
RESEARCH Open Access

Comparison of the expression of cytokine genes
in the bursal tissues of the chickens following
challenge with infectious bursal disease viruses
of varying virulence
Haiwen Liu, Manfu Zhang, Haitang Han, Jihong Yuan, Zandong Li*

Abstract

Background: Cytokines are important mediators and regulators of host responses against foreign antigen, with
their main function to orchestrate the functional activities of the cells of the immune system. However little is
known about the role of cytokines in pathogenesis and immune responses caused by infectious bursa disease virus
(IBDV). The aim of this study was to examine the transcripts of cell-mediated immune response-related cytokine
genes in the bursal tissues of chickens infected with IBDVs of varying virulence to gain an understanding of
pathological changes and mechanisms of immunosuppression caused by IBDV infection and the immune
responses evoked.

Results: Real-time quantitative PCR analysis revealed that the expression levels of both Th1 [interferon (IFN)-g,
interleukins (IL)-2 and IL-12p40] and Th2 (IL-4, IL-5, IL-13 and IL-10) cytokines were significantly up-regulated
following challenge with the H strain (vvIBDV) and up to 2- and 30-fold, respectively (P < 0.05). Following infection
with the Ts strain (cell-adapted virus) these cytokine transcripts were up-regulated at 5 days post-infection (dpi), 2-
and 13-fold respectively (P < 0.05), while the expression levels of IL-2 and IL-4 were not significantly different (P >
0.05). A higher degree of cytokine expression was induced by the H strain compared with the Ts strain.

Conclusion: The results indicate that the expression of cell-mediated immune-related cytokine genes is strongly
induced by IBDV, especially by the vvIBDV, H strain and reveal that these cytokines could play a crucial role in
driving cellular immune responses during the acute phase of IBDV infection, and the cellular immune responses
caused by IBDV of varying virulence are through different signaling pathways.

Background
Infectious bursal disease (IBD), caused by infectious bur-
sal disease virus (IBDV), is an acute, highly contagious
and immunosuppressive disease in young chickens,
resulting in great economic loss in the poultry industry
[1]. IBDV can be differentiated into two serotypes (sero-
type 1 and 2) [2]. Serotype 1 shows different degrees of
pathogenicity and mortality in chickens, whereas sero-
type 2 is avirulent in chickens [3]. Based on virulence,
serotype 1 strains are classified as classically, intermedi-
ate, very or hypervirulent virulent [1].

IBDV is a non-enveloped, double-stranded (ds) RNA
virus consisting of two segments, segment A (3.2 kb)
and B (2.9 kb), encoding five proteins and belongs to
the Birnaviridae family [4-6]. IBDV mainly affects young
chickens from 3-6 weeks of age [7]. Although viral anti-
gen has been detected in other organs within the first
few hours of infection, the most extensive virus replica-
tion takes place primarily in the bursa of Fabricius [6].
Activated dividing B lymphocytes that secrete IgM+

serve as target cells for the virus [8,9]. Viral infection
results in lymphoid depletion of B cells and the destruc-
tion of bursal tissues [10], leading to an increased sus-
ceptibility to other infectious diseases and poor immune
response to vaccines [5].
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Replication of IBDV in the bursa is accompanied by
an influx of T cells [8,11]. The marked influx of T cells
into the infected bursa indicates that cell-mediated
immunity plays important roles in the clearance of virus
particles [12,13]. The T cells in the bursa of chickens
infected by virus are activated, with up-regulated expres-
sion of a number of cytokine genes, such as interleukin
(IL)-1b, IL-6 and interferon (IFN)-g [14]. The change in
the level of cytokine expression is closely associated
with organizational destruction, inflammation and apop-
tosis [13]. The direct immunosuppressive effects of
IBDV on T cells and their function remain unclear.
Chickens infected with IBDV resulted in suppression of
cellular immune responses and a subsequently reduction
in the ability to respond to secondary infections [15].
The CD4+ helper T (Th) cells play crucial roles in

immune responses. The CD4+ T cells have been classified
as either Th1 or Th2 based on their cytokine profiles
[16]. Th1 cells have evolved to enhance clearance of
intracellular pathogens and are defined on the basis of
their production of IFN-g [17]. Th2 cells are critical for
the control of certain parasitic infections through the
production of the clustered group of cytokines IL-4, IL-5
and IL-13 [18]. Chickens are able to mount a typical Th1
or Th2 biased cytokine response after experimental viral
and helminth parasitic infections, respectively [19]. Cyto-
kines are important mediators and regulators of both
types of host responses. However, little is known about
the role of cytokine following IBDV infection. It is extre-
mely important to gain an understanding of pathological
changes and immunosuppression caused by IBDV infec-
tion and the immune responses evoked.
In the present study, our objective was to further

investigate the Th1/Th2 paradigm by examining the
transcriptional profile of cytokines in the bursal tissues
of chickens infected with either vvIBDV H strain or the
cell-adapted virus Ts strain at 1, 3 and 5 days post-
infection (dpi) and also to test the hypothesis that the
IBDVs with varying virulence induces different cytokine
profiles during the course of infection.

Results
Generation of standard curves for real-time PCR analysis
Standard curves for the genes encoding IFN-g, IL-2, IL-
12p40, IL-4, IL-5, IL-13, IL-10, IBDV (H strain and Ts
strain) and GAPDH were generated to determine rela-
tive quantification of cytokine expression and viral load
in the bursa, with GAPDH used as the reference gene.
A linear relationship was observed between the amount
of input plasmid DNA and the Ct values for the cyto-
kines, reference gene and IBDV-specific products over
six log10 dilutions. The equation for the standard curve
and correlation coefficient (r2) for cytokines, IBDV and
GAPDH are given in Table 1.

Changes in IBDV load in the bursa of Fabricius during the
course of infection
After infection with either H strain or Ts strain, viral
load increased, reaching a maximum at 3 dpi in the H
strain-infected birds (Figure 1A) and at 5 dpi in the Ts
infected birds (Figure 1B). After peaking viral load was
decreased significantly in the H and Ts-infected birds.
Furthermore, viral load in the bursal tissues was higher
at all time points in birds challenged with the H strain
as compared with the Ts strain.

Th1-cytokines expression during IBDV infection
Infection with IBDV resulted in transcriptional changes
of mRNA encoding IFN-g, IL-2 and IL-12p40 during the
acute phase of the disease. Differences in cytokine
expression were given as fold-change using the chicken
GAPDH gene for normalization. Figure 2 shows the
relative fold-change for the examined genes (IFN-g, IL-2
and IL-12p40) in IBDV infected birds compared with
uninfected birds. following infection with the H strain,
the expression levels of IFN-g and IL-12p40 genes (Fig-
ure 2A and 2E) in bursal tissues were significantly up-
regulated compared with uninfected birds (P < 0.05) and
the expression of IL-2 genes was markedly increased at
3 dpi with no differences at 1 and 5 dpi (P > 0.05) (Fig-
ure 2C). Furthermore the fold-change of the IFN-g gene
expression was the highest among the three cytokines.
After infection with the Ts strain, the expression levels
of IFN-g and IL-12p40 genes in the bursa were not sig-
nificantly different at 1 and 3 dpi (P > 0.05 for both
genes at both time points), but then increased signifi-
cantly at 5 dpi (P = 0.006 for IFN-g and 0.02 for IL-
12p40) (Figure 2B and 2F). However there was a slight
downward trend of IL-2 expression during the course of
the Ts infection (P > 0.05) (Figure 2D).

Th2-cytokine expression during IBDV infection
Temporal expression patterns of IL-4, IL-5, IL-13 and
IL-10 genes in the bursa of chickens infected with the H
or Ts strains are illustrated in Figure 3A-H. After H

Table 1 Standard curve data from real-time PCR

Genes Equation of standard curve Correlation coefficient (r2)

GAPDH Y = -3.48X + 39.02 0.997

IFN-g Y = -3.58X + 39.08 0.994

IL-2 Y = -3.62X + 37.54 0.994

IL-12P40 Y = -3.36X + 36.05 0.995

IL-4 Y = -3.16X + 39.42 0.991

IL-5 Y = -3.74X + 40.46 0.995

IL-13 Y = -4.02X + 40.87 0.991

IL-10 Y = -3.53X + 37.18 0.991

H strain
Ts strain

Y = -3.50X + 39.94
Y = -3.60X + 40.50

0.992
0.994
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Figure 1 Changes in virus load in the bursa tissues of chickens infected with either H or Ts strain. Changes of IBDV load in the bursa
were quantified by real-time PCR and presented as ratios of IBDV/GAPDH mRNA. The means and standard errors (SE) are from three separate
experiments. dpi: days past-infection. A: H strain; B: Ts strain.

Figure 2 Changes in Th1 cytokine expression in the bursa tissues of chickens infected with either H or Ts strain. Changes in IFN-g, IL-2
and IL-12p40 mRNA expression were quantified by real-time PCR and expressed as the fold-change in birds infected with either H or Ts strain of
IBDV, when compared with uninfected birds. Bars show the means and standard errors (SE) from three separate experiments. The difference in
cytokine expression between experimental and control was assessed by student’s t-test and comparisons were considered significantly different
at P ≤ 0.05 (*) and at P < 0.01 (**). dpi: days past-infection.
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strain infection, the expression levels of IL-4, IL-13 and
IL-10 in the bursa of chickens were up-regulated and
peaked at 3 dpi and then declined at 5 dpi (Figure 3A,
3E and 3G). The change in expression of IL-10 at 3 dpi
was 28.8-fold higher (P = 0.03). In contrast, the expres-
sion of IL-5 mRNA in the bursa of birds infected with
the H strain increased continuously, peaking at 5 dpi
with a 7.47-fold increase (P = 0.00002) (Figure 3C). The

expression of the IL-4 gene in the bursa was not signifi-
cantly different (P > 0.05) between the Ts-infected and
control group (Figure 3B). After Ts infection, the
expression pattern of the IL-5 gene was similar to that
of IL-13, but not significantly different at 1 dpi (P >
0.05), then obviously down-regulated at 3 dpi (P < 0.05),
but significantly up-regulated at 5 dpi (P < 0.05)
compared with control birds (Figure 3D and 3F).

Figure 3 Changes in Th2 cytokine expression in the bursa tissues of chickens infected with either H or Ts strain. Changes in IL-4, IL-5,
IL-13 and IL-10 mRNA expression were quantified by real-time PCR and expressed as fold-change in the birds infected with the H or Ts strain of
IBDV, compared with uninfected birds. Bars show the means and standard errors (SE) from three separate experiments. The difference in cytokine
expression between experimental group and control group was assessed by Student’s t-test and comparisons were considered significantly
different at P ≤ 0.05 (*) and at P < 0.01 (**). dpi: days past-infection.
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The expression of the IL-10 gene in the bursa of chick-
ens infected with the Ts strain was lightly up-regulated
at 1 and 3 dpi (P > 0.05), and then was increased signifi-
cantly at 5 dpi compared with the control group (P =
0.02) (Figure 3H).

Discussion
Avian cytokines, like their mammalian counterparts, are
influential in host immune response to pathogenic infec-
tion [20]. The cytokine responses to IBDV in the bursa
of chickens are poorly described and their role in the
pathogenesis of such infections has not yet been exten-
sively studied. Of the seven genes examined in this
study, the levels of expression of IFN-g, IL-2 and IL-
12P40 genes in the bursa tissues following H strain
infection were increased compared with the IL-4, IL-5,
IL-13 and IL-10 genes; the expression levels of IL-4, IL-
5, IL-13 and IL-10 genes in Ts-infected chicken bursa
had a higher fold-change than the IFN-g, IL-2 and IL-
12p40 genes. The results obtained from gene expression
analysis of Th1 and Th2 cytokines revealed that the
vvIBDV, H strain induces an immune response charac-
teristic of the Th1 pathway; In contrast, the cell-adapted
virus, Ts strain induced an immune response character-
istic of the Th2 pathway. The results also revealed the
early activation of a variety of antiviral host defenses
after infection, for example activation of innate immune
responses, cell-mediated immune responses and modu-
lation of host transcription.
Our results showed that the viral load in bursal tis-

sues increased approximately 1000-fold after infection
with the H strain compared with the Ts strain (Figure
1). The vvIBDV, H strain had a stronger capability of
replication and spread in the bursa of birds than cell-
adapted Ts strain. Based on earlier work from our
laboratory [21], the doses used in this study contained
103.4 egg infectious dose50 (EID50) H strain and 106.5

tissue culture infectious dose50 (TCID50) Ts strain and
should have demonstrated a positive signal at approxi-
mately the bursal tissues the same time. These date
indicate that the load and replication of IBDV in the
bursa is closely related to clinical symptoms and pathol-
ogy, which is in accordance with Eldaghayes’s study
[14].
The present studies showed that there was a trend of

up- or down-regulation in the expression levels of sev-
eral cytokine genes in the bursa following either H
strain or Ts strain infection. A higher viral load in the
bursa was associated with significantly higher expression
of cytokine genes. This is in agreement with the pre-
vious reports made by Abel and Abdul-Careem [22,23]
who studied virus replication and cytokine gene expres-
sion following virus infection and found a significant
association between higher viral RNA levels and

cytokine transcript concentration in various tissues.
These results demonstrate that the difference in the
expression levels of cytokines was possibly influenced by
the different degree of viral replication. However, factors
influencing the timing of cytokine regulation in bursal
tissues and the cause and effect relationship between
host response and viral replication are not clear from
the present observations. Future experiments need to be
conducted to examine more cytokines during the course
of infection with variously virulent IBDVs.
Our results suggest that the H strain tends to up-

regulate the Th1 cytokines response. Th1 cells are char-
acterized by the secretion of IFN-g, IL-2 and IL-12p40,
and a strong cell-mediated immunity that is geared
towards effective elimination of intracellular pathogens
such as viruses [17]. IL-2 stimulates proliferation of
chicken T lymphocytes and NK cells [24-26]. Production
of IL-12 and IFN-g is critical to host defense against
intracellular pathogens [27], indicating that it is possible
to observe simultaneous up-regulation of IFN-g and IL-
10 in response to IBDV infection. The observed increase
in IFN-g expression in IBDV-infected bursa presumably
reflects the inflammatory response and is consistent
with earlier published results [14,28], suggesting that
cell-mediated responses are initiated to resolve infec-
tions. IFN-g-induced activation of macrophages (M�)
results in the stimulation of nitric oxide synthase
(iNOS), which in turn leads to the production of apop-
totic mediators such as nitric oxide (NO) or tumor
necrosis factor-a (TNF-a) [29]. Previous studies from
our laboratory demonstrated that apoptosis was induced
by the vvIBDV H strain in the chicken bursa [30].
Furthermore our observations suggest that enhanced
IFN-g expression was associated with disease progres-
sion in IBDV- infected chickens.
However the Ts strain tends to up-regulate effects of

the Th2 cytokine response. Th2 cells secrete IL-4, IL-5,
IL-13 and IL-10, and are geared towards a humoral
immune response against parasites and allergic reactions
[18]. IL-4 has been shown to direct B cells to produce
the anti-allergen IgE, to inhibit Th1 cell function and to
prevent the production of IL-2, IL-12 and IFN-g that are
necessary for development of cytotoxic T cells [31].
However our results did not observe that up-regulation
in the expression of Th2 cytokines suppressed transcrip-
tional activities of Th1 cytokines. Previous reports by
Heidari [32] have shown that because of the substantial
level of IL-4 mRNA expression in the Marek’s disease
virus (MDV)-infected birds. It is not unusual to observe
transcriptional activities of IL-2 being severely sup-
pressed. A change in cytokine expression levels is closely
related to virulence and replication of IBDV, but the
mechanism by which this occurs is still not fully
understood.
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As expected, IBDV infection caused cell-mediated
immune-related cytokine responses in the bursa, as
shown (Figure 2 and 3) by the up-regulation or down-
regulation of detected cytokines expression. This is in
accordance with the pathology and clinical signs of two
distinctly virulent IBDV. Infection with vvIBDV results
in lymphoid depletion, marked atrophy of the bursal tis-
sues and high rates of mortality [33,34], but Ts strain
infection does not cause obviously clinical signs [21].
Of the evaluated cytokines, prolonged expression of

IFN-g and IL-10 genes was up-regulated due to IBDV
infection. IL-10 is a potent stimulator of NK cells [35,36],
a function that might contribute to the clearance of the
pathogen and facilitate antigen acquisition from dead
cells for cross-priming activated antigen-presenting cells
(APCs), providing a link between the innate and the
adaptive immune responses [37]. The expression of IL-10
in the bursa following IBDV infection has not been stu-
died previously. In the present study our results indicated
that IL-10 expression was markedly increased and similar
to the extent of up-regulated expression of IFN-g follow-
ing infection by the H or Ts strain. This is consistent
with the fact that IL-10 plays a dual role in infectious dis-
eases [37] and is in agreement with the observation made
recently by Abdul-Careem [22] who recorded that the
expression of the IL-10 gene followed the pattern of
expression of the IFN-g gene to a certain extent in both
pre- and post-hatched herpesvirus of turkey (HVT)-
immunized chickens. In general, both IL-10 and IFN-g
are known to be important cytokines in the cell-mediated
immune response and evoke host responses to the patho-
gen in chickens [38,39]. This also suggests that IL-10 may
play a role as an immunostimulatory cytokine similar to
IFN-g after IBDV infection.

Conclusions
In summary, we have shown that infection with IBDV
induces changes in the level of expression related to
Th1 and Th2 in the chicken bursa and that the vvIBDV,
H strain strongly induced an increase in cytokine
expression. It is clear that changes in the extent of cyto-
kine expression were closely associated with virulence of
the virus and viral replication. Further studies are neces-
sary to elucidate the function of the cytokines in patho-
genesis and immunity against IBDV.

Materials and methods
Chickens and virus
Four-week-old specific pathogen-free (SPF) white leg-
horn chickens purchased from Meria (Meria, Beijing,
China) were housed in isolators with water and food
freely available.
The H strain (vvIBDV) [21,34] was provided by the

Harbin Veterinary Research Institute of the Chinese

Academy of Agricultural Sciences. When SPF chickens
were inoculated with the H strain at a dose of 2 × 103

egg infectious dose50 (EID50), 60% mortality resulted. The
Ts strain, a cell-adapted virus supplied by our laboratory
[21] resulted in 0% mortality and was used as a reference
moderately virulent strain. The virus was propagated and
the titers of both virus stocks were determined as pre-
viously described [21,40]. The stock of the H strain was
103.4 EID50 per 0.2 ml and was used as an inoculums fol-
lowing 20-fold dilution. The tissue culture infectious
dose50 (TCID50) of the Ts strain was 106.5 per 0.1 ml and
was diluted 200-fold and used as an inoculum.

Virus infection and collection of bursa samples
Four-week-old SPF chickens were randomly divided into
three groups and housed in three isolators under the
same conditions. Groups 1 (n = 25) and 2 (n = 15) were
infected respectively with either the H or Ts strain by
the eyes and nose-drop routes. Each bird was inoculated
with 0.2 ml of virus dilution. Chickens in group 3 (n =
12) were inoculated with 0.2 ml of phosphate-buffered
saline (PBS) per bird to serve as controls. At 1, 3 and
5dpi the bursal tissues (n = 3) were collected separately
from the infected and control groups, placed immedi-
ately in liquid nitrogen and stored at -80°C until further
required.

Extraction of total RNA and cDNA synthesis
Total RNA was isolated from bursal tissues using a total
RNA extraction kit (Tiangen, BeiJing, China) according
to the manufacturer’s instructions and eluted into a 60 μl
volume of diethylpyrocarbonate (DEPC)-treated water.
To eliminate possible contamination with genomic DNA,
0.1 U/μl DNase (Promega, Madison, WI, USA) was
applied according to the manufacturer’s protocol. A
reverse transcription reaction of total RNA (1 μl) was
carried out to synthesize cDNA using an iScript™cDNA
Synthesis kit (Promega) following the manufacturer’s
instructions with minor modifications. First, 1 μg of total
RNA, 1 μl of random hexamer primers and DEPC-treated
water was denatured at 95°C for 10 min, then chilled on
ice for 5 min. The RNA was mixed with a previously pre-
pared mixture in a final volume of 20 μl, and left at room
temperature for 10 min. the mixture was then incubated
at 42°C for 60 min to synthesize cDNA and heated at 95°
C for 5 min to inactivate the reverse transcriptase. The
synthetic cDNA was stored at -20°C.

Primers
Primers were designed corresponding to sequences from
GenBank using Applied Biosystems pring express soft-
ware v3.0 (Applied Biosystems, Carlsbad, CA). The pri-
mers were synthesized by Sangon (Sangon, Beijing,
China). Previously published primers for IFN-g and
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GAPDH [32] were used in the present study and
GAPDH was used as the reference gene (Table 2). The
specificity for each primer set was tested by analyzing
the melting curve following real-time PCR.

Preparation of standard curves
The standard curves of all genes detected in this study
were made with appropriate modifications as previously
described [41-43]. For the preparation of the standards
curves, all genes were amplified with the following
cycling parameters: pre-incubation and denaturation at
95°C for 5 min, followed by 30 cycles of 95°C for 30 s,
60°C for 30 s, and 72°C for 30 s. A final extension step
was carried out at 72°C for 5 min. The PCR products
were then eluted from the Agarose gel and linked into
the pEGM-T easy vector (Promega) and transformed
into competent DH5a Escherichia coli cells (Takara Bio
Inc, Japan) according to the manufacturer’s instructions.
The identified positive clones were grown and plasmid
DNA isolated using a miniprep kit from Axygen (Axy-
gen, CA, USA). Subsequently, 10-fold serial dilutions
(10-1-10-6) of the plasmid DNA stocks were made and
assayed in triplicate by real-time PCR to generate stan-
dard curves for quantification by Applied Biosystems
SDS 2.2. The correlation coefficient of standard curves
exceeded or equaled 0.99 (Table 1).

Real-time PCR and data Processing
The analysis of real-time PCR data and relative quantifi-
cation of cytokines and IBDV genes was carried out by
the 7900HT Sequence Detection System (Applied Bio-
systems). The PCR was performed in a 20 μl volume
containing 1 μl cDNA, 10 μl 2 × power SYBR Green
PCR master mix (Applied Biosystems, Forster City, CA),
300 nM of each gene-specific primer. Thermal cycling
parameters were as follows: 50°C for 2 min, 95°C for 10
min, 40 cycles of 95°C for 15 s and 60°C for 1 min, fol-
lowed by one cycle of 95°C for 15 s, 60°C for 15 s and
95°C for 15 s. The final step was to obtain a melt curve
for the PCR products to determine the specificity of
amplification. All standard dilutions, controls and
infected samples were carried out in triplicate on the
same plate, and each reaction plate contained two stan-
dard curves for both target and reference genes in the
same preparation. Furthermore, triplicate samples were
assayed for each experiment and GAPDH was utilized
as the reference gene.
The quantification of cytokine gene expression by

real-time PCR was conducted as detailed elsewhere
[42,44]. Expression levels of cytokine genes were calcu-
lated relative to the expression of the GAPDH gene and
expressed as an n-fold increase or decrease relative to
the control samples.

Table 2 Sequence of the primers used in real-time PCR

Genes Direction Sequence Product (bp) Accession no. in GenBank

GAPDHa Forward TGCCATCACAGCCACACAGAAG 123 AF047874.1

Reverse ACTTTCCCCACAGCCTTAGCAG

IFN-ga Forward AAGTCAAAGCCGCACATCAAAC 132 X99774.1

Reverse CTGGATTCTCAAGTCGTTCATCG

IL-2 Forward TTCTGGGACCACTGTATGCTCTT 129 AF000631.1

Reverse TACCGACAAAGTGAGAATCAATCAG

IL-12P40 Forward CGAAGTGAAGGAGTTCCCAGAT 123 AY262752.1

Reverse GACCGTATCATTTGCCCATTG

IL-4 Forward AATGACATCCAGGGAGAGGTTTC 100 AJ621249.1

Reverse AGGCTTTGCATAAGAGCTCAGTTT

IL-5 Forward GGAACGGCACTGTTGAAAAATAA 111 AJ621252.1

Reverse TTCTCCCTCTCCTGTCAGTTGTG

IL-13 Forward CTGCCCTTGCTCTCCTCTGT 123 AJ621250.1

Reverse CCTGCACTCCTCTGTTGAGCTT

IL-10 Forward GCTGAGGGTGAAGTTTGAGGAA 142 AF000631.1

Reverse GAAGCGCAGCATCTCTGACA

H strain Forward CACTCCCTGGTGGCGTTTA 126 AY321955.1

Forward TGTCGTTGATGTTGGCTGTTG

Ts strain Forward ACCGGCACCGACAACCTTA 117 AF076230.1

Reverse CCCTGCCTGACCACCACTT
aPrimer sequences from reference 32.
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Statistical analysis
All date analyses were performed using Microsoft® Excel
2007. Student’s t-test was used to detect significant dif-
ferences between infected and control groups. A P-value
≤ 0.05 was considered significant.
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