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T ITS 55 W e BT KA e B TL IR BEVR AR AIE

[ 0 =) A L5 % N ey Ny A W R " R 5 e S -
(BB ERKFS WEEREERFA, A0 230601;° M EFRKFH—HEER
HBEAL A 230022;° M EA K FAFE P A e 230032)

WE BH  EEERTE (AL BF TR X SIS K X LA AR 2 5 @ R Sk B BT R A 22 5 02D R AA [ Sk i
FLAREVR AR AL I PT AR N A e 2Ll . Foik ISR ILg AT 20 6] AA SB35 F0 18 AR XS IR, 73 N AA B I8 & IX.
SRR K DXl L K fie B ST R (10 {5 Sk Bz SR B B DR T A, A v LT 174 P S 2 St TR B X (TS ) A T vy il 00 4
Bro G558  AA B X0 LR R ILL A 1Y o ZREME R YR 5 i o RRIR AT R X, F 211 (Ascomycota) )
JeBR7EA )@ (Mycosphaerella) N5 & (Aspergillus ) .75 5 )& (Penicillium) B )& (Wallemia ) BARXS = & B3B8 M L2 T,
TEAA SEE AR A X3, , B] 5 5 52 B U (Acremonium ) FIZERE B & (Schizophyllum ) W FE N R 3%, 8518 AABEISL
LT 75 2k S 0 T S 0 DX S 2 5 3178 SRR R 9 78 A T BB AEBRE TS 1 S L v A HE EFEAE T L DAk B IR 25 i i A

P25 T T AARBRRFRAE .

KEIA HEAEBETT ; Sk K ELREREVE TS T ; DA S s BRTHE R I8 s o Z2RE1E

FEASES R758.71
XEERERL A XEHS 1000 - 1492(2026)03 - 0576 - 07
doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 03. 026

T E BEFT ( alopecia areata, AA) J2& BEFS 1Y 1 4E
JERY 2 B 0y i A T AR O Sk B 50% A4 4 TR
(alopecia totalis, AT) Fl 3% & (alopecia universalis,
AU AR —Fi B e e RR M A
HIE AA SBEBRTIZ BRI AL, 0 &0 F R B
FIVRE R M He 98 S i >0 BRI BT X EIE AATRYT
TR LA I AL BTk A R B A e
P2 797 RCA R, Janus 3 (Janus kinase, JAK)
R R AR AA RICR B B AR TEST A28 S M A
252 R IRl A AL O T, A -
RE-FB 2O AL TEIE AA R R R G HE A
™ ARk B % 168 K% B5 /& RNA (16S ribosomal
RNA, 168 rRNA ) 5 KI5 4H & 20 2 1) |2 i L AA
B Sk B2 A0 TR RV FRAE R [R5 A B 7 L (H
FRE AA RF S E T bR S SO S e A LR 5T
B as [ ARG BRI Y vk 2 B T R SR

2025 - 11 -23 #llg
A H EHRK A RBAILSTH (45 :81171493) 5 mi AL 55 s
EE T AA BB H (45 : gxgwix2022004)
VEF I ik 2L, 2 g A
T, BRI R, B S W S, E-mail:
hiwangf@sina. com;
S, L, SEER I 38 A5 1 E-mail : 15256081209@163.

com

[&] B PX. 1 (internal transcribed spacer 1,1TS1 YITSI /5
I YRR TSRO AR R ] ITST IE
1] 5141 (ITS1 forward primer, ITSIF) 5 ITS2 J2 [ 5]
W) (ITS2 reverse primer, ITS2) 21 5 1 5| ¥ X%, X &
i AA R TR e IX AR S K X R A B B 20 A7
FEW Y4307, B TERAE 5 TAE AA MG Y T HF 7%
RHAE , f 78 FOAE AA SR Sk LR R, 25 5%, O 12 1
A AR G W) TR ZR H A EAE R, S T R4 1)
THI TSR AR

1 HRSH®

L1 fRGIER AW Jie 0 BB 5T, 2h90 55
T 38UIZ 5% AR AR L BRI 2 — B i B2 B
L BB R 27 5 BT I B= Bt K KRl i2 1) 20 491
FHE AA SRR A HEAACKS PO 18 {51 T
Ho TAZ S HWEZMEREA S T Z7E
BER 27 55— W) B2 e 18 P2 B3 2% B 4tk o (PJ2023-
14-82) o AA BB I ARSI N I A P S AR B4 T
H.(severity of alopecia tool, SALT)> 50% ( K[} fi & ThI
T3k BETH AR 50% ) 5 2 BN Sk B 5740 [ 1t
B 5 o5 A8 Kb T35 Sl 3 (0 4 B G A AE “ L5
S A I B ) o At R RS A AR I Sy TCBE S
R HA K i B, Sk Je TEm] W 2% o fdE FH JE T A A
ORI AA TS SR A BErFn (AA A1) 5 L
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BE=5 em A A & FRAL (A An 25 ) R0 HE o FE 25 1
R (Con 2 ) . FEAR R L BIE T DNA R A7,
-80 “CHRAAFE % DNA $2HL,
1.2 LEEFEWRELES A3 55 R0
48 h AR 1E Pk & (B RSk R U E B R A ) s Ve &
it 48— 3 L JC T I B R4 1 MV R R (pHL =
5.5) , RAEEI R JE — Rk & Al iz b s 11 3k
B2 55 HAnER R UE & OKIR 37 °C+2 °C, 8
B IE) < 3 min, VR 0k , LUK AR BE D8/ T TR R
X EL RS TR
1.3 DNA 21 PCR ¥ # >k H MagPure Soil
DNA LQ Kit (Magan) 3551 & I 2 B30 B 45 X A
5 K 41 DNA #f 47 #2 B . I i NanoDrop2000
(Thermo Fisher Scientific, 3% &) F1 35 5 BE5E IKE 5 7k
K6 W DNA (1) v 2 F0 20 BE B 42 BB DNA PR A7 T
—20°C., VAHRHUAHE K 4 DNA AR , fdi 45 Bar-
code 1 4F 5 51 ¥ Fll Takara Ex Taq = {f EL i 17 H
P ITS 5E K A P 48 PCR &3 o >R T3 I 514 ITS1F
(5"-CTTGGTCATTTAGAGGAAGTAA-3" ) Fl ITS2
(5'-GCTGCGTTCTTCATCGATGC-3" ) ¥ # 1TS %t
ITS1 Af A8 X, T B | 2 M50 Hr . — %8 PCR(H
bR B34, 30 pL AR &) : 2xGflex Buffer (15 pl) +
514 ITSIFATS2 (451 pL, 5 pmol/ul) + #& 4z DNA
(>50ng) + i (0.6 pL) + ddH,0 (#MZ 30 pL) ;
J¥:94 °C 5 min TAEYE ;26 fE#4 (94 °C 30 s — 56 °C
30 siE K —72°C205);72 °C 5 min K GEf, 4%
PCR (I 15 #2 3k , 30 pLAK 5 ) : 2XGflex Buffer (15
ul) + f (0.6 pL) + Adapter I5/17 (451 uL + —487=
¥ (50 ng) + ddH,0 (#bZ 30 pL) ; 5 :94 °C 5 min
WA 763 (94 °C 30 s — 56 °C 30 s iE k —
72 °C 20 s) 372 °C.5 min & GEA P71 )25 AM-
Pure XP beads 4lifk J5 & =M ¥ .
1.4 CEMZEMNE  PCRY ™Y o Ik
M. SR )58 B AMPure XP beads i ¥R 4liL , i ik )5
VB8 % PCRAER , JF AT 40 PCR Y4 . JF IR
i R Bk 2l Ak, B alifb 3 () — 58 = W 4T Qubit
i AR E PEEVR AT . fdiH] Tllumina NovaSeq
6000 il J7 ~F £ #F 47 W 15, I A= B 250 bp A9 8L i
BB,
1.5 E£¥EEZESH B TS, B Cu-
adapt B, ¥ raw data ¥ S D145 W) 7 51 . SRS
8 23 IX 7 38 - [ 1 5307 2 (divisive amplicon de-
noising algorithm 2, DADA2) ¥ I — 25 5 4% 1Y XL iy

raw data $% B8 G AE ) A2 385 27 8 T 4K 2 (quanti-
tative insights into microbial ecology 2, QIIME 2 ) #£1A
SRGHAT IR R B DR S i S B
G307 R BMRER P K ASV A% . ] QIIME
2 AL PRI A A8 7 7 81 2 1K (amplicon se-
quence variants, ASV) IR IFIN G ¥ T A GER 7
5 5 Unite $0H08 FEFEAT LU X R o W b Lo ox 3 el
H q2-feature-classifier BAEANS BT W

1.6 ZitZEAE  AURTA ST R
HE (v4.2.0) I QIIME 2(v2022. 11)F 558 XF
THRELR TR b o3 28 o () SR R J7 K 3
GA) HEAT A [R) o3 5 % 2278 1 (AR Y ) 48 Shapiro—
Wilk TEZSVERI S 456 1IR30 # R RIS AR A
¢ K3 , ANAF G IEAS S0 A 25 R Mann—Whitney U
5. =B LA Kruskal-Wallis ¥ 5 , 2H 8] P9
Wt % 2k Dunn's post—hoc ¥ 35, I 1l H
Benjamini—Hochberg 7% 17 2 # K 3 £ 1 o F1I H
Unweighted UniFrac 5 25 5 B 38 17 & 48 b5 7 B
(PCoA) , I f PERMANOVA (Adonis %% ,999 ¥
BRI AN 2R TR p 2. MR N E
3BT < 7E 1] (Phylum) & (Genus) 7KV HE 47 AHXT 3=
B HER, 1 SEE AT Shapiro—-Wilk 1EZSYERES , R IEZS
O3 A1 KA R FHAE S 806 56 - W0 20 LB T Wileoxon
B AL, =20 WWHEAE ] Kruskal-Wallis 15 . %
TR I AL IE R Benjamini—Hochberg 1535 il 5 1% K&
WA (FDR) o AEYIbR Wy e R FHE M0 o0 B Ak
1 1 (linear discriminant analysis effect size , LEfSe ) J7
AT 22 S W RN I 1E , 280 BN Kruskal-Wallis
H % P < 0.05,LDA Score > 3. 0, LA 4L 1] 22 % A
Gt B R J o s B s e AR E TR AR
IE 2SI AT B AE 3 BT AT HEAT Log,, (x+1) Bed, A
5 B W E MK (a) 4 0. 05, Bl P<0. 05 s 22
AT EE

2 H#R

2.1 HRABEZRBESHT DIt A 38412
W, ALHE 20 B EAE AA B LR IR A > 50%
H20, T L0, T 760 R 18 i X R
s B 2 b 5B M 7 B, LM 13 ], S AR IR (34, 1+
7.35) % TR (6. 7524, 97 ) 4F ; X R4 55 7k 8
B, &t 10 9], I 4E S (29. 06+8. 56) % . PI4LTE
P 44 1% (2=0. 354, P=0. 552) FI4E#4 (1=1. 954, P=
0.058) Jy i 22 G248 Lo HAE AA BH K
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W T R 1 ML s PR BRI B IR B IE UL 1

22 AABEIFERHESHMESN dida
ZREME S BT 7R AN TR o0 4 b B VR 1 2 R M
F BB, Chaol F8%UHI ACE #5850k 5] AA 4%
B S T Con 4 (P<0.01) , W, &l 2A . 2B, 7F
Shannon A1 Simpson ZREPERS AR, AA H 2R

A Anterior Superior
severe AA
B Anterior Superior
il
AU

1 EEAAME R BEIGKFRIN R K REHE

Fig. 1 Clinical and dermoscopic features of severe alopecia areata and alopecia universalis

Z 15T Con 4 (P<0.01), WLIE 2C.2D; 7F Observed
species T8 5 T, AA 415 W82 2] (14 ) Tl 5k o b 2%
= Con 4 (P<0.01) , WK 2E; Good's Coverage $&
o v BT A 2 53 0 i R R e L BT 1, SR
RIS BT 55 BT A YD, IR 2F

2.3 HEEEZUNESTON AR5

Posterior Dermatoscope

Posterior Dermatoscope

%20
%20

A, B: Clinical appearance (anterior, superior, and posterior views) and dermoscopic features of the scalp in severe alopecia areata (AA) and alo-

pecia universalis (AU) patients, respectively.

A B C
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B2 SLEEHBESEESH

Fig. 2 Diversity analysis of scalp fungal communities

A: Chaol index estimating the actual number of species in the community; B: ACE index estimating the number of operational taxonomic units

(OTUs) or amplicon sequence variants (ASVs) ; C: Shannon index reflecting hoth species richness and distribution evenness; D: Simpson index repre-

senting the probability that two randomly selected individuals belong to different species; E: Observed species index indicating the actual number of spe-

cies detected in samples; F: Good's Coverage index assessing sequencing depth adequacy ; "P<0. 05, "P<0. 01 vs Con group.
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) LR VR B ARSS i 22 5 G TR R 2R
& 43 #7 (non-metric multidimensional scaling, NMDS)
MAGEEW . AAHS AAn HREARE B%
(Stress=0. 085) , 7% ] W4 21 FL ol V& 25 /I AH L. Con
YLREA W 25 B T AA/AAn 41 (PERMANOVA, R*=
0.317,P=0.001) , $&7~ AA H % SR AR AFE D
HEHWEMEZES WK 3A, REKEWM TR,
AA LA FHE B 1] (Ascomycota) (F X =F FE 62. 1%
+8. 7%) J F-FHEAIE R O B A B CfR
(Mycosphaerella) /Il % J& (Aspergillus) 53 32 & J& >
15%, 1M Con ZH A% 0> ZEHF Sl B 7 44 18] & (Malasse-
zia) (53 3K JE (5 H 48, 3%+6.2%) ; [AIT, AA 415
Con 4] A #EALIE 25 (0. 4120. 06) K F AA 41 5 AAn
£ 1] Y5 (0. 19+0. 03) (P<0. 001) , WLI5I 3B,

2.4 HEBEAMERSHT MBHEADTTHE
IRV R B ZH I, 7E AA 2H A An 4L HI Con ZHFEA T
LR KA ARXS B A A —E 2 5. TE3
A AR T TE 1] (Basidiomycota ) F1F & TE 1] (As-

A B
Group
1 ® AA
® AAn
® Con
o Or
1%}
)
=
Z
1k
_2 i 1 1 1 1 1
-2 -1 0 1 2

NMDSTI stress=0.085

comycota) (5 4 T T HUAT , o o A = 0 AR X 3
B R, SIE ] (Zoopagomycota ) FIER
FEWE [ ] (Kickxellomycota ) 55 7% JIr A 28 31 Hp (4 A0 X =
JERAR, JLF- AT LAZ BT o i HA R 23 2 i HLA
[T (Others ) 75 4% 41 (9 AH AT 2 BE WL AR, (HAF7E —
E I 225, WWIET4A . TEFT A A5, DR (T R
(Malassezia) (5 ¥ 1 = Hu A7, 7R H 38 AR =F
B 5 HR U2 3 4 6 & (Alternaria) (BRI 3 J& (Myco-
sphaerella) F T 25 J& (Aspergillus) ; HoA A 5325 1) H
& (others ) 7EFIT A ZH 0] H A AR XS 5 BE AL o 4 — &
(8 BB, A A — S B0 22 55 T (8 BR R (Can-
dida) . ¥ A J& (Nigrospora) M 22 AR 51 )& (Filoba-
sidium ) SEAE A5 20 TP B AR XS F BRI, LT AT DL
WA, WK 4B, 20 0 B R, HOIE AA B
(AAZL AT AAn 2) 5 1EH A (Con 41 FEAS TP LB 41
W EAFTE—E 2 5. TETKF b, PR ] (As-
comycota) TE AA 20 (AR 3= B 1 35 =5 T AAn Al
ConZH(P<0.01) , WLIET 4C, 1E @K |, A T AR

B3 HEAELEMNES TSN

Fig.3 Multivariate analysis of fungal community structure

A: NMDS showing community similarity among groups (AA group: green; AAn group: purple; Con group: orange) ; Ellipses represent 95% confi-

dence intervals; B: Phylogenetic tree revealing evolutionary relationships and abundance distribution of fungal communities ; Branch colors correspond to

sample groups (Light green: AA; Purple: AAn; Orange: Con; Gray: unclassified), with branch length indicating relative abundance.
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) )R 0 LT R ARG 32 22 5, BRT 1B R (M-
cosphaerella) (P<0.05) . Ml % J& (Aspergillus) (P<
0.01) .53 J& (Penicillium ) (P<0. 000 1) FI4E Hy & &
(Wallemia) (P<0.05) 76 AA 41 v (1 # XF  JE &
AAn 4 F1 Con 21 ; 1 FT 52 55 52 & (Acremonium ) Fl
S4FA T (Schizophyllum ) 7E A An 28 B AR 5 B2
T AALUR Con 41 (P<0. 05) , UL 4D, R WIBEFE
B S AR IR R R 4l b 2= A ST
SRS, HaX R 22 Al Vg K- EXA R, |
TR AR 7% 52 B W 35 1 KRR A AR ik, Al R
SREVE TR AR F R AY B R A AR AA
2 AR B0 T E (AN & m ) B AL T R R X,
TP 4E

2.5 EEMEEANERSWT X 3HMALE M
JER K- ELTE S AR W R S5 M AR 22
(1 4A . 4B) . TETTKF L, F &1 (Basidiomy-
cota) FIFHEW ] (Ascomycota) N ILFE R HEET . i
— LW B, TR ITE AA 2P A ARRS 5
FHET AAn LA Con 21 (P < 0.01) (K4C) ., TEJEK
- E L, SR B (Malassezia) TEAS AL ) 5 £ 54
fro ZHIE R, BRFC 8 (Mycosphaerella) (P <

0.05) . th % J& (Aspergillus) (P < 0.01) | % % &
(Penicillium) (P < 0.000 1) F1 4 ¥ % J& (Wallemia)
(P <0.05)7F AA ZH i A 2 B 8 25780 F AAn AN
Con ZH ; 1 BT 5 B 52 11 & (Acremonium ) F1 2448 T J&
(Schizophyllum) W AE AAn £ 1 i 3% 5 4E (P < 0. 05)
(K14D) . IAb, FLTR R V% 4 AR 52 304 B2 43 A AT
AM AT EENHRERE Z 6 T & F X [
(K4E).

3 itig

AW 5 ITS M PP F AR R GE 0B 1 HAE AA
BETR I (AA ) FIAETE K X (AAn 2H) K At T
W8 (Con 4) 3k B2 FUTRIRE I8 B L BURRAIE , d8 78 T H
WRETS 5 BEFS RO TR TE CHK . WF9E I, BT 8
BRI FLA R B S 1 a 2R R RN R
W, R T ] (Ascomycota) I BR 52 1l )&
(Mycosphaerella) . 155 J& (Aspergillus ) 5545 5 7 J& 1)
TR WFER . TR E N A B R L
126, HE S 1 58 T RE 5 BT 1Y O 5 2k I 9% T AH
K, ERST AR (Mycosphaerella ) ) = L 5 Fif Al 304
JUT Jo A A 16, X SE 2 ] RERIC A A1 Jo U2 o B

A Phylum B Genus C Phylum
1.00 1.00
s
< 177 F
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Fig. 4 Differential analysis of fungal community composition

A, B: Stacked bar plots showing relative abundance distribution of fungal communities at the phylum (A) and genus (B) levels across sample

groups; Distinct colors represent different fungal phyla and genera; C,D: Box plots displaying Log-transformed relative abundance values at the phylum

(C) and genus (D) levels for the AA (green), AAn (purple), and Con (orange) groups; E: Illustrating the rank-abundance distribution characteristics

of the fungal community; The x-axis shows the Log,-transformed relative abundance, while the y-axis represents the rank order of genus-level taxonomic

units arranged by abundance in descending order; “P<0. 05,”P<0. 01, “*P<0. 001 vs Con group.
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SEREE , 2R 0R B AR ST, HE 0T B 5 20 M A
SH A SRR . A AA BE TR E
JE 8 5 R g ok TL-23/Th 17 Sl , DT A 41 %6t
B A S rE" . &R (Aspergillus) WAL
W (W& R ) T A8 &5 5 A iR Al 4 i
Az TL-1B FITNF-o ', 3 B 4ig 4% K 7 ] B2 B4
J) B A JAK-STAT 38 4%, 14 1717 5 VR B 3 SR il o, 3X
P& M5 & P ReiE ok X —HLH 2 5 e LR

R B (Malassezia ) 70 {3 B GFIR4H A 5 3=
A, AR BESS 8 T L B AR REAIL, S
T T RE T A R S A P T A0 (Treg) SHBEAH G . A
T 3R W b iy o TR AT R B Bk 3R TV R Y L-
0 2 TR A W 2 Fh | Wk 437 A2 W 00T D5 A IR 32 AR
(AhR) , & i Jry & IL-10 4305 o TEfEFREAT FRAE p ,
o7 €20 T 19 O B8 A T R 3 3 X — ML R 4 4 B
B E T 32, 17 B AR AT 3 B AR AA R E
PEPH T DI REER PG . FE R X AR R X B AR Y
3 25 5 (A0 AAn A1 b B o B S8 T R AR ) R R
i AA SE I B IR GRS AR A R S ok | X R 22
ST R ST B I Bl X 38 Y e SO AR Ak, B
R R AR S . 4545 NMDS /A AA 41
AAn L BER AR UM R T Con 2L 25 L, HEM AR
R IXAT i A T LG A I R A ) R B B, ARk T
38 3 G ) 5 g Tk T A

ZHESEE L ITS PRI s T AA B3 Bk
LR ARV (U RRAE (ARSI AEAE DL R 2R IR
5, AR P REAR BN (n=38) H A I K 57 5T
P&, g A SALT>50% 3% 12 61 . 475 (AT) 1
B 55 (AU )T B, AS 5] I AU A A 5 R 25 i v] e
SR 2h HL T 0] AU ST REAE , 52 0 2538 % o Ath 51 i
STV 75 P A 5 U 0 SR S R S A i 4
25, R T R E B s Canh 8w e 2 5 i
AA Y BRSO AL A 5 2245 G 9 A0 S 56 L) 55
E s e Jm, T IREE 25 S5 IR e IR R 5 i — A0 4%
il , AR SC 30 508 i n] S . 5 IR B FE AA K
I A, TE AR 5T h FRATT 25 AR SIS AR HLIE AA A
YIREAS 4 R BAGHRAE U G I AT SR A
DI s R p A e e AR e bk

ZE LTI AR RGN T AA B K
ARV A R R A, 3R I T L DA RV R A 5 B
RIRHITTE CHE . RN T/ A X HIE o ZHEMF
= [ B BOR AR A R (AN T2 B 1] BRFE A g L
B ) 0 5 5 s B S R DI RE By S P AT

J& A BB B AR A R X S 5 R AR BLAY
TS R AT B 3 S B BT 10 e AL I 2 4t
TORTRI AR S LA, P LT AR v ] BE T I BREIR
JER J W BB 2 S G0 B S TR S i T A 2 R AR
ZH5PIRRERE .
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Analysis of scalp fungal communities in severe alopecia

areata patients by ITS sequencing
Zhang Chunlan', Lei Yilong', Cheng Ruixuan', Duan Dawei’, Du Xin', Zhou Wenming’,
Zang Dandan’, Wang Feng'
('Department of Dermatology, The Second Affiliated Hospital of Anhui Medical University , Hefei 230601 ;
*Department of Dermatology, The First Affiliated Hospital of Anhui Medical University , Hefei 230022;
*Research Experimental Center, Anhui Medical University, Hefei 230032)

Abstract Objective To compare the differences in fungal community composition between lesional and non-
lesional scalp areas in patients suffering from severe alopecia areata (AA), and compare these with healthy scalp
areas in control subjects. Additionally, to preliminarily explore the changes in scalp fungal communities in severe
AA patients and their potential underlying immunological mechanisms. Methods A total of 20 severe AA patients
and 18 healthy controls were enrolled. Skin swab samples were collected from lesional and non-lesional scalp areas
of severe AA patients, as well as from the normal scalp of healthy controls. The fungal internal transcribed spacer
(ITS) region was amplified and analyzed using high-throughput sequencing. Results The lesional scalp areas of
severe AA patients exhibited higher a-diversity and species richness in fungal communities. Notably, the relative
abundance of Ascomycota, along with genera such as Mycosphaerella, Aspergillus, Penicillium, and Wallemia, sig-
nificantly increased in the bald regions. In contrast, Acremonium and Schizophyllum were more predominant in the
non-lesional areas of severe AA patients. Conclusion Distinct region-specific differences in scalp fungal micro-
biota in severe AA patients suggests that fungal dysbiosis may play a potential role in the pathogenesis of alopecia
areata. These findings provide new insights into the disease characteristics of severe AA from the perspective of
scalp microecology.

Key words severe alopecia areata; scalp fungal community; ITS sequencing; region-specific; dysbiosis; a-di-
versity
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