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Abstract

Objective: This study aimed to analyze the composition and diversity of the ocular surface microbiota
using 16S rRNA high-throughput sequencing, and to examine potential factors affecting its commu-
nity structure, in order to contribute to the understanding of ocular surface microecology and its
implications in ocular surface diseases. Methods: A total of 60 healthy individuals undergoing rou-
tine ophthalmic examinations at Qingdao Municipal Hospital between May and October 2024 were
enrolled. Conjunctival swab samples were collected and subjected to 16S rRNA gene sequencing to
assess the ocular surface microbiota. Alpha diversity indices and Beta diversity analyses were em-
ployed to evaluate differences in microbial diversity and to compare structural variations of the mi-
crobiota among different groups. Results: 1) The ocular surface microbiota was dominated by Prote-
obacteria, Actinobacteria, and Firmicutes, which together accounted for 94.12% of the total abun-
dance. The dominant genera included Pseudomonas, Vibrio, and Corynebacterium. 2) No significant
differences were observed in Alpha diversity among different age groups; however, Beta diversity
analysis indicated that microbial community structure changed in the elderly group. Specifically, the
relative abundance of Proteobacteria decreased, while Actinobacteria and Bacteroidetes increased.
And, Pseudomonas, Vibrio, and Brevibacillus decreased, while Corynebacterium increased in the el-
derly. 3) No statistically significant differences in microbial diversity or community structure were
found between male and female participants. Conclusion: 16S rRNA gene sequencing can reveal the
diversity of the ocular surface microbiota, but the results are influenced by multiple factors. A rela-
tively stable core microbiota and dominant genera are present on the ocular surface of healthy indi-
viduals. In the elderly population, structural changes in the ocular surface microbiota are observed,
while no significant differences are found between sexes.
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IREAE NN B R T AN IR BE RN BRI, M s R 5 IR A Ve ful (38— B B 4k
HR 1A W03 (Ocular Surface Microbiota, OSM) & 45 e A8 T4 i A R S TH I 5 IR 2 4 2R i S AR MR AE )
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PLH, (BEXT IR DNA 1 e ROV T RETBORTS Yo 5, NS pliA [ 25 R XEEE[6] . AHELZTF
e I U P I I R S X E MR AT AR X, PR RIS T KRB 1 RS, o H TR
B2 MAEMT R AR 2 —[7].

Bt ERHE, AHFURM 16S rRNA il Sl FHoR, Wl BT IR R W B 1 A 4L 5 2 e
BEAT RGEHT, FFRIT RIS 50 S5 R SO0 TR A R B, DU 3 B IR AR A AR S AR IR R
T R A P SR e SCaE

2. SRFTTE
2.1. MR

AW FLEEL 2024 4 5 H~2024 4F 10 H T & i L EE B BRBHAKS (1) 60 4418 B 32 il Rt At &,
ZIRFER 21~82 (M =41%, Q1=26%. Q3=69 %), HoHEIE25 N, &35 N. GIAbrdE: (1)
—RORBLIAEFORE RIEF: (2) BESSAMI, HEEWERGIRE. HRbrdE: 1) BAEREER. 5t
AR, %8260 M6 98 SR GLPEIR B s (2) A2 G YRy IR . B &5 s tErn; (3) i
6 N H WA IR L KIRESTFAR S (4) 4 6 NH AERMEMIRR (BT R . KREIERAY) &
FRPARL 7 25) 5 (5) IR A E A BT . (6) ZRisk LI Lot . ARF T RATH BT L E R BE A4S
PR R4 R HEGA SO S . KTLL202306154), 3F3k15 1 Frf 2l s 7 2 .

22. A%

221 BARE

TEG SR AMRH T IR YT 5 T A 4% BEOE AR AT REACR AR . 7EZAG IR S5 IR Py TN 1 Wi S IR B A
R R IR AT R IR, SRS 2 BB M B, )RR NIREE, H LRI TSR TS
BARAE, BT AR S RS ES, B 3K, B TR ARG AR . KR T E T 2ml B
WD, R -80 CUKFRGAF & . “ AT MENAEX RS SR R A RN R AR, BIFE C A
T 1 3 BRI BEAT R DR R e T R R A A2 BT ) 2 AR [RIRE (R IR ), AR5 (R A7 T T B 50
BN E-80 CUKFEIGHTE .

2.2.2. ¥ DNA {281, PCR ¥/ #F1NFF

%18 ALFA-SEQ Magnetic Pharyngeal swab & Saliva DNA Kit (J /M 5 -4 2 &R H R AR, &+
I ) % R 8 B A 46 PR S B 8 A AR ) 22 AR N 58 U B FE AT AE P 7% DNA $28. F] A Nanodrop One
(Thermo Fisher Scientific, MA, USA)K i AE P BE 75 DNA 2B RREE, JF7E 1%35 i Bl it fise b 34T i
AL BT 50 ng DNA K, i 338F (5-ACTCCTACGGGAGGCAGCAG-3)H1806R (5-GGACTACHVGGGTW
TCTAAT-3)il H X 5% 165 rRNA F[K V3~V4 48 X 34T PCR ¥ 3 . 334 56 i ¥ B =M 4 2%35x
e b e s Hyk A I, {8 ) AxyPrep DNA # i F HGR 77 & (Axygen Biosciences, CA, USA)[EII& PCR 7=,
11 ALFA-SEQ DNA Library Prep Kit St A2 2E47 SCEER &, {8 F Qubitd.0 (Thermo Fisher Scientific,
Waltham, USA)lI& 52 ZE A9, %M Illumina NovaSeq - £ %A & 4% F S P 3 AT X0

223 EMERESH

FIF] fastp (an ultra-fast all-in-one FASTQ preprocessor, version 0.14.1)4x X il &30 7 1 )5 46 7 471
(Raw Reads)i#H {71k i€, 4% 5 & /7 ¥(Clean Reads). f#F USEARCH - & #4745 /E P 7395 5.t (Opera-
tional Taxonomic Unit, OTU)EE, &5 97% NAHMIE MG . 1/ R 155 @ iH5 Sobs f5%t. Shannon #&
#. Simpson 5%, Chaol $5%k. Pielou_evenness fE£06 i AEY) Alpha £ FEMEBET &4k FEFREAAILIYE
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REE

e sk

PR B [ 3k 47 32 A8 A% 23 it (Principal coordinates analysis, PCoA) 2 #H 14 1 73 #7 (Analysis of similarities,
Anosim) it Beta ZFE1%. KA SILVA HdlE FEdEAT AR

2.2.4. Gt FES

SKFH IBM SPSS statistics 27.0 #4F#E 5 . R PORIE 6 Shapiro-Wilk 77 V5807 IE MR
5, FFEIERSAEEE I + brfE RN, RIS AEEE DL A B (U A BRI BE) R R . FEREAT
Gt ot 2 A, Levene IEBVEAL 7 250k, B BIR R & IEZS /00 L7 255 e RO AR A iS50
TENNT, BEARE ER A, WK FH Mann Whitney U K58 5% Kruskal-Wallis H #6561+ 80% RH%H &
TR, TEREA BB S SRR /NN Fisher BSHARY G . P < 0.05 J7 5 B Goit 23475 5L

3. &R
3.1. BRI FBERSHE

A TSR T 60 IR Z RS M IR FREA, Horh 15 BIREA R eSS S 3879,
2% 45 BIREA BTN 78 B P S AWM S22 Mr, FEARBHIE RN 75%. Hodr, JE RS T FEAK HF N
92.5% (37/40), HafkFEEAKE H 2N 40% (8/20), WFH AT H R Z7A Giilh %8 X (P<0.001). fifa “=
ST FEARPRIEIE) E EHAEY DNA. 45 AT T HLEHE & (Raw Reads) Ay 3,401,032, ~F357=
4 75,578 %4, RS EFR BTSN 3,018,254, A XEIEFE N 88.75%.
3.2. YHMEREMZ ST

R 28 2 T UP A5 0 P VR P A 75 2 DA B R A TR 2 FE R R 2R o 6 BT AR A BN %5 B 34T
R e tr, Wil 1 FroR, BEEN R B, MRl &izmna 1 e, A3y r s H A EiY
0, 2 BSOS R
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Figure 1. Rarefaction curve
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3.3. BRREFEAI 77 HE M

AT 45 BIREAILE RS 31 M1, 68 M, 191 MH, 310 MR, 648 M@, SF&ANIFh4 2K
F ERE B ATHEAT T, VERE 2. ZETTKE B, X R T RT 8 AL BN AT T T T AR T

JEEEGET] ATET BEBENT FRWERE ] i WU B AT GiE 2 2RI . Herb, AR, Tk
P T IMEEE G [ 136 A LE 94.12%. FEJRACT L, RN R > 1% M BRI R R . IR AT R

AT JE . WEEREE . AR BRI R FUAT RS LA R 1R .
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Figure 2. Species composition of all samples at phylum, class, order, family and genus levels
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3.4. R AR M D

R 2R E ER I N ELA (<40 %, n=24), FEL(40 %, 65 %], n=18). ZHELM(>65%, n=
18). =HEEAIAME R Z R Gt & X (P < 0.05, Cramer’s V = 0.4). MM Eon, HFEAMERET
FHEEZ(P < 0.01) (£ 1).

Table 1. Detection results of samples in different age groups

#* 1 SFERIBEFERCHER

R FEA1 %L BH 14 4511 %50 (%) 14 4511 % (%) P{a
HEH 24 22 (91.7%) 2 (8.3%) 0.01
AR 18 9 (50%) 9 (50%)
ZEA 18 14 (77.8%) 4 (22.2%)

st 60 45 15

VE: Fisher ¥t .
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3.4.1. BEHE OTUs EEE ST
T 97% MBI KB 2, =43E3R1E 10,946 4 OTUs, Hr, FHHEMIHKME 7533 4 OTUs, F4EAH
K15 2019 4N OTUs, ZHEHIRTE 2754 4~ OTUs (14 3).

Mid - old

Young

Figure 3. Venn plots of OTUs cluster analysis for the young, middle-aged and elderly groups
3. &, . FELH OTUs BENH Venn B

3.4.2. FBEHELELHE) Alpha ZHEMESH
FAEA. . ZEH =410 Sobs 8%, Chaol $5%. Simpson f&%¢. Shannon f& %L & # % 57
(P>0.05, Kruskal-Wallis H £:46) (141 4).

3.4.3. FEERLALEIE Beta TSI

X L ZEHPAT PCoA 408, Wil 5 Fow, M EHR B FEARREL R, MiE
FHMKZHREAS —#0 8, nEEARRHBARS HFFEARM TR ELAFLEZES . Anosim 7313 B
ZHREGE . PEAREARR AR 82 A S 2R (R = 0.37, P < 0.001).
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Figure 4. Alpha diversity index box plots for the young, middle-aged and elderly groups
E 4. F. . ZF4 Alpha ZHEEIEHHEE

PCoA - PCoA1 vs PCoA2
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0 < Ol

V
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Figure 5. PCoA analysis diagram of samples from the young, middle-aged and elderly groups

E 5 &. F. FEARKE PCoA HHrE

3.4.4. BEIREHEPMER T

EZFA, ABTEEE1(53.09%) PIAHXS F BAK T HHF4L(H = 12.21, P < 0.05), & 1(31.79%) K 4H
SR T HELL(H = 15.83, P < 0.05), MR 71(3.59%) HI A 342 i T 4E 40(0.24%) (H = 12.64, P <
0.05), i JE-BETH [71(8.88%)HIAHN FE Z R AL (P>0.05). E/KV L, ¥EHASHFEHAMIL, BHH
B I B AN 2 ST B 8 ARG = BRI (P < 0.05), R IRAT 1 M X 32 T 5 (P < 0.05) (& 6).

. LEfSe (Linear discriminant analysis Effect Size) 5154 T ¥R 2 54041, € LDA BIME AN 4, 45
RE 7 Fror. EFELF, BRETT. B RE R IEE A E RN A, AT
WEAFEEZEREIR: ZHAP, R BT RRRAT 8 53

3.5. MR SRR IS NS AT

B T REA L BRI 5 93 N Lo (n = 29) R S8 M (n = 16) W4, JE T PIZHAEA ) OTUs #:47 Alpha ZHEHE
1 Beta ZFEMESHT. SiRER, BHMLHEMHAR Chaol f5%k. Simpson fE%i. Shannon f&5%%.
Pielou_evenness #5404 B G it 2% 2 5 (P > 0.05, Mann Whitney U #:5) (/&1 8). NMDS 73#7E Eox, #
BRSNS, BRARESES, MR BOR (] 9). Anosim 73T E7 55 |
PN REA T AR MR VE A I 2 3 22 (R = 0.03, P > 0.05).
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Figure 6. Differences in species composition at the phylum and genus levels among the young, middle-aged and elderly groups
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B 9. 151448 NMDS 4347 [

4. VWHig

AR TR 60 425 AR TREAS, LA 15 IR MY DNA 48488 R B3k 2 171,
Btk 45 BIREARSEBNF . % T 15 B AR 89 B~ REA, % fE— 7T 2 ph T IR A2 1E 2 Pl
BLAIB], i RS 0 47 4 AR 1 PCR 7 B4 75 () AR TR s 53— 7 T SRR IR T (1 e P SRAE S5
SRR AR, BT TR IR R AR TREAS B 2 ) S TR T AR TR e
ARSI TR, TR “BRIR” R, AU T SRS A ER, 8 PR K R A bR
SEUR AT B O M B AT DNA, & I TR AE A B REAR KR AE 9]0 TIARE T h R IR LT R gL, P44
Wzas, SOKERBOICRAT, TECEYI3E 5 4 DNA B T AE/E AR L, BRI EY DNA 1
FIC[10], ATEEM T H 38T . AN, REAMRAT B Ab BT 20T Al S BUM/EY) DNA AR ER 2%
45 {51 BFHE AR A 00 P 50 2 0 7 T K R B, R s T VLR, 08 A M P TR FE T 2 SR A et
EEMEMBES . CEERT T R AR A AE A, SRR TE SRR AR K S R R 1
W 22 5 B A TS

ARFFLE R DA B ] EBER 1A B M ALEE] T 94.12%, AR T IRFIMEWRE
VB R TSy, 5 R (R SR g I 45 SR — B[] X WA 1 DK LT i e A (R
MR BRI ARG, SR T IR ORI (RS, BIZEAETDRA T, IREmrE—
SHARN R FLABAT 28 IR REE , AT 4 5 AR 26 (0 RS AN Ty i 95 7 B4 I 1] [12] [13].

TEARBITE, MR > 1% E EERE EA R TR BT 3R S (A B R Atk 54
BR, X —%45 5 Dong Z[141MBF L5 AR . AT, Zhou ZE[15]WFFL A % B INF AL 1%. 4T
5 R AT B S IR R R 06, AF S0 RARGE I T S BAREA, MM FOREAI S LIRS, DE R
FW], IRFAR FRR O S 22 5, SRR+ o HUN B N [16]. Jesh, IRFEMER
PR T AN B 2R G, F B A RE 5 2 B 2 FIOA I . Deng S5[17)76 %) e 6 £ 3k
T e N BEHEAT LU TEIT R, BRI VA S I T K AP0 BB 2 5, SRR, TR0
FeE 5T AE MUE A R BT R AR ORI R 75 B A 34 B R R T
117 [ AT P40 TE 3R o 7 B 1 3 S AL AR DG o A 28 V2 AR AE T R0 8 /K A 858 o £ 222 1
BAEB[18]. A TE 2R E Bk (7 S IEHbIX, e 3 A 3 oh v AR v SRS A (R AR o T O £ A
FSGHEN | HgKIE Bl 7 2T B R M DA o 2% A R A M AR BRSBTS AR,
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