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Experimental rabbits provide evidence for translational research regarding the pathogenies or treatment
of human diseases. We developed a novel method for regenerating the middle ear mucosa using
autologous cultured nasal mucosal epithelial cell sheets, and evaluated the wound healing process in the
middle ear mucosa of experimental rabbits. Nonetheless, vigilant microbiological monitoring of exper-
imental animals is essential to effectively prevent a decline in their health conditions, which may affect
the research results. We experimented with contamination of Pasteurella multocida in non-specific-
pathogen-free (SPF) rabbits (without microbiological monitoring). Most non-SPF rabbits had otitis
media, whereas SPF rabbits did not, which affected their results during the mucosal regeneration study.
The contamination was resolved by changing the experimental design from using non-SPF rabbits to that
using SPF rabbits. It is crucial to use the SPF animals for any surgical intervention studies.

© 2020, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
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In pre-clinical regenerative medicine and tissue engineering,
mice may not be used for transplant surgery due to their small size.
Rats are often used in preclinical medicine, and rabbits are used
when dealing with smaller organs such as eyes [1], knee joints [2],
or the trachea [3]. We have studied regenerative strategies for the
middle ear mucosa as a subset of the respiratory epithelia, with an
aim to improve the post-operative middle ear mucosa regeneration
on the middle ear bone surfaces using autologous cultured nasal
mucosal epithelial cell sheets applied after surgery. A successful
rabbit preclinical study regarding wound healing of the middle ear
[4] led to the publication of a human clinical study [5]. However,
when conventional rabbits were used as experimental models, the
preclinical study did not work at all.

Abbreviations: SPF, specific-pathogen-free; P. multocida, Pasteurella multocida.
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We pre-screened rabbits for infections, such as sinusitis and
otitis media, through nasal examination and endoscopic examina-
tion of the eardrum, and those with an evidence of infection were
excluded (Fig. 1). However, an acute suppurative otitis media almost
always developed in the middle ear mucosa wound-healing rabbit
model (Fig. 2a and b). Some rabbits exhibited subcutaneous ab-
scesses near the skin incision (Fig. 2¢). Bacterial tests of nasal mucin,
ear discharge, and subcutaneous abscesses detected P. multocida. By
contrast, all SPF rabbits undergoing a routine microbiological
monitoring did not exhibit any ear discharge (Fig. 2d and e). As is
frequently the case, conventional animals screened before operation
were not the same as the SPF animals.

P. multocida is a pathogen commonly infecting diverse animal
hosts worldwide. In rabbits, infections due to P. multocida are
commonly known as “snuffles”, that is, rabbit rhinitis. P. multocida
can also infect humans bitten or licked by various carrier animals
[6—8], and can cause sepsis in immuno-compromised individuals
[9,10]. The prevalence of P. multocida infection in rabbits housed
under laboratory conditions or on breeding farms has been re-
ported to be between 15.8% and 94% [11]. P. multocida can infect
rabbits asymptomatically and develop into an opportunistic infec-
tion when the host's immune system is compromised [12]. The
infection route can be through droplet infection, contact infection,
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Fig. 1. Examination of conventional rabbits prior to middle ear experimental protocols for
mucosal harvest and regeneration. (a) Direct eardrum endoscopic observation in a con-
ventional rabbit. Left panel is external auditory canal; earwax is observed. Right panel is
rabbit eardrum: eardrum cannot be observed due to discharge from otitis media. (b) Body
surface examination. Upper panel: nasal mucus on the nose tip. Lower panel: computed
tomography (CT) image of rabbit nasal sinus showing soft tissue density in the left maxillary.
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or birth canal infection from bacteria-positive rabbits. Infection
with P. multocida causes acute otitis media, pneumonia, conjunctiva
inflammation, septicemia, abscess formation, and rhinitis. Contents
of the nasal discharge and abscesses are usually characterized by a
creamy white pus. Although P. multocida is usually asymptomatic in
rabbit carriers, opportunistic infections with virulent P. multocida
can result from stress in animals or a declining health condition. In
our case, Pasteurella infection seemed to be exacerbated by a direct
surgical invasion or operative stresses after removal of the middle
ear mucosa, as no ear infection was observed in the sham-operated
animals without removal of the mucosa (Fig. 2b and e).

The contamination of P. multocida was resolved by changing
the rabbit vender. If we had not proceeded with the experiment
with suitable modifications in the experimental protocol, this
project would not have provided solutions to the encountered
contamination. We hope that our experience will be of use to the
reader who promotes or supports the application of a regenerative
therapy.
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Fig. 2. Conventional rabbits (a—c) and SPF rabbits with microbiological monitoring (d, e) after middle ear surgery. (a) Endoscopic observation of eardrum: middle ear mucosal
removal producing ear discharge from 1 week post-surgery and observed continually until the rabbit was sacrificed; (b) Micro-CT finding 8 weeks after middle ear mucosa removal
in the left ear, and simultaneously in right ear (control sham), the only fenestration of middle ear bone without mucosal removal. Micro-CT findings demonstrate soft tissue density
lesions (white asterisk) and significant middle ear bone hyperplasia in only the left ear. Black asterisk is bone-hyperplasia area. (c) Subcutaneous abscess near the skin incision
during sacrifice. Creamy white purulence attributed to P. multocida infection was observed. (d) Endoscopic observation of eardrum in SPF rabbits showing no detectable ear
discharge, including the external auditory canal. (e) Micro-CT 8 weeks after surgical middle ear mucosa removal. The middle ear mucosa removal results from the right ear. Left ear
(control sham) simultaneously opens the middle ear bone without mucosa removal. Micro-CT findings demonstrate only middle ear bone hyperplasia, and no soft tissue density

lesion in the middle ear cavity. The white arrow is the bone-hyperplasia area.



298 T. Morino et al. / Regenerative Therapy 14 (2020) 296—298

University Strategic Prioritizing Research Fund. Tokyo Women'’s

Medical University received research funds from CellSeed Inc.

References

[1] Nishida K, Yamato M, Hayashida Y, Watanabe K, Maeda N, Watanabe H, et al.
Functional bioengineered corneal epithelial sheet grafts from corneal stem
cells expanded ex vivo on a temperature-responsive cell culture surface.

Transplantation 2004;77(3):379—85.

[2] Sato M, Yamato M, Hamahashi K, Okano T, Mochida ]. Articular cartilage

regeneration using cell sheet technology. Anat Rec 2014;297(1):36—43.

[3] Okano W, Nomoto Y, Wada I, Kobayashi K, Miyake M, Nakamura T, et al.
Bioengineered trachea with fibroblasts in a rabbit model. Ann Otol Rhinol
Laryngol 2009;118(11):796—804.

[4] Yamamoto K, Hama T, Yamato M, Uchimizu H, Sugiyama H, Takagi R, et al. The
effect of transplantation of nasal mucosal epithelial cell sheets after middle
ear surgery in a rabbit model. Biomaterials 2015;42:87—93.

[5] Yamamoto K, Yamato M, Morino T, Sugiyama H, Takagi R, Yaguchi Y, et al.

Middle ear mucosal regeneration by tissue-engineered cell sheet trans-

plantation. NP] Regen Med 2017;2:6.

[6]

[7]

(8

(9

[10]

[11]

[12]

Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein E], Gorbach SL,
et al. Practice guidelines for the diagnosis and management of skin and soft
tissue infections: 2014 update by the Infectious Diseases Society of America.
Clin Infect Dis 2014;59(2):e10—52.

Talan DA, Citron DM, Abrahamian FM, Moran GJ, Goldstein EJ. Bacteriologic
analysis of infected dog and cat bites. Emergency medicine animal bite
infection study group. N Engl ] Med 1999;340(2):85—-92.

Westling K, Farra A, Cars B, Ekblom AG, Sandstedt K, Settergren B, et al. Cat
bite wound infections: a prospective clinical and microbiological study at
three emergency wards in Stockholm, Sweden. | Infect 2006;53(6):403—7.
Kimura R, Hayashi Y, Takeuchi T, Shimizu M, Iwata M, Tanahashi ], et al.
Pasteurella multocida septicemia caused by close contact with a domestic cat:
case report and literature review. J Infect Chemother 2004;10(4):250—2.
Oehler RL, Velez AP, Mizrachi M, Lamarche ], Gompf S. Bite-related and septic
syndromes caused by cats and dogs. Lancet Infect Dis 2009;9(7):439—47.

El Tayeb AB, Morishita TY, Angrick EJ. Evaluation of Pasteurella multocida
isolated from rabbits by capsular typing, somatic serotyping, and restriction
endonuclease analysis. ] Vet Diagn Invest 2004;16(2):121-5.

Massacci FR, Magistrali CF, Cucco L, Curcio L, Bano L, Mangili P, et al. Char-
acterization of Pasteurella multocida involved in rabbit infections. Vet
Microbiol 2018;213:66—72.


http://refhub.elsevier.com/S2352-3204(20)30020-1/sref1
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref1
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref1
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref1
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref1
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref2
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref2
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref2
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref3
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref3
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref3
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref3
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref4
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref4
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref4
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref4
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref5
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref5
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref5
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref6
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref6
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref6
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref6
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref6
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref7
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref7
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref7
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref7
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref8
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref8
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref8
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref8
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref9
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref9
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref9
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref9
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref10
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref10
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref10
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref11
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref11
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref11
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref11
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref12
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref12
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref12
http://refhub.elsevier.com/S2352-3204(20)30020-1/sref12

	Lessons learned from conventional animals: Encouragement to use specific-pathogen-free animals
	Declaration of Competing Interest
	Acknowledgments
	References


