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ABSTRACT

The study was to evaluate the safety, immunogenicity and lot-to-lot consistency of live attenuated
varicella vaccine in Chinese population aged 1-3 years. The double-blind, randomized phase llI trial was
conducted in Henan Province, China. In total, 1197 subjects were included in this study. Subjects were
randomly assigned into four groups in a 2:2:2:1 ratio to receive one of the three lots of commercial scale
(CS) vaccine or the licensed pilot scale (LPS) vaccine. Seroconversion rate and neutralizing antibody titers
(NATb) were assessed at day 0 pre-vaccination and at day 30 post-vaccination. Safety data were
recorded for 30 days post-vaccination. After vaccination, the geometric mean titers (GMTs) of the
three CS groups were 25.04 (95% confidence interval [Cl], 22.85 to 27.44), 24.47 (95% Cl, 22.35 to
26.78) and 25.88 (95% Cl, 23.61 to 28.36), respectively (P= 0.6928). The ratio of GMTs adjusted for
covariates of each pair of lots were all between 0.67 to 1.50 in susceptible subjects. The difference of
seroconversion rate between pooled CS group and LPS group was 3.82 (95% Cl, 0.55 to 8.81).
Meanwhile, the percentage of solicited local, systemic and unsolicited adverse reactions showed no
difference across the four groups, and most of the adverse reactions were mild or moderate in intensity.
The CS group was comparable to the LPS group in safety and immunogenicity. The consistency of three
consecutive CS lots was reliable. Moreover, the CS group was non-inferior to the LPS group.
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However, the market demand of varicella vaccine remains far from
saturation and the need of varicella vaccine is ever-increasing after
the inclusion of varicella vaccine into the National Immunization
Program management system (currently in discussion). Currently,
a live attenuated varicella vaccine produced by Sinovac (Dalian) is
in the stage of phase III clinical trial. The phase I and phase III
efficacy clinical trials proved the safety of the vaccine and the
immunogenicity of the test group was superior to the placebo
group. However, the quality and consistency of the post-marketing
varicella vaccines were still unclear. Therefore, we aimed to eval-
uate the safety, immunogenicity and lot consistency of the varicella
vaccine produced by Sinovac (Dalian).

Introduction

Varicella (chickenpox) is caused by the infection of double-
strand DNA virus varicella zoster virus (VZV),"* which
belongs to the family of herpesvirus."” The disease is highly
contagious, spreading through direct contact or aerosol of
respiratory droplets.* Varicella often outbreaks in temperate
and mostly in tropical areas. Winter and spring are seasons of
high incidence.” Varicella mainly affects people younger than
15 years old with a highest morbidity age of 1-9. The typical
symptoms include topical vesicular exanthema on the skin or
mucosa, fever and malaise, which are usually moderate inten-
sity. Sometimes severe symptoms or complications occur after
secondary infection, such as pneumonia, encephalitis, hepati-

tis and so on.®'° In addition, the virus can enter latent state
in dorsal root ganglia and be reactivated in adults or the
elderly when their immunity wanes, causing shingles.''™"*
To date, the most effective way to prevent varicella is immuni-
zation using the live attenuated vaccine produced from the Oka
strain of VZV.'*'> Vaccines produced from different manufac-
turers have been proved to be safe and effective.'®™'® At present,
there are several marketed varicella vaccine products in China.

Results
Study population

A total of 1197 subjects were enrolled in this study, with 342
subjects in each CS group and 171 subjects in LPS group. Of the
1197 subjects, two subjects discontinued the study as one in CS3
group and the other one in LPS group failed to receive vaccine,
leaving 1195 subjects included in safety analysis set (SAS). The
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number of subjects in full analysis set (FAS) was the same as the
SAS. Next, there were 1145 subjects included in per protocol set
(PPS) because 17 subjects in CS1 group, 13 subjects in CS2 group,
15 subjects in CS3 group and one subject in LPS group refused to
be taken blood sample, and one subject in CS2 group failed in
blood sample collection and three subjects in LPS group used
other vaccines (Figure 1). The basic characteristics of subjects
were shown in Table 1 and there was no statistical difference in
age, gender, height and weight (Table 1).

Immunogenicity

The results of immunogenicity were shown in Table 2. Before
vaccination, the antibody levels of the four groups were balanced
and comparable, with GMTs of the three CS groups between
2.54 and 2.63 and seropositive rate between 23.84% and 25.54%.
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After vaccination, the seroconversion rate of the three
consecutive CS groups were 97.54% (95% CI, 95.21 to
98.93), 95.73% (95% CI, 92.94 to 97.65) and 96.90% (95%
CI, 94.38 to 98.51). The GMTSs were 25.04 (95% CI, 22.85 to
27.44), 24.47 (95% CI, 22.35 to 26.78) and 25.88 (95% ClI,
23.61 to 28.36), respectively, and the corresponding GMI were
9.51 (95% CI, 8.72 to 10.37), 9.43 (95% ClI, 8.65 to 10.29) and
10.20 (95% CI, 9.36 to 11.10). In addition, the seroconversion
rate of LPS group was 92.90 % (95% CI, 87.93 to 96.28) and
GMT was 23.43 (95% CI, 20.74 to 26.47) (Table 2).

Lot-to-lot consistency in CS groups

The equivalence of the day 30 immune responses to the three
lots of the vaccines was demonstrated in Table 3. The ratio of
GMTs adjusted for covariates in each pair of lots were

1197 eligible subjects enrolled
and underwent randomization

|

CS Group 1 CS Group 2 CS Group 3 LPS Group
342 subjects 342 subjects 342 subjects 171 subjects
| 1did not .receive || 1 did not 'receive
vaccine vaccine
SAS SAS SAS SAS
342 subjects 342 subjects 341 subjects 170 subjects
FAS FAS FAS FAS
342 subjects 342 subjects 341 subjects 170 subjects

17 subjects

> refuse to draw

| to draw blood

*13 subjects refuse

*15 subjects refuse
to draw blood

1 subjects refuse

*1 subject failure *3 subjects use to draw blood
blood . 3
of blood sampling other vaccine
PPS PPS PPS PPS
325 subjects 328 subjects 323 subjects 169 subjects
Figure 1. Subjects disposition of this study.
Table 1. Demographic characteristics of study subjects.
Variables cs1 €S2 s3 LPS P value
SAS/FAS? N 342 342 341 170 -

Age (Year) 2.04 £ 0.83 2.13 £ 0.82 2.04 £ 0.82 2.16 £ 0.77 0.1722
Gender Ratio 1:0.85 1:0.90 1:0.84 1:0.89 0.9692
(Male/Female)

Han ethnic, No.(%) 342 (100.0) 341 (99.71) 341 (100.0) 170 (100.0) 1.0000
Height (cm) 89.37 £ 8.69 90.14 £ 8.79 89.38 + 8.66 90.74 + 9.08 0.2552
Weight (kg) 13.63 + 2.56 13.94 + 251 13.70 + 2.56 13.87 + 2.54 0.3949

PPS N 325 328 323 169 -

Age (Year) 2.06 + 0.83 2.16 + 0.82 2.04 £ 0.83 2.16 £ 0.77 0.1424
Gender Ratio 1:0.85 1:0.93 1:0.86 1:0.88 0.9356
(Male/Female)

Han ethnic, No.(%) 325 (100.0) 327 (99.70) 323 (100.0) 169 (100.0) 1.0000
Height (cm) 89.51 £ 8.65 90.36 + 8.63 89.37 £ 8.54 90.68 + 9.08 0.2481
Weight (kg) 13.68 + 2.55 14.00 = 2.47 13.71 £ 2.53 13.85 + 2.54 0.3486

All subjects in SAS set were enrolled into FAS set.
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Table 2. Immune response before and after varicella vaccination.

Difference % (95%

Characteristics CS1 CS2 CS3 Pooled CS LPS P value® P value Cl)
Pre-vaccination
Seropositive (n) 83 83 77 243 41 - - -
Seronegative (n) 242 245 246 733 128 - - -
Seropositive rate, % 25.54 25.30 23.84 24.90 24.26 0.8633  0.8594 -
(95% Cl) (20.89-30.64) (20.69-30.37) (19.30-28.87) (22.21-27.73) (18.01-31.44)
GMT (95% CI) 2.63 2.59 2.54 2.59 2.61 0.6507  0.8380 -
(2.48-2.79) (2.45-2.74) (2.41-2.67) (2.51-2.67) (2.40-2.84)
Post-vaccination
Seroconversion rate, % 97.54 95.73 96.90 96.72 92.90 0.4208 0.0274 3.82 (0.55-8.81)
(95% CI) (95.21-98.93) (92.94-97.65) (94.38-98.51) (95.40-97.75) (87.93-96.28)
GMT (95% Cl) 25.04 24.47 25.88 25.12 2343 0.6928 0.3156 -
(22.85-27.44) (22.35-26.78) (23.61-28.36) (23.83-26.47) (20.74-26.47)
GMI (95% ClI) 9.51 (8.72-10.37) 9.43 (8.65-10.29) 10.20 9.70 (9.23-10.20) 8.97 (7.93-10.15) 0.3891  0.2372 -
(9.36-11.10)

PThe P values were calculated for comparisons of the three consecutive CS groups and LPS group by ANOVA.

“The P values were calculated for comparison of the pooled CS group and LPS group by Fisher’ exact test.

Table 3. Immune response after vaccination in susceptible subjects®.
Characteristics Criteria for equivalence Cs1 CS2 CS3 P value
Post-vaccination
GMT (95% Cl) 21.49 (19.44-23.76) 20.52 (18.54-22.72) 21.81 (19.76-24.08) 0.6770
GMT adjusted covariates 21.38 (19.50-23.99) 20.42 (18.62-22.91) 21.88 (12.59-23.99) 0.6770

(95% (1)
95% Cl of the ratio of GMT
adjusted covariatesbetween:

Lots CS1 and CS2 (0.67-1.50) (0.89-1.23) (0.89-1.23) - -
Lots CS1 and CS3 (0.67-1.50) (0.83-1.17) - (0.83-1.17) -
Lots CS2 and CS3 (0.67-1.50) - (0.89-1.26) (0.89-1.26) -

dLot consistency was studied only in children who had pre-vaccination NTAb titres <1:4.

between 0.67 to 1.50, with 95% CI of 0.89 to 1.23 between CS1
and CS2, 0.83 to 1.17 between CS1 and CS3, 0.89 to 1.26
between CS2 and CS3 in susceptible subjects (Table 3).

Non-inferiority between CS and LPS group

The 95% CI of seroconversion rate difference was 0.55 to 8.81,
indicating that the pooled CS group was non-inferior to the
LPS group (Table 2).

Safety

The results of adverse reactions were shown in Table 4. There
were 185 (15.48%) cases of adverse reactions in total and only
0.84% were grade III. The number of solicited and unsolicited
adverse reactions were 179 (14.98%) and 6 (0.50%), respec-
tively. The most common local reaction was pain, while the
most common systemic reaction was fever. Most adverse
reactions were mild and could recover within 30 days.
Furthermore, no serious adverse reaction or death was
reported. All of the local and systemic reactions had no sig-
nificant difference among groups except cough (P= 0.0389),
the incidence of which was a little higher in LPS group than
the three CS groups (Table 4).

Discussion

Varicella attenuated vaccine has been on the market for many
years at home and abroad and there have been many clinical
trial studies conducted on it. The product in our study is

a generic vaccine, so there is no need to conduct phase II
trial to explore the dosage. We conducted phase III after its
safety confirmed preliminarily in phase I trial. The existing
studies about varicella vaccine mainly focused on its safety,
effectiveness or immunogenicity. However, there were limited
studies about lot-to-lot consistency, which is a significant
indicator to evaluate the stability of the vaccine production
process. Thus, the present phase III trial was to evaluate the
safety, immunogenicity and lot consistency of the three lots of
CS varicella vaccines.

The three consecutive lots of CS vaccines were shown to be
highly immunogenic. The GMTs induced by the three CS lots
vaccines at the day 30 post-vaccination were similar and com-
parable to the LPS lot. The seroconversion rates of the three CS
lots were between 95.73% and 97.54%. The seroconversion rate
of others in marketing were between 68.12% and 100.00%, and
GMTs were between 4.36 and 1126.10." The vaccine in our
study showed similar immunogenicity to those marketed domes-
tic and imported varicella vaccine.*** Furthermore, the ratio of
GMTs adjusted for covariates of each pair of lots were between
0.67 and 1.50, which satisfied the pre-defined equivalence cri-
teria. The study also showed that the CS groups were non-
inferior to the LPS group, manifesting that the manufacturing
process and product quality of the CS vaccine are stable.

The three CS groups were comparable to the LPS group in
safety. The overall incidence of adverse reactions was between
13.45% and 17.84% in the three CS groups, 15.88% in LPS
group. Most of the solicited local and systemic reactions with
all the vaccine groups were mild or moderate, and subjects
could recover within 30 days. A few grade III adverse reac-
tions were reported, the incidence of which was about 1% in



Table 4. Adverse reactions after vaccination by study groups®.
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Type and Grade cs1 Cs2 s3 LPS Total P valuef
Overall 61 (17.84) 46 (13.45) 51 (14.96) 27 (15.88) 185 (15.48) 0.4569
Grade 3 3 (0.88) 5 (1.46) 1(0.29) 1(0.59) 10 (0.84) 0.4507
Solicited 59 (17.25) 44 (12.87) 51 (14.96) 25 (14.71) 179 (14.98) 0.4596
Local
Redness 0 (0.00) 1(0.29) 2 (0.59) 0 (0.00) 3(0.25) 0.5086
Pain 3 (0.88) 1 (0.29) 0 (0.00) 2 (1.18) 6 (0.50) 0.1534
Rash (injection site) 1(0.29) 0 (0.00) 0 (0.00) 1(0.59) 2 (0.17) 0.3456
Swelling 0 (0.00) 1 (0.29) 0 (0.00) 0 (0.00) 1 (0.08) 1.0000
Pruritus 2 (0.58) 1(0.29) 0 (0.00) 1(0.59) 4(0.33) 0.6385
Systemic
Fever 50 (14.62) 41 (11.99) 49 (14.37) 20 (11.76) 160 (13.39) 0.6508
Cough 4(1.17) 1(0.29) 0 (0.00) 3 (1.76) 8 (0.67) 0.0389
Nausea/Vomiting 0 (0.00) 0 (0.00) 1(0.29) 0 (0.00) 1 (0.08) 0.4276
Malaise 1(0.29) 1(0.29) 0 (0.00) 0 (0.00) 2(0.17) 1.0000
Allergy 2 (0.58) 1(0.29) 0 (0.00) 0 (0.00) 3 (0.25) 0.8594
Unsolicited 2 (0.58) 2 (0.58) 0 (0.00) 2 (1.18) 6 (0.50) 0.2877

“The adverse reactions was presented as No. (%).

The P values were calculated for comparisons of the four groups by Pearson’s chi-square or Fisher’ exact test.

each group and below 1% in total. Frequencies of unsolicited
and solicited adverse reactions were similar across the four
groups. The symptoms of local solicited adverse reactions
were mainly pain, pruritus and redness, and the systemic
were mainly fever, cough and allergy. No adverse reactions
of special interest or safety concerns had been reported. The
published clinical studies of marketed varicella vaccines
showed that the incidence of adverse reactions was 0.0%-
35.0% in total, 0%-11.54% in local, with the main local symp-
toms of pain, redness and induration, the main systemic
symptoms of fever (mainly mild) and rash.'® In general, the
symptoms of adverse reactions in this study was basically
consistent with previous studies. Therefore, the studied vac-
cine was good in safety.

The strength of this study is that the safety, immunogeni-
city and lot-to-lot consistency of the varicella vaccine was
assessed comprehensively, which ensured the vaccine applied
for the children in a large scale. Moreover, bridging design
was adopted to assess the three consecutive CS vaccines non-
inferior to the LPS vaccine, evaluating the quality of the
varicella vaccine in a simple and feasible method. In conclu-
sion, the clinical study demonstrated that the varicella vaccine
of Sinovac (Dalian) was eligible according to the Chinese
pharmacopoeia immunogenicity criteria. The vaccine was
safe for 1-3 years old children. Its immunogenic consistency
and lot-to-lot reproducibility was also well-characterized.
Varicella vaccine offers the most efficient and cost-effective
immunotherapy to varicella virus and helps to reduce chick-
enpox-related hospitalizations and costs in children.

Conclusions

The CS lot was comparable to the LPS lot in safety and
immunogenicity. Moreover, the three lots of CS vaccine was
consistent and the production process was stable. The live
attenuated varicella vaccine produced by Sinovac (Dalian)
was suitable for large scale use.

Materials and methods
Study design

The double-blind, randomized phase III trial was conducted in
Xiangfu District, Kaifeng City, Henan Province, China in 2017.

Study population

A total of 1322 healthy children aged 1-3 years with proved legal
identity were initially recruited. The sample size of each test
group (CS lot) was 283, calculated according to the equivalent
design using NCSS-PASS. The assessment indicator was GMT at
the day 30 after immunization, and the equivalent threshold was
equal to £0.176. The two-side value of a was 0.05. The power of
the overall test was 80% and each test after adjusted was 93.4%
(1-20%/3 = 93.4%). The estimated value of o was 0.6 according
to results of our preliminary study and other similar studies.

The sample size of control group (LPS lot) was 147, calculated
according to non-inferiority assessment using NCSS-PASS. The
assessment indicator was seroconversion rate at the day 30 after
immunization. The estimated value of seroconversion rate was
80% referred to our previous trail study. The ratio of the sample
size of test group to control group was 6:1. The single-side value
of a was 0.025. The non-inferior criterion was that the lower
limit of 95% CI of the difference between test group and control
group was greater or equal to —10%.

In consideration of 20% seropositive rate pre-vaccination
and 10% follow-up rate of each group, we finally obtained the
sample size 342 of each test group and 171 of control group.
The ratio of sample size in the four groups was 2:2:2:1.

1197 subjects were enrolled in this study. The exclusion
criteria included: (1) axillary temperature > 37°C (2) acute dis-
eases or chronic diseases attack within 7 days before vaccination
(3) priory vaccinated with varicella vaccine or having a history of
varicella or herpes zoster infection (4) history of vaccine allergies
or severe side effects (5) any known immunodeficiency (6)
severe malnutrition, congenital malformations, developmental
disorders or serious chronic diseases (7) received blood
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products, immunosuppressants, hormones and other research
drugs within 30 days before vaccination (8) received live atte-
nuated vaccines within 30 days, or received subunit vaccines or
inactivated vaccines within 7 days before vaccination (9) having
abnormal physical examination results (10) having any factors
and was considered inappropriate for clinical trial.

Randomization and double-blind

We randomized all vaccines and enrolled the subjects in
sequence. First, we used SAS software to generate two same
sets of random numbers. Then, all vaccines were relabeled
with a random number. The random number of the vaccine
was corresponding to the group of vaccines, which was dou-
ble-blind. Finally, each subject was assigned a random num-
ber in the order they enrolled and given the corresponding
vaccine.

Vaccine

CS vaccine is the post-marketing varicella vaccine produced in
a large scale, while LPS vaccine refers that the varicella vaccine
produced in a small scale which was only used for pre-clinical
trails. There had no difference between the CS vaccine and the
LPS vaccine in quality, production process and other aspects. We
used bridging design and took the LPS vaccine as control to
evaluate the safety and immunogenicity of the CS vaccine. In
addition, we had no other vaccines as comparators.

All vaccines were lyophilized products contain live attenu-
ated Oka strain. Each vial contained 0.5ml of no less than 3.3
lg PFU (plaque forming unit) antigens. All the chickenpox
vaccines were produced under industrial production condi-
tions in accordance with good manufacturing practices
(GMPs) requirements.24 The three consecutive lots of CS
vaccine (Lot 201609001, Lot 201609002 and Lot 201609003)
and the single lot of LPS vaccine (Lot 201510003) were tested
by the National Institutes for Food and Drug Control, China
(NIFDC) and confirmed to adhere to the necessary specifica-
tions. All subjects received one subcutaneous injection of
varicella vaccine at deltoid region.

Compared with other available varicella vaccines, vaccines
produced by Sinovac (Dalian) adopted a new human diploid
cell (SV-1 cell) to culture Oka strain. The source and donor of
SV-1 cell were clear, which were not only compliance with the
legal and ethical requirements, but also meet the demands of
Chinese pharmacopoeia, ICH, WHO and FDA. Moreover, the
acquisition of the strain did not introduce chemicals, which
improves the safety of the vaccine.

Immunogenicity assessment

The main immunogenic endpoints of the study were GMT,
seroconversion rate and geometric mean increase (GMI).

Consistency assessment

The endpoints of consistency was GMT adjusted covariates.
Under the premise of the consistency, the three CS lots were
merged into one pooled CS lot, and then non-inferiority test

was used to evaluate if the pooled CS lot was non-inferior to
the LPS lot.

Safety assessment

Active surveillance was carried on for 30 days after vaccina-
tion. Subjects were observed for at least 30 minutes to moni-
tor immediate adverse reactions after vaccination. Solicited
injection-site reactions (pain, mucocutaneous disease, indura-
tion, redness, swelling, rash, pruritus) and systemic reactions
(fever, allergy, headache, malaise, nausea/vomiting, diarrhea,
myalgia, cough) were recorded for 14 days after vaccination
by the guardians and/or investigators. Unsolicited adverse
reactions were collected for 30 days after vaccination.

The grading standard of adverse reactions was based on the
Guidelines for grading standard of adverse reactions in clinical
trials of preventive vaccines produced by Chinese food and
drug administration (CFDA).

Laboratory testing

Blood samples were collected pre-vaccination (day 0) and
at day 30 (~30 + 12 days) post-vaccination to detect antibo-
dies. All serum samples were tested by National Institutes for
Food and Drug Control, which was the legal organization in
China to test the quality of pharmaceutical and biological
products. The serum samples were sent simultaneously and
tested in blind state using fluorescent antibody to membrane
antigen (FAMA) method, which has become a preferred
method to definite the serodiagnosis infection of VZN.
There was no testing kits using in the process.

The detection fluorescent plates were prepared with Oka
virus-diploid cell suspensions and stored at —70°C. Serum
samples were separated from blood samples, inactivated in
water bath at 56°C for 30min and stored at —20°C. Diluted in
2-fold serials, samples were dropped into fluorescent plate
wells with positive and negative controls. The results were
observed under the fluorescence microscopes after incubating
with detection antibodies and Evan Blue.

Statistical analysis

We used SAS version 9.4 software (SAS Institute, Cary, NC)
to conduct statistical analysis. All analyses were run on the
PPS. Safety and immunogenicity analyses were assessed in all
subjects who received a dose of vaccine. Lot consistency
analysis was conducted in susceptible subjects (pre-
vaccination NTAD titers < 1:4).

Antibody levels of each group after vaccination was
described as GMT and GMI using geometric mean and 95%
CI, while comparisons were performed using ANOVA after
logarithmic transformation. Seroconversion rate and the dif-
ference between each two groups were analyzed using chi-
square test or Fisher’s exact test.

The positive standard was defined as the GMT > 1:4.
Seroconversion was defined as the positive change of subjects
who were initially seronegative or at least 4-fold increase of
NTAbD titers in those who were initially seropositive.



The consistency of the three consecutive lots of CS vaccine was
assessed as following: (1) GMT equivalence: Covariance analysis
model was conducted, with GMT pre-vaccination after natural
logarithm as covariate and GMT post-vaccination after natural
logarithm as dependent variable. According to the model, the
ratio of the GMT after inverse logarithmic transformation in
each two groups was calculated. If the ratio of GMTs of each
pair of lots were between 0.67 and 1.50, the equivalence of the
three lots was considered to be identified. (2) Non-inferiority of
seroconversion rate: The two-sided 95% CI of seroconversion rate
was calculated to evaluate the difference between test group and
control group. If the lower limit was greater than —10%, the test
group was considered to be non-inferior to the control group.

For the safety study, the number and incidence of vaccina-
tion-related solicited adverse reactions and unsolicited
adverse reactions were calculated. Pearson chi-square test
and Fisher’ exact test were used to calculate the difference of
the rate among the groups, and ANOVA was used to calculate
the difference of the means. All the test statistics and corre-
sponding P values were analyzed using two-sided tests, and
P< 0.05 were considered to be statistically significant.
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