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Abstract
As feared and deadly human diseases globally, Rabies virus contrived mechanisms to escape early immune recognition via suppres-
sion of the interferon response. This study, preliminarily investigated whether Rabies virus employs epigenetic mechanism for the
suppression of the interferon using the Challenge virus standard (CVS) strain and Nigerian street Rabies virus (SRV) strain. Mice
were challengedwith Rabies virus (RABV) infection, and presence of RABVantigen was assessed by direct fluorescent antibody test
(DFAT). A real time quantitative Polymerase chain reaction (qRT-PCR) was used to measure the expression of type II interferon
gamma (IFNG) and methylation specific quantitative PCR for methylation analysis of 1FNG promoter region. Accordingly, DNA
methyltransferase (DNMT) and histone acetyltransferase (HAT) enzymes activities were determined. RABVantigen was detected in
all infected samples. A statistically significant increase (p < 0.05) inmRNA level of IFNGwas observed at the onset of the disease and
a decrease as the disease progressed. An increase in methylation in the test groups from the control group was observed, with a
fluctuation in methylation as the disease progressed. DNMTand HATactivities also agree with methylation as there was an observed
increase activity in test group compared with control group. Similar fluctuation pattern was observed in both CVS and SRV groups as
the disease progressed with HAT, being the most active proportionally. This study suggests that epigenetic modification via DNA
methylation and histone acetylation may have played a role in the expression of type II interferon gamma in Rabies virus infection.
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Introduction

Rabies is regarded as one of the oldest known and most feared
human disease recognized since the early length of civilization
(Getachew et al. 2014). According to WHO, rabies poses a
threat to more than 3 billion people around the globe with over

59,000 and 21,476 deaths recorded worldwide and in Africa
respectively (World Health Organization (WHO) 2018).
Rabies virus (RABV) belongs to the genus Lyssavirus, family
Rhabdoviridae, it is a widespread zoonotic disease caused by
neurotropic viruses and is most commonly spread by the bite
of a rabid animal (Silva et al. 2013). The RNA genome of the
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virus encodes five proteins in a highly conserved order, and
they code for: nucleoprotein (N), phosphoprotein (P), matrix
protein (M), glycoprotein (G), and a viral RNA polymerase
(L) (Yousaf et al. 2012). In most mammalian species, RABV
is known to cause fatal encephalomyelitis with little or no
histopathological evidence of neural destruction in animals
dying of rabies (Sugiura et al. 2011). RABVexploits the ner-
vous system (NS) network and predominantly infects the neu-
rons to ensure its progression from the entry site to the exit site
(Chopy et al. 2011). Fever, bodily discomfort, general weak-
ness, headache are symptoms of rabies in humans. As disease
progresses, abnormal behavior, delirium, insomnia, hallucina-
tions, and respiratory failure may occur (Burgos-Cáceres
2011a, b). The disease is often fatal once symptoms develop
and it remains one of the most ancient and deadly of human
infectious diseases (Burgos-Cáceres 2011a, b).

Despite extensive investigation in the past 10 decades, ra-
bies remains a public health threat globally due to uncon-
trolled enzootic rabies, poor access to vaccines, and poor in-
formation on the risk of contracting rabies after animal expo-
sure (Yousaf et al. 2012). In Nigeria, a canine RABV was
isolated from a trade dog recently, and it was discovered that
its complete genome sequence has a high degree of homology
to the canine RABV circulating in Africa (Zhou et al. 2013;
Kia et al. 2018). Similarly, molecular characterization of the
whole genome of RABV was conducted on trade dogs in
Plateau State, Nigeria, which provides insight to improved
understanding of the pathogenesis, molecular epidemiology,
and rabies control in Nigeria (Kia et al. 2018). The pathogenic
RABV has evolved specific mechanisms to evade early im-
mune recognition by the immune system and avoid premature
death of infected neurons. The increase in interferon response
at the onset of rabies virus infection followed by a decrease in
its production as disease progresses has been implicated in
several studies (Ito et al. 2010; Srithayakumar et al. 2014).
For successful establishment of infection, viral IFN-
antagonistic mechanisms therefore play pivotal roles
(Brzózka et al. 2005), which may provide a viable strategy
in combating and/or managing the disease. It has also become
apparent that fundamental in the interplay between host cells
and viruses are epigenetic changes (Galvan et al. 2015).

Interferons (IFN) are naturally occurring proteins secreted
by diverse cells such as fibroblasts, natural killer cells, white
blood cells, and epithelial cells in response to pathogens such
as bacteria, viruses, parasites, tumour and cancer cells, and
other foreign substances (Haji Abdolvahab et al. 2016). IFN
discovery was originally as a result of its ability to “interfere”
with virus infection (Barkhouse et al. 2015). Interferon
Gamma (IFN ), a biologically active 34 kDa homodimer is
secreted primarily by natural killer (NK) cells, T helper1
(TH1) CD8+ T-cells and CD4+ T-cells. IFN mediates a
wide range of immunoregulatory effects on both acquired
and innate immunity (Chesler and Shoshkes 2002).

Epigenetics can be referred to as heritable changes of gene
expression that are not caused by alterations in the primary
nucleotide gene sequence (Wise and Charchar 2016).
Epigenetic modifications are biochemical changes of the chro-
matin, in other words, DNA or histones, that are functionally
relevant, but do not affect the nucleotide sequence of the ge-
nome (Potaczek et al. 2017). Generally, epigenetic modifica-
tions largely depend on general concept of what many scien-
tists called writers, erasers and readers with their variability
influencing the transition between heterochromatin and eu-
chromatin. DNA methylation is one of the first identified
and, at the same time, one of the most widely studied epige-
netic modifications in humans. It occurs by covalent methyl-
ation of a cytosine within the CpG dinucleotides. Methylation
at the fifth position of cytosine (5 mC) in DNA is a well-
established epigenetic mark. It is distributed across the ge-
nome generally at CpG dinucleotides, which can occur in
clusters known as CpG islands (Alashkar et al. 2019). The
major role of DNAmethylation in mammals is to repress gene
expression by recruiting different silencing protein com-
plexes, such as histone deacetylases (HDACs), which in turn
can block the transcription machinery (Alashkar et al. 2019).
Histone acetylation status is regulated by two groups of en-
zymes exerting opposite effects, histone acetyltransferases
(HATs) and histone deacetylases (HDACs). HATs catalyze
the transfer of an acetyl group from acetyl-CoA to an amino
acid group of the target lysine residues in the histone tails,
which makes chromatin less compact and aids accessibility
to the transcriptional machinery (Alhamwe et al. 2018). It
has been proposed that the post-transcriptional regulation of
gene expression facilitated by miRNAs plays an important
role in the fine-tuning of transcriptional programs in the con-
text of bigger regulatory networks and in buffering fluctua-
tions in gene expression resulting from random internal cellu-
lar modulation and/or environmental influences (Potaczek
et al. 2017). Presently, no study has been done on the epige-
netics of Type II interferon gamma in respect to rabies virus
infection in mice brain. Consequently, this study investigated
the epigenetic modifications associated with IFNG in
Challenge virus standard (CVS) strain and Nigerian street ra-
bies virus (SRV) infected mice. Our findings suggest that epi-
genetic modification via DNA methylation and histone acet-
ylation may have played a role in the expression of type II
interferon gamma in Rabies Virus infection.

Materials and methods

Animals, virus strain and reagents

Experimental animals (mice) used were purchased from the
Animal house of the Department of Pharmacy, Ahmadu Bello
University, Zaria. Animal experiment was carried out at the
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Animal care facility of the Department of Veterinary Public
Health and Preventive Medicine, Ahmadu Bello University,
Zaria. The laboratory RABV strain CVS and Nigerian street
rabies strain (SV470) were obtained from National Veterinary
Research Institute (NVRI), Vom, Jos, Nigeria. Animal hous-
ing and experimental protocols were performed according to
the guidelines of the Nigerian council on Animal Care with
the approval of the Ahmadu Bello University animal care
committee. It is worthy of mention at this stage that, all the
Researchers involved were fully vaccinated applicably prior
to the commencement of the experimentations.

Experimental animal grouping

The experiment was carried out in three groups which include:

Group 1. CVS infected mice
Group 2. Nigeria street rabies virus infected mice
Group 3. Non- infected / normal group

Each experimental group contained 18 mice each infected
with SRV and CVS respectively with normal control group
contained mice that were mock infected with normal saline.

Mouse inoculation test

The intramuscular mouse inoculation test (MIT) was conduct-
ed as previously described (Meslin et al. 1996). Group 1 and 2
were inoculated with 0.03ml of 10% suspension of rabid mice
brain (approximately 1 × 107 infectious particles of RABV)
intramuscularly in the hind limb. Evaluation of disease pro-
gression was achieved by monitoring clinical symptoms and
mortality. Three mice were chosen at random from each group
on days 5, 7, 9, 11 and 13 post infections and sacrificed. Mice
brain tissues were collected from all animals and stored in
RNA later and phosphate buffer at −20 °C before being used
for RNA/DNA extractions and Enzymes assay.

Direct fluorescent antibody test (DFAT)

Direct fluorescent antibody test (DFAT) as previously de-
scribed (Ehizibolo et al. 2013) was used to test for the pres-
ence of Lyssavirus antigens. Impression smear preparations of
harvested brain tissues were made. The positive and negative
control slides were prepared in the same manner as the test
sample using a fluorescent isothiocyanate-labeled anti-rabies
virus monoclonal antibody (Fujirebio Diagnostics, Inc.,
Malvern, Pennsylvania, USA). The slides were observed un-
der Flourescent Microscope (Zeiss, Axioskop, Germany) at ×
20 magnification for the presence of Lyssavirus antigen.

RNA isolation

Isolate II RNA mini kit (Bioline Reagent Ltd., UK) was used
to extract total RNA from 25 mg of mouse brain tissue ac-
cording tomanufacturer’s protocol. RNA quality was assessed
using a Nanodrop Spectrophotometer (ND 1000, USA).

Complimentary DNA (cDNA) synthesis

For cDNA synthesis, 500 ng of isolated RNAwas converted
to cDNA using SensiFASTcDNA Synthesis kit (Bioline
Reagent Ltd. UK) following manufacturer’s instructions. For
each 20 μl master mix, 2 μl of total RNA, 4 μl of 5x
TransAmp buffer (contains anchored oligodT and random
hexamer primers), 1 μl of reverse transcriptase and 13 μl
DNase/RNase free water was used. PCR conditions were
25 °C for 10 mins, 42 °C for 15 mins and 85 °C for 5 mins.
cDNAwas stored at -20 °C for further analysis.

Quantitative real-time polymerase chain reaction
(RT-PCR)

For gene expression, 100 ng (1:5 dilution of stock solution) of
cDNAwas used whereas, 18 s rRNAwas used as a reference
gene. Primers for 18 rRNA are listed in Table 1. The cDNA
(2 μl), 12.5 μl SensiFAST SYBR® No-ROX Mix RT-PCR
Master Mix, 1 μl each forward and reverse primer (final con-
centrations 1 Um) and 8.5 μl DNase-free water were used for
each 25 μl PCR master mix. Real-time PCR cycling condi-
tions were as follows: 95 °C for 10 min, 40 cycles of 95 °C for
5 s, 60 °C for 10 s and 72 °C for 20 s. The real-time PCR data
were analyzed using the 2-ΔΔCT relative quantificationmethod.

DNA isolation

Isolate II Genomic DNA kit (Bioline Reagent Ltd. UK) was
used to extract DNA from 25 mg of mice brain tissues accord-
ing to manufacturer’s protocol. DNA quality was assessed
using a Nanodrop Spectrophotometer (ND 1000).

Bisulfite modification

EZ DNA Methylation-Direct™ Kit (ZYMO Research, USA)
was used to carry out bisulfite modification on 500 ng of the
isolated DNA sample according to manufacturer’s protocol.
As a control for efficiency of bisulfite conversion, 2 μl of
converted DNA was used to carry out a conventional PCR
against primers for converted DNA and checked using aga-
rose gel electrophoresis. However, no amplicon was obtained
which shows a successful conversion. All unmethylated cyto-
sines were converted to uracil while the methylated cytosines
within CpG sites remained unchanged during bisulfite
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conversion. After conversion and purification, DNAwas elut-
ed in 30 μl of the provided elution buffer.

Methylation specific quantitative PCR (MSQPCR)

For methylation specific quantitative (MSQPCR), 30 ng of
bisulfite converted DNA was used with the 2x SensiFAST
SYBR® No-ROX Mix RT-PCR according to manufac-
turer’s instructions. Primers specific for fully methylated
and fully unmethylated IFNG promoter sequences
(mIFNG, uIFNG) were used. For positive controls (100%
values) and standard curves, unmethylated DNA (uDNA)
and CG Genome Universal Methylated DNA (mDNA)
(S7821; Millipore) were used. For reference gene, a primer
pair corresponding to a specific β-actin sequence was
used. Within this β -actin sequence, no CpG sites are pres-

ent. Thus, the cytosines are always unmethylated, irrespec-
tive of methylation signals in other gene regions. Primers
for mIFNG, uIFNG, and β -actin are listed in Table 1. For
each 25 μl PCR, 2 μl eluate containing the bisulfite con-
verted DNA, 12.5 μl SensiFAST SYBR® No-ROX Mix
RT-PCR master mix, 1 μl each forward and reverse primer
(final concentrations 1Um) and 8.5 μl DNase-free distilled
water were used. Real-time PCR cycling conditions were
initial incubation at 95 °C for 10 min, followed by 40 cy-
cles of 95 °C for 5 s, 60 °C for 10 s and ending with
incubation at 72 °C for 20 s.. Real-time PCR reactions
were carried out in triplicate for each sample as a technical
replicate. Methylation and unmethylation were calculated
as percentage methylated region (PMR) and percentage
unmethylation region (PUR) as follows (Hattermann
et al. 2008):

Percentage methylated Region of IFNG PMRð Þ ¼ Mean mIFNG−Mean β−actin=Mean Standard−mean β−actinð Þ � 100

Percentage unmethylated Region of IFNG PURð Þ ¼ Mean uIFNG−Mean β−actin=Mean Standard−mean β−actinð Þ � 100

DNA Methyltransferase (DNMT) and histone
Acetyltransferase (HAT) assay

DNMT and HAT enzymes were colorimetrically measured
using the mouse DNA methyltransferase (DNAM) ELISA
Kit (GenAsia Biotech, Manilla, Philipines) and mouse Hat1
(histone acetyltransferase type B catalytic subunit) ELISA kit
(Wuhan Fine Biotech, Wuhan, China) following manufac-
turer’s instructions. It works based on biotin double antibody
sandwich technology and using DNMTand HATantibody pre
coated wells. Mouse brain tissue (60 mg each) was used for
these assays.

Statistical analysis

Each experiment was repeated at least three times and where
appropriate, values were presented as mean ± standard devia-
tion. Student t-test and one-way ANOVA as the case may be

were used to determine statistical difference. The level of sig-
nificance was assessed using Tukey’s honestly significant dif-
ference (HSD) at P < 0.05.

Results

Rabies virus (RABV) antigen (N protein) was qualitatively
detected in mice inoculated with CVS and SRV from day 5
to 13 post infection (Table 2). Clinical manifestations with
presence of ruffled fur, paralyzed hind and limb were used
to support this as shown in Table 2.

As shown in Fig. 1, a statistically significant (p < 0.05)
increase in IFNG mRNA level was observed which was
followed by a decrease in mRNA level as disease progressed
in both CVS and SRV-infected mice.

From the Methylation analysis (Fig. 2), there was an in-
crease in the PMR of IFNG from normal to the test group in

Table 1 Primers used for gene expression and MSqPCR analysis

GENES FORWARD PRIMER REVERSE PRIMER REFERENCE

IFNG 5′-AGCAACAACATAAGCGTCATT - 3′ 5′-CCTCAAAACTTGGCAATACTCA- 3′ (Barkhouse et al. 2015)

mIFNG 5′- GTATAGGTGGGTATAGCGGGG −3′ 5′- TAATCGAAAACTCCTCGAAA −3′ (Meth primer)

uIFNG 5′- TATAGGTGGGTATAGTGGGG −3′ 5′-TATACCTAATCAAAAACTCCTCAAAATTAC -3′ (Meth primer)

Actin B 5′- GGGTTGGTTTGTATATTGATTTGAG −3′ 5′- TAAAAAACCTATAACCCTCCCACTAA −3′ (Meth primer)

18S rRNA 5′-GGGAGCCTGAGAAACGGC-3′ 5′-GGGTCGGGAGTGGGTAATTT-3′ (Lafon et al. 2017)
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CVS induced-mice with simultaneous fluctuating pattern in
both CVS and SRV groups as the disease progressed.

Table 3 shows activity of DNMT enzyme measured in the
control group and the test group in both CVS and SRV. For
CVS, the activity of the enzyme in the test group was higher
than the control group except for days 9 and 13. For SRV, days
5 and 9 had higher activities than the control group and a
fluctuation in activities as the disease progressed was ob-
served in other days. The increase in the test group to the
control group was statistically significant (p < 0.05) in both
CVS and SRV.

The Histone acetyltransferase (HAT) enzyme activity was
measured in the control group and the test group in both CVS
and SRV. For CVS, the activity of the enzyme in the control

group was lower than the test group except for day 5, with
fluctuations in activities in the test group as the disease
progressed. An almost similar result was recorded for SRV;
the activity of the enzyme in the control group was lower than
the test group except for day 13 with fluctuations in activities
in the test group as the disease progressed. The increase in the
test group from the control group was statistically significant
(p < 0.05) in both CVS and SRV induced-mice as shown in
Table 3.

There was an observed difference in the activity of DNMT
and HAT in the infected tissues in comparison to the normal
group as regards to proportion (Table 4). The proportional
increase of DNMT activity in all the infected samples was
observed to be approximately 1 in CVS group. The same

Table 2 Antigen detection and
clinical manifestations in CVS
and SRV infected mice

Days Post Infection Clinical manifestation Antigen detection

Ruffled fur Paralyzed Hind limb Total paralysis DFAT

CVS

5 – – – +

7 + – – +

9 + + – +

11 + + + +

13 + + + +

SRV

5 – – – +

7 – – – +

9 + – – +

11 + + – +

13 + + + +

CVS: challenge virus standard strain, SRV: Nigerian street rabies virus, DFAT: Direct fluorescent antibody test, +:
Presence of clinical manifestation/Antigen, −: Absence of clinical manifestation/Antigen

Fig. 1 Expression of IFNG gene in the brain tissue of RABV infected mice. Mean with different superscript are statistically significant (P < 0.05). CVS:
challenge virus standard. SRV: street rabies virus, RABV: Rabies virus, IFNγ: interferon gamma.
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was recorded for SRV except for day 13. However, the pro-
portional increase of HAT activity was higher in CVS group
than SRV group and equally greater than that of DNMT.

Discussion

Rabies remains an important public health problem, with es-
timated 59,000 annual deaths due to dog-mediated rabies
globally (World Health Organization (WHO) 2018).
Characteristic of encephalitic rabies in animals includes auto-
nomic dysfunction, hyperexcitability, and aerophobia. Fever,
bodily discomfort, general weakness, headache are symptoms
of rabies in humans. As disease progresses, abnormal behav-
ior, delirium, insomnia, hallucinations, and respiratory failure
may occur (Burgos-Cáceres 2011a, b). The disease is often
fatal once symptoms develop and it remains one of the most
ancient and deadly of human infectious diseases (Burgos-

Cáceres 2011a, b). Despite the discovery of rabies vaccine,
rabies is still both a neglected disease and reemerging zoono-
sis (Burgos-Cáceres 2011a, b). Rabies virus usually evades the
host’s immune system, and establishes the disease in the brain
(Srithayakumar et al. 2014). Interferon gamma (IFN ) pro-
duction is essential for host resistance to many viral, bacterial,
and parasitic infections (Tato et al. 2018). This is because the
host immune response to viral infection is a key factor in
determining viral pathogenicity and outcome of infection
(Masatani et al. 2013). Consequently, the interferon (IFN)
systems represent powerful defense elements of higher organ-
isms that integrate innate and adaptive immunity (Brzózka
et al. 2006). The pathogenic RABV has also evolved specific
mechanisms to evade early recognition by the immune system
and avoid premature death of infected neurons (Brzózka et al.
2005; Wang et al. 2005). RABV virulence relies on mecha-
nism which suppresses the interferon response (Rieder and
Conzelmann 2009; Ito et al. 2010; Chopy et al. 2011). In this
study, herein, for the first time epigenetic modifications

Fig. 2 Percentage methylated region (PMR) of IFNG promoter in CVS and SRV infected mice brain tissue. CVS: challenge virus standard, SRV: street
rabies virus, PMR: percentage methylated region

Table 3 DNA methyltransferase activity and Histone acetyltransferase of CVS and SRV infected mice brain tissue

Number of Days DNA Methyltransferase activity
(ng/mg of protein/min/mg of brain tissue)

Histone acetyltransferase activity
(ng/mg of protein/min/mg of brain tissue)

CVS SRV CVS SRV

control 46.3 ± 0.02 46.3 ± 0.02 3.7 ± 0.15 3.7 ± 0.15

5 48.1 ± 0.03* 49.7 ± 0.09* 2.2 ± 0.15* 3.6 ± 0.15 *

7 56.5 ± 0.02* 38.3 ± 0.06* 19.4 ± 0.16* 23.3 ± 0.01*

9 28.4 ± 0.04* 48.2 ± 0.01* 23.3 ± 0.01c* 4.5 ± 0.15*

11 50.7 ± 0.07* 26.8 ± 0.01* 21.1 ± 0.15* 5.9 ± 0.15*

13 43.6 ± 0.02* 13.6 ± 0.03* 35.8 ± 0.02* 2.1 ± 0.09*

Means with Asterisk (*) superscripts are statistically significant at (P < 0.05) as compared to control. CVS- Challenge virus standard, SRV- Street rabies
virus
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associated with type II gamma interferon gene in Rabies in-
fection was reported.

CVS and SRV infected mice showed clinical manifesta-
tions such as ruffled fur, paralyzed hind limb and total paral-
ysis from day 5 to 13 post infections. The presence of ruffled
fur and hind limb paralysis started showing from day 7 in CVS
and day 9 in SRV respectively. All infected samples tested
positive for presence of Rabies virus antigen by DFATwhich
is in agreement with previous studies (Lafon et al. 2008).

The mRNA level of IFN from this study increased at the
onset of rabies virus infection from day 5 with a decrease
observed in the level of IFN at day 11 as the disease
progressed indicating that RABV may be responsible this
change and may have devised a means to counter the effect
of IFN . Previous studies have detected the immune response
in the brain as early as 4 days after peripheral inoculation of
RABV in mouse models (Srithayakumar et al. 2014). Similar
studies (Wang et al. 2005; Johnson et al. 2006; Srithayakumar
et al. 2014) also back this up. The findings in this study and
others (Wang et al. 2005; Johnson et al. 2006; Lafon et al.
2008) show that interferon signaling pathway increases upon
RABV infection.

Mechanisms of epigenetics have been implicated in viral
infection associated with cancers and these include lympho-
mas, gastric cancers associated with the Epstein-Barr virus
(EBV), cervical and head and neck squamous cell cancers
(HNSCCs) induced by human papillomavirus (HPV), hepato-
cellular carcinomas (HCCs), becoming apparent that funda-
mental in the interplay between host cells and viruses are
epigenetic changes (Galvan et al.,2015). To further buttress
above points, DNA methylation after initial infection with
Rabies virus by Methylation specific quantitative PCR
(MSqPCR) was examined with results obtained as
Percentage Methylated Region (PMR). Based on these find-
ings, there was an observed increase in methylation in the test
group from the control group, and a fluctuating pattern in
methylation in both CVS and SRV groups as the disease
progressed. This result does not follow the conventional

pattern where hypermethylation leads to transcriptional re-
pression. However, it has been reported that hypermethylation
at 3′CpG may lead to changes in gene conformation, leading
to activation of enhancers and subsequent recruitment of tran-
scriptional factors, histone acetyltransferase, and hence tran-
scriptional activation (Da-Hai et al. 2013). Another study in-
dicates the use of alternate promoter, where the transcription
machinery to the CpG island is blocked by methylation there-
by allowing the use of the basic core promoter of the gene,
whereas, in situations where the CpG island is unmethylated,
transcription starts from the CpG island in preference to the
basic core promoter of the gene (Halpern et al. 2014).

Similarly, the activity of DNA methyltransferase measured
showed increased activity in the test group from the control
group and fluctuated as the disease progressed showing a sim-
ilar pattern as the result obtained for the PMR, since global
DNMT assay was actually carried out in this study. Global
methylation is likely to lead to abrupt mutation which may
or may not lead to the up and down regulation of the interferon
gamma gene in addition to hypermethylation at 3′CpG that
may favor the transition from heterochromatin to euchromatin
(Da-Hai et al. 2013). Histone acetylation generally leads to
transcriptional activation as previously described (Kurdistani
et al. 2004). From this study, there was an increase in Histone
acetyltransferase (HAT) activity in the test group as compared
to the control group with a fluctuating pattern in the test group
as the disease progressed. Furthermore, proportional in-
crease in activity of DNMT and HAT in relation to
control was checked. Both enzymes played their roles
but there was a higher proportion of HAT compared to
DNMT in both CVS and SRV groups and as such, the
up and down regulations of the IFN gene might likely
be due to HAT rather than DNMT and it may be his-
tone acetylation counterbalances the effects of DNA
methylation here. It was therefore, hypothesized that
methylation and histone acetylation may be central to
the epigenetic modifications associated with IFN gene
in Rabies virus infection.

Table 4 Proportional increase in
activity of DNMT and HAT
relative to control in CVS and
SRV groups

Days Post Infection DNMT (sample activity/control activity) HAT (sample activity/ control activity)

Control CVS

1.00

SRV

1.00

CVS

1.00

SRV

1.00

5 0.96 1.07 0.59 0.97

7 1.22 0.83 5.24 6.29

9 0.61 1.04 6.29 1.22

11 1.09 0.58 5.70 1.59

13 0.94 0.34 9.68 0.57

DNMT: DNA methyltransferase, HAT: Histone acetylase, CVS- Challenge virus standard, SRV- Street rabies
virus
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Conclusion

In conclusion, data from this study suggest that epigenetic
modifications via DNA methylation and Histone acetylation
may have played a role in the expression of type II interferon
gamma in Rabies virus infection.

Limitations

Carrying out techniques such as Bisulfite sequencing would
have given a better understanding at what points these meth-
ylations occurred and as such will have given a better insight
to the work.

Further step/future plans

Further studies are needed for better understanding of these
mechanisms using advanced techniques such as Chromatin
immune-precipitation (Chip), Microarray, bisulfite sequenc-
ing and micro RNAs quantifications.
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