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People often worry about the side effects after vaccination, reducing the

willingness to vaccinate. Thus, we tried to find out the risk of single

nucleotide polymorphism (SNP) vaccines to improve the willingness and

confidence in vaccination. Allergic and inflammatory reactions are the

common vaccine side effects caused by immune system overreaction. In

addition, a previous study showed significantly higher frequency of febrile

reactions to measles vaccines in American Indians than in Caucasian

children, indicating that the side effects varied in accordance with genetic

polymorphisms in individuals. Thus, SNPs of immune regulatory genes,

cytotoxic T-lymphocyte-associated protein 4 (CTLA4), CD28, tumor necrosis

factor ligand superfamily member 4 (TNFSF4) and programmed cell death

protein 1 (PDCD1) were included in this study to analyze their association with

vaccine side effects. Moreover, 61 healthy participants were asked on the

number of doses they received, the brand of the vaccine, and the side effects

they suffered. We found that several SNPs were associated with side effects

after the first or second dose of mRNA or adenoviral vector vaccines.

Furthermore, these SNPs were associated with several autoimmune diseases

and cancer types; thus, they played an important role in immune regulation.

Moreover, rs3181096 and rs3181098 of CD28, rs733618 and rs3087243 of

CTLA, and rs1234314 of TNFSF4 were associated with mild vaccine side effects

induced bymRNA and adenoviral vector vaccines, which would play a potential

role in vaccine-induced immune responses and may further lead to fatal side

effects. These results could serve as a basis for investigating the mechanism of
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vaccine side effects. Furthermore, it was hoped that these results would

address public concerns about the side effects of the COVID-19 vaccination.

In clinical application, a rapid screening test can be performed to assess the risk

of vaccine side effects before vaccination and provide immediate treatment.
KEYWORDS

single nucleotide polymorphism (SNP), immune regulatory genes, COVID-19, vaccine,
side effect
Introduction

Recently, COVID-19 has caused a pandemic of severe acute

respiratory syndrome (SARS-CoV-2). At present, the policies of

various countries are inclined to coexist with the virus; thus, the

vaccination rate must be improved. Although vaccination is a

safe way of protecting people against infection and severe

complications, people still worry about the side effects of

vaccination. In addition, several studies have shown that the

host genotype has a great effect on the immune response induced

by vaccines, such as influenza, hepatitis B, and measles

vaccination (1–3). Therefore, identifying single nucleotide

polymorphisms (SNPs) that increase the risk of side effects of

COVID-19 vaccines could improve people’s willingness and

confidence in vaccination through genetic testing.

Vaccines are designed to stimulate antigen-specific T cell

responses and enhance adaptive immunity. However, excessive

T cell response may cause vaccine-induced side effects. Although

the process of vaccine production and development have

undergone rigorous testing, varying severities of side effects will

be reported after large-scale vaccination. The most common side

effects of COVID-19 vaccines are mild, such as soreness, swelling

or redness at the injection site, fever, rash, and pain. Although the

serious side effects are rare, they may cause seizures, thrombosis,

myocarditis, or life-threatening allergic reactions (4). Fever is the

most common vaccine side effect, which can occur after any

vaccine is given. Fever is defined as a core body temperature above

38°C. In addition, the common mechanism of fever is induced by

tumor necrosis factor (TNF), which increases the secretion of

interleukin (IL)-1 and IL-6, and acts on the hypothalamus to

increase body temperature. This mechanism will increase the

activity and mobility of leukocytes, stimulate the production of

interferon, and activate T cells to enhance immune response (5).

The immune checkpoints involved in T cell activation, PDCD1

and CTLA4 are associated with the mechanism of fever

(6).Moreover, Tritto et al. (7) hypothesized that the injection-

site reaction was due to the use of adjuvants. The adjuvant

provides the second signal that is necessary for T cell activation

and increases the release of cytokines and chemokines; hence,
02
immune cells in the blood will gather at the injection site, leading

to redness, swelling and pain (8). Furthermore, headache is a

common side effect after inoculating viral vaccines. The frequency

of headaches was 39% to 80% after mRNA vaccination (9, 10) and

from 39% to 66% after adenoviral vector vaccination (11).

Headache is due to calcitonin gene-related peptide, an

inflammatory neuropeptide that stimulates the secretion of

TNFa, IL-1b and IL-6 when combined with receptors on T

cells, which induces the release of neurogenic inflammation and

vasodilation in pial vessels (12, 13). Notably, the risk of side effects

after giving the same vaccine varies between groups and

individuals. This phenomenon was first observed by the team of

Black et al. They observed a significantly higher frequency of

febrile reactions to measles vaccines in American Indians than in

Caucasian children (14), suggesting that genes play a role in the

occurrence of side effects after vaccination. The immune response

induced by the vaccine was also related to genetic factors based on

a twin study (15), which shows that the immune response after

vaccination can be predicted by an individual genotype.

In literature, no studies have investigated genotypes associated

with the side effects of COVID-19 vaccines. However, SNPs

susceptible to disease risk or disease severity may be involved in

the immune response of vaccination, leading to vaccine-induced

adverse reactions (16). Therefore, this study conducted a detailed

analysis to investigate the association between genes and the

second signal for T cell activation and understand the effect of

genes on the side effects after vaccination, including cytotoxic T-

lymphocyte-associated protein 4 (CTLA4), CD28, tumor necrosis

factor ligand superfamily member 4 (TNFSF4), and programmed

cell death protein 1 (PDCD1) and the side effects caused by

COVID-19 vaccination.
Materials and methods

Subjects

In this study, 61 healthy adults who received two doses of

COVID-19 vaccine were enrolled from Chang Gung Memorial
frontiersin.org
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Hospital (CGMH, Taoyuan, Taiwan). Amongst them, 24

received two doses of mRNA-1273 (Moderna), 24 received two

doses of ChAdOx1-S (Oxford/AstraZeneca, AZ), 5 received two

doses of BNT162b2 (Pfizer/BioNTech, BNT), 5 received MVC-

COV1901 (Medigen), 2 received one dose of AZ followed by one

dose of Moderna, and 1 received one dose of Moderna followed

by one dose of BNT. Participants were asked on the number of

doses they received, the brand of the vaccine and the side effects

they experienced, including fever, pain, redness, or swelling at

the injection site, shivering, nausea/anorexia, vomiting,

diarrhoea, headache, fatigue, muscle pain, joint pain, and skin

allergy. All data were self-reported. The study has been reviewed

and approved by the Institutional Review Board of CGMH. The

approved ID was 202101837B0. All the participants have signed

the consent form.
DNA extraction

We collected oral mucosal cells of these participants to

extract genomic DNA using the QIAamp DNA Mini Kit

(Qiagen, Germany). Then, the purity and concentration of the

extracted DNA were determined by measuring the absorbance at

260 and 280 nm. Then, the extracted DNA were stored for the

following experiments.
PCR and SNP analysis

A total of four costimulatory genes (CTLA4, TNFSF4, CD28,

and PDCD1) were investigated in this study. We focused on the

promoter region of genes, because the SNP located in the

promoter region may affect the expression level of gene (17).

In addition, the hot points of autoimmune diseases and cancer

types were considered, including rs231775 in exon1 of CTLA4

(18, 19), rs3087243 in 3 prime untranslated region (3’UTR) of

CTLA4 (19) and rs11568821 in intron4 of PDCD1 (20). Thus,

eight fragments were selected for SNP analysis. The pairs of

primers are shown in Table 1. These eight amplified DNA

fragments consisted of 44 candidate SNPs (Table 2). The PCR

volume was 25mL, including each 1mL of forward and reverse

primer, 8mL of Hot Start Taq DNA polymerase (Agilent, Santa

Clara, California, USA), 1mL of sample DNA and 14mL of

ddH2O. The PCR programme was initiated as follows: 4 min

at 94°C, 30 cycles of 30 s at 94°C, 30 s at 58°C, 45 s at 72° C and

final 10 min at 72°C. Subsequently, the 5mL of PCR products was

fractionated on the 1.5%-2% agarose gel. According to the

manufacturer’s instructions, the Big Dye Terminator Cycle

Sequencing kit (Thermo Fisher, Waltham, Massachusetts,

USA) and ABI PRISM genetic analyser (Thermo Fisher,

Waltham, Massachusetts, USA) were used for direct

sequencing. Given the insufficient genomic DNA and failure of

PCR, complete SNP data were not available.
Frontiers in Immunology 03
Statistical analysis

The Chi-square test and Fisher’s exact test were used to

analyze the association between the vaccine-induced adverse

reaction and the genotype frequency of participants using

SPSS17.0. All data were analyzed through the dominant (AA

vs. Aa+aa), recessive (AA+Aa vs. aa), and additive (AA vs. Aa vs.

aa) models. Significant SNPs are summarized in Tables 3–6.
Results

A total of 61 participants who received COVID-19

vaccination were recruited in this study. All participants are

Taiwanese. The complete characteristic data of side effects after

vaccination in these cases are listed in Tables S1 and S2. Most

people who took the first dose of the vaccine experienced pain at

the injection site (84%), fever (61%), fatigue (62%) and headache

(56%) (Table S1). Compared with the first dose of vaccination,

the frequency of fever, discomfort at the injection site, chill,

headache and myalgia was more severe in mRNA vaccines.

However, the opposite was true in the adenoviral vector vaccine.

Diarrhoea occurred more frequently in the first dose than in the

second dose of mRNA vaccines and adenoviral vector vaccines

(Table S2). The SNP data were obtained to analyze the type of

vaccines and the dose number of vaccination, which was divided

into the first and second doses of mRNA vaccines (Moderna or

BNT) and the first and second doses of adenoviral vector

vaccine (AZ).
TABLE 1 The pairs of primer for amplification of candidate SNPs.

non-HLA
gene

Primer

TNFSF4-
Promoter

5’ GGCTT GGA GTC TAT GAT ATT GTG CC 3’
5’ GAA GGG CGT TTA ACC ACA CTT TAC G 3’

CD28-
Promoter

5’- GGG TGG TAA GAA TGT GGA TGA ATC-3’
5’-CAA GGC ATC CTG ACT GCA GCA-3’

CTLA4-
Promoter 1

5’ GGC AAC AGA GAC CCC ACC GTT 3’
5’ GAG GAC CTT CCT TAA ATC TGG AGA G 3’

CTLA4-
Promoter 2

5’CTC TCC AGA TTT AAG GAA GGT CCT C 3’
5’GGA ATA CAG AGC CAG CCA AGC C3’

CTLA4-
Exon4

5’ CTA GGG ACC CAA TAT GTG TTG 3’
5’ AGA AAC ATC CCA GCT CTG TC 3’

CTLA4-3UTR 5’GCT TGG AAA CTG GAT GAG GTC ATA GC 3’
5’AGA GGA AGA GAC ACA GAC AGA GTT GC 3’

PDCD1-
Promoter

5’-ACCCACACAGCCTCACATCTCT-3’5’-AAA CTG AGG
GTG GAA GGT CCC T-3’

PDCD1-
Intron4

5’-TGGTGACCCCAAGTGTGTTTCTC-3’
5’-GAG GAA TTT TTC ACC GGA GGG C-3’
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TABLE 2 The 44 candidate SNPs that were analyzed the association with vaccine-induced reaction.

Gene SNP under analysis

TNFSF4 rs181758110 rs45454293 rs1234314 rs147669352

CD28 rs1879877 rs3181096 rs3181097 rs3181098 rs28718975

rs28688913 rs28541784 rs201801072 rs200353921

CTLA4 rs11571315 rs733618 rs4553808 rs11571316 rs62182595

rs573554201 rs16840252 rs945677329 rs5742909 rs231775

rs56102377 rs56217811 rs1581575882 rs980967681 rs55696217

rs231721 rs778932058 rs3087243 rs11571319

PDCD1 rs10204525 rs1331108508 rs56029561 rs2227981 rs2227982

rs6705653 rs41386349 rs11568821 rs36084323 rs1044067342

rs5839828 rs944761632
Frontiers in Immunolog
y
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TABLE 3 Side effects with the first dose of mRNA vaccines (Moderna +BNT).

SNP Gene position No. of patients (%) Model Logistic regression P Odds ratio 95% Confidence Interval

Lower Upper

Fever

rs56029561 PDCD1 CAG CAG/del del Additive 0.010 – – –

Yes 3’UTR 0 3 4 CAG/del+del vs CAG – – – –

No 0 0 22 CAG/del+CAG vs del 0.010 – – –

Injection site

rs3181098 CD28 GG AG AA Additive 0.016 – – –

Yes promoter 19 4 4 AG+AA vs. GG 0.111 – – –

No 0 2 0 GG+AG vs. AA 1.000 – – –

Chills

rs733618 CTLA4 CC CT TT Additive 0.026 – – –

Yes promoter 1 6 1 CT+TT vs. CC 1.000 0.737 0.057 9.457

No 2 5 14 CT+CC vs. TT 0.014 0.071 0.007 0.701

rs3181096 CD28 CC CT TT Additive 0.025 – – –

Yes promoter 3 5 0 CT+TT vs. CC 0.406 0.369 0.069 1.982

No 13 3 5 CT+CC vs. TT 0.283 – – –

rs2227982 PDCD1 AA AG GG Additive 0.039 – – –

Yes exon 5 6 2 0 GG+AG vs. AA 0.030 9.000 1.355 59.783

No 5 10 5 AG+AA vs. GG 0.281 – – –

rs36084323 PDCD1 TT CT CC Additive 0.064 – – –

Yes promoter 6 1 0 CT+CC vs. TT 0.033 11.143 1.108 112.012

No 7 9 4 CT+TT vs. CC 0.545 – – –

Diarrhea

rs5839828 PDCD1 del/del G/del GG Additive 0.046 – – –

Yes promoter 3 2 2 del/G+delvs. GG 0.060 – – –

No 12 8 0 del/G+GG vs. del 0.662 0.500 0.087 2.860

Headache

rs2227982 PDCD1 AA AG GG Additive 0.026 – – –

Yes exon 5 8 6 0 GG+AG vs. AA 0.053 4.889 0.931 25.670

No 3 6 5 AG+AA vs. GG 0.041 – – –

rs36084323 PDCD1 TT CT CC Additive 0.080 – – –

(Continued)
ontiersin.org

https://doi.org/10.3389/fimmu.2022.941497
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Chen et al. 10.3389/fimmu.2022.941497
TABLE 3 Continued

SNP Gene position No. of patients (%) Model Logistic regression P Odds ratio 95% Confidence Interval

Lower Upper

Yes promoter 8 6 0 CT+CC vs.. TT 0.332 0.469 0.101 2.185

No 5 4 4 CT+TT vs.. CC 0.041 1.444 1.005 2.075

Myalgia

rs1234314 TNFSF4 CC CG GG Additive 0.003 – – –

Yes promoter 3 7 0 CG+CC vs.. GG 0.005 – – –

No 0 9 10 CG+GG vs..CC 0.033 – – –

rs2227982 PDCD1 AA AG GG Additive 0.046 – – –

Yes exon 5 7 2 1 AG+AA vs.. GG 0.626 2.571 0.246 26.851

No 4 10 4 GG+AG vs.. AA 0.020 8.167 1.419 47.016

rs36084323 PDCD1 TT CT CC Additive 0.081 – – –

Yes promoter 7 1 1 CT+CC vs.. TT 0.046 7.000 1.098 44.608

No 6 9 3 CT+TT vs.. CC 1.000 1.600 0.142 18.000

Skin allergy

rs3181096 CD28 CC CT TT Additive 0.086 – – –

Yes promoter 5 0 0 CT+TT vs.. CC 0.048 – – –

No 11 8 5 CT+CC vs.. TT 0.553 – – –

rs200353921 CD28 TT AT AA Additive 0.064

Yes promoter 2 0 3 AT+AA vs.. TT 0.123 0.185 0.024 1.432

No 18 2 3 TT+AT vs.. AA 0.050 0.100 0.012 0.869
Frontiers in Im
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Additive: AA vs. Aa vs. aa.
TABLE 4 Side effects with the second dose of mRNA vaccine (Moderna +BNT).

SNP Gene position No. of patients (%) Model Logistic regression P Odds ratio 95% Confidence Interval

Lower Upper

Fever

rs2227982 PDCD1 AA AG GG Additive 0.030 – – –

Yes exon 5 7 8 0 GG+AG vs. AA 0.390 1.969 0.416 9.317

No 4 4 5 AG+AA vs. GG 0.013 0.348 0.199 0.609

rs36084323 PDCD1 CC CT TT Additive 0.022

Yes promoter 0 8 8 CT+CC vs. TT 0.816 1.200 0.257 5.593

No 4 2 5 CT+TT vs. CC 0.019 – – –

Injection site

rs11571315 CTLA4 CC CT TT Additive 0.039 – – –

Yes promoter 3 14 11 CT+TT vs. CC 0.138 0.107 0.037 0.312

No 1 0 0 CT+CC vs. TT 1.000 0.607 0.451 0.818

rs231775 CTLA4 AA AG GG Additive 0.016 – – –

Yes exon1 2 13 11 AG+AA vs. GG 1.000 0.577 0.415 0.802

No 1 0 0 GG+AG vs. AA 0.111 0.077 0.020 0.291

Chills

rs3181096 CD28 CC CT TT Additive 0.051 – – –

Yes promote 4 6 3 CT+TT vs. CC 0.017 0.148 0.029 0.759

No 12 2 2 CT+CC vs. TT 0.632 0.476 0.067 3.396

rs11571316 CTLA4 AA AG GG Additive 0.121 – – –

(Continued)
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Association between SNPs and the
side effects of the first dose of
mRNA vaccination

Analyzing the side effects induced by the first dose of mRNA

vaccines (Table 3), rs56029561 of PDCD1 found to be associated

with fever (additive, p= 0.010; CAG/del +CAG vs. del, p=0.010).

In addition, rs3181098 of CD28 was associated with discomfort

at the injection site (additive, p=0.016). rs733618 of CTLA4

(additive, p=0.026; CT+CC vs. TT, p=0.014, OR=0.071, 95%

CI. = 0.007–0.701), rs3181096 of CD28 (additive, p=0.025),

rs2227982 (additive, p=0.039; GG+AG vs. AA, p=0.030, OR=9,

95% CI. = 1.355–59.783) and rs36084323 (CT+CC vs. TT,

p=0.033, OR=11.143, 95% CI. = 1.108–112.012) of PDCD1

were associated with chills. Moreover, rs5839828 of PDCD1

was associated with diarrhoea based on the additive model

(p=0.046). rs2227982 (additive, p=0.026; AG+AA vs. GG,

p=0.041, OR=1.444, 95% CI. = 1.005–2.075) and rs36084323

(CT+TT vs. CC, p=0.041) of PDCD1 were associated with

headache. Furthermore, rs1234314 of TNFSF4 (additive,

p=0.003; CG+GG vs. CC, p=0.033; CG+CC vs. GG, p=0.005),

as well as rs2227982 (additive, p=0.046; GG+AG vs. AA, p=0.02,
Frontiers in Immunology 06
OR=8.167, 95% CI. = 1.419–47.016) and rs36084323 (CT+CC

vs. TT, p=0.046, OR=7, 95% CI. = 1.098–44.608) of PDCD1, was

associated with myalgia. Two SNPs of CD28 were associated

with skin allergy, namely, rs3181096 (CT+TT vs. CC, p=0.048)

and rs200353921 (TT+AT vs. AA, p=0.05, OR=0.1, 95% CI. =

0.012–0.869).
Association between SNPs and the
side effects of the second dose of
mRNA vaccination

Analyzing the side effects induced by second dose of mRNA

vaccines (Table 4), two SNPs of PDCD1 were found to be

associated with fever, namely, rs2227982 (additive, p=0.030;

AG+AA vs. GG, p=0.013, OR=0.348, 95% CI. = 0.199–0.609)

and rs36084323 (additive, p=0.022; CT+TT vs. CC, p=0.019). In

addition, rs11571315 (additive, p=0.039) and rs231775 (additive,

p=0.016) were associated with discomfort at the injection site.

rs3181096 of CD28 (CT+TT vs. CC, p=0.017, OR=0.148, 95%

CI. = 0.029–0.759), rs5839828 of PDCD1 (additive, p=0.046)

and rs11571316 of CTLA4 (AG+AA vs. GG, p=0.047, OR=4.8,
TABLE 4 Continued

SNP Gene position No. of patients (%) Model Logistic regression P Odds ratio 95% Confidence Interval

Lower Upper

Yes promoter 1 7 5 AG+AA vs. GG 0.047 4.800 0.979 23.544

No 1 3 12 GG+AG vs. AA 1.000 1.250 0.071 22.132

rs5839828 PDCD1 del del/G GG Additive 0.046 – – –

Yes promoter 9 2 2 del/G+del vs. GG 0.222 – – –

No 6 8 0 del/G+GG vs. del 0.168 3.000 0.616 14.617

Headache

rs3087243 CTLA4 GG AG AA Additive 0.014 – – –

Yes 3UTR 6 8 2 AG+AA vs. GG 0.006 0.429 0.234 0.785

No 8 0 0 GG+AG vs. AA 0.536 – – –

rs3181097 CD28 GG AG AA Additive 0.021 – – –

Yes promote 10 5 2 AG+AA vs. GG 0.008 15.714 1.634 151.125

No 1 7 4 GG+AG vs. AA 0.198 3.750 0.560 25.121

rs3181098 CD28 GG AG AA Additive 0.039 – – –

Yes promote 8 5 4 AG+AA vs. GG 0.019 0.081 0.008 0.773

No 11 1 0 GG+AG vs. AA 0.121 – – –

Myalgia

rs3181097 CD28 AA AG GG Additive 0.021 – – –

Yes promoter 2 5 10 AG+AA vs. GG 0.008 0.064 0.007 0.612

No 4 7 1 GG+AG vs. AA 0.198 0.267 0.040 1.786

rs231775 CTLA4 AA AG GG Additive 0.035 – – –

Yes exon1 1 11 4 AG+AA vs. GG 0.061 5.250 0.988 27.895

No 2 2 7 GG+AG vs. AA 0.549 0.300 0.024 3.799
Additive: AA vs. Aa vs. aa.
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95% CI. = 0.979–23.544) were associated with chills. Moreover,

rs3087243 of CTLA4 (Additive, p=0.014; AG+AA vs. GG,

p=0.006, OR=0.429, 95% CI. = 0.234-0.785), rs3181097 of

CD28 (additive, p=0.021; AG+AA vs. GG, p=0.008,

OR=15.714, 95% CI. = 1634-151.125), and rs3181098 of CD28

(Additive, p=0.039; AG+AA vs. GG, p=0.019, OR=0.081, 95%

CI. = 0.008–0.773) were associated with headache. rs231775

(additive, p=0.035) of CTLA4 and rs3181097 of CD28 (additive,

p=0.021; AG+AA vs. GG, p=0.008, OR=0.064, 95% CI. = 0.007–

0.612) were associated with myalgia.
Association between SNPs and the side
effects of the first dose of adenoviral
vector vaccination

Analyzing the side effects induced by the first dose of AZ

vaccines (Table 5), rs1879877 located in the promoter region of

CD28 was found to be associated with headache (additive,

p=0.009; GG+GT vs. TT, p=0.009, OR=18.75, 95% CI. =

2.065–170.215). Three SNPs were associated with diarrhoea,

namely, rs3181096 of CD28 (additive, p=0.004; AG+AA vs.

GG, p=0.028), rs3181098 of CD28 (additive, p=0.004; AG+AA

vs. GG, p=0.028), and rs1234314 of PDCD1 (additive, p=0.042).

Only the rs733618 of CTLA4 was associated with skin allergy

(additive, p=0.026).
Frontiers in Immunology 07
Association between the SNPs and the
side effects of the second dose of
adenoviral vector vaccination

Analyzing the side effects induced by the second dose of AZ

vaccines (Table 6), two SNPs of CTLA4 were found to be associated

with chills, namely, rs733618 located in the promoter region

(additive, p=0.027) and rs980967681 located in the 3’UTR (GG

vs. AG, p=0.02). In addition, six SNPs were associated with

diarrhoea, namely, rs1879877 (GG vs. GT vs. TT, p=0.026),

rs3181096 (additive, p<0.001; CT+CC vs. TT, p=0.042; CT+CC

vs. TT, p=0.042), and rs3181098 (additive, p<0.001; GG+AG vs.

AA, p=0.042) of CD28, rs3087243 (additive, p=0.003) and

rs11571316 (additive, p=0.003) of CTLA4, and rs45454293 of

TNFSF4 (additive, p=0.003). Moreover, rs41386349 located in the

promoter region of PDCD1 was associated with headache (additive,

p=0.038). rs733618 of CTLA4 (additive, p<0.001; CT+TT vs. CC,

p=0.011) and rs3181097 of CD28 (additive, p=0.016; GG+AA vs.

AA, p=0.036) were associated with myalgia.

Based on the results, rs3181096 and rs3181098 of CD28,

rs733618 and rs3087243 of CTLA4 and rs1234314 of TNFSF4

were associated with side effects induced by mRNA and

adenoviral vector vaccines. Furthermore, the data of mRNA

and adenovirus vector vaccines were combined for analysis

(Supplementary Tables 3 and 4). Combining the data of

mRNA, subunit, adenoviral vector vaccine, and mixed
TABLE 5 Side effects with the first dose of adenoviral vector vaccine (AZ).

SNP Gene position No. of patients (%) Model Logistic regression P Odds ratio 95% Confidence Interval

Lower Upper

Diarrhea

rs3181096 CD28 CC CT TT Additive 0.004 – – –

Yes promoter 0 2 1 CT+TT vs. CC 0.028 – – –

No 16 5 0 CT+CC vs. TT 0.125 – – –

rs3181098 CD28 GG AG AA Additive 0.004 – – –

Yes promoter 0 2 1 AG+AA vs. GG 0.028 – – –

No 16 5 0 GG+AG vs. AA 0.125 – – –

rs1234314 TNFSF4 CC CG GG Additive 0.042 – – –

Yes promoter 2 1 0 CG+GG vs. CC 0.061 0.053 0.003 0.872

No 2 14 5 CG+CC vs. GG 1.000 – – –

Headache

rs1879877 CD28 GG GT TT Additive 0.009 – – –

Yes promoter 2 13 2 GT+TT vs. GG 1.000 0.800 0.061 10.562

No 1 1 5 GG+GT vs. TT 0.009 18.750 2.065 170.215

Skin allergy

rs733618 CTLA4 CC CT TT Additive 0.026 – – –

Yes promoter 1 0 0 CT+TT vs. CC 0.125 – – –

No 2 12 9 CT+CC vs. TT 1.000 – – –
Additive: AA vs. Aa vs. aa.
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vaccination, we found that rs733618 and rs3087243 of CTLA4;

rs1879877, rs200353921, rs3181096 and rs3181098 of CD28 and

the rs10204525, rs2227982, rs2227981, rs6705653, rs41386349

and rs5839828 of PDCD1 were associated with side effects based

on the first and second doses of vaccination.
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Discussion

In general, SNPs can be located in coding (exon) or non-

coding sequences (intron) of genes (21). If the SNPs are located

in the exon region, then they may alter the amino acid sequence
TABLE 6 Side effects with the second dose of adenoviral vector vaccine (AZ).

SNP Gene position No. of patients (%) Model Logistic regression P Odds ratio 95% Confidence Interval

Lower Upper

Chills

rs733618 CTLA4 CC CT TT Additive 0.027 – – –

Yes promoter 2 2 0 CT+TT vs. CC 0.061 0.053 0.003 0.872

No 1 10 9 CT+CC vs. TT 0.259 – – –

rs980967681 CTLA4 GG AG AA Additive 0.020 – – –

Yes 3UTR 4 0 0 AG+AA vs. GG 0.020 – – –

No 14 6 0 GG+AG vs. AA – – – –

Diarrhea

rs1879877 CD28 GG GT TT Additive 0.026 – – –

Yes promoter 1 0 0 GT+TT vs. GG 0.125 – – –

No 2 14 7 GT+GG vs. TT 1.000 – – –

rs3181096 CD28 CC CT TT Additive 6E-06 – – –

Yes promoter 0 0 1 CT+CC vs. TT 0.042 – – –

No 16 7 0 CT+TT vs. CC 0.333 – – –

rs3181098 CD28 AA AG GG Additive 6E-06 – – –

Yes promoter 1 0 0 AG+AA vs. GG 0.333 – – –

No 0 7 16 GG+AG vs. AA 0.042 – – –

rs3087243 CTLA4 GG AG AA Additive 0.003 – – –

Yes 3UTR 0 0 1 AG+AA vs. GG 1.000 – – –

No 12 10 1 GG+AG vs. AA 0.083 – – –

rs45454293 TNFSF4 GG AG AA Additive 0.003 – – –

Yes promoter 0 0 1 AG+AA vs. GG 0.333 – – –

No 16 6 1 GG+AG vs. AA 0.083 – – –

rs11571316 CTLA4 AA AG GG Additive 0.003 – – –

Yes promoter 1 0 0 AG+AA vs. GG 1.000 – – –

No 1 10 12 GG+AG vs. AA 0.083 – – –

Headache

rs41386349 PDCD1 GG AG AA Additive 0.038 – – –

Yes intron 4 17 4 1 AG+AA vs. GG 0.076 – – –

No 0 2 0 GG+AG vs. AA 1.000 – – –

Myalgia

rs733618 CTLA4 CC CT TT Additive 5E-04 – – –

Yes promoter 2 0 0 CT+TT vs. CC 0.011 22.000 3.242 149.298

No 1 12 9 CT+CC vs. TT 0.511 1.692 1.195 2.396

rs3181097 CD28 AA AG GG Additive 0.016 – – –

Yes promoter 2 0 0 AG+AA vs. GG 1.000 1.133 0.953 1.348

No 3 12 7 GG+AG vs. AA 0.036 – – –
Additive: AA vs. Aa vs. aa.
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of the corresponding protein (missense SNP), introduce a

premature stop codon (nonsense SNP) or have no effect on

the protein sequence (synonymous SNP). The promoter region,

5 prime untranslated region (5′UTR), intron and 3′UTR belong

to non-coding regions of genes. If the SNPs are located in the 5′
UTR, then they may affect the binding activity of transcription

factors, thereby leading to the upregulation or downregulation of

gene expression level. If the SNPs are located in the 3′UTR, then
they may influence microRNA binding to the sequence, thereby

affecting gene silencing. In addition, the sequence of the

promoter plays a role in initiating gene transcription, which

affects the expression of protein. Several studies have determined

that several SNPs were related to the antibody response of

vaccination (1–3). In our study, we also found that several

SNPs were associated with the side effects of COVID-

19 vaccines.

In addition, rs3181096 of CD28, as well as rs2227982 and

rs36084323 of PDCD1, was associated with side effects of mRNA

vaccine in the first and second doses of vaccination. rs733618 of

CTLA4, as well as rs1879877, rs3181096 and rs3181098 of CD28,

was associated with the side effects of adenoviral vector vaccine

in the first and second doses of vaccination. Considering that the

components and principles are different in various vaccines,

these SNPs may be related to the mechanism by which the

components in the vaccine induce side effects. Moreover, these

SNPs were associated with several autoimmune diseases and

cancer types, which is summarized in Supplementary Table 5.

Furthermore, rs3181096 of CD28 showed a significant difference

in the first and second doses of mRNA vaccines, adenoviral

vector vaccine and combination. Finally, rs733618, rs11571316

and rs3087243 of CTLA4 and rs1234314 of TNFSF4 showed

great significant difference, although the samples were

distributed into the mRNA vaccine group or adenovirus vector

vaccine group or their combination. Therefore, these SNPs may

play an important role in vaccine-induced immune response.

The CD28 gene is located in the human chromosome 2q33

and the CD28 protein is primarily expressed on the naïve T cell.

During T cell activation, CD28 plays an important role in

providing a second signal for T cells when interacting with

CD80/CD86 (22). Qi et al. showed that rs3181096 was related to

the bingeing activity of HNF1_3. When rs3181096 contained C-

allele, the transcription level of CD28 would reduce (23). The

CTLA4 gene is located in the human chromosome 2q33 and the

CTLA4 protein is expressed on activated and regulatory T cells

(Tregs). Comparing CD28 with CD80/CD86, CTLA4 was found

to play a negative role in T cell activation. Wang et al. showed

that rs733618 was involved in regulating the binding activity of

NF-1 and c/EBPbeta, and then altering the expression level of

CTLA4 (24). These SNPs may modulate the immune response

by altering the expression level of CD28 and CTLA4 proteins,

leading to vaccine-induced side effects. Therefore, the CD28/

CTLA4 pathway is considered as a system that regulates the

balance between T cell activation and immune tolerance (22).
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The TNFSF4 gene is located in the human chromosome

1q25.1 and composed of 13 exons. It belongs to the TNF

superfamily protein and it is the key to the coordination of

innate or adaptive immune cells. This protein plays an

important role in the life cycle of immune cells, such as

differentiation, activation, inhibition, and apoptosis and it is

involved in the pathogenesis of various autoimmune and

inflammatory diseases (25). Thus, rs1234314 associated with

myalgia, joint pain and diarrhoea may be related to the

characteristics of this protein.

We observed that SNPs of PDCD1 play a significant role in

the side effects induced by mRNA vaccines. In addition, almost

all SNPs were associated with fever, chills, headache, myalgia,

and joint pain. The PDCD1 gene is located in the human

chromosome 2q37. The PD1 molecule will be upregulated on

the activated T cell after recognizing the antigen bound to major

histocompatibility complex molecules by the T cell receptor.

Thus, fever, chills, headache, myalgia and joint pain were due to

prolonged antigen expression and PD1 over-expression, leading

to excessive local immune response. However, CTLA4 SNPs

were primarily associated with injection site discomfort of post-

mRNA vaccination. The local immune response induced by

vaccines usually results from adjuvants. Adjuvants can directly

induce long-term protective immune responses in the host, such

as liposomes coated with mRNA or the viral envelope. Adjuvants

can help the vaccine induce an immune response and enhance

the specificity of the antigen in vivo (26). Tritto et al. (7)

hypothesized that alum adjuvanticity will delay the absorption

of the injected antigen, allowing the antigen to retain at the local

injection site in the form of high concentration particles, which

will lead to prolonged exposure of antigens to innate immune

cells, the release of cytokines and chemokines, and the

enhancement of immune response. Then, these cytokines and

chemokines will recruit neutrophils, monocytes, and T cells in

the blood to the injection site, resulting in redness and swelling.

Next, nociception occurs when cytokines, prostaglandins or

ATP released by these immune cells interact with nociceptors

and the threshold is reached (8). Combining the results of the

present study with our previous finding, we found that

rs11571315 and rs16840252 of CTLA4 were associated with

the adverse reaction of post-haematopoietic stem cell

transplantation in patients with acute lymphocytic leukemia

(27) and immune thrombocytopenia (28). Moreover, such

SNPs were associated with vaccine-induced side effects.

Therefore, these two SNPs may be a hub in immune regulation.

This study has also some limitation, including its small

sample size, which affect several statistical analyses utilized in

within this study was a limitation. Thus, examination of data

from a significant number of additional patients is necessary to

establish a linkage more definitely between these SNPs and

phenotypic responses to SARS-CoV-2 vaccination. In addition,

the data are self-reported and the perception of pain and

discomfort is different between individuals, which could not be
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quantified and compared. Moreover, these side effects are general

responses to vaccination, not only COVID-19 vaccination.

Therefore, rs3181096 of CD28, rs733618, rs11571316 and

rs3087243 of CTLA4, rs2227982 and rs36084323 of PDCD, and

rs1234314 of TNFSF4 were associated with mild vaccine side

effects. The immune responses originate from T cell activation;

therefore, these immune regulatory genes are related to mild

symptoms and they may also cause serious side effects.

Therefore, the biological functions of SNPs and their effects on

T cell activation should be further explored to understand the

mechanism of the side effects of vaccination. In clinical

application, public concern about the side effects of

vaccination could be addressed and the risk of side effects in

individuals could be evaluated before vaccination through

genetic testing.
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8. Hervé C, Laupèze B, Del Giudice G, Didierlaurent AM, Tavares Da Silva F. The
how’s and what’s of vaccine reactogenicity. NPJ Vaccines (2019) 4:39. doi: 10.1038/
s41541-019-0132-6

9. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al.
Safety and efficacy of the BNT162b2 mRNA covid-19 vaccine. N Engl J Med (2020)
383(27):2603–15. doi: 10.1056/NEJMoa2034577

10. Anderson EJ, Rouphael NG, Widge AT, Jackson LA, Roberts PC, Makhene
M, et al. Safety and immunogenicity of SARS-CoV-2 mRNA-1273 vaccine in older
adults. N Engl J Med (2020) 383(25):2427–38. doi: 10.1056/NEJMoa2028436

11. Zhu FC, Li YH, Guan XH, Hou LH, Wang WJ, Li JX, et al. Safety,
tolerability, and immunogenicity of a recombinant adenovirus type-5 vectored
COVID-19 vaccine: a dose-escalation, open-label, non-randomised, first-in-human
trial. Lancet (2020) 395(10240):1845–54. doi: 10.1016/S0140-6736(20)31208-3

12. Bruno PP, Carpino F, Carpino G, Zicari A. An overview on immune system
and migraine. Eur Rev Med Pharmacol Sci (2007) 11(4):245–8.

13. Han D. Association of serum levels of calcitonin gene-related peptide and
cytokines during migraine attacks. Ann Indian Acad Neurol (2019) 22(3):277–81.
doi: 10.4103/aian.AIAN_371_18

14. Black FL, Hierholzer W, Woodall JP, Pinhiero F. Intensified reactions to
measles vaccine in unexposed populations of american indians. J Infect Dis (1971)
124(3):306–17. doi: 10.1093/infdis/124.3.306

15. Jacobson RM, Ovsyannikova IG, Targonski PV, Poland GA. Studies of twins
in vaccinology. Vaccine (2007) 25(16):3160–4. doi: 10.1016/j.vaccine.2007.01.048

16. Beran J. Safety and immunogenicity of a new hepatitis b vaccine for the
protection of patients with renal insufficiency including pre-haemodialysis and
haemodialysis patients. Expert Opin Biol Ther (2008) 8(2):235–47. doi: 10.1517/
14712598.8.2.235

17. Carey LB, van Dijk D, Sloot PM, Kaandorp JA, Segal E. Promoter sequence
determines the relationship between expression level and noise. PloS Biol (2013) 11
(4):e1001528. doi: 10.1371/journal.pbio.1001528

18. Wan H, Zhou H, Feng Y, Chen Y, Zhu L, Mi Y. Comprehensive analysis of
29,464 cancer cases and 35,858 controls to investigate the effect of the cytotoxic T-
Frontiers in Immunology 11
lymphocyte antigen 4 gene rs231775 A/G polymorphism on cancer risk. Front
Oncol (2022) 12:878507. doi: 10.3389/fonc.2022.878507

19. Tu Y, Fan G, Dai Y, Zeng T, Xiao F, Chen L, et al. Association between
rs3087243 and rs231775 polymorphism within the cytotoxic T-lymphocyte antigen
4 gene and graves’ disease: a case/control study combined with meta-analyses.
Oncotarget (2017) 8(66):110614–24. doi: 10.18632/oncotarget.22702

20. Gatselis NK, Azariadis K, Lyberopoulou A, Dalekos GN. Programmed cell
death-1 rs11568821 and interleukin-28B rs12979860 polymorphisms in autoimmune
hepatitis. J Transl Autoimmun (2021) 4:100126. doi: 10.1016/j.jtauto.2021.100126

21. Shastry BS. SNPs: impact on gene function and phenotype. Methods Mol
Biol (2009) 578:3–22. doi: 10.1007/978-1-60327-411-1_1

22. Gardner D, Jeffery LE, Sansom DM. Understanding the CD28/CTLA-4
(CD152) pathway and its implications for costimulatory blockade. Am J Transplant
(2014) 14(9):1985–91. doi: 10.1111/ajt.12834

23. Qi YY, Zhang XX, Liu XR, Zhai YL, Pu XY, Wang XY, et al. CD28 gene
variants associated with lupus nephritis in a Chinese population. Nephrol Dialysis
Transplant (2019) 34(Supplement_1):gfz106. doi: 10.1093/ndt/gfz106.FP234

24. Wang XB, Pirskanen R, Giscombe R, Lefvert AK. Two SNPs in the promoter
region of the CTLA-4 gene affect binding of transcription factors and are associated
with human myasthenia gravis. J Intern Med (2008) 263(1):61–9. doi: 10.1111/
j.1365-2796.2007.01879.x

25. Manku H, Langefeld CD, Guerra SG, Malik TH, Alarcon-Riquelme M,
Anaya JM, et al. Trans-ancestral studies fine map the SLE-susceptibility locus
TNFSF4. PloS Genet (2013) 9(7):e1003554. doi: 10.1371/journal.pgen.1003554

26. Coffman RL, Sher A, Seder RA. Vaccine adjuvants: putting innate immunity
to work. Immunity (2010) 33(4):492–503. doi: 10.1016/j.immuni.2010.10.002

27. Chen DP, Chang SW, Wang PN, Lin WT, Hsu FP, Wang WT, et al. The
association between single-nucleotide polymorphisms of co-stimulatory genes
within non-HLA region and the prognosis of leukemia patients with
hematopoietic stem cell transplantation. Front Immunol (2021) 12:730507.
doi: 10.3389/fimmu.2021.730507

28. Chen DP, Lin WT, Wen YH, Wang WT. Investigation of the correlation
between immune thrombocytopenia and T cell activity-regulated gene
polymorphism using functional study. Sci Rep (2022) 12(1):6601. doi: 10.1038/
s41598-022-10631-z
frontiersin.org

https://doi.org/10.1016/j.vaccine.2009.01.084
https://doi.org/10.1038/s41541-019-0132-6
https://doi.org/10.1038/s41541-019-0132-6
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2028436
https://doi.org/10.1016/S0140-6736(20)31208-3
https://doi.org/10.4103/aian.AIAN_371_18
https://doi.org/10.1093/infdis/124.3.306
https://doi.org/10.1016/j.vaccine.2007.01.048
https://doi.org/10.1517/14712598.8.2.235
https://doi.org/10.1517/14712598.8.2.235
https://doi.org/10.1371/journal.pbio.1001528
https://doi.org/10.3389/fonc.2022.878507
https://doi.org/10.18632/oncotarget.22702
https://doi.org/10.1016/j.jtauto.2021.100126
https://doi.org/10.1007/978-1-60327-411-1_1
https://doi.org/10.1111/ajt.12834
https://doi.org/10.1093/ndt/gfz106.FP234
https://doi.org/10.1111/j.1365-2796.2007.01879.x
https://doi.org/10.1111/j.1365-2796.2007.01879.x
https://doi.org/10.1371/journal.pgen.1003554
https://doi.org/10.1016/j.immuni.2010.10.002
https://doi.org/10.3389/fimmu.2021.730507
https://doi.org/10.1038/s41598-022-10631-z
https://doi.org/10.1038/s41598-022-10631-z
https://doi.org/10.3389/fimmu.2022.941497
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Association between the side effect induced by COVID-19 vaccines and the immune regulatory gene polymorphism
	Introduction
	Materials and methods
	Subjects
	DNA extraction
	PCR and SNP analysis
	Statistical analysis

	Results
	Association between SNPs and the side effects of the first dose of mRNA vaccination
	Association between SNPs and the side effects of the second dose of mRNA vaccination
	Association between SNPs and the side effects of the first dose of adenoviral vector vaccination
	Association between the SNPs and the side effects of the second dose of adenoviral vector vaccination

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgement
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


