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Abstract

This study was carried out to evaluate the effects of vitamin A (Vit A) and probiotic co-supplementation with rabies vaccine
on humoral immune response in New Zealand white (NZW) rabbits. For this experiment, 54 rabbits were randomized into
six experimental and three control groups. Mixed cultures of commercial probiotics supplements and a dose of Vit A were
administered to each animal. Results were compared with the control group fed with only basal diet. Animals in different
treatment groups showed significantly higher sero-conversions against rabies vaccine. There was a significant increase
(» <0.001) in the titers of rabies antibodies in all treatment groups on 14th and 35th days than control C3 group. Both
commercial probiotics irrespective of brand increase the humoral immune response of rabbits against rabies vaccine. The
mean titer values of all groups G1-G6 and sub-controls (C1, C2) were generally above 3.6 EU/ml on day 14th and between
3.7 and 3.9 EU/ml, showing highest sero-conversion on 35th day than mean titer of C3 control =3.091 and 3.505 EU/ml
respectively on both days. The maximum titer values were obtained with the addition of organic carrots to the daily diet.
These results suggest that simple dietary interventions using probiotics and Vit A in natural form may enhance the efficacy
of rabies vaccine in the host. These cost-effective strategies can be applied for getting higher yields of polyclonal antibody
production in animal models, thus providing promising means of improving the final product yield and can be adopted eas-
ily by the manufacturers.
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Introduction

Rabies is a fatal viral encephalitis that kills approximately
59,000 people each year globally, yet it is included in the
list of neglected tropical diseases (Rimal et al. 2020).
According to global estimates, almost 95% cases of human
rabies are reported from Asia and Africa alone where 99%
of human rabies deaths are caused by stray dogs (Anderson
and Shwiff 2015; Gan et al. 2023). Pakistan is situated in
an important geographical region of South Asia, where the
rabies disease burden is quite higher than rest of the world.
Although, it is reported that each year 2000-5000 people
die from dog bites in Pakistan, this may be an underesti-
mation of the true disease burden (Igbal et al. 2020).

Rabies is fortuitously a vaccine preventable disease and
effective pre- or post-exposure prophylaxis (PEP) is one
of the most important preventive measures in areas where
dog bites are quite common (Yousaf et al. 2012; Schwartz
and Caplan 2021). Rabies vaccine is among a few human
vaccines that can protect against disease after an exposure
to a pathogen has occurred. Rabies PEP includes immu-
nization with multiple doses of vaccine, administered
over a specific time period for effective disease protec-
tion (Briggs and Moore 2021). Cell culture rabies vac-
cine (CCRV) is among the most effective human rabies
vaccine ever developed for four decades and has changed
the way for successful implementation of rabies preven-
tion programs worldwide (Shuman and Hirsh 2000; Abedi
et al. 2022).

The high mortality due to this zoonotic disease is
mainly attributed to the lack of access to an affordable
treatment referred to as PEP that includes timely rabies
vaccination and immunoglobulin (antiserum) therapy in
severe bite cases. Few high income countries provide
expensive rabies vaccine free of cost to the victims of
poor high risk countries. Moreover, rabies immunoglobu-
lin (RIGs) are unavailable in rural areas of Africa and
Asia having 90% of the rabies disease burden. The overall
treatment cost of dog bite cases is too high and beyond
the reach of the common public, thus further imposing a
financial burden on the high risk poor population already
suffering from various communicable diseases (Rad-
hakrishnan et al. 2020).

World Health Organization (WHO) has recently revised
its recommendations for rabies prophylaxis after a sci-
entific review by a SAGE (Strategic Advisory Group of
Experts) group. The immunization strategies are published
in scientific literature comparing different rabies vaccine
regimes including intramuscular (IM) and recently recom-
mended intradermal regimens based on immunogenicity,
cost efficacy, vaccine requirements to get desired humoral
response in humans and animals (Warrell 2019; Quiambao
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et al. 2022). For category III injuries, the immediate treat-
ment also includes rabies immunoglobulin (RIGs) along
with a vaccine for complete protection (Quiambao et al.
2019).

Rabies prevention remains a challenge for successful
control in low and middle income countries of the world
including Pakistan due to the shortage of rabies vaccine,
anti-sera and overall high total treatment costs, thus leav-
ing most dog bite victims untreated. Therefore, simple and
practical measures are required to improve the efficacy of
vaccines for the vulnerable population with weak immunity.
Moreover, using simpler and cost-effective strategies to get
higher antibody yield required for antiserum production pro-
vides better outcomes. This results in enhanced production
of locally manufactured animal derived products to cater
the shortage of antisera, hence providing better access for
needy patients to immunoglobulin therapy against deadly
diseases. Many reviews and studies have intensified the need
to continuously improve the vaccine efficacy with affordable
dietary interventions such as probiotics, vitamins and other
nutraceuticals but further research is required on parenteral
vaccines like rabies (Alagawany et al. 2021). It is well recog-
nized that gut microbiota plays a key role in shaping immune
system maturation and activity.

Probiotics are gram positive bacteria, also termed as func-
tional foods or nutritional supplements that play a major role
in host health. Probiotics have the ability to alter, modify,
and reinstate the pre-existing intestinal flora of the host,
hence facilitating the smooth functioning of the intestinal
environment. The most commonly used probiotics include
Lactobacilli, Bifidobacterium, Saccharomyces boulardii and
Bacillus coagulans. Lactic acid bacteria (LAB) are the most
studied group of gram positive bacteria which includes Lac-
tobacilli, Streptococci, and Enterococci. These microorgan-
isms are called GRAS (Generally Recognized as Safe) by
intentional health authorities. During the last two decades,
these beneficial bacteria have been widely used as an impor-
tant research tool, especially in the development of mucosal
vaccines (Wang et al. 2020).

Probiotics are defined as “live microorganisms that confer
a health benefit when administered in adequate amounts”
and act as biological response modifiers, thus influencing
the microbiota composition of the host (Abid et al. 2022a,
b; Idrees et al. 2022). Probiotics gained attention as potential
vaccine adjuvants for boosting humoral immunity, having
the capability to modulate systemic and mucosal immune
functions of the vulnerable population including children
and elderly individuals (Taghinezhad-S et al. 2021).

Moreover, the role of vitamin A supplementation (VAS)
on immune responses has been well documented. In many
countries VAS has been routinely integrated with child-
hood vaccination campaigns especially in low and middle
income countries to improve immune status and reduce
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disease burden among children with generally weak health
and immunity (Oresanya et al. 2022).

Keeping in view all above stated advantages of probi-
otics and vitamin A, this study was designed to explore
new affordable strategies with rabies vaccines to get bet-
ter humoral immune outcomes. The study aims to evalu-
ate the potential immuno-modulatory effects of probiotics
and vitamin A (Vit A) on rabies vaccine humoral response
in animal models. Further studies are still needed on the
optimization of strains, dosage and duration of probiotics
administration on large donor animals for the production
of animal derived anti-sera and clinical trials on humans
regarding the immuno-modulatory potential of probiotics
for better immune outcomes, especially for children and the
elderly population with weak immunity.

Materials and methods
Study design and experimental animals

A 6-week experiment was designed on 54 New Zealand
white (NZW) rabbits, weighing 1.5-2.0 kg and approxi-
mately 5-6 weeks of age. Six animals were included in
each group (n=06). The study protocol was approved by the
ethics committee of the National Institute of Health (NIH),
Islamabad (Ethical Approval No. F.1-5/ERC/2020). The
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Fig.1 Flow chart of study design describing animal groupings
according to different dietary treatments, blood sampling and ELISA
testing for titer determination. G1 and G2 groups were supplemented
with two different probiotics, PBA and PBB, G3 and G4 groups
received Vit A along with both types of probiotics. Similarly G5 and
G6 were fed with carrots along with PBA and PBB respectively. C1

Supplementation

| —
Vitamin A + Rabies
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m Carrot + Rabies
vaccine
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animals were vaccinated with a cell culture rabies vaccine
(CCRYV) purchased from NIH. The animals showing any
signs of sluggishness were not included in this study.

Study procedures

All 54 animals were randomized into six experimental and
three control groups as (a) PBA/G1, (b) PBB/G2, (c) PBA/
Vit A (G3), (d) PBB/Vit A (G4), (e) PBA/carrot (GS5), (f)
PBB/carrot (G6), (g) C1, (h) C2, and (i) C3 groups. Com-
mercial probiotics supplements, mostly containing mixed
cultures of Lactobacilli and Bifidobacteria strains were
administered for a total of 8 weeks. The dose of 10,000 IU
Vit A for each animal in the designated groups was pro-
vided for 6 weeks along with probiotics. Organic carrots
were included only in the diet of specific groups to check
the effect of natural source of Vit A in the diet on general
health and immunity. In addition, physical fitness, mortal-
ity ratio and clinical parameters were also observed to find
out the correlation of interventions on the general health
performance of rabbits. Blood was drawn from the mar-
ginal ear vein of rabbits to study overall blood parameters.
The rabies antibodies were evaluated to study the immune
outcome of rabies vaccination on days 14th and 35th using
ELISA kit Platellia II specially designed test for rabies
antibody detection (Fig. 1).

Sampling Testing

Sample collected
from each group at
T14th and 35th day.

ELISA Platellia Il
kit (Quantitative)

and C2 groups were only administered VAS and carrots without pro-
biotics. C3 is the main control group without any added supplementa-
tion. All groups were immunized with the same rabies vaccine sched-
ule of 2-site doses on days 0, 3rd, 7th and 28th using the TRC-ID
regimen for rabies vaccine
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Vaccine and immunization of animals

All the animals in experimental and control groups were
immunized with CCRYV, prepared by the Biological Produc-
tion Division of NIH, Pakistan. Each vaccine dose contains
purified inactivated rabies virus> 2.5 IU as per WHO recom-
mendations. An Intradermal Thai Red Cross (TRC-ID) immu-
nization regimen was used with 2-site (2-2—2-0-2) injections
for 0, 3rd, 7th, 14th and 28th days. This intradermal regimen
was selected to achieve the desired humoral response in the
form of an antibody titer with fewer vaccine dose requirements
and reduced immunization duration. The dose of vaccine was
0.1 ml at each site, therefore, for 2 sites total dose of 0.1 X2 ml
was injected at a time to get a better immune response as com-
pared to the previously described IM schedule.

Housing and diet of experimental animals

Animal care and husbandry were provided as per institu-
tional guidelines for the care and use of laboratory animals.
Each rabbit was placed in a separate compartment to ensure
the consumption of a proper diet and was properly caged
with proper provision of heating and cooling arrangements.
Animals were fed on a standardized diet of animal houses
formulated on current industry nutrient specifications. More-
over, in specific carrot groups (G5, G6 and C2), 18 g of
organic carrots were fed daily to each animal.

Probiotics selection for the experiment

Each animal in the experimental groups daily received a
2 ml suspension containing the mixed commercial probi-
otic as per the manufacturer’s instructions. Two freeze-dried
commercial probiotics were purchased from the market and
were used for food supplementation in this study. Animals
were fed with probiotics as per daily recommended doses
in daily feed for 2 weeks before day zero till the 28th day
and then kept only on a maintenance diet from day 29th till
completion of the experiment.

Composition of probiotic A/PBA; (proprietary blend,
Equate™)

Each animal was fed one capsule daily, in a liquid suspen-
sion containing approximately 30 billion CFU (colony-
forming units) with 18 billion Bifidobacteria and 12 billion
CFU Lactobacilli cultures.

Composition of probiotic B/PBB; (proprietary blend,
Top formula™)

Animals consumed two capsules in suspension as a
daily serving according to the manufacturer’s daily dose
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recommendation of the product. Each capsule contained
seven bacterial strains with a total of 10 billion CFU daily
doses. The control groups received only a standard diet with
defined diet composition as C1 was supplemented with only
Vit A, C2 group was fed with organic carrots and C3 was
without any diet supplementation. However, all nine groups
were immunized with the same vaccination schedule and
immunization protocol.

Serum sample collection and rabies antibody titer
determination

Approximately, 3 ml venous blood sample was obtained on
the day 14th after vaccination and on the 35th day after the
first dose in EDTA tubes to get maximum plasma immu-
noglobulin. Samples were collected just before vaccination
on day zero, 14th day and 1 week after the last dose on the
35th day.

Reagent and supplies for ELISA test, (an indirect
immune-enzymatic assay)

Antibody titer was determined using the Platellia II™
ELISA kit purchased from Bio-rad, which is a standardized
kit, approved by (Office International des Epizooties) OIE,
for testing rabies virus specific antibodies in animal sera.

Protocol for detection of antibodies by ELISA

Platellia II kit™ was used for the detection of rabies virus
anti-glycoprotein antibodies in serum samples according to
the manufacturer’s instructions, ELISA test has many advan-
tages over the mouse neutralization test (MNT) used previ-
ously in NIH such as rapidity in obtaining results within 3 h,
99% sensitivity and 99.4% specificity, safety for handlers
and provision of both qualitative and quantitative results
(Norouzbabaei et al. 2022).

Briefly, serum samples were diluted by adding 10 pl of
sample in 990 pl of dilution solution. The detection process
involved the distribution of controls (negative and positive),
serum samples and quantification standards into micro-
plates which were kept in an incubator for 1 h at 37 °C.

After incubation, three washing steps were performed to
ensure the removal of unbound antibodies along with other
proteins from the samples. A total of 100 pl of conjugate-
protein A labeled with peroxidase was added to each well.
The micro-plate was kept for second incubation for an hour
at 37 °C followed by five washing steps for removal of the
unbound conjugate. Peroxidase substrate and Chromogen
were added to each well and the plate was incubated at room
temperature for 30 min followed by the addition of 100 ul
solution of 1 N H,SO,. Then optical density (OD) was
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obtained at 450 and 620 nm by ELISA micro-plate reader
(Diateck, China).

The standard curve was constructed with the dilution of
quantification standards. The OD values for the unknown
sample were compared with positive controls, which aided
in the determination of serum titer values. A direct read-
ing on the standard curve corresponded to the quantified
sera titer represented by equivalent units per ml (EU/ml).
Titer values were calculated with the provided conversion
software tool. Results were categorized as; high sero-conver-
sion, sufficient sero-conversion, insufficient sero-conversion
and undetectable sero-conversion at titer values of 4, 0.5-4,
0.125-0.5 and 0.125 EU/ml, respectively.

Statistical analysis

The data were analyzed using Graph Pad Prism (version 9)
computer software. One-way analysis of variance (ANOVA)
was used to determine the main effects of treatments such as
rabies vaccination and dietary supplementation with probi-
otics and Vit A as the main factors and their interactions in
NZW rabbits. Tukey’s post hoc test was used to determine
the differences between the treatments and control group,
and the effects were considered significant at a probability
level of p=<0.001, CI1 95%.

Results

The minimal protective antibody titer recommended by
WHO for effective prevention against rabies is 0.50 IU/ml.
The same criteria was adopted in this study keeping this

neutralizing antibody titer at a minimal level required to
protect experimental rabbits. On day 0, the results of serum
samples from all groups were non-reactive, thus indicat-
ing that none of the animals had either prior contact with
the rabies virus or had been immunized against the rabies
vaccine. Therefore, the differences in rabies antibody titers
found after 14th and 35th days were induced by rabies vac-
cination as well as by the dietary treatments provided to
animals. Thus the overall results of the experiment carried
out on NZW rabbits show that the mean rabies antibody
titer of the experimental groups was significantly higher than
the control group as shown in Table 1. The results demon-
strate that dietary interventions such as probiotics and Vit
A rich sources exert a better effect on the humoral immune
response against rabies vaccine than immunization alone.

Effect of probiotics supplementation
on the humoral immune response against rabies
vaccine in G1 and G2 experimental groups

In G1 and G2 groups, probiotics A (PBA) and probiotics B
(PBB) were administered respectively to animals along with
the rabies vaccine for 6-8 weeks (probiotics were given 2
weeks before starting immunization). The titer results obtained
after days 14th and 35th of the entire experimental period are
presented in Fig. 2a, Table 2. The influence of both types of
probiotics, and their effects on the humoral response of vac-
cination was significant after day 14th and increased gradually
on day 35th. Thus dietary supplementation with probiotics sig-
nificantly increased the humoral response in all animals of both
probiotic groups regardless of its brand. ANOVA comparison
of antibody titers in both study groups with control group C3

Table 1 Distribution of subject animals based on rabies vaccination and dietary supplementation (Vit A and organic carrots) with probiotics in

various sub-groups, each having n=6 animals

Group ID Intervention details Number of  Mean antibody titers by Mean antibody titers by Total vaccine
animals ELISA (EU/ml) on 14th day ELISA (EU/ml) on day 35th  required/ani-
mal
Gl RV +PBA n=6 3.683 3.811 4%0.2 ml
G2 RV +PBB n=6 3.529 3.737 4%0.2 ml
G3 RV +PBA+Vit A n=6 3.634 3.790 4%0.2 ml
G4 RV +PBB+ Vit A n=6 3.616 3.828 4x0.2 ml
G5 RV +PBA + organic carrot n=6 3.824 3.936 4x0.2 ml
G6 RV +PBB + organic carrot n=6 3.795 3.934 4x0.2 ml
Cl1 RV + Vit A (sub control) n=6 3.479 3.719 4x0.2 ml
C2 RV + organic carrots (sub control) n=6 3.773 3.901 4x0.2 ml
C3 RV only* (control group) n=6 3.091 3.506 4x%0.2 ml

The total duration of the intervention was 6 weeks. The selected vaccination regimen was a Thai-red cross (TRC), Intradermal (ID) regimen
comprising 2-site 4 shots (0, 3, 7, 28) and to immunization, each animal total vaccine used was 0.8 ml. Rabies-specific antibody titer was calcu-
lated on days 14th and 35th to study the effect of dietary treatments on the humoral response of animals. Sub-control groups C1 and C2 were not
given probiotics, to check the effect of VAS or natural sources on immune outcomes of vaccination. C3 was selected as the main control group
and was only vaccinated with a routine schedule and no extra supplementation was carried out to compare the results

pisllase ol ay .
e e O) Springer



232 Page6of11

3 Biotech (2023) 13:232

e
o
I

p

O PBA+
¢ PBB+

Antibody titer in EU/ml
W
Q2
1

3.6
3-5 T E T
14th day 35th day
a Day of sampling
3.954
- =
E fEH
a 3.90 -] O PBA + Carrot
£ ¢ PBB + Carrot
1
£ 3.85-
)
=
2
T 3.804 ﬂ
=
3.75 = =
14th day 35th day
C Day of sampling

Fig.2 Mean antibody titer values against rabies vaccination with
concomitant dietary interventions on the 14th and 35th days. Mean
titers (+standard deviation) of rabies antibodies in first-time-vacci-
nated NZW rabbits receiving feed supplementation with a PBA (G1),
PBB (G2), b PBA+VA (G3), PBB+ VA (G4), ¢ PBA+0OC (G5),
PBB +0OC (G6), d C1, C2 and C3/animal/day for 6 weeks. Two-way
ANOVA showed a significant difference among groups difference

antibody titer showed a significant difference (p =<0.001, CI
95%).

Effect of “probiotics and vitamin A”
supplementation on the humoral immune response
against rabies vaccine in G3 and G4 experimental
groups

Animals in groups G3 and G4 were administered VAS along
with PBA and PBB, respectively. On day 14th, visible antibody
titer enhancement was achieved in both groups which further
increased till day 35th in all animals as shown in Table 2. The
results obtained are presented in Fig. 2b. The influence of both
commercial brands of probiotics, and their effects on humoral
response of vaccination was significant in all animals of G3
and G4. Two-way ANOVA comparison of antibody titers in
both study groups with control group C3 antibody titer showed
a significant difference (p=<0.001, CI 95%).
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(p=<0.001, CI 95%) on both sampling days 14th and 35th. The anti-
body titer continued to increase until 35 days later but with the same
increasing pattern of titer values in experimental groups (G1-G6)
than control group C3 (day 35th, mean range of experimental groups
3.7-3.9 IU/ml than mean control value 3.5 IU/ml. PBA probiotic A,
PBB probiotic B, VA vitamin A, O.C organic carrots

Effects of “probiotics and organic carrots” feeding
on the humoral immune response against rabies
vaccine in G5 and G6 experimental groups

Animals in group G5 were administered probiotic A (PBA)
and fresh organic carrots in the diet. The titer started to
develop after 1 week and sampling on day the 14th showed
sufficient sero-conversion and antibodies concentration as
measured in each study animal as shown in Table 2, the
results showed values ranging from 3.6 to 3.9 in experi-
mental groups which are significantly higher among all
experimental groups and also from C3 control. The mean
titer values of G5 and G6 are shown in Fig. 2c. Similarly, on
35th day antibodies titer reached its highest value among all
study groups showing high sero-conversion in all animals.
Two-way ANOVA comparison of antibody titers in both
study groups with control group C3 antibody titer shows a
significant difference (p = <0.001, CI1 95%).
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Table 2 Antibody titer of

. ; . Groups  Day of sampling  Animal 1  Animal2 Animal3 Animal4 Animal5 Animal 6
animals included in study
groups on 14th and 35th day Gl 14th day 3.666 3.65 3.681 3.685 3.703 3714
35th day 3.813 3.799 3.855 3.815 3.773 3.813
G2 14th day 3.474 3.446 3.672 3.534 3.578 3.474
35th day 3.745 3.754 3.723 3.815 3.694 3.69
G3 14th day 3.481 3.723 3.602 3.685 3.635 3.679
35th day 3.791 3.833 3.754 3.778 3.754 3.833
G4 14th day 3.679 3.503 3.677 3.641 3.578 3.619
35th day 3.809 3.817 3.817 3.855 3.837 3.833
G5 14th day 3.699 3.705 3.905 3.853 3.899 3.883
35th day 3.921 3.938 3912 3.930 >4 3.98
G6 14th day 3.707 3.729 3.901 3.872 3.725 3.837
35th day 3.958 3.969 3.921 >4 3.899 3.923
Cl 14th day 3.413 3.448 3.452 3.460 3.527 3.575
35th day 3.725 3.736 3.705 3.723 3.729 3.701
C2 14th day 3.694 3.846 3.723 3.767 3.793 3.820
35th day 3.899 3.925 3914 3.817 3.916 3.936
C3 14th day 3.076 3.065 3.094 3.034 3.157 3.122
35th day 3.474 3.441 3.534 3.571 3.505 3.509

The titer values of all groups from G1 to G6, C1 and C2 are compared with the C3 control (without any
supplements). A sufficient seroconversion level has been achieved on day 14th after 0, 3, and 7 vaccine
shots, well above the protective titer of 0.5 EU/ml. The values gradually enhanced till day 35th with high
seroconversion levels in all dietary intervention groups as compared to the control group (C3). Two-way
ANOVA comparison of antibody titers in both study groups with control group C3 antibody titer showed a
significant difference (p=<0.001, CI1 95%)

Humoral response observations in control
and sub-control group (C1, C2 and C3)

Sub-control group C1 was only supplemented with Vit A
dose along with rabies vaccination to study the effects of diet-
improved changes in animals. The results of mean antibody
titer values showed gradual enhancement from day 14th to
35th in all animals. Similarly, fresh organic carrots as natural
vitamin sources were added to the diet of group C2 animals.
Significant enhancement as observed in n=6 with titer values
of 3.694, 3.846, 3.723, 3.767, 3.793, and 3.820 on the 14th day
and 3.899, 3.925, 3.914, 3.817, 3.916, and 3.936 on 35th day
respectively. The control C3 group displayed the lowest anti-
bodies concentration as compared with all study groups, show-
ing antibodies level in n =6 test animals from 3.076, 3.065,
3.094, 3.034, 3.157, and 3.122 EU/ml on 14th day and 3.474,
3.441, 3.534, 3.571, 3.505, and 3.509 EU/ml on 35th day, thus
showing relatively slow and weak sero-conversion after 1 week
3 dose and even after 1 month of immunization as compared to
experimental groups as shown in Table 2 and Fig. 2d.

Overall humoral response on rabies specific
antibody titer values (IgG) in nine experimental
groups after 14th and 35th days

The level of the anti-rabies antibody was determined as
mean absorbance at 490 nm and was compared to that of
the cutoff value (>0.5 EU/ml). The serum samples above
the cutoff value were considered positive. As a response to
vaccination, all the vaccinated animals had antigen-specific
antibodies in their serum well above the protective titer. As
per the ELISA results, as depicted in Fig. 3 animals that
received the dietary interventions such as probiotics, Vit A
or organic carrots along with the vaccine had comparatively
higher antibody titers on 14th day after 1 week of immu-
nization (days 0, 3, and 7) mean values above 3.5-3.9 EU/
ml as compared to control group C3 with only vaccination
(3.09 EU/ml), which were well above the generally accepted
protective threshold of 0.5 EU/ml for rabies vaccination.
Titer values increased in all treatment groups on 35th day
prominently.
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Fig.3 Overall mean antibody
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Discussion

A vaccine is defined as a biological response modifier (Speil
and Rzepka 2011) that triggers the immune system against
specific antigens. However, the world is facing vaccine effi-
cacy issues in the development of effective adaptive immune
responses in different societies due to various economic,
social and biological factors (Siddiqui et al. 2012, 2020).
The gut microbiota of the host (human or animal) is one of
the key influential biological factors as there is a never end-
ing cross-talk between gut microbes and the host immune
system that directly controls the immune responses and
protection against pathogen colonization. Dysbiosis is the
term for defining imbalances in the gut microbiota compo-
sition that can trigger many immune disorders and impair
the desired response to the vaccination (Kazemifard et al.
2022). The probiotics have recently been studied extensively
as novel vaccine adjuvants having a potential role to enhance
the humoral response of existing vaccines.

Jayawardena et al. (2020) reported, the combined effects
of probiotics and VAS with vaccination on the humoral
response to the rabies vaccine, evaluated on NZW rabbits.
Two different brands of multi-strain commercial probiotics
and VAS were used in different experimental groups which
were divided based on dietary interventions as previously

reported in many studies. Results showed that all animals
4

/
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Treatment groups

in the probiotic treatment groups alone or in combination
with Vit A rich diet (G1-G6) showed better antibody titers
against the rabies vaccine as compared to the control group
as observed in Fig. 3. Two-way ANOVA shows a significant
difference among groups on both sampling days 14th and
35th (p=<0.001, CI 95%). Our results are also supported
by similar findings in previously published pre-clinical
studies on various animal models like pigs, mice, chicken
and fish, suggesting the immuno-modulatory role of spe-
cific probiotic strains on vaccine responses in host animals
(Arczewska-Wtosek et al. 2022). Parreno et al. (2022) dem-
onstrated the immune-stimulating role of probiotic IgG as
a vaccine adjuvant with the human rotavirus vaccine in the
pig model.

Moradi-Kalbolandi et al. (2021) described the signifi-
cance of probiotic-based mucosal vaccines as a promising
protective strategy against respiratory and non-respiratory
viruses as observed in the recent COVID-19 pandemic. This
study also highlighted the advances in the modulation of
immune responses using genetically modified probiotics
(Licciardi and Tang 2011; Peroni and Morelli 2021).

Results of our experiment with dietary interventions
with vaccination indicate that in all experimental groups,
the immune response was higher than in control group C3. A
visible increase in the titer values after the initial three doses
on day 14th (from approximately 8—15% sero-conversion
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in both probiotic groups A and B (G1 and G2) vs. control
group C3, p=0. 001. However, it was more pronounced after
a complete vaccination course of 4 doses and a total immu-
nization period of 28 days. All treatment groups showed a
significant increase after a month from a minimum of 18%
to a maximum of 25.933% when compared to the C3 control
group. The results of our study support the fact that probi-
otics and vitamins influence the gut microbiota which in
turn activates innate and adaptive immunity by activating
the pathways controlling it thereby influencing an overall
increase in the humoral immune response against the rabies
vaccine. Thus, our results are in correlation with previous
findings with other vaccines on animal models as well as
human trials. Probiotic supplementation with vaccination,
therefore, enhances overall immunity, especially the adaptive
immune response.

The mucosal immune system is considered an active
immunological site and has a crucial role in the defense
mechanism against pathogens. As stated in many studies,
probiotics can enhance innate and adaptive immunity. This
has been demonstrated in a study on fish with probiotics sup-
plementation, showing that probiotic administration through
the oral route can influence both the systemic and the local
immunity of the host animals (Guo et al. 2020; Simon et al.
2021).

Probiotic bacteria produce many effector molecules that
interact with the host to stimulate their observed effects,
such as host gut epithelial barrier functions, modulating the
host immune system and gut microbiota, the host’s meta-
bolic responses, and also affecting the central nervous sys-
tem (Idrees et al. 2022). Probiotics communicate with their
hosts through molecular signaling. Thus, the gut microbiota
is largely being considered an attractive target to enhance
vaccine effectiveness in vulnerable populations of lower and
middle income countries.

Adjuvants play a key role in the ever-progressing field
of vaccine development that helps to elicit very specific
and potent immune responses for protection against deadly
diseases. The role of probiotics in immuno-modulation and
their possible health benefits on humans has been a wide-
spread topic for nutritional and health research and research-
ers for the last few decades. Many other reviews and clinical
studies on humans also demonstrate the potential adjuvant
roles of probiotics, highlighting the possible benefits of pro-
biotics including safety profiles, low cost, and ease of admin-
istration. Most studies on the role of probiotics as vaccine
adjuvants have been carried out with oral vaccines (Rota
vaccines) or mucosal vaccines such as the influenza vaccine
(Sahoo et al. 2020). Moreover, they pointed out considerable
variation in findings regarding the choice of probiotic, strain,
dose, viability, purity, duration and timing of administration.

During the COVID-19 pandemic, many studies were
carried out on viral infections. Interestingly, probiotics had

been highlighted in most of these studies due to their poten-
tial adjuvant role on the inflammatory immune responses
and have shown promising results, which may conclude the
effectiveness of probiotics in respiratory virus infections
(Lehtoranta et al. 2020). The immuno-modulatory role of
probiotics has also been attributed to complex interactions
in the gut and the release of cytokines that regulates the
immune response involving various immune system com-
ponents. These include interleukins (ILs), tumor necrosis
factors (TNFs), interferons (IFNs), transforming growth
factors (TGF), and chemokines released from immune cells
such as dendritic cells (DCs), lymphocytes, granulocytes,
macrophages, mast cells, epithelial cells. Lehtoranta et al.
(2020) reported that fractions of probiotic bacteria, act as
immunological adjuvants generate immuno-stimulatory
effects mediated by cytokines. Thus, probiotics communi-
cate with their hosts through molecular signaling. However,
detailed studies and clinical trials may further be needed for
future perspectives on probiotic research, since the interac-
tions of the immune system and probiotic bacteria under in
vitro conditions may differ from in vivo (Daliri et al. 2021).

Our results showed two different brands of commercial
probiotics PBA and PBB. Such variations in the immune
response of two different probiotics used in our study may be
related to the above factors that may require further optimi-
zation studies with these influences. Thus probiotics and/or
vitamin-rich diet may be associated with the modulation of
the gut microbiota of the host animals as previously stated
in many preclinical and clinical trials (Correa et al. 2022).

Animals that received combined supplementation with
organic carrots and probiotics in G5 and G6 had the high-
est rates of sero-conversion to rabies vaccine (39.4% com-
pared with 27.4% among animals receiving only probiotics
with vaccination, p =0.05). Carrots are considered one of
the healthiest Vit A rich with high phytochemical content
including phenolic, ascorbic acid, carotenoids and polyacet-
ylenes. The addition of carrots to the diet boosts our immu-
nity by affecting various aspects of the immune function
(Vitetta et al. 2017).

The influence of Vit A as a supplement on vaccine
humoral response has also been investigated in this study.
A significant increase in antibody titer specific to the rabies
vaccine was detected after the initial 3 doses of RV as
observed in G3, G4, G5 and G6 that appeared to be asso-
ciated with Vit A treatment even with or without probiot-
ics. As previously reported, VAS has shown benefits when
administered with different vaccines. Our results are also
showing a sufficient increase in antibody titer value in rabbit
groups G3, G4 and C1 that were provided VAS in daily feed.
These results are in correlation with a previously published
study on the role of VAS on rabies vaccine immunogenicity
in a small clinical trial conducted at the National Institute of
Health, Pakistan (Siddiqui et al. 2001). The study involved
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40 human individuals, however, we have incorporated pro-
biotics with Vit A in our study on animal models, keeping
in view the importance of polyclonal antibody production
using simple dietary interventions. The findings are quite
encouraging toward the implementation of alternate strate-
gies for rabies reduction in poor setups with Vit A and other
nutrient deficiencies, especially for vulnerable populations
including children and the elderly.

In our experimental study, a substantial increase was
detected in sero-conversion rates after the initial three doses
of RV with VAS, either with capsules or natural organic
food source. The results of interventions with organic car-
rots in groups G5, G6 and sub-control group C2 also provide
evidence of previously reported health benefits of carrot’s
natural components on immunity. Many benefits of carot-
enoids have previously been reported (Eggersdorfer and
Wyss 2018).

Thus probiotic, Vit A and carrot rich diets appeared to be
associated with the modulation of gut microbiota of the host
animals as previously stated in many clinical trials. Carrots
are considered one of the healthiest vegetables because of
their high phytochemical content including phenolic, ascor-
bic acid, carotenoids and polyacetylenes which exert anti-
inflammatory activities.

Conclusions

Rabies is a fatal zoonotic disease with 100% mortality,
but preventable with the timely and correct use of post-
exposure prophylaxis (PEP) that includes vaccination and
rabies immunoglobulins (RIGs) in case of severe bites. In
developing countries, a shortage of vaccines, anti-sera and
overall high total treatment costs leave most dog bite victims
untreated, thus rabies prevention remains a challenge for suc-
cessful control in developing countries like Pakistan. Simple
and practical measures are required to improve the efficacy
of vaccines for the vulnerable population of lower middle
income countries with weak immunity. Moreover, enhance-
ment of IgG production in donor animals is necessary to
provide better and faster access to needy patients regarding
immunoglobulin therapy. There is a dire need to strengthen
the local manufacturing of rabies vaccines and animal
derived rabies anti-sera for underprivileged populations. Our
study aims to enhance rabies vaccine-specific immune out-
comes with simple dietary strategies based on probiotics and
Vit A to enhance the humoral immune response and hence
the antibody titer. In conclusion, concomitant vaccines and
probiotics/vitamins administration would be an extremely
cost-effective approach that could substantially reduce the
rabies disease burden with global efforts to eliminate dog-
mediated rabies till 2030. Further studies are still needed on
the optimization of strains, dosage and duration of probiotics
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administration on large donor animals for the production
of animal derived anti-sera and clinical trials on humans
regarding the immuno-modulatory potential of probiotics
for better immune outcomes, especially for children and the
elderly population with weak immunity.
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