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Abstract: To clarify the causes of abnormal mortality of newborn Chinese milu ( Elaphurus davidianus) at an institution in
Beijing, the pathogenic analysis was conducted on pathological tissues from deceased individuals. Based on clinical symp-
toms, pathological autopsy, bacterial isolation and culture, 16S rRNA gene sequencing and biochemical identification, the
cause of death was determined to be hemorrhagic pneumonia induced by mixed infection of Escherichia coli and Streptococ-
cus sp. Antimicrobial susceptibility testing showed that the Streptococcus isolate was sensitive to penicillin, erythromycin,
ceftriaxone and meropenem; the Escherichia coli isolate was not fully sensitive to all tested drugs but exhibited intermediate
sensitivity to ceftriaxone, meropenem and other drugs. Both isolates were resistant to amphotericin B. Virulence genes de-
tection revealed that E. coli carried seven virulence genes, including AatA, FimC and Mat, while no target virulence genes
were detected in Streptococcus. The results of mice pathogenicity tests demonstrated that the mortality rate of Escherichia
coli infection alone was 20%, Streptococcus infection alone induced only depressive symptoms, whereas the mortality rate
increased to 60% after mixed infection of Escherichia coli and Streptococcus. The findings elucidate the biological and

pathogenic characteristics of the mixed infection pathogens responsible for hemorrhagic pneumonia in newborn Chinese

milu, and provide a scientific basis for the clinical diagnosis, treatment and prevention of this disease.
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Table 1 Primer sequences for virulence genes
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Virulence gene

1WA (5'—3")

Primer sequence(5'—3")

FH) R BER/N /bp

Amplified fragment size

F: CATAGGCGTTTCTCTTTCCGAT

AatA 1226
R: CCTGTCGTTCATACAGATTCGTT
F: GCTGATATCACGCAGTCAGT

PapC 768
R: GTCAACAAGAAGACGTGTTCC
F: GCCGATGGTGTAAAGGATGG

FimC 475
R: GGGTAAGTGCGCCATAATCA
F: CGACCTGGTCAGCAACAGCC

Mat 238
R: TCCACGCCCACATTCAGTGT
F: GTTCTCACTCAGCCAGAACG

IbeB 1172
R: CATCCAGCACTTCCAGATAAC

" F: TCCATGCTTCAACGTCTCAGAG 939

at

R: CTGTTGTCAGTGTCGTGAACG
F: TGGCTTGATTCTGCATCCGAT

Yijp 517
R: CATCGTCTGCTGGTTGGTGAT
F: AGCTATCGCGATTGCAGTG

OmpA 919
R: GGTGTTGCCAGTAACCGG
F: GGTGGTACATTCCGGGATGTC

NeuC 792
R: CATGGTGGTGAAAAGACATTAGC
F: TCCAAGCGGACCCCTTATAG

Cva/Cvi 598
R: CGCAGCATAGTTCCATGCT
F: ATCACATAGGATTCTGCCG

Iss 309
R: CAGCGGAGTATAGATGCCA
F: ACACGGTTTATCCTCTGGC

FyuA 953
R: GGCATATTGACGATTAACGAA
F: ACAAAAAGTTCTATCGCTTCC

TucD 714
R: CCTGATCCAGATGATGCTC
F: GGCCACAGTCGTTTAGGGTGCTTACC

HlyF 450
R: GGCGGTTTAGGCATTCCGATACTCAG
F: CCCACTCTTCTTGCGGTTGA

Ply 209
R: TGAGCCGTTATTTTTCAT
F: CATAGACTAGAACAAGAGCTCAAA

PspA 1200
R: CTACATTATTGTTTTCTTCAGCAG
F: CAGTGATAGAAAAAGAAGATGTTG

NanA 500
R: ATTATTGTAAACTGCCATAGTGAA
F: CTTTCTGCAATCATTCTTG

PsaA 838
R: GCCTTCTTTACCTTGTTC
F: TGAAGCGGGATTATCACTGGC

LytA 273
R: GCTAAACTCCCTGTATCAAGCG
F: TTTAGGAGCGTCATCATCGTTAGG

FneB 435
R: TCAGGTGGCAAGGAAGAGGT
F: TTTGGATCCAAATCTCAACAAGAAATGCTT

SeM R 201

: AAAGTCGACTTACATCTTAGCTGCTTTTTCTTT
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Figure 1 Lung lesions (A) and histopathological changes (B) of newborn Chinese milu (100x)
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Figure 2 Colony morphology of isolated strains on LB agar plates (A) and 10% sheep blood agar plates (B)
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M. DL2000 DNA Marker; 1. MiluDC508; 2. MiluLQ417,
M. DL2000 DNA Marker; 1. MiluDC508; 2. MiluLQ417.

3 SYEMR16S rRNA B E B PCR I &Rk R
Figure 3 Electrophoresis result of PCR amplification products of the 16S

rRNA gene of the isolated strains
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TCHLEEERE Streptococcus agalactiae SCQL MN686586

BHIE#EERTA Streptococcus hyovaginalis OL581683
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Figure 4 Phylogenetic tree of the isolated strains based on 16S rRNA gene sequences
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Table 2 Results of biochemical test identification of the isolated bacteria
Sy ES) 45 Sy e 4
Isolation bacteria Identification category Result Isolation bacteria Identification category Result
hh Motility + M4 2% 46 Adonitol -
# 2 R Lysine + MK Raffinose +
B2 7R Ornithine + PYR +
FrEERREL Citrate - DPP -
i fb & Hydrogen sulfide - MAG +
JKZE Urea - TEEHE Sucrose +
PNI7R
15[ Indol - V-P Voges-Proskawer -
Escherichia coli (MiluDC508) A% Indole HEER BLBEL Voges-Proskawer
. VEER P
V-P i Voges-Proskaw - PMG -
BLRL Voges-Proskawer Streptococcus sp. (MiluLQ417)
TN ik Phenylalanine - T™MZ +
H #25 Mannitol + 111 B4 Sorbitol +
WLEE Inositol - & e Arginine +
1124 Sorbitol + LM Esculin +
25 7Bk Melibiose + B Trehalose +
®3 SBEEAHKKEER
Table 3 Results of drug sensitivity test of isolated bacteria
I ~ fre /N TR e B/ N ~ /NI R g/
S sgs sosre ORI, T B I
. . o (pgemL™) . . LT (pg-mL™)
Isolation bacteria Drug name Sensitivity Isolation bacteria Drug name Sensitivity
MIC MIC
=S5 ==V~
CEES CEEES
Penicillin R > 128 Penicillin S <0.25
WRH7 R HL
R R > 128 AL I 0.25
Piperacillin Piperacillin
Ly e
R R >128 T s <0.25
Erythromycin Erythromycin
FetE R B eI
. I 16 . I 4
Levofloxacin Levofloxacin
=3 % S5
%f}ﬂﬂ? I 4 éﬂ]ﬂﬂ? I 0.25
Tigecycline Tigecycline
WA VR B
KIBRGE g FLEk A PR3
Escherichia coli Tetracveli R > 128 Streptococcus sp. Tetracveli 1 2
(MiluDC508) etracycline (MiluLQ417) etracycline
S e
WER EEF S
Chloramphenicol ! 128 Chloramphenicol ! 16
N \ N \
S . 5 K At S <0.25
Ceftriaxone Ceftriaxone
W B I 0.5 KL S 5 <0.25
Meropenem Meropenem
RKREER IR
o I 32 o I 8
Gentamicin Gentamicin
Jree e
PP % B R S 108 PIPERE R B R > 128

Amphotericin B

Amphotericin B
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Iss FyuA JucD HlyF; 1 ~VI. Ply .PspA .NanA .PsaA .LytA .FneB .SeM.
A. Escherichia coli electrophoresis results; B. Sireptococcus electrophoresis results; M. DL2000 DNA Marker; 1-14. Aaid,PapC,FimC,Mat,IbeB,
Vat,Yijp,0mpA,NeuC , CvalCvi, Iss , FyuA , lucD ,HlyF; 1 =VIl. Ply,PspA,NanA, PsaA,LytA, FneB,SeM.
Es5 SBEHRENEEPCRY EFMRKER

Figure 5 Electrophoresis result of PCR amplification products of virulence genes of isolates
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Figure 6 Lung of postmortem mice in control group(A) and mixed infection group(B)
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Figure 7 Histopathological sections of mice lungs in control group(A) and mixed infection group (B) (200x)

SRR AL T, A HH BUAR GICRE AR 5 (H 51 5 g
JEAET R E T 2 60%, kg R, KinRas
R B0 P o e Bk b, L 3R A e T e = A
D IR o 75 7 5 PRSI & B, KM 3 A e 485
W AatA . FimC . Mat . IbeB . Yijp . OmpA I HlyF -& F 7
JIBEIR] 33X SR PR 43500 2 i 5 R B (U i B 2286 ) (A=
Z(nfE FAMRA) TR E R ) Sl
PG SRR 18 RGARDC R 1, R B R E S 7R %
AR A VA I S B BUR PR IE . AR L2 R BEEK
TR 20 B RR R A BT I 2 g B A, X — 45 5 5 H ALk
SRR B T BRI PR IUARAT

H TP R 207 A o i £ B 7E
2O b, K 3R A T B R A g I Y
L1 R 25 W03 AN BURE, BB R IRBL UMK 21
B DUIRE KR E Bt 2y, R HEAA R
i 2533 , AT g 15 PR K4 BRI DR v i bt o 24
FENAR. MEZ T BERE S HER aHEE Sk
T3 1 B Ko 56 25 B v SRR, (F LT 7 M B 3R B A TS 24
MG TR . Z545 PI DA R 25 Bl L 7E i IR
BN TR A R i, W] O S 2 R H Sk At A
B3R B B I AT I IR YT (H AR A 7 AR 73
AR 10 25 RO S, D 5 0 AR X R R 9 40 R T
2L R MR I S5 0T

4 %Hig

ASBIFFEUESE R A BERE L P 58 iy K A 1
L EEBR AR G AT R, T RG] T R A=)
SFRFAE RE T HE DA DL S 255 AL, D200 e
PRIZWT B 2 e 5 BT 25 B 006 T R4 als , o (8 2 B
JEERIIHE g R £ 77 BAT SE B R S

SE

(1]

[2]

[3]

[4]

[5]

[6]

[7]

EBRESRPHFENYEE(2021F28 1 BEITI[]]. HB&E
PR, 2021, 42(2): 605-640.

List of national key protected wild animals in China (revised on
February 1, 2021) [J]. Chinese Journal of Wildlife, 2021, 42
(2): 605-640.

BRF,HET,BESE, & FAHBSERRESE RN
WEGR]. BETIEREE, 2017(5): 240-242.

SHAN Y F, ZHONG Z 'Y, CHENG Z B, et al. A survey study on
intestinal parasites in Chinese milu from different habitats [J].
Heilongjiang Animal Science and Veterinary Medicine, 2017(5) :
240-242.

BER, 5=, 0EF, F. BREELEREAENSE]. &
EFHPFIR, 2021, 42(3): 897-902.

CHENG Z B, GUO Q Y, ZHONG Z Y, et al. Common diseases
of Pere David’s deer (Elaphurus davidianus) and their prevention
methods [J]. Chinese Journal of Wildlife, 2021, 42 (3) :
897-902.

CHENG Z B, TIAN X H, ZHONG Z Y, et al. Reintroduction,
distribution, population dynamics and conservation of a species
formerly extinct in the wild: A review of thirty-five years of suc-
cessful milu (Elaphurus davidianus) reintroduction in Chinal]].
Global Ecology and Conservation, 2021, 31: e01860.

HER, =M, BXk&E, F. KhiTE. BRHEEERENE
HREREGBRANNRBBENAR]. PEMBHEES
%, 2022, 44(11): 1230-1234; 1239.

TIANG Q, LIFY, YANG Q L, et al. Study on the pathogenicity
of mixed infection of Escherichia coli, Staphylococcus simulans
and Streptococcus suis in mice [J]. Chinese Journal of Preventive
Veterinary Medicine, 2022, 44(11): 1230-1234;1239.
LIUCY, ZHENG H J, YANG M J, et al. Genome analysis and
in vivo virulence of porcine extraintestinal pathogenic Escherichia
coli strain PCNO33[J]. BMC Genomics, 2015, 16(1): 717.
BER, W, TEER. & AERBIBUERHRFEND
BLEESHHEEHR]. SMESR, 2016, 37(3): 52-58.
GUO D Z, ZOU M, WAN C Y, et al. Isolation, identification

and drug sensitivity test of pathogenic Escherichia coli from




70

L

I

7 4T %

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Elaphurus davidianus in Shishou[J]. Progress in Veterinary Medi-

cine, 2016, 37(3): 52-58.

AL, 8%, BWE, . BERERARER]] BX
EERHRE R, 2024(7): 27-30.

FU M S, WANG H F, BAO Y X, et al. Research advances in

Streptococcus suis infection [J]. Chinese Journal of Animal Hus-

bandry and Veterinary Medicine,, 2024(7) : 27-30.

FRE, KET, X%, T (FRRAGFERE HEXENSD
BER] AREKEE, 2023(2): 19-22.

WANG HT, ZHANG J J, LENG J, et al. Isolation and identifica-

tion of Streptococcus ovine and Enterococcus in young deer [J].

Modern Journal of Animal Husbandry and Veterinary Medicine,

2023(2): 19-22.
HEE, OBE, FEX, 5. MBHOMRARRENSSEL
EREPRENHE]. PEEERE, 2024, 60(3): 27-34.
HANJJ, FENGMY, FANGJ Y, et al. Isolation and identifica-
tion of pathogenic bacteria causing hemorrhagic pneumonia in
Moschus berezovsky and preparation of bacterial ghost vaccine[J].
Chinese Journal of Veterinary Medicine, 2024, 60(3): 27-34.
FYE, £, 2, 5 ARGTHX4FTFRERLNETE
FRERXERIBLEERWAHUNSHEFERN]. $
BHEE, 2025, 52(3): 1328-1341.
YIN KW, MAO W, CAO JS, et al. Isolation and identification
of major pathogenic bacteria and Mycoplasma causing bovine re-
spiratory tract infection and detection of drug resistance and viru-
lence genes[J]. China Animal Husbandry & Veterinary Medi-
cine, 2025, 52(3): 1328-1341.
HRERE, SAHNE BRBELEFMIM]. 8. 4t
o B HARE, 1984.
BUCHANAN R E, GIBBONS N E. Berger’s manual of bacterial
identification[ M]. 8th ed. Beijing: Science Press, 1984.
Clinical and Laboratory Standards Institute. Performance stan-
dards for antimicrobial susceptibility testing: 30th ed: CLSI
supplement M100 [M].
dards Institute, 2020.
KR, BRE, XURAE, & —HREERENSIBLESSHT
i 29 B R[], LR FBEFIR, 2025, 40(1): 48-53.
ZHANG Z, CHEN X, LIU S H, et al. Isolation, identification,

Wayne: Clinical and Laboratory Stan-

virulence and drug resistance gene analysis of 1 strain of Strepto-
coccus suis [J]. Journal of Beijing University of Agriculture,
2025, 40(1): 48-53.

KOETH L K, DIFRANCO-FISHER J M, HARDY D J, et al.
Multilaboratory comparison of omadacycline MIC test strip to
broth microdilution MIC against Gram-negative, Gram-positive,
and fastidious bacteria [J]. Journal of Clinical Microbiology,
2022, 60(1): e01410-21.

YU Y, HU B, FAN H H, et al. Molecular epidemiology of ex-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

traintestinal pathogenic Escherichia coli causing hemorrhagic
pneumonia in mink in northern China [J]. Frontiers in Cellular
and Infection Microbiology, 2021, 11: 781068.

B, X, BRI, . —WERBERUMREMTE
NOBEEERENZHUEINI] FEMWZR, 2025, 46
(1): 178-185.

SAJQ, ZENG F W, ZHAL J Q, et al. Isolation, identification
and biological characteristics analysis of a strain of Trueperella
pyogenes derived from Rucervus eldii hainanus[J]. Chinese Jour-
nal of Wildlife, 2025, 46(1): 178-185.

IR, X&E, B, . B XSHEREIBLEER
MRS HhERIW ] PESHYERFZEIR, 2023, 31
(3): 34-40.

SUND L, MAIZ H, TONG P P, et al. Isolation, identification,
drug resistance and virulence genes of Streptococcal strains from
northern Xinjiang[ﬂ. Chinese Journal of Animal Infectious Dis-
eases, 2023, 31(3): 34-40.

SKERAD, SRERL, BIRE, . KB RESREBENIEL
T WAMRSHERRU] PEEHEE, 2021, 48
(6): 2230-2237.

ZHANG Q X, JING SF, HAN S Y, et al. Isolation, identifica-
tion, drug resistance and virulence genes detection of Pseudomo-
nas aeruginosa from mink [J]. China Animal Husbandry & Vet-
erinary Medicine, 2021, 48(6): 2230-2237.

DR, BB, FEE, T AHBRFEDE T E
THAKRT RSB SEZHE, 2020, 41(5): 29-33.
MA PP, SUMR, LIX X, et al. Establishment and application
of Escherichia coli counting method based on spectrophotometer
[J]. Progress in Veterinary Medicine, 2020, 41(5) : 29-33.
OB, BT, EBRE, &, KBHMMMAKRBITES
BRNEFNHERNE)]. PEFHYELRFER, 2022, 30
(1): 141-149.

ZHANG H W, CHENG Y N, WANG X X, et al. Virulence
gene detection and H genotyping of Escherichia coli from mink
hemorrhagic pneumonia [J]. Chinese Journal of Animal Infec-
tious Diseases, 2022, 30(1): 141-149.

TR, 28, %%, & PEREPFHFIKROT AP
KRS BEHYFER, 2020, 41(3): 806-813.

WANG L B, JIANG H, AN Y T, et al. Current status and con-
servation measures for Pére David’s deer in China[J]. Chinese
Journal of Wildlife, 2020, 41(3): 806-813.

XSRAR, BUE, X, & —RBRIFIRIEL S IEE R R Y
AS5EE]. PEEERZ, 2025, 55(1): 18-25.

LIUY J, YAN XM, LIU P, et al. Analysis and identification of
pathogens associated with deer respiratory syndrome [J]. Chi-

nese Veterinary Science, 2025, 55(1): 18-25.




