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ABSTRACT

Rabies vaccines are generally stored at 2-8°C to maintain antigen stability. However,
most of Bali's mountainous and hilly areas often cause vaccines to be stored at room
temperature or higher, which potentially damage the vaccine. One of the rabies vaccines
used by the government is the inactivated rabies vaccine. This study was aimed to determine
the effect of inactivated rabies vaccine storage time at room temperature to the immune
response of BALB/c mice. This study used nine BALB/c mice that were divided into three
different groups. Each group was induced with vaccines strored at room temperature (25-
30°C) for O hours (P1), 6 hours (P2), or 10 hours (P3). Serum were collected before
vaccination; and 2- and 4-weeks post vaccination. Antibodies were tested using an Enzyme-
linked immunosorbent assay (ELISA) kit, and spleen samples were collected at week four
for histological analysis with Hematoxylin Eosin staining. The results were analyzed using
One-Way Analysis of Variance followed by Post Hoc-Bonferroni test. The histopathological
examination of the spleen showed no differences between the three treatment groups. Our
ELISA test showed that inactivated rabies vaccine stored for 10 hours at room temperature
(25-30°C) was not able to induce antibody response.

Keywords: BALB/c mice; immune response; immunology; rabies vaccine; vaccine storage
time
ABSTRAK

Vaksin rabies pada umumnya disimpan pada suhu 2-8°C untuk menjaga kestabilan
antigen. Namun, sebagian besar wilayah pegunungan dan perbukitan Bali sering
menyebabkan vaksin disimpan pada suhu ruang atau lebih tinggi, yang berpotensi merusak
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vaksin. Salah satu vaksin rabies yang digunakan pemerintah adalah vaksin rabies inaktif.
Tujuan penelitian ini adalah untuk mengetahui pengaruh lama penyimpanan vaksin rabies
inaktif pada suhu ruang terhadap respons imun mencit BALB/c. Penelitian ini menggunakan
sembilan ekor mencit BALB/c yang dibagi menjadi 3 kelompok berbeda. Setiap kelompok
diinduksi dengan vaksin yang disimpan pada suhu ruangan (25-30°C) selama 0 jam (P1), 6
jam (P2), atau 10 jam (P3). Serum diambil sebelum vaksinasi; dan 2 dan 4 minggu
pascavaksinasi. Antibodi diuji menggunakan kit Enzyme-linked Immunosorbent Assay
(ELISA), dan sampel limpa diambil pada minggu ke-4 untuk analisis histologis dengan
pewarnaan Hematoxylin Eosin. Hasilnya dianalisis menggunakan uji sidik ragam satu arah
(One-Way Analysis of Variance) diikuti dengan uji Post Hoc-Bonferroni. Pemeriksaan
histopatologi limpa tidak menunjukkan perbedaan antar ketiga kelompok perlakuan. Uji
ELISA menunjukkan bahwa vaksin rabies inaktif yang disimpan selama 10 jam pada suhu
ruang (25-30°C) tidak mampu menginduksi respons antibodi mencit BALB/c.

Kata-kata kunci: BALB/c; respons imun; imunologi; vaksin rabies; waktu penyimpanan

vaksin

INTRODUCTION

Rabies is one of the diseases that is a
national and even international priority in the
public health sector in several Asian countries
(Ministry of Agriculture, 2019). Of the 38
provinces in Indonesia, 26 are rabies-endemic
areas, and Bali is one of them (World Health
Organization, 2023).

To control rabies in Bali, cross-sectoral
coordination has been implemented at both the
central and regional levels. Some control and
prevention efforts include dog vaccination,
sterilization, surveillance, depopulation or cul-
ling of stray dogs, and increasing public awa-
reness (Nugroho et al., 2013). The World
Health Organization (WHO) recommends that
the most cost-effective way to overcome the
rabies epidemic is to carry out a rabies vacci-
nation program for rabies-transmitting animals
(RTAs), such as dogs (Wirawan, 2018; World
Health Organization, 2018).

The rabies vaccine is a vaccine used to
prevent rabies, especially in animals. This vac-
cine works by stimulating the body's immune
system to produce antibodies that can fight the
rabies virus. The rabies vaccine is effective in
preventing rabies if given correctly. Errors
that can occur in the implementation of
vaccination include preparation, administra-
tion, monitoring, recording, and transportation
and storage (Poiraud et al., 2023).
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Vaccines, like all biological
substan-ces, degrade over time. Exposure to
high temperatures, low temperatures,

sunlight, or fluorescent light can accelerate
this degra-dation process further, which can
reduce the vaccine's ability to stimulate the
immune system and protect individuals
from rabies infection (World Health
Organization, 2006).

Previous studies have shown that
the length of time the vaccine is stored and
the storage temperature can affect the
quality of the rabies vaccine (Lankester et
al., 2016; Lugelo et al., 2021). In general,
rabies vaccines are stored at 2-8°C to
maintain antigen stability (Centers for
Disease Control and Prevention, 2021;
World Health Organization, 2006). All
vaccines will be damaged if exposed to
temperatures above +8°C, either if exposed
to high temperatures for a short duration or
due to slight increases in temperature over a
long period (e.g. due to frequent opening of
the refrigerator door) (Alders, 2015). In
field situations or in areas with limited
infrastructure, rabies vaccines often have to
be stored at room temperature or even
above room temperature. This can poten-
tially damage the rabies vaccine and reduce
its effectiveness.

Rabies control programs generally
require significant costs in management,
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including cold chain logistics. The topo-
graphy of Bali Province is mostly mount-
ainous and hilly areas covering almost 85% of
the area (Handayani et al., 2021). The average
temperature in 2023 in Bali Province in seve-
ral regencies according to the Bali Province
Central Statistics Agency (2024..q) is 27°C -
28°C. This can limit the use of vaccines in
hard-to-reach areas and limit vaccination
application strategies in the field. The most
commonly used cold chain logistics, such as
coolboxes (Alders, 2015) cannot be relied on
to store vaccines when the ice pack melts
because the coolbox is often opened and clo-
sed. Vaccines that are resistant to high
temperatures for a limited period of time can
reduce this constraint, so that within these
limitations, vaccines can be used safely and do
not need to be destroyed or discarded.

In implementing the rabies control pro-
gram, the inactivated rabies vaccine is one of
the rabies vaccines used by the government
which has a 44% adjuvant and a higher virus
concentration than the previously produced
vaccine (Daulay et al., 2019). The aim of this
research is to determine the effect of room
temperature storage time of inactivated rabies
vaccine on the immune response of BALB/c
mice. BALB/c mice were chosen because they
are commonly used in immunological studies
due to their strong systemic immune response
and genetic uniformity (Zhang et al., 2023).
The authors define the immune response as
the antibody titer and the histology of the
spleen after vaccination (Wardani et al.,
2022).

RESEARCH METHODS

Ethical Clearance

This research was approved by the
Animal Ethics Committee, Faculty of Vete-
rinary Medicine, Udayana University, Bali,
Indonesia (Animal Ethics Approval Number:
B/109/UN14.2.9/PT.01.04/2024).

Research Object

This study used nine female BALB/c
mice aged 20 weeks and weighing around 20-
25 g. The mice were kept in three cages (3
mice/cage) with dimensions of 47x33x15 cm.
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Standard feed and drink were provided ad
libitum. The choice of using female mice in
this study is because female mice are more
sensitive to infection than male mice (Klein
and Flanagan, 2016). The research samples
were divided into three experimental
treatment groups with three mice each in
each group. The number of samples in this
study was based on the number of ELISA
kits available in the laboratory.

Research Design

This study was conducted using a
completely randomized design (CRD) with
a hierarchical pattern, employing BALB/c
mice as experimental subjects divided into
three treatment groups, each consisting of
three mice.

Research Variables

In this study, the variables used are
as follows: (i) the independent variable is
the storage time of the vaccine at room
temperature (25-30°C), which is divided
into three treatments: 0 hours (applied
directly), 6 hours, and 10 hours; (ii) the
dependent variable is the immune response
of BALB/c mice, specifically antibody
titers and histological features of the spleen;
and (ii1) the control variables are mice body
weight, age, sex (female), feed and water,
management of care and environmental
conditions.

Data Collection

Vaccines preparation and vacci-
nation. The vaccine used in this research
was the inactivated rabies vaccine with
three different storage time that were
chosen to suit field conditions within a day.
The vaccine storage times were as follows:
Group PI1, vaccine stored at room tem-
perature (25-30°C) for 0 hour; Group P2,
vaccine stored at room temperature (25—
30°C) for 6 hours; Group P3, vaccine stored
at room temperature (25-30°C) for 10
hours.

The 0 hour time is defined as storing
the vaccine at the optimal temperature (2-
8°C) then applied directly. Before vaccina-
tion was given, a serum sample was taken
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from each group which was used as a sero-
negative control. The mice (BALB/c) were
vaccinated after pre-vaccination sampling.
Vaccination was applied intramuscularly at a
dose of 0.1 mg/10 g body weight.

Blood Sampling Procedure. As
much as 0.5-1.0 mL blood samples were
taken serially through the orbital sinus before
vaccination, and at 2- and 4-weeks after vacci-
nation. Blood were withdrawn after anes-
thetizing the mice with a mixture of ketamine
(Vetalar®, Bohringer Ingelhim, Ingelheim,
Germany) xylazine (Xyla® Interchemia,
Castenray, The Netherlands) acepromazine
(PromAce®, Bohringer Ingelhim, Ingelheim,
Germany) anesthesia at a dose of 0.1 mL/10 g
body weight.

Enzyme-linked Immunosorbent As-
say (ELISA). The blood sample was centri-
fuged until the serum was completely sepa-
rated. The ELISA test procedure (Kit Elisa
Rabies Pusvetma™, Balai Besar Veteriner
Farma /Pusvetma, Surabaya, Indonesia)
involved the addition of 100 pL (in duplicate)
positive control serum, ST 1 EU control
serum, negative control serum, and diluted
serum sample to the ELISA microplate
followed by incubation at 37°C for one hour.
After incubation, the microplate was washed
with 200 pL PBST 4-5 times. 100 pL of
Protein A Conjugate at a dilution of 1:16,000
were then added to the microplate followed by
incubation at 37°C for one hour. Microplate
was then washed and 100 pL of substrate
solution was added to each well. Microplate
was placed in a dark container. After a
specific color change occured (£ 10 minutes)
100 pL stop solution was added then signal
was read using an ELISA reader at a wave
length of 405 nm.

Histological examination

In the fourth week of post-vaccination,
organ samples were taken from only one
mouse in each treatment group. Mice were
physically euthanized by cervical dislocation
while the mice were still under the influence
of anesthesia after blood was drawn. The
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sacrificed mice were necropsied to take the
spleen as an organ sample for histology
preparations. The sample is then soaked in
10% Neutral Buffer Formalin (NBF)
solution to stop biological processes. The
organ samples were made into thin slices to
be stored in tissue cassettes and fixed in
10% NBF solution for 24 hours to ensure
that the samples were well preserved. After
the organ sample was fixed, the next
process was dehydration into a series of
graded alcohol concentrations (70%, 80%,
90%, 96%, and 100%) for several hours to
remove water from the tissue. Tissue
sample was then soaked in xylol to remove
alcohol from the tissue, then blocked in
liquid paraffin. The preparation blocks were
then cut using a microtome with a thickness
of 3.5 microns. The sample sections are
attached to object glasses using a water
bath, then incubated for one day at 50°C to
dry the tissue. Tissue preparations were
stained with Hematoxylin Eosin (HE) dye
to visualize the tissue structure under a
binocular light microscope.

Data Analysis

Data for antibody titer were ana-
lysed using One-Way Analysis of Variance
(ANOVA) followed by Post Hoc-Bon-
ferroni test. Histological analysis of the
spleen included examination of lymphoid
cells and its follicles proliferation.

RESULTS AND DISCUSSIONS

Antibody Titer

The pre-vaccination antibody titer of
mice in all treatment groups was between
0.152-0.281 EU, which was a non-
protective antibody titer (Table 1). The
antibody titer induced by the vaccine stored
at room temperature (25-30°C) for 0 hours
(P1) increased in the 2" and 4" week post-
vaccination, although the increase in anti-
body titer was not significant (p>0.05; One-
Way ANOVA) (Figure 1). The antibody
titer of mice induced by the vaccine stored
at room temperature (25-30°C) for 6 hours
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(P2) increased in the 2™ week post-
vaccination, although not significant (p>0.05;
One-Way ANOVA) (Figure 1). In the 4™ week
post-vaccination, the antibody titer of P2 treat-
ment group decreased but was not significant
(»>0.05; One-Way ANOVA) (Figure 1). In
the P3 treatment group (induction by vaccine
stored at room temperature (25-30°C) for 10
hours), there was no increase in antibody titer
in the 2™ week post-vaccination (Figure 1).
Furthermore, antibody titer in the 4™ week
post-vaccination, although they appeared to
increase from the 2" week, remained below
the pre-vaccination antibody titer (Figure 1).

In Table 2, based on the results of the
One-Way ANOVA test, the antibody titer data
of group P1 (vaccine stored for 0 hours at
room temperature) showed a p value of 0.085
(»>0.05; One-Way ANOVA). While the
results of the One-Way ANOVA test for the
antibody titer of group P2 (vaccine stored for
6 hours at room temperature) showed a p
value of 0.141 (p>0.05; One-Way ANOVA).
These results indicate that the average
antibody titer of mice in group P1 (0 hours)
and P2 (6 hours) were not significantly
different. On the other hand, the results of the
One-Way ANOVA test for the antibody titer
data of group P3 (vaccine stored for 10 hours
at room temperature) showed a p value of
0.001 (p<0.05; One-Way ANOVA). These
results indicate that the average antibody titer
of mice in the P3 group was significantly
different.

Results of the Post Hoc-Bonferroni test
analysis in Table 3 revealed that the trend of
antibody titers in P1 (0 hours) and P2 (6
hours) showed no significant changes across
all serum collection periods, from week 0
(pre-vaccination) through week four post-
vaccination (p>0.05). The antibody titer of
week 0 vs. week 2; week 0 vs. week 4; and
week 2 vs week 4 in both group P1 and P2
were not significantly different (p>0.05). In
contrast, P3 treatment group showed a
significant difference in antibody titers from
week 0 to week 2 (p<0.05), and from week 2
to week 4 (p<0.05). However, no significant
difference was observed between week 0 and
week 4 (p>0.05).

Pre-vaccination antibody titer data
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were used as baseline values to compare
changes in antibody titer that occurred after
vaccine induction. The minimum protective
antibody titer for rabies virus or RABV is
0.5 EU (Cahyana et al., 2021). The pre-
vaccination antibody titer analysis data
showed that the antibody titer in each
treatment group were not significantly
different and were non-protective against
rabies. This indicates that all mice were in
the same conditions and never exposed to
rabies antigen. In the 2" week for treatment
group P1 (0 hours) and P2 (6 hours), there
was an increase in antibody titer as much as
1.375 times and 1.142 times, respectively
(Figure 1). Although the increase in
antibody titer is non significant (p>0.05,
One-Way ANOVA), it indicates induction
of an immune response. Meanwhile, for P3
(10 hours), there was no increase in
antibody titer at all, even the value was
significantly below the pre-vaccination
antibody titer value (p<0.05; One-Way
ANOVA) (Figure 1). This indicates that
storing the vaccine at room temperature
(25-30°C) for 10 hours has the potential to
damage the antigenic properties of the
rabies vaccine. Temperatures above the
cold chain temperature have been shown to
affect vaccine potency (Dumpa et al., 2019;
Lankester et al., 2016). Vaccine damage
can be caused by storing the vaccine for too
long at room temperature or outside the
recommended temperature range, so that its
potency or efficacy is reduced (Pambudi et
al., 2022). Vaccine potency will decrease
more quickly when exposed to temperatures
above the recommended storage range (2-
8°C) for too long (Hikmarida, 2014; Kusu-
madewi and Lestari, 2020).

In week 4, for the Pl treatment
group (0 hours), an increasing trend in
antibody titer (Figure 1) was still observed
although the increase was not significant
(p>0.05; One-Way ANOVA). Meanwhile,
in the P2 treatment group (6 hours) there
was a decreasing trend (Figure 1) in
antibody titer and in the P3 treatment group
(10 hours) the antibody titer in the 4™ week
post-vaccination remained below the pre-
vaccination antibody titer. Based on the
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Antibody Production Curve
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Figure 1. Time course of antibody production
P1 (0 hours) P2 (6 hours) P3 (10 hours)

Figure 2.

Histological examination of mice spleen in P1, P2, and P3. Spleen tissues were
stained with H&E. Upper line displayed at 40x magnification. Bottom line was
viewed at 100x magnification. Arrow: red pulp. Arrow head: white pulp and

lymphoid follicle.
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Table 1. Antibody Titers to Rabies Virus Antigen

Jurnal Veteriner

2nd Week 4th Week
Pre- Post- Post-
Treatment Mice Samples vaccination N o
(EU) vaccination vaccination
(EU) (EU)
P1.1 0.152 0.309 0.339
P1 P1.2 0.253 0.305 0.372
(0 hour) P1.3 0.267 0.311 0.265
Mean+SD 0.224+0.063 0.308+0.003  0.325+0.055
P2.1 0.267 0.314 0.331
P2 P2.2 0.273 0.323 0.281
(6 hours) P23 0.281 0.303 0.267
Mean+SD 0.274+0.007 0.313+0.010  0.293+0.034
P3.1 0.277 0.165 0.269
P3 P3.2 0.265 0.171 0.271
(10 hours) P33 0.269 0.164 0.267
Mean+SD 0.270+0.006 0.167£0.004  0.269+0.002
Note: The mean difference is significant at the 0.05 level
Table 2. One-Way Analysis of Variance Test Results
Treatment (Storage Analysis of variance
time) Sum of Mean
Squares df Square Sig.
0 Hours Between Groups .014 6 .002
Within Groups .032 8
Total .002 2 .001 2.763 141
6 Hours Between Groups .003 6 .000
Within Groups .005 8
Total .021 2 011 571.81 .000
10 Hours Between Groups .000 6 .000
Within Groups .021 8
Total .021 8
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Table 3. Post Hoc-Bonferroni Test Analysis Results

Juni 2025 Vol. 26 No.2: 210-220

Dependent variable

Multiple comparison

Treatment (D Serum  (J) Serum 95% Confidence
(Storage collection collection Mean Interval
time) period period Differenc  Std. Lower  Upper
(weeks) (weeks) e (I-)) Error Sig. Bound Bound
0 hour Bonfe 2 -.084333  .03929 227  -21352 .04485
rroni 6
4 -101333  .03929 .126  -23052 .02785
6
0 .084333 03929 227  -.04485 21352
6
4 -.017000 .03929 1.000 -.14618 .11218
6
0 .101333 03929 126 -.02785 .23052
6
2 .017000  .03929 1.000 -.11218 .14618
6
6 hours Bonfe 2 -.039667 .01687 .171 -.09515 .01581
rroni 6
4 -.019333 .01687 .887 -.07481 .03615
6
0 039667  .01687 .171  -.01581 .09515
6
4 .020333 01687 .821  -.03515 .07581
6
0 .019333 01687 .887 -.03615 .07481
6
2 -.020333 .01687 .821 -.07581 .03515
6
10 hours Bonfe 2 .103667°  .00351 .000  .09210  .11523
rroni 7
4 .001333 .00351 1.000 -.01023 .01290
7
0 -103667° .00351 .000 -.11523 -.09210
7
4 -.102333" .00351 .000 -.11390 -.09077
7
0 -.001333 .00351 1.000 -.01290 .01023
7
2 .102333"  .00351 .000  .09077  .11390
7

Note: The mean difference is significant at the 0.05 level

increase the titer (Astawa ef al., 2018).
Histological observations

The spleen is a secondary lymphoid
organ that is responsive to antigen stimu-
lation (Arfanda et al., 2019). The white pulp
in the spleen is one of the parameters for the

data from the antibody titer analysis, it was
shown that each vaccine treatment in the 2™
and 4" week post-vaccination did not reach a
protective titer of 0.5 EU.

In several previous studies, a booster was
needed in the 2™ week post-vaccination to
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formation of an immune response, while the
red pulp functions as a filter for the
circulation of erythrocyte cells.

The high intensity purple color of
white pulp is caused by an increase in the
number of lymphoid cells. Lymphoid cells,
such as lymphocytes, have nuclei that absorb
basophilic dyes very well (Gurina and
Simms, 2023). This basophilic dye usually
interacts with nucleic acids in the cell
nucleus, giving a strong purple color to
tissues that have many cell nuclei. The
intensity of the purple color in the white pulp
indicates the proliferation of lymphoid cells
which is a characteristic of an active immune
response or increased cellular activity in the
area. When lymphoid cell proliferation
occurs, the number and size of lymphoid
follicles increase causing an increase in the
amount of visible white pulp. The results of
histopathological analysis in Figure 2 also
show that proliferation of lymphoid follicles
can be seen from the large number of white
pulps.

The results of the histological exa-
mination of the spleen organ in Figure 1
show no difference between the three spleens
in the treatment groups. Differences in
immune response induction cannot be
detected or are difficult to see from the HE
examination of the spleen organ due to the
slight difference in antibody titers.

CONCLUSION

Inactivated rabies vaccine that was
stored at room temperature (25-30°C) for 10
hours was not able to induce antibody
response in BALB/c mice. Histology exami-
nation of the spleen organ was not sufficient
to detect any differences in immune
responses.

SUGGESTION

By implementing strict cold chain
protocols, stabilizers, and real-time monitor-
ring, the efficacy of rabies vaccines can be
preserved even in resource-limited set-
tings. The authors recommend avoiding

Jurnal Veteriner

storing the vaccine at room temperature (25-
30°C) for a long period of time (> 6 hours).

Insulated vaccine containers lined with
coolant packs offer portable cooling
solutions for field use, effectively

maintaining vaccines at 2-8°C during
transportation and/or short-term storage to
ensure short-term stability.
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