Advances in Clinical Medicine If5/RE2£# 8, 2026, 16(7), 1361-1367 Hans X0
Published Online July 2026 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1672654

MAMAREM X B R BEFEEAFEEE
GramBESEFHMER R EREINERN
EEI R S

£ 412, K B

VR ERSEESER, WM HE
2 E R MR R R, W S E

ks HiH: 20264F6 15H; FHAHEM: 20264F7H9H; KA HM: 202647 16H

H E

R XL T & (Rheumatoid Arthritis, RA)Z—FEHR B H4%RK, 2BRRERKLEL42Z2—HAO,
ERFEREAEEAE. BRuM. RS LEESTiET=4. BRIERRTFREERE TAD
R, XMEIGPERA (Difficult-to-treat RA, D2T RA) VG T AR A Z IR EHE P — M LR FR i E. £
BeE, ‘B - )T R, BEERARRBSEITINMEERERE. HESHE BT 5L,
S & RERNETE, BEAS5IRANRERFREEELY. CENRBEENFHASLIESE, RA
BEAEHMZHEE TR, PTREER DS A, (EED2T RARB LSRN FRin EEEE W IRE,
A HH . H—HH, RNBRBEERET AN REENFEARARKSREERS, XWEARAELGH B4
BE. AERKERR, BREEEXERKEIH . #EEBRHFEZLRER T —MIE HRENHES
EHMEFR, BAESAMNEREEMIEAREA XHIRDEREMRmRE, AT, B7ERE LR BRI
FEIEE DN XRS5 HESD2T RAT X KR RBkER . Ee X SHLHIBIR. B - st e
PLR i E R S SR R BRAN B PR B TT, B3R 2@ 2 22 Ye B BORMID2 T RABAL K8 71, DU
D2T RAR PR R A 2 E B R — s i BB .

Xiid
HEEHERRIBRT R, BEERE, - X7, F256, BSERE

Review of the Correlation between
Morphological Characteristics of Fecal
Gram Staining of Gut Microbiota and
Disease Activity in Patients with Refractory
Rheumatoid Arthritis

SEIERE

XEFIA: L, k. RSB 5 B E A IE H T Gram YL ETE A SRFIE R FLR I 1 2h FE A St 4y
MresaRk ). PR 533 8, 2026, 16(7): 1361-1367. DOI: 10.12677/acm.2026.1672654


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1672654
https://doi.org/10.12677/acm.2026.1672654
https://www.hanspub.org/

Jedt, K&

Rui Long!?2, Yi Zhang?*

1School of Medicine, Jishou University, Jishou Hunan
2Rheumatology and Immunology Department, The First Affiliated Hospital of Jishou University, Jishou Hunan

Received: June 15, 2026; accepted: July 9, 2026; published: July 16, 2026

Abstract

Rheumatoid arthritis (RA) is a chronic autoimmune disease affecting approximately 1% of the
global population, characterized primarily by synovial inflammation, bone erosion, immune activa-
tion, and autoantibody production. Although current treatments have made significant progress,
difficult-to-treat RA (D2T RA) remains a challenging issue in clinical management. In recent years,
the “gut-joint axis” hypothesis has suggested that gut microbiota dysbiosis can activate systemic
immune responses by disrupting the intestinal mucosal barrier and promoting the translocation of
bacterial metabolites, thereby contributing to the onset and progression of RA. High-throughput
sequencing studies have confirmed that RA patients exhibit reduced microbial diversity and de-
creased abundance of butyrate-producing bacteria; however, whether D2T RA displays more ex-
treme shifts in microbial composition remains unclear. On the other hand, current research on gut
microbiota heavily relies on high-throughput sequencing technologies, which are costly and time-
consuming, limiting their widespread application in primary healthcare settings. Fecal Gram stain-
ing, a rapid and inexpensive morphological assessment method, has proven effective in detecting
microbial community shifts across various diseases, yet its use in rheumatic and immunological
disorders remains rare. This review will discuss the clinical challenges of D2T RA, its definition and
underlying mechanisms, advances in gut-joint axis research, and the current status and limitations
of gut microbiota analysis techniques. It will also explore the potential of fecal Gram staining for
translating into clinical applications in D2T RA, aiming to provide new insights for rapid screening
and primary care management.

Keywords

Refractory Rheumatoid Arthritis, Gut Microbiota, Gut-Joint Axis, Gram Staining,
Morphological Assessment

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

RNIBRTT RRAYE —FIEPERTE B R, REERKAT T2 —KAL[1], BB RAE
HARI G PEOE LA B B AR A EERE2]. RA MAOWHLRIAR S A%, HRTA W, ik b5k
AL B BN RYEX ISR N R MR 25, B S TR, T S BRI [3]. EILdRERE,
AR T REAP R, K RE I SR R R HfEsh B S puE (N AR )™ A 4
Jia, PLCIRED 4 B R B B e N4 [5]. RA AMUSIEISET, BREFRIN R MR LLAM 2444
B, EREONE. B B RS RS ERRISE RG6][7]. EIRELERAPE NZ W, #HAR
LT, A ISR RERE R . Bk, IR S 1H B 0 2 P KU (8] [9]

=
s
i
g
5
A

DOI: 10.12677/acm.2026.1672654 1362


https://doi.org/10.12677/acm.2026.1672654
http://creativecommons.org/licenses/by/4.0/

e, KE

rLetEske, BEHALY A O 1 B IR 265 (csDMARDSs) . A= W1175) LA K BB 1 & 25 0 )2 48
RA fIRIT TG CAS 2] T HKHIEEE[10]. 2021 4F ACR R ARIAIT a1 1R R BURE AT 5K
WA T HE— B IR, XS T RA EELE MAEA . CATERIEST, FIEIE RS B85 A SO A
ARSI, R R KR TS IR A 12]

ANid, AT ERAG — 0 43 B 0 22 PR IE T IR SR AN, I RF SR () S i B 5 TR i
2021 A RRPHHT IR I R (EULAR) IE B IX 7 35 8 CAMEIR T4 RA (Difficult-to-treat RA, D2T RA)
[11]. D2T RA AEE W7 AT A 2518 RA B BT f[3] [13], X CERONXHT RA B E B b —
ARG R AR . AE 58 E B TR 2 TE B8t . 250080 )1 %56 M FE 2548 R D2T RA I 254,
HIX LA 2 DL SE A AR B IGIR e itk o IS4, T8 B RV E N TE £ SRR G 1, HEH
G RIER 22 T 20000, “g - RATHY” S0 TR RA MIERSEEUR R =3 4E 7 — A8
WA A, 400 W ORI =l E T R R, ER R IR RIR A Rk AR LRk e
D2T RA (A FEIRAR W — S0 Sl RO 5t e DA S B R A PPA R 1 6 A% Dok e FF, O D2T RA 1)
I R B it — S 1 2% .

2. MEAMRREXTRIE N SIGKRBEE

KHALIOKk, X7 ORI RA B3, IR AR & B — NG — e S, IXBREI T M SCH 78 1)
Al LetE SRR . BB 2021 4F, RRIMHGTXEER B (EULAR) EULAR IE #ORIX R85 SO “HEVRTE
RA” (D2T RA), R T4 —rzWibsiE: —R&EEEITIIRM, BACHTE csDMARDs 677K
W, A2 2 MORFVEFALHI b/tsDMARDSs ¥ 7 E N2 b TG sk Zs, W RIN
W DL B iis sl SR A R R . I ORI R AR VE A AR S R R U B M TR TR
AAWER[11]e 3X—5E SOk D2T RA M FEBRAOR I R R B A A v FRE 2 Wi KB AL, A 7 bS]
T RHIMFEA AR . AW ER, D2T RA B 8™ E KA D) e fhs 5 A 5 B 2 R %
[11], BRI ST A B =i 3508 RA B3] [13], RXGHEMREERS ok TITE 4. A
R 25 0LH), R R 2 BETHE BB R 2R B0 )12 50 DU G e 8 8 ) S 8 s 45
), AHZEHLHMN BEARRE—30 7 B3 BIIR YT BN, TCIEE A MR D2T RA MIIRIR R, 14, Bk
Z W TR R AR R R AE D2T RA RAEK P IMER, 1 fiE s iy i, B PamT
— AN

3. B - K RA ZRHLEINEL A

Jor T8 B RV E NG AR ek 1, HAB R CHIEIREZ Mpm L. RREES
VIR R . AMUAER KR R AT, 1ERIEMHRABD) AREHEZR (LR R ME R4S
PR (L ) PATIRE ) LA B Ji e (91 a5 TP )ik e A L, I A A 1) 35 L AR A A — A B B U B
B[ 14]-[16]. 15 H S REERHX NG, g - T4 Suiifiet, NEMRRES S RA KK
PILEER 7 — MR EIRAESE . 2 Ui\, Wi A R R B AR U i 0 o R (1 e B, HES))
I P e AR =0 Gy T HE NG IR R Ge, RIS 4 B S IOV, e 7 R B N T 1) SO AR 0 (4]
[17]c /£ D2TRA 5 N, BB R REH TR AR H . WHER AT R 5 b, (& LPS
HENMBAEIA, filk 4 5 RIE[18]. BEATEIAH LPS 51MiE LBP &5 )5, # ibhdh g/ E kg iR H )
TLR4-MD2 8 &4, B JE 30 MyD8S 4K #AT TRIF #4615 5888 [19] [20], I EEH 5K T NF-
«B, Fid TNF-a. IL-6. IL-18 52 PR R K1 I %[21] [22]. HONKEMZ, 1E RA WIS 4ERE 4
MI(FLS)H, TLR4/NF-«B & % {1 3F S0080% 7] _E i NLRP3 &G /IMA £k 524035, 1H16A) NLRP3 {23,

DOI: 10.12677/acm.2026.1672654 1363 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672654

Jedt, K&

BAL-18 BIRETG Ja38 Ol | 0 ib/55 i 7 0 — 05tk TLR4 (5%, JE AL “ TLR4-NF-«B-NLRP3”
IERGRAEBOR R [21]. HULFIR, RA B GIEH BAPURAEH 05 SRR (T ) 2 & kb, il
§5 7 X TLR4 IR 4ORE M i RE J1[18] [23]. LIRMLHIILEM R T —A “ B —~LPS 5 fi—~TLR4
FEERHOE — SO0 B YRR — T JOREAE LA M B A B 5%, N “G-% TR 5 D2T RA “XEva /i fi]
R Z A SRBAR L 7 TR I M E IR HE S . I FC RN, RA FEE TR PN REAS I 24T X6 1 28 5 A R i P fas
KA BT s, AR AT RATE AL DU ROk, AR R RAE RN, XA FIAFIRIRAE T B
P2 0 B AR B AR HR 241

KERFEHEFMAFEHT AU, RA B LI A7 RS i R R R —RIERET o
SRR TR, XN AESHRREEZ R THE: WA RKE T HE Mg, BERR
PEF T IR E = A B (L i AT B4 ) B SR k2>, TV 7 IR 48 B (L A B 3R 17 ) I AR S 38 22 (4] AR
FH G, RA BFGIE G TR M R EGR=Z[5], T RBMEARER ARG, KA RS
IR EE B SR I DA R E AR N, X ER RA BB B R R AR OC[25]. TEAN A
TEARFIET, AWK RA EE I8 AR RIS 2 B BN & 5 A 22 B B AR el Fr a4
[13]. #RT, BEREFARKZRET m@ & FHAN, mAm. B, 7RI k.
AL, IAEIE D) Fe ZE4R B — M RO AT H R TB, FRHL D2T RA B E M IE W HERE . 358
B LG, N — R BRI PR AR Y 22070, RBTE 30 el 2 st —LemT DL E AL
A Tabs: © BREATEEHIC/B); @ F2PIVERE 7 H(G-%); @ FHME A @ 0~
WA [25]. B2, HATH RZHOCT RA B R EEIBE T, 5 e T IR B R A AR 13
i RA BEA L, 405 D2T RA IXFE— M W RERIF AR T = . — AN 2B 1 8 o) R 2 -
FEIRA RA BN BURBLAIFASLE ERHERAE, /275G H T D2T RA WAE? D2T RA 1E N RA 24l “HRimil
B, HO REBER RN YRR . B, RIS et A D2T RA MBEBHES ¥ W, S8hr b
SRt R - BERE - i MEIRTEREE IR IR S I — IRIEA A R . RO O A B 4
B . MRSA Jif 22 1% L6l RO A A UE B, RE G R4 215 115 PR 45 Jo AH D IRG ) OGS A 1 445 440 O
F2[26]-[28]. H B D2T RA [EIFE4FEAF 2 —Fh A o S SO RS IR R AL, X BHEH—/MZ0m
Wt : D2T RA B 2RI T 9 23 1 Wil W IR & 2 (R AT RN G-%Tt . C/B BI1H),
T HX P e B V5 30 2 (DAS28) /2 IEAH 1. H RTE /b & fiderR, 508 RA ML, D2T RA
S I P A O  TT RE S TINS5 [29], ER IR R T 2 AR mE R PR, HAEARRGIR.
D2T RA B/ AFAEMFF I AR, DLIOXFPRHER TS S5 2 B4R EA0¢, HarUi A, X2
MANZAIR I R A2

4. FEEBEMAREANERSHXEE=RERRNELED

R, T8 B R RIT 7C o BE RO  l B I PHR T (W 16S rRNA U 3R A1) . R BEE A 1
BRFIEREREMIKE, R HREEIMENGEE, EARSGBEAAERASS . RIS, B
TR BORTTR R AR AT B, AR PR 1 FLAE I R R I A, JCHR AR R B 138 S M -
G R T AR 2 R TR R ME AU AN IR REFI A5 LI TR, Toih 8 k) KRB 8. F8fd
BRI RO — M A B A D LRI R A W AEOR 8t RIS L REAEIX L8 77 T R 4
FPRORIIA L . ERELE 30 70 BH LA AT 45 W] LLRAL RIS 248 b, A AEERE/AT B LLBI(C/B). =2 [Pk
TR 20 EE(G-%) AL TR R SR 1R 70 2 (0~TIT ) [25]5 IXSEFRFR BENS IR PRI S e L Pl o A B AR 25 A0 1) (i A2 1
O, T HATER BRI, BRI AL, BAERE, & a2 T TR & .

LR, RTHARRIN 774528 7 AR, f£2 MRROURE, Cagarseies A don

DOI: 10.12677/acm.2026.1672654 1364 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672654

e, KE

PER PRI RS AR SR R TR R A R AR AL o FESE BURE U, Shimizu 5826 01 FE 2 Jeth, 8 ICU B
R AR T =i, RO AR A — BGE i 1, R IENIRIRE 2 B T, 24
B UIREPRISER G AL AIAR AL T RILF] 50% VA L, #87n T RS2 5 &8 RAETUR Z A4 & 5 5% RHK.
IEANEIR YU L, ZBORTT SN MRSA W R FIHRE RS2 W, 38 7] %240 ) LIS A 28 & B A
St PRIE A PSR AR AR (28] [30]; FEVHAL RGN A, KUIBOR M 2 T & B PUEZMCIER K
FIPPAL b B 1 R AR B[ 25] [27] o 3K L0 A ) R RN A R ], S50 2 22 Lt RES A R
]S AT 32 B RO IR AN PR 45 R ARG B R VE R AR M A% o DA, KX — e BRI fEBE I3
ARFIN D2T RA WS, AHEA TS ERRIHTE, a5 .

SR, FEAE A 2 G R I R N H TR A AE AN BN R R VE o AERS R T5 T, SRR
MY HE R AR RE 5 s 5P, SEGRAI31]: BN, ZRARTEX el 5806w, L
AR 5 S VR R AR [32] . AE AT I RANEDS T, AR 48T T 5 (a2 i (i 18] 7tk b 8 3 B e R i ik
F> AFENGRHESCR AR ZEE R (33]; UEAh, 2 Pe RS BRI /AT I LBl . S Bk
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