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Abstract: Morganella morganii is an important opportunistic human pathogen and belongs to the family of Enterobacteriaceae. Although it is widely distri-
bution, it only be considered a rare cause of human infections. We report the isolate of M. morganii from Naja naja atra following infections of heart, lung and 
liver. Seven strains were confirmed using 16S rDNA amplified and sequences. Antimicrobial susceptibility testing of M. morganii isolates demonstrated ubiqui-
tous resistance to ampicillin, amoxicillin/clavulanic acid, cefazolin, cephalothin, sulfamethoxazole/trimethoprim, sulfamethoxazole et al. However, M. morganii 
ubiquitous susceptible to piperacillin, ampicillin/sulbactam, piperacillin/tazobactam, cefixime et al. Further investigate display gyr B and Sul2 genes presence in 
all M. morganii isolates. AAC(3)-II was found in E2, E3 and E6 M. morganii. gyrA and qnrB expression in M3 and M6 M. morganii. This is the first description 
in M. morganii carrying AAC(3)-II, gyrB, gyrA, qnrB, and Sul2 genes from Naja naja atra, which suggests the increasing risk of pathogen transmission between 
humans and wildlife.
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Introduction

Morganella morganii is a gram-negative bacteria 
commonly found in the environment and as normal 
flora in the intestinal tracts. The genus Morganella be-
longs to the family Enterobacteriaceae, contains only 
a single species, M. morganii (1-3). It is usual in the 
environment and can induce nosocomial outbreaks and 
infections in immunocompromised patients (4). Study 
display M. morganii mutants accompany with AmpC 
expression are resistant to third-generation cephalospo-
rins, monobactams, and cephamycin (5). M. morganii as 
an important nosocomial pathogen has been attributed 
a high mortality rate in some infections (6). Apart from 
M. morganii intrinsic resistance to colistin, it is naturally 
drug resistant to tigecycline, tetracyclines, macrolides, 
fosfomycin, b-lactams, nitrofurantoin and polymyxins 
(7, 8). 

Although it is widely distributed, but it is often 
encountered in postoperative and other nosocomial 
settings, causes a variety of clinical infections such 
as sepsis, urinary tract infections, pneumonia, wound 
infections, skin and soft tissue, central nervous system 
infections, septic arthritis, meningitis, chorioamnioni-
tis, neonatal sepsis, and peritonitis (9-15). Plasmid-me-
diated quinolone resistance (PMQR) mechanisms have 
been occured during the past decade, including Qnr 
proteins, QepA transporters, and the acetyltransferase 

AAC(60)- Ib-cr (16, 17). The qnrD gene was first des-
cribed in a human clinical isolate of Salmonella enterica 
serovar Kentucky and three Salmonella enterica serovar 
Bovismordificans isolates from China (18). New Delhi 
metallo-b-lactamase (NDM-1) as a significantly resis-
tant gene first described in Sweden from a patient who 
had previously been hospitalized in New Delhi, India 
and rapid dissemination worldwide (19). Artifical snake 
breeding as a traditional have existed for hundreds of 
years and there are many snake farms distribution in 
china. Snake was mainly used in diet and traditional 
chinese msdicine. However, few reports have addressed 
the characteristic of M. morganii. The aim of this study 
was to assess the clinical manifestations, antimicrobial 
susceptibilities and resistance genes pattern of M. mor-
ganii from Naja naja atra.

Materials and Methods

Samples collection and identification
The tissue samples were obtained from heart, liver 

and lung of Naja naja atra in Beijing, China. Sample 
were cultured on Mueller hinton agar medium used 
bacterial inoculation loop under aseptic condition at 
37 °C for 18 h. Bacterial colonies from each sample 
and polymerase chain reaction (PCR)  amplification of 
16S rDNA gene was performed with universal primers 
27F (5’-AGAGTTTGATCCTGGCTCAG-3’), 1492R 
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(5’-GGTTACCTTGTTACGACTT-3’) (20). BD Phoe-
nixTM 100 (Maryland, USA) was used process bioche-
mically test in order to identification of the bacterium.

Infection testing of homogenates
BHK21 (Baby Hamster Syrian Kidney), MDCK 

(Madin-Daby canine kidney), Vero (Verda Reno), cell 
lines were cultured in high-glucose Dulbecco’s modi-
fied Eagle’s medium (DMEM, Gibco) with 10% fetal 
bovine serum (FCS, Gibco), in a humidified 5% CO2 
and 95% air at 37°C. Supernatant of heart, lung, and 
liver organs homogenates from Naja naja atra flowing 
0.22μm filter were ino-culated on BHK-21, MDCK, and 
VERO cells for 5days, respectively. 

Histopathological examination
Necropsies and tissue sampling of Naja naja atra 

were performed according to a standard protocol. After 
fixation in 10% neutral buffered formalin and embed-
ding in paraffin, tissue sections were stained with hema-
toxylin and eosin for histological evaluation.

Phylogenetic analyses
Sequences compared to the GenBank database using 

BLAST (http://blast.ncbi.nlm.nih.gov/) . Alignments of 
clones and  reference sequences were created with Clus-
tal X. Phylogenetic analyses were performed using the 
neighbor-joining method with 1,000 bootstraps  using 
MEGA 6 following the kimura 2-parameter model (21).

Antibiotics susceptibility testing
The antibiotics susceptibility analysis of isolates to 

different antimicrobial drug were determined using disk 
diffusion test according to CLSI (Clinical and Laborato-
ry Standards Institute) guidelines recommendation and 
manufacturers’ instructions.

Detection of resistance genes
PCR detection and gene identification were car-

ried out for AAC(3)-II, cmlA, CTX-M-l, gyrA, gyrB, 
blaKPC, NDM-1, oqxA, oqxB, OXA, parC, qepA, 
qnrA, qnrB, qnrC, qnrD, qnrS and Sul2 genes (22-25). 
Sequences were compared to NCBI database. These 
primes were detected in present study seen in Table 1.

Gene Symbol Sequence(5’-3’) Amplicn(bp) Annealing(°C)
AAC(3)-II GGCGACTTCACCGTTTCT 412 52

GGACCGATCACCCTACGAG
cmlA GGGTGGCGGGCTATCTTT 467 52

GCGACACCAATACCCACTAG
CTX-M-l CAGCGCTTTTGCCGTCTAAG 94 52

GGCCCATGGTTAAAAAATCACTC
gyrA CGATGTCGGTCATTGTTG 496 52

 ACTTCCGTCAGGTTGTGC

gyrB GAAATGACCCGCCGTAA 456 52

CTTGCCTTTCTTCACTTTGT
blaKPC GCTACACCTAGCTCCACCTTC 1050 52

TCAGTGCTCTACAGAAAACC
NDM-1 ATTAGCCGCTGCATTGAT 151 52

CATGTCGAGATAGGAAGTG
oqxA CTCGGCGCGATGATGCT 393 52

CCACTCTTCACGGGAGACGA
oqxB TTCTCCCCCGGCGGGAAGTAC 512 52

CTCGGCCATTTTGGCGCGTA
OXA ACAGAAGCATGGCTCGAAAGT 190 52

TTGCTGTGAATCCTGCACCA
ParC CTGAATGCCAGCGCCAAAT 567 52

GCGCATACGCACTGAAC

qepA GCAGGTCCAGCAGCGGGTAG 218 52

CTTCCTGCCCGAGTATCGTG

qnrA ATTTCTCACGCCAGGATTTG 516 52

GATCGGCAAAGGTTAGGTCA

qnrB GATCGTGAAAGCCAGAAAGG 476 52

ATGAGCAACGATGCCTGGTA
qnrC GGGTTGTACATTTATTGAATC 447 52

TCCACTTTACGAGGTTCT
qnrD CGAGATCAATTTACGGGGAATA 582 52

AACAAGCTGAAGCGCCTG
qnrS ACGACATTCGTCAACTGCAA 417 52

TAAATTGGCACCCTGTAGGC
Su12 GATGGCATTCCCGTCTC 577 52

TTCTTGCGGTTTCTTTCAGC

Table 1. Resistance genes primer sequences, amplicon size and annealing temperature used in PCR assays.
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ved pathological change. Typically, obvious thick white 
cellulose exudate covered in surface of lung, heart, and 
liver tissues, the lungs showed edema, the heart was 
enlarged and bleeding, the liver showed diffuse blee-
ding. Histopathological shown pulmonary edema, dif-
fuse bleeding, and alveolar wall thickening in the lung, 
and myocardial display hyperplasia and fibrin exudation 
in heart slice, further observed display that congestion, 
edema, necrosis and lymphocytes increased in liver 
cells (Figure 3).

Cells with normal morphology
In order to determine whether the presence of viral 

infection, supernatant of heart, lung, and liver organs 
homogenates were cultured with BHK-21, MDCK, and 
Vero cells from Naja naja atra for 5days, respectively. 
Our study showed cell morphology did not occur signi-
ficantly change compared to control (Figure 4).

Phylogenetic analysis
The 16S rDNA gene sequences showed a closer si-

Results

Case description
In October 2014, a Naja naja atra presented to the 

National Research Center for Wildlife Born Diseases 
(NCWBD) at the Institute of Zoology (IOZ), Chinese 
Academy of Sciences (CAS) from a snake farm of Bei-
jing outskirts. The snake displayed depression, inappe-
tence, and labored respiration before died. Snake was 
placed in the disc of the dissection and observe the sur-
face of the snake, used sterile scissors from the anus to 
the head, ensure the kidneys, spleen, liver and other or-
gans without lesions. Under sterile environment, heart, 
liver, kidney, lung and other organs were removed from 
snake. The surface of the internal organs was sterilized 
by flame, and the organs was cut with sterile scissors. 
Samples were got at the lesion site use inoculation ring 
and seeded on the nutrient agar plate by plate scribing 
method (Figure 1).

Identification of M. morganii
Samples were cultured on Mueller hinton-agar me-

dium at 37 °C for 18 h. Bacterial colonies from each 
sample were firstly gram-stained and PCR products 
were detected by 1 % agarose gel electrophoresis, the 
results showed that the amplified products were 1500 
bp in length with good specificity, which consistent with 
the expected fragment (Figure 2). Amplify Products of 
16S rDNA gene of bacterial colonis were purified for 
DNA sequencing. Results suggested that M. morganii 
(M1-7) as the only pathogen microbe widespread in vis-
ceral organs (Table 2). In addition, the isolates also were 
confirmed as M. morganii with used the BD PhoenixTM 

100 (Maryland, USA).

Pathological changes of visceral organs
Naja naja atra were necropsied in order to obser-

Figure 1. The severe fibrous exudate of heart and lung from Naja 
naja atra. The fibrous exudate of heart (A) and lung (B) from 
disease Naja naja atra. 

Figure 2. The 16S rDNA PCR result of seven bacterial colonies 
from Naja naja atra.

Figure 3. Histopathological analysis of heart, lung and liver 
of disease Naja naja atra. Myocardial hyperplasia and fibrin 
exudation in heart slice HE (A). Pulmonary haemorrhage, edema 
and alveolar wall thickening in lung slice HE (B). Congestion, 
edema, necrosis and lymphocytes increased in liver slice HE (C). 
Images at magnifications of 600×are shown.

Name Species Sample source
M1 Naja naja atra liver
M2 Naja naja atra lung
M3 Naja naja atra heart
M4 Naja naja atra liver
M5 Naja naja atra heart
M6 Naja naja atra lung
M7 Naja naja atra Liver

Table 2. The tissues sites of M. morganii colonies from Naja naja 
atra.

Figure 4. Homogenates of heart, lung, and liver of Naja naja 
atra were incubated with BHK21, MDCK and Vero cells. The 
homogenates of heart, lung and liver from disease snake were co-
cultured with BHK21 cells, not found cytopathic compared to the 
negative control (A). The homogenates of heart, lung and liver 
from disease snake were co-cultured with MDCK cells, not found 
cytopathic compared to the negative control (B). The homogenates 
of heart, lung and liver from disease snake were co-cultured with 
Vero cells, not found cytopathic compared to the negative control 
(C).
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milarity to KJ794191 and KF751866 have the highest 
nucleotide identity and topological structural (Figure 5). 
KJ794191 illustrated come from southwest university 
of china through direct submission to NCBI (National 
Center of Biology and Information). KF751866 was 
isolated from seafood processing wastewater and spoi-
laged squid from Thailand. Above results suggested that 
M. morganii strains from Naja naja atra may be related 
to aquatic ecosystems. 

Antimicrobial susceptibility testing of M. morganii 
Our study shown M. morganii isolates ubiquitous re-

sistance to ampicillin (AM), amoxicillin/clavulanic acid 
(AMX/CA), cefazolin (CZ), cephalothin (CF), genta-
micin (GM), sulfamethoxazole/trimethoprim (SXT), 
sulfamethoxazole (SMX), and chloramphenicol (C). In 
addition, M. morganii ubiquitous susceptible to pipera-
cillin (PIP), ampicillin/sulbactam (AM/SU), piperacil-
lin/tazobactam (PIP/TA), cefixime (CFX), aztreonam 
(AZT), amikacin (AN), netilmicin (NET), norfloxacin 
(NOR). M. morganii strains existence different level 
of resistance tobramycin (TM), doxycycline (DO), 
ciprofloxacin (CIP), levofloxacin (LVF), lomefloxacin 
(LMF) and nitrofurantoin (FT). The resistance profiles 
of the seven strains are presented in Table 3.

Detection of resistance genes 
According to antibiotic susceptibility of M. morga-

nii from Naja naja atra. Further investigate display gyr 
B and Sul2 genes presence in all M. morganii isolates. 
AAC(3)-II was found in E2, E3 and E6 M. morganii. 
gyrA and qnrB expression in M3 and M6 M. morga-
nii. OqxB shown a weak PCR band in M3 and M6 iso-

lates, CTX-M-1 shown a weak PCR band in M7 isola-
ted. cmlA, blaKPC, NDM-1, oqxA, OXA, parC, qepA, 
qnrA, qnrC, qnrD, and qnrS resisitance genes not found 

Antimicrobial agents                       Strains
M1 M2 M3 M4 M5 M6 M7

AM R R R I R R R
PIP S S I S S S S
CZ R R R R R R R
CF R R R R R R R
CTX S R I R I R I
CFX S S S S I S S
AZT S S S S S S I
GM S R R R R R I
TM S S S I R R S
AN S S S S S S S
K I I I R I R R
NET S S S S S S S
S S R R R R R R
TE I I I R I I R
DO R I R R I R S
CIP S S I I S R S
LVF S S S S S R S
LMF I I R R R R S
OFL S S S I S I S
NOR S S S S S S S
NAL S I I I I I I
SMX R R R R R R R
C R R R R R R R
FT S S R R R S S
AM/SU S S S S S S S
PIP/TA S S S S S S S
SXT R R R R R R R
AMX/CA R R R R R R R

Table 3. Antibiotic susceptibility of Morganella morganii were isolated from Naja naja atra in Beijing, china.

Figure 5. Phylogenetic tree based on 16SrDNA segment 
of Morganella morganii from Naja atra in Beijing, china. 
Phylogenetic tree based on partial 16S rDNA gene sequences 
of M. morganii. The phylogenetic tree was constructed by the 
neighbor-joining method with 1000 bootstrap replicates. GenBank 
accession numbers for the sequences used in the study are shown 
in parentheses. A black circle indicates sequence generated in this 
study.

S, Susceptible; R,Resistant; I, Intermediate.
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amplify bands (Figure 6). These results suggests dif-
ferent resistance genes profile were found from several 
M. morganii isolates. This is the first description in M. 
morganii carrying AAC(3)-II, gyrB, gyrA, qnrB, and 
Sul2 genes was isolated from Naja naja atra. However, 
gyrB existence in all M. morganii isolates implied gyrA 
may not be necessary for normal survive of M. morga-
nii.

Discussion

Morganella morganii is an important opportunistic 
human pathogen, it rarely causes disease in healthy in-
dividuals but occured mainly in the hospital setting (26-
32). Our study confirmed that drug resistant M. mor-
ganii was responsible for the Naja naja atra disease. 
M. morganii has a low pathogenicity, but compromised 
patients can develop diarrhea, wound infections, urinary 
tract infections, bacteremia, and sepsis (33). We report 
M. morganii were found in heart, lung and liver fol-
lowing inflammation of internal organs from Naja atra 
in north China. Roels S et al. report M morganii was 
isolated from a domestic rabbit with bronchopneumonia 

(34). Plasmid-mediated quinolone resistance has been 
described in many Enterobacteriaceae clinical isolates 
worldwide. Zalas-Wiecek P et al. found M morganii 
strains were susceptible to carbapenems but decrease 
susceptible to piperacillin and chloramphenicol. Study 
shown M. morganii chromosomal existence A class 1 
integron with different gene cassettes (dfrA1, orfC and 
aadB) (35). M. morganii resistance to β-lactam antibio-
tics is usually mediated by the β- lactamases belonging 
to the AmpC β-lactamase family through chromosomal 
encoded (36, 37). Diene SM et al. report five CTX-M-
15-producing Morganella morganii were isolates from 
Hôpital Principal de Dakar, Senegal (38). Our results 
display ampicillin, amoxicillin, and “first-genera-
tion” cephalosporinsare ineffective to M.morganii. In 
contrast, the M. morganii were susceptible to advanced 
cephalosporins (CFX) and penicillins in this study. In 
addition, phages have recently been suggested as an 
alternative antibacterial agent to counteract the emer-
gence of antibiotic-resistant M. morganii for treatment 
of infectious disease or food decontamination (39, 40). 
Study shown M. morganii isolates were resistant to pe-
nicillins, aztreonam, and ciprofloxacin, however, were 
susceptible to amikacin from human (41). Aminoglyco-
side resistance toward M. morganii by various combi-
nations of enzymes, ANT(2)-I confers resistance to gen-
tamicin, tobramycin, and kanamycin is the most com-
monly modifying enzyme (42). Our research display 
that M. morganii difference resistance toward gentami-
cin, tobramycin, and kanamycin, these result demons-
tration M. morganii can provides distinguish resistance 
mechanism. Generally, M. morganii infections are due 
to post-operative wound and urinary tract infection (43). 
No study have described the mechanism of antibiotic 
resistance of M. morganii from Naja naja atra. 

Previous report shows M. morganii can was detec-
ted from some aquatic products such as gill and skin 
of mackerel, sardine, and albacore. Meanwhile, the sur-
face of conveyer belts and plastic totes contacted with 
mackerel and sardine is contaminated during processing 
although no M. morganii was found in the processing 
plant before processing (44). Our study reveals M. mor-
ganii were found in the internal organs of the snake, 
whether venom of snakes exist M. morganii need further 
research. M. morganii were separated from cobra guts, 
because M. morganii widely exists in nature environ-
mentl especially in the hospital environment, that may 
indicate M. morganii from human to snake, however, 
our study shows more like a secondary infection, but M. 
morganii resistance has undergone significant changes.

In conclusion, our result shown M. morganii carried 
different resistance genes induce to distinctly antibio-
tics susceptibility increasing the difficult of treatment. 
Again stressed the importance of antibiotic susceptibi-
lity testing to prevention and control of antibiotic abuse 
to wildlife as well as reveal this case to create the awa-
reness that M. morganii possible have a link between 
humans and wildlife. 
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Figure 6. Resistance genes analysis of the Morganella morganii 
from Naja naja atra. Gel electrophoresis of AAC(3)-II, cmlA, 
CTX-M-1, gyrA, gyrB, blaKPC, NDM-1, oqxA, qepA, and OXA 
amplicon products; M1, M4 and M7 were isolated from liver; M2 
and M6 were isolated from lung; M3 and M5 were isolated from 
heart; N:negative control.



57

Isolation and characterization of Morganella morganii.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 7

H-F. Wang et al.

References 

1. Gebhart-Mueller Y, Mueller P, Nixon B. Unusual case of postope-
rative infection caused by Morganella morganii. J Foot Ankle Surg 
1998; 37(2): 145-7.
2. Okumoto M, Smolin G, Belfort R, Kim HB, Siverio CE. Proteus 
species isolated from human eyes. Am J Ophthalmol 1976; 81(4): 
495-501.
3. Schrottner P, Rudolph WW, Taube F, Gunzer F. First report on the 
isolation of Aureimonas altamirensis from a patient with peritonitis. 
Int J Infect Dis 2014; 2971-3.
4. O'Hara CM, Brenner FW, Miller JM. Classification, identification, 
and clinical significance of Proteus, Providencia, and Morganella. 
Clin Microbiol Rev 2000; 13(4): 534-46.
5. Power P, Galleni M, Ayala JA, Gutkind G. Biochemical and mo-
lecular characterization of three new variants of AmpC beta-lacta-
mases from Morganella morganii. Antimicrob Agents Chemother 
2006; 50(3): 962-7.
6. Lee IK, Liu JW. Clinical characteristics and risk factors for morta-
lity in Morganella morganii bacteremia. J Microbiol Immunol Infect 
2006; 39(4): 328-34.
7. Leclercq R, Canton R, Brown DF, Giske CG, Heisig P, MacGo-
wan AP, et al. EUCAST expert rules in antimicrobial susceptibility 
testing. Clin Microbiol Infect 2013; 19(2): 141-60.
8. Stock I, Wiedemann B. Identification and natural antibiotic sus-
ceptibility of Morganella morganii. Diagn Microbiol Infect Dis 
1998; 30(3): 153-65.
9. Cunningham ET, Jr., Whitcher JP, Kim RY. Morganella morganii 
postoperative endophthalmitis. Br J Ophthalmol 1997; 81(2): 170-1.
10. Gautam V, Gupta V, Joshi RM, Sawhney G, Duhan S. Morganel-
la morganii-associated arthritis in a diabetic patient. J Clin Microbiol 
2003; 41(7): 3451.
11. Samonis G, Anatoliotaki M, Apostolakou H, Souglakos J, Geor-
goulias V. Fatal septicemia and meningitis due to Morganella mor-
ganii in a patient with Hodgkin's disease. Scand J Infect Dis 2001; 
33(7): 553-5.
12. Johnson JR, Feingold M. Case of chorioamnionitis in an immu-
nocompetent woman caused by Morganella morganii. J Matern Fetal 
Med 1998; 7(1): 13-4.
13. Chang HY, Wang SM, Chiu NC, Chung HY, Wang HK. Neonatal 
Morganella morganii sepsis: a case report and review of the litera-
ture. Pediatr Int 2011; 53(1): 121-3.
14. Arranz-Caso JA, Cuadrado-Gomez LM, Romanik-Cabrera J, 
Garcia-Tena J. Pyomyositis caused by Morganella morganii in a 
patient with AIDS. Clin Infect Dis 1996; 22(2): 372-3.
15. Chou YY, Chiu SK, Lai HC, Chang FY. Tubo-ovarian abscess 
with Morganella morganii bacteremia. J Microbiol Immunol Infect 
2009; 42(4): 357-9.
16. Rodriguez-Martinez JM, Cano ME, Velasco C, Martinez-Marti-
nez L, Pascual A. Plasmid-mediated quinolone resistance: an update. 
J Infect Chemother 2011; 17(2): 149-82.
17. Akilandeswari K, Ruckmani K. Synergistic antibacterial effect 
of apigenin with beta-lactam antibiotics and modulation of bacterial 
resistance by a possible membrane effect against methicillin resis-
tant Staphylococcus aureus. Cell Mol Biol (Noisy-le-grand) 2016; 
62(14): 74-82.
18. Cavaco LM, Hasman H, Xia S, Aarestrup FM. qnrD, a novel 
gene conferring transferable quinolone resistance in Salmonella 
enterica serovar Kentucky and Bovismorbificans strains of human 
origin. Antimicrob Agents Chemother 2009; 53(2): 603-8.
19. Johnson AP, Woodford N. Global spread of antibiotic resistance: 
the example of New Delhi metallo-beta-lactamase (NDM)-mediated 
carbapenem resistance. J Med Microbiol 2013; 62(Pt 4): 499-513.
20. Macrae A, Rimmer DL, O'Donnell AG. Novel bacterial diver-

sity recovered from the rhizosphere of oilseed rape (Brassica napus) 
determined by the analysis of 16S ribosomal DNA. Antonie Van 
Leeuwenhoek 2000; 78(1): 13-21.
21. Tamura K, Dudley J, Nei M, Kumar S. MEGA4: Molecular Evo-
lutionary Genetics Analysis (MEGA) software version 4.0. Mol Biol 
Evol 2007; 24(8): 1596-9.
22. Yigit H, Queenan AM, Anderson GJ, Domenech-Sanchez A, 
Biddle JW, Steward CD, et al. Novel carbapenem-hydrolyzing beta-
lactamase, KPC-1, from a carbapenem-resistant strain of Klebsiella 
pneumoniae. Antimicrob Agents Chemother 2001; 45(4): 1151-61.
23. Yu Y, Ji S, Chen Y, Zhou W, Wei Z, Li L, et al. Resistance of 
strains producing extended-spectrum beta-lactamases and genotype 
distribution in China. J Infect 2007; 54(1): 53-7.
24. Kim HB, Wang M, Park CH, Kim EC, Jacoby GA, Hooper DC. 
oqxAB encoding a multidrug efflux pump in human clinical isolates 
of Enterobacteriaceae. Antimicrob Agents Chemother 2009; 53(8): 
3582-4.
25. Liu JH, Deng YT, Zeng ZL, Gao JH, Chen L, Arakawa Y, et 
al. Coprevalence of plasmid-mediated quinolone resistance determi-
nants QepA, Qnr, and AAC(6')-Ib-cr among 16S rRNA methylase 
RmtB-producing Escherichia coli isolates from pigs. Antimicrob 
Agents Chemother 2008; 52(8): 2992-3.
26. Lin TY, Chan MC, Yang YS, Lee Y, Yeh KM, Lin JC, et al. Cli-
nical manifestations and prognostic factors of Morganella morganii 
bacteremia. Eur J Clin Microbiol Infect Dis 2015; 34(2): 231-6.
27. Patil AB, Nadagir SD, Lakshminarayana S, Syeda FM. Morga-
nella morganii, subspecies morganii, biogroup A: An unusual cau-
sative pathogen of brain abscess. J Neurosci Rural Pract 2012; 3(3): 
370-2.
28. Abdalla J, Saad M, Samnani I, Lee P, Moorman J. Central ner-
vous system infection caused by Morganella morganii. Am J Med 
Sci 2006; 331(1): 44-7.
29. Tsanaktsidis G, Agarwal SA, Maloof AJ, Chandra J, Mitchell P. 
Postoperative Morganella morganii endophthalmitis associated with 
subclinical urinary tract infection. J Cataract Refract Surg 2003; 
29(5): 1011-3.
30. Cetin M, Ocak S, Kuvandik G, Aslan B, Temiz M, Aslan A. Mor-
ganella morganii-associated arthritis in a diabetic patient. Adv Ther 
2008; 25(3): 240-4.
31. Koyuncu S, Ozan F. Morganella morganii osteomyelitis compli-
cated by secondary septic knee arthritis: a case report. Acta Orthop 
Traumatol Turc 2012; 46(6): 464-7.
32. Falagas ME, Kavvadia PK, Mantadakis E, Kofteridis DP, Bli-
ziotis IA, Saloustros E, et al. Morganella morganii infections in a 
general tertiary hospital. Infection 2006; 34(6): 315-21.
33. Tucci V, Isenberg HD. Hospital cluster epidemic with Morga-
nella morganii. J Clin Microbiol 1981; 14(5): 563-6.
34. Roels S, Wattiau P, Fretin D, Butaye P, Vanopdenbosch E. Isola-
tion of Morganella morganii from a domestic rabbit with broncho-
pneumonia. Vet Rec 2007; 161(15): 530-1.
35. Mahrouki S, Belhadj O, Chihi H, Mohamed BM, Celenza G, 
Amicosante G, et al. Chromosomal blaCTX-M-(1)(5) associated 
with ISEcp1 in Proteus mirabilis and Morganella morganii isolated 
at the Military Hospital of Tunis, Tunisia. J Med Microbiol 2012; 
61(Pt 9): 1286-9.
36. Tessier F, Arpin C, Allery A, Quentin C. Molecular characteriza-
tion of a TEM-21 beta-lactamase in a clinical isolate of Morganella 
morganii. Antimicrob Agents Chemother 1998; 42(8): 2125-7.
37. Perilli M, Segatore B, de Massis MR, Riccio ML, Bianchi C, 
Zollo A, et al. TEM-72, a new extended-spectrum beta-lactamase 
detected in Proteus mirabilis and Morganella morganii in Italy. Anti-
microb Agents Chemother 2000; 44(9): 2537-9.
38. Diene SM, Fenollar F, Fall B, Sow K, Niang B, Samba Ba P, et 
al. CTX-M-15-producing Morganella morganii from Hopital Princi-



58

Isolation and characterization of Morganella morganii.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 7

H-F. Wang et al.

pal de Dakar, Senegal. New Microbes New Infect 2014; 2(2): 46-9.
39. Yamaki S, Omachi T, Kawai Y, Yamazaki K. Characterization 
of a novel Morganella morganii bacteriophage FSP1 isolated from 
river water. FEMS Microbiol Lett 2014; 359(2): 166-72.
40. Kutateladze M, Adamia R. Bacteriophages as potential new the-
rapeutics to replace or supplement antibiotics. Trends Biotechnol 
2010; 28(12): 591-5.
41. Cai JC, Yang W, Hu YY, Zhang R, Zhou HW, Chen GX. Detec-
tion of KPC-2 and qnrS1 in clinical isolates of Morganella morganii 
from China. Diagn Microbiol Infect Dis 2012; 73(2): 207-9.
42. Miller GH, Sabatelli FJ, Hare RS, Glupczynski Y, Mackey P, 

Shlaes D, et al. The most frequent aminoglycoside resistance me-
chanisms--changes with time and geographic area: a reflection of 
aminoglycoside usage patterns? Aminoglycoside Resistance Study 
Groups. Clin Infect Dis 1997; 24 Suppl 1S46-62.
43. Bissett L. ESBL-producing Enterobacteriaceae: controlling the 
spread of infection. Br J Nurs 2007; 16(11): 644-7.
44. Kim SH, An H, Wei CI, Visessanguan W, Benjakul S, Morrissey 
MT, et al. Molecular Detection of a Histamine Former, Morganella 
morganii , in Albacore, Mackerel, Sardine, and a Processing Plant. 
Journal of Food Science 2003; 68(2): 453–7.


