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Abstract

Infection with the deadly rabies virus (RABV) leads to alteration of cellular gene expression. The RABYV, similar to other
neurodegenerative diseases may be implicated in neuronal death due to an imbalance in Ca** homeostasis. Parvalbumin (PV)
and Secretagogin (Scgn), two members of the Calcium-Binding Proteins (CBPs) are useful neuronal markers responsible for
calcium regulation and buffering with possible protective roles against infections. This study investigated whether infection with
rabies virus causes variance in expression levels of PV and Scgn using the Challenge virus standard (CVS) and Nigerian Street
Rabies virus (SRV) strains. Forty-eight, 4-week-old BALB/c mice strains were divided into two test groups and challenged with
Rabies virus (RABV) infection and one control group. The presence of RABV antigen was verified by direct fluorescent
antibody test (DFAT) and real-time quantitative PCR (QRT-PCR) was used to assess PV and Scgn gene expression. Infection
with both virus strains resulted in significant (p < 0.05) increases in expression during early infection. Mid-infection phase caused
reduced expression for both genes. However, as infection progressed to the terminal phase, a lower increase in expression was
measured. Gene expression and viral load correlation indicated no positive relationship. Neurons with these CBPs may have a
greater capacity to buffer calcium and be more resistant to degenerative changes caused by RABV. This implies that, when PV
and Scgn expression levels are kept adequately high, the integrity of neurons may be maintained and degeneration caused by
RABYV infection may be prevented or stopped, hence, these are possible constituents of effective rabies therapy.
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Introduction

Most deaths resulting from rabies occur in Africa and Asia
(Fooks et al. 2014) and contribute substantially to almost
60,000 human deaths that occur globally per year and
21,476 in Africa (Hampson et al. 2015; World Health
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Organization (WHO) 2018). Rabies virus (RABV) belongs
to the genus Lyssavirus, family Rhabdoviridae, a widespread
neurotropic zoonotic viral disease, most commonly spread by
the bite of a rabid animal (Kuzmin 2015; Kia et al. 2018;
Abdulazeez et al. 2020). The severity of neurologic signs
and the fatal outcome that result from infection with rabies
are not consistent with the mild inflammation and neuronal
degeneration that is seen in the central nervous system (CNS)
(Jackson 2007; Singh et al. 2017). By the time prodromal
symptoms such as fever, flu-like symptoms and gastrointesti-
nal disturbance begin to show, the virus is already widely
disseminated throughout the CNS (Mitrabhakdi et al. 2005;
Kuzmin 2015). For adequate infection in the CNS, RABV
escapes the host immune response and protects the infected
neurons against apoptosis or premature destruction of neurons
(Singh et al. 2017).

Many fundamental functions and biological processes are
regulated by calcium; its implication and role as a ubiquitous
second messenger in metabolism, contraction, cell division and
cell growth, among many others, cannot be underemphasized
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(Verdes et al. 2016). An imbalance in calcium ions (Ca*")
homeostasis can result in the impairment of normal cell func-
tions (Btaszczyk 2016). Its regulation, therefore, is vital to en-
sure the normal functioning of biological systems. A Ca®*/
Gamma-Aminobutyric acid (GABA) mechanism responsible
for the stabilization of neuronal activity occurs both at cellular
and systemic levels and is highly regulated. A decline in this
control will initiate several cascading processes leading to a
weakened protective barrier and accumulation of intracellular
calcium deposits (Blaszczyk 2016).

A major role in the regulatory mechanism of Ca”* is played
in part by calcium-binding proteins (CBPs). These proteins
are effective as buffers against increases in intracellular Ca**
and also as sensors to promote protein-protein interactions and
signaling events (Alpar et al. 2012). Parvalbumin (PV) and
Secretagogin (Scgn) belong to these classes of proteins that
are responsible for calcium regulation and buffering, and both
proteins have been identified in neuronal subpopulations
(Tsuboi et al. 2000; Maj et al. 2012). PV is present as the main
soluble CBP in fast twitching muscle fibers, Scgn is highly
expressed in neuroendocrine cells of the central nervous sys-
tem (Maj et al. 2012; Garas et al. 2016). Expression patterns of
the classical CBPs (Parvalbumin, Calbindin, and Calretinin)
have generated broad interest because of the importance of
GABAergic neurons in refining the physiological output of
neuronal networks (Klausberger and Somogyi 2008). Scgn
is plentiful in subsets of neurons engaged in long-distance
migration and it is histochemically detectable throughout neu-
ronal morphogenesis (Mulder et al. 2009). When present in
neurons otherwise lacking PV, Calbindin, or Calretinin, Scgn
may contribute to the refinement of intracellular Ca’+ signal-
ing (Gartner et al. 2001).

Due to the role of calcium homeostasis in dysregulation in
neurodegenerative diseases and other pathophysiology
(Mattson 2007), there is reason to assume that neurons that
contain certain intracellular calcium-binding proteins have a
greater capacity to buffer calcium, and therefore would be
more resistant to degeneration (Heizmann and Braun 1992).
There have also been reports that indicate a possible involve-
ment of the GABAergic system during rabies virus infection
(Torres-Fernandez et al. 2004; Verdes et al. 2016).

Although advances have been made in the field, the mech-
anism of rabies pathogenesis — the concise processes by which
the virus induces the disease or causes functional alterations in
rabies virus-infected neurons is still not completely under-
stood (Schutsky et al. 2014). RABV can offset the balance
of the Ca®*/GABA mechanism by redirecting cellular re-
sources towards its viral gene expression by promoting im-
mune evasion (Rivas et al. 2016).

The mechanisms that allow the RABV virus to invade and
partly hide from the host’s immune defenses, sometimes for
extended periods, before overwhelming the host are fascinat-
ing (Madhu et al. 2016), though not fully understood.
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Improved understanding of the mechanisms underlying rabies
neuropathogenesis in animal models is necessary for the de-
velopment of new therapeutic approaches.

Recent novelty study on Scgn, a calcium-binding protein,
has been carried out (Mulder et al. 2009; Zahola et al. 2019),
but its implication in rabies infection has never been
established. Showing differing expression patterns of Scgn
and also PV in RABV infected animal model may be a requi-
site step to determine effective therapy.

Materials and methods
Animals and virus strains

Female BALB/c mice (approximately 3—4 weeks old) were
purchased from and housed in Department of Veterinary
Public Health and Preventive Medicine animal facility,
ABU, Zaria, under pathogen-free conditions with access to
food and water ad libitum. All animal experiments described
in this study were performed following guidelines of The
Nigerian council on Animal Care and ethical approval was
granted by Ahmadu Bello University Committee for Animal
Health. The challenge virus standard (CVS-11) - a mouse-
brain adapted fixed RABYV strain and Nigeria street RABV
(SRV), isolated from a clinical specimen (rabid dog brain)
were obtained from National Veterinary Research Institute
(NVRI), Vom and used in this study. All the Researchers
involved were vaccinated before the commencement of the
experimentations.

Virus infection and tissue extraction

Virus stocks were prepared using a sample of macerated in-
fected dog brain which was diluted to 10% in PBS containing
2% normal equine serum and antibiotics (200 pl/ml of peni-
cillin and 4 mg/ml of streptomycin) (Torres-Fernandez et al.
2004). Three-day-old suckling mice were inoculated with ei-
ther CVS-11 or SRV dilution of this preparation, the mice
were euthanized when they became moribund and the brains
harvested. A 10% (w/v) suspension was prepared by homog-
enizing the brains in PBS and antibiotics. The homogenates
were centrifuged and the supernatant collected. Animals in the
test groups were injected in the left hind limb with 30 ul of this
infecting suspension (approximately 1 x 10° infectious parti-
cles of RABV). 2 Groups of 18 mice each were inoculated
intramuscularly with the viral inoculum for CVS-11 strain
(CVS group) and SRV strain (SRV group) respectively. A
third group was inoculated under the same conditions with
30 pl of diluting solution for viral inoculum without the virus.
All groups of mice were monitored daily for clinical findings.
Mice were euthanized and tissue samples collected at 3, 6, 9,
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12, 15, and 18 days post-infection (p.i). The harvested brains
were suspended in RNA later and stored at —20 °C.

Direct fluorescent antibody test (DFAT)

Impression smears of the samples were made on glass slides to
detect the presence of rabies antigen in harvested tissues from
all the groups. This was done following the protocol as de-
scribed by WHO (Rupprecht et al. 2018). The smeared slides
were air-dried at room temperature before fixing in cold ace-
tone for 30 mins at —20 °C. The slides were then air-dried for 5
mins and the rabies conjugate (Fujirebio Diagnostics, Inc.,
Malvern, Pennsylvania, 19,355, USA) was applied to the
smear. This was incubated for 30 mins at 37 °C in a humid
chamber, after which excess conjugate was washed 3 times
with phosphate-buffered saline (PBS) (pH 7.4) and allowed to
air dry. Control slides were also prepared in the same way.
The slides were viewed under an epifluorescence microscope,
the presence of brilliant apple-green fluorescence or greenish-
yellow fluorescence against a dark regarded as positive.

RNA extraction and complementary (cDNA) synthesis

Total RNA was isolated from mouse brain tissue using a
Norgen® Extraction kit (Norgen Biotek Corp., Ontario,
Canada) as per the manufacturer’s instructions. RNA purity
and concentration were determined using a Nanodrop spec-
trophotometer (ND-1000) done by measuring its absorbance
at 260 nm (A,¢p). cDNA was synthesized from the extracted
total RNA using a SensiFAST™ cDNA synthesis kit (Bioline
Reagents Ltd., UK) according to the manufacturer’s instruc-
tion: a master mix containing 5 pl of RNA template (70 ng),
1 ul of reverse transcriptase, 4 pl of a 5x TransAmp buffer
(containing a blend of random hexamers and oligo dT) and
10 pl of RNase free water to a total volume of 20 pul was
prepared. The PCR cycling conditions were: 25 °C/10 mins
(Primer annealing), 42 °C/15 mins (reverse transcription),
85 °C/5 mins (inactivation), 4 °C (hold), for 35 cycles. The
products were stored at —20 °C until further processing.

Quantitative real time PCR

The cDNA synthesis reaction product was used as template
and Quantitative real-time Polymerase Chain Reaction (QRT-
PCR) measurement to determine gene expression was carried
out with 5x HOT FIREPol Evagreen® qPCR Mix Plus (Solis
Bio-Dyne, Tartu, Estonia) using a BIOER Line-Gene system
(Hangzhou, China). qPCR was performed in reaction mix-
tures containing 5 pl of 5x HOT FIREPol Evagreen qPCR
mix plus, 0.6 pul each of forward and reverse primers
(Table 1), 2 pl of template cDNA, 16.8 ul of nuclease-free
PCR-grade water, to a final volume of 25 pl. The Real-time
PCR cycling conditions were: (i) 95 °C for 12 mins (Initial

activation) (ii) 40 cycles of 95 °C for 15 s, 60 °C for 20 s, and
72 °C for 20 s. All reactions included negative controls con-
taining the amplification master mix and dH,O. The Ct (cycle
threshold) values obtained from the PCR data and expression
values were calculated according to the using 2"*““* method
of relative quantification. The results were normalized to
mouse Phosphoglycerate Kinase 1 (PGK-1), which had min-
imal variation in all normal and infected rabies samples that
were tested.

Viral load determination

To determine the viral load in infected brain tissues, a nested
PCR was carried out using the Solis BioDyne 5x FIREPol
Master Mix (Ready to Load) (Solis Bio-Dyne, Tartu,
Estonia) PCR synthesis kit and cDNA samples of virus stan-
dards for CVS-11 and SRV strains of the rabies virus. The
cDNA, which was obtained by amplifying the N-gene of the
virus strain, was then quantified and serial dilutions were pre-
pared from this standard of known concentration. Using a
second set of primers specific to inner regions of the
amplicons (Nested), qPCR was carried out on each serial di-
lution, and Ct values were obtained. A standard curve of Ct
against Logo quantity was plotted for each dilution. qPCR
was carried out using the second primer set (nested primers)
to generate Ct values for the test samples. Quantity of viral
material was extrapolated from the standard curve using the
generated Ct values. Primer sets are shown in Table 2.

Statistical analysis

Correlation analysis was done using Pearson Correlation anal-
ysis to determine the relationship between viral load for each
measured infection day of the study and fold change expres-
sion of Parvalbumin and Secretagogin genes (Pvalb and Scgn)
for the same day.

Each experiment was repeated three times to address bio-
logical variability. Numerical results were presented as Mean
+ Standard deviation (mean + S.D.). Variability between
groups was measured with Independent Sample t-tests using
the Statistical Package for Social Sciences Software (SPSS)
version 20.0 (SPSS Inc., Chicago, Illinois, USA), p values less
than 0.05 were considered statistically significant. Correlation
analysis was measured with Statistical Package for Social
Sciences Software (SPSS) version 20.0 and p values <0.05
were considered significant.

Results
Qualitative detection of rabies viral antigen was positive for

both viral strains (Table 3), CVS infected group exhibited a
higher infectivity rate in the sample populations (89%)
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Table 1 Primers used for qRT-PCR

Gene Gene Accession Number Primers (5'-3")

Pvalb X54613.1 Forward:
5’-TTGAGGAGGATGAGCTGGGGTCCA-3'
Reverse:
5’-AACCCCAATCTTGCCGTCCCATC-3'

Scgn NM_145399.1 Forward:
5’-CCTGGAAGGCCCAGAAGTGGATGG-3'
Reverse:
5’-ATGGCGAAGCAGAATCTCCCGGAAC-3'

PGK-1 NM_008828.3 Forward:
5’-ATGCCGAGGCTGTGGGTCGAG-3’
Reverse:

5’-ACTTGGTTCCCCTGGCAAAGGCT-3'

compared to the SRV group (83%). An increase in viral con-
centration was seen overtime through the progressive increase
in fluorescent intensity and antigen distribution. Viral antigen
was not detected on day 3 p.i for SRV infected group but was
detected in 33% of the CVS infected group. We wanted to
mimic the natural method of viral entry, hence our reason for
choosing the intramuscular inoculation route. Clinical signs of
rabies (ruffled fur, increased agitation, paralysis) were ob-
served throughout the infection period, but occurring earlier
in the CVS group (Table 3).

As shown in Fig. 1, parvalbumin expression show CVS
infected groups with a significant (p <0.05) increase in ex-
pression (9.44, 10.46; Day 3, 6 p.i) during early infection.
Progression of infection caused a significant (p < 0.05) reduc-
tion in expression on days 9 and 12 p.i (about 7.77-fold
change) and as infection reached the terminal stage, we saw
an increase in expression, although not significant at p < 0.05
compared with controls.

Table 2  Primers used in viral load determination

The SRV infected group showed a significant (p <0.05)
5.96-fold upregulation at day 3 and a significant (p < 0.05)
0.35-fold down-regulation of Parvalbumin gene expression
at day 9 compared with controls (Fig. 1). Expression was
upregulated towards the terminal stage with a significant
(p <0.05) rise in fold change values to 2.23 at day 18 p.i.

Secretagogin expression in CVS-11 and SRV infected
samples (Fig. 2) show CVS infected samples demonstrating
an increased expression (9.03 and 4.81-fold upregulation for
days 3 and 6 p.i) during early infection which was significant
(p<0.05) only at day 6 p.i when compared with controls.
Mid-infection showed a significant (p < 0.05) 0.3-fold down-
regulation of Scgn and as infection reached the terminal stage,
expression began to rise and a 1.66-fold upregulation was
observed. SRV infected samples showed an upregulation of
expression (7.82) which was significant (p <0.05) on day 6.
Mid-infection showed a significant (p < 0.05) downregulation
of gene expression (0.35) which gradually began to rise again

Gene Gene Accession Number Primers (5’-3')

CVSA KR105374.1 Forward: 5>-GGCACAGTCGTCACCGCTTA-3’

(Outer Primer)

Reverse: 5’-TGAGGGGCACATGCAGCAAT-3’

RAV NM_008828.3 Forward: 5’-GCTCTGGGCTGGTGTCGTTC-3’

(Outer Primer)

Reverse: 5’-TACGGGGACTTCCCGCTCAG-3’

CVSN KR105374.1 Forward:

(Nested Primer) 5’-AGAAGAATGTTCGAGCCAGGGGCAAG-3’
Reverse:
5’-AGGAGACTTCCCACTCAAGCCTAGTG-3’

RAVN KR080523.1 Forward:

(Nested Primer) 5’-AGAATGTTCGAGCCAGGGCAGGAC-3’
Reverse:

5’-ACTTCCCGCTCAGACCCAACGAG-3’

*CVSA, CVSN: Used for amplification of CVS-11 viral strain
*RAV, RAVN: Used for amplification of SRV viral strain
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Table 3 Antigen detection and
Clinical manifestations in CVS
and SRV infected mice

Days Post Infection

Antigen Detection

Clinical Signs

Ruffled Fur Increased Agitation Paralysis

CVS

12
15
18
SRV

+ + + o+ +

12
15
18

+ o+ o+ o+ o+

+

+ o+ o+ + o+
+

+ o+ + +

+

+ 4+ o+ o+
+ +
+ 1

+
+

as infection progressed towards the terminal stage, with day
18 showing a 6.77-fold upregulation.

In the comparative expression of Parvalbumin and
Secretagogin for both viral strains, PV and Scgn showed very
similar expression levels on day 3 of infection for CVS-
infected mice. Other measured days showed a higher PV ex-
pression (Fig. 1) than Scgn (Fig. 2). Although a fold down-
regulation of expression was observed in Secretagogin during
mid-infection, CVS-infected samples maintained an upregu-
lation of PV expression at that stage. Gene expression in SRV
infected mice showed higher expression in PV during early
and mid-infection stages (Fig. 1) while Scgn expression levels
were higher at the terminal stage (Fig. 2). Downregulation of
expression was seen for both genes on day 6 and day 18 p.i,

25

20

*

Fold change expression:
Infected/control

*

Scgn showed a 6.77-fold upregulation (Fig. 2) compared to
the 2.2-fold seen in PV (Fig. 1).

Relationship between gene expression and viral load
in infected samples

To determine if the viral load of infection affects gene expres-
sion, we used nested RT-PCR to assess mRNA levels of
RABYV nucleotide protein as a measure of virus replication.
Table 4 shows the viral load quantification in the test samples.
Pearson’s correlation coefficient was used as a simple measure
of the linear variation between viral RNA load and gene ex-
pression. As shown in Table 5, PV expression showed a mod-
erate negative correlation for CVS (r=-0.696) and a weak

|BCvS
OSRV
B Control

Day3 Day6

N 2 7 Ir:'l% Il—}l% ml ez

Day9
Post-infection days

Dayl12 Dayl5 Dayl8

Fig. 1 Parvalbumin fold change in expression in CVS-11 and SRV in-
fected mice, relative to PGK-1. The brains from uninfected controls as
well as from both CVS-11 and SRV infected mice were collected at days
3,6,9,12, 15, and 18 p.i, and RNA was isolated for qPCR as detailed in

Materials and Methods. The relative fold changes are expressed in the
graph, values marked * are statistically significant (p <0.05) from con-
trols. PGK-1: Phosphoglycerate kinase-1, CVS-11: Challenge virus stan-
dard, SRV: Street rabies virus

@ Springer



1272

Metab Brain Dis (2021) 36:1267-1275

10

Fold change expression:
Infected/control

L7 N7

i iﬂ%ﬁ%'%

|Cvs
OSRV
aControl

*

Day3 Day6 Day9

Post-infection Days

Dayl2 Dayl5 Dayl8

Fig. 2 Secretagogin fold change in expression in CVS-11 and SRV in-
fected mice, relative to PGK-1. The brains from uninfected controls as
well as from both CVS-11 and SRV infected mice were collected at days
3,6,9,12, 15, and 18 p.i, and RNA was isolated for qPCR as detailed in

negative correlation (r=-0.379) for SRV, both correlation
values were statistically non-significant (p < 0.05). For Scgn,
the association between fold change expression and viral load
showed also, a weak negative correlation (r=—0.352) for
CVS and a weak positive correlation (»=0.290) for SRV.
Both values presented were not statistically significant
(p <0.05). The values are shown in Table 5.

Discussion

More prevalent in the developing world than in industrialized
countries, rabies is a major health hazard affecting a vast pop-
ulation (White and Lloyd 2012). RABV infects almost exclu-
sively the neurons, with neuro-invasiveness and neurotropism
being the major defining characteristics of the pathogenesis of
a classical rabies infection (Gnanadurai et al. 2015). While
there is some understanding of the roles of viral proteins in
rabies pathogenesis, the contribution of host factors to RABV
transcription replication and axonal trans-synaptic spread re-
mains unknown. Infection and replication of viruses in cells of
vertebrates result in the alteration of expression of cellular
genes and affects the regulation of cellular mRNA translation,

Materials and Methods. The relative fold changes are expressed in the
graph, values marked * are statistically significant (p <0.05) from con-
trols. PGK-1: Phosphoglycerate kinase-1, CVS-11: Challenge virus stan-
dard, SRV: Street rabies virus

localization, and degradation (White and Lloyd 2012).
Changes in host gene expression could be a cellular antivirus
response, a virus-induced response, or a nonspecific response
that neither promotes nor prevents virus infection (Saha and
Rangarajan 2003). The outcome of RABV infection is deter-
mined by the convergence of several different virus—host in-
teractions. In this study, we examined Pvalb and Scgn expres-
sion after infection with Challenge Virus Standard (CVS-11)
or Nigeria street Rabies virus (SRV) strains of rabies virus.
Our study showed that rabies infection in mice elicited alter-
ations in gene expression of our interest genes.

Both genes showed differential expression levels through
the course of infection. This is consistent with findings that
report that rabies infection elicits various cellular responses in
infected neurons, resulting in an increase or decrease of vari-
ous genes and proteins (Prosniak et al. 2001; Miao et al. 2017,
Abdulazeez et al. 2020). The expression of PV and Scgn were
similar in trend through the infection period with early infec-
tion showing notable increase. The onset of clinical signs
(gradual paralysis of hind limbs, hunched back) observed
from day 8pi resulted in decreased expression values: 1.04
and 0.53 (CVS and SRV) for PV and 0.35 and 0.35 (CVS
and SRV) for SG. This was about a 5-7 fold reduction in

Table 4 Viral load Quantification
in CVS-11 and SRV infected

mouse brain tissue samples Days Post Infection

CVS
Average Viral Load

(Copies/30 mg of brain tissue)

SRV
Average Viral Load

(Copies/30 mg of brain tissue)

12
15
18

2.13x10%4£9.3.x 102
1.17x10%+4.16x 10?7
2.34x10%+6.27x10*
2.34x10%°+6.27x10%
2.25%1077+7.8x10

6.40x10°'+5.79x10>°

331x10'%+£7.41x10"
1.11x10"°+1.50x 10"
1.72x10%+6.10x 10*!
448%x10*+3.29x10%*
8.32x10%%+1.50x10*
476x10%+2.31x10%
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Table 5  Relationship between expression and Viral Load for PV and
Scgn in CVS-11 and SRV infected samples

Parvalbumin Secretagogin
Strains ~ Pearson Correlation p value Pearson Correlation p value
” )
CVS-11  -0.696 0.125  —0.352 0.494
SRV —0.379 0.458 0.290 0.577

expression from the early infection stage. As infection
progressed to the terminal phase, we saw expression levels
begin to rise again.

Because cellular degeneration is accompanied by impaired
Ca®* homeostasis, CBPs which play a major role in Ca**
homeostasis have been postulated to have a protective role
(Heizmann and Braun 1992). Several studies have shown that
an increase in viral propagation causes an alteration in host
proteins; Shraddha and Abhay (2015) report total protein con-
tent reduction with progression of infection, and Torres-
Fernandez et al. (2004) reports an increase in some of the
proteins that regulate Calcium homeostasis during rabies in-
fection. Abdulazeez et al. (2020) reports an early infection
increase and a late infection stage decrease of interferon-
gamma mRNA levels. Our findings report upregulation of
PV and Scgn during early infection and a downregulation
during mid-infection. Consistent with our findings during
mid-infection are studies that have shown neuronal proteins
involved in synapse, neurotransmission, apoptosis, and me-
tabolism being downregulated (Zandi et al. 2009; Kluge
et al. 2013). Calcium is a major player in neurotransmission
and cellular degeneration is accompanied by impaired Ca**
homeostasis, CBPs which play a major role in Ca®* homeo-
stasis have been postulated to have a protective role
(Heizmann and Braun 1992).

The upregulation observed during early infection may have
been a result of antiviral response to infection. Ito et al. (2016)
indicate that activation of the interferon system leads to estab-
lishment of antiviral response and helps shape effective
adaptive response. We hypothesize that the increase in gene
expression observed during both early and terminal infection
stages were adaptive responses by the host to limit neuronal
death. Zhang et al. (2016) reported adaptive immunity for
attenuated rabies virus strain leading to subtle clinically ob-
servable signs and viral clearance from the CNS. RABV ex-
presses proteins that can inhibit interferon pathways and can
form inhibitory interactions with cellular factors (Ojedapo
et al. 2020). This could cause the downregulation of gene
expression observed during mid-infection.

Functional studies in neurons revealed that parvalbumin
significantly buffers calcium influx signals, causing a decrease
in the overall calcium elevations and slowing down the rate of

calcium increases in these cells (Chard et al. 1993). Also,
Secretagogin may contribute to the refinement of intracellular
calcium signaling and in cases where it is co-expressed with
any of the classical CBPs, a substantial enhanced calcium
buffering capacity could be obtained (Mulder et al. 2009).
CBPs have been shown to exert neuroprotective effects by
reducing the magnitude of cytosolic calcium elevations
(Schwaller 2009). Various researches have been done on PV
implication in rabies infection (Torres-Fernandez et al. 2004;
Rengifo et al. 2016). This is the first that attempts to establish
how the progression of the disease affects the expression of
Secretagogin.

Despite major intrinsic differences in the etiology of
neurodegenerative disorders, deregulated calcium homeo-
stasis has emerged as a common underlying mechanism of
neuronal loss in Alzheimer’s Disease (AD), Parkinson’s
diseases (PD), amyotrophic lateral sclerosis (ALS),
among others (Popugaeva et al. 2017; Duda et al. 2016;
Sirabella et al. 2018). In addition to direct effects on neu-
ronal survival, altered Ca®* homeostasis may also contrib-
ute to the initiation or progression of the neurodegenera-
tive process by enhancing neuronal vulnerability to meta-
bolic and other stressors (Toescu and Verkhratsky 2004;
Toescu and Vreugdenhil 2010). Palop and Mucke (2010),
Zallo et al. (2018) both suggest that dysfunction of PV
cells and inhibitory functions contribute to Alzheimer’s
Disease-related functional impairments. Involvement of
Scgn in neuronal survival in Alzheimer’s Disease has also
been reported (Attems et al. 2007, 2008; Zahola et al.
2019). The down-regulation of these genes observed dur-
ing mid-infection could be the cause of the dysregulation
prominent with rabies infection, due to a decreased ability
for these proteins to buffer calcium effectively.

The results we obtained indicate an imbalance of calcium
regulation during infection and suggest that CBPs may be of
importance in regulating calcium homeostasis during infec-
tion because of the varying changes in mRNA expression
levels of the genes throughout infection period.

Furthermore, we also examined the association be-
tween gene expression levels and the viral load of infec-
tion. Even though the negative correlation sign indicates
an inverse relationship between the viral load and the
gene expression, the weak values we obtained indicate
that this relationship is almost negligible. Various studies
have tried to correlate expression levels of genes with the
viral load of infection (de Boer et al. 2007; Ragin et al.
2007). The results from these studies report that variation
in viral load was not reflected in the expression of the
genes. It also showed that mRNA transcripts were highly
variable and did not show a correlation to the physical
status of the virus. Overall, changes in global RNA ex-
pression reflect responses to viral replication rather than a
mechanism that might explain viral control.
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Conclusion

Collectively, our study reveals that Scgn expression is affected
by infection of CVS-11 and SRV and that both PV and Scgn
play an important role in the pathogenesis of rabies. The al-
tered expression of SG and PV may reflect cellular dysfunc-
tion associated with rabies thus, maintaining them might serve
to preserve Calcium and hence cellular integrity of the
neurons. Relevant signaling pathways, varying immune host
responses, and pathogeny still provide vast areas to conduct
intensive investigations regarding rabies pathogenesis.

Limitations

Using absolute quantification and employing a range of plas-
mids for quantification of the viral gene would be a better
approach and would give better insight and more clarity to
the work.
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