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Chlamydia muridarum infected mice with diverse genetic background
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Abstract: [Objective] To determine the cause of Chlamydia muridarum-induced pathology in urogenital
tract of mice with various genetic background, and to explore the mechanism of inflammatory cells’
dynamic changes in pathological difference of mice infected with chlamydia. [Methods] Each of DBA/2J
and A/J mice was inoculated via intrauterine route with 2x10° inclusion forming units (IFUs) of live C.
muridarum organisms. Mice were sacrificed on 60 days post infection, and the severity of oviduct
hydrosalpinx from each mouse was examined visually. The severity of inflammation and pathologies
were scored under microscope. Vaginal swabs were taken on 3, 7, 14, 21, 28, 35, 42, 49, 56 and 60 days
post infection from each group of mice and the total number of IFUs per swab was calculated. Five mice
per group were sacrificed on 14 days post infection, each section of urogenital tract was made into
homogenates for measuring the number of IFUs and the level of cytokines per sample. Meanwhile,
5 mice per group were sacrificed each time on 3, 28 and 35 dpi for diagnosis of the type and dynamic
changes of inflammatory cells in the diseased tissues. [Results] Two groups of mice had statistically
significant differences in hydrosalpinx incidence and severity of dilation whereas no statistically
difference in the scores for the severity of inflammation. DBA/2J and A/J mice displayed same in number
of chlamydial IFUs and pathology positive mice rate. The level of some inflammatory cytokines but not
the number of IFUs detected in oviduct and ovary homogenate on 14 days had statistically difference. In
early stage of infection neutrophils in pathological tissues increased in both DBA/2J and A/J mice
whereas no obvious difference in two results. Many eosinophils occurred in pathological tissues of
DBA/2J mice on 28 days and displayed statistically difference with A/J mice on 35 days. [Conclusion]
The pathological difference of urogenital tract from DBA/2J and A/J mice with intrauterine inoculation of
C. muridarum may have relationship with eosinophils-involved inflammatory reaction.
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Inflammatory cells

muridarum, model, Hydrosalpinx, Pathological incidence,
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7 A I KB R AR R A B 22 P AR
tu FERN Oy 205 DR AR 22 S A 45 RO — 2P AR AT fig
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1.1.2 k. AN : Cm FRAERE Nigg &,
H AR S50 % i FUAL AR 48 IR0/ AF 7780 °C. HeLa
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Y Cm Ji, B—8EER 3-4 d LA 7 )L
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BEERPRGALIE . B 50 pL S)RM 1iE MARRR f Jke
P2 HeLa 40/, 5555 24 h ), (RIS EA I ()
WRAECE:; SEER U KBRS 1 000xg 1
FH 10 min 2088 L3, MG SEER/EDIN, BOE &
ST IS RS I /N ER A R F

1.2.4 PNRAEEERERN : PIIEYLE 60 d Zb5E
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W3 5 FUNRL, S E/NRAESGE, TR 1.24
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1.2.7 SitE 9 FHRFKLK: Wilcoxon rank sum
test J3HT HLH PR ZE B BRIE A3 AR AR50 F R 40
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AR . AS/INEUE S 38 D R AR T AR A
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XA A0 A - KOF 25 S #E AT M HE#, L The
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Y KIEA N 13413, BEET AT NRBY
0.120.3; SRTPIAMITEMLE, iu BRI UYL Cm
J&, DBA/2J /NREN IR AE AT IR 100%, 1 A/J
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2.2 liu AR Cm 5 DBA2J /MRAVHEN AR, 15 H/NRAL 3 HHR BRI, &
ERTRAEST AJ MR A HRZ) 20% (K 1B); 1 15 H DBA/2J £/ U

AN fu 7 SRS Cm JF 5 60 RAEARSE, Y O 1 BT K, R 100% (K
ST B SE R A FEE AT IR WSS NS ERYI Y 1A). [AIE, DBA/2T /N IR P TR0 5.1+1.8,
WAL, PIRER R, A dU/NBURGLEHONERS W A/J AU SKIE N 0.6£1.5, MIETERS T

R 1 AEHEMARX Cm R/ RFRMIPE KR

Table 1 Effect on hydrosalpinx in mice induced by different inoculation with C. muridarum
FRIEHERD iv HYNEZENERD ib B u
Incidence (n)  Severity Susceptibility Incidence (#) Severity  Susceptibility Incidence (#) Severity — Susceptibility
DBA/2J 20% (15) 0.6£1.4 R 60% (10) 1.3£1.3 S 100% (15)* 5.1+£1.8** H
A/l 10% (10) 0.4+1.3 R 10% (10) 0.1+0.3 R 20% (15)  0.6+1.5 R
e RS BT B BURAL(H); RMEPFAE 1-5 RS TRURAL(S); RHEFA<1 BFHIAR). 5 iv EREIE B on s
ARG, LA iu 72U DBA/2T B SR B R B T,
Note: Inflammatory score >5 belong to highly sensitive (H); Inflammatory score 1-5 belong to sensitive (S); Inflammatory score <1 belong

to resistance (R). Comparing with intravaginal inoculation, DBA/2J mice with hydrosalpinx has significantly enhanced by intrauterine
inoculation. *: P<0.05; **: P<0.01.

N ELES

Mouse strains

A DBA/2]

n=15 100% 5.1+1.8 n=15 20% 0.6+1.5%

C 10 100x D 10 100x

(a2

[Shal

6.1£1.8, 4.1x1.4 0.8+1.8%, 4.6£1.3

1 iu FREEM Cm 5 60 d /)R LA FEEMIVEKMEER
Figure 1 Hydrosalpinx developed in the upper genital tract of mice on Day 60 after intrauterine infection
with C. muridarum

T AFIB: /NERAEFGESMNL, ks Py IR AT DL A% R4Sk B A ThR . A2 R B2 N RRBA IR I se S LR RHIE R e, A
PR B IS FOE L. 1057 R B PR PR AR (FEBOR B i LAAT 68 S Amic) i/ RS R BH PR AR /NERI 43028, AR A
57 1 PR IR PP IRV i O K I AR, LA BT ARSI AR R s C D B T HE YL@ AR s 2
CHIBERCRAGECA 10 A5 2 100 ). DBA/2J I A/Y WL/ Fl Ay D15 s S e 8 A0 A 240 i IR 11 R HE 940 1] Wilcoxon rank sum i
Fr LA, i BRAE % 2 A Fisher I#EA 4307, *: P<0.05.

Note: A and B: The gross appearance of urogenital tract tissues, the pathologies were recorded as hydrosalpinx observable with naked eye. A

representative image from each strain of mice is presented with the whole genital tract in the left and the magnified oviduct and ovary portion
in the right. The number of mice with positive hydrosalpinx (as marked with red arrows in the magnified oviduct/ovary images) were
counted and recorded as % of hydrosalpinx positive mice. Furthermore, the severity of each hydrosalpinx was scored based on the criteria
described in the Materials and Methods and marked with numbers in white in the corresponding images; C and D: The urogenial tract tissues
were examined under microscope after H&E staining (10x or 100x objective lens). The luminal dilation of fallopian tubes (the former score
in 1B) and hydrosalpinx severity scores (infiltration of inflammatory cells, the later score in 1B) were compared between DBA/2J and A/J
mice using wilcoxon rank sum while the hydrosalpinx incidences were compared using Fisher’s exact. *: P<0.05.
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SRS SR PR INTE SR ZH N BUE R
G OPEK I SRR R A I 25 R, A/ Rl R4S
Pk, ¥k E 0.8+1.8, DBA/2T )
HOPEY K, PR EIRE] 6.1+1.8; i —
A6 R 2L /I B 78 AL 4 R 11 % 200 9 T R E
P4y, 45 oK DBA2T 5 A/l BURZASHZ 1Y
FERF R IRAELNN, DBA/2T LAY S8 SE 4 i 3231
PR AMEIR T 4.11.4, T A/T U S5 40 MR
SrPEIRR 4.621.3, FIARAE RS I225%, H
AR, A/ BURAE LU SR AN =
43R F DBA/2T 41/NE(El 1C Al 1D).,
23 iu FRESE Cm FRMNRAE TEEEK
FEHREHERNRAMKER EEEEEER

WIZH/INERUTE fu Y Cm 5565 3 K, DI 24
A AR R A B A iRy, DBA/2T 410
6.29+0.24, A/T 4K 6.27+0.41, H A Hi 2444 100%,
LB Cm 2R/ NR TR . WELEEE 7 K, /)
SRS B b B 240 e rp A SR AR R A A A s AT BT R
K, BEJGIEULES 14, 21, 28 KA H A
A, A/ H/NRAESS 35 RBHIE bR AR I A 430
THBE, DBA/2J 4/INRAESS 42 KIHIE bR AR Ak
FRERR, PIALRJCH B 22 5 (] 2A). PR/ AT
BPRIEEGEEE 3 KIR 100%, A/J ATERYLE
21 KRB 2 B/ NRIHIEA AT S, 7RSS 35 K
2B/ ERITE AR AR %, DBA/2) A AEGLR
28 KB 1 BN BHIEA R AIER, 7RSS 42 K
SR, PR G B 22 5 (& 2B). LR 5L
A EHE— B CR BN
24 iu FREE Cm EAM/NREEEESK
HKREFKREERERAEER

T i JBRYLE RIS 14 K, BRI ECS H/MR,
43 B SRR A BT TR L BECi IR FIEp L) .
Br(E U B (e SR B, 45 B pi sl
U, YL HeLa 400, (A3 GEoGikAG
- B FE A TP AR I A O A5 SR 3 TR
FEIRYYEE 14 K, PIAL/NRAAESLE A Beh a4l /)
FKA,  FH AN T B SR M B E ) A

>}
1

—— DBA/2]
—&— A/]

(o)}
T

~
T

[N}
T

Total IFUs recovered
per swab (Log,)

(=}

14 21

28 35
t(d)

42 49 56 60

o
[}
1

(=]

The percentage of shedding
positive mice (%)

37 14 21 28 35 42 49 56 60

t(d)

2 iu ARER Cm MR TEEENKREFEHE
EEBRARRME R

Figure 2 Lower genital tract shedding and the number of
mice remaining positive for shedding following intrauterine
inoculation with C. muridarum

T A WNEUFARFEE R TG AR A% B AbSERT R
BB T AR B T RE RS, H VA TEAAC T BH /N R 4336,

Note: A: The number of live organism shedding from the lower
genital tract; B: Percentage of mice remaining positive for shedding
live organisms during the infection course prior to sacrifice.

8-

1|

swab C+V

mA/
OoDBA/2])

¥

3 iu AREES Cm 5 14 d MREEE SRR
KHE

Figure 3 Live organism recovery from different segments
of mouse genital tracts on Day 14 after intrauterine
inoculation with C. muridarum

e BLEATFES(CHV) AR BE /W) swab (U3 T AFHIE,
TEMU) BRI FIIP R (OVIHOVAY K LA FHIE.

Note: Vagina, cervix (C+V) and swab represent the lower genital

tract, and uterine horn (U), oviduct and ovary (OVI+OVA)
represent the upper genital tract.

tissue (Log,,)
£ N
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Total IFUs recovered per

8
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JELUR ARG o T e Be (B st A BB (R BRAE AL 35 RIS 5 HUNRL, ABEIR 2 e el ,
GIEHHL, R Cm ZELL iu JrsUEFVE AT BAE SRR BT RTEROR 100 fER0EET , X5/ min
BB W/ N EGEIE, B AT BLS DBA2Y H DR REFNG IR A I HEA T A AE AR MU R S AN A R
FURH FETE R s it v 2% B AR AR A SRR T IARPPAS (i 1.2.4 P gORE SO o BOFE), IF
TR EFEF(P>0.05), LA SRS —8 b0 ERRAE AN OF PRI | PR TR R

(KR, M) PEA T8 W 4 B 7RSS 3 K, W
2.5 DBARJ 5 A/ NEIERICEAMAMAREME A/ RARAS R K R B JAE AN, AL
MEMIEREMREZELIRES ELAiE . EwEgnpuss, DigrprRigniEh 3, (FAR

RGP NN BT AR HRgeit, P/ INETERE R AR i I IEH
PEARIT R EICE R IEER, TROYSEE 3. 28 1 255 7RISR 28 K, WIAL/NRUWEZHA AR

A Day 3 Day 28 Day 35 (100x)

4
>
Gl o A A

DBA/2]

B 140 mA/] S 60 mA/)
Q ODBA/2
2 1 opBAZl 2 /21
£ ~ 100 5o 40 .
22 %0 Z 2 30
ib iy
ER) i z 10
z 0 - R 55 0 .

3 28 35 3 28 35

¢ (d) £(d)

B4 iu AR Cm F/RMIPEBRAR MR ESE KL

Figure 4 Dynamic changes of inflammatory cells in oviduct following intrauterine inoculation with C. muridarum
e A Co BJYE58 3 K 55 28 K. 5 35 K HE QI HE. P Ric T sp MR A i (B (4 8 R sl P RR PR A I (L 6 75 2k
IFFAECOIBERORRT BN 100 %), TESPEGICER 3 KM Bl d, A F 2 i PR A, mifetg e prBu G 35 X),
DBA/2T /NI 24 2 i R MR M s B BIHR Y Al i il s 3 HL/IN BRI rh PR A0 SR A5 1) /) B L i B4 (A
PRUEZE; C: PR Y Rl rod i 5 A /N U PR R A R 2 L B AT (Y B 4L/ BN ) S (BRI B R 2% TR A/) 2L DBA/2J 41
AN RIS 3 RIEGUAP PRI 32, 55 28 K DBA/2J RUi 0 L4 P I W RR YR A0 AT T, (656 35 KRB E ST A/
B *: P<0.05.

Note: A: H&E-stained oviduct tissue on Day 3, 28, 35 after C. muridarum infection. Example images marked with either neutrophils (yellow
arrows) or eosinophils (red arrows) are shown (100% objective lens). In the image taken from an oviduct with an acute infection (3 d), more
neutrophils were detected, while at the chronic stage (35 d), more eosinophils were detected in DBA/2J mice; B: The number of neutrophils
from oviduct of each mouse was used to calculate means and standard deviations for each group as shown along the Y axis; C: The number
of eosinophils from oviduct of each mouse was used to calculate means and standard deviations for each group as shown along the Y axis. Note
that both A/J (solidbar) and DBA/2J (open bar) mice were dominated by neutrophils in oviduct on Day 3 after infection, then levels of oviduct
eosinophils increased on Day 28 in DBA/2J mice, and became significantly higher in DBA/2J mice than A/J mice on Day 35. *: P<0.05.
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Figure 5 Comparison of cytokines from oviduct and ovary tissue in DBA/2J and A/J mice harvested 14 days after
intrauterine infection

Note: *: P<0.05.
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