
antigen presentation by HLA-A*11:01 were generally applicable to the worldwide.  133 

Discussion 134 

Deregulated T cell responses are common triggers of various autoimmune diseases. 135 

Epitope mimicry of host proteins by pathogen is a common inducer in susceptible 136 

individuals to induce biased immune response versus tolerance, leading to tissue 137 

damage[12]. Here we found a mutation in SARS-CoV-2 ORF1ab may lead to 138 

increased identity between pathogen peptides with human proteins, providing a 139 

computational evidence for understanding the leading cause of SARS-CoV-2 140 

associated autoimmune diseases, and also provided a new thought on the outbreaks of 141 

children hepatitis of unknown cause under a background of SARS-CoV-2 pandemic.  142 

The outbreak of hepatitis of unknown cause was currently restricted to children under 143 

16 years old. It should be noted that in children, their thymus output was kept in stack, 144 

T cell repertoires were continuously making, and peripheral tolerance was under 145 

establishing [13]. The disturbance of systematic and local immune microenvironment 146 

by SARS-CoV2 infection was likely to affect the establishment of normal T cell 147 

tolerances, thus possibly explained the preference of children to this type of hepatitis. 148 

Based on that, we anticipated that HLA genotyping may facilitate to uncovering the 149 

real cause of hepatitis. 150 

According to the fully sequenced genomes deposited in GISAID, the frequency of 151 

SARS-CoV-2 ORF1abVVVNASN variants was around 0.0000161. Among 517,648,631 152 

confirmed SARS-CoV-2 cases by 15, May 2022 (https://covid19.who.int/), it was 153 

roughly estimated that 8334 people, irrespective of children or adults, might be 154 

subjected to risks of autoimmune T cell responses and possibly the hepatitis of 155 

unknown cause. However, other unknown factors may also participate to exacerbate 156 

disease morbidity and severity, and indeed we have noted some mutations will 157 

increase the sequence identity between ORF1ab1065-1078 and PAPR1462-75(3Q6Z_A). 158 

Most of the variants bearing A1061S substitution were in Delta lineage, and it should 159 

be noteworthy that Delta variants were still circulating in parallel with Omicron 160 

variants[11]. Thus, mutations in these sites should call for our great concerns. 161 

However, our results were still preliminary and we only aimed to discussing a 162 

possible association of SARS-CoV-2 infection with children acute hepatitis of 163 
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unknown cause. Further experimental validation of this hypothesis presented here was 164 

urgently needed to figure out the nature of hepatitis of unknown cause. 165 
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 210 

Figure legends: 211 

Figure 1. SARS-CoV-2 OFR1abA1061S substitution increased sequence identity 212 

with human PARP14 and variant’s epidemiology.  213 

(A) PSI blast showing the alignment of SARS-CoV-2 ORF1ab1056-1173 with 214 

PARP1453-168(3Q6Z_A). (B) Global distribution of the fully sequenced SARS-CoV-2 215 

genomes possessing A1601S mutation in SARS-CoV-2 OFR1ab VVVNAAN motif. 216 

(Basal layer map was created with BioRender.com)(C) Counts (and proportions) of 217 

OFR1abVVVNASN  variants across 15 countries. (D) Monthly trends in accumulated 218 

number of OFR1abVVVNASN  variants across 15 countries.  219 

Figure 2. Sequence analysis of variants bearing OFR1abA1061S substitution.  220 

(A) Mutation preferences and rates in SARS-CoV-2 ORF1ab1055-1079 as compared to 221 

wuhan-hu-1. (B) Pie plot showing phylogenetic assignment of the SARS-CoV-2 222 

variant (ORF1abVVVNASN) with pangolin[14]. (C) Predicted binding ability by HLA-223 

A*11:01 to human PARP14 and SARS-CoV-2 ORF1ab generated peptide. 224 
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Figure 1. SARS-CoV-2 OFR1abA1061S substitution increased sequence similarities with human PARP14 and variant’s 
epidemiology.
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Table1.  Mutation frequency in SARS-CoV-2 ORF1ab1055-1079 as compared to wuhan-hu-1.

position composite allele_frequ
ency position composite allele_frequ

ency position composite allele_frequ
ency

1055 T 0.9968422 1063 Q 1.25E-06 1071 Y 2.69E-06
1055 A 0.0017836 1063 S 9.60E-07 1071 S 2.50E-06
1055 I 6.00E-04 1063 C 7.68E-07 1071 P 1.15E-06
1055 V 4.14E-04 1063 M 5.76E-07 1071 C 9.60E-08
1055 P 1.35E-04 1063 P 3.84E-07 1072 A 0.9993339
1055 N 1.26E-04 1063 R 9.60E-08 1072 G 1.94E-04
1055 K 4.59E-05 1064 Y 0.9989918 1072 V 1.60E-04
1055 G 2.19E-05 1064 G 2.14E-04 1072 N 1.20E-04
1055 Y 1.39E-05 1064 K 1.91E-04 1072 K 6.73E-05
1055 L 1.06E-05 1064 L 1.80E-04 1072 L 4.22E-05
1055 H 2.78E-06 1064 V 1.52E-04 1072 T 3.10E-05
1055 S 1.15E-06 1064 C 1.09E-04 1072 E 1.58E-05
1055 M 1.06E-06 1064 H 7.22E-05 1072 H 1.01E-05
1055 R 8.64E-07 1064 A 4.22E-05 1072 S 7.68E-06
1055 D 3.84E-07 1064 N 2.35E-05 1072 Y 6.05E-06
1055 Q 1.92E-07 1064 I 1.21E-05 1072 D 3.07E-06
1055 E 9.60E-08 1064 D 2.98E-06 1072 Q 3.07E-06
1056 V 0.9983827 1064 M 2.69E-06 1072 I 2.69E-06
1056 L 0.0010483 1064 S 2.40E-06 1072 M 2.30E-06
1056 A 1.82E-04 1064 T 1.15E-06 1072 P 1.06E-06
1056 T 1.32E-04 1064 E 9.60E-07 1072 C 9.60E-08
1056 M 1.05E-04 1064 Q 5.76E-07 1073 G 0.9982889
1056 N 8.86E-05 1064 F 3.84E-07 1073 A 3.97E-04
1056 K 2.53E-05 1064 P 9.60E-08 1073 V 3.79E-04
1056 G 1.90E-05 1065 L 0.9991379 1073 R 3.39E-04
1056 Y 8.16E-06 1065 G 2.15E-04 1073 L 1.80E-04
1056 H 2.78E-06 1065 K 1.91E-04 1073 E 1.62E-04
1056 I 1.44E-06 1065 H 1.80E-04 1073 K 1.06E-04
1056 P 1.34E-06 1065 Y 1.30E-04 1073 N 6.81E-05
1056 E 1.15E-06 1065 A 5.36E-05 1073 T 4.62E-05
1056 Q 9.60E-07 1065 V 4.85E-05 1073 M 7.78E-06
1056 D 7.68E-07 1065 N 1.18E-05 1073 I 6.05E-06
1056 S 1.92E-07 1065 F 7.01E-06 1073 S 5.57E-06
1057 V 0.9994063 1065 T 6.34E-06 1073 H 5.38E-06
1057 N 2.45E-04 1065 M 5.95E-06 1073 D 2.88E-06
1057 A 1.52E-04 1065 D 4.80E-06 1073 Q 2.40E-06
1057 I 6.82E-05 1065 I 2.88E-06 1073 P 1.73E-06
1057 F 3.20E-05 1065 Q 2.69E-06 1073 Y 1.25E-06
1057 K 2.76E-05 1065 P 1.92E-06 1073 C 8.64E-07
1057 Y 1.79E-05 1065 E 1.34E-06 1074 A 0.9984284
1057 G 1.67E-05 1065 S 7.68E-07 1074 T 4.19E-04
1057 L 1.57E-05 1065 C 9.60E-08 1074 V 4.11E-04
1057 H 7.68E-06 1066 K 0.9990457 1074 N 2.43E-04
1057 D 3.65E-06 1066 G 3.42E-04 1074 L 1.80E-04
1057 Q 2.59E-06 1066 H 1.78E-04 1074 G 1.56E-04
1057 P 2.21E-06 1066 L 1.33E-04 1074 K 5.30E-05
1057 T 1.44E-06 1066 A 7.36E-05 1074 S 4.79E-05
1057 S 8.64E-07 1066 V 6.61E-05 1074 D 3.95E-05
1057 E 4.80E-07 1066 R 5.33E-05 1074 Q 7.68E-06
1057 M 2.88E-07 1066 E 4.19E-05 1074 M 4.13E-06
1058 V 0.9992974 1066 N 3.49E-05 1074 E 2.88E-06
1058 N 2.93E-04 1066 T 1.23E-05 1074 Y 2.21E-06
1058 A 2.39E-04 1066 Q 6.15E-06 1074 P 1.44E-06
1058 Y 4.56E-05 1066 I 5.28E-06 1074 C 1.15E-06
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1058 I 3.90E-05 1066 D 2.50E-06 1074 I 9.60E-07
1058 L 2.80E-05 1066 S 1.82E-06 1074 H 9.60E-08
1058 K 2.22E-05 1066 Y 1.44E-06 1075 L 0.9991155
1058 G 1.38E-05 1066 M 1.06E-06 1075 N 2.88E-04
1058 P 9.22E-06 1066 P 9.60E-07 1075 K 1.91E-04
1058 H 4.03E-06 1067 H 0.9989511 1075 A 1.90E-04
1058 T 3.74E-06 1067 G 4.45E-04 1075 T 1.11E-04
1058 D 1.25E-06 1067 Y 1.53E-04 1075 V 2.33E-05
1058 E 1.15E-06 1067 K 1.37E-04 1075 I 1.99E-05
1058 M 1.15E-06 1067 V 1.23E-04 1075 G 1.69E-05
1058 Q 2.88E-07 1067 A 9.54E-05 1075 D 1.44E-05
1058 F 1.92E-07 1067 Q 3.48E-05 1075 M 8.74E-06
1058 S 1.92E-07 1067 N 3.27E-05 1075 S 6.05E-06
1059 N 0.9991649 1067 L 1.06E-05 1075 Q 4.13E-06
1059 A 3.72E-04 1067 E 3.36E-06 1075 F 3.55E-06
1059 V 2.44E-04 1067 T 3.17E-06 1075 P 3.26E-06
1059 Y 6.04E-05 1067 R 2.98E-06 1075 E 2.40E-06
1059 L 4.78E-05 1067 D 2.11E-06 1075 C 9.60E-07
1059 K 2.83E-05 1067 M 2.11E-06 1075 Y 8.64E-07
1059 T 2.24E-05 1067 P 1.54E-06 1075 H 2.88E-07
1059 G 1.95E-05 1067 S 1.06E-06 1076 N 0.9992106
1059 S 1.50E-05 1067 I 8.64E-07 1076 A 2.37E-04
1059 P 1.01E-05 1067 C 5.76E-07 1076 K 1.81E-04
1059 H 8.83E-06 1068 G 0.9991909 1076 L 1.30E-04
1059 E 2.78E-06 1068 V 2.00E-04 1076 S 8.46E-05
1059 D 1.82E-06 1068 A 1.65E-04 1076 T 4.67E-05
1059 Q 1.15E-06 1068 H 1.29E-04 1076 V 2.83E-05
1059 M 8.64E-07 1068 E 1.25E-04 1076 D 2.56E-05
1059 I 5.76E-07 1068 R 1.04E-04 1076 M 1.76E-05
1059 C 9.60E-08 1068 N 2.52E-05 1076 G 1.12E-05
1060 A 0.9992057 1068 L 2.01E-05 1076 Q 8.74E-06
1060 N 3.11E-04 1068 D 1.10E-05 1076 E 7.87E-06
1060 V 1.39E-04 1068 Y 9.89E-06 1076 Y 5.38E-06
1060 Y 1.08E-04 1068 K 5.76E-06 1076 C 2.59E-06
1060 L 6.06E-05 1068 T 4.90E-06 1076 H 1.15E-06
1060 K 4.70E-05 1068 S 2.88E-06 1076 I 9.60E-07
1060 T 3.67E-05 1068 Q 2.21E-06 1076 P 6.72E-07
1060 G 3.14E-05 1068 I 1.54E-06 1077 K 0.9989977
1060 S 2.14E-05 1068 P 1.15E-06 1077 N 3.68E-04
1060 H 1.76E-05 1068 M 7.68E-07 1077 A 2.51E-04
1060 D 1.08E-05 1068 C 2.88E-07 1077 T 1.86E-04
1060 P 4.42E-06 1069 G 0.9992562 1077 M 5.09E-05
1060 E 3.07E-06 1069 V 2.04E-04 1077 R 3.22E-05
1060 M 1.73E-06 1069 R 1.57E-04 1077 E 2.16E-05
1060 Q 8.64E-07 1069 E 1.25E-04 1077 V 1.95E-05
1060 I 4.80E-07 1069 A 1.16E-04 1077 G 1.88E-05
1060 C 9.60E-08 1069 L 5.56E-05 1077 Q 1.76E-05
1061 A 0.999099 1069 N 2.47E-05 1077 Y 1.06E-05
1061 V 2.67E-04 1069 K 1.15E-05 1077 S 8.93E-06
1061 N 1.92E-04 1069 Y 1.10E-05 1077 I 5.76E-06
1061 T 1.18E-04 1069 I 1.02E-05 1077 D 5.19E-06
1061 L 1.10E-04 1069 T 8.83E-06 1077 P 2.88E-06
1061 K 6.26E-05 1069 S 6.34E-06 1077 L 2.50E-06
1061 H 4.57E-05 1069 M 5.28E-06 1077 C 2.88E-07
1061 Y 4.02E-05 1069 D 3.36E-06 1077 H 9.60E-08
1061 G 3.40E-05 1069 P 2.59E-06 1078 A 0.9990958
1061 S 1.71E-05 1069 Q 8.64E-07 1078 T 2.55E-04
1061 D 4.13E-06 1069 H 6.72E-07 1078 N 2.23E-04
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1061 I 3.36E-06 1069 C 9.60E-08 1078 K 1.29E-04
1061 E 2.78E-06 1069 F 9.60E-08 1078 V 8.99E-05
1061 Q 1.82E-06 1070 G 0.9991746 1078 M 5.98E-05
1061 M 7.68E-07 1070 A 2.98E-04 1078 Q 4.56E-05
1061 P 4.80E-07 1070 V 1.95E-04 1078 S 2.14E-05
1061 C 9.60E-08 1070 L 7.35E-05 1078 D 1.86E-05
1062 N 0.9990169 1070 N 5.66E-05 1078 P 1.56E-05
1062 V 2.17E-04 1070 C 5.19E-05 1078 G 1.39E-05
1062 Y 1.80E-04 1070 S 4.82E-05 1078 I 9.12E-06
1062 A 1.45E-04 1070 D 4.03E-05 1078 L 8.83E-06
1062 S 1.25E-04 1070 K 2.84E-05 1078 E 8.74E-06
1062 K 1.08E-04 1070 M 9.12E-06 1078 Y 2.98E-06
1062 G 7.45E-05 1070 T 6.63E-06 1078 H 1.34E-06
1062 H 6.12E-05 1070 Q 5.47E-06 1078 C 1.15E-06
1062 L 4.96E-05 1070 Y 4.80E-06 1079 T 0.9991392
1062 T 1.19E-05 1070 H 2.40E-06 1079 N 3.63E-04
1062 D 7.11E-06 1070 E 2.11E-06 1079 A 1.99E-04
1062 E 1.06E-06 1070 I 1.34E-06 1079 M 1.05E-04
1062 M 1.06E-06 1070 P 5.76E-07 1079 Q 5.98E-05
1062 Q 9.60E-07 1070 R 3.84E-07 1079 V 5.00E-05
1062 I 4.80E-07 1070 F 9.60E-08 1079 E 1.76E-05
1062 P 9.60E-08 1071 V 0.9985597 1079 L 1.56E-05
1063 V 0.9988616 1071 I 4.22E-04 1079 S 1.38E-05
1063 G 2.42E-04 1071 A 3.91E-04 1079 D 1.18E-05
1063 Y 1.90E-04 1071 G 3.14E-04 1079 G 1.03E-05
1063 L 1.82E-04 1071 L 1.10E-04 1079 I 4.90E-06
1063 N 1.56E-04 1071 N 7.37E-05 1079 K 4.90E-06
1063 I 1.05E-04 1071 K 6.11E-05 1079 Y 2.30E-06
1063 H 1.05E-04 1071 F 1.39E-05 1079 P 1.44E-06
1063 A 5.28E-05 1071 E 1.03E-05 1079 C 1.15E-06
1063 F 4.79E-05 1071 T 9.60E-06 1079 H 2.88E-07
1063 K 4.74E-05 1071 Q 9.22E-06
1063 T 3.17E-06 1071 H 9.12E-06
1063 E 1.92E-06 1071 D 7.20E-06
1063 D 1.44E-06 1071 M 2.88E-06
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