 20 (0.05 %) and blocked with 1 %
skimmed milk for 1 h at 37 ºC. Sera were next diluted
1:500 in PBS-Tween 20 (0.05 %) and 100 µL added
to each well and further incubated for 1 h at 37 ºC.
Next, a rabbit anti-bovine IgG antibody conjugated to
horseradish peroxidase was added for 30 min at 37
ºC. Finally, the reaction was developed with 0.5 mg/
mL Ortho-phenylenediamine and 0.015 % H2O2 and
the reaction stopped with H2SO4 (1 %). The optical
density (OD) was measured at 492 nm in an ELISA
plate reader (Sunrise-Austria). Individual titers were
determined by interpolating OD units using a standard
curve of serial 1:2 dilutions of a positive control serum diluted 1:640 (AU).
Safety evaluation
The onset of any event that could be associated to the
administration of the immunogen were monitored
through clinical observation and palpation and recorded. These included clinical signs and prostration,
inflammatory reactions at the injection site, appreciable changes in respiratory rate or any other event [21].
Effect of the immunization with Gavac® on the
reproductive capacity of ticks
The teleogines naturally occurring on the animals were
collected at 56 days of the experiment. The following
parameters were calculated: weight of engorged ticks,
weight of the eggs, reproductive efficiency index and
percentage of hatching. Ticks were placed at 28 ºC,
80 % relative humidity and a 12-h light:darkness photoperiod for egg laying and hatching. Reproductive
efficiency index was determined as the weight of the
egg mass (g)/weight of ticks (g) × 100. Hatching was
determined by counting the eggs and larvae [22]. The
efficacy of the vaccine was estimated by the following
formulas [23]:
- Effects of immunization in the weight of ticks:
DW = 1 –

WTV
WTC

× 100

where WTV is the mean weight of ticks on the immunized cattle and WTC is the mean weight of ticks
on control cattle.
- Impact on oviposition:
DO = 1 –

PATV
PATC

× 100

where PATV is the mean weight of eggs laid by
ticks on the immunized cattle and PACT is the mean
weight of eggs laid by ticks on control cattle.

- Effect on reproductive efficiency index:
DF = 1 –

PFTV
PFTC

× 100

where PFTV is the mean efficiency index of the immunized group and PFTC is the mean efficiency
index of the control group. Reproductive efficiency
index is determined as the total weight of eggs mass
(g) over the total weight of ticks (g) (%).
- Effect on Hatching:
DH = 1 –

PETV
PETC

× 100

where PETV is the mean hatching by ticks collected
on the immunized cattle and PETC is the mean hatching by ticks collected on control cattle.
Statistical analysis
Analysis of variance (ANOVA single factor) was
used to compare the anti-Bm86 antibody titers and
the reproductive parameters of ticks among groups.
Turkey’s test was applied for post hoc comparisons
(α = 0.05). Statistical processing was performed with
the GraphPad Prism program version 6.0 (GraphPad
software; La Jolla, USA).

Results
Effect of heat stress on the organoleptic properties of Gavac®
No physical changes were detected in Gavac® emulsions when the open bottles were kept at 4 ºC or 37 ºC
up to 14 days. No alterations were found in the appearance, consistency, color, smell, aggregates formation,
sedimentation of the formulation. No separation in
water/oil phases was observed. The Hu/Ho ratio mean
was higher than 0.9 for all groups (Table 1).
Drop size distribution
Gavac® bottles kept at different temperatures (4 ºC or
37 ºC) for 3, 7 and 14 days maintained the same droplet size distribution. No emulsion breakage occurred
and there was no formation of larger droplets since the
100 % of the drops were below 5 µm in diameter in all
the samples analyzed (Table 1).
Sterility test
No microorganism growth was observed in any of the
vaccine bottles included in the study during the 14
days of the experiment.
Effect of heat stress on the immunogenicity of
Gavac® in cattle
The influence of heat stress on the immunogenicity of
Gavac® was evaluated by measuring the anti-Bm86
antibodies titers elicited in the serum of the immunized animals. A specific antibody response was
detected in all experimental groups 28 days after the
first injection. No statistically significant differences
were found among groups, with mean titers ranging
from 1: 4759 to 1: 17 467 (Figure 1). The anti-Bm86
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Table 1. Effect of heat stress treatments on quality parameters of the anti-tick Gavac® vaccine
Drop size distribution
Vaccine treatment Organoleptic properties
(percentage of particle diameter range (µm))
Temperature Time
(ºC)
(days) Color Appearance Ø ≤ 1 1 < Ø ≤ 2 2 < Ø ≤ 3 3 < Ø ≤ 4 4 < Ø ≤ 5

Sterility
test

Mechanical
stability

37

3

White Homogeneous 31.64

47.33

16.94

3.53

0.56

No growth

0.98

37

7

White Homogeneous 34.04

53.39

11.54

1.03

0

No growth

0.98

37

15

White Homogeneous 31.79

51.60

13.30

2.33

0.84

No growth

0.98

37

14

White Homogeneous 29.41

52.66

14.85

1.96

1.12

No growth

0.98

Discussion
Vaccines are capable of inducing a protective and
durable immune response in animals, but often some
mild side effects such as local reactions, fever and general symptoms are observed as a consequence of the
associated immune inflammatory response [24-26].
Vaccines can be very susceptible to environmental
conditions. In particular, temperature changes significantly affect the integrity of this type of product during
storage, transportation and handling. This issue is particularly sensitive for live-attenuated vaccines [27, 28].
The recombinant subunit vaccines could mitigate
these problems. Generally, the purified recombinant
proteins are very stable when subjected to temperature changes for short periods of time. Additionally,
oil based adjuvants tend to increase the stability of
protein antigens [29, 30].
Among all the methods available today for the
control of cattle tick, vaccination with recombinant
Bm86-based vaccines has been the most effective
and environmentally friendly [9-11, 15, 31-36]. The
simultaneous immunization of large groups of animals
in a rural setting allows the use of multi-dose vials.
It is therefore important to study the stability of the
vaccine doses remaining in punctured vials under
increased temperature conditions. Based on these results, it is proposed that remaining vaccine doses in
multidose vials after a vaccination event could be

anti-Bm86 antibody titers

Effect of vaccination on the reproductive
parameters of ticks
A significant affectation in the reproductive parameters
of ticks (weight of ticks, weight of eggs, reproductive
efficiency index and hatching percentage) as
compared to control animals was documented at day
56 of the experiment, regardless of the temperatures
and incubation times tested (Table 2). The observed
reductions in these parameters were similar for all
treatment groups.
The weights of engorged ticks and eggs were
significantly lower in all groups as compared to nonimmunized controls (p < 0.0001). No differences
among vaccinated groups (p > 0.05) were detected.
The reproductive efficiency index and hatching
percentages were also similar among all vaccinated
groups (Figure 2) and differed significantly (p < 0.01)
from non-vaccinated controls.

30 000

Groups
I
II
III

22 500

IV
V

15 000

*

titers increased after the second dose in all groups and
statistically significant differences were found among
them (p < 0.05). In particular, the mean antibody titer
for group V (1:5,435) was more than five times lower
than in the control group I (1:28 353) (p < 0.05).The
differences among the rest of the groups were not statistically significant.

7500

0
0

28

56

Time (days)
Figure 1. Mean titers of anti-Bm86 antibodies determined by ELISA. Bm86 specific antibodies were not
detected at week 0. Groups: I, 4 °C for 14 days (intact
bottles control); II, 4 °C for 14 days (punctured bottles);
III: 37 °C for 3 days; IV: 37 °C for 7 days; V: 37 °C for 14
days. Statistically significant differences among groups
were found in one-tailed ANOVA (p < 0.05) and particularly, between groups V and I according to Tukey’s
test (p < 0.05). Arrows indicate cattle immunizations
with Gavac® vaccine subjected to either treatment,
administered by deep intramuscular injection of 2 mL
containing 100 µg of the vaccine, in the neck muscles
with 16 gauge needles.
Table 2. Effect of immunization with Gavac® (Bm86)
on reproductive parameters of R. B. microplus*
Immunization
groups
I
II
III
IV
V

Tick reproductive parameters (%)
DW
DO
DF
DH
42.97
45.91
40.82
42.97
45.91

43.83
47.12
42.27
43.83
47.12

12.52
16.32
10.72
12.52
16.32

21.77
21.40
23.76
21.77
21.40

* Groups: Control group (intact bottle, 4°C, 14 days); Group II
(punctured bottle, 4°C, 14 day); Group III (punctured bottle, 3
days 37°C); Group IV (punctured bottle, 7 days 37°C); Group V
(punctured bottle, 14 days 37°C). DW: difference of tick weight
difference. DO: difference in oviposition. DF: reproductive
efficiency index. DH: Difference in hatching.

preserved for a single temperature cycle at 4 ºC for
up to 7 days, and administered immediately after in
a new vaccination event. It is not recommended by
no means to subject the vaccine vial to subsequent
temperature cycles, since protein stability cannot be
guaranteed at all. It is of outmost importance that all
vaccine handling should be carried out following the
standard good handling practices, to guarantee the
consistency and efficacy of results. Moreover, it is
strongly advised to follow the manufacturer’s recommendations for the safe and efficacious use of Gavac®
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0.20
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0.3

0.2

0.1

0

***
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***
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0.05

I
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V

Control

I

Groups
80
**

**

**

**

II
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IV

V

IV

V

Groups
D

**

150
**

**

**

**

**

60

Hatching (%)

C

***

0
Control

Reproductive efficiency index (%)

vaccine, and the use proposed in this work could be
only limited to vaccine losses representing half the
doses contained in the vial.
The stability of vaccines has been associated with
the resistance to light-mediated physical degradation, temperature changes during storage and transportation, and the time elapsed from manufacture.
Maintaining drop size between the established parameters preserves the emulsion stability [37]. Small droplet sizes allow a more efficient diffusion of the antigen
when injected in the animal, reaching more quickly the
systemic lymphatic tissues and, thus, triggering the immune response of the animal more effectively [37].
In this study, the stability of Gavac® after 14
days of heat stress at 37 ºC in open multi-dose vials was assessed. First of all, no separation of the
aqueous and oil phases was observed after this incubation period. Second, the droplet size distribution
remained within the criteria of quality and stability
of the emulsion. Third, no microorganism growth or
changes in the organoleptic properties of the immunogen were detected. All these results indicated that
the physicochemical properties of the emulsion were
preserved.
Next, the immunogenicity of the vaccine preparations subjected to heat stress was assessed in cattle
through a biphasic immunization schedule (immunization on weeks 0 and 4). The results of the antibody
titers after two inoculations demonstrated that the vaccine preserved near full potency after 7 days at 37 ºC.
A reduction in the antibody titers was observed after 14
days of incubation a 37 ºC. This outcome was inferred
though remaining to be demonstrated, since it is well
known that increased temperatures favored both, protease mediated and independent degradation of protein
antigens [38]. Although no changes were observed in
the emulsion in vials incubated at 37 ºC for 14 days,
this may affect the structure and the functional properties of the protein, particularly its capacity to elicit
antibody responses against conformational epitopes.
However, taking into account that antibody titers equal
or above 1:640 are considered protective [13, 15], even
animals from Group V (37 ºC for 14 days) can be regarded as protected from cattle tick infestation.
The kinetics of the antibody responses and the
titers observed for the rest of the groups were quite
similar to those reported in previous studies with
this immunogen [15, 23, 35, 39-43]. All animals
showed a detectable antibody response right after
prime immunization and developed an anamnestic
response characterized by increased antibody levels,
similar to those previously described [13, 15, 23, 31,
39, 41-44].
No local or systemic adverse events were documented in immunized animals, despite the thermal
stress treatments applied to the product. In this sense,
results were similar to those described for the standard
vaccine administration procedure, in which the Bm86
antigen has been demonstrated to be safe both, during
the days around the time of immunization and after six
months, when the administration site was examined
by necropsy [23, 38].
Up to our knowledge, this is the first integral study
of the sterility, stability and immunogenicity of a veterinary vaccine in open multi-dose vials subjected to
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Figure 2. Effect of immunization with Gavac® (Bm86) on reproductive parameters of R.
B. microplus. A) Mean weights of ticks. B) Impact on tick oviposition. C) Transformation efficiency index. D) Hatching. Cattle were immunized with Gavac® vaccine subjected to either
treatment, administered by deep intramuscular injection of 2 mL containing 100 µg of the
vaccine, in the neck muscles with 16 gauge needles. Groups: I, 4 °C for 14 days (intact
bottles control); II, 4 °C for 14 days (punctured bottles); III: 37 °C for 3 days; IV: 37°C for 7
days; V: 37 °C for 14 days. Ticks from non-immunized cattle were used as negative controls
(Control). Parameters from ticks of immunized animals were statistically different from those
of control animals, according to ANOVA and Turkey’s test (**p < 0.01; ***p < 0.001), and
no differences were found among the four treatment groups of vaccinated animals.

thermal stress. Other studies on the thermal stability
of veterinary vaccines have been conducted in closed
vials. For instance, post-formulation modifications
were seen in seven proteins tested during storage of
1 week at 37 °C in vaccines formulated in the oil adjuvant Montanide ISA 720, and these modifications
had a negative impact in their immunogenicity [45].
In contrast, an experimental recombinant vaccine
against classical swine fever, formulated in Montanide 888 was stable and conserved its immunogenicity after 1 week at 37 °C [46].
Overall, our studies provide useful information on
the relative stability of veterinary vaccines during its
manipulation under field conditions and at endpoint
application. Noteworthy, this is informative and manageable, but does not substitute the conditions and
recommendations made by manufacturers for optimal
temperature conditions to obtain best results during
vaccine transport, handling and administration to animals. In the specific case of Gavac®, manufacturers
recommend that the product should be kept at 4 ºC
during storage and transportation. From the results
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shown in this study, it can be concluded that vials in
use can be kept at temperatures up to 37 ºC for one
week without substantial loss of its immunogenicity
and keeping its safety profile, under certified management procedures.
Despite the absence of recommendations or classifications by regulatory agencies for veterinary vaccines attending to their thermal susceptibility, equivalent criteria have been somewhat inherited from
recommendations in place for human vaccines. Specifically, this has been the case for recommendations
made by the American Animal Hospital Association,
the accrediting body for companion animal hospitals
in the United States and Canada. It recommends to
follow standard procedures as established by manufacturers for multidose vials in terms of number of
punctures and handling [47]. Moreover, this organization also recommends to endorse the Vaccine Storage
and Handling Toolkit issued by the US Centers for
Disease Control and Prevention (CDC) [48], where
it is clearly stated that temperature fluctuation during
transportation or storage can irreversibly affect the potency of vaccines.
Additionally, as the case for vaccines approved for
human use, WHO has classified them in four groups
according to their thermal stability: high stability (30
days at 37 °C); medium stability (14 days at 37 °C),
moderate stability (7 days at 37 °C) and least stable
(2 days at 37°C) [49]. According to this classification
Gavac® can be classified as a medium stability vaccine, although more prolonged incubation times are
yet to be studied. Nevertheless, as discussed before,
our experiments were carried out with punctured vials;
a situation that better resembles the real situation in
the field for a veterinary vaccine, much more stressing
than in the usual accelerated stability studies in the lab.
WHO policy for the use of multi-dose vaccines in
humans recommends that multi-dose vials should be
discarded at the end of the immunization session, or
within six hours of opening, unless the vaccine meets
31. Almazan C, Lagunes R, Villar M, Canales
M, Rosario-Cruz R, Jongejan F, et al. Identification and characterization of Rhipicephalus
(Boophilus) microplus candidate protective
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in Pichia pastoris. Rev Bras Parasitol Vet.
2011;20(2):103-10.
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Appl Acarol. 2001;25(3):245-61.
36. Rodriguez-Valle M, Taoufik A, Valdes M,
Montero C, Ibrahin H, Hassan SM, et al. Efficacy of Rhipicephalus (Boophilus) microplus

the following criteria: 1) The vaccine is currently
prequalified by WHO, 2) The vaccine is approved
for use for up to 28 days after opening the vial; 3).
The expiry date of the vaccine has not passed and
4) The vaccine vial has been and will continue to be
stored at WHO or manufacturer recommended temperatures, and the vaccine has not been damaged by
freezing [50]. These recommendations are supported
by previous data on the use of multi-dose vaccines or
other injectable drugs [51, 52].
Overall, the knowledge derived from this work
is of practical importance for the implementation of
vaccination campaigns in the field, mainly during
endpoint application, further supporting a more efficient use by practical means of multi-dose vials as an
effective cost-containment measure.

Conclusions
In summary, animals immunized with Gavac® vaccine doses remaining in multidose vials showed no
adverse reactions and developed anti-Bm86 antibody
titers equivalent to those immunized with control
vaccine, when the vaccine was experimentally subjected to 37 ºC for a week. The antibody response
retains its ability to experimentally reduce the weight
and to impair the reproductive capacity of ticks. This
allows to exceptionally store the doses remaining in
multidose vials at 4 ºC for up to 7 days after heat
stress during a vaccination campaign. In this way, all
doses within multidose vials containing the Gavac®
vaccine can be optimally used, when they are handled
and managed under certified practices for cattle vaccination at endpoint applications, and when manufacturer’s standard recommendations of discarding the
remaining content could lead to considerable losses.
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