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Emergence of Morganella morganii subsp.
morganii in dairy calves, China
Gen Li1, Xudong Niu2, Shiyu Yuan1, Lu Liang1, Yongxia Liu2, Liping Hu3, Jianzhu Liu 2 and Ziqiang Cheng1

Morganella morganii (M. morganii), a gram-negative
bacterium, is found in the intestinal tracts of humans and
in the environment. In 1906, M. morganii was first iso-
lated from a pediatric fecal culture and identified as an
unimportant pathogen1. Since the 1970s, M. morganii has
been considered an important cause of nosocomial
infection, and some infections lead to a high mortality
rate2. The types of diseases associated with M. morganii
infection vary and include cellulitis, abscessation, sepsis,
diarrhea, and bacteremia3–6.
To date, M. morganii infection has been reported in

various animals including reptiles, elephant seals, broiler
chickens, piglets, jaguars, guinea pigs, rabbits, and dol-
phins7. Notably, M. morganii can exist in an animal’s oral
cavity and cause human infection if an animal bites or
scratches a human6,8; thus, M. morganii has evolved as a
zoonotic pathogenic bacteria. However, there is no evi-
dence that M. morganii causes disease in cattle.
In the present study, we identified M. morganii-infected

cattle for the first time.M. morganii infection resulted in a
high mortality rate (57%) and severe pathological lesions.
Moreover, our survey showed that M. morganii originated
from the milk of imported cattle.
The diseased cattle were from a farm located in Tai’an,

Shandong, China. The cattle farm owned 200 cattle and
100 calves, all of which were Holstein cows. In November
2017, the newborn calves showed signs of depression,
poor appetite, and paralysis and excreted egg white-like
feces with white flocculant material (Fig. 1a). Five days
after the onset of sickness, eight of fourteen (57%) calves

died, and the surviving calves showed emaciation and
growth retardation. Antibiotics, such as gentamycin, sul-
fadiazine, penicillin, and florfenicol, were used to treat the
sick cows. However, none of them were effective for
treatment. Correspondingly, we conducted drug sensitiv-
ity tests of 37 drugs with the Kirby–Bauer disc diffusion
method according to the National Committee for Clinical
Laboratory Standards (NCCLS) regulations. The results
showed that M. morganii was resistant to sulfadiazine,
penicillin, and florfenicol and had intermediate sensitivity
to gentamicin (Supplementary Table 1). These results
indicated that the isolated M. morganii was resistant to
multiple antibiotics in cattle. The autopsy results showed
a large number of light yellow fibrinous suppurative clots
in the abdominal cavity (Fig. 1b), gastric contents out-
flowing from an ulcer in the gastric fundus (Fig. 1c), white
fibrinous protein on the surface of the spleen (Fig. 1d), a
large amount of yellow pericardial effusion and white
septic exudate in the epicardium (Fig. 1e), liver absces-
sation with white fibrinous purulent exudate on the sur-
face (Fig. 1f), and white purulent material in the bladder
(Fig. 1g). The lungs had connective tissue hyperplasia in
the anterior lobe, edema in the posterior lobe, and a large
amount of white foamy edema fluid in the trachea
(Fig. 1h). The kidneys had several yellow suppurative
nodules in the renal papillae (Fig. 1i).
To identify which bacteria induced the infection, we

sampled specimens of the infected heart, liver, spleen,
lung, and kidney with an inoculation ring to inoculate
tryptic soy agar (TSA), potato dextrose agar (PDA), and
blood agar in an aseptic environment. Colonies grew in
these three media and were gray, smooth, and round. Five
colonies were selected to inoculate vegetative broth at 37 °
C for 12 h with agitation, and then the bacterial DNA was
extracted using the Mericon DNA Bacteria Plus Kit
(Qiagen, Hilden, Germany). The bacterial 16S rDNA
universal primers were used for PCR9. After cloning,
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recombinant plasmids containing the 16S rDNA inserts
were sequenced by a commercial company (Huada,
China). The results of the BLAST (blastn) algorithm at the
National Center for Biotechnology Information (NCBI)
website showed that all the five strains were M. morganii;
we named them SDTA-1 to -5 (GenBank accession
number: MH299415 to 19). By comparing the nucleotide
sequence homology and analyzing the phylogenetic trees
of these five strains, we found that the nucleotide
sequence homology of the five strains ranged from 99.4%
to 99.9% (Supplementary Figure 1), and they were present
in the same branch (Supplementary Figure 2), indicating
that the five strains had high homology. The genus
Morganella, currently consists of a single species (M.
morganii) with two subspecies, namely, M. morganii and
M. sibonii, which can be distinguished from one another
on the basis of trehalose fermentation. In addition,
separation within biogroups A, B, C, D, E, F, and G is
based on reactions with lysine and ornithine decarbox-
ylases, the production of indole, and growth in the pre-
sence of KCN. After biochemical testing and identification
of trehalose-negative status, the five strains were deter-
mined to belong to M. morganii subsp. morganii. Addi-
tionally, we observed that the five strains were lysine

decarboxylase-negative and ornithine decarboxylase-
positive and belonged to biogroup A10.
To explore the sources and routes of M. morganii

infection in the calves, we sampled the cattle farm again.
Samples of the drinking water, feed, soil, feces, urine, milk,
and milking equipment were collected from the cattle
farm for further bacterial isolation. Predictably, M. mor-
ganii was isolated from the milk and feces of two exotic
cows. The two infected cows were introduced from a large
dairy farm in Hebei Province in September 2016 and
produced calves in October 2017. In the farm, milk from
all the cows was collected and mixed by the breeder to
feed the newborn calves. Undoubtedly, the milk from
these two exotic cows was the cause of the disease. The
bacterial content in the milk of these two exotic cows was
5 × 106 CFU/mL, and in the mixed milk fed to the calves,
the bacterial content was 7 × 105 CFU/mL. We suggested
that the two exotic infected cows be segregated and that
the cows’milk be boiled for 10min before feeding it to the
calves. After treatment, the conditions on the farm were
controlled, and no additional calves died. In addition,
considering that M. morganii is a pathogenic bacterium
with zoonotic potential, pasteurization of raw milk will
decrease the risk to the consumer.

Fig. 1 Clinical signs and pathologic lesions in a dairy calf with M. morganii subsp.morganii infection in China. a The newborn calves showed
depression, poor appetite, and paralysis. b A large number of light yellow fibrinous suppurative clots in the abdominal cavity (white arrows). c Gastric
contents outflowing from an ulcer in the gastric fundus (white arrows). d Yellow effusion in the abdominal cavity (white arrows) and white fibrous
protein on the surface of the spleen (black arrows). e A large amount of yellow pericardial effusion (white arrows) and white septic exudate in the
epicardium (black arrows). f Liver abscessation (white arrows) with white fibrinous purulent exudate (black arrows) on the surface of the liver. g White
purulent material in the bladder (black arrows). h The connective tissue hyperplasia in the anterior lung lobe (white arrows), edema in the posterior
lung lobe (black arrows), and a large amount of white foamy fluid in the trachea (yellow arrows). i Yellow suppurative nodules in the renal papillae
(black arrows)
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To determine the pathogenicity of the isolated M.
morganii strain, 40 Kunming mice were randomly divided
into two groups. The infection group was administered 106

CFU/mL (0.4 mL/per mouse) ofM. morganii by gavage for
3 consecutive days, and the control group was adminis-
tered normal saline solution by gavage for 3 consecutive
days. Three days postinfection, the infected mice showed
significant clinical symptoms, including depression and
decreased feed intake (Supplementary Figure 3A). By
5 days postinfection, 14 of 20 (70%) mice had died. At
necropsy, a large number of scattered white necrotic
nodules were present in the liver, sporadic white necrotic
foci were present on the surface of the kidneys, and
hemorrhage was present in the renal pelvis (Supplemen-
tary Figure 3B–E). In addition, portions of the liver and
kidney specimens were collected for repeated isolation of
the M. morganii strain. M. morganii was isolated again,
and no other bacteria were isolated, which conforms to
Koch’s postulates. All animals used in this study were
handled in strict accordance with the guidelines of the
Shandong Agricultural University Animal Care and Use
Committee. The approval number is SDAUA-2017-36.
Recently, with the increase in resistance of M. morganii,

drug-resistant strains have gradually appeared, and infec-
tions caused by these drug-resistant strains often fail to
resolve with clinical treatment11. In addition, our drug
sensitivity test results also showed that M. morganii was
resistant to multiple antibiotics. The isolated strain was
sensitive to only five drugs, and we recommended using
streptomycin, imipenem, aztreonam, and cefoperazone for
treatment. The production of virulence factors, such as
apoptosis toxin, urease, lipopolysaccharide, and hemolysin,
make M. morganii a potential opportunistic pathogen that
can cause wounds and urinary tract infections12. Com-
parative genomic analyses have shown that the pathogeni-
city patterns of M. morganii infection vary according to its
virulence evolution13. Hosts are usually more susceptible to
infection if they are immunocompromised, such as elderly,
newborn, and immunodeficient patients14,15. In this case,
the two introduced adult cows did not show any clinical
symptoms or subclinical mastitis although they were car-
riers of M. morganii. However, due to the mixed feed milk,
M. morganii was passed to the newborn calves and caused
clinical symptoms and death. M. morganii can be isolated
from the oral cavity of animals and causes infections in
humans through bites or scratches6,8, indicating that M.
morganii causes zoonotic infectious diseases. Therefore,
milk contaminated with M. morganii should be considered
a potential risk for transmission of infection to humans,
specifically to immunocompromised hosts. Cows infected
with M. morganii are a potentially dangerous source of this
bacterium, which is highly concerning.

Acknowledgements
The study was supported by the National high-tech project
(No.2015BAD11B03-5), a grant of the Shandong “Double Tops” Program (2017).
The authors are grateful to all the veterinary practitioners and farm owners for
help with the sample collection.

Author details
1College of Veterinary Medicine, Shandong Agricultural University, Tai’an
271018, PR China. 2Research Center for Animal Disease Control Engineering
Shandong Province, Shandong Agricultural University, Tai’an 271018, PR China.
3Animal Disease Prevention and Control Center of Shandong Provinces, Ji’nan,
China

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher's note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Supplementary Information accompanies this paper at (https://doi.org/
10.1038/s41426-018-0173-3).

Received: 8 July 2018 Revised: 12 September 2018 Accepted: 26 September
2018

References
1. Morgan, H. D. R. Report xcv. Upon the bacteriology of the summer diarrhoea

of infants. Br. Med. J. 1, 908–912 (1906).
2. Lee, I. K. & Liu, J. W. Clinical characteristics and risk factors for mortality in

Morganella morganii bacteremia. J. Microbiol. Immunol. Infect. 39, 328–334
(2006).

3. Hoon, K. J. et al. Morganella Morganii Sepsis with massive hemolysis. J. Korean
Med. Sci. 22, 1082–1084 (2007).

4. Falagas, M. E. et al.Morganella morganii infections in a general tertiary hospital.
Infection 34, 315–321 (2006).

5. Nicolle, L. E. Urinary tract pathogens in complicated infection and in elderly
individuals. J. Infect. Dis. 183(Suppl 1), S5–S8 (2001).

6. Liu, H., Zhu, J., Hu, Q. & Rao, X. Morganella morganii, a non-negligent
opportunistic pathogen. Int. J. Infect. Dis. 50, 10–17 (2016).

7. Elfadl, A. K. et al. Fatal fibrino-hemorrhagic bronchopneumonia associated
with Morganella morganii in a bottlenose dolphin: a case report. Dis. Aquat.
Organ. 127, 41–47 (2017).

8. Chen, C. M., Wu, K. G., Chen, C. J. & Wang, C. M. Bacterial infection in asso-
ciation with snakebite: a10-year experience in a northern Taiwan medical
center. J. Microbiol. Immunol. Infect. 44, 456–460 (2011).

9. Weisburg, W. G., Barns, S. M., Pelletier, D. A. & Lane, D. J. 16S ribosomal DNA
amplification for phylogenetic study. J. Bacteriol. 173, 697–703 (1991).

10. Jensen, K. T. et al. Recognition of Morganella subspecies, with proposal of
Morganella morganii subsp. morganii subsp. nov. and Morganella morganii
subsp. sibonii subsp. nov. Int. J. Syst. Bacteriol. 42, 613–620 (1992).

11. Seija, V. et al. Sepsis caused by New Delhi metallo-β-lactamase (blaNDM-1)
and qnrD-producing Morganella morganii, treated successfully with fosfomy-
cin and meropenem: case report and literature review. Int. J. Infect. Dis. 30,
20–26 (2015).

12. Sakaguchi, S. et al. White urine due to urinary tract infection. Kidney Int. 86, 655
(2014).

13. Chen, Y. T. et al. Whole-genome sequencing and identification of Morganella
morganii KT pathogenicity-related genes. BMC Genom. 13, 1–14 (2012).

14. Murphy, K. et al. Neonatal sulfhemoglobinemia and hemolytic anemia asso-
ciated with intestinal Morganella morganii. Pediatrics 136, e1641 (2015).

15. Lin, T. Y. et al. Clinical manifestations and prognostic factors of Morganella
morganii bacteremia. Eur. J. Clin. Microbiol. Infect. Dis. 34, 231–236 (2015).

Li et al. Emerging Microbes & Infections           (2018) 7:172 Page 3 of 3

https://doi.org/10.1038/s41426-018-0173-3
https://doi.org/10.1038/s41426-018-0173-3

	Emergence of Morganella morganii subsp. morganii in dairy calves, China
	ACKNOWLEDGMENTS




