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Abstract

Objective: To investigate the potential causal relationship between skin microbiota and mastitis from
a genetic perspective using Mendelian randomization (MR). Methods: A bidirectional two-sample
MR approach was employed to explore the causal relationships between skin microbiota and mas-
titis. Summary-level data from genome-wide association studies (GWAS) of skin microbiota and mas-
titis from the FinnGen database were utilized. Five MR methods were employed to evaluate the po-
tential causal associations from a genetic standpoint: Inverse variance weighted (IVW), MR-Egger,
Weighted median (WME), Simple mode (SM), and Weighted mode (WM), with IVW as the primary
method. Sensitivity analyses were performed to assess heterogeneity and pleiotropy, thereby strength-
ening the robustness of the findings. Results: Forward MR analysis indicated that genetically pre-
dicted Staphylococcus hominis and Acinetobacter were associated with increased mastitis risk, while
Enhydrobacter and Micrococcus were associated with decreased mastitis risk. Reverse MR analysis
suggested that genetically predicted mastitis was associated with reduced levels of -proteobacteria
and Neisseriaceae. Sensitivity analyses indicated no significant heterogeneity or horizontal pleiotropy
for the aforementioned results. Conclusion: This study provides genetic evidence supporting that
Staphylococcus hominis and Acinetobacter may be risk factors for mastitis, while Enhydrobacter and
Micrococcus may be protective factors, and that mastitis may exert an inhibitory effect on -prote-
obacteria and Neisseriaceae. These findings should be interpreted as exploratory, given the heteroge-
neity in data sources (e.g., variation in skin sites and mastitis subtypes). Further validation through
larger-scale GWAS and functional experiments is warranted.
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1. 5|8

FLR S 2 FUBRAL AR JOE PP, AR A I 18] A AN TR, 7T 73 ey L1 7L Bk X (Lactational masititis,
LM)FISE 7L 3171 ik % (Non-lactational masititis, NLM) [1]. BFFLR I, WA LML B LR R I HEBIZ
2.5%% 20%, AL LR B RN L8 3% % 10% [2] [3]. REFUIR RIS I RIER 805, (H i
TR I FEA L, FUBRRKIR A #[4]. B, LM AT INEZ AT ER PR
677, NLM WD S il & F AT [5]-[8]. K&y JAEAE IR ST AAME R 5 TR,
HEGEREAIIRIE. MR E IR EA RN, IR 1 SO R, INE 14 225 6
H[9] [10]. HEF PAMALUEE) LA HT 6 A H 2 1 FENEATREALIRTR, XXTEERIIFLD GRS
BRI R R G A i, SRR TR IR LM KIS, RROCE FEOM AL L ks ig s iz 6 A
RIBRFLMRIR(11]-[13]. BT 0, NIRRT ENEGERNRIT TS, IRARTCARRARR R EE, bsh, W
T AR R R AN, I8 7T S 2 7T LRI S RS R 3R, AT 2% s T A XS

DOI: 10.12677/acm.2026.1662364 1505 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1662364
http://creativecommons.org/licenses/by/4.0/

ERE2 F

BRI AN B REE AR RNAES RS, HEEM R T IERAEA, EYEFrE EaE R
Grfad T RIEE RBIER . ZESRABSMREZ MY, WM. . FE K05 14]
[15]o FEAEBLIRAN TS, X LURMAEYid T8 ey B B B AR JEAR NA 7 AR B B S I M S 4k A = T A= 0
YA 2 5 505 N IR A AT 518 LU [RIERFE Shas Pl . SR, 45X — P R IG5 T &Rk
DRI 22 FH S0 R 71038 S RIS, DU RT B R B0 45 i Bt 0 o S e S B S e e[ 16]. BEAT R AT
IR K 1A Ak AR D 2R R 2L T e LR 2 AT IS DR 2 —, a8 ] 2 B R A5 R TR e e R e Lk
AR R ANFUBRAZA 51K LM, X $87R 1 RERAMAE D2 5 SR 5 2 1R) AT e A7 AE LR SGHR[ 17] [18] SR fnd
TR 16S #ZHEA RNA (1) FERERR I PP 73 A5 W BV BRI AAE I S0 A2, DRI AR R T T A4
N R IRAs A 2 U FUadk R L2 19] . 3245 ik, RERARAE M 2H 5 SR 98 22 18] R OCIRE i AR e 7 4 e A

o 8R4 (Mendelian randomization, MR)& — Fh CL7E BIARER 20 e 45 212 B H 2 T 1844 48
SR DAL SR HE T 779250 1% 07925 DA R e R 2 DA DG Y R R 22 A5 1 (Single nucleotide polymorphism, SNP)
BN T H A% & (Instrumental variable, 1V), %5 25t F2 A S0 B R I BEAL 70 FCRE v, BEADLRE AL BRI
4% (Randomized controlled trial, RCT) 5 v I U, AT PF AT 28 5% (8 2= 5 45 J5 A8 2 [A) B DAL AR 56 & [20] [21]
FHECTAE SR VERT L, MR BERS A ROMEHR AR 3. S i) DR OGRS 2R 72 55 R gi ka5 RCT
FHLE, MR B T2 138 3 s F S s R ROAS 34 3k L [22] (23] bk, Bl DRSS 4 25k DA 2H DG IR 9
(Genome-wide association study, GWAS)E [ AWIEL 8, MR Z#45 B 1 T SEPE 5 R e 1t 7R 15 38 2 2 4
2410 FET i, AWFFERH MR 774 RGOV B K B HE S FUIR R L RIS AERUR AN, B AR IR IZ 9K
I AR ML IR BB, D B XURS: TR0 5005 1 77 4 2 AR %

2. MMERHE
2.1. W

BB s 1 R . ARHEFCR SR B REAR MR BT, @il WUa] 23 BT 2R G AL R B R 5 LR
R AL R Vs FI7E A% 4 MR 70 B9 =M R (1) SRR e R 5%
BRI R 2 A AE R ORI (2) JOAT PR e BRAR R SIRARN R AN (3) Heft B @k
(R&LEuES AISENGIES AELYEIPAIE

)

THER . X )
(S RFBARIEHISND) i 5% -

fRik2
BRHNE

Figure 1. Study design diagram
& 1. #initE

22. REEERYIE
B BB R ERER) GWAS Bl kT GWAS Catalog 4 FE (https://www.ebi.ac.uk/gwas/), FEA
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Y5 5N GCST90133164 & GCST90133313. 1% GWAS W FLHN 597 Ll E 287, HoREE 1656 43
AN R AT (%) B JRAE A, A e e B JER (R ARURT B J )~ J8 R Tk (T 75 (00 5 200 B B RO ) o B AR
5 2 P R R AR RS, BLFE 79 BRI N B BEEJE[26]. 45 R EE: FLIRE GWAS FdE K IE T FinnGen
¥ (https://r12.finngen fi/) (P 5 12 30 ATFERE, G 2468 B FLAR K61 K 258,508 Xt i . AHT FL T
ffFH GWAS Hd3k B T W AGE, DU RIS & 1 5 — Bk

23. TEATEEE

BT IR MR = KO B8, AR IVs B8 T W it (1) BEOCBREREE: BT A B
) GWAS HEE N F 55, SRR AR EERE P<5.0x 108 /g FE Vs HEA L. FiTAL
REAE N . S5O BEA BB MR I L AK, AWFFCRA P<1.0 x 107° /£ SNP ik M B RE, LAER
) BE 1 JRURS: P TRD B R IE S 5 7 SNP £ [27] [28]. (2) IEBIASP4iT(Linkage disequilibrium, LD)#%#l: N
#EG LD S8 IVs UM Giit i, LL 1000 Genomes i H FF RN AN BES 25 HINCNFEME[29], T 46
T HF M5B LD i A H) SNP (S8 BN 8L EEES 10,000 kb, 72 <0.001), Ffii57ERA LD A7
XEH R B P AE SN SNP /BN TV [30]. 1P BRidat P H R 4 ieugwast "(FR A5 1.1.0) LA &Z“plink ”
BAFRAS 1.90)EAMTERR . (3) 59 LHAEMALR: FNHRRS TR EmEG, WE FFitsE > 10{Eh
PANIE. FGHEITEARA: F=—k—1)xRY(1 —R*) x k. Hrh, n NRBERENFERE, bk A
NSFHTIAISE. SNP #i:, R* N T RAS SRR Rz 7 Z 1G], HatHE AN R? =2 x eaf < (1 —eaf) x f*,
eaf RN AEALFERIINAR, Bl11% SNP FE0 78 NBFHH B3, B 1% SNP X % 55 R R 8N B [31] [32]. Utk
Ab, T HERR TN FUIR R VR 2% DR 2R (W S ARURIIR R 55 B B R B R VR 2% DR 3R (R L i
BB BRI Y ) S ) SNPs, AHF 7018 Ff GWAS ATLAS %45 )% /) PheWAS T ELF1 GWAS Catalog
B PE AT R BSRE, DA /K 22 280 1) 5 e A i s HE A P AR R RS, A ORPEBIE Y P < 5.0 x 1078
[33]-[36] fJa, AT HERR B85 5 45 R 2 1] n) R SR 06 R B 0k 6 T E IR /K1 22 R T4, FRATTAE A Steiger
77 ) PEAG B0 AT 50IE DARF TR Ji5 852 43 BT 0 DR SR HE 7 vl Sk

2.4. Gt oAT

AT VAL R SR AR, TF A 5 ] MR 430 #r32 R A R iR 777 IVW . MR-Egger. WME. SM 1 WM.
IVW & MR [IFRAE T 715, FE T IR YE I AAESS, @il B4 2 /M7 SNP (1) Wald FLRMGTHE, 1)
AT ZE IR E R INBCF R RN & . EAEAE K 28 B AR R T, IVW B s 4eih 3L
[37], BRIAR TR HAE N BT 1L 2560 R B g G, RIS IR ) 5 200 R B s /2 LA R R
A (1) Pvw<0.05; (2) BAEFMIIERIRSHA 77 1A OR4F— 3. tbAh, il bh 1 DR — A rd IR B A
RGN BB R B SAHEWT, AW TR E 1A IR, B 5 B PR R OGR4 R 22/ 3 A4
ML SNP JL[FISCRRNT, HOCHRES RAPANTIEE . NP SRS KF 2800, RFFE MR 208715
BT R U AT AR S, B SR IVW (1) Cochran’s Q Suit-f e i 1Pl T HAS SR 1) e, £
Q 56 P < 0.05 MPRFFERERHME38]; ARJFHIE MR-Egger [AJA#FERGLS f MR 22 2505k 2= A0 5 B
K98 (MR Pleiotropy RESidual Sum and Outlier, MR-PRESSO)KG K -2 5, & P<0.05 MR BTEAEK T2
ROPE[39]0 BEAh, AHFFERFHE 15T iE—HIBR B SNP, LLVPAGHREE IV X SRR SRS T 7E 2 [40]

3. &R
3.1. MR $4f
WA LERT IV BT, g NFRHEN SNP L% | fI 2, BAEHGHIRI SNP ILE 3, 75
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EIINPRUER] SNP HIRBEAT S5 8 MR 2047 -

Table 1. SNPs used in the forward MR analysis
= 1. IE[E) MR fEFHY SNPs

70 T A SNP b se P or or_lci95 or_uci95
1510932590 -0.001 0.067 0.989 0.999 0.876 1.139
151385350 0.026 0.058 0.655 1.026 0.916 1.15
1517261683 0.048 0.063 0.443 1.05 0.928 1.188
152068662 0.053 0.074 0.471 1.055 0.913 1.219
1534506659 0.006 0.057 0.922 1.006 0.899 1.125
NHEIEBKE 640994 0.081 0.058 0.159 1.085 0.969 1.215
156433023 0.022 0.053 0.679 1.022 0.922 1.133
156439010 0.021 0.06 0.731 1.021 0.908 1.147
157491076 0.102 0.063 0.103 1.108 0.98 1.253
15777644 0.119 0.062 0.054 1.127 0.998 1272
157784246 0.029 0.047 0.53 1.03 0.94 1.128
151219571 0.036 0.052 0.482 1.037 0.937 1.148
151869246 —0.066 0.058 0.259 0.937 0.836 1.05
152062360 0.153 0.053 0.004 1.165 1.05 1.293
152567503 0.048 0.058 0.412 1.049 0.936 1.176
AT E
1555705411 0.055 0.061 0.369 1.056 0.937 1.19
1555826714 0.119 0.054 0.028 1.126 1.013 1.252
1s62116326 0.028 0.05 0.573 1.028 0.933 1.134
156992214 0.05 0.046 0.28 1.051 0.96 1.15
1s10179400 -0.108 0.052 0.039 0.898 0.81 0.995
1534581318 -0.027 0.057 0.639 0.973 0.87 1.089
155768971 -0.057 0.061 0.347 0.944 0.838 1.064
WK B &
1s62014062 -0.059 0.059 0.316 0.942 0.839 1.058
15716073 -0.065 0.061 0.289 0.938 0.832 1.056
1573111893 -0.078 0.077 0.306 0.925 0.796 1.074
1510803453 —0.044 0.059 0.45 0.957 0.852 1.073
151466547 —0.086 0.065 0.185 0.918 0.808 1.042
15175160 —0.046 0.06 0.444 0.955 0.848 1.075
WokE R rs2117317 -0.082 0.056 0.145 0.922 0.826 1.028
rs4722881 —0.054 0.058 0.347 0.947 0.846 1.06
1572755442 -0.021 0.061 0.735 0.979 0.868 1.105
157546440 -0.034 0.052 0.507 0.966 0.873 1.07
T b AR, se AARHER, or ARNME, or lci95 Al or_uci95 N 95%E(E X IH .
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TER B S AR P IE MR 0, RATLERI 4 N5 FUIR KA 53 R R OSBRI B L
2). b, 2 M S FUAR R 2 IEM R, TR R IR R I fE R K 25 N & ERE (Staphylococcus hom-
inis, Pryw = 0.013, OR = 1.045, 95% CI = 1.009~1.082), Ash#F 5 J&(Acinetobacter, Pryw = 0.014, OR = 1.056,
95% CI=1.011~1.103). A 2 MEHS5IRER 2 0AHC, KR RA R ER: Wi/KE & (Enhydro-
bacter, Pryw=0.007, OR =0.936, 95% CI=0.892~0.982). Ik J&(Micrococcus, Prvw =0.019, OR =0.950, 95%
CI=0.909~0.991).

Table 2. SNPs used in the reverse MR analysis
= 2. ]I MR £ Y SNPs

J7 kB R SNP b se P or or_1ci95 or_uci9s
15285808 -0.71 0.544 0.192 0.492 0.169 1.428
PTG TIS3TI 0463 0.571 0.417 0.629 0.205 1.927
CHIPERZR) 156075563 -1.762 0.592 0.003 0.172 0.054 0.548
158036757 ~0.93 0.638 0.145 0.395 0.113 1378
15285808 ~037 0.567 0.513 0.69 0.227 2.097
pAs g T8 0531 0.598 0.375 0.588 0.182 1.899
(BRI 6075563 ~1.571 0.611 0.01 0.208 0.063 0.688
158036757 —0.414 0.686 0.546 0.661 0.172 2.534
1285808 ~0.422 0.471 0.371 0.656 0.261 1.652
1535373938 —0.575 0.507 0.256 0.562 0.208 1518
mEHR
156075563 —0.339 0.528 0.521 0.712 0.253 2.006
1580367570 —0.996 0.568 0.08 0.369 0.121 1.125

Table 3. SNPs excluded after phenotypic scanning of the exposure
3. WRBHITRENNEEFRE SNPs

iR SNP RIKIRAEPIR R R

Heart rate recovery at 10 seconds

Heart rate recovery at 20 seconds
Heart rate recovery at 30 seconds

N EBREF rs13022107 Heart rate recovery at 40 seconds GWAS ATLAS
Heart rate recovery at 50 seconds

Ever smoker

Resting heart rate
N R 513022107 Heart rate response to recovery post exercise GWAS Catalog
7K 1 J rs10747263 Pulse rate (automated reading) GWAS ATLAS
i Sitting height
AR rs10485394 GWAS ATLAS
Height
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Bk
Sum eosinophil basophil count
Eosinophil count
Eosinophil percentage of white cells
AR 516849519 Eosinophil percentage of granulocytes GWAS ATLAS
Neutrophil percentage of granulocytes
Sum eosinophil basophil count
Eosinophil count
FLIR A 1s3745220 Cigarettes per day GWAS ATLAS
MR Test MR Test
Inverse variance weighted / Weighted median Inverse variance weighted / Weighted median
/MR Egger Weighted mode / MREgger Weighted mode
Simple mode Simple mode
o5
o104 0.10- s -
@ o /
£ § oo =
S 005~ 1 é / i
£ .
a SR 0. 0.00-
Zz . =
5 5
//
0.00- *: .
-0.05- .
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04 0’6 08 10 2 04 06 0’8 10 12 14
SNP effect on GCST90133180 SNP effect on GCST90133264
MR Test MR Test
Inverse variance weighted / Weighted median Inverse variance weighted / Weighted median
/R Egger Weighted mode /MR Egger Weighted mode
Simple mode Simple mode
0.00- 0.00-

SNP effect on outcome
2
/
.
[
{
/ .
SNP effect on outcome

o8 04 06

SNP effect on GCST90133183

E: K ERNNHEIRE, A EAAIITEE, 2N AROKEE, AN NEREE .

Figure 2. Scatter plot of forward MR analysis: skin microbiota vs. mastitis
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FE S0 MR 73 HrH, FUBRRAE B Ea P F0S 3 Ff B JPR TR A B AT A7 1) PR SR ASORE (L IE] 3): oz T it 28 B ok
(1) p-2 T 18 20 (Betaproteobacteria, Prvw = 0.001, OR = 0.388, 95% CI = 0.219~0.687)~ 7. T- ¥ 7 ik ¥y -2
& 18 4R (Betaproteobacteria, Prvw = 0.018, OR = 0.486, 95% CI = 0.267~0.885)LA &% %% % I J& (Neisseriaceae,
Pivw = 0.030, OR = 0.571, 95% CI = 0.345~0.946).

MR Test MR Test
v

SNP effect on outcor
SNP effect on

TE: BT IR BRI B-AE T AN, R R TR BRI BT AN, AR SRR -

Figure 3. Scatter plot of reverse MR analysis: skin microbiota vs. mastitis

3. REEESABRKRE MR SHEL=E

3.2. WM

BRI Mg R Ak 4 M 5 R, Cochran’s Q BRI IPTA PAEXIRT 0.05, RAIEZEF
itk #EAh, MR-Egger [EIA#FEATS: 5 MR-PRESSO £ AT I R ARAS B35 /KT 2 3. B — V50T
BE—HAESE, B> SNP 51 BR AR BRERAS 7 A2 8 25 S (L 4 MIEL 5). 5 BTk, B3k 7 B Bk e
55 FLHIR 2 TR 1 DR SR ORI 43 A fe mT 5

Table 4. Sensitivity analyses of the forward MR analysis
# 4. IEME MR FOSUE MG

B Heterogeneity (IVWq, IVWp) MR-Egger (P) MR-PRESSO (P)
NG BR T 4.332,0.959 0.664 0.970
AR 9.552,0.215 0.535 0.264

WK B & 3.490, 0.745 0.402 0.758

TR & 1.051, 0.993 0.849 0.996

Table 5. Sensitivity analyses of the reverse MR analysis

5% 5. R[5 MR RUSUBMERE )

R IR B R Heterogeneity (IVWq, IVWp) MR-Egger (P) MR-PRESSO (P)
BAETE RN ) 5.060, 0.409 0.606 0.470
BALTE R AN (R 1.142,0.950 0.509 0.667

REHEE 3.316, 0.651 0.537 0.957
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134506659

151869246
1510032500
rs62116326
196433023
rs1219571
1s7784246
156430010 6992214
151385350
152567503
1517261683
1555705411
152068662
15640994 E 155826714
157491076
rs2062360
1$777644
Al
Al
0.00 0.02 0.04 0.06 0.08 0.00 0.03 0.09
MR leave-one-out sensiti nalysis for
"GCSTI0133180' on ome'
1510179400 : rs21rstr
1466547
1573111893
rs4722881
15716073
15175160
1562014062
rs10803453
155768971
1$7546440
1534581318
rs72755442
Al "
-0.10 -0.05 0.00 -0.100 -0.075 -0.050 -0.025 0.000
MR leave-one-out sensitivity analysis for MR leave-one-out sensitivity analysis for
‘GCSTA0133182' on ‘outcome’ ‘GCSTA0133183' on ‘outcome’

e K ENANHEIRE, A EAAITEE, 2N ANOKEE, H N RNERER

Figure 4. Leave-one-out analysis plot for the forward MR analysis

4. IE[E MR F9BB—& &

4. g

e M T A 5 L IR ) 6 T e 2 1 e 7 5 ke DO TR AR 2 R A S L T I D
AJERIG(CONS, 1 N\ ATER I 4) 2 J B D 3620 1, WU R WISLB T SBU™ B, sl s 1
TR SR o PR B 98 JG B P A 56 [410-[43]. HAEFLNR 3 2B 77 PRI T 3 A R 2 A B0 1
ST 2 A R e b R 2 35 5 9T 5 MR IR 44 )0 AR BT A IR B A LR R L R R B T
B TR R A T AT B 15 0 5 e e R A S ST 3 4 ) 7L R ke 03 1 a4 9% € %80 4 BR 1 £
FERL, XS 035 4 0 RALAR I T S B B R A T LR A B 7 ) (45 TF ) MR 4558 7L
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BRI 53— BRI BB IR, IZE N L RBIVE SRR EUR R, e T ARG R )i
R . 7R A FLAR R SRR BT ST N 3 R DAL KA1 F AN ST B e AR 0 = B2 2 e T fek R TR
PEORIZ I AT el I AT IR AR RO BR B I, S ML A S M BRI e A2 [46]0 AN, 1ENEEE
RREATERT, ASZAT B (10 S SR 22 88 a0 B i T AT S e KRB %, 5 e R TR BV
RE 0 TG BEo0 i BT bR S BT A RIS 251 B3R B SRR O 7 PR LA S il 2 A vh g 78 70 UE S
TX LU AT RS [F) G 3t AN B AT B A8 LR AL rP O Rp 82 5 RN R JOE S L, XA A5 Jm B SE IR RIE (47 o

reB07s563 r0sersT ss075563

rea0s7S7 asaTve i

sassene 285508 sa0s67ST

asaTie oy e e

Figure 5. Leave-one-out analysis plot for the reverse MR analysis

[# 5. KIE MR B9EB—= A&

AT T2 5E [ FURR A ORI R FON SRR B S K B R o R T i D B o 2 PR PR i, A
AR PRSI DR AR A S B A RS P, (T RO A U I 4 R BB B B 1 e B
G PERS[48]-[50] . AR TORE HAR Y FURRAE RE AT AE AL bR 54, (B 5 FLIR KA FO AL AT AR 42
(4510 MK TR Ja P SRR R 22 IR T, BT AN B B T, LT REIE L e 4k o R
A A B3 WA T AR AT 8 i 1 E A

S JE] MR 45 R 8 7 Ui 2 AT RE X A B B e 3 B R AR By AR 10 T 4 % 2 288 W s AT 1l 1 - E
Tk R IRAL, p-38 T W AN AE A R B Bk b 22 5 IR AR 5 UL 5 P4, FLIR R SR B R G bk KOAE S N vl g
SPE N RSy L B S pH B, TR B T TR AN e 4 1) S5 IR P IR FRE[49] o LR R0 IR F AL 1
P T  AA A A AT REE T S REIRES T A B A et B AR T R B LL-37 SRSCBL[5 1] 2358 1
FEERA T Pl S S AR LR A ) 22 bR RO AL 1o AN T 5 R 2R Gk JORE M 0 (L LA B K
WRJEP)IE T2 B R AL, 2B A SRR 2 SV P AT REDS K SRS T i 6 S e N5 e e [
BRGR B, BRI R LRI 52] . A MR 457 T LR 28 AU BRI S5 51, TR
U Bh R E RS T FR A SRR, TR B T R % U8 0 2L R A 7 8 B T R O TR R R IR R . AR TR B AN
52 R D T RE 55 BOBK R E L PTE A < B €0 4 BRI A BUW W SRS AR S ALY kL, B
FAEFURR RIS o X RIUSER IR IR T 7 A R E S B R, WG id B i i R T SRy
PE B E— P AER([53].

AHEFAFAE LN T SRR EEHE T, B GWAS Bl RIS T AR BB B ALt v 183 T
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e HE
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