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Effect of influenza A virus infection on pulmonary flora and chemokines CCL5
and CXCL10 in mice and intervention of Maxing Shigan Decoction
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Abstract: Objective To investigate the potential mechanism of Maxing Shigan Decoction (MSD) in the prevention and treatment
of influenza virus infection by influencing pulmonary flora and expression of chemokines CCL5 and CXCL10 of mice. Method
The infected mice model of influenza A virus was tested by intranasal inoculation. After 3 and 7 d of gavage or saline, the lung index
and lung index inhibition rate were calculated. Pathological changes of lung tissue were detected by HE staining. The expression of
CCL5 and CXCL10 in the lung tissue of mice was detected by immunohistochemistry and ELISA. The expression of
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CCL5 mRNA and CXCL10 mRNA in lung tissue of mice was detected by real-time fluorescence quantitative PCR (RT-PCR). The
bacteria in lung tissue was sequenced by using the VV3-V4 variable region of 16S rRNA, annotated and clustered. The alpha diversity,
beta diversity and the species difference among groups were analyzed. The correlation of the expression of CCL5 and CXCL10 with
the change of intestinal flora was also analyzed. Results After 3 d of administration, the lung index of model group was
significantly higher than normal group (P < 0.01) and drug group (P < 0.05, 0.01). Pulmonary inflammatory cell infiltration was
obvious. The infiltration of pulmonary inflammatory cells in MSD group was significantly reduced, and the inhibition rate of lung
index was similar to that in oseltamivir group. The value of IQA in lung injury was decreased significantly (P < 0.01). The
expressions of CCL5 and CXCL10 in the lung tissue of the model control group were significantly higher than those of the normal
control group (P < 0.01), and the expressions of CCL5 and CXCL10 in the oseltamivir group and the MSD were significantly lower
than those in the model control group (P < 0.05, 0.01). The results of 16S rRNA gene sequencing showed the relative abundances of
Bacteroides, Escherichia, and Proteus were increased, while that of Coprococcus was decreased in the model control group. In
oseltamivir group and MSD group, the relative abundances of Bacteroides, Escherichia, and Proteus were significantly decreased,
while the relative abundance of Coprococcus was increased. The results of alpha diversity showed that the ace index, Chaol index,
and Shannon index of each group were all higher than 0.05, and there was no difference in richness and diversity among groups. The
results of beta diversity showed that there was no intersection of sample points among groups and difference in the composition of
pulmonary flora among groups. Species among groups were significant differences. Spearman correlation analysis showed that the
expression of CCL5 and CXCL10 was positively correlated with the abundance of Escherichia, Proteus, and Bacteroides, and
negatively correlated with the abundance of Coprococcus. After 7 d of administration, there was no significant difference in the
composition of pulmonary flora and the expression of CCL5 and CXCL10. Conclusion MSD may improve the micro-ecological
environment and immune microenvironment of the lung by promoting the growth of beneficial bacteria, and has a certain protective
effect on the lung injury caused by influenza virus.

Key words: influenza A virus; Maxing Shigan Decoction; pulmonary flora; Chemokines; CCL5; CXCL10; intranasal inoculation;
Alpha diversity; Beta diversity; Bacteroides; Escherichia; Proteus; Coprococcus; ACE index; Chaol index; Shannon index;
Spearman correlation analysis

WAT M ECE CR AR ) 2 B 5
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FEREAN, RERREE AR, HH9 5%
SRR EE . SR EE SR SR, I
IR S FH 22 2 B 4040, A AET B, HAr,
BRI EUN AR R IR AR DG
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disease 2019, COVID-19) JFEIETEAEREER, 10 4
JIESIR], R NI 3 T3, BBk 200 £
ANE F A X P2, 7E E R AR E TR AT &5
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A, WEE MSD XA R EL i 3 CRE AR = 30D
ZIN B A A BB IR T+ CCL5 Al CXCL10 KIA
s, DA — 0 i B B R R el ReALE, A
P I R R FH B A7 1 S B0 A AR

1 #8
1.1 )

6~8 J& BALB/c /N 50 H, k& (18+2)
g, B, I8 R S v IR SRR S A IR A ] (VR
A[AE 5 SCXK (i) 2016-0002] , Zh ¥4t =
43004700062561; il Fd H = 24 R S SEEG B
[VFATES SCXK (i) 2015-00031 477 . FifT SL46:
G5 R 25 R 22 B ) AR B
1.2 REK

TR DR IE B (A B, 1AV,
AJPR/8/34), HHI e ITTE R 5w w9t = # . 10
08 X0 U PR i e Fe 3 R AR AR, &R 1 640
DL st IF R0 AR 98 Sk o7 vaT, il
E/NRIR T BEBSE R (LDso), Ji7E LDso Ny 1X
107377, FHOK B AE B ER K RRE AT 0.1 =R B
50 LDso, B Tk %H.
1.3 A5

MSD (Jik#5 99, #4199, £15 189, H* 69)
MMM (LS 1901029). #f (L5
2019032702). f£E (W, HiZE, #t5 1905250032)
HE (65 1806004), ) H i e H 25 245 K 7 it @ 55
—BEBEI12 25, HbIEE B 2K — R R B
2y UK B S e 0 (P EZG ) 2015 SERR IR
SKIE fh o, R 3R RR B R W) K URK 3% Ephedra
equisetina Bge. [T H 51 25 A A A3 70RHE Ty
AAEY LAY Prunus armeniaca L. var. ansamaxim [¥]
TR AR T 1B NRIR E 2R A B IR A E
FEA R NS KIRIEES  (CaSO4 * 2H0); H
HONERHEYIE H Glycyrrhiza uralensis Fisch. [T
R AR 25 o W B W At A ZE A% . 75 mg (LA
BREMh 511D X 10 ki, #t'5 M1050, &= AF| Roche
SpAEE g K2 A R AR 3100 H 5
KEMHEZBEBE [ 112855, HZEBKR ISR,

JRSEI6 R B N 2.165 mg/mL HIVREW: FUR
BEWRL (BUKS: 99X 1048, #t5 1906311, PU)IE
KANZEBRAFD W H R R4 K5 R — =
Vel 1i22ihs, FZEBKFR AR, WL
Wy 0.39 g/mL AW DL ESZEGH2G 4 CH#bt
R17% . %bi/ B RANTES #ifk (Abcam A,
#It'5 ab189841). CXCL10 £ il difk (Abcam 2
"], ##t'5 ab9938). FrHif 19G Ot —Hi (Abcam
AF, {5 abl75772). @A ERAE (B2
S EMEARERAFR, #t's PV-9000). /)
CXCL10/ IP-10 ELISA ikl ( Lilg b AR
HIRAF, b5 F10933). CCL5/Rantes ELISA i
A& (R IRAR, #t'5 F11450).
TRIzon & RNA e UAs&E (AL AEMRHEA
FRZAa], b5 CW0580S). HiFiScript cDNA & it
M (AL EMHREAER AR, 5
CW2569M ). Ultra SYBR Mixture (FE A2 W8
HAHBRAF, #itS 2601IM). PCR 514 EilgAET
AW TREEBR 2 7 G

1.4 FEUEE

BSC-1300 1A2 44444, SW-CJ-1FD %
THEG, HMNZRTZTHARARAF; TP-200D H
TR, WK PAER & A R A A s RMZ135
FEBEFEYI AL, EE LEICA AR, e B
% (Axioscope 5) +Axiocam 503 color ‘i 515
3k, AR R ARAFR: TGL 20M =il
AR B O, KM SO A IR A A
IlluminaMiseq /74, 32 1lumina /A ] ; ELX-800
ZINAeREbRI, S5[E Bio-Tek AF]; LightCycler96
WOLE B PCRAY, Int% KAad].
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Z[RSCHR 7 R0 SR R B 2 R k) A
MSD 7K R - #2240 e Ll 43 7 R & 5 77125 1 2444
o JCHUREE 45 g, IIANZM S 10 FA AT 2808
K, BOKHIRE, Fribis)E, TRRE NSRRI 25 min,
ik, HIANAE 909, #1459, H#¥ 309, 4k
S KHIE 30 min, BUASEERJEERL; RN 7
FEARFRZEIR/K B K A& 5 P SRR 20 min, FIE
SEREEEE, &IF 2 RIEW, KBIRERTHZS
0.605 g/mL, 4 CEEYARAF%H
22 P54

SEIG W TR . B A A (L
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T e R R SRR IR T E D F
YIS 24 h TG ig 4524, BFER 1K, K 0.2 mL,
HL5 25 3. 7d. Wb PUREEMIRL. MSD 4
(25 25 75 3 0 D LB R A 431 21.63 mg/(kg-d)«
3.9 g/(kg-d), 6.05 g/(kg-d). XiHELLAIRERILA 14T
ig Z AR K.
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SIS EHYE R IR 3 d JERRGERE . BRx R
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W 0.05 mL, SRR, R ShW ke B IR AE R
SRS TR ), 4% R 7 2 S s e 0.9% 54k
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2.4 IRARE
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. A P1F (4~5 pm). HE a5, 7F
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SURATIREL AV 5y, BRIk 6 5k DI F, kit 4 4
FLEF (X 4000, THEd o i Ui iy & A 2040
(RBC) ELAZHME (WBC) >2 AN bt it s %
B, ME R 2 e BV FR bR Cindex
of quantitative assessment, 1QA),
253 HREHIERNMHZ CCLE. CXCL10
FKiE  PV-9000 i FH 54 I #5240 /) BT 2H 2
CCL5.CXCL10 & [ ZKIEIK T o AU A i »
Kk, FUEEE, WIEMES S EERENT, IR
H 10~15 min, PBS &M e, #iNi&E CCL5.

CXCL10 —# 37 ‘CHE# 60 min, B Xt 20 H PBS
SR E —Pis PBS ¥R MR 3 IR N N
57, FEIRIEE 20 min; FEINBAREEAR L A BT R 19G
&Y, =EME 20 min; il DAB B a7 5
min, ERKM¥E, TRAREEG 20s, 1%RR 1L,
EORAKYEREE ;s WK, 3B, B, B L
o 2t o AN 4 B o R A B B R B B € B
qife, LAgnfAE oA . FH Axiocam 503 color
KRR, ISR Lk, EEfEs T
(X400, H5kP] A EiE 5 ANLEF, N Image-Pro
Plus 5.0 PG HT A TF B A AN ET FH M 2 1R
JRE (A 15, SRIGERILIME, 1B NIZREA IR
KiLE.
2.5.4  ELISA LG4 415138 1 CCL5.CXCL10
MR B VR A ZH SRR A, AR A iAL )5
BYRE, FARARR RO AR A 78 73 S (il 4% 1 10%
513%), B0 20 min (4 °C, 2000 r/min), B ik
FERE % ELISA TG & Ul W kA7 454, iz B FRAX
HEATAL I o
255 RT-PCR fadfiig g1+ CCL5. CXCL10
MRNA FiA 0 B IR R R R 2, 8
AORNA 52 B0 & Ul B 15 42 B 2 o 1 8
RNA. FIH 2 DyReEEbs R IIFE i £ K 260 nm
5 280 nm AW TG FE(E Azeo 5 Azsoo 1EFE AzsolAsso
{E7E 1.8~2.0 BIFEM,, H RNase Freed HoO 4 i
Jo B VA P A 45 4 500~600 ng/ul, IHES K cDNA,
L cDNA fiftiib, #% UltraSYBR Mixture 375358,
43BN GAPDH. CCL5. CXCL10 5|t f79 14,
L2 1. PCR J %k 50 pL & %, itk %4 cDNA
2 uL, Ultra SYBR Mixture (Low ROX) 25 puL, 10
umol/L b F#F5I ¥4 1 uL, LA dd HaO #b & % 50 pL.
RN 4A%:95 ‘C 10 min, 95 ‘C 105,60 ‘C 1 min,
40 MEIR, 60~95 CLhillAfAmhsk. KH 2744
R H B R A R .
#1 PCR3I¥IFE%
Table 1  Primer sequences for real-time RT-PCR

HE R 2 FR SIMFAI (53 K Tbp
GAPDH-F GGTTGTCTCCTGCGACTTCA 183
GAPDH-R TGGTCCAGGGTTTCTTACTCC

CCL5-F GTATTTCTACACCAGCAGCAAG 102
CCL5-R  TCTTGAACCCACTTCTTCTCTG
CXCL10-F CAACTGCATCCATATCGATGAC 147
CXCL10-R GATTCCGGATTCAGACATCTCT

A~ EL
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2.56 16S rRNA JE[H V3-V4 XUl fE4L 2 ANE
] S L 3 ANMZHZARE A, R Macherey-Nagel
Kit 377 &l 52 M 21 2 b i) DNA, i id Qubit
Fluorometer X} DNA Jii &K FEidF A7 € &, s B
JEREBREIR LUK DNA 588 PEBEAT 74T, DNA Fis
FFE IREA AT SCEER 3 o HX 30 ng DNA A A2 ik
ALY E PCR R NAR R, WE RN ZH, %f 16S
rRNA JL [ V3-V4 X 31T PCR 1. 514): 341F:
5'-ACTCCTACGGGAGGCAGCAG-3"; 806R: 5'-
GGACTACHVGGGTWTCTAAT-3'. 1§ Agencourt
AMPure XP #i¥kiEAT 440 IH T Elution Buffer,
EARZ, SCEMET K. £ Agilent 2100
Bioanalyzer &3 1) F By Bl e i &9k 5, SR A
IluminaMiseqPE 300 =y 18 &l /57~ & XA I -5 4% 1)
AT AR MG (Paired-end, PE) JIF, 3k75 PE
reads. 16S rRNA I 7 75 # H AR = 2 Ao
55 I A IR A ) vl B S =5 e Ao

257 AWEEFST IHEURE S B g,
BRI R 1 reads, ] FLASH (Fast Length
Adjustment of Short reads, v1.2.11) ¥, FfHEE
K FBE B i 7 753 2 1 xS reads Hf 4% % raw
tags; raw tags &t — LRI AR BT A1 2]
741 clean tags. #JF UPARSE #f4-7E 97%4H
AEE T clean tags AT, PR HKHIT
(operational taxonomic units, OTUs), @il RDP
classifer ¥ OTU 75 5404 % Greengene
text, 1B MERMIM S RER, HAESIIK
* (phylum. class. order. family. genus. species)
HATYIRERE . BT IRRLGR, HH4T Alpha ZHE1E
J3#r (Chaol. Ace. Shannon. Simpson) #l Beta %
FEE 5 #r (non-metricmulti-dimensional scaling, NMDS
%) X H LEfSe[linear discriminant analysis (LDA)
effect size, Zt ) 20o0 M7 ] 7 M4k 1) 40 1A) 7 = 5

FHEERNYM, ZEA LDA {EoArRE &k
b5 32 B 7, LDAscore (logl0) >2 H#fh ik
NEA BEMEZER, LDA>4 1] LMENiEE R,
26 HitFHE

KF SPSS 22.0 Gitt# A AT HAE 7 1, SE5
I LLX £ 5 Kon, ZHPEARN CBCR BRI R T %
4381 Cone-way ANOVA), J5Z5% 0, I LSD #H47
ZHILE, 7 ZAFFRHIESEIA T Kruskal-Wallis
FRARGSG . PRALIR] L, 6 T30 R IE A TR 5 2555
PERF, SR RS, 7 ZAFFEH Wilcoxon # AT
5%, K Spearman AH <70 B 2R T i 50 B A 5 it 2H 27
# LA 7 CCL5. CXCL10 KB4, L P<<0.05
NEFBEGIEE L.
3 #R
3.1 Bfi¥sHUFNAn e BN 2

N3 2 fiR, 6% 3. 7d )5, KA/
e EANHIZ . 45253 d J5, BRI/ R 5
BIEHARA R ZE R (P<0.01); HEAfhIdd.
PUREE IR, MSD 4 fiti i BB R AR 2 5 3% PRI
(P<<0.05. 0.01); #4257 d Ja, BRY/NEHTESL
B4 3 d BF R, 5 R HAL S AT S iz =
TG o
32 MERAHELRIET L

62 E B N SRS AL /N R SV ER D)
SR 1o GPRR/NRIE . eI, e,
LIRS SE e, v s 5 R VS T, s PN TG 20 s
K UL R PEIR . A TURBOR GG 5 4
K (45%53d J5), AL/ RUIIE S5 B AR,
s EL SRR A Y 2k v s PN R0 i ] i T DL K
IO EL 2 BRLAZE £ P R e T i A5 % T IR
LA LT A, 5 REZE LR 1QA {ELIA 2.
Wm (P<0.01, & 3). A BIBURFRYSGEE 8
K B2 7d 5D, BRI R L5 m] L 28 PR g

R2 BN RAHEE AR BIIEIERLER (X+s,n=5)
Table 2 Comparison on lung index and lung index inhibition rate of mice in each group (X £s, n=5)

. “4%53d A 4% 7d A
2H 5 FlE/N(g-kg™) " " " "
Jiti 4544 Jili 45 B 61 2R /% Jiti 5 % Jiti$ 1 /1%
payiisl — 0.67+0.045 — 0.68+0.03 -
| — 1.2840.24* — 0.784+0.08 —
B fihds 0.021 63 0.68+0.11% 47.40 0.6840.08 13.02
U B kL 3.900 0.78+0.10% 39.33 0.76+0.10 2.81
MSD 6.050 0.69+0.08% 46.54 0.75+0.12 3.19

S0 IR HE: "P<<0.01; SHAAILLE: “P<<0.05 #P<C0.01
"*P < 0.01 vs control group; *P < 0.05 #P < 0.01 vs model group
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e NP N WA e
WA fh 21.63mgkg? BT
1 FHEDBRMALRETL (HE #£&, X200)
Fig. 1 Pathological changes of lung tissue in each group (HE staining, %200)

R, BN R, (H5 YR 4 R,
PRET o n] B B 0 e 2548, i g 28 PR iR
AR, 1QA IR IHK, 5FRIEEXN R ZER TSI
HEY (R3I). GEMALLE, 4253d)E, B
f=F2H . PR EEBURIZH AT MSD 2558 48 KE 445
FEERIA Frgds, DIREhFHASE T, Sk
BERURLZH AT MSD 2 fili v BE3E JE, i ] i o mT D 2>
ERPEYIMIZ I, (Al B 0, i P AR
MR AR, 5252 1QA (e R 7Y 20 B S PRI
(P<<0.05. 0.01, & 3), 4% 7 d )5, SLWAN
HIREMBEA TR R, Iy s e BRI o, It v B v,
i P A L 6 PEAR IR, SR LR, 1QA
EFFE, ZREFRITFE L (K. FRERIR,
28 1AV T 8 S5 5 BE TN/ BRI S A R e A
JRYLEE 4 R, MR, SE R VL E, %
YLifs 8 KIS JRAE R N AT BT, 5 I AR St AN
WA IARFIE. 45 TR EMhES . U S BRA MSD
BIT 3 dJE, S ZA NG SR AR R B R
BIT TdJE, 541 IQA BTN R ALK

*3 FHH/NRIFHELAREFITIELE (X+s,n=5)
Table 3 Comparison of histopathological scores of lung
tissue in each group (X+s,n=5)

5 FE/ (g-kg™) QAR
%73dfE RTdSE
ot e - 14.04+2.41  10.22+231
BAY — 43.06+8.47 12.65+2.97
HE b 0.02163  18.5244.22% 11.704+2.43
Ui s kL 3.900 21.35+6.03% 11.43+1.43
MSD 6.050 17.1942.49% 10.72+2.03

HXRAE: "P<0.01; SEBALE: *P<0.05 *P<0.01
™P < 0.01 vs control group; *P < 0.05 #P < 0.01 vs model group

3.3 &KEPNRALEL CCL5. CXCL10 &Kk

FH 2. 3 W41, CCL5 fil CXCL10 EERE T
9 PR MR 6L 7 200 B SR R BRSE bo ARRY £ J
HEhn] WK ERHPER IS, XI5 25920
ANERIZHZ3 ] W R Rk 4. Bk 4 7]
WM, 253 dJE, AL CCL5 fl CXCL10 Rik%
XTHRH B R, EREgi¥E L (P<0.05.
0.01), HAEMihIF40. MSD 41 CCL5 H1 CXCL10 %
IR A BRI, ERARITYE L (P<
0.05); Pk FEHIRI L CXCL10 F kB i AL %) i 41 f#
K, ZRASZIFEEN (P<0.05). 4457 d )5,
MERISTIEZ CCLS M CXCL10 Fikflhs T HE &
H, HEFRTHITFE L.
3.4 FHiH/NRAFZELEH CCLS, CXCLI0O &£

ELISA #l 45 R LR 5. 442453 d J5, BRI
/NEUTZHZA g CCL5 A1 CXCL10 & & 538 v T % R
M, ZRAESGITHFE X (P<0.01); EaflHd.
MSD A fifigh 27 CCL5 F1 CXCL10 & &= A%+
BERH, ZRASI¥E L (P<0.05. 0.01); #i
BRI Z) CXCL10 S8R THIMA (P<
0.0, 4425 7dJ5, SA/NRMAL+ CCLE & &
TRFEES, HAAMHL T CXCLL0 & &M TX4f
M40 (P<<0.05), HEwE|fh4iZH. MSD 41 CXCL10
SR THEAA (P<0.05).
35 RE/NFRAHLELF CCL5.CXCL10 mRNA %%
SRIKFERER

SERWE 6. 52 3d 5, XA, B
ZH. CCL5. CXCL10 mRNA ik B i 7t (P<<0.05.
0.01); HBIAAH LU, BRI 4 Jrim#E Bk |
MSD £ CCL5. CXCL10 mRNA ik )8 & [Z1%,
DL E M HHF MSD A% EZE (P<0.0D). %4
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SRR z
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MSD 6.05 g-kg*

2>

LA NN
U EE kL 3.90 gkg! MSD 6.05 g-kg !

[E3 CXCL10 7ZE&HE/NRAMELRRRIE (PV-9000 AL, X200)

Fig. 3 Expression of CCL5 in lung tissue of mice in each group (immunohistochemistry PV-9000 two-step method, ><200)
*x4 KBENDRAELFH CCL5, CXCLIOKAME (X+s,n=5)

Table 4 Average A values of lung tissue of mice in each group (X + s, n=5)

i) S AccLs AcxcLio
#5%53d )5 B 7d )G 7525 3d 5 B T7d G
Sof R — 0.11+0.02 0.14+0.02 0.28+0.02 0.13+0.02
LAY — 0.32+0.03" 0.19+0.05 0.41+0.03™ 0.22+0.11
BE 0.021 63 0.14+0.02* 0.13+0.01 0.29+0.05* 0.14+0.01
PO B ORL 3.900 0.23+0.05 0.12+0.03 0.32+0.09* 0.15+0.01
MSD 6.050 0.124+0.01% 0.124+0.01 0.30+0.05* 0.15+0.02
XA "P<0.05 “P<0.01; SHMAHE: “P<0.05
"P<0.05 ™P <0.01vs control group; *P < 0.05 vs model group

257 dJ5, A4 CCL5. CXCL10 mRNA kil
ETHAL R, BERLEL T FE L.
3.6 OUT BRNH

541 2 ANFIAL S (45245 3. 7.d) FLilicgE 30 M
HLURE S CREH BRI A 55 3 AMFESLD, A S
1%, HL3R15 1696 921 4 SR 4R K, Zoid 8 A% Ab B
33 1 211 627 %= ER Tags, “FIIKER 431
bp, DL 97%AMHMLEEZRE, HL3Rk4E 1581 4> OUT, F

WIRANFE 336 > OUT, JHJE T 20 M1 248 Mg«
3.7 Yot (REMESELSRSH)

3.7.1 |7 (Phylum) 7KFPoAn S5 4 f1k 7
B, Bl AR B T TCUEBERE T (Firmicutes).
WAF® 1] (Bacteroidetes) M A8 JE &[]
(Proteobacteria) 3 K& 1AE. 44253 d )&, X
M. WAEMhFH. PURTEERIZAR MSD 4 EEER
UIARX B ORI T IR TR ] A
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F<5 HHNBRMELER CCLS F1 CXCLI0 FEME (X+s,n=5)
Table 5 Levels of CCL5 and CXCL10 in lung homogenate of mice in each group (X + s, n =5)
1) A (kg ) CCL5 CXCL10
2525 3d )5 %ej7dJE #5245 3d Jo BKHTd e
X — 552.32+147.39 468.07+77.32 225.44178.69 219.91+73.48
iRt - 828.89+151.55™ 591.15+63.73 1058.72+372.14™ 325.16+90.97"
B 0.021 63 589.19 +83.53# 533.924+49.17 402.46+217.91# 231.67+38.07%
Ui EE kL 3.900 671.02+118.75 527.56+49.84 511.22+263.59% 264.391+61.04
MSD 6.050 612.07 +98.04% 512.944+23.12 364.46+111.05% 236.59+36.64"
HxHEAHE: "P<0.05 "P<0.01: SHAILILLE: *P<0.05 *P<0.01

"P<0.05 "P <0.01vs control group; *P < 0.05 #P <0.01 vs model group

*6 RANFHLEL CCLS #1 CXCL10 MRNA ST RIAEELE (X+s,n=5)
Table 6 Comparison of relative expression of CCL5 and CXCL10 mRNA in lung tissue of mice in each group (X +s, n=5)

5 T CCL5 CXCL10

#5%53d J5 %2 7d s 7525 3d J5 %2 7d 5
PO - 1.00+0.23 1.00+0.02 1.00+0.05 1.0040.04
LAY — 9.72+3.92° 4224247 16.93+4.70" 7.414+4.92
A 0.021 63 4,3542.20% 2.36+1.33 3.55+1.55% 2.91+154
PO EEORL 3.900 5.29+3.69" 3.48+1.54 4.64+3.17" 4.03+2.25
MSD 6.050 3.93+2.33% 2.16+0.74 2.57+1.52% 2.9541.47

HxRALLK: "P<0.05 P<0.01; SHEMALLE: #P<0.05 *P<<0.01

P <0.05
RUH AT 1 A = BE R O SR BE TR ] AL
FRBT] . SXTIRAA LR, MEAYZH R RERR [ AN 42
BEFFIC (P<<0.01), AJERH T F I (P<
0.05); SRR AL, BalfhFaH . Puma Rk .
MSD ZH J5 BE G 1A = B2 B S 1% - (P<<0.05.
0.01), MSD A TE R [ TAHXS F BRI (P<<0.05).
Y525 7d J5,5 /N BRI B REOL S B T T LLELEE B
Ty RTERR T VAT 11 3, dHIR S35 114
MEELREER. 5423 dEHE, BRI
AAXTFEEEHE— 2N (MSD 4rSH R %), o
HGAERRBTE]: ATEH T R (B
RUHRE IR, BN S AL 2 B E].

3.7.2 JEAKPoAn 4N BRI R AL B R A
FAR FREWE 5 MK 8 Fin. 44253 d 5, A
AR H s AL 45 EI U FT R Parabacteroides  sp.
(9.80%). HihZjiE# J& Oscillospira sp. (5.35%).
#F B J& Bacteroides Castellani and Chalmers(4.58% ).
# ¥k B J8 Coprococcus Holdeman and Moore
(2.21%) AT & Lactobacillus Beijerinck (1.28%)
&y HxrReAtii, SMANHEE. BAEE
Escherichia sp.. ZZJEAT I J& Proteus sp.AHX 5 1]
B (P<0.05. 0.01), FEEKEEAHN = T

**P < 0.01 vs control group; *P < 0.05 #P < 0.01 vs model group

(P<<0.05); SRV LLEL, BmfhA54H . Pk aE Ml
hidH - MSD ZH 30T 1 J& A1 A5 i SR AR 2 FE 3 T
e (P<<0.01), ZTEATHEJEAHN FE TR, HAR
Ao FE L SHEAAE, BaE 48 MSD
MR B AR R (P<0.05). 4525 7d )5,
SR AR AE | B A5 4 P Rk 4L MSD
S /N BRI 2 LA A T LRI AL, B PR 2 A
F# B Anoxybacillus sp.. AT )8 Geobacillus
sp.55, HMMARBLEEZR. 544 3dJE
B, WERYH IR A T JE AN AR TEAT 1R A = B B
BERARLA BEEHKF.
3.8 Alpha Z Mg S

WHIM Alpha ZFEMHEIEEETRE ACE F8EL.
Chaol #5%k. Shannon #5%(A1 Simpson #5%t. ACE
FRHUFI Chaol FREHRIPM WAL 45 B, HfE iR
K, VLBAFE & F=E BE# S . Shannon $i5 #0F1 Simpson
TR EEHRITFN =B 2 FF 1%, Shannon FE4{E
K, Simpson FEEEER/)N, ULEIRE S RPN 2 R
M. K 9 NG 3. Td J5, SA/NRETE Alpha
RIS, R 9 WA, A2 3. Td G, MY
/N R0 R 22 REPE OO IR AH BRI, & 25 2 i
AR AN N, EEREEES, FH/R



)

Chinese Traditional and Herbal Drugs #% 51 % 5 20 #§ 2020 £ 10 A

= 5531 -

%23dE

HAXS
o
3

1.00
0.75
0.25
0

Xof I ] BLE

wrirdfs 100
0.75

)
0.25

0

RS E S
3

TR RERURL

I Fibrobacteres
Fusobacteria [ Proteobacteria
[ | Cyanobacteria | Actinobacteria
lob1 B ors3
™7 [ Firmicutes
[™ Tenericutes [ Lentisphaerae
MsrL
Chlamydiae
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W others
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R
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e WA pUmdE MSD
El4 44753, 7d RRABAMEBAREN] (Phylum) KF_E5TH

Fig. 4 Distribution of pulmonary flora at Phylum level in each group on 3rd and 7th day of administration

®7 BHENREERIKFEEMERE (X£s,n=23)

Table 7 Relative abundance of pulmonary flora at phylum level in various groups ( X £ s, n =3)

5 2524 3d JE A B2 7d JEHRTERE
JEEETR ) ) B JERER ] ) B

oyl 70.48+16.91 24.18+4.29 2.16+1.11 78.12+13.16  2.6040.32 17.22+12.53
it 29.88+16.55™  28.38+9.56 37.28+21.38"  69.67+1.55 2354054  2543+1.23
BE b 54.31+16.99% 22.324+7.23 20.25+10.80 72.0040.65 218+0.18  23.4740.52
PO EERORL 63.28+13.11% 12.40+17.41 19.66 +8.55* 72.57+2.24 2.12+0.37 22.95+1.77
MSD 88.811+8.77# 7.31+8.58 2.3241.02% 78.87+£10.43 2974133  15.89+11.76

LHxfRA L "P<0.05 “P<0.01; SHEAIAEE: #P<0.05 #P<0.01

"P <0.05 P <0.01vs control group; *P < 0.05 *P < 0.01 vs model group

iR+ TR 2 R
3.9 Beta ZHIMETHT

Beta £ FE 70T 32 ZEHISR LU EURE A 5 REAR [A] 13
A DRE T A S AR AL BE o AR B 2 4 R 20 M
(non-metricmulti-dimensional scaling, NMDS) #&i¥
fii Beta Z 1L T N —, B UARHIE RIS FEA R
TG B R BAE 2 YRR A b, Gl S R (]
(R EE RS PR BLRE AR [A) (¥ 22 S AR, G SR R Ot ) L

BRI, A 2 ANFETE AL AR L. ] 6-A ChZ5 2 3 d
&, SHNFES S AME. HIE 6-A nTLLE H,
5753 d Ja, BHEHNFEM SRS T AR X,
YR TCACHE, Tk BF 2 0 i 0 e A A T I R 22 5
Kl 6-B A% T dJa, &AM E. H
K 6-B nJLAFEH, BRXTHRZAA MSD &A1 M
ALCECE B, HARFES S m AT, B iR
PRSI, 2T 08 T A AL F B A — S IR AR ABAE
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[ Acinetobacter

- I
- I I l I
I Flexispira

0 -_ I Ruminococcus
Xt B RAEMbS ﬁ*ﬁ%ﬁﬁ MSD

B Td )G 1.00

| Acinetobacter

[ Oscillospira

Ml serratia

B Novosphingobium

B Aquabacterium

B Thermus

B Anoxybacillus
Pseudomonas

B Geobacillus

0. 50
. . . Lactobacillus

Others
o B BEMRE HURERER. MSD
El5 %R%3. 7d EREFAKMEERFER (Genus) £S5
Fig. 5 Distribution of pulmonary flora at Genus level in each group on 3rd and 7th day of administration
*k8 HH/NREAHEHBKEENEE (X+s5,n=3)

Table 8 Relative abundance of pulmonary flora at genus level in each group (X £ s, n=23)

AR

HAXSF

45 25 3d JE I SO Td RN
WITEIR  BwER ARHERE KRR ANERE  RECHUTER FARREE SRR kKRR IUTERE
IR 4551055 049+033  0.02+003 221+089 128+079  2856+24.74 15.34+13.29 0.28:0.40 0.11%0.09 25.97+44.29
i 13.02+5.90" 18.81+10.52" 13481666 0.23+0.17" 1524225  4136+114 23.04£0.89 0.05£0.01 0.03+001 0.25+0.20

WAlfhd  419+0.69% 059+0.34% 0.61+0.70 1184024 1549+236* 43.09+029 24.17+0.14 0.03+0.01 0.06+0.02 0.19+0.12
PURERR 364+£4.19% 2674£341% 0064009 036+036 235+369 43531006 24.26+2.19 0.04£0.01 0.05+0.01 0.13+0.08
MSD 1.84+185% 054+050% 0114019 1.24+050% 71.91+18.79 29.05+25.16 16.22414.06 0.03+0.03 0.59+0.92 1.32+1.97

XA e "P<0.05 TP<0.01; SEIMALL: *P<0.05 *#P<0.01
"P <0.05 P <0.01vs control group; *P < 0.05 *P < 0.01 vs model group

*®9 HE/NFAHERERF Alpha ZHMIEH (X+5,n=3)

Table 9 Alpha diversity metrics of pulmonary flora in each group (X £ s, n=3)

5 #5245 3d J5 Alpha ZREMEFEEL #5245 7d J5 Alpha ZREMESE%L
ACE 530 Chaol ¥5% Shannon 5%t Simpson 6% ACE 5% Chaol #5%% Shannon $8% Simpson #5%X
it R 227+19 233+24 428+1.11  0.02+0.01 3714244 3594243 1.97+0.33  0.35+0.15
eis) 258+237 2564233 2444095 0204011 4014273 3954267 1.87+0.61  0.38£0.24
HEMbA 143428 145429 293+151 0254035 511421 512427 21240.00  0.26+0.00
PURTERRL 2774244 2724244 3.03+£0.74 0144009 537445 533+57 209+0.06  0.2740.01

MSD 2831215 2804209 2.87+0.88 0.18+0.11 435+204 4361190 2.87+1.30 0.18+0.14
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Fig. 6 NMDS analysis of pulmonary flora in each group

310 (HEEFPIMRITHIE
LEfSe R FIZAE A0 o A R AN A F FiE
X ZE S RS )R/, R SR o e AR 2
SR E S M. HAT, W LEfSe - M4
e 26 (8] A Givt 5 2 7 B4R 124 (biomarker) .
LDA Score KT-¥ & EPF! (less-strict 54 2;
more-strict 54 4), BRI\ A I BA it %
FEIFRCH) o FHARE 22 W Fh 2 | W) btk A 3 S
TEA S, N B AMES R B R T A
(CAEED 2JE (R M0R%50) . FEARR 3
o) B — AN E AR ZKE T I — 402,
NE P EAR KNS A RN R IEL . R 2%
SRR g —AE GO, Z R biomarker R
BT, AN [FUETY m RN 75 AH B I L 2 )
Hhke 3 F B E e . B 7 FEREOR TR
RS IR IS AN E R E R E R B E Y
Fio B 7T-AJBRTHZ3 d)E, XTIRA. A,
WEAFHA . PURER PR 4R MSD 20 fili i i =F
ZRRENYM, HRERKEREZE TR L
M (RIS LDAScore). HHIE 7-A AT A1, % HR 2 Al
BB AR B F B2 F (Lachnospiraceae) 3£
BR B JE A1 % 1 G & Roseburia Stanton and Savage; 15
TUH ISP NS B 1] (Proteobacteria) y-25 7
- # 49 ( Gammaproteobacteria ) i #F B F}
(Enterobacteriales); 5 m]th 33 4L AR A4 A e F5 A0
FCH & Klebsiella Trevisan; $7075 28 Wk 2H 32 B4R 34
VIR R B (Pseudomonadales) B 8 i Al

(Pseudomonadaceae) i 5. Hf1 5 J& Pseudomonas sp.;

MSD H FE LR HAYIF N ZF AN (Bacilli) FLAT
w# H (lactobacillus) FLERFF B £} (Lactobacillaceae)
AR B 7-B IR LA 2 SR 4l i
BBl 525 7d 5, &4 LDA E fHRE
Rtk 7 32 B LK 7-C D, AR R 4 A0 B kL
WA 72 mFh, HA R ZRA R (LDA {H<3.5).
311 MMEHENFEESMAL S CCLS.
CXCL10 E=EMHEXM S

Spearman FH G/ BT 45 3R W3 10, 3k 10 7]
a, WEEBERIRAEE . BEATER. RERE
F 5 CCL5. CXCL10 FEERZEIEMK (P<
0.01), Z¢FREJEF/F 5 CCL5. CXCL10 FEE R
A (P<0.0D), AFFF £ R CCL5.CXCL10
FRAHKEAEE .
4 Tig

KHILOR, HTEBEENEAKFER, B
PR AIR MRS, BT MR I — B oA & —1
TH IS E . 2010 4F Hilty Z5235] ] 16S rRNA %t
DRI 5 A B 7 Mt e A, i it 0 e B S PP IR R G
PRI IR R H 2 52 B E AL, (H5 B e AR B,
XA R I e A TP B . BT, &
ESRTIEIW S I - YNERmIL o) R g S Al i) s
(LR EDRE, DA N, E B AR ERER ],
PORFBE TS ARTETE TRk B 1124250, it e B 110
FRASHITAE TEBRAIIGTE 1P AT e o EAE IS
(AR DA 350 20 A TR R I S SR R
BRSO AR IR A T PR
TR AT 12 Bl A IE N S e B A il 2 e 1 38
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T2 SR A TR EGK L pHAE S MR FiE SN, BRI AR, A v Rt 2 B AR ALY,
A RS ESEM M IR AR R LIRS X FRh A S FIR R G R B R e o #
W eOL, iR AN — BN, EMEBERIEORIR KRR, @HERE T, REBEES AR, R
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A-histograms of LDA scores B-cladogram (after 3 days of administration)

C-histograms of LDA scores D-cladogram (after 7 days of
administration) I-control group 11-model group I11-Oseltamivir group  1V-Antiviral Particle group VV-MSD group (after 3 days of administration)
VI-model group VII-Antiviral Particle group (after 7 days of administration)

B 7 LEfSE ZER 9t
Fig. 7 LEfSE difference analysis

& 10 BHEREEFENFEESMAELR S CCL5. CXCLI0 S EMEXM I
Table 10 Correlation analysis between relative abundance of pulmonary flora and level of CCL5 and CXCL10 in lung tissue

i 7R AT IUFF B KRR e
o rfi P i r i P i rfi P i r i P i r i P i
CCL5 0.911 <0.001 0.746 0.001 0.804 <0.001 —0.704 0.003 —0.432 0.108

CXCL10 0.790 <0.001 0.648  <<0.001 0.576 0.003 —0.652  <0.001 —0.344 0.092

TR TR R R AR AT BR o 1 7 3 S RE R, i
YA TR 1K B S AU B 240 R of P R 4
PR EE B L A RS FR ORI, (E15RE
fifo | FH K 85 R0 IR ) A0 T K B i B, i 3 M -
ARSI ERT, 0 B AR A Rp AT
GRS TR R BAZHAR, DHFtias, il
PR 25 A1 B30 B e B2 A KX FR 5 e ] g EL A
VAR i v 1R 2% i B R,
AHETCRIL, WA BRI % 252 /) B
il AT A A, AR RO IR R, i
PR REALRAN ], PO RIS RN ] CRE AR 2

WD AR AR . FETTAKSE, XHRALN R
il R L S A T B LR B R [ ST 1A AR
ETTNE, DU TG PR I N mT RE R A5
LS R R R BB, RBUVREE I R HER ,
JEEE R TSI B TR BER I, MU B T2 R
B MRS, AETAHAR TR IR A RO R A
WL, ORI, AT ] R T R, %
R FEJEACT, SRR, X 2 32 2
DE B B o EL A U T s « DU e v s« IR 1A
FUATRE S BRI ER . REER. BT
VA Jeg AR X = RO B ZH R 3G, T SR A R A
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FENE: SAMAHNITEE . RAE BN
BBV T R, FERERIE AR G ]
ft 35200 MSD A FUAT 13 J8 AH 0T =F B2 RO AR 2 38
Horp MSD HARXN FFER . b4, MSD AR5
JE I ALFE BITIAT 18 B E R . R R
WEI, HHDNRFERBFEAALL, FELURE
FHIMEE . FREE RN E.

[, SEEGIE A, A T A A 2 /N R
Ji ZH 23 5% PR AR BRI BA 55, T DAY ESL 40 PR R S 2
MR, H AR A i b S 40 B AE S
i 2Rk LA 7 CCL5 F1 CXCL10. CCL5 Mk
RANTES (regulated upon activation normal T cell
expressed and secreted), H_E i 4Hffl. CD8* T, CD4*
T. HAZEWEIM A, XA, rE R4
MO T A A w2 R A, Be et 2 ) 58
i B AT RS MR - CXCL-10 X Bk 10 kDa FHt -y
5 525 1 (10 kDa interferon-gamma-induced protein,
IP-10), HIT#tZE-y (IFN-y). TNF-o. J%# RNA %
G LA, A, FRAZ B . R AT 4
SRR A M A, nlEAE TR A HARRK
Prdm MR A A S 4R, (adk IFN-y. IL-6. IL-8 55
2R R AR T3k . CCL5 Al CXCL10 it/
o3 BB L 75| A 110 I S 45 47 P 7 R B U AE OG0,

AT, BT, BIALA N R ZH 2K
i S5 I 71 B R S TS 3 vy U, [ R R 4 4 5 X T
MR A TR O, kI T B A G A 2H %
FEA T HR A KT, 17 it ARE BB B R R . R
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