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Abstract | Adjuvants have been used in veterinary vaccines. Carbomer is a synthetic polymer which has a potential
vast of applications in the pharmaceuticals. This work aimed to examine the immunologic effect of the carbomer as a
stabilizer and adjuvanted with saponin in the lyophilized combined inactivated vaccine (Pneumo-4) instead of regu-
lar stabilizers. Freeze-dried vaccine named Pneumo-4 contained the inactivated bovine viral diarrhea virus (BVDV)
genotypes, bovine herpesvirus type 1 (BoHV-1), bovine parainfluenza virus type 3 (BPI3V), and bovine respiratory
syncytial virus (BRSV). The carbomer 0.3% and 0.5% were used as a stabilizer. The novel stabilizer was compared with
5% lactalbumin hydrolysate with 2.5% sucrose. The saponin solution 1mg saponin/dose was used as an adjuvant and
solvent. Twelve local breed calves were utilized in the study. The calves were divided into four groups where each group
contained three calves. The first two groups were vaccinated with bovine viral respiratory combined vaccine stabilized
by carbomer 0.3% and 05%, respectively. The third group vaccinated with the vaccine stabilized by 5% lactalbumin
hydrolysate with 2.5% sucrose. The fourth group was kept without vaccination as a test control. The poster dose was
given to the calves of the first three groups 2 weeks post-vaccination. The antibody titer in vaccinated calves was eval-
uated by the virus neutralization test (VINT). The vaccines showed safety in calves. The immune response against the
four viruses got its peak in the 4® month post vaccination. The vaccines stabilized by carbomer showed an appropriate
level of protective antibody which lasted until the 9" month post vaccination. There was a very high significance (p<
0.05) between the values of neutralizing antibodies between different groups of the experiment. Finally, the use of car-
bomer as a stabilizer, in addition to saponin as an adjuvant, in the bovine viral respiratory combined vaccine enhances
the antibody production in the immunized animals for a time of approximately 9 months. Consequently, the prepared
vaccine has a significant economic impact, as it reduces the numbers of vaccination, and thus reduces the costs involved
in terms of labor and tools as well as reducing the stress on animals.
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INTRODUCTION response and to attain protection during times of challenge.

Adjuvants have been used in veterinary vaccines for almost

‘ T accines need development through using new stabiliz- a century in trying to raise vaccine immunogenicity, chief-
er and adjuvant to induce satisfactory immunological ly by motivating innate immunity and increasing adaptive
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immune responses (Petrovsky, 2015). The development in
existing vaccine design is mainly directed to the enhance-
ment of the immune responses of commercial vaccines by
means of using novel stabilizer and adjuvants (Levitz and
Golenbock, 2012). So, there is a necessity for designing
an uncommon and new stabilizer and adjuvant able to in-
crease the efficacy of the immune response (Chauhan et
al., 2017). The steadiness of the vaccine can be judged ac-
cording to the circumambient temperature which affects
its expiration. Such studies are important for vaccines used
in developing countries where vaccine quality agonizes due
to logistics issues such as transportation, storage, power

failures and unqualified labor (Sarkar et al., 2003).

Carbapol (carbomer) is a synthetic polymer which has a
potential vast of applications in the pharmaceuticals. Some
advantages of using aqueous carbomer gels are their com-
patibility with many constituents, thermos-stability and,
smooth flow during various routes of application (Islam
et al., 2004). Carbapol is a cross-linked chain of acrylic
acid, and has several properties such as high safety, non-
toxic and suspending agent (Ahuja et al., 1997). Nowadays,
carbapols are gaining considerable interest as adjuvants for
veterinary vaccines.

Previous studies used the carbomer as an adjuvant in various
vaccine formulations on different animals. Studies proved
the high safety margin and superior immune response in
comparison to the traditional vaccines (Mair et al., 2015,

Stadler et al., 2016, Abd El-Moneam et al., 2020).

Carbapol (carbomer) can enhance and activate cellular and
humoral immunity in mammals (Gartlan et al., 2016). The
merits of using aquatic carbomer gels include easy flow be-
havior, compatibility mode with several active ingredients;

and good thermal steadiness (Zhang et al., 2018).

Saponins, extracted from Quillaja saponaria Molina, have
been used to a large degree as adjuvants for decades in
various animal vaccines. However, despite its recognized
adjuvant potential, its use still debatable due to unwanted
side effects, such as local reactions, hemolytic activity and

systemic toxicity (Sun et al., 2009).

For the control of bovine respiratory disease (BRD), the
usual practice was to use an inactivated combined vaccine
(O’Connor et al.,, 2019). Recently, an inactivated vaccine
has been developed at Veterinary Serum and Vaccine Re-
search Institute (VSVRI), Egypt named Pneumo-4. It is
formulated from inactivated Bovine viral diarrhea virus
(BVDV), Bovine herpesvirus type 1 (BoHV-1), Bovine
Respiratory Syncytial Virus (BRSV'), and Bovine Parain-
fluenza Type-3 virus (BPI3V) and adjuvanted with alum
gel and/or oil (EL-Hawary and Mostafa, 2017).

This work aims to study the immunologic effect of the
Carbapol as stabilizer and adjuvanted with saponin in the
lyophilized combined inactivated vaccine (Pneumo-4) in-
stead of regular stabilizer lactalbumin hydrolysate with su-
crose.

MATERIAL AND METHODS

ETHICAL APPROVAL

The use of the animals and its care were granted by the
Medical and Veterinary Research Ethics Committee at the
National Research Centre in Egypt (No., 20/053).

VIRUSES AND CELL LINE

The native Egyptian strains were used in the preparations
of these study vaccines. The viruses were bovine respira-
tory syncytial virus (BRSV'), bovine parainfluenza-3 virus
(BPI3V), bovine viral diarrhea virus genotype-1 (BVDV-
1), and bovine herpesvirus type 1 (BoHV-1) with titers
of 10°TCID, /mL (tissue culture infectious dose 50%),
10¢°TCID, /mL, 10°*TCID, /mL and 10°TCID,/mL,
respectively. The viruses were provided from VSVRI, Cairo,
Egypt. These viruses were propagated and titrated on the
Madin-Darby bovine kidney (MDBK) cell line which was
free from any irrelevant contaminant. The identity of these
viruses was confirmed by the VINT using specific reference
antisera.

STABILIZERS

In this study, three freeze-dried vaccines against the men-
tioned above viruses were prepared using different stabiliz-
ers. The first vaccine was stabilized by the common stabi-
lizer which is 5% lactalbumin hydrolysate (Sigma-Aldrich
GmbH) with 2.5% sucrose according to Riyesh et al.
(2011). The other two vaccines were stabilized by 0.3%
and 0.5% carbomer (Lubrizol, USA) according to Abd
El-Moneam et al. (2020).

ADJUVANT

The saponin solution 1 mg/dose (Quillaja Saponaria Moli-
na) (Sigma-Aldrich GmbH) extract was used as adjuvant
during reconstitution of lyophilized vaccine according to

Abd El Fadeel et al. (2020).

VACCINE PREPARATION

'The bovine viral respiratory combined vaccine was articu-
lated to comprise the four inactivated antigens of BVDV-
1, BoHV-1, BPI3V, and BRSV. Viruses were inactivated
separately by 0.01M binary ethyleneimine (BEI) 10% vol-
ume/volume [v/v]. Then, Sodium thiosulphate (20%) was
used to stop the effect of BEI after 24 h from the start
of inactivation (Bahnemann, 1990). Meanwhile, equal
amounts from the four inactivated viruses’ fluid were
blended. Thereafter, the stabilizers v/v were added and the
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vaccines were aliquoted and lyophilized. The lyophilization
process was conceded using a lyophilize apparatus (2014-
033; Shanghai Tofflon Science & Technology Co. Ltd.,
Shanghai, China).

EXPERIMENTAL ANIMALS

Calves: Twelve healthful local breed calves with ages be-
tween 4-8 months were utilized in the evaluation of the
safety and protective values of the prepared vaccines.
Calves were free from external parasite and seronegative
to the viral strains of the bovine viral respiratory combined
vaccine. Calves were divided into four groups where each
group contained three calves. The first group was vaccinat-
ed (3ml each animal) with bovine viral respiratory com-
bined vaccine stabilized by carbomer 0.3%. The second
group was vaccinated with the vaccine (3ml each animal)
stabilized by carbomer 0.5%. The third group vaccinated
with the vaccine (3ml each animal) stabilized by 5% lac-
talbumin hydrolysate with 2.5% sucrose. The fourth group
was kept without vaccination as a test control. The post-
er dose was given to the calves of the first three groups 2

weeks post-vaccination (WHO, 2019).

QUALITY CONTROL OF THE VACCINE

Sterility test: According to WHO (2019), all stages of
vaccine manufacture were succumbed to in-process testing
for sterility to confirm free from any contaminants.

Safety in calves: Twelve male calves were divided into four
groups (3calves/group) and used to evaluate the safety of
the prepared vaccines. The first three groups were injected
intramuscularly (I/M) with a double dose (6ml each an-
imal) of the lyophilized vaccines stabilized by carbomer
0.3%, 0.5% and lactalbumin hydrolysate 5% with sucrose
2.5%, respectively. While the calves in the 4™ group were
injected I/M with the same dose by physiological saline in-
stead (Code of Federal Regulations, 2015). All calves were
kept under observation for 21 days to record the appear-
ance of any clinical abnormalities.

SEROLOGICAL TESTS TO EVALUATE THE POTENCY OF
THE VACCINES IN CALVES

Serum samples were collected on the first day of vaccina-
tion (0 days), 2™ week, 4™ week, and every month until
reaching the lowest unprotective levels of neutralizing an-
tibodies. All serum samples were inactivated at 56°C for
30 minutes and stored at -20°C until used in virus neu-
tralization test against all viral components of the prepared
vaccines. The virus neutralization test was done according
to Robson et al (1960) and the antibody titer calculated
according to Reed and Muench (1938). The antibody titer

was expressed as log, .

STATISTICAL ANALYSIS

The statistical analysis was done by Microsoft Excel 2010
(Microsoft Corp., Redmond, WA, USA). The records data
were expressed as mean * standard deviations. Data be-
tween groups in the same virus were compared using the
one way analysis of variance (ANOVA) test. A p-value <

0.05 was considered statistical significance.
RESULTS

'The analyses of the data showed that the prepared vaccines
were sterile and free from any contaminant and safe to all
calves. There were no clinical abnormalities that appeared
during experiment time.

The physical examination of the discs produced after
freeze-drying of the vaccines stabilized by carbomer 0.3%,
0.5% and lactalbumin hydrolysate 5% with sucrose 2.5%
showed that the use of carbomer (0.3% or 0.5%) gave
white and coherent disc which was more acceptable than
the disc produced from the lyophilized vaccine stabilized
by lactalbumin hydrolysate 5% with sucrose 2.5%.

The virus neutralization test was used to monitor the mean
serum neutralizing antibody titers expressed in log, in
the serum sample against BVDV-1, BoHV-1, BPI3V, and
BRSV. All vaccinated calves demonstrated high as well as

protective levels of antibody titers.

The mean virus neutralizing antibody titers of BVDV-1
in lyophilized vaccine stabilized by carbomer 0.3% and
0.5% reached to 2.3+0.2, 2.1+0.56 in the 4™ weeks post
vaccination (WPV), respectively while it was 1.8+0.4 in
the 2°! month post vaccination (IMPV) in case of vaccine
stabilized by lactalbumin hydrolysate 5% with sucrose
2.5%. Then, the antibody titer was decreased gradually to
0.91+0.05 and 1.08+0.03 in 8" MPV against the BVDV in
the vaccine stabilized by carbomer 0.3% and 0.5%, respec-
tively. The vaccine stabilized by lactalbumin hydrolysate 5%
with sucrose 2.5% reached the unprotective level 0.75+0.05
on the 8t MPV (Table 1).

BoHV-1 antibodies titer of the vaccinated calves reached
the peak protective level at the 4* WPV 2.5+0.03,2.3+0.25
for the vaccine stabilized by carbomer 0.3% and 0.5%, re-
spectively. While the vaccine stabilized by lactalbumin hy-
drolysate 5% with sucrose 2.5% reached the peak level of
antibodies 1.86+0.02 at the 4™ MPV. The vaccines stabi-
lized by lactalbumin hydrolysate 5% with sucrose 2.5% lost
its protective level of antibodies at the 8 MPV 0.60+0.00
while the other two vaccines maintained the appropriate
immune level (Table 2).

'The serological response of the vaccinated calves against
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Table 1: Mean virus neutralizing antibody titers expressed in log,, against BVDV-1 in vaccinated calves with Pneumo-4
vaccine stabilized by 0.3% and 0.5% carbomer and 5% lactalbumin hydrolysate with 2.5% sucrose.

Time post vaccination Carbomer 0.3% Carbomer 0.5%  Lactalbumin hydrolysate 5% with sucrose 2.5%
(meanz SD) (meant SD) (meant SD)
0 Day 0.05+0.0 0.2+0.0 0.02+0.0
2nd WPV 0.12+0.01* 0.6+0.01° 0.45+0.01°
4th WPV 2.3+0.2* 2.1£0.56"° 1.7+0.25¢
2nd MPV 2.15£0.2* 1.9+0.05° 1.8+0.4¢
3rd MPV 2.0£0.4* 1.9+0.02° 1.75+0.05°¢
4th MPV 1.86+0.25* 1.5+0.2° 1.5+0.2¢
5th MPV 1.7x0.2* 1.3+0.05"° 1.2+0.25¢
6th MPV 1.54+0.01¢ 1.32+0.04° 0.94+0.05°¢
7th MPV 1.4+0.4* 1.17+0.2° 0.10+0.04°¢
8th MPV 0.91+0.05* 1.08+0.03"* 0.75+0.05°¢
9th MPV 0.22+0.04* 0.25+0.04"° 0.60+0.04°¢

BVDV-1: Bovine viral diarrhea virus type 1
WPV: week post vaccination
MPV: month post vaccination

SD: Standard deviation

Means with different superscripts in the same row are significantly different at P<0.05.

Table 2: Mean virus neutralizing antibody titers expressed in log] ,against BoHV-1in vaccinated calves with Pneumo-4
vaccine stabilized by 0.3% and 0.5% carbomer and 5% lactalbumin hydrolysate with 2.5% sucrose.

Time post vaccination Carbomer0.3%  Carbomer 0.5% Lactalbumin hydrolysate 5% with sucrose 2.5%
(meant SD) (meant SD) (meant SD)

0 Day 0.03+0.0 0.02+0.0 0.30+0.00
2 WPV 1.55+0.04* 0.7+0.02° 1.01£0.02*
42 WPV 2.5+0.03* 2.3+0.25° 1.13+0.02*
2 MPV 2.35+0.55* 2.06+0.25° 1.47+0.01*
3< MPV 2.28+0.02* 1.9+0.05° 1.52+0.01*
44 MPV 2.14+0.04* 1.72+0.2° 1.86+0.02*
5% MPV 2.0+0.14* 1.5£0.4° 1.53+0.03*
6 MPV 1.68+0.05* 1.32+0.6° 1.2+0.01*
70 MPV 1.7+0.25® 0.860.05" 1.02+0.03*
8+ MPV 1.51+0.4* 0.75x0.02° 0.60+0.00*
9 MPV 1.3+0.05® 0.20+0.04° 0.42+0.03*

BoHV-1: Bovine herpes virus type 1
WPV: week post vaccination

MPV: month post vaccination

SD: Standard deviation

Means with different superscripts in the same row are significantly different at P<0.05.

BPI3V increased gradually and reached 2.51+0.05,2.3+0.2
in the 4" WPV and 2.00+0.02 in the 4 MPV in case of
using carbomer 0.3%, 0.5% and lactalbumin hydrolysate
5% with sucrose 2.5%, respectively. Then, the antibody lev-
el was declined gradually to reach low levels in vaccine sta-
bilized by lactalbumin hydrolysate 5% with sucrose 2% at
the 8™ MPV. The other two vaccines showed an appropri-
ate level of protective antibody 1.32+0.04 and 0.88+0.04 at
the 9" MPV, respectively (Table 3).

The mean antibody titer of BRSV in vaccinated calves
reached the highest level 2.28+0.2 and 2.16+0.25 in the
4" WPV in the case of using carbomer 0.3% and 0.5%.
While in the case of the vaccine stabilized by lactalbumin
hydrolysate 5% with 2.5% sucrose was a little pit late, at the
4* MPV, to show adequate protective levels 2.05+0.01. The
antibody level decremented gradually to reach 0.85+0.05,
0.85+0.03 and 0.60+0.00 at the 9™ MPV in case of using
carbomer 0.3%, 0.5% and lactalbumin hydrolysate 5% with

sucrose 2.5% as a stabilizer, respectively (Table 4).
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Table 3: Mean virus neutralizing antibody titers expressed in log10 against BPI3V in vaccinated calves with Pneumo-4
vaccine stabilized by 0.3% and 0.5% carbomer and 5% lactalbumin hydrolysate with 2.5% sucrose

Time post vaccination ~ Carbomer 0.3% Carbomer 0.5%  Lactalbumin hydrolysate 5% with sucrose 2.5%
(meanz SD) (meant SD) (meant SD)

0 Day 0.01x0.0 0.01+0.0 0.30+0.00
2 WPV 1.5+0.05 0.69+0.33° 1.2+0.03¢
42 WPV 2.51+0.05* 2.3+0.2° 1.9+0.02¢
2 MPV 2.39+0.2* 2.0£0.25"° 1.70+0.01°¢
3¢ MPV 2.25+0.4® 1.9+0.2° 1.80+0.01°¢
4 MPV 2.14+0.33* 1.7+0.4® 2.00+0.02¢
5% MPV 2.01+0.33* 1.5+0.2° 1.92+0.01°¢
6t MPV 1.58+0.05* 1.3+0.03° 1.74+0.02°¢
7% MPV 1.69+0.05* 1.1+0.2° 0.96+0.03
8h MPV 1.5+0.05® 1.07+0.3° 0.72+0.03 ¢
9% MPV 1.32+0.04* 0.88+0.04° 0.60+0.00°¢

BPI3V: Bovine Para influenza type 3 virus
WPV: week post vaccination

MPV: month post vaccination

SD: Standard deviation

Means with different superscripts in the same row are significantly different at P<0.05.

Table 4: Mean virus neutralizing antibody titers expressed in log10 against BRSV in vaccinated calves with Pneumo-4
vaccine stabilized by 0.3% and 0.5% carbomer and 5% lactalbumin hydrolysate with 2.5% sucrose.

Time post vaccination Carbomer 0.3% Carbomer 0.5%  Lactalbumin hydrolysate 5% with sucrose 2.5%
(meant SD) (meant SD) (meanz SD)

0 Day 0.01+0.0 0.01+0.0 0.30+0.00
2 WPV 1.19+0.05* 0.6+0.01° 0.93+0.01°¢
42 WPV 2.28+0.2¢ 2.16+0.25° 1.03+0.01°¢
2 MPV 2.12+0.05* 1.9+0.4* 1.40+0.02¢
3¢ MPV 1.98+0.2* 1.75+0.33* 1.60+0.02°¢
4* MPV 1.82+0.04* 1.6x0.4° 2.05+0.01°¢
5% MPV 1.68+0.4* 1.42+0.2° 1.92+0.01°¢
6™ MPV 1.5+0.01* 1.2+0.2° 1.3+0.03¢
70 MPV 1.38+0.4® 1.1+0.02° 1.04+0.02¢
8 MPV 1.0+0.06* 1.0£0.04° 0.72+0.03¢
9 MPV 0.85+0.05* 0.85+0.03° 0.60+0.00°¢

BRSV: Bovine respiratory syncytial virus
WPV: week post vaccination
MPV: month post vaccination

SD: Standard deviation

Means with different superscripts in the same row are significantly different at P<0.05.

There was a very high significance (p< 0.05) between the  DISCUSSION

values of neutralizing antibodies between different groups

of the experiment. The titer of the included viruses in the  The manufacture of vaccines is a complex method. There
prepared vaccines was compared between the first two were several tryouts to evaluate the quality of vaccines
groups (0.3% & 0.5%) and showed very high significance by using different stabilizers and adjuvants. The stabiliz-
in BVDV (p=0.0000001), BoHV-1 (p=0.005), BPI3V er plays an important role in keeping the vaccine effica-
(p=0.0006) and BRSV (p=0.000005). In general, when cy particularly when exposed to harsh conditions such as
compared each group against the third one, there was high temperature. It has important role in prolonging the
significance (p= 0.05) but not such high like the above shelf life of vaccine (Anderson et al., 1980).

results.
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Use of the carbomer (0.3% and 0.5%) as a stabiliz-
er was characterized by its nontoxic properties (Zhang
and Oyama, 2007; Kaczmarek et al., 2014; Gartlan et
al., 2016). Naturally, the carbomer binds to antigens and
makes a strict seal that protect the antigen molecule allow-
ing retain of antigen integrity even after extended periods
of heat exposure (Mudhivarthi et al., 2012; Varges et al.,
2019). Vaccination of animals with pure protein antigens,
that’s may stimulate the immune system to produce a low
level of antibodies but adding an adjuvant to it, enhance
the efficacy of the vaccine to produce high levels of anti-
bodies. Nevertheless, the adjuvants in combination with
the antigens can help in using low doses of it so that; the
vaccines would be of economic value (Steven et al., 2013;
Wegmann et al., 2015).

In this study, Carbomer 0.3%, 0.5% and lactalbumin hy-
drolysate 5% with sucrose 2.5% were used as a stabilizer in
the preparation of bovine viral respiratory combined vac-
cine. Saponin solution 1 mg/dose was used as an adjuvant

during reconstitution of lyophilized vaccine according to
Abd El Fadeel et al. (2020).

The use of the carbomer 0.3%, and 0.5% as a stabilizer in
combination with the saponin solution 1 mg/dose as an
adjuvant gave a high protective level of antibodies against
BVDV-1, BoHV-1, BPI3V, and BRSV with very high
significance between first two groups. The antibody titers
lasted till the 9" month post-vaccination in comparison to
lactalbumin hydrolysate 5% with sucrose 2.5% which last-
ed till the 7" month post-vaccination. In a previous study,
the use of a regular stabilizer with the saponin 1%/dose as
an adjuvant gave a protective level of antibodies against
the four viruses only up to 6 months post vaccination (Abd
El Fadeel et al., 2020; Abd El-Moneam et al., 2020). This
means that the presence of carbomer may augment the
efficacy of the used adjuvants pushing the duration of im-
munity up to 9 months post-vaccination.

'The persistence of antibodies up to 9 months post-vacci-
nation in the case of using carbomer 0.3%, and 0.5% as a
stabilizer and saponin as an adjuvant was attributed to the
polymers nature of the carbomer which help in the slow
release of the antigens post vaccination (Shakya and Ku-
mar, 2012). However, the use of lactalbumin hydrolysate
5% with sucrose 2.5% as a stabilizer with saponin solution
as an adjuvant has not such an advantage so that it gave a
protection up to 6 months only.

Abd El Fadeel et al. (2020) mentioned that the Pneumo-5
vaccine which was stabilized by lactalbumin hydrolysate
5% with sucrose 2.5% and adjuvanted with 1mg saponin/
dose gave protection to calves against the contained virus-

es up to 6 months post-vaccination. On the other hand,
Abd El-Moneam et al. (2020) concluded that, the using

of carbomer as a stabilizer as an alternative of skimmed
milk in preparation of the live-attenuated LaSota vaccines
reinforced the enhancement and modulation of critical
immune reactions.

When the results were compared between the Pneumo-4
vaccine which was stabilized by 0.3% and 0.5% carbomer
and adjuvanted with 1mg saponin/dose with the vaccine
stabilized by the regular stabilizer, it gave a high titer of
antibodies against BVDV-1, BoHV-1, BPI3V, and BRSV
than the other one (Table 1-4). These results impute to
carbomer act as stabilizer along with an adjuvant, at the
same time; it has an additive immune stimulant effect if
compared with lactalbumin hydrolysate 5% with sucrose
2.5% (Shakya and Kumar, 2012, Aly et al., 2020). This
combination helped in maintaining the antibody level up
to the 9" month post-vaccination.

CONCLUSION

The immuno defensive values of inactivated bovine viral
respiratory combined vaccine stabilized by carbomer and
adjuvanted with saponin increase and persist for longer
period of time than using lactalbumin hydrolysate with
sucrose as stabilizer and adjuvanted with saponin/dose.

In the end, the use of carbomer as a stabilizer, in addition
to saponin as an adjuvant, in the bovine viral respiratory
combined vaccine enhances the immune status of the im-
munized animals for a time of approximately 9 months.
This has a significant economic impact, as it reduces the
numbers of vaccination, and thus reduces the costs in-
volved in terms of labor and tools as well as reducing the
stress on animals.

ACKNOWLEDGEMENTS

'The work was funded by the Veterinary Serum and Vac-
cine Research Institute (VSVRI), Agricultural Research
Center, Cairo, Egypt.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS

All authors shared the ideas and writing of the manu-
script. AMA and TKF inoculated the animals and collect-
ed the samples. MRA and ATE formulated the vaccines.
NIA formulated different concentrations of the carbomer.
MRA run the serology.

April 2021 | Volume 9 | Issue 4 | Page 530

=SS



OPENaACCESS

Advances in Animal and Veterinary Sciences

REFERENCES

*Abd El Fadeel MR, El-Dakhly AT, Allam AM, Farag TK,
El-Kholy AA (2020). Preparation and efficacy of freeze-
dried inactivated vaccine against bovine viral diarrhea virus
genotypes 1 and 2, bovine herpes virus type 1.1, bovine
parainfluenza-3 virus, and bovine respiratory syncytial virus.
Clin. Exp. Vacc. Res. 9(2):119-125. https://doi.org/10.7774/
cevr.2020.9.2.119

*Abd El-Moneam MM, Fathy NA, Ali NI, El Naggar HM
(2020). Improvements to the live-attenuated Newcastle
disease virus vaccine using Carbopol® 940 as a stabilizer.
Vet.  World. 13(8):1641-6.  https://doi.org/10.14202/
vetworld.2020.1641-1646

*Ahuja A, Khar RK, Ali J (1997). Mucoadhesive drug delivery
systems. Drug Dev. Ind. Pharm. 23:489-505. https://doi.
org/10.3109/03639049709148498

*Aly NI, El-Shamandy, OA, Shendy MB, Warda, FF, Farouk
EM (2020). Efficacy of using carbopol as an adjuvant for
tissue culture inactivated rabies vaccine. J. Appl. Vet. Sci.
5(3):103-107. https://doi.org/10.21608/javs.2020.103395

* Anderson R, Oosthuizen R, Maritz R, Theron A, Van Rensburg
AJ (1980).The effects of increasing weekly doses of ascorbate
on certain cellular and humoral immune functions in
normal volunteers. Am. J. Clin. Nutr. 33(1):71-76. https://
doi.org/10.1093/ajen/33.1.71

*Bahnemann HG (1990). Inactivation of viral antigens for
vaccine preparation with particular reference to the
application of binary ethyleneimine. Vaccine. 8:299-303.
https://doi.org/10.1016/0264-410X(90)90083-X

*Chauhan N, Tiwari S, Iype T, Jain U (2017). An overview of
adjuvants utilized in prophylactic vaccine formulation as
immunomodulator. Expert Rev. Vaccines. 16:491-502.
https://doi.org/10.1080/14760584.2017.1306440

*Code of Federal Regulations: animals and animal products
(2015): parts 1-199. Washington, DC: Office of the Federal
Register, National Archives and Record Administration.

* EL-Hawary RI, Mostafa HA (2017). Immunological response
of locally prepared oil adjuvanted pneumo-5 vaccine in
calves. J. Vet. Med. Res. 24:41-47. https://doi.org/10.21608/
jvmr.2017.43261

*Gartlan KH, Krashias G, Wegmann F, Hillson WR, Scherer
EM, Greenberg PD, Eisenbarth SC, Moghaddam AE,
Sattentau Q] (2016). Sterile inflammation induced by
Carbopol elicits robust adaptive immune responses in
the absence of pathogen-associated molecular patterns.
Vaccine.  34(19):2188-96.  https://doi.org/10.1016/].
vaccine.2016.03.025

*Islam MT, Rodriguez-Hornedo N, Ciotti S, Ackermann C
(2004). Rheological characterization of topical carbomer
gels neutralized to different pH. Pharm. Res. 21(7):1192-99.
https://doi.org/10.1023/B:PHAM.0000033006.11619.07

*Kaczmarek H, Metzler M, Scigalski F (2014). Photochemical
stability of poly (acrylic acid)/silver nanocomposites.
Mater Lett. 135:110-114. https://doi.org/10.1016/j.
matlet.2014.07.161

*Levitz SM, Golenbock DT (2012). Beyond empiricism,
informing vaccine development through innate immunity
research. Cell. 148:1284-92. https://doi.org/10.1016/].
cell.2012.02.012

*Mair KH, Koinig H, Gerner W, Hohne A, Bretthauer J, Kroll
JJ, Roof MB, Saalmuller A, Stadler K, libanova R (2015).

Carbopol improves the early cellular immune responses

induced by the modified-life vaccine Ingelvac PRRS® MLV.
Vet. Microbiol. 176(3-4):352-7. https://doi.org/10.1016/j.
vetmic.2015.02.001

* Mudhivarthi VK, Cole KS, Novak MJ, Kipphut W, Deshapriya
IK, Zhou Y, Kasiac RM, Kumar CV (2012). Ultra-stable
hemoglobin—poly (acrylic acid) conjugates. J. Mater Chem.
22:20423-33. https://doi.org/10.1039/c2jm34434c

*O’Connor AM, Hu D, Totton SC (2019). A systematic
review and network meta-analysis of bacterial and viral
vaccines, administered at or near arrival at the feedlot, for
control of bovine respiratory disease in beef cattle. Anim.
Health Res. Rev. 20:143-162. https://doi.org/10.1017/
S1466252319000288

* Petrovsky N (2015). Comparative Safety of Vaccine Adjuvants:
A Summary of Current Evidence and Future Needs. Drug
Saf.  38,1059-74. https://doi.org/10.1007/s40264-015-
0350-4

*Reed LJ, Muench HA (1938). Simple method of estimating
fifty percent endpoints. Am J. Hyg. 27:493-497. https://doi.
org/10.1093/oxfordjournals.aje.a118408

*Riyesh T, Balamurugan V, Sen A, Bhanuprakash V, Venkatesan
G, Yadav V, Singh RK (2011). Evaluation of efficacy of
stabilizers on the thermostability of live attenuated thermo-
adapted Peste des petits ruminants vaccines. Virol. Sin.
26(5):324-337. https://doi.org/10.1007/s12250-011-
3205-x

*Robson DS, Gillespie JH, Baker JA (1960). The neutralization
test as an indicator of immunity to virus diarrhea. Cornell
Vet. 50:503-509.

*Sarkar J, Sreenivasa BP. Singh RP, Dhiar P, Bandyopadhyay SK
(2003). Comparative efficacy of various chemical stabilizers
on the thermo stability of a live-attenuated peste des petits
ruminants (PPR) vaccine. Vaccine. 21:4728-35. https://doi.
0rg/10.1016/50264-410X(03)00512-7

*Shakya AKN, Kumar KS (2012). Applications of polymeric
adjuvants in studying auto immune responses and
vaccination against infectious diseases. J. R. Soc. Interface.
10(79):536. https://doi.org/10.1098/rsif.2012.0536

*Stadler J, Zoels S, Eddicks M, Kraft C, Ritzmann M, Ladinig A
(2016). Assessment of safety and reproductive performance
after vaccination with a modified live-virus PRRS genotype
1 vaccine in pregnant sows at various stages of gestation.
Vaccine.  34(33):  3862-6.  https://doi.org/10.1016/j.
vaccine.2016.05.042

*Steven GR, Mark TO, Christopher BF (2013). Key roles of
adjuvants in modern vaccines. Nat. Med. 19(12):1597-08.
https://doi.org/10.1038/nm.3409

*Sun HX, Xie Y, Ye YP (2009). Advances in saponin-based
adjuvants. Vaccine. 27:1787-96. https://doi.org/10.1016/].
vaccine.2009.01.091

*Varges PR, Costa CM, Fonseca BS, Naccache MF, de Souza
Mendes PR (2019). Rheological characterization of
carbopol”dispersions in water and in water/glycerol solutions.
Fluids. 4(1):3. https://doi.org/10.3390/fluids4010003

*Wegmann F, Moghaddam AE, Schiffner T, Gartlan KH,
Powell TJ, Russell RA, Baart M, Carrow EW, Sattentau Q]
(2015). The carbomer-lecithin adjuvant adjuplex has potent
immunoactivating properties and elicits protective adaptive
immunity against influenza virus challenge in mice. Clin.
Vace. Immunol. 22(9):1004-12. https://doi.org/10.1128/
CVI1.00736-14

*World Organization for Animal Health. Tests for sterility
and freedom from contamination of biological materials

April 2021 | Volume 9 | Issue 4 | Page 531

=SS


https://doi.org/10.7774/cevr.2020.9.2.119 
https://doi.org/10.7774/cevr.2020.9.2.119 
https://doi.org/10.14202/vetworld.2020.1641-1646 
https://doi.org/10.14202/vetworld.2020.1641-1646 
https://doi.org/10.3109/03639049709148498
https://doi.org/10.3109/03639049709148498
https://doi.org/10.21608/javs.2020.103395 
https://doi.org/10.1093/ajcn/33.1.71 
https://doi.org/10.1093/ajcn/33.1.71 
https://doi.org/10.1016/0264-410X(90)90083-X 
https://doi.org/10.1080/14760584.2017.1306440 
https://doi.org/10.21608/jvmr.2017.43261 
https://doi.org/10.21608/jvmr.2017.43261 
https://doi.org/10.1016/j.vaccine.2016.03.025 
https://doi.org/10.1016/j.vaccine.2016.03.025 
https://doi.org/10.1023/B:PHAM.0000033006.11619.07 
 https://doi.org/10.1016/j.matlet.2014.07.161 
 https://doi.org/10.1016/j.matlet.2014.07.161 
https://doi.org/10.1016/j.cell.2012.02.012 
https://doi.org/10.1016/j.cell.2012.02.012 
https://doi.org/10.1016/j.vetmic.2015.02.001 
https://doi.org/10.1016/j.vetmic.2015.02.001 
https://doi.org/10.1039/c2jm34434c 
https://doi.org/10.1017/S1466252319000288 
https://doi.org/10.1017/S1466252319000288 
https://doi.org/10.1007/s40264-015-0350-4 
https://doi.org/10.1007/s40264-015-0350-4 
https://doi.org/10.1093/oxfordjournals.aje.a118408 
https://doi.org/10.1093/oxfordjournals.aje.a118408 
https://doi.org/10.1007/s12250-011-3205-x 
https://doi.org/10.1007/s12250-011-3205-x 
https://doi.org/10.1016/S0264-410X(03)00512-7 
https://doi.org/10.1016/S0264-410X(03)00512-7 
 https://doi.org/10.1098/rsif.2012.0536 
https://doi.org/10.1016/j.vaccine.2016.05.042 
https://doi.org/10.1016/j.vaccine.2016.05.042 
https://doi.org/10.1038/nm.3409 
 https://doi.org/10.1016/j.vaccine.2009.01.091 
 https://doi.org/10.1016/j.vaccine.2009.01.091 
https://doi.org/10.3390/fluids4010003 
https://doi.org/10.1128/CVI.00736-14 
https://doi.org/10.1128/CVI.00736-14 

OPENaACCESS

Advances in Animal and Veterinary Sciences

intended for veterinary use. In: World Organization for
Animal Health, editor. Manual of diagnostic tests and
vaccines for terrestrial animals 2019. Paris: OIE. 2019.
p-109-22.

*Zhang J, Oyama M (2007). Electrocatalytic activity of three-
dimensional monolayer of 3-mercaptopropionic acid
assembled on gold nanoparticle arrays. Electrochem. Comm.

9:459-464. https://doi.org/10.1016/j.elecom.2006.10.015
*Zhang Y, Ng W, Hu ], Mussa SS, Ge Y, Xu H (2018).
Formulation and in vitro stability evaluation of ethosomal
carbomer hydrogel for transdermal vaccine delivery.
Colloids Surf B. Biointerfaces. 163:184-191. https://doi.
o0rg/10.1016/j.colsurfb.2017.12.031

April 2021 | Volume 9 | Issue 4 | Page 532


https://doi.org/10.1016/j.elecom.2006.10.015
https://doi.org/10.1016/j.colsurfb.2017.12.031 
https://doi.org/10.1016/j.colsurfb.2017.12.031 

