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Introduction: Riemerella anatipestifer (R. anatipestifer) is a significant bacterial pathogen responsible for serositis, perihepatitis, and encephalitis in waterfowl. Although infections have been extensively reported in ducks, geese, and turkeys, cases in chickens are rarely documented. However, recent evidence indicates that it has emerged as a growing threat to chickens in China in recent years.

Methods: In this study, we collected 120 clinical samples from 30 chicken farms across Shandong and Henan provinces (2023 to 2024) and conducted a comprehensive etiological investigation involving bacterial isolation, antibiotic susceptibility test and genomics analysis. The pathogenic of two R. anatipestifer strains (JN01 and BZ), belonging to serotypes 1 and 10, was evaluated.

Results: Our findings revealed R. anatipestifer as the primary causative agent of the outbreak, with 28 strains successfully isolated. Serotypes 1 and 10 were identified as the predominant epidemic types, while serotypes 7 and 6 appeared sporadically. All isolates exhibited varying degrees of resistance to 15 commonly used antibiotics. Pathogenicity assessment via chicken embryo lethality assay demonstrated that JN01 strain displayed lower virulence than the BZ strain. Experimental infection of specific-pathogen-free (SPF) chickens with a challenge dose of 1 × 108 CFU per chicken successfully reproduced clinical symptoms, with high bacterial loads detected in joint cavities and brains at 10 days post-inoculation. The complete genome of the isolated JN01 was 2,284,590 bp, as determined by third-generation sequencing. Phylogenetic analysis of the whole-genome sequence showed that JN01 is most closely related to strains isolated from ducks within the same clade. Notably, strains from different hosts, including chicken, duck, goose, and tadorna, did not form distinct independent branches but were intermixed throughout the evolutionary tree.

Discussion: Our findings demonstrated R. anatipestifer exhibits remarkable host adaptability to chickens. Both the age-dependent susceptibility and clinical manifestations in boilers are essentially consistent with those observed in ducks. The serotypes prevalent in chicken flocks share both similarities and differences with those in duck flocks. Notably, its lethality to chickens is significantly lower than that to ducks. These findings enhance our understanding of the epidemiology and pathogenicity of R. anatipestifer from chicken, providing a scientific foundation for targeted disease prevention and control measures.
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Introduction

The Gram-negative R. anatipestifer belongs to the Flavobacteriaceae family and causes acute septicemia and exudative diseases in ducklings mainly aged 1–8 weeks, leading to high morbidity and mortality (Yehia et al., 2023; Liu et al., 2024). This pathogen is globally distributed, causing severe economic losses in the duck farming industry. To date, 25 serotypes of R. anatipestifer have been identified, with notable variations in virulence (Cheng et al., 2003). Weak cross-protective immunity among different serotypes poses challenges for vaccine immunity (Kang et al., 2018).

Historically, R. anatipestifer infections were predominantly associated with waterfowl (Surya et al., 2016). However, since late 2022, outbreaks in broiler and layer flocks have emerged across China, causing substantial economic losses (Zhang et al., 2025). In layers, R. anatipestifer infection leads to reduced egg production, decreased hatching rates, and the occurrence of “jelly-like” dead embryos (Chen et al., 2024). However, the losses caused by R. anatipestifer infection in broilers should not be underestimated either, as it has shown rapid geographical spread and a sharp increase in isolation rates. R. anatipestifer mainly affects 25-to 35-day-old broilers, causing clinical signs such as listlessness, sneezing and torticollis, often progressing to neurological symptoms like leg paralysis and tarsal joint swelling. Notably, abnormal deaths in most affected flocks persist until the slaughter period, with a cumulative mortality rate ranging from 2% to 10%. A key pathological feature is fibrinous exudate covering the liver, heart, and air sacs.

At present, antibiotic treatment remains the primary control measure for R. anatipestifer infections. However, studies indicate this bacterium has natural resistance to multiple antibiotics (Quan et al., 2023; Dong et al., 2024). Moreover, existing vaccines offer limited protection for chicken due to differences between serotypes and circulating strains, as well as host-specific differences.

Given these challenges, this study focuses on the infection of R. anatipestifer in chickens, with a focus on prevalence situation, biological characteristics and genomic features of circulating strains. These findings aim to provide insights for developing targeted prevention and control strategies against this emerging poultry pathogen.



Materials and methods


Sample collection and suspected pathogen detection

In this study, 120 cases of chicken tissue samples (including liver, brain) and joint fluid were collected from 30 chicken farms (including 15 broiler farms and 15 layer farms) where chickens exhibiting serositis, neurological symptoms or blocked fallopian tubes in Shandong and Henan provinces in China between 2023 and 2024. All fresh tissues were inoculated onto MacConkey agar and tryptone soya agar (TSA) supplemented with 5% calf serum, followed by incubation at 37 °C under 5% CO2 for 24–48 h.

In response to respiratory symptoms observed in clinical chicken flocks, we conducted pathogen screening targeting key etiological agents such as avian influenza virus, Newcastle disease virus and Infectious bronchitis virus. Concurrently, considering the manifestations of hepatitis and joint swelling, tests for adenovirus and reovirus infections were also carried out. Additionally, Egg Drop Syndrome virus and Avian encephalomyelitis virus were detected for the presence of clinically reduced egg production in layers and neurological symptoms, respectively. To rule out viral co-infections, PCR/RT-PCR assays were performed for potential pathogens, using published primers (Channa et al., 2021; Dimitrov et al., 2019; Ma et al., 2019; Yuan et al., 2021; Roussan et al., 2012; Cha et al., 2013; Goto et al., 2019). All primers were synthesized by BGI Genomics Institute. Viral RNA/DNA were extracted from tissue supernatants using a commercial kit (Tiangen, China), and PCR/RT-PCR (TakaRa, China) were performed according to standard protocols.



Isolation, identification and serotyping

Purified bacterial colonies were subjected to Gram staining (Solarbio, China) and the morphologies were observed under a light microscope. Serotyping was performed using slide agglutination with polyclonal antisera (Zhang et al., 2024). Genomic DNA was extracted using a bacterial DNA kit (Tiangen, China), and species identification was confirmed by PCR of 16S rDNA (primers: F-5′AGAGTTTGATCMTGGCTCAG3′, R-5′AAGGAGGTGATCCAGCC3′, predicted size: 1,465 bp) and R. anatipestifer-specific PCR (primers: F- 5′TTA GATAGTTGGTGAGGTAA3′, R- 5′ATCGGTGTTCTGAGTA AT3′, predicted size: 475 bp) (Chen et al., 2010).



Antibiotic sensitivity test

Antibiotic susceptibility testing was performed using the Kirby–Bauer disk diffusion method according to the Clinical and Laboratory Standards Institute (CLSI M100) guidelines (Clinical and Laboratory Standards Institute, 2023). The cultures of isolates were adjusted to 0.5 McFarland turbidity and spread onto Mueller–Hinton agar. Then the disks (Hangzhou Microbial Reagent Co., Ltd., Hangzhou, China) were placed on the agar surface, with E. coli ATCC25922 as a quality control. A panel of 15 antibiotics disk represent different classes were tested, including β-lactams (amoxicillin, cephalexin, cefoperazone sodium), Aminoglycosides (Gentamicin, Streptomycin, Amikacin, Neomycin, Spectinomycin), Fluoroquinolones (Enrofloxacin), and others (Florfenicol, Tetracycline, Polymyxin B, Fosfomycin, Lincomycin). Inhibition zone diameters were measured in millimeters after 24 h incubation at 37 °C, and inhibition results were interpreted according to CLSI criteria (Clinical and Laboratory Standards Institute, 2023).



Pathogenicity in SPF chicken embryo and chicken

Chicken embryos were used to determine the virulence of R. anatipestifer, as previously described (Seo et al., 2013). One hundred 10-day-old SPF chicken embryos were divided into 10 groups (n = 10) and inoculated via the allantoic cavity with JN01 (serotype 1) or BZ strains (serotype 10) at concentrations of 1 × 108, 1 × 106, 1 × 104, 1 × 102 CFU, or PBS, respectively. Embryo survival was monitored every 12 h for 5 days.

Meanwhile, thirty 30-day-old SPF chickens (reference the age of onset) were randomly divided into 3 groups (n = 10). Two groups received injections of 300 μL JN01 or BZ strain, respectively, at the same concentration (1 × 108 CFU) via the intramuscular route, while the control group received an equal volume of PBS. Each group was separately isolated and raised. Clinical symptoms, morbidity, and mortality were recorded for 10 days (based on the preliminary experiment). Cloacal swabs were collected at 0, 2, 4, 6, 8, and 10 dpi for qPCR quantification of bacterial DNA. At 10 dpi, tissues (brain, liver, heart) and joint fluid were collected for pathological sections and bacterial load analysis via qPCR. A SYBR Green-based qPCR assay was performed with specific primers designed targeting the conservative sequence of 16S rDNA gene. RA-F:5′-GCT GGA ATG AGT AGT GTA G-3′, and RA-R: 5′-GCT TAG TCT CTG AAC CAT ATA G-3′, targeting 190 bp. The thermal profile of qPCR included an initial denaturation step at 95 °C for 30 s, followed by 40 cycles of denaturation at 95 °C for 5 s, annealing and extension at 60 °C for 30 s, during which fluorescence data were acquired. Meanwhile, the R. anatipestifer of duck-origin identified and preserved in our laboratory was used as the positive control, and ddH2O was used as the negative control.



Ethics statements

The animal-use protocols were approved by the Animal Experiment Ethics Committee of Shandong Academy of Agricultural Sciences.



Genomic and phylogenetic analysis

The genomic DNA of strain JN01 was extracted using a Roche kit (Roche, Switzerland) and quality-assessed via DeNovix DS-11 (Liu et al., 2019). Libraries were constructed using PacBio and Oxford Nanopore technologies, and the third-generation sequencing was performed on Illumina NovaSeq and Nanopore platforms. Genomic assembly and correction were carried out using Pilon v1.24 and Hifiasm v0.19.5. Functional annotation was performed via NCBI PGAAP, KEGG, GO, CARD, and CAZy databases. Phylogenetic analysis of the whole-genome was conducted using IQ-TREE2 (TVM+F+ASC+R4 model) with 1,000 bootstrap replicates, incorporating the isolated strain JN01 and the representative reference strains from different hosts, different eras and different countries.




Results


Isolation, identification and serotyping

A total of 28 R. anatipestifer strains were successfully identified by isolation culture and PCR from 120 cases with neurological symptoms and serositis. The highest detection rate was obtained from livers covering a fibrinous exudate, followed by joint fluid with tarsal joint swelling in broilers. According to the statistics of pathogen isolation results, the isolation success rate of R. anatipestifer in broilers (33.3%) is higher than that in layers (13.3%), and among broilers, white-feathered broilers account for a relatively higher proportion.

On TSA agar, R. anatipestifer formed round, smooth grayish-white colonies with a diameter of about 1–2 mm (Figure 1A), single or a few arranged without spores (Figure 1B). PCR assays using 16S rDNA and species-specific primers yielded amplicons of expected sizes (1,465 bp and 475 bp, respectively) (Figure 1C). Among 28 strains, 16 strains (57.1%) were serotype 1, 6 strains (21.4%) as serotype 10, 3 strains as serotype 7 and 1 strain as serotype 6; two strains remained untyped. In which, 3 cases co-infected with E. coli, and 2 cases with H9 AIV were found. Serotype 1 and serotype 10 were dominantly associated with broiler and layer flocks, respectively.


[image: Panel A shows bacterial colonies on an agar plate. Panel B displays a microscopic view of numerous small, red-stained bacterial cells. Panel C consists of two gel electrophoresis images, with DNA bands in lanes 1 through 9, ranging in size from 2000 base pairs to 500 base pairs, marked with “M” for markers.]
FIGURE 1
Isolation and identification of Riemerella anatipestifer JN01 strain. (A) Growth of the JN01 strain on TSA agar containing 5% FBS at 37 °C for 48 h with 5% CO2. (B) Gram staining of the JN01 strain (1000× magnification). (C) Agarose gel electrophoresis. Lane M: DNA marker (2000); Lane1-9 represents the positive sample; “-” is the negative sample.




Antibiotic sensitivity test

All isolates exhibited different degrees of drug resistance for 15 common antibiotics in veterinary clinical practice, with sensitivity to cefoperazone sodium, florfenicol, doxycycline, and spectinomycin; while streptomycin, amikacin, polymyxin B, and phosphomycin were found to be resistant in most of the isolated strains (Figure 2).


[image: Bar chart depicting the number of bacterial strains showing resistance, intermediary sensitivity, and sensitivity to various antibiotics. Amoxicillin and Cefalexin show higher sensitivity, while Tetracycline and Doxycycline present more resistance.]
FIGURE 2
Sensitivity, moderate sensitivity, and resistance ratios of Riemerella anatipestifer isolates to 15 antibiotics.




Pathogenicity detection

When SPF chicken embryos were inoculated with 102 to 108 CFU into the allantoic cavity, JN01 and BZ strains both exhibited dose-dependent lethality. At 1 × 108 CFU, BZ caused 70% mortality within 5 days, significantly higher than JN01 (60%). Lower doses prolonged the survival times of inoculated chickens, with no mortality in the PBS group (Figure 3).


[image: Two survival curves labeled JN01 and BZ show percent survival over six days for different CFU levels: \(10^8\), \(10^6\), \(10^4\), \(10^2\), and a PBS control. Both graphs depict a decrease in survival as CFU levels rise, with PBS maintaining 100% survival throughout.]
FIGURE 3
The survival rate of chicken embryos infected by JN01 strain (left) and BZ strain (right).


The pathogenicity of the two isolates was further evaluated in SPF chickens. Lethargy and anorexia were observed in inoculated SPF chickens at 1 dpi. Subsequently, the infected chicken exhibited ataxia and increased secretion of ocular and nasal fluids. Death was found two days later in BZ group. JN01-inoculated chickens showed leg swelling (40%), while BZ-inoculated chickens exhibited earlier neurological symptoms (tremors, ataxia) and higher morbidity (70% leg swelling, 10% mortality). The most notable pathological change was the presence of fibrinous serositis in both groups of inoculated chickens, with extensive exudate in the heart and liver (Figure 4).


[image: A composite image with four panels labeled A, B, C, and D. Panel A shows a white chicken lying on a wire mesh. Panel B displays a close-up of the chicken’s removed breast skin exposing underlying muscle. Panel C highlights a different section of the muscle. Panel D shows the chicken’s foot with blue arrows pointing to specific parts, possibly indicating lesions or abnormalities.]
FIGURE 4
Clinical manifestations of SPF chickens challenged with the Riemerella anatipestifer isolates. (A) A paralyzed chicken lying on its side; (B,C) Fibrinous exudate on the surface of the chicken’s heart and liver; (D) Swelling of the tarsal joint in the challenged chicken (right) compared to the control group (left).


Significant thickening of the pericardium and widening of interstitial spaces were observed in heart. Inflammatory cell infiltration was seen in the liver tissue (Figure 5). qPCR detected bacterial DNA in cloacal swabs as early as 2 dpi, peaking at 6 dpi, with no significant difference between different strains (Figure 6A). Tissue analysis showed the highest bacterial loads in joint fluid and brain at as the 10 dpi (Figure 6B).


[image: Histological images showing liver tissue under different magnifications, 20x and 200x, labeled as “control” and “JN01.” The control group appears dense and uniform. The JN01 group shows tissue changes with arrows indicating specific features: blue for structural alterations, yellow for cell clustering, and green for cellular changes.]
FIGURE 5
Histopathologic analysis of organ tissue from chickens. (A) Heart: significant thickening of the pericardium, and increased interstitial space were observed, with a large amount of inflammatory cells exuding from the epicardium; (B) Liver: inflammatory cells infiltrated the liver tissue; as indicated by the green arrow, hemorrhage in the liver tissue.



[image: Two graphs show CT values. Graph A is a line chart comparing three treatments: JN01, BZ, and PBS over 10 days. JN01 and BZ increase similarly, while PBS remains low. Graph B is a bar chart comparing CT values for different tissues (liver, brain, heart, synovial fluid) under JN01 and BZ treatments, with PBS showing higher values.]
FIGURE 6
(A) Quantitation detection of the DNA of Riemerella anatipestifer in cloacal swabs collected from SPF chickens after artificial challenge by qPCR method. (B) Quantitative detection of the DNA of Riemerella anatipestifer in different tissues using the qPCR method after artificial challenge.




Genomic and phylogenetic analysis

The complete genome of JN01 (serotype 1) comprised 2,284,590 bp with a 34.98% G+C content (GenBank accession no. SAMN47625175), encoding 2,202 predicted genes (including 9 rRNAs and 40 tRNAs) (Figure 7). Three genomic islands were identified, potentially linked to virulence or antibiotic resistance. Phylogenetic analysis (Figure 8) showed JN01 clustered closely with duck-derived strains (e.g., 034094955, 031462085) from China, with no clear host-specific clustering of chicken, duck or goose. The highest diversity of R. anatipestifer strains globally was found in China. Meanwhile, this pathogen has also been isolated in other countries such as Asia and the Americas.


[image: Circular genome map with concentric rings displaying genomic features. Outer rings show multicolored bars representing different genomic regions. Inner rings include line graphs and shaded areas, possibly indicating gene expression or sequence variability. Labeled in megabase units from zero to 2.2 megabases.]
FIGURE 7
The complete genome of JN01. The outermost circle indicates size of the JN01 genome.



[image: Circular phylogenetic tree displaying genetic relationships of Riemerella anatipestifer strains. The outer rings denote bootstrap values, host species (duck, tadorna, goose, chicken), year, and countries (Canada, China, Germany, Russia, United Kingdom, USA). Color-coded bars represent data metadata.]
FIGURE 8
The whole-genome evolutionary tree representing strains from different hosts, eras and countries.





Discussion

This study highlights the emergence of R. anatipestifer as a significant pathogen in Chinese chicken flocks in 2023–2024. While historically associated with waterfowl, our findings show its successful host adaptation to chickens. Studies have reported R. anatipestifer infections in chickens (Omaleki et al., 2021; Nowaczek et al., 2023), including infection in hens which led to reduced egg productivity, low hatching rates and jelly-like lifeless embryos in 2024 in China (Chen et al., 2024). However, the leg swelling and neurological syndrome occurring frequently in broiler chickens caused by this pathogen have been rarely reported. In this study, both layers and broilers are susceptible to R. anatipestifer infection, with the highest isolation rate observed in white-feathered broilers, which is consistent with the findings reported by Zhang et al. (2025). Statistical analysis of bacterial isolation results revealed that R. anatipestifer infections predominantly occurred in around 30-day-old broilers, exhibiting the same age-specific susceptibility characteristic as duck (2–4 week old), which suggests conserved pathogenic mechanisms across avian hosts.

The molecular basis for serotyping of R. anatipestifer is primarily determined by capsular polysaccharide (CPS) on the surface of the bacterium, as lipopolysaccharide (LPS) only serves as a common antigen (Liu et al., 2023). Notably, the prevalent serotypes exhibit distinct regional characteristics across different geographical areas. In this study, the 28 isolates of chicken-derived R. anatipestifer show similar serotypes with slight differences with duck-derived strains (Zhai et al., 2013), where serotypes 1, 2, and 10 predominate. Therefore, the development of multivalent vaccines targeting serotypes 1 and 10 may be effective in controlling local outbreaks of R. anatipestifer.

The chicken embryo lethality assay could be used as a first-line screening method to determine the virulence of R. anatipestifer strains (Seo et al., 2013). Pathogenicity assays revealed serotype 10 (BZ) as more virulent in chicken embryos. Both serotypes (serotype 1 and serotype 10) induced clinical symptoms in SPF chickens, with preferential tropism for joints and the central nervous system, respectively. Pathology analysis in SPF chickens demonstrated that R. anatipestifer infection induced nearly identical clinical signs in chickens and ducks, dominated by neurological signs and dysfunction. Postmortem examination showed characteristic fibrinous deposits across multiple organ systems. The pathogen caused significantly milder respiratory symptoms and lower mortality in chickens compared to ducks, with reported mortality rates in ducks reaching up to 50%, or even 90% (Swayne, 2020). Quantitative detection of R. anatipestifer in different tissues demonstrated that the pathogen can penetrate tissue barriers and the blood-brain barrier (BBB) easily, which infiltrates the host’s circulatory and central nervous systems, ultimately causing septicemia and severe neurological dysfunction. Rubbenstroth et al. (2009) found that horizontal transmission was the main mode of R. anatipestifer transmission, usually occurring through respiratory tract or skin wounds, particularly skin injuries on the feet. The detection of bacterial DNA in cloacal swabs by 2 dpi highlights early shedding and environmental transmission risks, necessitating strict biosecurity measures.

The whole genome analysis of JN01 can clarify the pathogenic mechanism by dissecting the virulence gene islands, providing targets for the development of targeted drugs and vaccines. The global strain diversity analysis shows that China is a genetic diversity hotspot of R. anatipestifer. Combined with the close evolutionary relationship between JN01 and domestic duck-origin strains, continuous monitoring should be strengthened to warn of the emergence and prevalence of new epidemic strains.

Notably, co-infections with E. coli and H9 AIV were observed, suggesting synergistic interactions that may exacerbate disease severity. Future studies should investigate host immune responses and co-infection dynamics for prevention and control.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://www.ncbi.nlm.nih.gov/genbank/, SAMN47625175.



Ethics statement

The animal study was approved by The Animal Experiment Ethics Committee of Shandong Academy of Agricultural Sciences. The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

YZ: Investigation, Writing – original draft, Data curation. XW: Data curation, Investigation, Writing – original draft. YW: Data curation, Validation, Writing – review & editing. JS: Data curation, Resources, Writing – review & editing. WD: Writing – review & editing. KM: Writing – review & editing. GL: Funding acquisition, Writing – review & editing. XY: Methodology, Writing – original draft, Validation.



Funding

The authors declare that financial support was received for the research and/or publication of this article. This work was supported by the Key R&D Program of Shandong Province, China (2024TSGC0976, 2024LZGCQY002, and 2024TZXD029).



Conflict of interest

YW, JS were employed by Shandong Huahong Biological Engineering Co., Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

	Cha, S., Kang, M., Park, C., Choi, K., and Jang, H. (2013). Epidemiology of egg drop syndrome virus in ducks from South Korea. Poultry Sci. 92, 1783–1789. doi: 10.3382/ps.2013-03067

	Channa, A., Tariq, M., Nizamani, Z., and Kalhoro, N. (2021). Prevalence of avian influenza H5, H7, and H9 viruses in commercial layers in Karachi, Pakistan. Iranian J. Vet. Res. 22, 352–355. doi: 10.17582/journal.jahp/2022/10.1.29.34

	Chen, Y., Li, X., Liu, Z., Hu, M., Ma, J., Luo, Y., et al. (2024). Genomic analysis and experimental pathogenic characterization of Riemerella anatipestifer isolates from chickens in China. Poultry Sci. 103:103497. doi: 10.1016/j.psj.2024.103497

	Chen, Y., Tsao, M., Lee, S., Chou, C., and Tsai, H. (2010). Prevalence and molecular characterization of chloramphenicol resistance in Riemerella anatipestifer isolated from ducks and geese in Taiwan. Avian Pathol. 39, 333–338. doi: 10.1080/03079457.2010.507761

	Cheng, A., Wang, M., Chen, X., Zhu, K., Huang, C., Liu, F., et al. (2003). Epidemiology and new serotypes of Riemerella anatipestifer isolated from ducks in China and studies on their pathogenic characteristics. Chinese J. Vet. Sci. 23, 320–323. doi: 10.3969/j.issn.1005-4545

	Clinical and Laboratory Standards Institute (2023). M07ED3. Performance standards for antimicrobial susceptibility testing. Wayne, PA: Clinical and Laboratory Standards Institute.

	Dimitrov, K., Ferreira, H., Pantin-Jackwood, M., Taylor, T., Goraichuk, V., Crossley, M., et al. (2019). Pathogenicity and transmission of virulent Newcastle disease virus from the 2018-2019 California outbreak and related viruses in young and adult chickens. Virology 531, 203–218. doi: 10.1016/j.virol.2019.03.010

	Dong, H., Zhu, S., Sun, F., Feng, Q., Guo, C., Wu, Z., et al. (2024). Comparative analysis of antimicrobial resistance phenotype and genotype of Riemerella anatipestifer. Vet. Microbiol. 292:110047. doi: 10.1016/jvetmic.2024.110047

	Goto, Y., Yaegashi, G., Kumagai, Y., Ogasawara, F., Goto, M., and Mase, M. (2019). Detection of avian encephalomyelitis virus in chickens in Japan using RT-PCR. J. Vet. Med. Sci. 81, 103–106. doi: 10.1292/jvms.18-0550

	Kang, M., Seo, S., Soh, S., and Jang, H. K. (2018). Immunogenicity and safety of a live Riemerella anatipestifer vaccine and the contribution of IgA to protective efficacy in Pekin ducks. Vet. Microbiol. 222, 132–138. doi: 10.1016/j.vetmic.2018.07.010

	Liu, J., Hao, D., Ding, X., Shi, M., Wang, Q., He, H., et al. (2024). Epidemiological investigation and β-lactam antibiotic resistance of Riemerella anatipestifer isolates with waterfowl origination in Anhui Province. China. Poultry Sci. 103:103490. doi: 10.1016/j.psj.2024.103490

	Liu, J., Zeng, Q., Wang, M., Cheng, A., Liu, M., Zhu, D., et al. (2019). Comparative genome-scale modelling of the pathogenic Flavobacteriaceae species Riemerella anatipestifer in China. Environ. Microbiol. 21, 2836–2851. doi: 10.1111/1462-2920.14635

	Liu, Y., Luo, S., Yang, Z., Wang, M., Jia, R., Chen, S., et al. (2023). Capsular polysaccharide determines the serotyping of Riemerella anatipestifer. Microbiol. Spectr. 11:e0180423. doi: 10.1128/SPECTRUM.01804-23

	Ma, T., Xu, L., Ren, M., Shen, J., Han, Z., Sun, J., et al. (2019). Novel genotype of infectious bronchitis virus isolated in China. Vet. Microbiol. 230, 178–186. doi: 10.1016/j.vetmic.2019.01.020

	Nowaczek, A., Dec, M., Stępień-Pyśniak, D., Wilczyński, J., and Urban-Chmiel, R. (2023). Characterization of Riemerella anatipestifer strains isolated from various poultry species in poland. Antibiotics 12:1648. doi: 10.3390/antibiotics12121648

	Omaleki, L., Blackall, P., Bisgaard, M., and Turni, C. (2021). Molecular and serological characterization of Riemerella isolates associated with poultry in Australia. Avian Pathol. 50, 31–40. doi: 10.1080/03079457.2020.1828568

	Quan, H., Gong, X., Chen, Q., Zheng, F., Yu, Y., Liu, D., et al. (2023). Functional characterization of a novel SMR-type efflux pump RanQ, mediating quaternary ammonium compound resistance in Riemerella anatipestifer. Microorganisms 11:907. doi: 10.3390/microorganisms11040907

	Roussan, D., Shaheen, I., Khawaldeh, G., Totanji, W., and Al-Rifai, R. (2012). Simultaneous detection of astrovirus, rotavirus, reovirus and adenovirus type I in broiler chicken flocks. Polish J. Vet. Sci. 15, 337–344. doi: 10.2478/v10181-012-0052-0

	Rubbenstroth, D., Ryll, M., and Rautenschlein, K. (2009). Pathogenesis of Riemerella anatipestifer in turkeys after experimental mono-infection via respiratory routes or dual infection together with the avian metapneumovirus. Avian Pathol. 38, 497–507. doi: 10.1080/03079450903349220

	Seo, H., Cha, S., Kang, M., and Jang, H. (2013). Chicken embryo lethality assay for determining the virulence of Riemerella anatipestifer isolates. Avian Pathol. 42, 387–392. doi: 10.1080/03079457.2013.816654

	Surya, P., Priya, P., and Mini, M. (2016). Biotyping and antibiogram of Riemerella anatipestifer from ducks in Kerala. Biosci. Biotechnol. Res. Commun. 9, 457–462. doi: 10.21786/bbrc/9.3/17

	Swayne, D. E. (2020). Diseases of poultry, 14th Edn. Hoboken, NJ: Wiley-Blackwell.

	Yehia, N., Salem, H., Mahmmod, Y., Said, D., Samir, M., Mawgod, S., et al. (2023). Common viral and bacterial avian respiratory infections: An updated review. Poultry Sci. 102:102553. doi: 10.1016/j.psj.2023.102553

	Yuan, F., Song, H., Hou, L., Wei, L., Zhu, S., Quan, R., et al. (2021). Age-dependence of hypervirulent fowl adenovirus type 4 pathogenicity in specific-pathogen-free chickens. Poultry Sci. 100:101238. doi: 10.1016/j.psj.2021.101238

	Zhai, Z., Li, X., Xiao, X., Yu, J., Chen, M., Yu, J., et al. (2013). Immunoproteomics selection of cross-protective vaccine candidates from Riemerella anatipesti fer serotypes 1 and 2. Vet. Microbiol. 162, 850–857. doi: 10.1016/j.vetmic.2012.11.002

	Zhang, C., Liu, D., Sui, Z., Jully, G., and Liu, H. (2025). Epidemiological investigation of Riemerella anatipestifer in large-scale chicken farms in 29 provinces of China from 2021 to 2024. Poultry Sci. 104:105467. doi: 10.1016/j.psj.2025.105467

	Zhang, C., Wang, L., Zhao, Q., Hou, G., Sun, X., An, R., et al. (2024). Research Note: Antibiotic resistance and pathogenicity of geese-derived Riemerella anatipestifer isolated from eastern regions of Hebei Province, China. Poultry Sci. 103:103517. doi: 10.1016/j.psj.2024.103517




Copyright
 © 2025 Zhang, Wang, Wang, Sun, Dong, Meng, Li and Yuan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmicb-16-1652106-g007.jpg
0.0Mb

W I

oty
W
| D

WA

1.7Mb

A

I} 110

0.6Mb

I

gnllprokkalra JNO1





OPS/images/fmicb-16-1652106-g008.jpg
Tree scale: 0.1 ————

Bootstrap Host
- 56 ] Duck
« 67 - Tadorna
g 2 K 2
s 78 G 3 % fﬁ ;’{” 2 )
oose i 3§ S § § § o
e £t 2 5 § F § ¢
. 89 B Chicken E 28 35§55 ¢ ¢
3 3 8§ x § 5 & &
2 o é_g © O g Ay N
e 100 115 g g 5 0 5 &
PN o 9 » O
SEEEN TN
Coun S 2 gz ¥ 8§ & ©
Year iy B2 g s g S 3
D = ~ A
& & 7 ; I
-Canada ao%%gé‘g‘ifég
1954 CS5>E8 8 FfFE
2882275 8§ §
B china %%?giggifé’fé"
o =~
.1966 2 B o RBREESfEFFS S
v 2 N . < >
173 @ ] L g § 3
G LR T YRR g &
- <
] 1969 [ Germany $
I 1976 [ Russia
. 1986 - United Kingdom -
07, A\
M usa d : e .
) ot a0 3 ek
. 2011 R“‘mere" "Ry Dos 0404548 e ‘e\\aa“ . ‘eﬁlp‘ GCP\O’.’BS
8 anas 71 e 2
Matipegf, G, 665 «e e BCA
ifer RCapy, 02864, a2 ® e RAPN
2013 Riemerell gy 232 Gey a 065 Rie™ - a“a“\vesue GCA°259°77BS
atipestifer R AD1269 gitin 5486515 mere atipestifer zWRA035
— : |la a
i 2014 Riemerella anatipesti 34095835 Riemer® : 7E1-1 GCA 021655845
; pestifer 20160923HP GCA 018474415 Riemerella anatipestifer -
. 2016 Riemerella anatipestifer RCAD0306 GCA 045486595 Riemerella anatipestifer 20190509E1-1 GCA 019802745
45486655 Riemere]l e
D 2017 Riemerella anatipestifer RCAD0322GCA° 1655715 Riemem-uaanmmesuferSSRAST]O7 GCA 035666175
GBI GCATT Riemgy., T Pestifer 59
pestfer 2019 0% 15 “emerella anar: RAST107 Gy 03
- 2018 wiemerell2 2% ifex MO 340‘3“965 Riemere), "“PeszifechA 1461705
o ana0e™ oCh 1@ Riepy,  Matipgg,. 133 Gy
< emered o\ N> o Ry Crel) Stifer 0016
[] 2019 e S o Mg RCAD 076s
3‘\3‘“’ \Q)’\ 00\9 , ng&, Q/e €/, ‘70 ife, G 0
e o e, ;M o R Cley Upe 548
rie™ 20 A T e, U esy,
. 2020 ve$ et 06 \2 (,Ch '5\bb ,\\c’ Q’@ e'e // ‘7/)60 fel'?
‘e\\aa“a“ xe‘"l«“\g > o 6,,,6’% » %, oy, S, g 680,
1™ e o 4 Q N o, 2, Y 115
M 2o : RS
o &L
2023 §&Ep %
N ) ) 2% 2 & %
SSEEEBFTITIILRL Y % 4
2024 FFF SRR RRRA AN
) 5Tgv%35%1%€%%%%.
N ¢} S B = B sy E ¢ [ %
FTESdos35:18L%% %
S I s S I LI E B E 2 8% % % %
STF§FsS88LETTLEL L &
™ m - = -
r S SsEFEE LY vl Y
S < o BE R A o B 2
F ¢§ §95839523%02 %% %
FFfs;9:83888%8%%% 9
§F £ 74+ 85E852888% % 7
4 I 5 B & & & m o 8 %
v S £ § & B a ® 2 %
¥ 4 ¢ F T & # 4 2 5 N a @2
#F 5§ F §F £ ] 2 £E 28 2 o 2 B %
f £ F 5 5528858 %%°2 %
= 7] 2.
d £ 7§ 41 F8 2% %3 %8 % %
é‘ 5 = '.:?‘ =3 =} 2 =2} P.g E ?\
§ £ T g 8 % 3 & % %
§ s f §agsg " "
2 g B & °
w






OPS/images/fmicb-16-1652106-g005.jpg
control

[Py
Sl
R

o : % ' g

e B g i g L l“w
. o g 9 A

T Y -i_i b

£

(¥
-

A

4

P

} A _
o : - LA e 5 7
o g A S : P o
S5 ."1;2}.»_' e éﬁ;ﬂ;& i, The® % gl

5 % 3
Pl
. Loy %J)g v v'{ﬁ,_.,

A






OPS/images/fmicb-16-1652106-g006.jpg
CT Value

-~ JNO1
- BZ
-+ PBS

CT Value

40-

35

30+

N
(%]

7 -

3 Liver
3 Brain
[ Heart
1 Synovial fluid
3 PBS





OPS/images/fmicb-16-1652106-g003.jpg
Percent survival

100

JNOI

80_ l 1
60+ :I
40+
20+
0N
v “VE ./ T T x
0 1 2 3 4 5

Time (d)

10°CFU
10°CFU
10°CFU

10°CFU
PBS

Percent survival

- BZ

o

80~

N Tq

40+

20~

1T
Time (d)

e 4

108CFU
10°CFU
10°CFU

10°CFU
PBS





OPS/images/fmicb-16-1652106-g004.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Biological and genomic characteristics of chicken-derived Riemerella anatipestifer in China



		Introduction



		Materials and methods



		Sample collection and suspected pathogen detection



		Isolation, identification and serotyping



		Antibiotic sensitivity test



		Pathogenicity in SPF chicken embryo and chicken



		Ethics statements



		Genomic and phylogenetic analysis







		Results



		Isolation, identification and serotyping



		Antibiotic sensitivity test



		Pathogenicity detection



		Genomic and phylogenetic analysis







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
, frontiers | Frontiers in Microbiology













OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Microbiology







OPS/images/cross.jpg
©

|





OPS/images/fmicb-16-1652106-g001.jpg





OPS/images/fmicb-16-1652106-g002.jpg
B Resistance ® Intermediary ® sensitive

(%)
™M

A

S

"g)
™~

)
™~

uel1s Jo Jaquinn





