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ABSTRACT 
 

The poultry industry plays a crucial role in global food security because the chicken microbiome significantly 

influences bird health, productivity, and disease transmission. However, regional differences in the microbiome 

composition remain underexplored, particularly in Kazakhstan. This study used high-throughput sequencing to analyze 

the taxonomic diversity of the chicken microbiome across multiple regions of Kazakhstan, identifying key microbial 

taxa and potential pathogens. A total of 108 tracheal and cloacal swabs were collected from private farms, and 

metagenomic sequencing was conducted using the Ion Torrent PGM platform. Taxonomic classification identified 

genera including Chlamydia, Pseudomonas, Avibacterium, Gallibacterium, and Aeromonas, some of which are 

associated with poultry diseases and zoonotic risks. Alpha and beta diversity analyses showed microbiome variation 

between regions, indicating that environmental and management factors shape the microbiota composition. These 

findings underscore the importance of metagenomic surveillance for poultry health management, early pathogen 

detection, and the development of targeted intervention strategies. Understanding the regional microbiome dynamics 

can contribute to sustainable poultry farming practices, reduce antibiotic dependency, and enhance food safety in 

Kazakhstan's rapidly expanding poultry sector. 
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INTRODUCTION 

 

 Chickens are the most important source of animal 

protein worldwide and are by far the most popular meat, 

accounting for approximately 40% of the world's meat 

production (de Mesquita Souza Saraiva et al. 2022; 

Mendybayeva et al. 2023; Abreu et al. 2023). The 

respiratory and gastrointestinal tracts of chickens host 

diverse microbiomes that play important roles in digestion, 

nutrient absorption, immune system development, and 

pathogen elimination (Deng et al. 2021; Fathima et al. 

2022). These symbiotic interactions between bacteria and 

chickens are important for poultry health and productivity 

and affect feed efficiency and growth performance (Shang 

et al. 2018; Dittoe et al. 2022). A well-balanced 

microbiome contributes to disease resistance in chickens; 

conversely, disruptions in the microbiota can negatively 

affect bird health (Stamilla et al. 2021). Moreover, chickens 

can carry pathogens that pose a risk to poultry farms. For 

example, Salmonella and Campylobacter are significant 

causes of diseases in humans through the ingestion of 

poultry or industrial poultry (Rukambile et al. 2021; 

Bindari and Gerber 2022; Mendybayeva et al. 2023). 

Therefore, public health protection depends on strategies to 

manage the chicken microbiome to reduce the burden of 

zoonotic pathogens (Mekonnen et al. 2024). 

 In addition to pathogens, the chicken microbiome is 

also closely linked to antibiotic resistance (Xiao et al. 2023; 

Liang et al. 2023). For decades, poultry farmers have used 

antibiotics to stimulate growth and prevent diseases in 

flocks. This approach improved production but put 

selective pressure on gut bacteria, leading to the emergence 

of antibiotic-resistant strains in the chicken microbiome 

(Abreu et al. 2023). As a result, the intestinal microbiota of 

chickens serves as a reservoir for antibiotic resistance 

genes ("resistome") (Xu et al. 2022; Vieira et al. 2023). 

This leads to the spread of antibiotic resistance from 

commensal  bacteria  in poultry to pathogenic bacteria that 
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cause disease in humans. Thus, antimicrobial resistance in 

poultry has become a major public health problem. Studies 

on the gut microbiota of chickens have been limited to 

culture-based methods, which can identify only a small 

proportion of bacteria. The advent of high-throughput 

sequencing has enabled the identification of bacterial and 

viral profiles in poultry microbiomes (Shang et al. 2018; 

Segura-Wang et al. 2021). In one study, scientists 

reconstructed more than 5,000 microbial genomes from 

chicken fecal samples and identified more than 800 

bacterial species (Gilroy et al. 2021). 

 Despite advances in the study of the chicken 

microbiome, significant knowledge gaps remain. Most 

studies have been conducted in regions such as North 

America, Europe, and East Asia, whereas other areas of the 

world are poorly represented. Data analysis indicates that 

only a few metagenomic studies of the chicken microbiome 

have been published in Kazakhstan. Given that the poultry 

industry is rapidly developing in Kazakhstan, a lack of 

knowledge may negatively affect it (Mendybayeva et al. 

2023). Factors such as management practices, feed, 

regional location, climate, and common chicken breeds in 

Kazakhstan can uniquely shape the gut microbiome (Shang 

et al. 2018). In addition, the types of antibiotics used may 

differ between regions of Kazakhstan and other countries. 

In turn, this can lead to distinct taxonomic and resistance 

gene profiles in the microbiome. Due to limited 

information on the chicken microbiome in Kazakhstan, it is 

difficult to assess the risks posed by pathogens or determine 

the extent of antibiotic resistance on poultry farms 

(Korotetskiy et al. 2025). 

 Kazakhstan has begun to modernize its poultry 

industry. Government programs (e.g., the Poultry 

Development Program for 2018-2027) focus on reducing 

antibiotic use and improving biosecurity and food safety. 

There is growing interest in the development and 

implementation of probiotic feed additives and other 

alternatives to antibiotics in the poultry industry 

(Temirbekova et al. 2024). However, the success of such 

efforts depends on understanding the current state of the 

chicken microbiome in poultry farms (Yang et al. 2022). 

This underscores the need for regional studies to establish 

benchmarks for healthy flocks and identify marker 

pathogens or resistance genes. 

This study aimed to assess the regional taxonomic 

profile of the chicken microbiome across Kazakhstan to 

identify potential pathogens and create an evidence base for 

procedures aimed at improving poultry health, reducing the 

spread of pathogens, and strengthening food safety. 

 

MATERIALS AND METHODS 

 
Collection samples 

 A total of 108 swab specimens from the trachea and 

cloaca were collected from chickens raised on private 

farms across various Kazakh regions, including Almaty, 

Karaganda, Petropavlovsk, Saryagash, Shymkent, and 

Turkestan. At each sampling site, representing either a 

single poultry house or an area where birds gathered, a 

minimum of five samples were obtained (Table 1). Swabs 

were taken using sterile cotton applicators, which were 

immediately immersed in tubes containing 2mL of 

transport medium (Viral Specimen Collection Tube, 

China). Collection, storage, and transposition of the 

received samples were carried out in accordance with the 

sanitary rules at 4°C. To ensure proper preservation of the 

samples, they were promptly placed in a sealed icebox after 

collection and thereafter maintained in a biomedical freezer 

at -80°C upon their arrival at the laboratory. 

 

Sequencing 

 The collected samples were grouped by geographic 

origin, yielding six combined pools per sampling location. 

Extraction of bacterial DNA was performed using the 

PureLink Genomic DNA Mini Kit (Invitrogen, USA). 

Viral RNA and DNA were extracted using the Viral 

RNA/DNA Mini Kit (Invitrogen, USA) according to the 

manufacturer's guidelines. Each pooled sample, containing 

both DNA and viral RNA, underwent reverse transcription 

(RT) and subsequent double-stranded DNA synthesis using 

the QIASeq Stranded RNA Library Kit (Qiagen, Hilden, 

Germany) and random hexamer primers at 100pmol. The 

DNA obtained was quantitatively and qualitatively 

assessed using a NanoDrop 2000c spectrophotometer 

(Thermo Scientific, USA) at 260nm and 280nm. 

 The Ion Torrent Personal Genome Machine (PGM) 

platform was subsequently used for sequencing. Libraries 

were prepared with the Ion Xpress Plus Fragment Library 

Kit (Life Technologies, USA). The integrity and 

fragmentation quality of these libraries were evaluated 

using the Agilent 2100 Bioanalyzer (Agilent Technologies, 

Germany). Multiplex sequencing involved the 

incorporation of barcodes into DNA reads by the Xpress 

Barcode Adapters Kit (Life Technologies, USA). 

Sequencing runs were executed on a 318 chip with the Ion 

PGM Hi-Q View Sequencing Kit. 

 Post-sequencing data analysis was conducted using 

various software packages under default conditions, as 

detailed subsequently. The raw metagenomic data 

generated in this study are available in the NCBI database 

under BioProject PRJNA1141889 

(https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1141889). 

 
Taxonomic classification 

 Taxonomic analysis was carried out using Kaiju 

(Menzel et al. 2016), integrated into KBase (Arkin et al. 

2018), set to operate in Greedy mode. The parameters used 

were: (1) a minimum match length of 15 nucleotides, (2) a 

Greedy minimum Bitscore threshold of 65, (3) a maximum 

allowance of three mismatches, and (4) a Greedy maximum 

e-value threshold set at 0.01 to exclude low-complexity 

sequences. Taxonomic identification was conducted 

against the NCBI BLAST nr reference database, excluding 

eukaryotic sequences. The resulting classifications 

obtained with Kaiju were visualized as stacked bar plots. 

 Alpha diversity was estimated using the Simpson, 

Shannon, and Chao1 indices in the “vegan” R package 

(Oksanen et al. 2025). To evaluate statistical significance 

in alpha diversity across the studied regions, a 

nonparametric Kruskal-Wallis test was applied. 

 Beta diversity among samples was analyzed using 

principal coordinate analysis (PCoA) constructed from 

Bray-Curtis dissimilarity matrices. Data were preprocessed 

to eliminate scale differences between variables. The 

distance matrix was calculated using the “vegdist” function 

from the “vegan” package in R. The statistical 

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1141889
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1141889
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computations, comparative analysis of the metagenomic 

data, and graphical visualization were conducted in R 

version 4.4.2 (R 2025), utilizing the packages "vegan" and 

"ggplot2" (Wickham 2016). 

 To assess the statistical significance of the influence of 

the factor "Region" on the structure of taxonomic 

composition of communities, PERMANOVA analysis was 

performed using the adonis2 function of the vegan package 

in R (2025). Testing was performed on the Bray-Curtis 

matrix of pairwise distances. 

 

RESULTS 

 

 The analysis included 108 tracheal and cloacal swabs 

from six regions of Kazakhstan (Petropavlovsk, 

Karaganda, Saryagash, Turkestan, Almaty, and Shymkent). 

The geographical distribution of the samples is shown in 

Fig. 1 and Table 1. 

 Eight pooled samples were included in this analysis. 

The summary sequencing metrics (number of reads, 

average length, quality distribution, etc.) are presented in 

Table 2. 

 The taxonomic profiles of the samples at the genus 

level are summarized in Fig. 2. The relative proportions of 

genera for each sample were presented, allowing a visual 

comparison of the microbial community composition and 

variability between samples (Fig. 2). 

 The bar chart shows the genus composition of the 

microbiota by region (bird sample pools), classified using 

Kaiju and NCBI-nr. Viruses were noted separately. The 

rarefaction curve indicated whether the sequencing depth 

of the metagenomic sample was sufficient to recover all or 

most of the species inhabiting the ecological niche. At the 

saturation point, the highest number of taxa detected 

corresponded to observed species richness. Fig. 3 shows 

the rarefaction curves for intestinal microbiota samples 

from six regions of Kazakhstan. 

 The species accumulation curves show a transparent 

gradient in taxa richness between regions; the highest 

predicted species saturation was observed in Almaty (the 

curve continues to rise to coarse read depth), whereas for 

the other pools, the curves quickly plateau at lower 

numbers of taxa, indicating lower richness and sufficient 

sequencing depth to estimate them. 

 To assess bacterial richness and diversity, alpha-

diversity indices, such as Simpson, Shannon, and Chao1, 

were used. These metrics provided a quantitative 

evaluation of species abundance and evenness in the 

individual samples (Fig. 4). Using the nonparametric 

Kruskal-Wallis test, it was found that the distribution of 

biodiversity was not statistically different between 

regions (p=0.429). 

 
Table 1: Summary table of farm and bird characteristics in the regions of Kazakhstan 

# Region N samples Host age (days) Host type Latitude  Longitude Cross 

1 Almaty  18 294  laying hen 43.456  76.813 arbor acres 

2 Karaganda 20 332  laying hen 49.859  73.259 n/d1 

3 Petropavlovsk_1 20 358  laying hen 54.504 69.104 n/d 

4 Petropavlovsk_2 20 578  laying hen 54.504 69.104 n/d 

5 Shymkent_1  5 623  laying hen 42.341 69.499 nick 

6 Shymkent_2  5 197  laying hen 42.341 69.499 nick 

7 Turkestan  10 300  laying hen 43 .304 68.268 brown nick 

8 Saryagash  10 196  laying hen 41.466 69.181 coral 
1 n/d – not detected. 

 

Table 2: Sample characteristics 

Region Number of 

reads 

Total number of 

bases 

Mean read 

length 

Read length standard 

deviation 

Phred 

type 

Quality score 

mean 

SRA number 

Almaty 936587 162123559 173.100 51.647 33 27.38 SRX25510559 

Karaganda 168008 22597994 134.506 48.115 33 28.83 SRR32106362 

Petropavlovsk_1 362444 51693560 142.625 48.755 33 28.65 SRR32106361 

Petropavlovsk_2 300666 43709256 145.375 44.873 33 28.82 SRR32106360 

Shymkent_1 126745 17113163 135.020 50.736 33 27.37 SRX25510560 

Shymkent_2 71250 9930331 139.373 50.906 33 27.68 SRX25510561 

Turkestan 29109 4596283 157.899 48.461 33 27.96 SRX25510562 

Saryagash 32912 5146125 156.360 42.399 33 28.23 SRX25510563 

 

 

Fig. 1: Locations of 

sample collection spots 

in six regions of 

Kazakhstan. 

https://www.ncbi.nlm.nih.gov/sra/SRX25510559%5baccn%5d
https://www.ncbi.nlm.nih.gov/sra/?term=SRR32106362
https://www.ncbi.nlm.nih.gov/sra/?term=SRR32106361
https://www.ncbi.nlm.nih.gov/sra/?term=SRR32106360
https://www.ncbi.nlm.nih.gov/sra/SRX25510560%5baccn%5d
https://www.ncbi.nlm.nih.gov/sra/SRX25510561%5baccn%5d
https://www.ncbi.nlm.nih.gov/sra/SRX25510562%5baccn%5d
https://www.ncbi.nlm.nih.gov/sra/SRX25510563%5baccn%5d
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Fig. 2: The relative frequency of the most abundant bacterial genus was identified in the samples collected from different regions of 

Kazakhstan. 
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Fig. 3: Rarefaction curve. 

 

 
 
Fig. 4: Alpha diversity of avian gut microbiota taxa by region. 

 

As shown in Fig. 4, Almaty showed the highest richness 

(Chao1) and diversity/equalization (Shannon, Simpson), 

while Turkestan showed the lowest values for all three 

metrics. The medium levels are characteristic of Karaganda 

and Petropavlovsk_1. Petropavlovsk_2 was at the top of the 

range (high Shannon/Simpson with moderate Chao1). 

Samples from Shymkent_1 and Saryagash showed reduced 

richness and diversity, whereas Shymkent_2 combined low 

richness (Chao1) with a relatively even distribution of taxa 

(increased Simpson). 

 PCoA based on Bray-Curtis distances revealed 

differences in community structure across regions of 

Kazakhstan (Fig. 5). 

 

 
 
Fig. 5: PCoA analysis of avian gut microbiota taxa by region. 
 

 The first two coordinates explained the bulk of the 

variation (PC1=36.65%, PC2=27.08%). The ordination 

shows a clear regional structure. Almaty was separated 

from all other samples. The samples from Karaganda, 

Petropavlovsk_1, and Petropavlovsk_2 formed a separate 

group. Turkestan, Shymkent_1, Shymkent_2, and 

Saryagash were also located in a separate group with 

moderate mutual separation. 

 The PERMANOVA analysis showed that the 

"Region" factor explained 51.37% of the variation in taxon 

structure (R² = 0.514), indicating its importance in shaping 

species composition. However, the lack of statistical 

significance (P=0.248) may be due to limited data or 

insufficient power. Nevertheless, the results indicate 

differences between regions that require further 

investigation with additional factors and a more detailed 

analysis. 

 Subsequently, at the genus level, dominant taxa were 

identified in each region. The analysis included taxa with 

relative abundances exceeding 1%.  

 A study of the intestinal microbiota of birds revealed 

the presence of various pathogenic microorganisms, among 

which several taxa associated with the development of 

serious diseases were distinguished. Among the samples, 

representatives of the genus Chlamydia were detected in all 

the studied regions: 66.9% in Karaganda; 77.8% in 

Petropavlovsk_1; 48% in Petropavlovsk_2; 51% in 

Shymkent_1; 48.2% in Shymkent_2; and 1.4% in 

Saryagash and Turkestan. The only region in which the 

percentage of this taxon did not exceed 1% was Almaty.  

 In addition to Chlamydia, other potentially pathogenic 

taxa, such as Pseudomonas, Avibacterium, Gallibacterium, 

and Aeromonas, have been identified in samples that can 

cause serious diseases in industrial poultry. In three regions 

—Petropavlovsk_2, Shymkent_1, and Saryagash —the 

proportion of Pseudomonas did not exceed 2%, suggesting 

a normoflora. However, in the Almaty and Shymkent_2 

regions, the shares of Pseudomonas were 37.2% and 

21.8%, respectively. Representatives of the genus 

Avibacterium were found in samples from Karaganda 

(1.7%), Petropavlovsk_1 (1.2%), and Petropavlovsk_2 

(3.2%). Avibacterium, a member of the family 

Pasteurellaceae, includes Avibacterium paragallinarum, 

the causative agent of infectious rhinitis (infectious coryza) 

in chickens, making it potentially pathogenic. 

Gallibacterium is another member of the Pasteurellaceae 

family and is associated with reproductive tract infections 

and septicemia in birds. This taxon was recorded in two 

regions: Karaganda (1.7%) and Petropavlovsk_2 (2.5%). 

The taxon Aeromonas is a potential pathogen of birds and 

was detected only in Almaty (5.4%). The intestinal 

pathogen Aeromonas hydrophila can cause enteritis, 

septicemia, and other infections. 

 The samples captured commensal bacteria that 

contribute to the normal functioning of the poultry 

intestines. The intestinal microflora of birds is a complex 

and dynamic community of microorganisms that plays a 

key role in maintaining homeostasis, digestion, and 

immune defense of the host. Commensal microflora not 

only contributes to efficient digestion but also participates 

in the synthesis of bioactive compounds, the regulation of 

immune response, and defense against pathogenic agents. 

Karaganda (Corynebacterium and Bacteroides) is the 

poorest region for commensal bacteria. The Turkestan 

region is the richest in commensals (17 taxa). 

 A large proportion of the identified genera were 

bacteria, for which there was little information on their 

affiliation to commensals or pathogens. Some taxa are 

phytopathogens (Agrobacterium, Mesorhizobium, 

Lelliottia, and others) and are therefore not representative 

of the chicken gut microbiota. There is insufficient 
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information in open sources for the other part of the 

identified bacteria. 

 Further studies are needed to fully understand the role 

of these taxa in the intestines of birds and their impact on 

their health. Metagenomic analysis of the virome showed 

that the proportion of identified viral reads was low, 

representing <0.02% of all data generated. Nevertheless, 

we analyzed the viral taxa identified in the samples 

separately. Kaiju tables, focusing on viral genera at the 

genus level, were generated for each sample, providing 

qualitative and quantitative insights into viral taxon 

abundance. Myoviridae, Siphoviridae, Podoviridae, 

Autographiviridae, and others were registered. The viral 

families Retroviridae and Poxviridae, which include 

potentially pathogenic species, were identified; however, 

their relative abundances remained low (P<0.01). 

 
DISCUSSION 

 

 It was found that the chicken microbiota harbors 

bacterial and viral pathogens with potential adverse effects 

on poultry and, in some cases, on human health. The 

regional structure of the community was evident in our 

data, but the PERMANOVA did not reach statistical 

significance (R² = 0.51; P = 0.248). Consequently, the 

hypothesis about the influence of the regional factor 

requires testing on extended samples, and the conclusions 

about regional differences should be interpreted as 

tentative. 

 The high proportion of taxa belonging to the genus 

Chlamydia is consistent with recent reports of a psittacosis 

outbreak in Europe in 2023-2024, highlighting 

occupational risks for poultry workers and bird owners. 

However, given the limitations of taxonomic binning by 

reads (false-positive attributions with incomplete 

bases/short reads), species identification (e.g., C. psittaci) 

should be confirmed using targeted tests (PCR analysis) 

(WHO 2024; Buddle et al. 2024). The approach we use 

improves sensitivity but does not eliminate 

misclassification at low coverage. This determines a 

conservative interpretation and requires confirmatory tests 

(Menzel et al. 2016). 

 The genus Pseudomonas includes opportunistic strains 

with distinct resistance profiles. Current reviews and field 

studies in the poultry industry have documented the co-

occurrence of multiple resistance genes and the transfer of 

ARGs through the production environment. This 

strengthens the need for local monitoring of resistance 

phenotypes/genes, especially in farms with water and 

sanitation stress (Ramatla et al. 2024; Tigabie et al. 2025). 

Therefore, local monitoring of antibiotic resistance should 

be conducted regularly, especially on farms with water and 

sanitation problems. 

 We identified members of the genus Avibacterium, 

indicating the risk of infectious coryzae in industrial 

poultry production (Soriano-Vargas 2024). Gallibacterium 

anatis has also been identified. Gallibacterium can form 

biofilms and is often resistant to many antibiotics, making 

it difficult to treat and increasing the biosecurity 

requirements. The combination of these infections with 

other respiratory diseases, such as infectious bronchitis or 

mycoplasmosis, is hazardous. This increases the severity of 

clinical manifestations and complicates the diagnosis and 

treatment. These findings are consistent with those of 

recent reviews and retrospective studies (Abd El-Ghany et 

al. 2023; Kursa 2024; El-Gazzar et al. 2025; Nguyen et al. 

2025; Nofouzi et al. 2025; Srednik et al. 2025). 

 The proportion of viral reads in this study was low 

(<0.02%). This is the result of sample preparation for 

sequencing. Most of the identified viral taxa belong to 

normal gut flora (Aruwa et al. 2021; Chrzastek et al. 2021). 

However, nucleotide sequences corresponding to the viral 

genera Retroviridae and Poxviridae were also detected, 

which may serve as markers of farm welfare. This supports 

the implementation of panels to expand targeted viral 

screening, making their detection an important indicator of 

farm epizootic welfare (Wang et al. 2024). 

 Collectively, these findings support expanding routine 

surveillance panels beyond the currently approved targets 

to include Chlamydia, Pseudomonas, Avibacterium, 

Gallibacterium and marker viral taxa. In the poultry sector 

in Kazakhstan, risk-based monitoring, enhanced 

biosecurity, optimized vaccination strategies against 

respiratory pathogens, and management of co-infections 

can reduce disease pressure and reliance on broad-spectrum 

antibiotics. Targeted pathogen detection and early 

intervention can improve flock health, safeguard workers, 

and support national antibiotic-reduction initiatives. In the 

poultry sector of Kazakhstan, risk-based monitoring, 

enhanced biosecurity, optimized vaccination strategies 

against respiratory pathogens, and management of co-

infections can reduce disease pressure and reliance on 

broad-spectrum antibiotics. Targeted pathogen detection 

and early intervention can improve flock health, safeguard 

workers, and support national antibiotic reduction 

initiatives. 

 

Conclusion 

Metagenomic analysis of the chicken microbiota 

across diverse regions of Kazakhstan revealed a complex 

microbial community with both core components and 

region-specific patterns. The detection of hidden pathogens 

highlights the value of metagenomic surveillance for early 

pathogen identification and comprehensive flock health 

assessments. The obtained microbiota profiles should serve 

as the basis for industry-specific farming rules and 

regulatory measures. First, at the national level, it is 

advisable to establish metagenomic screening as a regular 

tool for the veterinary surveillance of poultry farming (One 

Health approach), with mandatory mapping of regional 

risks and integration of data into a single system. Second, 

the list of targets for routine monitoring should be 

expanded to include the indicator taxa identified in this 

study, and response thresholds and early warning protocols 

should be established for farms and health care services. In 

addition, the results obtained may influence policies aimed 

at reducing antibiotic dependence. Metagenomic 

monitoring of dysbiosis and hidden pathogens allows a 

shift from therapeutic to preventive herd management, 

thereby reducing the frequency of outbreaks and the need 

for antibiotic therapies. Finally, for industrial practice, it is 

recommended that biosafety standards and occupational 

safety regulations for zoonotic risks be updated. This 

approach, from pathogen registration to regulated actions, 

will strengthen biosafety, improve production 

performance, and reduce antibiotic use in poultry farming. 



Int J Vet Sci, 2025, x(x): xxx. 
 

 7 

DECLARATIONS 

 

Funding: This work was funded by the Science Committee 

of the Ministry of Science and Higher Education of the 

Republic of Kazakhstan (Grant No. AP19676138 – 

«Prospects of using metagenomic analysis to monitor the 

circulation and spread of avian pathogens in Kazakhstan»). 

 

Conflict of Interest: The authors declare no conflicts of 

interest. 

 

Data Availability: The raw metagenomic data generated 

in this study are available in the NCBI database under 

BioProject PRJNA1141889 

(https://www.ncbi.nlm.nih.gov/bioproject/PRJNA114188

9). Accession numbers of SRA are given in Table 2. 

 

Ethics Statement: The protocol was approved by the 

Committee on Institutional Animal Care and Use at the 

Scientific and Production Center of Microbiology and 

Virology LLP, Almaty (ID # 02-09-47 from 27.10.2022). 

 

Author’s Contribution: Conceptualization: I.K. 

Methodology: S.S., T.K., L.I. Software: I.K. Validation: 

N.Z., N.K., and T.I. Formal analysis: S.S., N.Z., and L.I. 

Investigation: I.K., S.S. Resources: T.I. and N.K. Data 

curation: T.K. and N.Z. Writing-original draft preparation: 

I.K. Writing-review and Editing: N.Z., S.S., T.K., L.I., 

N.K., and T.I. Visualization: I.K., S.S., T.K. Project 

administration: I.K. Funding acquisition: I.K. All authors 

have read and agreed to the published version of the 

manuscript. 

 

Generative AI Statement: The authors declare that no 

Gen AI/DeepSeek was used in the writing/creation of this 

manuscript. 

 

Publisher’s Note: All claims stated in this article are 

exclusively 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/assessed in this article or claimed by 

its manufacturer is not guaranteed or endorsed by the 

publisher/editors. 

 
REFERENCES 

 
Abd El-Ghany WA, Algammal AM, Hetta HF and Elbestawy AR, 

2023. Gallibacterium anatis infection in poultry: a 

comprehensive review. Tropical Animal Health and 

Production 55: 383. https://doi.org/10.1007/s11250-023-

03796-w 

Abreu R, Semedo-Lemsaddek T, Cunha E, Tavares L and 

Oliveira M, 2023. Antimicrobial Drug Resistance in Poultry 

Production: Current Status and Innovative Strategies for 

Bacterial Control. Microorganisms 11(4): 953. 

https://doi.org/10.3390/microorganisms11040953 

Arkin AP, Cottingham RW, Henry CS, Harris NL, Stevens RL, 

Maslov S, Dehal P, Ware D, Perez F, Canon S, Sneddon 

MW, Henderson ML, Riehl WJ, Murphy-Olson D, Chan SY, 

Kamimura RT, Kumari S, Drake MM, Brettin TS, Glass EM, 

Chivian D, Gunter D, Weston DJ, Allen BH, Baumohl J, 

Best AA, Bowen B, Brenner SE, Bun CC, Chandonia J-M, 

Chia J-M, Colasanti R, Conrad N, Davis JJ, Davison BH, 

DeJongh M, Devoid S, Dietrich E, Dubchak I, Edirisinghe 

JN, Fang G, Faria JP, Frybarger PM, Gerlach W, Gerstein 

M, Greiner A, Gurtowski J, Haun HL, He F, Jain R, 

Joachimiak MP, Keegan KP, Kondo S, Kumar V, Land ML, 

Meyer F, Mills M, Novichkov PS, Oh T, Olsen GJ, Olson R, 

Parrello B, Pasternak S, Pearson E, Poon SS, Price GA, 

Ramakrishnan S, Ranjan P, Ronald PC, Schatz MC, Seaver 

SMD, Shukla M, Sutormin RA, Syed MH, Thomason J, 

Tintle NL, Wang D, Xia F, Yoo H, Yoo S and Yu D, 2018. 

KBase: the united states department of energy systems 

biology knowledgebase. Nature Biotechnology 36: 566-569. 

https://doi.org/10.1038/nbt.4163 

Aruwa CE, Pillay C, Nyaga MM and Sabiu S, 2021. Poultry gut 

health – microbiome functions, environmental impacts, 

microbiome engineering and advancements in 

characterization technologies. Journal of Animal Science 

and Biotechnology 12(1): 119. 

https://doi.org/10.1186/s40104-021-00640-9 

Bindari YR and Gerber PF, 2022. Centennial Review: Factors 

affecting the chicken gastrointestinal microbial composition 

and their association with gut health and productive 

performance. Poultry Science 101(1): 101612. 

https://doi.org/10.1016/j.psj.2021.101612 

Buddle S, Forrest L, Akinsuyi N, Martin Bernal LM, Brooks T, 

Venturini C, Miller C, Brown JR, Storey N, Atkinson L, Best 

T, Roy S, Goldsworthy S, Castellano S, Simmonds P, 

Harvala H, Golubchik T, Williams R, Breuer J, Morfopoulou 

S and Torres Montaguth OE, 2024. Evaluating 

metagenomics and targeted approaches for diagnosis and 

surveillance of viruses. Genome Medicine 16(1): 111. 

https://doi.org/10.1186/s13073-024-01380-x 

Chrzastek K, Kraberger S, Schmidlin K, Fontenele RS, Kulkarni 

A, Chappell L, Dufour-Zavala L, Kapczynski DR and 

Varsani A, 2021. Diverse single-stranded DNA viruses 

identified in chicken buccal swabs. Microorganisms 9(12): 

2602. https://doi.org/10.3390/microorganisms9122602 

Deng Z, Han D, Wang Y, Wang Q, Yan X, Wang S, Liu X, Song 

W and Ma Y, 2021. Lactobacillus casei protects intestinal 

mucosa from damage in chicks caused by Salmonella 

pullorum via regulating immunity and the Wnt signaling 

pathway and maintaining the abundance of gut microbiota. 

Poultry Science 100(8): 101283. 

https://doi.org/10.1016/j.psj.2021.101283 

Dittoe DK, Olson EG and Ricke SC, 2022. Impact of the 

gastrointestinal microbiome and fermentation metabolites on 

broiler performance. Poultry Science 101(5): 101786. 

https://doi.org/10.1016/j.psj.2022.101786 

Gilroy R, Ravi A, Getino M, Pursley I, Horton DL, Alikhan N-F, 

Baker D, Gharbi K, Hall N, Watson M, Adriaenssens EM, 

Foster-Nyarko E, Jarju S, Secka A, Antonio M, Oren A, 

Chaudhuri RR, La Ragione R, Hildebrand F and Pallen MJ, 

2021. Extensive microbial diversity within the chicken gut 

microbiome revealed by metagenomics and culture. PeerJ 9: 

e10941. https://doi.org/10.7717/peerj.10941 

El-Gazzar M, Gallardo R, Bragg R, Hashish A, Sun Hl, Davison 

S, Feberwee A, Huberman Y, Skein T, Coertzen A, Kelly D, 

Soriano-Vargas E, Morales-Erasto V, Da Silva A, Guo MJ, 

Ladman B, Dijkman R and Ghanem M, 2025. Avibacterium 

paragallinarum, the causative agent of infectious coryza: a 

comprehensive review. Avian Diseases 68(S1): 362-379. 

https://doi.org/10.1637/aviandiseases-D-24-00105 

Fathima S, Shanmugasundaram R, Adams D and Selvaraj RK, 

2022. Gastrointestinal microbiota and their manipulation for 

improved growth and performance in chickens. Foods 

11(10): 1401. https://doi.org/10.3390/foods11101401 

Korotetskiy I, Kuznetsova T, Shilov S, Zubenko N, Ivanova L, 

Korotetskaya N and Izmailov T, 2025. Metagenomic data 

insights into chicken microbiome diversity across various 

regions of Kazakhstan. Poultry Science 104(9): 105488. 

https://pubmed.ncbi.nlm.nih.gov/40614652/ 

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1141889
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1141889
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1141889
https://doi.org/10.1007/s11250-023-03796-w
https://doi.org/10.1007/s11250-023-03796-w
https://doi.org/10.3390/microorganisms11040953
https://doi.org/10.1038/nbt.4163
https://doi.org/10.1186/s40104-021-00640-9
https://doi.org/10.1016/j.psj.2021.101612
https://doi.org/10.1186/s13073-024-01380-x
https://doi.org/10.3390/microorganisms9122602
https://doi.org/10.1016/j.psj.2021.101283
https://doi.org/10.1016/j.psj.2022.101786
https://doi.org/10.7717/peerj.10941
https://doi.org/10.1637/aviandiseases-D-24-00105
https://doi.org/10.3390/foods11101401
https://pubmed.ncbi.nlm.nih.gov/40614652/


Int J Vet Sci, 2025, x(x): xxx. 
 

 8 

Kursa O, 2024. Multidrug resistance of Gallibacterium anatis 

biovar haemolytica isolated from the reproductive tracts of 

laying hens. Pathogens 13(11): 989. 

https://doi.org/10.3390/pathogens13110989 

Liang C, Wei Y, Wang X, Gao J, Cui H, Zhang C and Liu J, 2023. 

Analysis of resistance gene diversity in the intestinal 

microbiome of broilers from two types of broiler farms in 

Hebei Province, China. Antibiotics 12(12): 1664. 

https://doi.org/10.3390/antibiotics12121664 

Mekonnen YT, Savini F, Indio V, Seguino A, Giacometti F, 

Serraino A, Candela M and De Cesare A, 2024. Systematic 

review on microbiome-related nutritional interventions 

interfering with the colonization of foodborne pathogens in 

broiler gut to prevent contamination of poultry meat. Poultry 

Science 103(5): 103607. 

https://pubmed.ncbi.nlm.nih.gov/38493536/ 

Mendybayeva A, Abilova Z, Bulashev A and Rychshanova R, 

2023. Prevalence and resistance to antibacterial agents in 

Salmonella enterica strains isolated from poultry products in 

northern Kazakhstan, Veterinary World 16(3): 657–667. 

https://doi.org/10.14202/vetworld.2023.657-667 

Menzel P, Ng KL and Krogh A, 2016. Fast and sensitive 

taxonomic classification for metagenomics with Kaiju. 

Nature Communications. 7(1): 11257. 

https://doi.org/10.1038/ncomms11257 

de Mesquita Souza Saraiva M, Lim K, do Monte DFM, Givisiez 

PEN, Alves LBR, de Freitas Neto OC, Kariuki S, Júnior AB, 

de Oliveira CJB and Gebreyes WA, 2022. Antimicrobial 

resistance in the globalized food chain: a One Health 

perspective applied to the poultry industry. Brazilian Journal 

of Microbiology 53(1): 465-486. 

https://doi.org/10.1007/s42770-021-00635-8 

Nguyen V, Stoute S, Ramsubeik S, Miller I, Jerry C, Corsiglia C 

and Gallardo RA, 2025. A retrospective analysis to identify 

epidemiologic patterns of the infectious coryza outbreak in 

California 2016–22. Avian Diseases 68(S1): 391-397. 

https://doi.org/10.1637/aviandiseases-D-24-00022 

Nofouzi K, Shakeri S, Nikkhah S, Hosseini RH, Khordadmehr M, 

Madadi MS, Khamnei HJ and Bakhtiari NM, 2025. 

Gallibacterium anatis as an emerging pathogen in pet birds: 

biofilm formation contributes to treatment challenges and 

persistence. BMC Microbiology 25(1): 518. 

https://doi.org/10.1186/s12866-025-04263-2 

Oksanen J, Simpson GL, Blanchet FG, Kindt R, Legendre P, 

Minchin PR, Oapos Hara RB, Solymos P, Stevens MHH, 

Szoecs E, Wagner H, Barbour M, Bedward M, Bolker B, 

Borcard D, Borman T, Carvalho G, Chirico M, De Caceres 

M, Durand S, Evangelista HBA, FitzJohn R, Friendly M, 

Furneaux B, Hannigan G, Hill MO, Lahti L, Martino C, 

McGlinn D, Ouellette MH, Cunha ER, Smith T, Stier A, Ter 

Braak CJF and Weedon J, 2025. vegan: Community Ecology 

Package. R package version 2.7-0 [software]. 

https://github.com/vegandevs/vegan 

R 2025: R project for statistical computing, version 4.5.2. 

https://www.r-project.org/ (accessed 25 September 2025) 

Ramatla T, Mokgokong P, Lekota K and Thekisoe O, 2024. 

Antimicrobial resistance profiles of Pseudomonas 

aeruginosa, Escherichia coli and Klebsiella pneumoniae 

strains isolated from broiler chickens. Food Microbiology 

120: 104476. https://doi.org/10.1016/j.fm.2024.104476 

Rukambile E, Sintchenko V, Muscatello G, Wang Q, Kiiru J, 

Maulaga W, Magidanga B, Banda G, Kock R and Alders R, 

2021. Campylobacter and Salmonella in scavenging 

indigenous chickens in Rural Central Tanzania: prevalence, 

antimicrobial resistance, and genomic features. 

Microbiological Research 12(2): 440-454. 

https://doi.org/10.3390/microbiolres12020030 

Segura-Wang M, Grabner N, Koestelbauer A, Klose V and 

Ghanbari M, 2021. Genome-resolved metagenomics of the 

chicken gut microbiome. Frontiers in Microbiology 12: 

726923. https://doi.org/10.3389/fmicb.2021.726923 

Shang Y, Kumar S, Oakley B and Kim WK, 2018. Chicken gut 

microbiota: importance and detection technology. Frontiers 

in Veterinary Science 5: 254. 

https://doi.org/10.3389/fvets.2018.00254 

Soriano-Vargas E, 2024. Infectious coryza – poultry. 

https://www.merckvetmanual.com/poultry/infectious-

coryza/infectious-coryza, (accessed 25 September 2025) 

Srednik ME, Shelkamy MMS, Hashish A, De Macedo RN, Sato 

Y, El-Gazzar MM, Sahin O and Zhang Q, 2025. 

Development of selective culture media for efficient 

isolation of Avibacterium paragallinarum from chickens. 

Journal of Clinical Microbiology 63(8): e00311-25. 

https://doi.org/10.1128/jcm.00311-25 

Stamilla A, Ruiz-Ruiz S, Artacho A, Pons J, Messina A, Lucia 

Randazzo C, Caggia C, Lanza M and Moya A, 2021. 

Analysis of the microbial intestinal tract in broiler chickens 

during the rearing period. Biology 10(9): 942. 

https://doi.org/10.3390/biology10090942 

Temirbekova AZ, Tekebayeva ZB, Begakhmet AM, Yevneyeva 

DO, Temirkhanov AZ and Abzhalelov AB, 2024. Advancing 

poultry farming in Kazakhstan: the role of probiotics and 

biopreparations, Journal of Biological Research 1(3): 9-15. 

https://doi.org/10.70264/jbr.v1.3.2024.2 

Tigabie M, Assefa M, Gashaw Y, Amare A, Ambachew A, Biset 

S and Moges F, 2025. Prevalence and antibiotic resistance 

patterns of Pseudomonas aeruginosa and Acinetobacter 

baumannii strains isolated from chicken droppings on 

poultry farms in Gondar city, Northwest Ethiopia. Science in 

One Health 4: 100099. 

https://doi.org/10.1016/j.soh.2024.100099 

Vieira TR, de Oliveira EFC, Cibulski SP, Silva NMV, Borba MR, 

Oliveira CJB and Cardoso M, 2023. Comparative resistome, 

mobilome, and microbial composition of retail chicken 

originated from conventional, organic, and antibiotic-free 

production systems. Poultry Science 102(11): 103002. 

https://doi.org/10.1016/j.psj.2023.103002  

Wang Y, Qu M, Bi Y, Liu WJ, Ma S, Wan B, Hu Y, Zhu B, Zhang 

G and Gao GF, 2024. The multi-kingdom microbiome 

catalog of the chicken gastrointestinal tract. Biosaf Health 

6(2): 101-115. https://doi.org/10.1016/j.bsheal.2024.02.006 

WHO, 2024. Disease Outbreak News; Psittacosis – European 

region. World Health Organization. Available at: 

https://www.who.int/emergencies/disease-outbreak-

news/item/2024-DON509, (accessed 26 October 2025) 

Wickham H, 2016. ggplot2: Elegant Graphics for Data Analysis. 

second Ed., Springer Cham: Houston, USA. 

https://doi.org/10.1007/978-3-319-24277-4 

Xiao S, Mi J, Chen Y, Feng K, Mei L, Liao X, Wu Y and Wang 

Y, 2023. The abudance and diversity of antibiotic resistance 

genes in layer chicken ceca is associated with farm 

environment. Frontiers Microbiology 14: 1177404. 

https://doi.org/10.3389/fmicb.2023.1177404 

Xu Y, Huang Y, Guo L, Zhang S, Wu R, Fang X, Xu H and Nie 

Q, 2022. Metagenomic analysis reveals the microbiome and 

antibiotic resistance genes in indigenous chinese yellow-

feathered chickens. Frontiers in Microbiology 13: 930289. 

https://doi.org/10.3389/fmicb.2022.930289 

Yang J, Tong C, Xiao D, Xie L, Zhao R, Huo Z, Tang Z, Hao J, 

Zeng Z and Xiong W, 2022. Metagenomic Insights into 

Chicken Gut Antibiotic Resistomes and Microbiomes. 

Microbiology Spectrum 10(2): e01907-21. 

https://doi.org/10.1128/spectrum.01907-21 

 

https://doi.org/10.3390/pathogens13110989
https://doi.org/10.3390/antibiotics12121664
https://pubmed.ncbi.nlm.nih.gov/38493536/
https://doi.org/10.14202/vetworld.2023.657-667
https://doi.org/10.1038/ncomms11257
https://doi.org/10.1007/s42770-021-00635-8
https://doi.org/10.1637/aviandiseases-D-24-00022
https://doi.org/10.1186/s12866-025-04263-2
https://github.com/vegandevs/vegan
https://www.r-project.org/
https://doi.org/10.1016/j.fm.2024.104476
https://doi.org/10.3390/microbiolres12020030
https://doi.org/10.3389/fmicb.2021.726923
https://doi.org/10.3389/fvets.2018.00254
https://www.merckvetmanual.com/poultry/infectious-coryza/infectious-coryza
https://www.merckvetmanual.com/poultry/infectious-coryza/infectious-coryza
https://doi.org/10.1128/jcm.00311-25
https://doi.org/10.3390/biology10090942
https://doi.org/10.70264/jbr.v1.3.2024.2
https://doi.org/10.1016/j.soh.2024.100099
https://doi.org/10.1016/j.psj.2023.103002
https://doi.org/10.1016/j.bsheal.2024.02.006
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON509
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON509
https://doi.org/10.1007/978-3-319-24277-4
https://doi.org/10.3389/fmicb.2023.1177404
https://doi.org/10.3389/fmicb.2022.930289
https://doi.org/10.1128/spectrum.01907-21

