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Microbiota in the birth canal of sows with endometritis and
isolation and identification of Porphyromonas
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1 College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China
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Abstract: [Background] Endometritis, one of the common reproductive tract diseases of sows in
large-scale breeding farms, causes severe economic losses to the breeding industry. Bacterial infection
is one of the common causes of endometritis, while the specific pathogens and pathogenesis remain to
be studied. [Objective] To explore the microbiota in birth canal on sow endometritis. [Methods] The
third-generation bacterial 16S rRNA gene high-throughput sequencing was employed to compare the
microbiota in the birth canal of sows with endometritis and healthy sows. According to the sequencing
results, bacteria were isolated from the vaginal secretions of the sows with endometritis. Furthermore,
quantitative real-time PCR (qPCR) was conducted to determine the number of Porphyromonas in the
birth canal. [Results] The richness and diversity of the microbiota in the birth canal showed significant
differences between health sows and those suffering from endometritis. Compared with the healthy
sows, those suffering from endometritis had increased relative abundance of Proteobacteria and
Bacteroidetes (P<0.05). The dominant genera in the birth canal of healthy sows were Chryseobacterium,
Bacillus, and Lachnospira, which showed declined abundance in the sows with endometritis.
Escherichia, Rodentibacter, and Porphyromonas were the dominant genera in the birth canal of the
sows suffering from endometritis. Porphyromonas somerae is a major bacterial species in the birth canal
of sows with endometritis. According to the results of microbiota analysis, a strain of Porphyromonas
was isolated from the vaginal secretion of sows with endometritis, which shared the 16S rRNA gene
homology of 99.04% with P. somerae DSM 23386 strain JCM 13867 (NR_113090.1). In addition, the
number of Porphyromonas in the birth canal of the diseased sows was higher than that in the healthy
sows (P<0.05). [Conclusion] Porphyromonas may be related to the endometritis in this batch of sows.
This study lays a foundation for deciphering the etiology and pathogenesis of sow endometritis as well
as a theoretical basis for treating endometritis in sows.

Keywords: sows; endometritis; microbiota in birth canal; 16S rRNA gene high-throughput sequencing;
Porphyromonas
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Bk, MR ERERATRY,

B IE R S HNMRHAEY Z 0 ey S
fi EIEEZ B RGBS 1 A0 o -1
Ko PR RO R AR, P IE N
A TE S I EA TS, TSR T
BN B A SO o 7 I N AR TR B
WHIERE T E N IR R i WG, £
BT rp, 18 RS th 4 G I I 2
M E R AT R T E TR AR A
FEIE N IR ARSS R, A A T L T AR Y
R NIRRT A SGE A S A 168
rRNA - PR 2 (< s 3 00 e 13 AR X8 IR
Je i R L3 7 T AT 0BT, IR TSR R4S
WZES, WS T8 WIBIE A 5 B 28 A
JEBRT
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1.1 ##
1.1.1 HAXRE

TLVG 48 535 56 ) R SR i B B f8 "8 I AR
BERE P2 T8 S I REAS . T B N AR BESE SN B 2T
. BARES WY, SRRy aR, ™
FE R AR @B R A UL R SRR
R, HERRPEEE S 2 A OB, HIWT Sk R A
M T IR A% 5 [R) R 3 B[R] 5 () R gt Bl B
¥, F20 cm I TCHEAMARSTRATZE 5 cm &£ 4
By, ok G2 o 30 718 ORISR FAES Bk
HYs, LIRBIE A 2 0 W B i, RRALE
FEPIOY L E T 5.0 mL BB OE T, — 0B
Ji 37 BIVA i % 2 5286 2 B T AL 800 B2 Wk oy

B T — B R ST B B O AR
W, A SEE S AE-80 °CIRAE, M TR R
DNA $2H0, HoREE 10 (ke S, (R ™ 18 43
YI(hnic s HV)F 8 IR A 7 18 73 ) (B id
HEV)E 545,
1.1.2 FERF. UEMEHFE

P DNA FEHGAM G, M iR &
BB NEIRF &, AT AY TR(EE MDA
FRZAF]; 2xSYBR Green qPCR Master Mix, i
IZELE /R A BRZ w5 DL2000 DNA Marker
dNTP, 10xBuffer #1 HS Tag DNA Polymerase,
TaKaRa /A Al PR SEHF 26 & PCR Y,
Thermo Scientific A H]; PCR 4%, H[E 4 HAY
AR F . CDC IRESE IR (L) : R A
15.0, S4kbih 5.0, BBk 5.0, REEAM 5.0, ¢
PR 0.4, FALMLE 0.000 5, 4R K
0.001, JWLF4EF1f 50 mL.
1.2 MESESEEN

S /NTET S, SRR =T
FEAR BB TR A5 BRI E
P BWRIE, IR AR TR, R GG QYL Ak
XPUR AT et B AR T AR A . B
T 2% Bz A0 M B AT v A TR R T A A 2T
1.3 #E S DNA f2EUFA 16S rRNA EH
SBEENF

FIHAEE DNA $2 a5 G 5 BURE A< 240 1
A DNA, HH4HE 16S rRNA KHE 5
27F (5'-AGAGTTTGATCCTGGCTCAG-3")Fl 1492R
(5'-GGTTACCTTGTTACGACTT-3")i#47 PCR #”
H4, %F DNA 7 BiEAI, PCR RWVAIKR:
2xTag Mix 12.5 pL, DNA #itlg 1 pL, F. F
W5 (10 pmol/L)4 1 pL, ddH,O #b 2 &=
25 uL. PCR Jx 25 : 95 °C 10 min; 94 °C
30 s, 56 °C 30 s, 72 °C 30 s, 35 MEH;
72 °C 10 mino FIFH 1%3 IR T8E i HL UK -
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KRS8 1 DNA FEAR BT AR = AR
P A RIS T 16S rRNA FER 4 K@ T,
W 23T PacBio WIF-F-f5, FIHHSF 2NN
JF(SMRT Cell)f) J57:%F marker KK JEF i e,
Z J B X} circular consensus sequencing (CCS)
FEANHE T REuE . RAEECAME, JFH TR R
K AEFES T, AT LA 7R A b ) Rl B .
1.4 HESH

izl LimA V1.7.0 %, i barcode X
CCS 7R, #3%] Raw-CCS 8% ; 2
cutadapt 1.9.1 FAF2EAT 5197 51 B9 5 28R
HFHHFITKELIE, BAALEIIYFIT
clean-CCS J¥#%1; iz UCHIME V4.2 #{F 5% 8 I
EERI G ITS, 153 effective-CCS 741, ¥l
X4y feature (OTUs. ASVs), HEATZAEM T,

SEOTHT . AHINEST T S RE TR 43 BT 4E

1.5 AMHREMES B4R 16S rRNA &
EeDFEE

FRAZFN IR PR 1 5 N AR B 7 1 4y
WY R RE S REEU DN, TR AN
i CDC IRERE A, REBEHGEAEASX
W 85%, CO, M 15%MITRASME), 37 °C
3R 10 do AR A RDE RT3 W7 2 4k
aifbii g, HEWRE MR — SRBURARE
TEIEA T L QYRR SR al e f,
) 25 i 1k 1) BEAL T VR 4R T CDC IR K 37
HrE iR, LIy PCR ¥ i iR, #
M 16S rRNA JE[R#E 5 #1647 PCR 474
PCR [N R FN N 554427 1.3, PCR *¥)
2 1% e W B Jise v DK e FH R 10 8 5] 3 [l e
B, 5 pMD-18T #AkE#)5 %I KIniT
Top-10 JE&SZ AU, i1k FHVE sk 24k TR
Yy TR By A BRA /IO, I B A
5115 GenBank #4117 51147 BLAST [F]
I X 3B o

1.6 KAEEE PCR M ZEHE 55 AN E i
[

M Walsh 5By, it bk i 5
5149 F (5-TGCGTAGGTGGCTGATTAAG-3')
Ml R (5-AGTTTACGGCGTGGACTACC-3"), %}
FES PRI I 16S rRNA HLPA Al 48 X Btk
U8, FREBRRIH G . R R AFLAT
HAERIE YRR, PCR ROVIARSH 1.3,
FW&&E: 94 °C 10 min; 94°C30s, 54°C30s,
72 °C 60 s, 35 ME¥; 72 °C 7 min. M4
MG VLR PCR P AT e |, [ ™ 4
B4 T UK, AR KRGITREZ B, B
FERRGE I o B I T A 5 1 bk B g
R E L TR, BRI T 10 £5 R 5086
FE(10*-10° 5 01), LA B i B8 STk A A AR A T
qPCR Al I 2 il Ar i f 28, qPCR J2 )i 4
#: 2xSYBR Green qPCR Master Mix 10 L,
. FHEESI® A0 umol/L)% 0.4 pL, ddH,O
82 puL, Mi#g 1 pL. gPCR J i %&f4F: 95 °C
2min; 95°C10s, 60°C 32s, 40 MEH,

2 BERXR504

21 WESESIFNER

275 N 2E I R A X 10 L P A 5
LW RO I AU 7 T A I L . A
B AT L1 K SR R A B A S W, I S
W Bk, 20 TR A FE (T A WL 458 A 1L 1) o
BN 1-9 ST, 10-99 ST, 100 4L
ORISR, I 2 TR SR AR R A sl A e R
AR IV IR Z A EGIEE B 1-3 Fhad
WM, 4—6 FhAE ML, 7-9 Fh4idh
%%, 10 FRANEE LA ERIVER), [RIE 0L B 7%
R AL AR R . AR IR RSB SR A
REAEAR N 1 Fim: T8 IR A 7 18 40
PR AVR), RS TR ER);
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Table 1 Morphological analysis of vaginal secretions
in healthy and endometritis sows

T 2526 U 4 % TR T B
Morphological detection HV sample EV sample

index
ML I v
Density of bacteria
[pit 2 e

Bacterial diversity

—

III

1 BERSEAOMTEARXSE®B)=ESD
R A E (1 000x)

Figure 1  Microscopic examination of vaginal
secretions of healthy sows (A) and endometritis
sows (B) (1 000x).

2.2 OTU R E HMES

FE b 7 J5 il 14 Barcode 1) 5 HE 3R 15
59 816 45 CCS J¥4ll, B MEM A" 4 525 5%
CCS J¥4ll, FH#Hyr=r: 5 982 4 CCS ¥4, n
K2 B, B3R 1 064 4~ OTU, Hf EV
= 896 4~ OTU, HV k=4 582 4
OTU, HV M BV A 414 4,

T T 11 #h 2% (rarefaction curve) T 5z il
FEUREE , o b 5 a0 2 75 1 DA S B o vh
B PR A, S IA] 4 SO o R )
R R 3A FR, RIS F TR
e PN s, AT DA T B ot . A AT Buth
2 IS I 45 A AN [0 7 B0 B ) LA ) 2
P, Shannon FEEUEAULH] OTU Fiiiz . 1)
. SHAFRIERNLE T FZ (& 3B)
DU 56 B 0 e B i 2 5 K, OTU R &5
it I 2 T o
2.3 HEFEMITIKEHER S

TEN KB, FENBERAMMERERT 1%
PP 1A 6 4~ ABJEHT ](Proteobacteria) . )5
BEW [ ] (Firmicutes). T [ '](Bacteroidota) .
Bacteroidetes . W[ 1(Fusobacteriota) F1HX

EV HV

2 REMBFERBEREEFEHRAK OTU Fit
Figure 2 OTU statistics of birth canal samples
from healthy and endometritis sows.
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BE ] (Tenericutes), "B fITHIFIXT 3 1 43 51 R
47.85% . 24.87% . 14.69%. 6.99% . 1.82%7l
1.08%. fl LTS 7 X EEERT 1%
RHRT], Wk 4 frox. Heb, DUREERET]
(Firmicutes) 5 tbi i, ditbh 38.97%; HIKJE

ASFE T ] (Proteobacteria) f5 LA 26.80%; HLUFTF
W[ 1(Bacteroidota) i Lt K 19.40%; Bacteroidetes
A 4.57%; TR ] (Actinobacteriota) i
bR 1.98%; BEERR ] (Tenericutes)di tb N
1.56%; #5401 1(Cyanobacteria)5 Hbh 1.40%

Multy samples rarefaction curves B Multy samples shannon curves
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Figure 3 Rarefaction curve (A) and Shannon index curve (B).
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Figure 4 Differences in composition of birth canal microorganism between healthy and endometritis sows
on the phylum level.
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(K 4), ZRRETTHUAETETE N RRH
FEAS A B AE X = B I 3 TR R 4 (P<0.05) 5
TV REGE ] RO )RR 20 R ) A A X B
R T R 4L(P<0.05)
24 BBEHEKTHEMS
TEJE AR b, AR B AR, WK 5
JIoR o B W RS 2 v A0 35T 53 ) Ry 3 A
[ J& (Escherichia) . Rodentibacter FINHk .
il T8 J& (Porphyromonas), 415l &5 21.29% .
19.18%71 9.16%; 1 fidt bk 26 ) 10 44 1 73 1) DAy <6
¥ FT 74 J& (Chryseobacterium) . Lachnospiraceae
NK4A136_group . A~ 8 #F 6 J& (Acinetobacter)
2 A W 8 (Bacillus) , & b4 5 A
14.70%. 5.17%. 4.15%7%01 4.08% (& 5). tHI#
THERERERE . B NI B 7 I 4 AT R
(Chryseobacterium)=-J& B E FEAK, T AMPH B
T R R T R

100
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Relative abundance (%)

20

HV EV
Sample

& 5

X B N RH NS — 22 BT KB,
B MEARILEE A, WK 6 B,
5 EV M, SRR R m LR E 2
Rodentibacter . %%y [C 1 J& (Escherichia) . "MWk
YA M R J& (Porphyromonas) . Z-fFF & J& (Bacillus)
FIHLFT 18 & (Bacteroides) .
2.5 INKERESBEE

FEAEEFIFE CDC IREBIAEE R b, R&A
B3R 10 d 5, KERE. BUERE. hss
FNRTE, WK IE MR, R
Baka nl WLBHPEERIR . FRIRTE (B 7A); BREURM
HTEUREETE CDC st b alifbdi s m I ia
WML % (18 7B). A1k 8 fiR, 16S rRNA 4k
P38 54 K /N2 1 500 bp. §7 38 3 51 45
BLAST tbXf, RKEHY5 Porphyromonas somerae
DSM 23386 strain JCM 13867 (NR_113090. 1) {2l
PR 99.04%, %5 K Porphyromonas somerae.

O Others
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Figure 5 Differences in composition of birth canal microorganism between healthy and endometritis sows

on the genus level.
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100
] Others [H Uncultured_bacterium_f
80 B Parvimonas [ Ruminococcaceae Streptococcus
- B Murdochiella [ Fusobacterium
% W Lactobacillus [ Anaerococcus
% 60 HE Finegoldia M Acinetobacter
g B Uncultured_bacterium_o_Bacteroidales B Bacillus
s O Uncultured_bacterium_o_Mollicutes W Bacteroides
f_.i 401 B RF39 Prevotella B Porphyromonas
E O Peptostreptococcus [ Rodentibacter
B Rikenellaceae RC9_gut_group W Escherichia

20 W Peptoniphilus

EV1l EV2 EV3 EV4 EVS
Sample

6 SHNFEABRXEARFEEHBKTERER
Figure 6 Difference diagram of the genus level composition of the bacterial community in the five
endometritis samples.

aw

A

7 AN B8 B SR A6 45 SR (A) FOANIH 52 B B8 1 5% 2 25 (B) (1 000)
Figure 7 Microscopic examination results of Porphyromonas (A) and colonial morphology of Porphyromonas
(B) (1 000x).

2.6 FFRMENEKNAESE PCRER RAEF, LIBORFE DU B AR . C (E(TE
SIY R SRR IS R 9 FroR, A1, EO AP AR ERRERZT, R 6 0.996, X
2 WKW T E NEREA RN, HoRME R C B SFRMETTREE DU 3R A e
YRR A, RGP AT ZMERR (K 10A). YOtER PCR MR E
XA B ORI T 10 (RSB N, TENBRREE -G DNA HGEmn g
B, 195 10-10° 5 0L/0L fObREdh, T RPHGZE  BURRECE S T HERE#(P<0.05, 5] 10B).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Xl T4k BRI B A S B 7 X SO R T 20 Bt S IR P TR ) S 5053

bp M 1 2 3 4 5

8 S EBEE# PCR #i8#EkE M: DL2000
DNA Marker; 1-4: PNHEAIEIRE DNA; 5. BAMHRTE

Figure 8 Electrophoretic map of PCR amplification
with specific primers. M: DL2000 DNA Marker; 1—4:
Porphyromonas DNA; 5: Negative control.

bp M1 2 3 456 7 8 9 1011

B9 4%5FIE514 PCR #1EAEKE  M: DL2000
DNA Marker; 1-2: $2HUAIFEAE DNA; 3-10:
HEBKE . KA R 7 AOERRE . A SR AT
AL UTTIRE . ZEERE . 75 LA AL B I
FUFFTE; 11: BAPEXT

Figure 9 Electrophoretic map of PCR amplification
with specific primers. M: DL2000 DNA Marker,
1-2: Total DNA from sow samples with endometritis;
3—10: Streptococcus, Escherichia coli, Clostridium
perfringens, Proteus mirabilis, Salmonella, Enterococcus

faecalis, Lactobacillus germanicus and Lactobacillus
reuteri; 11: Negative control.

3 & #

Xt s a8 o W AT oA S PR 2 B
HRAGER D, /N BTE D WP 7 BoR F2 5
AT /NS RN, REsh il . it
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A Plasmid copy standard curve
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R*=0.996
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U201
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L Il 1 L J
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© H D

10 KAEZEE PCR tREMZQAFMBETE
¥ i AN 52 AR 42 (B)
Figure 10 Fluorescence quantitative PCR standard

curve (A) and the number of Porphyromonas in sow
birth canal sample (B). *: P<0.05.
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UIFE RO RE S R BT RS T wegeaEe
XTEERE B N BRI E R R R B, AR
TEETT . JERER ] BZerm [] . PEflE 1M
PR 1] o 8 B N R B 7 T L T
M. BIEEINEE TIFZ2B06E, KRBT
WL WTTIRESE . KRR RGE R 18
WHEAET I B2 5 Bl JERERTT . AR
T AT RAFE T IR T A
AR BN, MR B W TS T
PUFF 1 ] (Bacteroidota) . FH UFF TR 1 4 ft
H5FENBERAE SRR, @R
(19.40%) /5 b T8 B B156 (14.69%), {H
I TH 1 48R 1R R (Chryseobacterium) & fdt
HArhEFE RO, mHZSTFERBER
4. & AT JE (Chryseobacterium spp.) h — Ff
A T 22 IQFIVEAT T, )8 T80 i, vl
SIE MG RE AR | TR IILAE O PN JEE 98 RN B Bk A1 41
JERYLE 2Rt HAE R - VR A T
i — LT

TEWNBERAY, BT RS N3 E
R 75 IC T & (Escherichia), FUKH Rodentibacter
FII bR T & (Porphyromonas) . B 8 W R 1E
b, B A R 8 (Escherichia) 5 R M H £
o MHEREN 52 Oy F B B RFE S K
FETR AOAS R 64.6%; FitBEM LBk
TB PR A EOH A AR IS FT B L AR A
HEBREZ W, Rodentibacter &= FATHFHE
— A 22 [RAPEFF R A T, &% 78 S0 30 %= /)
R AT R A P W T R DR AR B e R PO,
AT /N BRI R S B R A s B i ek
PAE T MNP R 2 TORER Y, (HH
98 Sl B /N BRI At A S DR/ R R Y R L 2
AT BN, TES I E A fh et AR
H Wi 78 W5 245 sh ¥ b A i Rodentibacter , U

Brennan %% BZ B AT RE SR . B2 R ik
b, ZERRER . FLBRR . FER . BRI
A, (HTERRRE 7 A e R E

N obk 2R i 5 J8 (Porphyromonas) g JAFT T ]
(Bacteroidetes), A=A zE4 . Az, HTR
I LrE, W AR MR 2R ARV . Walsh
BIE ZESL Porphyromas somerae ¥ A1
T 7B PN RS P B b s A o RS A B
25 iR NN bk BBt TR (Porphyromonas  gingivalis) W]
DI k28 AR E RGO, S EUMYE IL-1p Al
IFN-y KK T . Arzese 25200 AN B :
B v A3 125 20 A1) FC R B (Porphyromonas
levii), Elad %%k B Porphyromonas levii T L)
FIRARSEEINHE R . ABF5ET, WA
SRR, FE A BRRE 1 R A TR
IR TR E, POtE R PCR 45281
i — 25 S I O B TR T B PN R B
FR T AR (P<0.05). (HAHFFERS T
B NBER A MR LB, B
AWAZ O B ERA —B, 5 5w 1Y T & o 4
N Rodentibacter . Escherichia. Porphyromonas .
Bacillus 1 Bacteroides, iXFFH i+ 45JE
SR J 125290

MR S22 A B A, SRR e
JEE R 9 IF AR B — g ST, T PN TR A AR A T
T E A SRR K EIEGE, BE#ES S TR
RE 1Y A e, 3X S AN T FR A B0 3k TR 3
(pathobionts)®®! . Pathobionts 1E 3 ¥ % 4 ) i
HEhEZ, TERRE 8 X8 N IER i 4kiE
o AW A A B BRI T 45 100,k
WhR PR B B J& (Porphyromonas) TERERE 1B P IR %6
S 1) vh B A AR A Ry, IR TR AR
WEFE, JFE RN T B IR BL 58 7 18 3 Wi
s B Porphyromonas somerae ., NHkE
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M (Porphyromonas sp.)5 48+ 5 WL 1)
KRB — L5, HENZE A REE T E N
FEE A B0 HAP B H ) — B

Zr EPA, ARAESER AT E o W A A
PEANFD 16S rRNA JE PR 42K 7 410 i e il 2 0
FARVIR T WK SR e AR A5t A7
S, KMFENERATN Porphyromonas
RE S BRI B IR AAAECHR, IFEF B AR
RAEEFE =B W 43 5 8] Porphyromonas
somerae, HAIREE R PCR HHT L AT
B AR B T M b B D AT W e T
FREERE o T A OR B B TR A AN TR TR, B KSR
1%, HATZWE WA AE R FRAEN — PR
rh, IR TR S R T N R Y S IBRPE R
%&E%%Wﬁ%ﬁ%%ﬁ%ﬁ%i%,

Y5 ONZETIE 2 h iy n A 7 B2 — R R R A B
TENBERATERE, SAFE—L R0,
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