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| solation and identification of pathogen Proteus penneri from
Crocodylus siamensis suffering nodulous esophagitis
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Abstract: [Background] In May 2016, an unprecedented outbreak of nodulous esophagitis occurred
among the captive juvenile Siamese crocodiles (Crocodylus siamensis) in Xiamen Lonsun crocodile zoo,
and diseased crocodiles manifested anorexia and some of them even died. [Objective] Pathogenic
identification of crocodiles’ pathological materials was performed to explore its causes, to provide data for
estimating this disease, and to make references for preventive treatment. [M ethods] The bacteria isolated
from crocodiles’ foci were identified by the physiological and biochemical characteristics, 16S rRNA gene
sequence analysis, artificial infection test and sensitive drug test. [Results] Three bacterial strains isolated
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from esophagus, liver, and blood of diseased crocodiles, were identified as Proteus penneri by means of
morphological, physiological and biochemical characteristics, and 16S rRNA gene sequence analysis.
Besides, the P. penneri strain 2202 was confirmed as pathogen causing morbidity and mortality in C.
siamensis after artificial infection test. The susceptibility test showed that the resistance rates of 3 isolated
strains to 12 antimicrobial agents were all equal to 33%. The 3 pathogens were sensitive to 7 medicines,
including enrofloxacin, sulfamethoxazole, cefotaxime, kanamycin, tetracycline, doxycycline, and nalidixic
acid; resistant to rifampicin, penicillin G, erythromycin, and chloramphenicol; and intermediate resistant to
streptomycin. [Conclusion] As a result, P. penneri was directly related to the death of diseased C.
siamensis. To the best of our knowledge, this is the first report about P. penneri, the opportunistic
pathogen mostly affected human, infected the captive crocodilians.

Keywords: Crocodylus siamensis, Nodul ous esophagitis, Proteus penneri, Pathogenic identification
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Figurel Bacterial colony (A) and micrograph (1 000x) following Gram-staining (B) of isolated strain 2202
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Figure2 Theresult of Biolog system indexes of 3 bacterial isolates
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2202 (MG685657)
80 {Proretfs penneri wi-2 (KT029131)

Proteus vulgaris ATCC 29905 (NR_115878)
99! Proteus vulgaris U133 (LC095662)
Proteus penneri CPrp RA24 (MH788991)
486|:{Proteus hauseri FFL9 (JN092596)
99! Proteus hauseri FFL13 (JIN092599)
— Proteus mirabilis NCTC 11938 (NR_043997)
100 Y Proteus mirabilis RLS-1 (MF962605)
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B 3 ETTMHE 16SrRNA EFFIIMAS AL BH
Figure3 Phylogenetic tree of Proteus based on 16S rRNA gene sequence
e BRIP4 KB 0 RAL BT Bootstrap {B 5 #5 N AT GenBank &5k
Note: Bar: Nucleotide divergence; Numbers at the branch points indicated the Bootstrap values; Numbers in parenthesis represented
GenBank accession number.
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Tablel Artifical infection of pathogenic strain 2202 in healthy red-eared turtles

51 YA TG = B ZN Iﬂ@%ﬁﬁl‘ﬂ%ﬁﬁ _ E VA Edap ame
Groups Injection volume of Infection _ Number of death at different infected time Total death Cumulative
bacterium (CFU/Qg) numbers 1d 2d 3d 4d 5d 6d 7d number mortality (%)
Infection 1.21x107 8 1 6 1 0 0 0 O 8 100.0
groups 1.21x10° 8 o 1 1 0 2 1 o0 5 625
1.21x10° 8 0 0 0 1 0 1 2 4 50.0
1.21x10* 8 0 0 0 0 1 0 1 2 25.0
Control group Normal saline 8 0 0 0 0 0 0 0 0 0.0

&4

BALZREFTHEA)SEARLEFTEB)ERRELET

Figure4 Thenatural (A) and artificial infected (B) Crocodylus siamensiswith symptom of nodule in esophagus
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Table 2 Sensibility of 3 isolated bacteria to 12 antibiotics

(inhibition zone, mm)

) _sz_%%%(ﬁﬁi) : 2202 2203 2204
Antibiotics (content, pg/disc)

Rifampicin (5) —(XR) —(XR) —(XR)
Penicillin G (10) —(XR) —(XR) —(XR)
Enrofloxacin (10) 22(9) 21(9) 23(9)

Streptomycin (10) 13(1) 12(1) 13(1)
Erythromycin (10) 8(R) 7(R) 12(R)
Sulfamethoxazol e (15) 26(S) 26(S) 27(5)
Cefotaxime (30) 29(S) 34(S) 30(S)
Kanamycin (30) 20(S) 20(S) 24(S)
Tetracycline (30) 15(S) 21(9) 23(9)
Doxycycline (30) 18(S) 16(S) 23(9)
Nalidixic acid (30) 28(S) 26(S) 29(9)
Chloramphenicol (30) 8(R) 12(R) 10(R)

e XR: WEmMZ; R: WZy; S il 1 P - T
[&.

Note: XR: Extremely resistant; R: Resistant; S: Sensitive; |:
Intermediate; —: None of the inhibition zone.
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(Aeromonas hydrophila) | G215 i iz £ 11 B2 k351473
FBtE™, AT IE R G (Sal monella) Fil
KT B (Escherichia coli) i DR A YL 24, £ 82
TR SR TGS RN HERIE K<
MR S84 I8 I AT R (Enterobacteriaceae), KZ
IEHAEAET NS IEALE N, X s i 0 ) 240
B BRIMNE RGN, h—ERE 5 A 8%
PSRBT ST T BTG K B N IR E I A G, B
JRASIRSNY), SNRIREER R . ARSI R S AR
(2 ) A A P IE A S A 5 A2, ORI 8 2
B BRI I, N ERBE (e 25 0 S A T A
ol JE A TE 5 5 T W B N B S BUR T | & T8 &

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



W R B B B AT

ARTEAT W 8 5 45

1635

NIRRT . DRI s 5 1 AR R R A A, BR
T BRI S BUT25 50, A e s [ B
AR T AL 2 B TS 114 S B

REFERENCES

[1] Venter T, Fox LT, Gerber M, et al. Physical stability and clinical
efficacy of Crocodylus niloticus oil lotion[J]. Revista Brasileira de
Farmacognosia, 2016, 26(4): 521-529

[2] Buenvigie GN, Hirst RG Ladds PW, et a. Isolation of
Dermatophilus sp. from skin lesions in farmed saltwater
crocodiles (Crocodylus porosus)[J]. Australian Veterinary Journal,
2010, 75(5): 365-367

[3] Ryan C. Saltwater crocodiles as tourist attractions[J]. Journal of
Sustainable Tourism, 1998, 6(4): 314-327

[4] Geng GB. The first batch of national approved nine kinds of
artificial breeding national key protected animals should be sold
by Logo[J]. Green China, 2017(7): 68-69 (in Chinese)

PKE . ER a8 F B R E AR et
PR L. arEHE, 2017(7): 68-69

[5] Buenvigie GN, Ladds PW, Melville L, et a. Disease-husbandry
associations in farmed crocodiles in Queensland and the Northern
Territory[J]. Australian Veterinary Journal, 2010, 71(6): 165-173

[6] Camus AC, Hawke JP. Providencia rettgeri-associated septicemia
and meningoencephalitis in juvenile farmed American aligators
Alligator mississippiensis[J]. Journal of Aquatic Animal Health,
2002, 14(2): 149-153

[7]1 RohYS, Park H, Cho HU, et al. Aeromonas hydrophila-associated
septicemia in captive crocodiles (Crocodylus johnstoni and
Crocodylus porosus)[J]. Journal of Zoo and Wildlife Medicine,
2011, 42(4): 738-742

[8] Rosell J, Barragan A, Carbonell MD, et al. Septicaemia caused by
Citrobacter braakii infection in a captive Nile crocodile
(Crocodylus niloticus)[J]. Journal of Comparative Pathology,
2017, 156(1): 105

[9] Woo PCY, Lau SKP, Teng JLL, et a. Then and now: use of 16S
rDNA gene sequencing for bacterial identification and discovery
of novel bacteriain clinical microbiology laboratories]J]. Clinical
Microbiology and Infection, 2008, 14(10): 908-934

[10] Mcfarland J. The nephelometer: an instrument for estimating the
number of bacteriain suspensions used for calculating the opsonic
index and for vaccines[J]. Journal of the American Medica
Association, 1907(49): 1176-1178

[11] Bliss Cl. The calculation of the dosage-mortality curve[J]. Annals
of Applied Biology, 1935, 22(1): 134-167

[12] Andrews JM. BSAC standardized disc susceptibility testing
method (version 4)[J]. Journa of Antimicrobial Chemotherapy,
2005, 56(1): 60-76

[13] CLSI. Performance standards for antimicrobial susceptibility
testing[S]. 28th Edition. CLSI document M100-S28. Wayne, PA:
Clinical and Laboratory Standards Institute, 2018: 30-37

[14] Drzewiecka D. Significance and roles of Proteus spp. bacteria in
natural environments[J]. Microbial Ecology, 2016, 72(4): 741-758

[15] Chen FY, Huang GC, Huang CL, et a. Isolation and identification
of pathogenic Proteus vulgaris from Crocodylus siamensis[J].
Jiangxi Agriculture, 2016(11): 51-54 (in Chinese)

Prtmt, e, 2O, & @2 6 a SR s AT e
BB 5 % E L. TEFEAR L, 2016(11): 51-54

[16] Yong W, Zhang SY, Yu JY, et a. An outbreak of Proteus mirabilis
food poisoning associated with eating stewed pork balls in brown
sauce, Beijing[J]. Food Control, 2010, 21(3): 302-305

[17] Cohen-Nahum K, Saidel-Odes L, Riesenberg K, et a. Urinary
tract infections caused by multi-drug resistant Proteus mirabilis:
risk factors and clinical outcomes[J]. Infection, 2010, 38(1): 41-46

[18] Kraiden S, Fuksa M, Lizewski W, et al. Proteus penneri and
urinary calculi formation[J]. Journal of Clinical Microbiology,
1984, 19(4): 541-542

[19] Ca J, Yang YB, Cong LH. One case of esophagus infection
caused by two kinds of opportunistic enteric pathogens[J]. Journal
of Audiology and Speech Pathology, 2012, 20(4): 398-399 (in
Chinese)

Sih, W—I%, BRI WA A0 B0 B IR 5 5 A
G —BI[]. Wr )% T iR AR, 2012, 20(4): 398-399

[20] Huang SJ, Wang CS. Infection of crocodile's pathogen Serratia
marcescens[J]. Chinese Journal of Veterinary Medicine, 1998,
20(10): 53 (in Chinese)

ORI, T 60 SRR R U T R, v
Z%7, 1998, 20(10): 53

[21] Sun M, Meng Y, Liu TT, et a. Isolation and identification of
pathogen from Crocodylus siamensis suffering skin fester
disease[J]. Heilongjiang Animal Science and Veterinary Medicine,
2017(24): 197-199 (i n Chinese)

NG, P, XAss, S5 BB SR BRI IR 8 S M
[J]. ST R ER, 2017(24): 197-199

[22] Guo GY, Jiang JH, Yang N, et a. An investigation of sudden death
in farmed infant Siamese crocodiles during winter and spring in
Hainan, China[J]. Indian Journal of Animal Research, 2018, 52(7):
1058-1062

[23] Chen M, Yang S, Zhao W, et a. Diagnosis and treatment of
co-infection of Salmonella with Escherichia coli in crocodile[J].
Guangdong Journal of Anima and Veterinary Science, 2007,
32(5): 22-23 (in Chinese)

PRRE, I, B, & —FIEs AT IRE S KT EIR S

ISR JREHCE BERHE, 2007, 32(5): 22-23

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



