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[ABSTRACT] Microtus fortis (reed vole) is the only mammal known to have natural resistance to
Schistosomiasis japonica. Originating from schistosomiasis endemic and non-endemic areas, as well as
laboratory bred voles have the same resistance to Schistosoma japonicum. After more than 30 years of
laboratory cultivation of wild reed vole, a series of progress have been made in laboratory animalization. A
detailed study was conducted on biological traits including growth and development, reproductive
physiology, serum biochemistry, hematological indicators and tissue anatomy. At the same time, the
anti-schistosomiasis characteristics and anti-schistosomiasis mechanisms of Microtus fortis were studied.
The closed Dongtinghu population of Microtus fortis (S: DTMF) cultivated by Shanghai Laboratory Animal
Research Center was recognized as a Chinese laboratory animal resource by the Experimental Animal
Resources and Evaluation Working Committee of the Chinese Association for Laboratory Animal Sciences
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in 2021. This review focuses on summarizing the research progress in the biological characteristics,

standardization research, genome and anti-schistosomiasis mechanism of reed vole in the past decade,

especially in the implementation of the key project in the National Science and Technology Pillar Program.
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HKIFHE (reed vole, Microtusfortis), EaRE
BTG E (Rodentia) BEAl (Cricetidae) MR
(Microcinae) H B B (Microtus) 25 75 H B Fh
(Microtus fortis) S BRERFE T HRAEES X,
53 KRB0 R 7T H ERAHE & LM (Microtus fortis
1889) . K VL f (Microtus fortis
calamorum Thomas, 1902) FIEEELFN (Microtus fortis
fujianensis Y%, 1981), {HHBIXRALH X AR 7T
R R A5 1

K77 H U2 E N BN A ME—— PR 2R 5T H AR I
HURRIHFLENY), RAFPRE H AR R (Schistosoma
Japonicum) AEIEETEE. MK REBIHEELIR T H R,
BEEGSE 10d G, Mkds I ERNEE, o—
HRRERE AR Y AT ISR 4R 7T RIS H
AR AL, IR FTE G T R72E 30 Z4EHY
K77 H LS sIIEa 5, FFIR1GEIZ AN 7T B R
[THOEER e B, [RIZR 77 H ER A HBER 7340 S H AR I B
AR AT XIRRR ], 2R 75 FH SR SEAG S0 AT I e HUis
B FLA R A5 75 T AR SR TN, ESh A
FRAHTB FARIE o

1980 FERFFIG, TR & 35 AL HUm i SO A E A&
ARbF R Bl Mk HURaF T (R ERLRN BT
G EEMFHETS) 53R RS = 1 57 2R 7T R
FIERIRG UMK BRI AT SY, A5 2R 77 B ERIEE
WES ISR AR SEie s maaRk R . AT
JERGL IR FRSEES 8 B dom ALEIaRsE e &,
1994 Fh FE R BiA IO LM IARALAR TR AT e &R
FEFA DX AR 40 X 2GR EF AR ZR DT R (VLR
TSR AR Y, EIESEIR S R LAy
RIFE 1998 FEH1 1999 FEFHIAXS R B FATRET (RILIL
) FITEHFHRBE (F820M) BIZR 77 HERZE 785
TR, LT IRITH RE AREE O Bt 20 24
s, LS se s O SE i = N TR R 7T
HERBEEFEIE, LY. VST EET
BRI ZR 77 F R PATRREE 120 Ik e, iz 2
TR Shen 55 73 BT 2R 75 FH BRU ) L S2 56 Zh W 1L it
o 7T HEAEEL A AR K H 7R M

fortis Biichner,

YA T T8k P2,

ARSCEES IR 10 FRZR T H R R, R
FRCORAY 3 B AU AL RE 283 Al 1Y 1 SE8e sh Wit
FoFuy, DU BIAEYME BRERHR L. RERL
BB Bl S EMATAT. PERVEN LIS S e
RS, B85 IR R R AWk B E R RH
%112015BA109B04 SIS ULHR &5 o

1 FHHBRIAFNEDZEN

I SEEG BN 5T LA HIAE 1998 FEH 1999 FE T
b6 2R I AL 2 Bl B 77 V8 S2 T 2 D 2R 5 H RGBT A A
BB, faResE ) 3 HI7E 2006 FE A1 2011 FEFHZGH)
H AR AL BIEEBG. &N AR RRACEL
FTIEENL TR T M. HRT, RISEEe
BNPIRR TR OIS T R T A 2R 7 RS RIS 400
H, TEEMEER 7 HEMEIE N 280 H, HP®
TEBEST B9 80 W F160 %, HEW R H SRR, I
TR SEEG BT 52 R O ST R R WA 2R 5 ) RS PR
(S: DTMF) 72021 FE& R [E LIS 30 7 25 5L 5 sh )
PRSI TAER RS NENPESLR ST %R, 18
FREFREE R, B 58 OGN i PR AR 2R 75
REAERKKAE . AR, MEA. @EE s
HEREEHITRE, STETMRMEE TR, I
BEE L2 ER LY = R AR, [RIA XS
Hitfr 7 2ERANT ), R HEMRRE T
Beniig el RN R 2R 77 F EREUI W S AT A AH O
i7to
11 &EKES

R H BRI AR REL 4 o, RN,
THEE: 2 HIRN EERGE, KHPEE: 4~6 HiRN
KH I, 6~8 HidEEARKSE, 7~9HRKH
BT, 9~ 12 HERMR, A f5 14 d AT DARZ BRI 1R]
Bl 21 dEFUNREATREZE 28 o /o4, 98 HES, ik
IFREEZR 77 H BB REE AT HE 2 (66.70+3.01) ¢ (?) Al
(85.38+2.28) ¢ (&), FHHAIERMIEELR T H R AR EE nT 1Y
% (68.25+3.35) g (?) F1 (89.94x1.81) g (&) ¥, =z
Yo = AFER R T HRASZI30 ™ H o
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1.2 HIE4IE

I R AR 21 77 FE SO P R AN (R DA 34 ~ 40 d;
T 1 AR AT EL I I, D42 ~ 49 do 5 Hl Ik
2R 77 EE R PR A A e ) A RN TR 43 1R 42 ~ 50 d AT
44~58 do JARERIFEERERR A B EEN (7.3941.54) d;
KIGHTHAFR BRI, 73530108 (1.11+0.68) d Al
(1.1120.83) d; KRIBEFIAEIEGESEN (2.94+1.63) d
1 (2.22+1.06) do 75 HRISEFFEEMEFRAG & 15 2 BA LR
TWHFHEERYEE, N (6.9321.03) d; & IEHTHAFIA [ EIHA
SRR L 08 B A 1 15 G e i Fh
Ry%E, SREN (2.27+1.44) dF1 (1.40+1.03) d [P,

2 NAIEEZR 7T H RRE SRR A 7R & 1F N 2 aEy ]
BehE I R AR H SR 32 0N 63.83% (n=47) ,
e AR BN 52 2208 48.39%  (n=62) o I REIHH
FhEE B RE =T N2~8H, Lla~6HfEL, F
(4.70+1.15) W FHHBREEH RS 80 1~
6K, PI3~5HEZ, FH (3.59+1.00) Ho 2T
45 H R IEIRIEEI R 20 ~ 21 d, IFLE 21 d 19,

TERRH, LIRS B AR TE AR I N b JER R TR Y
TR, EINOZIT R RS &, HFE5HE
flfis o5 S AT, WA R T B RIAE F. OFF.
BT MIRRREE . @HE RIMZAEE, HXH
FEEFH T
1.3 BEZERS

KAEHERMMEAE, B FIIHEE 1M, T
A RETAY, Al L. F&3x, %508 (10 0.
0. 3/1. 0. 0. 3) x2=16, SAFHMME7H. Mgtk 13
Pul EMEe P, TEMEATL. EME ISR, FLASHEHEE
HEL, MERWTR: CITI3L6S4Cy18, BB TH=EY,
EREAR, PR RERS IR R, rPE S ]
BHEYE, AiEEEE, L FEH, EERNEH, &
BENAFIMNE, fEEEMRESHISHmERE. W
+rkis, BIAKENRKR 1 L. 8ERERTH
FRLHD IR B2 50 (0.066%+0.022% ) ~  (0.097%=
0.031%), W1, i kT BALB/c /N 0.33% ~
0.47% 227 | A% T SD KB 0.14% ~ 0.22% 27,
HAl, mk=6xK7HREHAL. @, e
FIELEAFFT
1.4 [MEFEHR

FEREHE T R, X 8 A I G VIR e T 0 25 A ke
FhEE 2R 75 FH SRHEA T 7 IR . I AL AR R SREE, #H
FKHEUENIR 2~ 3. H AT KM AE AR I = B adidiciE

EARRERE, EXTRENMRERN. fdisy
K. RSEBREH T MR RS H o

2 FEHEEEEANRF

XRTT H RS R AL TR, 2R77 L
Arontgetali, HEUmE 2RI amEEZH, i
R1E, HEBRIAR 20=52=8 (m+sm) +42 (1+st) +
XY (m, t) B,

Li 45 150 R S0 ok o A e T 2 WA 2 2 5 P RS
LA DNA AT ML, PHE G RO R4 P oI RE
#4922 Gb, LN EREARE (24 Gb) 992%,
GCEBNA24%, SHmAERAMP, RRHAEE S
B5302%, (RTRZEEFHY, mTHEEBESS
—NEMFFEEHE (M.ochrogaster) o F&& 2l
BOTEERE] T 21 867 T EH ISR . 5HEARMTL
SPIMEEE, ZR77 H R BRI INE R ShE.
THEEMREFIHKE, EREEKENNS FRER
o i AR R R R T A R SR BRI,
RITHBETWEH, SREHREZEEL; R77HK
S H R 73U 209 8.6 FTAERT (95% EAE X [H]
H42~155), #1463 35T (95% BARXIEH29.3 ~
63.9) HRUBMMHSRIAR. MRS E 2,

SHARMFLIAELL, K77 H A 89 MM R A A
FIEAN 102 DERREERI R, S87E H 532 M H M e
(positively selected genes, PSGs) o X PSGs &1
RESTAT IR N, 2R 77 H R A 4 P A TN e ok de s it
WY RO, g 33 DR R R B
PHPEZERE, WIHAZRTT R R SRR, R
N IR REFIRIIMCT B8R ESE Fh 52K
R R A, 7R 77 H R % EREH
(immunoglobulin, IG) FITHMEZAR (T cell receptor,
TCR) FEEPET TR

EHEMEN, CEFRINERTTHRSEERHEE
RIS 12 2R 73 FH Bk BRI B RE S 2R 73 FH B - H IR
HAHEAEFALHIRIRTSE. ZR77 B B IG AT TCR N i e
IR7T H SR P R R o IR A T E R TEIR, R
BT 7T H ERBT H 2R M R AR

3 FHHBNRELTHRR

IR7T H BRI B SE R sh P BE R, HARBE I |
LA RIS B S S5 5 A RS TR s
RRERTTHRIER S0, AR REAEZERT,
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Table 1 Comparison of body mass and organ coefficient between the two populations of reed voles

(XES,%)
RE T REAFEE (n=40) B iRLkFEE (n=40)
I
It Population of Dongtinghu Population of Qingtongxia
ems
? 5} ? 5}
RS/
Gt 53.590+7.360 67.836+9.235" 45.960+4.670 65.1309.690"
Body mass/g
B3 g2
DR/ 0.480+0.068 0.429:0.052 0.413:0.037 0.404+0.062
Heart/body mass
L 0.515£0.071 0.434+0.062 0.456+0.072 0.433:0.063
Lung/body mass
HT/%EE 3.825:0.514 3.802+0.643 3.134:0.004 3.177:0.343
Liver/body mass
Lol 0.097+0.031 0.071:0.014 0.071:0.029 0.066+0.022
Spleen/body mass
E 112 =
SR 0.479+0.069 0.464+0.058 0.443+0,037 0.466+0.043
Left kidney/body mass
12 =
.%/ﬁﬁﬁﬁgg 0.472+0.065 0.454+0.058 0.442+0.038 0.466+0.049
Right kidney/body mass
-)\(- =
Hu/{_$ﬁ£ 1.464+0.162 1.190+0.145 1.711£0.191 1.270+0.179*
Brain/body mass
E e = *
i ﬁﬁi/@ﬁi 0.005+0.002 0.002+0.001* 0.002+0.001 0.002+0.001
Left thyroid gland/body mass
E.Eﬁ U(H;?/%'E% 0.005+0.002 0.002+0.001* 0.002+0.001" 0.001+0.001
Right thyroid gland/body mass
E I|EJ: =
LR el 0.020+0.007 0.008+0.003* 0.011+0.004" 0.007+0.003
Left adrenal gland/body mass
B EBR/MKRE .
) - o 0.019+0.007 0.008+0.003* 0.011£0.004 0.007+0.003
Right adrenal gland/body mass
ERE/ARE .
E 0.014+0.008 / 0.005+0.003 /
Left ovary/body mass
AME/ KRS .
) o 0.014:0.008 / 0.005+0.003 /
Right ovary/body mass
Vos = .
ER/RRE / 0.484:0.128 / 0.327+0.200
Left testicle/body mass
AEN/IKRE .
. o / 0.474+0.128 / 0.333:0.200
Right testicle/body mass
) 5 =
L iud s 0.121£0.047 0.194:0.067* 0.120+0.044 0.103+0.037
Thymus/mass

F: REAZHARAFAERE, DEEEREHEZEIT L 2015BAI09B04 EAKKIRE . " NAIMEZ DEEEUES, "HRFNEFAIEE
BEEEEES, P<005

Note: These are unpublished data, excerpted from the 2015BAI09B04 project acceptance report of the National Science and Technology
Pillar Plan. " means a significant difference between the two populations, * represents a significant difference between males and females in
the same population, P < 0.05.

FRAAN G R 7T B RBET TR AR TRIA AL, @ 27 ZR75 F BB AR RGN 7 15 R PR s (e 2 il 7 vk B
TAERIRIRARRIRINT T (MREATFARR), MET  ERERTHER S, & TES KTT AR
RITH B DR ERE, FRNELE T PR, Bl7s (MREATFRR) . A E, RESS TR
I THMEESFY, TR EERNTE, & STHEARSIIRE, PESEESYESM TR
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Table 2 Comparison of hematological index measurement results between the two populations of reed voles

(Xxs)
RE I8 BB R EE (n=40) BiRLkFEE (n=40)
Iy
it Population of Dongtinghu Population of Qingtongxia
ems
Q 5 ? 5
ATy (1017
k ( ) 9.41£1.12 10.43:0.84 10.91:0.82 11.18+0.86
Red blood cell count
MaEAp/(gl?)
. 141.63416.54 162.95+11.24* 154.58+12.23 160.95+12.30
Hemoglobin
AAEitEy (107
= FHH Bitsil ) 4.78+1.78 8.77+2.77* 4.03+1.76 5.08+1.79™
White blood cell count
I =R MR B S 70 B /% X N
RIS/ % . . 30.97+10.75 18.40+11.45% 20.58+7.97 26.47£14.56*
Percentage of phagocytic neutrophils
MEMEE /%
i SFadRs 62.76+11.28 73.75+12.63* 73.92+8.73 65.21£14.48
Percentage of lymphocytes
R MR AR 5 EL/%
- D. 0 . 4.55+4.13 6.62:4.78" 4.89+3.07 6.93+4.85%
Percentage of eosinophils
&R R 4R B B D B/ %
= S 0 0.03:0.08 0 0
Percentage of basophils
BB DL/ % N
i e 1.74+1.69 1.19£1.10 0.60+1.07 1.3921.65"
Percentage of monocytes
MR £/ (10%L7) . .
820.94+259.14 782.08+183.05 572.13+213.17 594.16+194.34

Platelet count

F AEAZHARATFAELRE, DEBERRHEEITL2015BAI09B04 BRAKRKIRE . " NAIMEZ DEEEUES, "HREFEFALEE

BHEEEMER, P<0.05

Note: These are unpublished data, excerpted from the 2015BAI09B04 project acceptance report of the National Science and Technology
Pillar Plan. " means a significant difference between the two populations, * represents a significant difference between males and females in

the same population, P < 0.05.

BRI BT 2019 460 2021 SR & AG T 25 75 H ERAHG
R AR A Hb 5 bR, (55 B9 T 75 A v DB31/T
1287—2021 (SEE6 477 FH RS 8 SR 22 S g S Bl ) B2,
SEEG ZHW AR FRE T/CALAS 101—2021 (=236 78
75 FH SRR B ) B3 T/CALAS 69—2019 (526
1Y) 7577 HERECERL) BY. TICALAS 70—2019 (52
55190 7R 75 HH BRU A AE 0 S R 2 A R o S A R s )
g, iz, BB RREIEH]. R ARSEH AN T
P Bl ARV FR AT S T I E 7R 75 H AR OC IR
EHbRE, 588 TR HERERHIRER, AR
77 HER R BEE 1 H i

4 TEd I % 5 fes 4 1 B 53 A BY R A

DATEX 2R 75 B FRR AR L s O ATL AT 58 A B
R 75 H BRI Ak o3 B A AR S % 0 i W e B H R R
RE P05 2R 75 H BRI A TE R IR BT IR o 2 bR B
HIgGHifk (FLHZ1gG,) M) MiE-MA RS TERS
IR R B R R AR RS T AR Y nER

RIAME . BRI 2 2R 75 BROT I R e R AU
i/ SR AR /EA  (antibody—dependent cell-
ADCC) H EH 2 ) R N 4
fify, G-l LR F 2 ~ 3 &, 2R 77 B RRIMIE R A
GM-CSF. M-CSF. MCP-1. VEGF. IL-3. IL-4. IL-
10, IFN—y T2 ] - B HAR R BRI 3% v TR e
[ CSTBL/6 /INER 18470 — b2 B SRR, Gyl s
A miRNA 7E RS IR i () 2R 75 FH BRI /N BRI« RERJE
At o 22 S 2R3k 105 2R 5 FH BRUER G HL AR L R 10 d
G, Hfid BRI R 2 on FIRBREER L EH |
[ 113 AU | AR R BR B 2R A A 1 55K
FEEFNEMS, B -EHRAR, MiEAE
[0 BRIRTE R -90a B B EHE A a2 B
B R Y SRR 5 7R 7T H RBUIR BUR E A .
Bz, RITHBENERE R E RS (b,
AMAEL AR AN, miRNA). R
W\ AKX ER 7k B HxE DU H A i e i AL B 5
HHSE, #AleRAFT HARMKRRARATIREER,

mediated cytotoxicity,
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Table 3 Comparison of biochemical index measurement results between the two populations of reed voles
(Xxs)
RE B RE A FPEE R (n=40) SHEFREEAER (n=40)
I
It Population of Dongtinghu Population of Qingtongxia
ems
Q é Q é
KEaBREaEE /(UL -
= g ( ) 417.36+233.64 351.20+226.26* 226.09+86.23 304.50+133.46*
Aspartate aminotransferase
“ 2§ 2/ (UL . .
ﬁﬁ%%@ ( . ) 285.57+180.13 217.40+146.94% 134.69+49.60 155.90+78.57
Alanine transaminase
TR R B EE 2/ (UL ‘
_4 * ( ) 353.31+149.88 253.90+64.11* 392.53+82.90 388.20+81.57
Alkaline phosphatase
B SEE Z/ (UL . .
* ( ) 1036.62+£294.83 764.40+458.96* 373.64+281.42 536.30+£345.63™
Lactate dehydrogenase
# ¢/ (pmol-L"
Hnt? /. ) 11.67+3.51 10.60+3.49 9.33:2.91° 11.50+3.33*
Inosine
= !
PR3 c/(mmolL) 9.39:2.08 8.90+1.62 9.48:2.63 870:2.45
Urea
SHBEIEZ LT
=l Gl 2.67+0.69 2.20£0.49 380071 3.20:0.76"
Total cholesterol
meE=as L7
AREE e ,) 64.55+4.73 64.40+3.89 59.28+3.74 61.00:4.98
Total serum protein
= .L-W
E!mEl.p/(g ) 40.82+2.76 42.20+2.45 38.65+2.99 39.40+3.07
Albumin
H=Eg/ [
H, i E. (mmolL?) 1.62+1.09 1.30+0.68 1.81£1.13 1.60£0.77
Triglyceride
m#E ¢/(mmol-L™")
2.25+0.70 2.60+0.69 2.39+0.86 2.10£0.79
Blood sugar
BEREREE L
RERIREN of (mmolL™) 169:0.41 120+0.22* 2.00£0.23 160£0.33
High density lipoprotein
e E |,|_—1
= EHE'E,EE, ait mmo ) 0.65+0.29 0.40+0.22* 0.85:0.48" 0.80+0.39"
Low density lipoprotein
B 75 B UL
! J@E% ! ) 7631.09+1338.15 8053.00£2 329.15 8 626.18+2 049.57 9249.70+2 790.19
Cholinesterase
RECE
1.010 1 £0.007 7 1.018 3 +0.012 9 1.0217+0.014 5 1.0291:0.014 8

Urine specific gravity

F AREAZHARATEAELRE, DEBEZRRHEZEITL2015BAI09B04 EAKRKIRE . NAAITMEZAEEZHES, "HREIMEFAIEE

BEEEMER, P<0.05

Note: These are unpublished data, excerpted from the 2015BAI09B04 project acceptance report of the National Science and Technology

Pillar Plan. ~ means a significant difference between the two populations, * represents a significant difference between males and females in

the same population, P < 0.05.

SRTITIX LEHE v Bl = Je 05 ) S R SE G 2 . = H
A, AR 77 H RS HELEIRR B 2 M
WHEAT RS P R S A H TR TR AT
R,

xof /INBRURT 2R 7 P SRk I R EJ S P 2R T RNA
PRI G A 53 AT, BT 2R 77 L ERRT/ N Bk G
We B2 f5 AN [8] B[R] B 22 5= R Gk BE A (differentially

-

expressed genes, DEGs), &% 7 HEFIEDEGs &
SLFFEBLMRESE 10 d, /NSAFHEDEGs &7
Qe 528 dFT42 d; ERAEAEZNERRA
JRE RV BLFAROREEA, FRBHZRTT H RRAE R ER
10 RRIRAE T smPU I e OB, i/ NFRTEIEHYE 28 d,
1L =2 ER RS A & AR BRI S L s WER 7T
H R BRI R A, KRB ERBRRERR
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RAX, HI3FBEEHMEINEES. BERE
S Foy Z R4 S 1 LG B RN S 40 i 75 A A o
A RIEERE T8, K77 IR 16, . 18G4\
IgA. IgM EREGLIMA H S HYEE 7 RANHS 10 KiEhsr il
TES 14 R 21 RIEE B /NERFIEF G, TgA.
IgM 7E 55 28 RAIZE 42 RIAE b, 1gG, L&A
Fr

ARG 5 53 H7  (ingenuity pathway analysis
IPA) K8 : FHZEIETTE T 7 (interferon regulatory
factor 7, IRF7) {EZR77 H FRRSSL I B 5 ) 28 7 R A0
F10REFH BT, m/NEUEGE 28 d A 6 B
IRF7 i F R 1A B F 1t | ® B E E (interferon—
stimulated genes, ISG) fE/INFRAIZR 73 H B Fp &R 1
5IRF7 —2; BEAh, JAK-STAT {5 S @E G, &5y
HRPR - B Y,

FT DEGs. SfEERkE A iR 04r, 18
EAEIZR 7T FH B I R A S e L AT e 5 DA R I A
A% B4R e A eE SR, BEERY
IRF7 230 1 BATFERAES, SEJAK-STAT @A
TP R RECEE A RO BGE Bk i W SRR = A i
(FFAIZ 1gG,) , 1g6G 5 Fey ZAREEEE S HEEM . X
BEOR IR ()3 A AT pE S (R PELE IR RS TR RS, s
FA Sy R AL AT B8 2 2R 7 P Bk T S o [T i
EEEE P,

5 £45iE

BERZNN T 30 ZERSLRAEE, RECH
BT BRMRRRTT H R AR, JF EHE AN
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