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Abstract

Background /Objectives: This report documents the first confirmed case in Romania of fatal
pneumonia and septicemia in a domestic rabbit caused by multidrug-resistant Escherichia
coli, highlighting both its pathogenic potential and One Health implications. Case Study:
An 8-month-old male German Giant Spotted rabbit raised on a rural farm under poor hus-
bandry conditions developed acute respiratory distress and died within 48 h. Post-mortem
examination revealed severe pulmonary congestion, tracheal inflammation, serofibrinous
pericarditis, and systemic vascular lesions. Bacteriological analysis confirmed E. coli from
lung, trachea, and bone marrow samples. The isolate demonstrated strong Congo red
binding, was confirmed by MALDI-TOF mass spectrometry, and showed resistance to
beta-lactams, fluoroquinolones, tetracyclines, sulfonamides, macrolides, and phenicols,
remaining susceptible only to aminoglycosides. PCR screening identified virulence genes
(fimH, papC, iutA, ompA) linked to adhesion, immune evasion, and iron acquisition, with
potential for horizontal gene transfer. Conclusions: This first documented case in Roma-
nia emphasizes the clinical threat posed by multidrug-resistant E. coli in rabbits and the
importance of early diagnosis, improved biosecurity, and responsible antimicrobial use.
The zoonotic and environmental risks in backyard farming underscore the urgent need
for integrated surveillance. Alternative control strategies, including phage therapy and
probiotics, should be explored to reduce reliance on conventional antibiotics.

Keywords: Escherichia coli; rabbit; respiratory disease; multidrug resistance; septicemia;
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1. Introduction

The global rise in multidrug-resistant (MDR) bacteria has become a critical public
health issue, as emphasized by the World Health Organization. The growing number of
infections caused by MDR strains, coupled with the decreasing effectiveness of available
treatments, poses a serious threat not only to human health but also to animal populations
affected by infectious diseases. Multidrug resistance is generally defined as resistance to at
least three different classes of antibiotics [1-5].

Rabbit farming is practiced worldwide, both in industrial systems and small-scale
backyard setups. However, this sector faces notable health challenges, particularly from
respiratory diseases that can significantly affect animal welfare and productivity. Among
the bacterial agents involved, Escherichia coli has emerged as an increasingly important
pathogen in rabbits. Although commonly regarded as part of the normal gut microbiota,
certain strains of E. coli have demonstrated pathogenic potential, being capable of causing
systemic and respiratory illness [6-11].

The role of E. coli in rabbit enteric disease has often been overlooked, partly because
these bacteria can proliferate opportunistically in animals suffering from diarrhea of any
origin. Nonetheless, enteropathogenic strains, especially those expressing the eae gene,
have been implicated in disease outbreaks. Several serotypes, such as 0103, O103:H2,
0O15:H, 0109:H2, 0128, and 0132, are considered clinically significant. Notably, healthy
rabbits do not normally harbor these strains in their gastrointestinal tract [10,12-14].

Two clinical forms of colibacillosis are generally observed in rabbits, depending on
age. In very young kits (1-2 weeks old), infection may cause acute, yellowish diarrhea
with high mortality, often affecting entire litters. In weaned rabbits (4-6 weeks old),
the disease presents similarly to enterotoxemia, with fluid-filled intestines and petechial
hemorrhages on the serosal surface. Affected animals may die within 5-14 days or survive
in poor condition. Diagnosis typically involves bacterial isolation on blood agar, followed
by biotyping or serotyping of the strains, and sometimes electron microscopy to detect
mucosal adherence. Severe cases usually do not respond to treatment; thus, culling and
rigorous disinfection are recommended. Preventive strategies, such as feeding high-fiber
diets, appear to reduce disease incidence in weanlings [15-18].

Beyond gastrointestinal illness, E. coli is also recognized as a major cause of respira-tory
infections, septicemia, and systemic disease across various animal species. The bac-terium'’s
virulence is supported by multiple factors, including adhesins, invasins, sidero-phores,
and toxins, all contributing to its capacity to colonize the respiratory tract and evade host
defenses. Despite ongoing research, effective commercial vaccines are not yet available. Asa
result, antimicrobial therapy, commonly with enrofloxacin, trimethoprim-sulfamethoxazole,
or doxycycline, remains the primary approach for disease management. However, the
frequent and sometimes indiscriminate use of antibiotics has contributed to the rise in
resistant strains and heightened public concern about the safety of rabbit-derived food
products [19-22].

Environmental conditions play a critical role in the onset and transmission of respira-
tory infections in rabbit farms. Factors such as poor ventilation, high humidity, accumula-
tion of ammonia, and inappropriate bedding or housing designs can predispose animals
to respiratory distress and facilitate the proliferation of pathogens, including E. coli and
Pasteurella multocida. Moreover, structural elements such as flooring and cage hygiene
significantly influence the microbial burden in the respiratory environment [23-25].

Inadequate management practices, including overcrowding, nutritional deficiencies,
and lack of biosecurity measures, are significant risk factors for disease outbreaks. Stress
induced by improper handling or transportation also suppresses immune function and
increases susceptibility to infections. In addition to E. coli, other respiratory pathogens
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such as Pseudomonas aeruginosa, Staphylococcus aureus, and Bordetella bronchiseptica have
been isolated from rabbits. Furthermore, coinfections involving Pasteurella multocida and
E. coli are commonly reported in severe cases. The presence of other pathogens, such as
Mycoplasma spp., viral agents, and environmental stressors, complicates diagnosis and
treatment efforts. The lack of comprehensive diagnostic protocols and laboratory access
further hinders proper disease management [26-28].

The respiratory tract microbiota in rabbits is increasingly recognized for its role in
immunity and pathogen resistance. However, the specific dynamics between commensal
and pathogenic E. coli strains in the respiratory system remain poorly understood. The
emergence of antimicrobial resistance and the potential for horizontal gene transfer be-
tween commensals and pathogens increase the complexity of treatment and prevention
strategies [29-34].

This study presents the first documented case in Romania of a young domestic rabbit
exhibiting severe clinical signs of respiratory infection, including dyspnea, nasal discharge,
and lethargy, followed by septicemia and death. Post-mortem examination and microbi-
ological analysis confirmed Escherichia coli as the primary pathogen, isolating it from the
lung and bone marrow. The strain exhibited multidrug resistance to several classes of an-
tibiotics, underlining the urgent need for improved monitoring and antibiotic stewardship
in rabbit farming.

2. Case Study

This case study describes an 8-month-old male German Giant Spotted rabbit (Orycto-
lagus cuniculus) that was submitted post-mortem to the Faculty of Veterinary Medicine in
Timisoara, Romania. The necropsy was conducted within the Infectious Diseases Depart-
ment following the sudden and unexplained death of the animal on a rural farm located
in western Romania. According to the owner, the rabbit had been reared in suboptimal
husbandry conditions characterized by overcrowding, poor ventilation, and limited sani-
tary control. No prior clinical examination or veterinary intervention had been performed.
In the 48 h preceding death, the animal displayed signs of lethargy, complete anorexia,
progressive respiratory distress, and mucopurulent nasal secretions. The deterioration was
rapid and culminated in unexpected death during the night before presentation.

Gross pathological examination revealed marked alterations in multiple organ sys-
tems. The examined lung exhibited severe macroscopic lesions characterized by extensive
consolidation, marked congestion, and focal areas of dark discoloration suggestive of
hemorrhagic or infarcted regions. The surface appeared glossy and edematous, while the
increased firmness of the parenchyma indicated an acute inflammatory process. Addi-
tionally, nodular formations and necrotic foci were observed, which was consistent with
a potential progression toward suppuration or septic complications (Figure 1). These
changes are compatible with a severe pneumonic process with possible systemic involve-
ment. The tracheal mucosa was hyperemic and lined with thick, mucoid exudate that
likely contributed to airway obstruction. In addition, moderate serofibrinous pericarditis
was noted, along with generalized vascular congestion in the liver and spleen, suggesting
systemic involvement. The bone marrow of the femur exhibited gelatinous transformation
and congestion, findings compatible with hematogenous dissemination of infection. No
digestive tract lesions, foreign bodies, or parasitic infestations were identified.
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Figure 1. Lung presenting severe, diffuse congestion with multifocal dark red to black hemorrhages
and moist, glistening surface indicative of edema, which consistent with acute fibrinous-purulent
pneumonia likely linked to septicemia.

Samples collected aseptically from the lungs, trachea, and femoral bone marrow were
cultured on Columbia agar with 5% sheep blood and MacConkey agar. Colonies were
further subcultured on eosin methylene blue (EMB) and chromogenic media specific for
Escherichia coli. After 24 h of aerobic incubation at 37 °C, pure growth of E. coli was observed
in all samples, with visible colonies displaying a typical green metallic sheen on EMB agar
and MacConkey agar (Figures 2 and 3). In addition to conventional selective media,
a chromogenic agar specific for Escherichia coli (CHROMagar Orientation, bioMérieux,
France) was employed to facilitate rapid and accurate identification. This medium contains
chromogenic substrates that target enzymatic activities characteristic of E. coli, primarily
-glucuronidase. Hydrolysis of these substrates released colored compounds, resulting
in the formation of colonies with a distinctive mauve to purple coloration after 18-24 h of
incubation at 37 °C. The differential color reaction allowed for reliable distinction of E. coli
from other Enterobacterales, which produce colonies of different hues (e.g., blue, green, or
colorless). In this case, the isolate developed the typical mauve coloration on chromogenic
agar, corroborating the findings obtained on MacConkey.
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Figure 3. Escherichia coli colonies on MacConkey agar showing typical pink coloration due to
lactose fermentation.

Congo red agar was used to assess virulence potential, and the isolate demon-
strated Congo red dye binding, a phenotypic trait associated with increased pathogenicity
(Figure 4). The identity of the strain was confirmed using MALDI-TOF mass spectrometry,
yielding a high-confidence identification score of 2.18.

The isolation of E. coli from both pulmonary and bone marrow tissues confirmed
the presence of septicemia. The bacterium was also recovered from the trachea, although
this site was not considered sterile and its culture was not used as a definitive criterion
for septicemia diagnosis. No other bacterial or fungal agents were identified, reinforcing
the conclusion that E. coli was the sole etiological agent responsible for the fatal outcome.
In order to assess the strain’s antimicrobial resistance profile, susceptibility testing was
performed using the VITEK 2 automated system (bioMérieux, France) in strict adherence
to the manufacturer’s protocols. Internal validation of the system was ensured using
the control strain ATCC 25922, from Microbiologics Inc. (Saint Cloud, MN, USA), which
demonstrated results within the accepted quality control ranges.
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Figure 4. Escherichia coli colonies grown on Congo red agar demonstrating Congo red dye binding.

The antibiogram revealed a multidrug-resistant phenotype. The isolate was resistant
to beta-lactam antibiotics, including ampicillin (>32 pg/mL), amoxicillin-clavulanic acid
(>16/8 ug/mL), and cefotaxime (>64 ug/mL), as well as to fluoroquinolones such as mar-
bofloxacin and enrofloxacin (>8 pg/mL for both). High-level resistance was also observed
for sulfonamides (trimethoprim-sulfamethoxazole >320 ug/mL), phenicols (florfenicol
>32 pg/mL), tetracyclines (doxycycline >16 pug/mL), and macrolides (tylosin >16 pug/mL).
The only retained efficacy was observed in the aminoglycoside class, where the isolate
remained susceptible to gentamicin (<1 pug/mL) and amikacin (<4 pg/mL), indicating
limited therapeutic options in a clinical context (Figure 5).
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Figure 5. Antimicrobial susceptibility profile of the Escherichia coli strain as determined by the VITEK
2 system. The bar chart displays each antibiotic tested, with corresponding minimum inhibitory
concentrations (MICs, pg/mL) labeled on the bars. Color coding indicates interpretation: red
for resistant (R) and green for susceptible (S). The isolate exhibited resistance to a wide range
of antimicrobial classes, including 3-lactams (ampicillin, amoxicillin-clavulanic acid, cefotaxime),
fluoroquinolones (enrofloxacin, marbofloxacin), sulfonamides (trimethoprim-sulfamethoxazole),
phenicols (florfenicol), tetracyclines (doxycycline), and macrolides (tylosin). Susceptibility was
observed only to aminoglycosides (gentamicin and amikacin).

In addition to the phenotypic confirmation of pathogenicity, the genetic background
of the Escherichia coli isolate was investigated to identify virulence determinants potentially
contributing to its clinical impact. PCR-based screening revealed the presence of key
virulence-associated genes, including fimH (type 1 fimbriae), papC (P fimbriae assembly),
iutA (aerobactin receptor), and ompA (outer membrane protein), which are known to
enhance bacterial adhesion, immune evasion, and tissue invasion. Molecular analysis of
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resistance determinants was conducted by PCR screening for major antimicrobial resistance
genes. The isolate carried blaCTX-M and blaTEM genes, explaining its resistance to (3-
lactam antibiotics. Additionally, tetA and sull genes were identified, corresponding to the
observed resistance to tetracyclines and sulfonamides. No plasmid-mediated quinolone
resistance genes (qnrA, gnrB, qnrS) were detected. These findings indicate that the multidrug
resistance phenotype of the strain is genetically supported by the presence of transferable
resistance determinants.

The post-mortem findings, combined with the isolation of a multidrug-resistant E. coli
strain from multiple sterile sites, confirmed the diagnosis of septicemia. No treatment was
initiated in this case; however, the antimicrobial resistance profile strongly suggests that con-
ventional empirical therapies would likely have failed. This case highlights the emerging
threat of antimicrobial resistance in lagomorph pathogens and underscores the importance
of early diagnostic efforts, responsible antimicrobial stewardship, and improved husbandry
practices in rabbit farming. Furthermore, the systemic dissemination of E. coli and the
degree of antimicrobial resistance observed may serve as a warning regarding the zoonotic
and environmental implications of such strains circulating in backyard production settings.

Given the case-report nature of this study and the absence of a comparative or longi-
tudinal dataset, no statistical analysis was performed. All microbiological findings were
interpreted based on standardized diagnostic criteria. No metagenomic analysis was per-
formed to rule out the presence of additional microorganisms. However, bacteriological
culture consistently yielded pure growth of Escherichia coli from all tested samples, and no
other bacterial or fungal pathogens were isolated. Furthermore, serotyping of the E. coli
strain could not be conducted due to the lack of available reference O- and H-antisera.
These aspects represent limitations of the present case study, as they restrict a more detailed
epidemiological and molecular characterization of the isolate.

3. Discussion

This case illustrates the fatal outcome of an acute, systemic Escherichia coli infection
in a rabbit raised under poor husbandry conditions. The presence of severe pulmonary
lesions, tracheal inflammation, pericarditis, and bone marrow involvement confirms the
systemic nature of the infection, while the isolation of E. coli from multiple sterile sites
supports its etiological role. The lack of prior clinical intervention and rapid progression of
clinical signs emphasize the importance of early detection and appropriate veterinary care
in preventing severe complications.

Notably, the isolate exhibited a multidrug-resistant profile, showing resistance to mul-
tiple antibiotic classes commonly used in veterinary practice. This resistance pattern limits
therapeutic options and raises concerns regarding empirical treatment efficacy, especially in
rural or backyard settings where diagnostics are rarely performed. The findings reinforce
the need for responsible antimicrobial use and improved biosecurity measures to minimize
the spread of resistant strains and their potential zoonotic impact.

Suboptimal environmental conditions, such as poor hygiene, overcrowding, and
inadequate ventilation, appear to play a key role in the onset and progression of the disease.
Stress-related gastrointestinal hypomotility may favor the overgrowth of pathogenic strains
and contribute to systemic infections [35,36].

The identification of enteropathogenic Escherichia coli (EPEC) O145:H2 in rabbits
exhibiting acute diarrhea highlights the role of this pathotype as a significant cause of
enteric disease in laboratory rabbit colonies. A strong association between EPEC-positive
cultures and clinical signs supports its pathogenic role. The isolates harbored the eae
gene and demonstrated a localized adherence-like pattern on HEp-2 cells similar to that
observed in human infant EPEC infections, indicating shared virulence mechanisms across
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species. Therapeutic intervention with enrofloxacin proved effective, and its prophylactic
administration prior to shipment significantly reduced morbidity and mortality. These
findings underscore the zoonotic potential of EPEC strains in animals and reinforce the
importance of molecular screening for virulence determinants in E. coli isolates from
diarrheic cases [12,16].

In a study from 2016 conducted in Tai’an, 55 Escherichia coli strains were isolated from
diarrheic rabbits on three farms and analyzed for antimicrobial resistance and genetic diver-
sity. While all isolates were sensitive to ceftazidime, ceftriaxone, imipenem, and amikacin,
high levels of resistance were observed to tetracycline (78.2%) and ampicillin (65.5%). Class
Iintegrons were detected in 30.9% of isolates, and MLST analysis identified 13 sequence
types, with ST302 and ST370 being the most prevalent. These results indicate a significant
prevalence of antimicrobial resistance in E. coli from farmed rabbits, underscoring the need
for responsible antibiotic use in rabbit production systems [37].

In the absence of effective vaccines, antibiotic therapy remains the main control strat-
egy, although its efficacy is increasingly challenged by antimicrobial resistance. Alternative
approaches such as bacteriophage therapy and probiotics offer potential benefits in reduc-
ing infection severity [38—41].

Prevention should focus on rigorous biosecurity measures, proper ventilation, bal-
anced nutrition, and breeder education. Routine monitoring of resistance patterns is
essential to guide rational antimicrobial use and reduce the spread of resistant strains in
rabbit populations [42,43].

The detection of an Escherichia coli strain carrying multiple virulence determinants
raises serious concerns regarding both clinical management and epidemiological control.
The simultaneous presence of genes such as fimH, papC, and iutA, which are associated with
adhesion, colonization, and iron acquisition, suggests a strain highly adapted to persist
within the host and capable of causing severe systemic infections. The localization of
these genes on mobile genetic elements increases the likelihood of horizontal transfer to
other bacteria within the animal microbiota or to human-associated strains. From a One
Health perspective, this genetic configuration underscores the necessity for integrated
monitoring programs that not only assess antimicrobial susceptibility profiles but also
investigate the molecular mechanisms underlying virulence. Such an approach would
allow early detection of emerging high-risk clones and inform both veterinary and public
health interventions. The virulence-associated genes identified in the Escherichia coli isolate
from this case, fimH, papC, iutA, and ompA, have been previously reported in extraintestinal
pathogenic E. coli (ExPEC) recovered from various animal species, including lagomorphs,
companion animals, and poultry, as well as from human clinical cases. These genes are
consistently associated with critical pathogenic traits such as adhesion to host epithelial
surfaces (fimH, papC), iron acquisition under host-imposed nutritional limitation (iutA),
and immune evasion (ompA) [44]. Their recurrent detection across diverse host species
and geographical regions suggests that they represent a conserved virulence repertoire
contributing to the capacity of E. coli strains to establish systemic infections. The presence
of these determinants in isolates from rabbits has also been documented in previous studies,
reinforcing the hypothesis that similar pathogenic mechanisms may operate across host
taxa and highlighting the zoonotic potential of such strains within a One Health framework.
Extraintestinal E. coli strains with multiple antibiotic resistances represent a major cause
of infections in both humans and birds, posing significant public health and economic
concerns [45,46].
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4. Conclusions

The present case confirms the critical threat posed by multidrug-resistant Escherichia
coli strains in domestic rabbits, particularly those raised in unsanitary and stressful environ-
ments. The systemic infection, confirmed by isolation of E. coli from both pulmonary and
bone marrow tissues, resulted in a rapid and fatal outcome. The observed antimicrobial
resistance profile indicates a significant limitation of available therapeutic options, raising
concerns about empirical treatment failure. This underscores the need for improved di-
agnostics, biosecurity, and antimicrobial stewardship. Moreover, the potential zoonotic
implications of such resistant strains in backyard settings necessitate integration of veteri-
nary and public health surveillance under the One Health framework. Enhanced education
for rabbit breeders, regular health monitoring, and exploration of alternative therapies
such as phage treatment and probiotics are recommended for long-term disease control
and public safety.

Author Contributions: Conceptualization, LI. and V.I.; methodology C.K., I.P, and L.S., valida-
tion, V.H., B.S., and I.C.D.; formal analysis, D.P., C.K., and ].D.; investigation, V.I., ].D., and L.L;
resources, V.H.; data curation, G.O. and P.N.; writing—original draft preparation, V.I., LI, ].D., and
LP,; writing—review and editing, LI, and B.S.; visualization, LI, B.F, and A.G.; supervision, VH., LI,
and G.O.; funding acquisition, V.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The publication of the present paper was supported by the University of Life
Sciences “King Mihai I” from Timisoara, Romania.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Javed, M.U.; Hayat, M.T.; Mukhtar, H.; Imre, K. CRISPR-Cas9 System: A Prospective Pathway toward Combatting Antibiotic
Resistance. Antibiotics 2023, 12, 1075. [CrossRef]

Bharadwaj, A.; Rastogi, A.; Pandey, S.; Gupta, S.; Sohal, ]J. Multidrug-Resistant Bacteria: Their Mechanism of Action and
Prophylaxis. Biomed. Res. Int. 2022, 2022, 5419874. [CrossRef] [PubMed]

Nikaido, H. Multidrug resistance in bacteria. Annu. Rev. Biochem. 2009, 78, 119-146. [CrossRef] [PubMed]

Magiorakos, A.; Srinivasan, A.; Carey, R.; Carmeli, Y.; Falagas, M.; Giske, C.; Harbarth, S.; Hindler, J.; Kahlmeter, G.; Olsson-
Liljequist, B.; et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268-281. [CrossRef] [PubMed]
Macesic, N.; Uhlemann, A.; Peleg, A. Multidrug-resistant Gram-negative bacterial infections. Lancet 2025, 405, 257-272. [CrossRef]
Silva, A.; Silva, V.; Tavares, T.; Lopez, M.; Rojo-Bezares, B.; Pereira, J.; Falco, V.; Valentao, P; Igrejas, G.; Sdenz, Y.; et al. Rabbits as a
Reservoir of Multidrug-Resistant Escherichia coli: Clonal Lineages and Public Health Impact. Antibiotics 2024, 13, 376. [CrossRef]
Sun, C.,; Wang, Z.; Li, Y.; Huang, ]. Antibiotic resistance spectrums of Escherichia coli and Enterococcus spp. strains against
commonly used antimicrobials from commercial meat-rabbit farms in Chengdu City, Southwest China. Front. Vet. Sci. 2024, 11,
1369655. [CrossRef]

Chai, M.; Sukiman, M.; Jasmy, N.; Zulkifly, N.; Yusof, N.; Mohamad, N.; Ariffin, S.; Ghazali, M. Molecular Detection and
Antibiogram of ESBL-Producing and Carbapenem-Resistant Escherichia coli from Rabbit, Swine, and Poultry in Malaysia. Trop.
Anim. Sci. |. 2022, 45, 16-24. [CrossRef]

Silva, N.; Igrejas, G.; Figueiredo, N.; Gongalves, A.; Radhouani, H.; Rodrigues, J.; Poeta, P. Molecular characterization of
antimicrobial resistance in enterococci and Escherichia coli isolates from European wild rabbit (Oryctolagus cuniculus). Sci. Total
Environ. 2010, 408, 4871-4876. [CrossRef]


https://doi.org/10.3390/antibiotics12061075
https://doi.org/10.1155/2022/5419874
https://www.ncbi.nlm.nih.gov/pubmed/36105930
https://doi.org/10.1146/annurev.biochem.78.082907.145923
https://www.ncbi.nlm.nih.gov/pubmed/19231985
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://www.ncbi.nlm.nih.gov/pubmed/21793988
https://doi.org/10.1016/S0140-6736(24)02081-6
https://doi.org/10.3390/antibiotics13040376
https://doi.org/10.3389/fvets.2024.1369655
https://doi.org/10.5398/tasj.2022.45.1.16
https://doi.org/10.1016/j.scitotenv.2010.06.046

Antibiotics 2025, 14, 929 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jones, R.; Seo, H.; Zhang, W.; Sack, D. A multi-epitope fusion antigen candidate vaccine for Enterotoxigenic Escherichia coli is
protective against strain B7A colonization in a rabbit model. PLoS Negl. Trop. Dis. 2022, 16, e0010177. [CrossRef]

Tischenko, A. Histopathological Changes in Experimental Escherichia Infection Caused by Escherichia coli Exotoxins. Bull. KSAU
2024, 4, 128-135. [CrossRef]

Swennes, A.; Buckley, E.; Parry, N.; Madden, C.; Garcia, A.; Morgan, P.; Astrofsky, K.; Fox, J. Enzootic Enteropathogenic Escherichia
coli Infection in Laboratory Rabbits. J. Clin. Microbiol. 2012, 50, 2353-2358. [CrossRef]

Garcia, A.; Fox, ]. The Rabbit as a New Reservoir Host of Enterohemorrhagic Escherichia coli. Emerg. Infect. Dis. 2003, 9, 1592-1597.
[CrossRef]

Kang, G.; Pulimood, A.; Mathan, M.; Mathan, V. Enteroaggregative Escherichia coli Infection in a Rabbit Model. Pathology 2001, 33,
341-346. [CrossRef]

Eladl, A.; Farag, V.; El-Shafei, R.; Elkenany, R.; Elsayed, M.; Mona, M.; Ali, H.; Saif, M. Effect of colibacillosis on the immune
response to a rabbit viral haemorrhagic disease vaccine. Vet. Microbiol. 2019, 238, 108429. [CrossRef]

Saravia, M.; Segovia, C.; Valderrama, K.; Santander, J. Colibacillosis in a New Zealand white rabbit (Oryctolagus cuniculus).
J. Infect. Dev. Ctries. 2017, 11, 203-206. [CrossRef] [PubMed]

Skrypka, M.; Tul, O.; Kyrychko, B. Pathomorphological Changes in Organs of Rabbits with Experimental Colibacillosis. Bull.
Univ. Agric. Sci. Vet. Med. Cluj-Napoca Hortic. 2020, 77, 35. [CrossRef]

Camer, G.; Roh, Y.; Cho, A.; Kim, J.; Umanets, A.; Kim, B.; Lim, S.; Lee, H.; Lim, C. A case of nonserotypable Escherichia coli
infection in a Korean rabbit farm. Korean J. Vet. Serv. 2012, 35, 69-71. [CrossRef]

Hu, J.; Afayibo, D.; Zhang, B.; Zhu, H.; Yao, L.; Guo, W.; Wang, X.; Wang, Z.; Wang, D.; Peng, H.; et al. Characteristics, pathogenic
mechanism, zoonotic potential, drug resistance, and prevention of avian pathogenic Escherichia coli (APEC). Front. Microbiol. 2022,
13,1049391. [CrossRef]

ITorgoni, V.; Iancu, I; Popa, I; Gligor, A.; Orghici, G.; Sicoe, B.; Dreghiciu, C.; Purec, D.; Nistor, P.; Florea, B.; et al. First Report of
Respiratory Infection Caused by Multidrug-Resistant Escherichia coli in an Ostrich in Romania. Antibiotics 2025, 14, 354. [CrossRef]
[PubMed]

Yun, ].; Mao, L.; Li, ].; Hao, F; Yang, L.; Zhang, W.; Sun, M.; Liu, M.; Wang, S.; Li, W. Molecular characterization and antimicrobial
resistance profile of pathogenic Escherichia coli from goats with respiratory disease in eastern China. Microb. Pathog. 2022, 166,
105501. [CrossRef]

Jonker, A.; Gouws, J.; Kapp, E.; Henning, A. Isolation of a multidrug-resistant Escherichia coli pathotype Stx2:Cnf1:Cnf2:Eae as a
potential cause of hemorrhagic diarrhea and secondary septicemia in a dog. J. Vet. Diagn. Investig. 2022, 34, 339-342. [CrossRef]
Chongrattanameteekul, P.; Rattanaworapanit, N.; Wongsawan, K.; Chuammitri, P.; Anuntakulnatee, T.; Veerathong, S.; Mektrirat,
R. Antimicrobial resistance and etiological dynamics affected by tropical climate variability on year-round diagnosis of upper
respiratory infections in companion rabbits with snuffles. Sci. Rep. 2025, 15, 97690. [CrossRef] [PubMed]

Rosell, J.; De La Fuente, L.; Badiola, J.; De Rozas, A.; De Luco, D.; Arnal, M.; Casal, J.; Ferndndez, X.; De Carvalho, A. Respiratory
disorders of farmed rabbits: Occurrence and risk factors. World Rabbit Sci. 2023, 31, 147-161. [CrossRef]

Divaret-Chauveau, A.; Foucaud, L.; Demoulin, B.; Teston, C.; Loison, P.; Cann, L.; Schweitzer, C.; De Carvalho Bittencourt, M.;
Mauny, F.; Demoulin-Alexikova, S. Early exposure to farm dust in an allergic airway inflammation rabbit model: Does it affect
bronchial and cough hyperresponsiveness? PLoS ONE 2023, 18, e0279498. [CrossRef]

Oyewo, M.; Al-Mustapha, A.; Richards, B.; Olasoju, T.; Babale, S.; Khalid, H.; Meseko, C.; Balogun, M. Preliminary Outbreak
Investigation and Spatial Epidemiology of Rabbit Hemorrhagic Disease Outbreak in Nigeria. Front. Vet. Sci. 2022, 8, 771599.
[CrossRef]

Huneau-Salatin, A.; Boucher, S.; Fontaine, J.; Normand, B.; Lopez, S.; Maurice, T.; Nouvel, L.; Bruchec, A.; Coton, ]J.; Martin, G.;
et al. Retrospective studies on rabbit haemorrhagic disease outbreaks caused by RHDV GI.2 virus on farms in France from 2013
to 2018. World Rabbit Sci. 2021, 29, 87-98. [CrossRef]

Shapiro, H.; Ruder, M.; Nimlos, N.; Pienaar, E. Understanding rabbit owners” willingness to engage in disease prevention
behaviors. Prev. Vet. Med. 2023, 219, 106018. [CrossRef] [PubMed]

Li, X.; Chen, M,; Chen, T.; Xie, L.; Luo, Q.; Fan, X;; Yin, Y.; Meng, S.; Jin, Z.; He, Y,; et al. The Intricate Interplay among Microbiota,
Mucosal Immunity, and Viral Infection in the Respiratory Tract. J. Transl. Med. 2025, 23, 488. [CrossRef] [PubMed]

Xin, C.; Hill, E,; Elsohaby, I. Retrospective Analysis of Antimicrobial Resistance in Bacterial Pathogens from Pet Rabbits in Hong
Kong, 2019-2022. |. Vet. Diagn. Investig. 2024, 36, 711-718. [CrossRef]

Iorgoni, V.; Iancu, I; Popa, L; Gligor, A.; Orghici, G.; Sicoe, B.; Badea, C.; Dreghiciu, C.; Pop, C.; Bochis, T.; et al. First Case of
Respiratory Infection in Rabbits Caused by Alcaligenes faecalis in Romania. Vet. Sci. 2025, 12, 33. [CrossRef]

Man, W.; De Steenhuijsen Piters, W.; Bogaert, D. The Microbiota of the Respiratory Tract: Gatekeeper to Respiratory Health. Nat.
Rev. Microbiol. 2017, 15, 259-270. [CrossRef]

Koenen, M.; De Steenhuijsen Piters, W.; Bogaert, D.; Verhagen, L. The Microbiota in Respiratory Tract Infections: From Association
to Intervention. Curr. Opin. Infect. Dis. 2022, 35, 215-222. [CrossRef]


https://doi.org/10.1371/journal.pntd.0010177
https://doi.org/10.36718/1819-4036-2024-4-128-135
https://doi.org/10.1128/JCM.00832-12
https://doi.org/10.3201/eid0912.030223
https://doi.org/10.1080/00313020126303
https://doi.org/10.1016/j.vetmic.2019.108429
https://doi.org/10.3855/jidc.8807
https://www.ncbi.nlm.nih.gov/pubmed/28248685
https://doi.org/10.15835/buasvmcn-vm:2020.0005
https://doi.org/10.7853/kjvs.2012.35.1.069
https://doi.org/10.3389/fmicb.2022.1049391
https://doi.org/10.3390/antibiotics14040354
https://www.ncbi.nlm.nih.gov/pubmed/40298517
https://doi.org/10.1016/j.micpath.2022.105501
https://doi.org/10.1177/10406387211073816
https://doi.org/10.1038/s41598-025-97690-0
https://www.ncbi.nlm.nih.gov/pubmed/40263529
https://doi.org/10.4995/wrs.2023.18280
https://doi.org/10.1371/journal.pone.0279498
https://doi.org/10.3389/fvets.2021.771599
https://doi.org/10.4995/wrs.2021.12800
https://doi.org/10.1016/j.prevetmed.2023.106018
https://www.ncbi.nlm.nih.gov/pubmed/37690295
https://doi.org/10.1186/s12967-025-06433-2
https://www.ncbi.nlm.nih.gov/pubmed/40301955
https://doi.org/10.1177/10406387241233546
https://doi.org/10.3390/vetsci12010033
https://doi.org/10.1038/nrmicro.2017.14
https://doi.org/10.1097/QCO.0000000000000826

Antibiotics 2025, 14, 929 11 of 11

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Drigot, Z.; Clark, S. Insights into the Role of the Respiratory Tract Microbiome in Defense against Bacterial Pneumonia. Curr.
Opin. Microbiol. 2024, 77, 102428. [CrossRef]

Eid, H.; Gawad, N.; Zaghlol, E. Bacteriological Studies on Escherichia coli Infection in Rabbits. SCVM] 2017, 22, 133-144. [CrossRef]
Solans, L.; Arnal, J.; Sanz, C.; Benito, A.; Chacén, G.; Alzuguren, O.; Ferndndez, A. Rabbit Enteropathies on Commercial Farms in
the Iberian Peninsula: Etiological Agents Identified in 2018-2019. Animals 2019, 9, 1142. [CrossRef] [PubMed]

Zhao, X,; Yang, ].; Ju, Z.; Chang, W.; Sun, S. Molecular Characterization of Antimicrobial Resistance in Escherichia coli from Rabbit
Farms in Tai’an, China. Biomed. Res. Int. 2018, 2018, 8607647. [CrossRef] [PubMed]

Zhao, J.; Liu, Y,; Xiao, C.; He, S.; Yao, H.; Bao, G. Efficacy of Phage Therapy in Controlling Rabbit Colibacillosis and Changes in
Cecal Microbiota. Front. Microbiol. 2017, 8, 957. [CrossRef]

Simonovd, M.; Laukova, A.; Chrastinov4, L.; Strompfové, V.; Faix, §.; Vasilkov4, Z.; Ondruska, L.; Jurcik, R.; Rafay, ]. Enterococcus
faecium CCM7420, Bacteriocin PPB CCM7420 and Their Effect in the Digestive Tract of Rabbits. Czech J. Anim. Sci. 2018, 54,
376-386. [CrossRef]

Aboelhadid, S.; Hashem, S.; Abdel-Kafy, E.; Mahrous, L.; Farghly, E.; Abdel-Baki, A.; Al-Quraishy, S.; Kamel, A. Prebiotic
Supplementation Effect on Escherichia coli and Salmonella Species Associated with Experimentally Induced Intestinal Coccidiosis
in Rabbits. Peer] 2021, 9, €10714. [CrossRef]

Ertas Onmaz, N.; Demirezen Yilmaz, D.; Imre, K.; Morar, A.; Gungor, C.; Yilmaz, S.; Gundog, D.A.; Dishan, A.; Herman, V,;
Gungor, G. Green Synthesis of Gold Nanoflowers Using Rosmarinus officinalis and Helichrysum italicum Extracts: Comparative
Studies of Their Antimicrobial and Antibiofilm Activities. Antibiotics 2022, 11, 1466. [CrossRef] [PubMed]

Kupcezynski, R.; Szumny, A.; Bednarski, M.; Piasecki, T.; Spitalniak-Bajerska, K.; Roman, A. Application of Pontentilla anserine,
Polygonum aviculare and Rumex crispus Mixture Extracts in a Rabbit Model with Experimentally Induced E. coli Infection. Animals
2019, 9, 774. [CrossRef]

Ismail, A.; Abdien, H.; Hamed, D.; Feil, W. Prevalence of Some Enteric Bacterial Infections Causing Rabbit Enteritis and Attempts
to Control Rabbit Coli Enteritis with Phytobiotics. Zagazig Vet. ]. 2017, 45, 91-101. [CrossRef]

Massella, E.; Giacometti, F.; Bonilauri, P; Reid, C.J.; Djordjevic, S.P.; Merialdi, G.; Bacci, C.; Fiorentini, L.; Massi, P.; Bardasi, L.; et al.
Antimicrobial Resistance Profile and ExPEC Virulence Potential in Commensal Escherichia coli of Multiple Sources. Antibiotics
2021, 10, 351. [CrossRef]

Iancu, I.; Al Kaddah, Y.; Catana, N.; Degi, J.; Pascu, C.; Herman, V. Evaluation of Antimicrobial Resistance in Strains of Escherichia
coli Isolated from Broiler Carcasses. Rev. Rom. Med. Vet. 2018, 28, 35-38.

Stanga, L.C.; Vaduva, D.M.B.; Grigoras, M.L.; Nussbaum, L.A.; Gurgus, D.; Strat, L.; Zamfir, A.S.; Poroch, V.; Folescu, R.
Nosocomial Infections Distribution and Impact in Medical Units. Rev. Chim. 2019, 70, 2265-2268. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.mib.2024.102428
https://doi.org/10.21608/scvmj.2017.62163
https://doi.org/10.3390/ani9121142
https://www.ncbi.nlm.nih.gov/pubmed/31847230
https://doi.org/10.1155/2018/8607647
https://www.ncbi.nlm.nih.gov/pubmed/29682565
https://doi.org/10.3389/fmicb.2017.00957
https://doi.org/10.17221/1659-CJAS
https://doi.org/10.7717/peerj.10714
https://doi.org/10.3390/antibiotics11111466
https://www.ncbi.nlm.nih.gov/pubmed/36358121
https://doi.org/10.3390/ani9100774
https://doi.org/10.21608/zvjz.2017.29244
https://doi.org/10.3390/antibiotics10040351
https://doi.org/10.37358/RC.19.6.7319

	Introduction 
	Case Study 
	Discussion 
	Conclusions 
	References

