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A ZEE Bod AESHY AlgoA =aF7bobA] (endoglucanase, KEGG ortholog K01179), Fwul#|olE
stol=glelA] @2 I(fumarate hydratase class I, KEGG ortholog K01676), 244 =4 Al LytTR ¥ 2]
AA 7)1 YobAl (two-component regulatory system, LytTR family, sensor kinase, KEGG ortholog K02478), <t
EgdyolE AEA AE 1 eA4ZJ(anthranilate synthase component I orthologs, KEGG ortholog K01657),
HEIF-CoA t3lol=Z A obA] (butyryl-CoA dehydrogenase, KEGG ortholog K00248), 24% Zd Al2~®l OmpR
dde] "2 AxF CpxR(two-component system, OmpR family, response regulator CpxR, KEGG ortholog
K07662), Fefol=/YA 5 A|2=8 #HEvolAd] wld (peptide/nickel transport system permease protein,
KEGG ortholog K02033), 54 ABC % Al2=®] ATP A3 @A (putative ABC transport system ATP-binding
protein, KEGG ortholog K02003), ol =7t 2 B A F- A Y| o] E-A ] & H| o] = )7} 2 22 glo} A
(aminocarboxymuconate-semialdehyde decarboxylase, KEGG ortholog K03392), d &3 4% Al=wl ATP A3}
oA (iron complex transport system ATP-binding protein, KEGG ortholog K02013), W&Z-L-o}v| =i/ L-E
HEF vyl &2 elokAl (aromat ic-L-amino—acid/L-tryptophan decarboxylase, KEGG ortholog K01593), =241
Ak Al2=®l A A Q1 AF(glycine cleavage system transcriptional repressor, KEGG ortholog K03567), =4t
E/UA 4% A" ATP-ZA3 9 A (cobalt/nickel transport system ATP-binding protein, KEGG ortholog
K02006), RNA 2', 3'-Alo]&F¥ 3'-EAXT]o|~E oA (RNA 2',3'-cyclic 3'-phosphodiesterase, KEGG
ortholog K01975), X 23] 2d-CoA 725 A olA] WlE} A& (propionyl-CoA carboxylase beta chain, KEGG
ortholog K01966), 37 ABC & AlZ=®¥l ATP-Z3 A (putative ABC transport system ATP-binding
protein, KEGG ortholog K02021), dH#=Al Spol|=2AtolA] A A (ferredoxin  hydrogenase small
subunit, KEGG ortholog K00534), HWE}1/7F2 €] 44 BCCT 3@ 2] (betaine/carnitine transporter, BCCT
family, KEGG ortholog K03451), HlyD & #H] oW (HlyD family secretion protein, KEGG ortholog
K02022), E] QA H o] E/3-H I EI| FH o] E AHE W AFH oA (thiosul fate/3-mercaptopyruvate
sulfurtransferase, KEGG ortholog K01011), A3 Zv|EAE M~y 2}o}A| (serine palmitoyltransferase, KEGG
ortholog K00654), CRP/FNR sidg] AA} xdx 7|4 x4 WA (CRP/FNR family transcriptional
regulator, anaerobic regulatory protein, KEGG ortholog K01420), X%=Zr=]X1-{-AFA(podocalyxin-like,
KEGG ortholog K06817), #X< wuld L11 wEdEW ATtk (ribosomal protein L11 methyltransferase,
KEGG ortholog K02687), ¥EH-5-7t28Ado|E g YelolA(pyrroline-5-carboxylate reductase, KEGG
ortholog K00286), 23S rRNA(F-0}=412251-2'-0)-lR E@ = 2fobA] (23S rRNA  (guanosine2251-2'-0)-
methyltransferase, KEGG ortholog K03218), #71A4 W iFE U A =-EBZAH0o|E gYElolx] A o
4 (anaerobic ribonucleoside-triphosphate reductase activating protein, KEGG ortholog K04068), ollA]=
2 Al FgelolA] (epoxyqueuosine reductase, KEGG ortholog K09765), F4 AlZul-54 24 WA (putative
sigma-54 modulation protein, KEGG ortholog K05808), 2-°]"|:=HE}oo]E /2-0ojn]| =X E2u o o] E T]o}n]
L}olA] (2-iminobutanoate/2-iminopropanoate deaminase, KEGG ortholog K09022), =] =< 24 waid
RodA(rod shape determining protein RodA, KEGG ortholog K05837), <13 & ComFA(competence protein
ComEA, KEGG ortholog K02237) % ofF Holu]-of2-3lE]t}o}A]| (acylaminoacyl-peptidase, KEGG ortholog
K01303) & o] Foxl o+ F o= sli} oo 753 nlolentAE HEsE WAE EFste, A StEd W

ART ARE AT P
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CpxR, AEOl=/U7 54 A8l Azvolal @, 34 ABC 44 A8 ATP A% w2 (KEGG ortholog
K009, b= Aol = AT LAl D= Ao, 4 4T S Ak P A g,
WE Lo A L-E YRR UbzAeeldl, 2e4l Aw Axg AAeARlAg, AME/UA 5 Axd

ATP-Z3F &ald | RNA 2', 3'-A}o]&8 3'-EAXU o AEHeolA, T2 QQ(M\ﬂEENﬂﬂﬂ HEF A&
F74 ABC 4% Al=® ATP-Z3 oW (KEGG ortholog K02021), #H# =4l stol=2AIGtolA] AT9IAl, HERR]/
A2Ed FHA BT W¥e,  HWD  shge  ww) mé, B 2 o] = /3-7) ] T o]
A EdsolA, A v EAEN~A oA, RP/AR AW B 244 @74 24 @ad, wede
A-fAH, HRg @md LI PEDsA o], WEA-5-7t2BddolE eetebAl, 235 rRVAGTobeAl
2251-2'-0)-W B E QN eholal, B4 e wirFel ool E-Eel R0l ol B4 WA, o ZA
oA Feetobal, 34 Arb-54 28 9MA, 2-0]0]witEheo] o] £/2-0]p 2 sho o £ To}u]utelal,
oyl mo 24 Wl Rodd, % WA ConbA % ofaolnl ol A-E Tl AR o Fold & F ol sh
PN

1’49] 7154 wolevtAS HESs AAE sk, tdA 25d WS AR Aee =

o

o,

h=]
= .

AT 9
A 83l 2AES s, tAA By WAET A ATE 7 E

7l & & oF

& UHEE SARS-CoV-2 WAIHFAIS] WSS o Sey] % ARATEYH W NEY WAHRATEHA
g AoRA, B FARoRE A mAEFel o8 Qs i R oleE sk s A vhel et
7b MRS Fof wenkea} fref st ARAATE dvhe e #Rlsha, AV R Wenke s Hol e )
7154 vrolertAE gRlete] SARS-CoV-2 MAHT Fo WSS ASFsAY A wEd WAARATE
& =S 3 Sloln

L

szupatolel 2~ S 2019(COVID-19)E F5 4 57 SF L2Zupubo]e]2 2(SARS-Cov-2)ell 23]
e A2 5571 39 dstelth. 20109 129 T -3l A A @A HF (pandemic) & Fo7]ar 9le
A AAR e s AR A4 f171E Zdshal gk 20224 39 3+ 71%33 A AAA R 49 42009

olgel mEiHY B9} 590w W olake] AlgATE Z1%H AT

COVID-19 o]-3

0::.
. fo

FH AT mEW 7k P uARETLHL 7| WS ddel A Wl g Fash A4 gclojth.
HAETF L 150F o] 100% 7 o9 uteg otz FAE glon, o= WY AA de, XA E =
golye] F83 9 dto AW A9y £ WY BT &S v, g4 vARTH-HY A8 AT
2ge FRBAX, TAZ 9 Y AAX AEZE Bl 23 2 diFolx LEAs, ole uAETd 93] A
= e 5o A BExldm west 4 glE Ao A 9uri(de Jong SE, Olin A, Pulendran B. The

Impact of the Microbiome on Immunity to Vaccination in Humans. Cell Host Microbe 2020; 28: 169-179.).
oAy AFeA PAETHe] Fdet 9 Eephtolei s WAl e A WAl olygt BY Y, IFE, <l
ZEA WA g WP WAL EHse] MAle] tF WY Wee 2ASE W Fad 48 T 5 Ao

H313}ar Qu}(Oh JZ, Ravindran R, Chassaing B, et al. TLRS-mediated sensing of gut microbiota is

K

necessary for antibody responses to seasonal influenza vaccination. Immunity 2014; 41: 478-492. %
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Harris VC, Armah G, Fuentes S, et al. Significant Correlation Between the Infant Gut Microbiome and

Rotavirus Vaccine Response in Rural Ghana. J Infect Dis 2017; 215: 34-41.). H< 37} S1ZF A} A&

AREEE Q17 MAET Y Y ATelA, MAE T Fae d5S SR WAl v AAaATE A

o2 HuHEAtH(Hagan T, Cortese M, Rouphael N, et al. Antibiotics-Driven Gut Microbiome Perturbation

Alters Immunity to Vaccines in Humans. Cell 2019; 178: 1313-1328.e13.).
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B8] 2
A7 BAE Ay fske, B oy gidAEEE EEE AESH AlRdA  dEZF oA
(endoglucanase, KEGG ortholog K01179), 3Ful#|o]E 3lol=z}e}lAd] Ze~ I(fumarate hydratase class I,
KEGG ortholog K01676), 2% =4 A" LytTR =z] MA J)yolA] (two-component regulatory system,
LytTR family, sensor kinase, KEGG ortholog K02478), <tEld#|o]|E AEkA] A& 1 24 =ZI(anthranilate
synthase component I orthologs, KEGG ortholog K01657), HEJE-CoA T3to]=2A}olA] (butyryl-CoA
dehydrogenase, KEGG ortholog K00248), 24% =& X2" OmpR €z ¥-&=x4=x CpxR(two-component
system, OmpR family, response regulator CpxR, KEGG ortholog K07662), HElo]=/UA 44 A~ H ZHo}
A e+ (peptide/nickel transport system permease protein, KEGG ortholog K02033), F73 ABC 4 A|~H
ATP A3t &z (putative ABC transport system ATP-binding protein, KEGG ortholog K02003), o}v|»=7}2%&
Al o] E-Au|dd3te]l= t7}=Z &2 2}olA] (aminocarboxymuconate-semialdehyde  decarboxylase,  KEGG
ortholog K03392), & 53 % Al=® ATP 23 wWMA(iron complex transport system ATP-binding
protein, KEGG ortholog K02013), ®e&FFH-L-o}ln|:=At/L-EHES t)7}2E -2z o} A (aromatic-L-amino-acid/L-
tryptophan decarboxylase, KEGG ortholog K01593), =4l Ag A28l AL AR} (glycine cleavage
system transcriptional repressor, KEGG ortholog K03567), ZTE/UA & A"l ATP-Z2% iz
(cobalt/nickel transport system ATP-binding protein, KEGG ortholog K02006), RNA 2', 3'-A}o]&¥ 3'-3E
2o 2~E2oFAl(RNA 2',3"'-cyclic 3'-phosphodiesterase, KEGG ortholog K01975), 23] 2d-CoA 7l1=2&
AgtolA wEl A} (propionyl-CoA carboxylase beta chain, KEGG ortholog K01966), 34 ABC &% A|~H

ATP-ZA3% vl (putative ABC transport system ATP-binding protein, KEGG ortholog K02021), #H# =4l 3}o]
2 A golA] Ad$ A (ferredoxin hydrogenase small subunit, KEGG ortholog K00534), HE}Ql/ZF2EHY =%
Al BCCT s 2] (betaine/carnitine transporter, BCCT family, KEGG ortholog K03451), HlyD sjda] ] ch
Z (HlyD family secretion protein, KEGG ortholog K02022), E]QAHo|E/3-H A EYFH|o|E AxEd ¥}
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o}A (thiosulfate/3-mercaptopyruvate sulfurtransferase, KEGG ortholog K01011), ¢ ZvEUEd Ay g}o}
Al (serine palmitoyltransferase, KEGG ortholog K00654), CRP/FNR @& AAl A 7|4 =4 oad
(CRP/FNR family transcriptional regulator, anaerobic regulatory protein, KEGG ortholog K01420), ¥=%Z
2 21-f-AH (podocalyxin-like, KEGG ortholog K06817), <& ol L11 wEEMH 23] 2obA (ribosomal
protein L11 methyltransferase, KEGG ortholog K02687), 3 EZ#-5-7l282dolE g dElo}A (pyrroline-5-
carboxylate reductase, KEGG ortholog K00286), 23S rRNA(Fro}x=A12251-2'-0)-H & E W A3 2}olA| (23S rRNA
(guanosine2251-2'-0)-methyltransferase, KEGG ortholog K03218), 714 B HEFEH Ao E-ET] X AHoE
Y HelobAl A o (anaerobic ribonucleoside-triphosphate reductase activating protein, KEGG
ortholog K04068), &A1 24l 2|9 ElolAl (epoxyqueuosine reductase, KEGG ortholog K09765), 4 A]ZLw}-
54 274 T A (putative sigma—-54 modulation protein, KEGG ortholog K05808), 2-o]v]i=H-E}li=of o] E/2-0]1]
=X 2o o] E t]olu|iL}olA] (2-iminobutanoate/2-iminopropanoate deaminase, KEGG ortholog K09022), =iy
2 A4 9Md RodA(rod shape determining protein RodA, KEGG ortholog K05837), 9= thuiz
ComEA(competence protein ComEA, KEGG ortholog K02237) % o}=F " o}lu| o} -3E]t}ol Al (acylaminoacyl-
peptidase, KEGG ortholog K01303)& o]Fo|xl i & o]= 3fu o]de] 754 wpolemAE HEshe s
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distel= tzt2HAetolA], A 5§ 5% Alxwl AP 23 9, WgS-L-ofv = P/L EYER y7t=
ghobAl], ZEal Ad AAg AAAARIA, IRE/YA £F A2 ATP-4A4F 9, RNA 2', 3'-Afo]
3'-x 2y o 2EetobAl, Z2Hd-CoA 7tE2HAetolA] wlEr AME, F4 ABC 7% A]*E“ ATP-ZAZ oy
(KEGG ortholog K02021), ##H=Al slo]l= & AtbolAl AT A|, HElel/7F2 el 4244 BCCT #2e], HlyD 9
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Ze ool E-EY L o] E ol B4 W, FAACA euetelAl, F4 Aani-54 2E B,

—oju| = 2 ul-of o] E rjolu|rtolA], ] R AA iz RodA, 9% WA ComFA

ol - oA R o] Fol A & F ol st olde] JwH vhelertA HEHW, A% ¥
HAF(mRNA) Ale] et henkgo] vt gl AR g s WS ¥ 29 5 ol
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LytTR =g AA 7]vfolAl, OJE?/‘r‘é l OJE AERA AR 1 S4&271, FHEH-CoA Hsle| =2 A oA, 244
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% UE 7)%A velenA e Aua] fd 4% W B4 &9 27)(LESe) BAABE p < 0.05 < BAHA

o thato] vpebdl Aol

ge HAsl7] flek FAF Q] &

71 FAE A fste], B o EHe gidAIREE EEE AETH AlRA XS FIhobA
(endoglucanase, KEGG ortholog K01179), Fwldgle]E 3slo]=g}elA]l Z@l2~ I(fumarate hydratase class I,
KEGG ortholog K01676), 2% =4 Al2=® LytTR 3)de] A4 7]UolA] (two-component regulatory system,
LytTR family, sensor kinase, KEGG ortholog K02478), <¢tE#d#o]E AlelA] AE [ A= I(anthranilate
synthase component I orthologs, KEGG ortholog K01657), HEIZ-CoA tTlslo]l==ZAvtolA] (butyryl-CoA
dehydrogenase, KEGG ortholog K00248), 24 %4 Al~¥l OmpR =z w-&ZHx} CpxR(two-component
system, OmpR family, response regulator CpxR, KEGG ortholog K07662), $E}o]=/UA 4 AJ2~EHl 2 do}
A A (peptide/nickel transport system permease protein, KEGG ortholog K02033), % ABC 4% A]=H)
ATP 2% @4 (putative ABC transport system ATP-binding protein, KEGG ortholog K02003), o} :=7}=2%
Al R E-Mu|gdsle]l=  t]FtE2 52 2Fo}A] (aminocarboxymuconate-semialdehyde — decarboxylase,  KEGG
ortholog K03392), & 53+ % A"l ATP 23 w3 A(iron complex transport system ATP-binding
protein, KEGG ortholog K02013), Wek=-L-oln|w=AH/L-EHER )72 5 AdlolA] (aromatic-L-amino-acid/L-
tryptophan decarboxylase, KEGG ortholog K01593), Z&Al dAut Alxul ArAA Q1A (glycine cleavage
system transcriptional repressor, KEGG ortholog K03567), ZEE/UZA FF A=yl ATP-AE ooz
(cobalt/nickel transport system ATP-binding protein, KEGG ortholog K02006), RNA 2', 3'-Alo]&¥ 3'-3E
2o ~EgtobA (RNA 2',3"'-cyclic 3'-phosphodiesterase, KEGG ortholog K01975), T 23] 9 d-CoA 7IE2E
AgtolA] el A& (propionyl-CoA carboxylase beta chain, KEGG ortholog K01966), 57 ABC 4% A|X~EHl
ATP-ZA3F &2 (putative ABC transport system ATP-binding protein, KEGG ortholog K02021), #2541 &lo]
Z2AVolAl Ak Al (ferredoxin hydrogenase small subunit, KEGG ortholog K00534), HIEIQI/FIE2EU 45
A BCCT = &) (betaine/carnitine transporter, BCCT family, KEGG ortholog K03451), HlyD & &H] wh
A (HlyD family secretion protein, KEGG ortholog K02022), E]QAHo|E/3-HIEIFHO|E Ly EM T}
olAl (thiosulfate/3-mercaptopyruvate sulfurtransferase, KEGG ortholog K01011), A8 ZW|EUEdv o}
Al (serine palmitoyltransferase, KEGG ortholog K00654), CRP/FNR iz AAl Z2HEx 7|4 =d oad
(CRP/FNR family transcriptional regulator, anaerobic regulatory protein, KEGG ortholog K01420), X=7Z
g 21-f-AH (podocalyxin-like, KEGG ortholog K06817), @< ol L11 wEEMH 5] 2obA (ribosomal
protein L11 methyltransferase, KEGG ortholog K02687), ¥ Z#-5-7l=28 A o]E ] gEelolA] (pyrroline-5-
carboxylate reductase, KEGG ortholog K00286), 23S rRNA(Frolx=A12251-2'-0)-H & E W A3 2}o} A (23S rRNA
(guanosine2251-2'-0)-methyltransferase, KEGG ortholog K03218), 7|4 B HEFTEHU Al E-ET] X AHoE
glgetolAl &4 @A (anaerobic ribonucleoside-triphosphate reductase activating protein, KEGG
ortholog K04068), &A1 24l 29 Elo}Al (epoxyqueuosine reductase, KEGG ortholog K09765), F%4 A]Z1w}-
54 274 A (putative sigma—-54 modulation protein, KEGG ortholog K05808), 2-o]v]=H-E}li=of o] E/2-0]1]
LX 2o o] E t]opu| ol A (2-iminobutanoate/2-iminopropanoate deaminase, KEGG ortholog K09022), =t
2 AA" 9 RodA(rod shape determining protein RodA, KEGG ortholog K05837), 9= thaiz
ComEA(competence protein ComEA, KEGG ortholog K02237) % o}=F Holu| o} -3E]t}olA| (acylaminoacyl-
peptidase, KEGG ortholog K01303)& o]Fo|xl i+ & o= 3l o]de] 7|54 wlelentAE HEste dAlE
z3tete, didA 253 MAHE ARE AFste S AFEt. A7) AESH AsE v e AE i

Aol EMa 5 gloit ole] @R AL ohn,

A7) 71%4 nlo)eulAE AHolstE W AR E KEGG 24AZI(ortholog)e WE FHA 2 A Wit (Kyoto

Encyclopedia of Genes and Genomes)ol A A|&3l= Almols A5A A2 1FS 9w

B Ao A Algd go] “7]5Z uvlo]omF (functional biomarker)” @ thAlEZ o] thARA R A 2] 7]5al

71z38te] didAle] A9utsS G5 § xS AEE vlolenlAe | vigA s Al AU vAEe UAERE

of AT ALA| wlolemlAY 4 Q).
o

471 71ed wpolemtA e HAE2 7 Al eAE WS ol&dl olFod & glow, HESA s AR
of ofm Akl A duA Aol shedt ELefolw, LB ek, Ee A 5 low, wAEgl A
=

LC-MS(liquid chromatography-mass spectrometry) 7|M<S 3] = ELISA(enzyme-linked immunosorbent
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[0039]

[0040]
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BRI ALEEE ol oAl 2EY WMANF AR AT o, ) MR RRTS B2 o
A7t 54 Aol O Weukge] $UX BRUAE dFetel Al A S5F WS nelE
e MAHE Auel AT WAtk Pr) WP NS TS THEEY & Aok,

d , k. wlH A A7) @Ry vole s W)
e wpolelz WEl WA EE nRNA WA F ol 6}401 S Qoul, U w4 vhele s W )
/‘\_] A o

A Sol mEW, 3] @A o Fol, WRARRE welE AEFH AzolN AwFEohtolA, Fridel= &
olmebebAl ez 1, 2% 2 A28 LytTR A0 AA Jvtebdl R ehEvkdeol= ekl AR 1 0%
a8 oFlAE E F ol sht ool J1%5H utolertAsl AEHW, wtole2uE WA i WIS ol

[¢)
1% W Z9F 5 Aok

Fo AR BReE @

X!,

Zo mEw, A7) B o) Fol, tAALRE Fele Y4B MmN HEd-Cor Ut @tolAl, 2
24 A2 OmpR AUe] WS CoxR, WEROI=/UA S A2 s=obd wuld R 4 ABC %
% A" ATP A% @A (KEGG ortholog K02003) & o] Foj A= i 2 o] 3hut o]ake] 7] who] @ wupA 7}
A&, vtole s WA g Aurgo] L AR Wt wAE d £3F + A,

W o] AAlo| 5elA e ukel o], L71 AN=FFIptobAl, Frpgo]E sto]=etelA] Zei2 I, 24
24 Alz=¥l LytTR sde] AlA 7]volA] ‘;‘ StEgI Yol E NERA AR 1 94z719 7154 ulo]owlA 7}
AE A ARG HEse 49 45895 § S‘F‘v/] A (V3)o] -8 AuES 1o, 58 HInkgo
vlo] emtAR =gl on, FEE-CoA tsto ]l =2 AYelAl, 248 23 A|~F OmpR e ¥H-g2HA} CpxR,
Aelo|= /YA S5 A|2H HZuvolA] wld 2 F4 ABC % A|2®E ATP A3 I A (KEGG ortholog
K02003)9] 7154 wielemtAZE HE A AIFVD A AEHE 4
WS Hol, B3 Woubgol vlo]omtAR Il miﬂr & =2
35 FHeol A AN dAurSo] 93 YAAE e, nfA A= 5 F-SARS-CoV-2 S 162l &
7F 2500 U/mLe] gl didAYd 4 k. 7] Wednkgo] % 9%
AN mAnkgo] B3t gl gAE weby, uEAsiAlE "% F-SARS-CoV-2 S 1gG2] F%7F 1000 U/mLe] 3kl
gAd 4= Qo).

Q Zo) wam, 4] wolelave wae oyl W WA 4 .

B\

o]
=4

NI\

o
1;-]]3],0]_\:_ q;],_e‘ 1%0]_;{“ ;f——i Htﬂ— ‘/F‘“}é: }\]/\Eﬁl ATP 7ﬂ€§1— I:]—Hﬂ?d H}tﬂ:Z_L o]_u]\_)\}-/L EF)E_}]— E];’]_E'
grolA], ¥4l A AA® dAIA oA}, mEIE/ A S }\]/\E—“ ATP-Z3% wala  RNA 2', 3'-A}o]
3' - o 2B ghobAl, X230 d-CoA Fh2E Aol WEl AME, FA ABC L]
(KEGG ortholog K02021), ##l54l slo]l=2AvolA]l A A, wES]/7HEEd A BCCT s e, HlyD
2 wnl e AN E/3-m iR FHo|E Ay EdAvtolA, A En|ELEdAvEtobA,
CRP/FNR side] A 248zt 7Y 2d dmd 8l e e il-fAH 2 o] FolAe= o F o= sk o]

31

2w, 7] Wl olFel, AT E Pew ARst ARdA otz RA R adel=-Av]

o)

=
B
29
Al

Zg_ ]/\Eﬂ ATP- 72127]— 1:]—Hﬂ

E)

7154 mpolomtAY} HEEW, A B H@mRNA) WAl ik Welukgo] £ gAAE A= dAE
o ¥3a =

d 2o w=w, Ay] @A o]Fd, HAAZEE ¥ AESH A FoA frE vl L1 fYEdRAyEt
olA], ¥EH-5-7l2E A olE g gEelola], 23S rRNA(F-o}=412251-2'-0)-HE EdAdgtolA], 74 2Hiy7

o
el ool E-Ee Eoso)E eleelol B WA, o FAALA dAetobAl, F4 Avh-ss 24 WA,
—olu g b o] £ tlobulibola], ) WeF A4 w4 Rodd, 9% w4 ConkA
2 ojzmolrlmold-HElthol Al 2 o] FolA: i F ofi= skt ool Y%A wlolentAT AEHW, A o
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[0046]

[0047]
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B (RNA) 2 Alell ok WeRb-go] vt ti AR dAsks dAE ¥ 23S 4 3.

B oowgel Al selM AFshe wsk gol, 7] olvlwrbEAFadlol E-Av|etdste] =
gtz mdeieldl, A B 56 LW AP AF SUE, FFS-L-oprwmAl/L-EYER U2 B deielal, 2
A AT AT AAAA, SEE/UA S5 AsE ATP-AT @A, RNA 20, 3'-Ale]FE 3-Exy]
o zElgtolAl, EEvod-Con FhEEAetolAl Weh A&, 34 ABC £E AW ATP-AE 9 (KEGG
ortholog K02021), e]541 Glo| == Al olal el A, MER)/Fh2End 4
M) S, oA o] E/3-m e Tulo] = A EN s ol AR
o AN =A% @704 24 el 2L LEREA-FAAY 7)5E vl
A% AFRE F 3% F ARODAN S54F Wues Hel, 5% wWege leenrz
Fasgion, 7] eud wud L LEALR o], ¥ EA-5-7h2 Ao = e etobAl, 235 rRNACT
ob12251-2'-0)-H D E AT ehobAl, @714 eluirFel o Abel EoEEasolE el B4 v, of
EAAQA AeeobAl, 4 Anh-s4 28 @, 2-o]u] i Eho]o] £ /2-0] ] 2 vhof o] £ tlofui}
obAl, W) 2o A4 WUl RodA, 91 WA ConbA B o}z goln] ol -l tiel Aol 715 ulo] oA}
2 F3F ¥ ARORAA B Wne s nol, Bad el
ubgol Fo UAR, WAHE SR F 357 H) Al AN
o] S4w thAE Wei, EHel At @5 B-SARS-CoV-2 S 1¢6) FE 2500 U/mLol kel oA
o ; F 98 F 3% A9 AAA ANy Buige] B o
I 2

oo
o

w g

)

oz

pal

2 o] I tE AAdd mEaY, eI FIlolAl, FulholE sto|=gtetAl SEfs I, 24E 2 AJ=H
LytTR =g AA 7]volAl, AEZDHC|E AEA A& [ 24271, FEH-CoA tslo]|=2AUelAl, 2%
24 Al2~® OmpR #Hd ] wh-E2dA CpxR, FEPol=/UA G5 A28 A =2dolA] whulz - 34 ABC +F Al
el ATP Ag @A (KEGG ortholog K02003), ol =72 B A HF o] E-An & sle]= t7t28Aglola, A
53 5 A2 ATP A% aid | BHEgS-L-olv| A/ L-EQES fyt2 ek, S84 ddk A~ HAL
gA Az}, FAE/ YA £=4 A28 ATP-A3 hald | RNA 2!, 3'-Ato] 28 3'-EAXT o AE oA, TEIQ
d-CoA 72522 olA WEF AME, 4 ABC % A" ATP-ZA3 @& (KEGG ortholog K02021), 54l
stol=2 A olAl 299 A, WEl/ZF2Eld S5 BCCT e, HiyD sl #n) dwld gl duo]E/3-
HOEY FHol|E Ay EdAdlolA, AF FuEdEU:NHElolAl, (RP/FNR 22 dAF 242 714 =2
dd ) IEZEA-FA, SRS ' L1 Y EANsT oA, JE/--5-7I2 54 olE lYElolA], 23S
rRNA( o} A12251-2"-0)-HE Edl s gtolA], F7|A gEFIH Aol E-ER| X Ho|E glYElolA] &4
WA o ZAFH A gygold, FA Alavl-54 2 wald | 9-oju|-R-Elh-d o] E /2-0| 1] XL 2 3} o] o]
tolrjitolAl, o) B A4 A RodA, % A ComEA ol T Holr| ol -ME| oA 2 o] FolF
ZF o= 3y ol 7w H vlolemtAE HESE AAE XS, A 2E2E WNEE AR ATE
3

=0 AlgHrt. 7] AE A= et 71sA vlelevtA Y] ey 493 Ad 5 ot
X

BNCEL [

wHo)  gE AAdd wad, A7 2Aee Edshs oA BEd uHs A

71 71E= HES AAE dg AL AcRE xF 5 k. v AR 4 dl2A ELISA 71ES A5, A
FA, AEZA, g5, HAE FH EE 4E 443 Aoy, v g5, dds & X ¢ Udn
71 71Ed= olelel 75 A wpolewmtA o] SAS &olstl sk FdAl EAE oY =T, AleF, dlE 5]
Aghet A, HE e AsE Y ¢ e 24 =2, HdEAl Sol 29d 4 i

A1t dEEFThelAl, FukdolE dtol=etekAl Feia 1, 24% 2d A&E LytTR side] Al
ZItobAl, tEhddolE AEHA AR [ AR, opvmtERA ol E-An|dH|ste] = t7tE i eto}
Al A 3 5% A= AP A% @l A L-ERER Gt sk, SEal dd Alx
& AR AQIAL, ARE/YA FF AJAR) ATP-ZF @i, RNA 2', 3'-Abo] S8 3'-XE Ao AE dhobAl,
T3]0 d-CoA 7t etobA] el AbE, 34 ABC 6 A28 ATP-A 39 @ (KEGG ortholog K02021), ¥
gl 541 stol =R AVobA] AT A, wlERR]/ZF2E 54 BCCT e, HlyD sige] 24 o g e
O|E/3-mrE| Mo E AHEQdATZtobA], ARl Fr|EAENATobA], RP/FNR sje] A 2484 47]

W10}y

)
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[0056]
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T HEIL-CoA Tskol =R ALbobAl, 243 2 A28 OmpR e WS CpxR, FEbol=/UA 4
. WA, 34 ABC 4 Al2E ATP A @l (KEGG ortholog K02003), 2w+ whuld L11
Edavtoldl, dE-5-7tER A olE Y etobAl, 23S rRNA(ToF=A12251-2'-0) - EA A fopA]

BygFe oA Ao E-Eg X aHo|E glgElolA] A dild | o ZA|F A g|HElobA]l, F4 A|1wl-54
Gl E  9-o]n] - HEb o o] E /2-0]n] - 2 o o] E T]obulitolA], uH] Rk AA whulA RodA, ok
A ComFA 2 o} Holu] oA

71 A1l Faks 71 A v 8] AAldl Sell A dEhSRo], AT eE § wutgo] dd e A

T A A MA=Te] Ao r AR 754 vleleupAdY. whEA A, ChAdoxl HEAe] -3 W
A-gol A =g FIhobAl, %‘—”}EHO]E stol=etebA]l S 1, 248 =4 AAE LytTR e A4 7]
UobAl 2 gtEg ol E AekAl A 1 eaRast i or A Aom, BNTI62b2 HEAS $48 W
WRg ol A ofn]wmhe H Al o] - Aﬂuwuﬂow OtmEAetelAl, A B3 g AXR AP A% v

A, PFE-L-obul e/ L-ERER tbzR Ao, Fe AW Ax® AAANA, EE/MW 55 A
29 ATP-AF W, RN 20, 3'-Abel Y 3'-EsEre AEeolal, Z23] 9 d-Cod 2R et HE A}
&, 774 ABC % Al=® ATP-ZA3 <A (KEGG ortholog K02021), & =41 slo] =2 AvfolA]l Ldk$] A, wE}

Q/FAZE 4 BCT AW, HIyD AW Bl wed, E e dwol E/3-viztEs] Fulo]E Au =g as e}
obAl, AW B EAEULA oA, R/ WBe] A4 284 B/ 28 w9 @ EEZA-FA 7}
qriH oz AR 15H HolertAd &3,

u *ﬁ%g st7] AAlell 5elA] UERRe], HEE W

sro] @ ubA . HhEA s, ChAdOxl HEAke] &
ZAAl, 278% 2 A28 OmpR He] WA A} CoxR, FEOI=/UA %
oy 9 34 ABC F Aledl ATP ZF i H(KEGG ortholog K02003)°] %]
BNT162b2 &Ate] st monubgiiolM s glusg diad L1 e Edayeold], dEd-5-7t25dH o E
gl etobAl, 23S rRNA(T-ob=A12251-2"-0)-md Ed A ol @714 2RI eAte]m-EZ AN 0lE 7
SEfobAl 24 @A, A FAF AL HYEtetAl, 4 Alark-b4 2 v 2-oln kiR o] E LS
B Elo}ﬂlurovﬂ o) 2 A 9 Rodd, A @A ComBA R opA ™oy imopi 7
SR AR 715 A vlolerntA ] &gl

We FEste] AANES A AEAT. e, ANEelE e WAl s
29 92 W7k oleld AAelEel old ARHAY FAHE AL ohrh, A e Sl
A WAEe] A Wl EFHE AOE olsslojof Tk,

Al AR Folt A AP BHom AgH Joz, Hgsels Ju AAHeAE o A, w
Fo EAS B sl vEsl a4 9 9, 85 BAS IO B A, "Egs =
U Be) gole WAM el AR 53, 24, WA, B2, THRE, BE wE JEL 2T A
of EAFE AFFEE ol st wE 7 olYe] BhE EAFOIL 2, WA, BA, PHAL, TF wE
o5& 2YF A5 £A| i ¥ A5AS VY WA @ gow ofssojol g}

)
S
e
o
fe -
2 1o oty

EE, A BWe gxatel AUl glo], =W ¥Ed wAglel $U® A ait FUAF FEIBE N
S ool UF FRHE AWe PR Brh. ANAE APFOl YolA BAY TA J& g FAA
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[0067]

[0068]

[0070]

[0071]

[0073]

[0074]
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2778 9] BNT162b2 % 26%2] ChAdOx1 HEAS EgHsle] AJ<Ql COVID-19 WAl HEAZ it
Fastdk. g o A, $8hA, &5 OE T A vAE IFS

AAL HIQIF PR FARR SARS-CoV-2 449l WHol gAY I S e Ariate
o gl 2 g AEL 1x HE AW, 2% A ?

ATk, B AZe] 16S rRNA AR A AAS S8t
4 Wy wkgn
3](2021GR0O097) 9] &S ®gtom HE HA7EAE A oo AMH s9esitt. BE dakes EL

T 939 &7 71 19649 BT AA D 2 o] £ AR e fAREE &8 7)ol wEk FEA

(V2) 2 22 HF & 37+ F(V3)e
H

N r_?l"
>,

s AZS A WE O EiA 7 EdE BW =@ DNA HEESSE 7]E(Fecal Swab DNA Preservation &
Transport Kits, Noble Bio, 34, g=)& A&3ste] F=HEHAT. #H & FF wixo #¥ HEL2 -80° C
A BEAHAT. FH BE2 AW dAste] A 8 FERA 3t -4 ° ColA 108 F<F 2500 rpme 2 €
AEstar 83 S s MRS S8y 2aF F vtoldel g ste] -80° Coll R#siSitt.

1-3: SARS-CoV-2 Aulo] wrulde)] 3 e AFd ZHS 3k ddEy
Elecsys®AFY] ZRZEFof| whg} &-SARS-CoV-2 S +4 7]E(Roche, 2=922)E AHgste] &-S A 971E
ok, A 313k nure] vl 0.49] oz AAEAY. F-S [g68F F3F & G Alolel BE H
Ao W A BAlel g tolEHE Ve R V34 IgG 9717} 250001421 HUkAbE Sa=E |
A
o

Mo e
2N oo oo

S
g

12 ofo

N

-

o]
=
2 ¥AEFYEoH, 9717k 1000 vwkel Frixls B3 WY whgaro R A S Y. LI, V2olA Ig
120 o]¢l #7kA= V2 998k W uk-gat, V2ol Al A71rt 40 H9Ql A iRl V2 BEek WoNhgat

sl

o
tt
=

-4 mAE 24

u Y EFo] F DNAE AZzdAe] Aol whgl FastDNA® SPIN Kit for Soil(MP Biomedicals, A% ZAz] Eo},
ul=) & AFgSt FEHAT PR S22 F5% DNAS T30 =2 AFE3e] 16S rRNA F-4AF] V3-V4 & %
Ao st g Zao|HE ALt FAHAT. TS A 7] & 19 AEds 1 9 29 Zdolwrt A}
L5t 7] Fx FAE FEo] el H9)ojt),

Z 1
Zepoln] WA MA (' =>3")
AMEAE 1 [341F AGATGTGTATAAGAGACAGCCTACGGGNGGCHGCAG
MEWs 2 |805R AGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC

A7 AEdHE 19 ZgolwE p5 afkZE ZE, i5 oddA NexTera HAA2E FAHH 5'-
AATGATACGGCGACCACCGAGATCTACAC-XXXXXXXXTCGTCGGCAGCGTC-3" ¢] 3'&edo]| FgrEo] AL&E A}, A7) AddH=
2¢] =Zglolm= P7 T E A, i7 Adx, NexTera HAM2AE FAH  5'-CAAGCAGAAGACGGCATACGAGAT-
XXXXXXXXGTCTCGIGGGCTCGG-3" o] 3'&ekell F3hw o] ALEE QT A7) "X"+= Illumina NexTera W}IEE J&
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[0077]
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Efdth. PR &2 b5 olA =Y 95° ColA 32 &<t 7] WA, o]ofA] 95° CollAl 30x &<t ¥
Aol 25AF0]E, 55° CollA 30% F<F Zaloln] A% 72° ColA 30xF<H Al 28]ar 72° CollA 5% F<F
% ¥ Gel Doc A]=#¥l(Bio—Rad, Hercules,

T A gAE AFTE. PR AHES 1% ol7tR2 s AS AFES AV])9 5
CA, USA)E AHg3ste] Alzbstste] ldlt). 53" 222 CleanP(R kit(CleanNA) & o] &3t A At Y
3 7o AAE AWAHES EYsla, CleanP(R 71E(CleanNA) S AM-g&3lo] e dH (M 732 AAE)S A3}
Ao, A3 AE I7]+= DNA 7500 HE AFE3Fe] Bioanalyzer 2100 A]2=¥l(Agilent, T2 <&, ZAg ¥ o},
ns) o s grlekgltt. £F HEEES EFPskal AlxAbe] Ao wheb Illumina MiSeq  Sequencing
System(Illumina, At]elo]aL, ZHE]EY o}, w|=)E& AFE3te] Chunlab, Inc.(X&, @=)olA AAEE F3st
ATH.

-y ol

1-5: DNA #4] mlo]=x gl

Y FEe WA F2 HAAE o] Fdo] Ba(<Q25) FE3k2 ETEYE (Trimmomatic, ver. 0.32)& ARE3}
o HHHAUY. QC 8] F VSEARCH ver.2.13.49] fastq_mergepairs HWEHS Al&sle] U]ZE vzl g
(default parameters)® #Ho]=-dl= Al (paired-end sequence) HO|HE HFIUT. oz, Zgojm=
A AL 0,894 Myers-Miller Ad dug]ES AFg38e] EF W (trimming) 33 th(Myers EW, Miller W.
Optimal alignments in linear space. Comput Appl Biosci 1988; 4: 11-7.). H]E5o]% iZg]Z(amplicon),
= 16S rRNAE Q13934 ¢k ¥EE 2 hmm 225Ul e HMER AZE o] #7]% ¥z 3.2.19] nhmmer
Adug]FS ALE3te] AEFH Y (Wheeler TJ, Eddy SR. nhmmer: DNA homology search with profile HMMs.
Bioinformatics 2013; 29: 2487-2489.). Y= T ZE(unique reads)E F=3t1l ZYHUE ) Z(redundant
reads)Z VSEARCH®] deep-full-length M#ol& Al&3le] fUa g2z Fel2~EH P (Rognes T, Flouri T,
Nichols B, et al. VSEARCH: a versatile open source tool for metagenomics. Peer] 2016; 4: e2584.).
EzBioCloud 16S rRNA dloJElHle]>=(Yoon SH, Ha SM, Kwon S, et al. Introducing EzBioCloud: a
taxonomically united database of 16S rRNA gene sequences and whole-genome assemblies. Int J Syst Evol
Microbiol 2017; 67: 1613-1617.)+= VSEARCH®] usearch_global M#o]& Ap&ate] /A e AREESlo
w, ol ] A&g do|eto]=(pairwise) BH|l FAHAT. 719 g =(chimeric reads)+ CHIME €ilg]&F
I} EzBioCloud®] +=-7]"W¥ (non-chimeric) 16S rRNA dlo]EH|o]~E A3 -z 7|4t 7)vg 2= 7o 9|3
<97% TAMES H=E 471 A& FEFHATE. 7142 g= dHE F EzBioCloud Ho|gu|o]~dA & FF
(<97% FAMd) o= AHEZA e =& HIUSIAL cluster_fast HHAE AlE3te] N2 F2EHES &
gJ3te] 371 OTU(operational taxonomic units)E AT, thFo2 A& @ =(single reads, singletons)”}
AE OTU= F7F 24 dA AYd=HATE. thgd ALt L vpolevtA AS 283 23 #2412 Chunlab, Inc. 9]
AHA| Z2aHE ARt FE AT

g5 &y g AeEo] FaEHdY: ACE(Chao A, Lee S-M. Estimating the Number of Classes via
Sample Coverage. J Am Stat Assoc1992; 87: 210-217.), Chaol(Chao A. Estimating the population size for
capture-recapture data with unequal catchability. Biometrics 1987; 43: 783-791.), Jackknife(Burnham
KP, Overton WS. Robust Estimation of Population Size When Capture Probabilities Vary Among Animals.
Ecology 1979; 60: 927-936.), Shannon(Magurran AE. Measuring biological diversity: John Wiley & Sons,
2013.), NPShannon(Chao A, Shen T-J. Nonparametric estimation of Shannon's index of diversity when
there are unseen species in sample. Environ Ecol Stat 2003; 10: 429-443.), Simpson % Phylogenetic
diversity(Faith DP. Conservation evaluation and phylogenetic diversity. Biol Conserv 1992; 61: 1-10.)
AL ZpolE AZgelr] el oJe] Zarg]lsF(Jensen—-Shannon(Lin J. Divergence measures based on the
Shannon entropy. IEEE Trans Inf Theory 1991; 37: 145-151.), Bray-Curtis(Beals EW. Bray-Curtis
ordination: an effective strategy for analysis of multivariate ecological data. Adv Ecol Res 1984; 14:
1-55.), Generalized UniFrac(Chen J, Bittinger K, Charlson ES, et al. Associating microbiome
composition with environmental covariates using generalized UniFrac distances. Bioinformatics 2012;
28: 2106-2113.) 2 Fast UniFrac(Hamady M, Lozupone C, Knight R. Fast UniFrac: facilitating high-
throughput phylogenetic analyses of microbial communities including analysis of pyrosequencing and
PhyloChip data. ISME J 2010; 4: 17-27.)& AR&ste] ®et b 718& Ao £/ mAE nle]ovt
Ae A v duYF(AY #AE #4 &3 FA7|[linear discriminant analysis effect size,

LEfSe](Segata N, Izard J, Waldron L, et al. Metagenomic biomarker discovery and explanation. Genome
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Biol 2011; 12: R60.)S AF&3te] WA Y. A7) Ay i B8 2092 J4313 S LDA score®

eSS, BE mAETH 4 dolHE F7F AR el 1000712] 2] & (reads) ol W3l Gsh= vk, A

A3 BE B8 Chunlab, Inc.9 RAEARS Fo¢= ZE EzBioCloud 16S 7|WF MTPE AF-&-3lo] =3

N

1-6: B4 4

BE A& WS Tk £ AHES HAMR, A1 ARG A3 ARG Abeole] WE]) AXE BAEH

== EY (non-parametric) HAEEE ALg3le] & & Y zol& vludy. B33 WHyqe = }(‘ﬂi—"‘é

)2 AT, Mann-Whitney U HIZA~E¥X ChAdOx1 % BNT162b2 #Al HE 185 HIJLo}t ol AFEE

Wilcoxon & ¢ H2EE U3 WA HF: 25 EZ vuste o AFEEAT. R Statistical /\E
B0 23

Ao BA 4.1.2(R Foundation for Statistical Computing,

S

Al 2. HAHAL

14 HEWD A3 27 qu<v2> A9 2 4%
FAAHCE 1

@-SARS-CoV-2 S IgGell oigh ‘F

o "ol AT

Hl llnt,

(V3) 531e] MAHFTS

QAEFoh)E ARESte] EA

AN &

—h e TR

= 15971

BEE 15971 g "“*(BNT162b2 &2 A 8170, ChAdOx1 & Aol A 787H)-4

A% sebsgc.

AEe WA 53 9 dAukgo wE Hixle] 71X EA(baseline characteristics)< 37 ¥ 2 WA % 4
of YeEbilth. 8t7] 3 2+= ChAdOx1 B BNT162b2 & Ao dAAL dabs yehd Aelw, ab7] % 3 3
% 4% 77 ChAdOx1 HE 2 BNT162b2 HETS 3 WIRkeT 2 53 WkET o= e M E
vERd T
x 2
ChAdOx1 BNT162b2
V1 V2 V3 V1 V2 V3
1} o] 37.0+24.0 31.0+8.5
¥ & (D) 20 (50.0) 20 (50.0)
BMI 23.4+5.7 20.9+4.9
3}-SARS-CoV-2 0.4 73.44+84.5 | 1373+£3320.5 0.4 70.3+162.7 | 198141423.0
S IgG (U/mL)

MCHC(g/dL) 32.8+0.8 33.5£0.6 33.5%0.8 33.0£0.9 33.140.9 33.1£1.0
k2wl (g/dL) | 4.50£0.40 | 4.5040.20 4.45+0.32 4.4040.30 | 4.60£0.30 4.50+0.30
¥ 3

S48k W ARSI L2kl WS-t
V1 | V2 | V3 V1 | V2 | V3
L}o] 40.0£22.0 34.5+16.0.
A3H & (%) 7 (50.0) 7 (50.0)
BMI 24.1+6.5 20.9+4.4
-SARS-CoV- 0.4 69.4+100.6 4278.042663.0 0.4 58.9+84.2 | 522.0+496.0
2 S IgG
(U/mL)

MCHC(g/dL) | 32.6+0.9 33.340.7 33.540.8 32.9+0.6 33.840.4 33.940.7
5T (g/dL) | 4.40£0.40 4.50%0.30 4.4040.45 4.60%0.35 | 4.50%+0.17 4.45+0.20
I 4

i e s e monkg ot
V1 | V2 V3 V1 | V2 | V3
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Lol 35.0+18.0 35.0+11.0
A3H) & (D) 6 (60.0) 4 (40.0)

BMI 23.5+7.1 20.6+10.1
3-SARS-CoV 0.4 181.0£120.9 3183.0+3222.5 0.4 12.9£37.6 | 808.0+351.3
-2 S IgG

(U/mL)
MCHC(g/dL) | 33.040.6 32.940.65 33.0+1.1 33.0+1.3 33.5+1.4 33.5+1.1
Xl (g/d | 4.40£0.25 4.50+0.50 4.50£0.40 4.25+0.58 | 4.8040.38 4.55+0.55

L)

71 (VD)o A 9] d-SARS-CoV-2 S 1gGel 718t H+ 97} (geometric mean titer, GMDE XEE F7FAlollA
0.4U/mLoAtt. WAl F8ol #AGlel 18] dFS © A7ARY 23] HFS B2 ARl o =2 A o
7F7F B E AT VI, V2 B V3ol A ChAdOx1 41 A 2h BNT162b2 WAl <t Abele] @-SARS-CoV-2 S IgG
A7k GMTel = gk 2ol §l&S EI38ltt.

ChAdOx1 A HF ZFlA, ViZ vjuste] Hd v gxl 228 FE(MCHC) & V2 &= V3dlA Z7FE A,
BNT162b2 ¥4l HZE aEoA &iul FX&= Vo] vlste] V2 2 V3olA % Z71E Q).

Al 3. MAHE F Al MAEFe] ek wst

WA HF] A o u vAEZe] WatE Ay Sl 538 VMR RE 3719 A&E AIH (V1
V2 2 V3ol tii AES FHAHE 1. " 159709 g AE F 30/ Fdo] Yol B4 A9
I 12970¢] i AZo] Al@Ael] AFEEATH(ChAdOx1 HEAFoll 4 6370, BNT162b2 HEAbol A 6670). A A4
Hel whg2 dd dof AES AREste]l Brlekdlnt.

ChAdOx1 ®AlE S Gl Fat f FF=s S (L9 ddd)ol Hab Haghs Elssiv.
el BNT162b2 94l E oA oleldk wizhdsols fold zfol7b fIAvH(= 2A). Wilcoxon =91 ¥
H2ES AL8-3le], ChAdOx1l A FAbollA] Shannon ThAJo]l Viel H|gke] V2 & V3o ZAsiSS AT
AR = 4d). &3 g3 FASHAl, ChAdOx1 A F Aol A (= 2B) PERMANOVAE A}-&-3F Bray-Curtis A2 (W
B} gAY F FE A (principal coordinates analysis, PCoA)S V1d ®luale] V2(p = 0.028) %=+ V3(p
= 0.001)2] HEHE Aboldl 23 AE 7+ AYES YEYS 1 5= At

V1, V2 V3ol WAEel WalE 39 FHom wAsk wHel ¥Rt
of AUIAQL EAN () Al >19)E rhls 4§ BNTI62b2 94 2
Chadoxl ¥4l 8% F ol Bt wWalE BT 5 AT & L A8 B SEE, 2, 2, 3 2 F)e 39

TE2 A7 = 209 = 6 UlX] X 8o EAISHATE.

ry 2
I
i
o
A
kel
o
N
=
127
— X
ol
I
s

3 &S Hrlaly] 98, F7HAE V3ol A & SARS-CoV-
S IgG 97tel wel 953 mAukSty Bekd moukS o] £ Ogo R FEIGY. ¥ IFS v B
X o3} thekdo] BAHAUTHE 94 D & 10 X = 12). T+

N

|

Agste]l B WMANSTuY S5E

ole} A& A ChAdOx1l HF 159 AS Wilcoxon €3 HEEE

AubgolA o E2 weEel T FHEVF etk FAA FA= A ACE A4, 188.785 1QR, 64.23
o7k, 138.52; IQR, 55.36, p = 0.016%4t}F. e} FAFSE Ao ZE QA 9k BNT162b2 HEAF = 95

Gty B Wouksae] vlEA du el BAHCeRE Fod Aol7t ¢l Bray-Curtis

71212l PCoAdll ofell 7t Hlet v A= AE P AgelA Fo3 AolE YEhA SSke (= 9B).

FZ19 Wale] gk A Aol FFgFS w A= v AESHE Q21(V3e] A driE yHte g & VieAe] &
o4 wpolontA)E AAsty] d dHEol ERTY AUd E2AME AUl LEfSe= ChAdOxl ¥
BNT162b2 13 EFolA W w-gs 7wtoz Ay vAErFAaAe #AS P o AEE AT (E 134,
13B). Z=WelAl Eld 4 gl%ol], ChAdoxl HEAAA -8 WARESe] AR o HE Fu vAETHA

0
s
2
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A= Parasutterella <, Eubacterium_g23 PAC001034_s 2 Blautia_uc 7} AZ&EH Y3, B3 AIuk-379 w1
AE FRE PAC001031_s 2 Bifidobacterium animalis “1&°] 7AZE%QIt}. BNT162b2 ZEX}oA 43 WY
2

wS-e] AW WAETHS Ruminococcaceae PACO00661_g <=, Eubacterium_g5 LT907848_s, Romboutsia <,
Roseburia cecicola, Romboutsia timonensis, Clostridium PACO01136_s, Lachnospiraceae PAC001043 g %
Lachnospiraceae PAC00I043_g PAC001449 s%o) AZH U1, E=kst AARLSTo| A= Bacteroides dorei 2
Megasphaera indica 7} S-A Al AZES AT,

EE WA HE A AR st MARE F 5 WGNSe] vlolertAS EAskn LA score 2.5 o4
71Eo 2 HloloutAES AAJGon o]& 7] ChAdOxlel tigh A5+ ¥ 59, BNT162b2¢] tist A5 = % 6

# 5
ChAdC=1(E55HE 01 V1:V3)
BEin LDA scors p-value
(log 10]
Parasutterella & 3.55382 0.02402
Eubacterium_g23 PACO0I034 = 2.95184 0.02381
Blautia_uc 2.72821 0.04829
X6
BNT162b2(2 554 oA V1 :V3)
RT3 LDA scors p-value
{log 10)
Ruminococcaceae PACOO0GS]_g & 3.72866 0.01823
Eubacterium_g5 LT907848 5 3.61881 0.02987
FRomboutsia & 3.58706 0.04067
Fogeburia cecicola 3.56697 0.04118
Fomboutsis timonensiz 3.55002 0.04067
Clostridium PACO01136_s 3.39063 0.01823
Lachnospiraceae PACO01043 g & 3.30157 0.04115
Lachnospiraceae PACO01043 g PACO01449 = 3.20569 0.01823

AAe] 5. WA § Al AAM 7)o Teaddte] AvyiA #4
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Zb Z7 Ape] vield el BF/A ZolE 7ivtez 93 Welukgty) Bt Woahgte] | uAYEF Alolg
MAHE & AAA dukSS oS5 x T 140 VERASII, LDA effect
size 1.5 o4& 7]Fo® 753 vAZS AWsle] FAHe LDA score # 2 p-valueE ChAdOx1e& & 79,

BNT162b2= E 8ol YERHATE.

*7
ChAdOx191419] 71553 OpA(V1 : V3)
oA KEGG LDA score p-value

ortholog (log 10)

endoglucanase K01179 2207036 0.020
anthranilate synthase component I K01657 1.603838 0.039
fumarate hydratase, class I E01676 1.666197 0.039
two-component sysiem, LytTR family, sensor kinase | K02478 1.658674 0.020
butyrvl-CoA dehvdrogenase K00248 -1.525516 0.014
two-component svstem, OmpR family, response F
regulator CpxR K07662 1.813081 0.039
peptide/nickel transport system permease protein E02033 -2.062776 0.03%
putative ABC transport system ATP-binding protein | K02003 -2.393052 0.020

DA score @< Ze viAE= 958 AGutSToA SAPY mpAHola, 259 LDA score #he
, = LDA effect size™ LDA score?] Aujzto]t}.

ot —
ot
2
18
=
olo
M
=2
X
o
)
o)
)
o

=
)
©
n
=
o
—
w
)

ChAdOx1l AZE = 9Fd HAnLFdAE dEFFI)olA (endoglucanase, LEfSe, 2.21, p=0.02, KEGG
ortholog K01179), 3Fnuld|o|E 3Jlo]l=gtelAd] Ze~ I(fumarate hydratase class [, LEfSe, 1.67, p=0.04,
KEGG ortholog K01676), 2% =4 A]l2® LytTR 22| AA J)yolA](two-component regulatory system,
LytTR family, sensor kinase, LEfSe, 1.66, p=0.02, KEGG ortholog K02478) @ <¢ltEgld#o]E AEHA] AR I
Q21 (anthranilate synthase component [ orthologs, LEfSe, 1.60, p=0.04, KEGG ortholog K01657)7} 7
ZHa B3 WdnSFodE HEF-CoA tlsto] =2 A olAl (butyryl-CoA dehydrogenase, LEfSe, 1.53,
p=0.014, KEGG ortholog K00248), 24% x4 A~€ OmpR @zl w-%4d=}F CpxR(two—component system,
OmpR family, response regulator CpxR, LEfSe, 1.81, p=0.039, KEGG ortholog K07662), FHelol=/UA 4=
A28l B 2wolA] A (peptide/nickel transport system permease protein, LEfSe, 2.062, p=0.039, KEGG
ortholog K02033) % A ABC 4% A]2=®l ATP Z3% & (putative ABC transport system ATP-binding
protein, LEfSe, 2.39, p=0.020, KEGG ortholog K02003)o] F4-a}A AZHAUTHE 14A ¥ & 6). MinPath &
1EFS ol83 nE FHA 2L AF WHAAKECG) EE PIS AlagdME ZFEE Eoly 1 AHE

(galactitol-specific II component, LefSe, 2.50, p=0.014), KEGG % (cutin), ¥ (suberine) ¥ <>

AeA] (wax biosynthesis, LefSe, 2.36, p=0.039)c] AFdaF Zelwich. PICRUSt Lagl&e o]&3 72§,
KEGG %% thA] WA (KEGG module multidrug resistance) % % X EmrAB(efflux pump EmrAB)7} $-5=3+ ut

Sl FRSHA HEEU.

_18_
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BNT162b2 HFwol THsHA #5¥ KEGG £

carboxylase beta chain, LEfSe,
A% o E (putative ABC transport
ortholog K02021),

transporter,

s o)
KEGG ortholog K01011),

SIS 10-2023-0064527

* 8
BNTI162b20]lA9] 7154 ofA(V1: V3)
oA KEGG LDA score p-value

Ortholog | (log 10)

aminocarboxymuconate-semialdehyde decarboxylase K03392 2397185 0.019016
iron complex transport system ATP-binding protein K02013 2.180459 0.019016
aromatic-L-amino-acid/L-tryptophan decarboxylase K01593 2.00677 0.033006
glycine cleavage system transcriptional repressor K03567 1.957881 0.010515
cobalt/nickel transport systerm ATP-binding protein K02006 1.957086 0.033006
BNA 2", 3'-cyclic 3'-phosphodiesterase K01975 1.922388 0.033006
propionyl-CoA carboxylase beta chain K01966 1.910368 0.033006
putative ABC transport system ATP-binding protein K02021 1.88189 0.019016
ferredoxin hydrogenase small subunit K00534 1.872734 0.033006
betaine/carmitine transporter, BCCT fanuly K03451 1.838406 0.033006
HlyD famuly secretion protein K02022 1.838199 0.019016
thiosulfate/3-mercaptopyruvate sulfurtransferase Ko1011 1.807469 0.033006
serine palmitoyltransferase K00654 1.77698 0.019016
CRP/FNR family transcriptional regulator, anaerobic 1.77055 0.010515
regulatory protein K01420
podocalyxin-like i 1.767455 0.033006
ribosomal protein L11 methyltransferase K02687 -1.739812 0.033006
pyrroline-5-carboxylate reductase K00286 -1.749211 0.019016
238 (RNA (guanosine2251-2'-O)-methvltransferase K03218 -1.790968 0.019016
an;e-robic ribon};cleoside—niphosphate reductase -1.803531 0.019016
activating protein K04068
epoxvqueuosine reductase K09765 -1.807832 0.033006
putative sigma-34 modulation protein KO05808 -1.817599 0.033006
2-iminobutanoate/2-iminopropanoate deaminase K09022 -1.825438 0.033006
rod shape determining protein RodA K05837 -1.826586 0.033006
competence protein ComEA K02237 -1.842621 0.033006
acylaminoacyl-peptidase K01303 -1.87819 0.033006

DA score @& ZtHe mhALE $-438F W RE

nA S AEsktt, BNT162b2 H=E & &

transport system ATP-binding protein, LEfSe,
3'-Afo] & 3'-F X0 AEF oA (RNA 2',3'-cyclic 3'-phosphodiesterase,
p=0.033006, KEGG ortholog K01975), X232 d-CoA 7}E2E2 T o}lA]
1.910368, p=0.033006, KEGG ortholog K01966),
system ATP-binding protein, LEfSE,

HHGgE5A slo]|=2 A YolAl AT$A (ferredoxin hydrogenase small
p=0.033006, KEGG ortholog K00534),
BCCT family, LEfSe,

sRIE % 4B Y OE
Fek ARk
)7} 282 2}o} Al (aminocarboxymuconat e-semialdehyde
p=0.019016, KEGG ortholog K03392), & &% 4% A=l ATP Z3 oA (iron complex transport system
ATP-binding protein, LEfSe, 2.180459, p=0.019016, KEGG ortholog K02013),
t 7282 2}o}A] (aromat i c-L-amino-acid/L-tryptophan
ortholog K01593), 284l A Alx~®l dAAlYA|<lx}(glycine cleavage system transcr1pt1ona1 repressor,
1.957881, p=0.010515, KEGG ortholog KO03567), =
(cobalt/nickel
RNA 2',

H ekl /72 E
1.838406, p=0.033006, KEGG ortholog K03451),
(HlyD family secretion protein, LEfSe, 1.838199, p=0.019016, KEGG ortholog K02022),
A Ed v gtolA] (thiosul fate/3-mercaptopyruvate sulfurtransferase,
M FrEYE W@ AT oA (serine palmitoyltransferase,

_19_
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ST A MY wpAC AL
e, Z LDA effect size¥ LDA scored] Aujzto|t}.

8o YERHA
o A= ofn
decarboxylase,

decarboxylase, LEfSe,

1.957086,

43 BCCT =] (betaine/carnitine
HlyD =gzl &4 o
E] 2 A 7o E/3-1
LEfSe,

T

om  [DA effect size 1.6%
w72 EAIF | o] E-A
LEfSe,

HJSC}:Z':—L—O]—U]

2.006770,

F4& A|~"= ATP-ZA g
KEGG ortholog

p=0.033006,

$-479] LDA score @<

€} A< (propionyl-CoA
ZX% ABC "36: 1\] /‘\Eﬂ ATP-
1.88189, p=0.019016,
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1.77698, p=0.019016, KEGG ortholog K00654), CRP/FNR =¥ g] HA} z2dx @7|d 2 = (CRP/FNR
family transcriptional regulator, anaerobic regulatory protein, LEfSe, 1.77055, p=0.010515, KEGG
ortholog K01420)% =72 21-FAH (podocalyxin-like, LEfSe, 1.767455, p=0.033006, KEGG ortholog
K06817)7F AEHAL, EFS WMo E frs did L11 WeadENAF ZobA (ribosomal protein L11
methyltransferase, LEfSe, 1.739812, p=0.033006, KEGG ortholog K02687), ¥ &H-5-7}2EA g olE g YE}o}
Al (pyrroline-5-carboxylate reductase, LEfSe, 1.749211, p=0.019016, KEGG ortholog K00286), 23S rRNA(
o} =412251-2"'-0)-H e Edl A~ g}o}A] (23S rRNA (guanosine2251-2'-0)-methyltransferase, LEfSe, 1.790968,
p=0.019016, KEGG ortholog K03218), 3¥7|4 dHFZUAE-EZEAHolE gYelolA A wulz
(anaerobic ribonucleoside-triphosphate reductase activating protein, LEfSe, 1.803531, p=0.019016, KEGG
ortholog K04068), ol Z&A]F] 241 2] HE}o}A] (epoxyqueuosine reductase, LEfSe, 1.807832, p=0.033006, KEGG
ortholog K09765), 57 AlZ1wl-54 =4 YA (putative sigma-54 modulation protein, LEfSe, 1.817599,
p=0.033006, KEGG ortholog K05808), 2-o]n]|:=HEl-oolE/2-o|n| =X 2ul-0|o]E  r]o}u|}olx](2-
iminobutanoate/2-iminopropanoate deaminase, LEfSe, 1.825438 , p=0.033006, KEGG ortholog K09022), whtj
2 A4 o RodA(rod shape determining protein RodA, LEfSe, 1.826586, p=0.033006, KEGG ortholog
K05837), <% w9l ComEA(competence protein ComEA, LEfSe, 1.842621, p=0.033006, KEGG ortholog
K02237) 2 olmaHoln| ol -E|tiolA| (acylaminoacyl-peptidase, LEfSe, 1.87819, p=0.033006, KEGG

ortholog K01303)7} E¥3lA AZHAHE 14B 2 3% 8). MinPath ¢ug&E AL&stE 4%, 53 Wanr
St = dEdeYd A2 5 (Ethylmalonyl pathway module, LEfSe, 2.69, p = 0.011)o] %3 bby &

ZFet WARES T A= Vick-VicR(A2ZH diAb) 24F 2 A28l BE(Vick-VicR(cell-wall metabolism)
two—component regulatory system module, LefSe, p = 0.033) 2 DNA ##] Z=Z(DNA replication pathway,
LEfSe, 2.92, p = 0.019)7} T34 HAEHACE. PICRUSt LaelFoll s, $-58 dgukgitoA] AL A
d, oA -CoA -> oA EokA ] o] E/3-3lo| EF A HHH o] E/oFA = 5 & (acetoacetate/3-
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pathway, LEfSe, 2.40, p = 0.01)7} HEH A3, B WATGILoA = X 5F AP, SHEAEH O E
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(metabolic pathways, LEfSe, 3.18, p = 0.019)7} AZ= A},

ol gt ol AMEe] W% AW wue] s AyHoLt, Y okl Bge) A4S A Aeha
NG NxE GFR €A 4 2 WFS 48T & Aok A8 o), 49E J1EEe] 49E YU o
£ AR FYEAG, B/EE A9E A28, T2, PN, d2 5O FHALE 439 Py o I
=AY EE 2FNAL, GE FHLE B 25E oste] gNAL ABHdGE A4 A3t 94D
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<110> Korea University Research and Business Foundation
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<151> 2021-11-03
<160> 2

<170> KoPatentIn 3.0

<210> 1
<211> 36
<212> RNA

<213> Artificial Sequence

<220><223> 341F primer sequence

<400> 1

agatgtgtat aagagacagc ctacgggngg cwgcag

<210> 2
211> 40
<212> RNA

<213> Artificial Sequence
<220><223> 805R primer sequence
<400> 2

agatgtgtat aagagacagg actachvggg tatctaatcc
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