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Abstract
Newcastle disease virus (NDV) poses a significant economic threat to chicken production. Early and precise diagnosis of NDV 

infection is crucial for the prevention of outbreaks. Due to paucity of reports on sialyltransferases (STs) in NDV-infected chickens, 
this study explored ST expression levels as a diagnostic biomarker for NDV infection in chickens and its role in endogenous control or 
resistance to infection. The study focused on β-galactoside α-2,3-sialyltransferase (ST3GAL6) and β-galactoside α-2,6-sialyltransferase 
(ST6GAL1) in kidney and liver tissues. Fifty, four-week-old chickens, placed at random into infected and control groups of 25 each 
were used. Samples were collected daily pre- and post-infection (pi) and analysed for packed cell volume (PCV). ST gene expressions 
were analysed using the Step One Real-Time PCR system. The study reported a decrease in mean PCV from day 2 pi until day 5 pi, 
reaching its lowest of 16.00 ± 1.20%, followed by a gradual increase from day 6 pi onwards. The infected group exhibited significantly 
(p < 0.05) lower mean PCV values compared to the control group on days 5, 6, 7, and 8 pi. Significant outcome revealed mRNA levels 
of ST3GAL6 and ST6GAL1 from the livers and kidneys of infected chickens were significantly (p < 0.05) higher than those of controls. 
ST3GAL6 was much more elevated in the kidney (44.79 ± 2.95 fold) while ST6GAL1 was higher at 31.72 ± 1.66 elevation in the liver 
of the infected chickens respectively on days 9 pi. These findings suggest that upregulation of ST3GAL6 and ST6GAL1 expression in 
NDV-infected chickens play a vital role in resialylating desialylated erythrocytes, aiding recovery and erythrocyte mass stabilization.
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Introduction

Newcastle disease a highly contagious viral disease that afflicted 
a wide range of avian species, including chickens [1]. Infection by 
Newcastle disease virus (NDV) caused severe symptoms in the 
respiratory and nervous systems that resulted in high mortality rates 
in infected birds [2,3]. Rapid diagnosis of NDV infection is crucial 
for controlling the spread of the virus and preventing outbreaks 
in other neighbouring poultry establishments. However, diagnostic 
methods for NDV infection, such as virus isolation and serological 
tests, encountered limitations in terms of sensitivity, specificity and 
turnaround time, in addition to the need for specialized laboratory 
facilities with biosafety containment, which made traditional 
diagnostic methods less practicable during epidemic situations 
where rapid diagnosis was crucial [4-7]. Therefore, there is a need 
for the development of new biomarkers for NDV infection that can 
provide more accurate and timely diagnosis.

Sialyltransferases, a family of enzymes that catalysed the 
transfer of sialic acid to glycoproteins and glycolipids, a post-
translational modification sialylation played important roles in 
various biological processes, including cell signalling, immune 
system regulation and pathogen recognition [8,9]. Sialylation is a 
process that involves the transfer of sialic acid residues to glycan 
chains by sialyltransferases, which are a group of enzymes that play 
a critical role in regulating the biological functions of glycoproteins. 
In some instances, sialylation process is accompanied desialylation 
of blood cells for the prolongation of the life span of the resialylated 
blood cells [10-12]. Previous studies showed that sialylation 
patterns could be altered during viral infections, including NDV 
infection [13-15].

Indeed, much earlier report showed that the interaction of NDV 
with cells deficient in N-glycoprotein expression was less efficient 
and required N-linked glycoproteins for efficient attachment and 
entry into host cells [16].

In relation to viral sialidases in the pathogenesis of Newcastle 
disease, a study with 50 each of pigeons, guinea fowls, ducks 
and chickens revealed the least erythrocyte surface sialic acid 
concentrations of 7.88 ± 2.51 in pigeons with much higher 
concentrations of 14.6 ± 2.51, 17.6 ± 2.51 and 14.2 ± 2.51 mg/mg in 
guinea fowls, ducks and chickens respectively, [17], as exploitable 
variations.

The much higher concentrations of erythrocyte surface 
sialic acids [18], the existence of additional type of erythrocyte 
surface sialic acid [19] and the possession of more resistant 
side chains on the structure of the erythrocyte surface sialic 
acids by the trypanotolerant N’dama breed of cattle against the 
trypanosusceptible Zebu breed [20] were strongly linked to the 
trypanotolerance of the N’dama. However, the role of sialylation 
in NDV infection is not well understood, in particular, since the 
production and characterization of sialidase from NDV Kudu 113 
strain [21,22].

The use of sialyltransferase expression levels as a biomarker 
for NDV infection has several potential applications. First, 
sialyltransferase might be used as a diagnostic tool for NDV 
infection in chickens [23]. The upregulation of sialyltransferase 
expression levels in NDV-infected chickens may be used as an early 
biomarker of infection, allowing for timely and accurate diagnosis. 
Second, sialyltransferase may be used as a prognostic tool for NDV 
infection in chickens. The level of sialyltransferase expression 
may potentially be used to predict disease severity and mortality 
rates in infected birds, allowing for more targeted treatment and 
management strategies. Finally, the use of sialyltransferase as a 
biomarker for NDV infection may facilitate the development of 
new diagnostic strategies for this disease. The endogenous defence 
and/or resistance from resialylation can be exploited. This study 
was designed to investigate the dynamics of sialyltransferase gene 
expression in serum and tissue samples of layers experimentally 
infected with NDV Kudu 113 strain.

Materials and Methods

Experimental design and animal care

A total of 50 4-week-old Isa Brown layer pullets were obtained 
from a commercial hatchery and separated at random into two 
groups: the experimental (n = 25) and the control (n = 25) groups. 
The experimental group was inoculated with NDV Kudu 113 strain 
via intramuscular route at a dose of 10^4 EID50 per bird, while the 
control group also received intramuscularly an equivalent volume 
of phosphate-buffered saline (PBS). The groups of the pullets were 
housed at different locations in enclosed buildings. 

Ethical clearance

Ethical approval for the use of birds for the study was obtained 
from the Animal Use and Care Committee of Ahmadu Bello 
University, Zaria, with the approval number ABUCAUC/2021/016.
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Sample collection and processing

At 9 days post-infection (pi), three birds from each group 
were humanely euthanized by cervical dislocation, and tissue 
samples (kidney and liver) were collected for sialyltransferase 
gene expression. The tissue samples were immediately placed in 
RNA stabilizing reagent (RNAlater®, Thermo Fisher Scientific) and 
stored at -80 ℃ until when required for the analysis.

RNA extraction and cDNA synthesis

Total RNA was extracted from tissue samples using the Total 
RNA Purification Kit (Jena Bioscience GmbH Germany) according to 
the manufacturer’s instructions. A DNA-free kit (Life Technologies) 
was used to remove residual genomic DNA that might be contained 
in RNA samples. RNA concentration and purity were measured 
using a NanoDrop spectrophotometer (Thermo Fisher Scientific). 
Complementary DNA (cDNA) was synthesized from 1 μg of total 
RNA using the SOLIScript RT cDNA synthesis kit (Solis BioDyne 
Tartu Estonia) following the manufacturer’s instructions.

Quantitative real-time PCR (RT-qPCR)

Quantitative real-time PCR (RT-qPCR) was performed to 
measure the expression levels of sialyltransferase genes in tissue 
samples using a StepOne Real-Time PCR system (Applied Biosystem, 
Singapore). The primer sequences for the sialyltransferase genes 
(Table 1) were designed based on previously published sequences 
[24-26]. The housekeeping gene β-actin was used as a reference 
gene for normalization. A 20 µL PCR reaction containing PCR 
components listed in table 2 was used. PCR cycling parameters 
were an initial denaturation at 95 ℃ for 12 minutes and 40 cycles 
of denaturation at 95 ℃ for 15 seconds, annealing for 1 minute at 
60 ℃ and extension at 72 ℃ for 20 seconds. Melting curves were 
generated after each run to confirm a single PCR product (from 60 
℃ to 95 ℃, increasing 1 ℃/3 sec).

Genes Primers Sequences (5’ to 3’)
ST3GAL6 Forward

Reverse
GGAGAGAAGGAACGCCCTAA 

ACTGGCACACAGGAACGG
ST6GAL1 Forward

Reverse
TGGGTCGCTGTGCTGTT 

TGGGAGTTGACAAGACGAATC
β-actin 
(endogenous 
housekeeping)

Forward
Reverse

GAGGCTACAGCTTCACCACCACA
CCACAGGACTCCATACCCAAGAA

Table 1: Primer sequences used for RT-PCR.

Key: ST3GAL6 = β-galactoside α-2,3-sialyltransferase; ST6GAL1 = 
β-galactoside α-2,6-sialyltransferase; G = Guanine; C = Cytosine; T 

= Thymine; A = Adenine

Components Volume 
(μL) Concentration

Template cDNA

EvaGreen Master Mix

Forward Primer

Reverse Primer

H2O

4

4

0.3

0.3

11.4

5x

10mM

10mM

Total volume 20

Table 2: qPCR reaction mix components using cDNA and 
EvaGreen master mix.

Results

Decreases in the mean PCV commenced by day 2 pi and 
continued until day 5 pi with the lowest mean PCV of 16.00 ± 1.20%. 
Thereafter, the PCV increased gradually until the termination of the 
experiment at day 9 pi. The mean PCV of the control group were 
relatively constant throughout the experiment. The mean PCV 
were significantly (p < 0.05) lower in the infected group than those 
of the control group on days 5, 6, 7 and 8 pi (Table 3).

DAYS
-3 -2 -1 0 1 2 3 4 5 6 7 8 9

Control 26.00 ± 
2.90

27.67 ± 
2.70

26.67 ± 
2.00

27.67 ± 
1.80

27.67 ± 
1.50

27.67 
± 0.88

28.67 
± 

1.90

28.33 
± 

2.20

28.33
 ± 3.20a

28.67
 ± 

3.00b

28.33
 ± 2.70c

29.67
 ± 

2.00d

30.00 ± 
3.10

Infected
25.00 ± 

1.20

25.00 ± 
1.20

25.00 ± 
1.20

24.33 ± 
0.67

24.67 ± 
0.88

22.67 
± 1.20

21.67 
± 

0.88

20.67 
± 

1.30

16.00
 ± 1.20a

16.67
 ± 

1.20b

17.67
 ± 1.70c

18.33
 ± 

2.20d

24.00 ± 
0.65

Table 3: Packed cell volume (Mean ± SEM) of Newcastle Disease Virus Kudu 113 strain infected and control chickens.

values with the same superscript alphabets along the same column are significantly different with p < 0.05.
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The expression levels of mRNA of β-galactoside α-2,3-
sialyltransferase (ST3GAL6) and β-galactoside α-2,6-
sialyltransferase (ST6GAL1) as quantified in the liver and kidney 
of chickens infected with NDV Kudu 113 strain and non-infected 
chickens are presented in Table 4. The relative gene expressions 
of the infected and control chickens were significantly (p < 0.05) 

Sialyltransferases Organs Control Infected P values
ST3GAL6 Liver 1.01 ± 0.08 29.13 ± 1.73 <0.0001

Kidney 1.07 ± 0.24 44.79 ± 2.95 0.0001
ST6GAL1 Liver 1.01 ± 0.08 31.72 ± 1.66 <0.0001

Kidney 1.18 ± 0.48 12.64 ± 0.97 0.0005

Table 4: Relative gene expression (±SEM) of kidney and liver ST3GAL6 and ST6GAL1 in chickens infected with Newcastle Disease Virus 
Kudu 113 strain and non-infected chicken.

Key: ST3GAL6 = β-galactoside α-2,3-sialyltransferase; ST6GAL1 = β-galactoside α-2,6-sialyltransferase

different. The ST3GAL6 activity in the infected chickens was higher 
in the kidney while the ST6GAL1 in the infected chickens was 
higher in the liver with values of 44.79 ± 2.95 fold and 31.72 ± 1.66 
fold respectively. On the other hand, the relative expression of both 
the ST3GAL6 and ST6GAL1 genes in the liver and kidney of the 
control chickens were similarly less than 2.0-fold.

Discussion

The expression levels of sialyltransferase genes, that is, 
ST3GAL6 and ST6GAL1 in the current study, were upregulated in 
liver and kidney tissue samples of infected chickens. This is being 
suggested to impact on immune cell modulation and inflammation 
during NDV infection. The roles of these sialyltransferases in the 
immune response to NDV infection involved modulating sialylation 
processes that impacted immune cell infiltration and inflammation. 
Specifically, ST6Gal1 had been associated with anti-inflammatory 
functions in the liver, affecting the infiltration of immune cells 
like NK cells, pDCs, and CD8+ T cells. Downregulation of ST6Gal1 
had been linked to liver inflammation, suggesting a potential 
role in regulating immune responses during NDV infection [27]. 
Additionally, the upregulation of sialyltransferases like ST3Gal6 
and ST6Gal1 can lead to hypersialylation, influencing disease 
progression and potentially serving as a target for controlling 
infections [28].

It is being suggested that upregulation may be an endogenous 
host defence response to the virus infection, to modify the 
glycosylation patterns of glycoproteins for an enhancement of 
their antiviral activities. Indeed, previous studies showed that 
changes in the sialylation patterns of IgG glycoproteins affected 
their binding affinity to Fc receptors and complement components, 
thus modulating their effector functions in the immune response 
against viruses [29-32].

Earlier report [11] revealed an upregulation of ST3Gal1 and 
ST6Gal1 in the liver and kidney of Trypanosoma brucei brucei-
infected pigs, which supported a resialylation process onto 
desialylated erythrocytes and the expression levels of ST3Gal1 
and ST6Gal1 suggested an involvement in immune cell infiltration, 
indicating a potential role in regulating immune responses during 
the infection. These observations highlight the multifaceted roles 
that ST3Gal6 and ST6Gal1 may play in the context of NDV infection 
in this current study ranging from inflammation modulation to 
immune response regulation.

It is scientifically noteworthy that the higher upregulation of 
ST6Gal1 in the liver of NDV-infected chickens in the current study, 
similarly occurred as higher upregulation of the same ST6Gal1 of 
hepatic and renal tissues of Trypanosoma brucei brucei-infected 
pigs [11]. While ST3Gal6 is additionally upregulated in the current 
study with NDV-infected chickens, ST3Gal1 was additionally 
upregulated in the T. brucei brucei-infected pigs [11]. It is being 
speculated that a particular type of sialic acid that responds to the 
resialylation process by ST6Gal1 is present on the cells, particularly, 
erythrocytes of chickens in response to NDV infections, in the 
present study and pigs in response to T. brucei brucei infection [11] 
and chickens as reported earlier [16]. This speculation derives 
support from the report that efficient interaction of NDV with 
target cells required α-2,3- and α-2,6-N-linked sialic acids [16]. In 
addition, studies on the phenomena that endowed the N’dama and 
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Zebu breeds of cattle with resistant and non-resistant erythrocyte 
sialic acids respectively [18-20] may reveal identical sialic acids 
that may respond to the resialylation activity of β-galactoside α-2,6-
sialyltransferase (ST6GAL1), same STGal1 that may be exploited 
for the design of a non-empirical control measures, common to 
these animals.

The upregulation of sialyltransferases, particularly ST3Gal6 
and ST6Gal1, was notably observed on day 9 post-infection in 
chickens in the current study when PCV was highest. This temporal 
pattern of upregulation may serve as a valuable biomarker for the 
detection of NDV infection, indicating a specific molecular response 
that can be utilized for early identification and monitoring of the 
disease progression. However, conducting longitudinal studies 
with multiple time points to track the expression levels of 
sialyltransferases over time post-infection may provide a more 
comprehensive understanding of their dynamics as biomarkers 
[33].

Similarly, the upregulation of sialyltransferases, particularly 
ST6Gal1, observed which contributed to the recovery from anaemia 
in NDV-infected chickens in the study, also occurred in T. brucei 
brucei-infected pigs [11]. This suggests that there is a common 
sialic acid on the erythrocytes of chickens and pigs responding to 
ST6Gal1 sialylation.

In conclusion, the findings from this study underscore the 
significance of sialyltransferases, specifically ST3Gal6 and ST6Gal1, 
as potential diagnostic markers for NDV infection in chickens. 
The upregulation of these enzymes with concurrent increase 
in the PCV in the NDV-infected chickens not only reflects a host 
response to viral infection but also suggests their involvement in 
modulating immune responses, inflammation, and glycosylation 
patterns that influence disease progression. The temporal pattern 
of upregulation post-infection highlights a potential use for these 
sialyltransferases as early biomarkers for detecting NDV infection. 

Conclusion

However, it is recommended that further longitudinal and 
strain-specific studies are warranted to validate their utility 
across different NDV strains and tissues, ultimately enhancing our 
understanding and application of sialyltransferases as diagnostic 
tools in veterinary medicine. Also, the study only assessed 

sialyltransferase gene expression in the liver and kidney. Hence, to 
grasp tissue-specific glycosylation regulation fully, future studies 
should broaden analysis to include a wider range of tissues.
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