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Abstract

The general concept of a gut-bone marrow axis, which describes the
communication between the microbial community and the hematopoietic
system, still has little experimental support in poultry. The goal of this study
was to evaluate the hematological values and gut microbial communities in
broiler chickens belonging to the globally used Arbor Acres strain and the
domestic Smena 8 strain, and to assess the associations between these
parameters. The study design included a group-level meta-analysis of
homogeneous quantitative hematological and microbiological datasets
obtained from 40 independent chicken groups using an automatic 5-diff
hematology analyzer and metagenomic sequencing technology performed on
the Illumina MiSeq platform. Comparison of blood profiles between Arbor
Acres and Smena 8 broiler chicken strains revealed significant (P< 0.001)
differences in red blood cells (RBC) and white blood cells (WBC) counts,
complemented by less expressed (P= 0.002) differences in platelet (PLT)
counts. In turn, a comparison of gut microbiomes showed a common core,
represented by 46 bacterial genera and equivalent taxonomic ranks, as well
as specific components that are predominantly found (21 genera) or are
exclusively characteristic (93 genera) for a particular broiler chicken strain.
Subsequent analysis of the associations between blood profiles and
microbial communities identified 23 bacterial genera that were strongly
positively associated with the WBC and PLT counts or negatively associated
with the RBC and WBC counts. Overall, the present study explained
12.39% of RBC and 22.28% of WBC count variability, and the most
pronounced 55.65% PLT variability in blood profiles of broiler chickens as
microbiome-related, which should be considered when these parameters are
jointly assessed in poultry farming.

Introduction

Hematological examination of poultry provides
assessing health and

valuable information for

classical hematological approach involves the
quantitative analysis of key blood components such
as red blood cells (RBC), white blood cells (WBC),

physiological status, as well as the ability to fight
infectious diseases and respond to various
environmental factors (Thrall et al., 2022). The

and platelets (PLT), as well as different WBC types,
by measuring their number within a fixed blood
volume (El Brihi and Pathak, 2024). In turn,

Please cite this article as Galimzhan Duskaev, Lyudmila Vlasenko, Ilshat Karimov, Alexander Zatevalov, Dmitry Deryabin. 2026. Blood
Profiles and Gut Microbial Communities in Broiler Chickens: Are There Any Associations?. Poult. Sci. J. 14(2): 223-242.

DOI: 10.22069/psj.2026.24279.2453


https://orcid.org/0000-0002-9015-8367
https://orcid.org/0000-0002-3790-2783
https://orcid.org/0000-0001-6853-4242
https://orcid.org/0000-0002-1460-4361
https://orcid.org/0000-0002-9578-7947

224

Blood-microbiome associations

subsequent comparison of experimental blood test
data and established reference intervals is essential
for diagnosing health issues where deviations from
these ranges can indicate anemia, infection, or
physiological stress (Nwaigwe et al., 2020).

An in-depth analysis performed for Gallus gallus
domesticus showed that different morphotypes of this
species (chicken breeds or strains) can exhibit
significant variations in their normal blood profiles,
including remarkable differences in most RBC-
related and WBC-related parameters (Bilkova et al.,
2017). Such variations are thought to be determined
by genetic factors that reflect a combination of
artificial and natural selection, which may influence
the production of blood components. As a result,
different chicken breeds/strains have evolved original
adaptation mechanisms specific to external stressors
(Nawaz et al., 2024) or pathogen invasion (Idowu et
al., 2025) to which the bird needs to respond.

A novel factor influencing hematopoiesis is the
microbial community that inhabits the host and is
termed the "microbiome” (Berg et al., 2020). The
recently identified relationship between the gut
microbiome and the hematopoietic system has been
coined the gut-bone marrow axis (Wells et al., 2024).
Initially considered important for leukopoiesis
(Fernandez Sanchez et al., 2024), this concept was
later extended to erythropoiesis (Lee et al., 2021) and
thrombocytopoiesis (Gurumurthy et al., 2026), and
currently describes communication pathways between
the microbial community and hematopoietic stem
cells by modifying the bone  marrow
microenvironment, including mechanical properties,
inflammatory signals, and metabolites (Liu et al.,
2024).

Having been found in humans and experimental
mammals, the links between the gut microbiome and
hematopoiesis in poultry are confirmed but less clear.
The interactions between microbial community,
chicken’s immune system development and immune
homeostasis were summarized by Diaz Carrasco et al.
(Diaz Carrasco et al., 2019), and the impact of the
chicken gut microbiome on cellular innate immune
system components was described in Al Hakeem et
al.'s study (Al Hakeem et al., 2023). Notably, the
germ-free chickens exhibit altered hematopoiesis,
since the absence of promoter signals from the gut
microbiome does not allow granulocyte-macrophage
progenitors to optimally develop and differentiate
(Khosravi et al., 2014). The results obtained on
conventionally reared and germ-free chickens
estimated microbiome-related plasticity for the
immune tissue maturation rate parameter to be 70-
90%, and the impact on the blood leukocyte,
neutrophil, and lymphocyte counts to be 5-15%
(Cowieson, 2022).

Against this background, the goal of this study was to
evaluate the hematological values and gut

microbiomes in broiler chickens belonging to the
globally used Arbor Acres strain and the domestic
Smena 8 strain, and to identify associations between
these datasets that are important for understanding the
interactions of the microbial community and the
hematopoietic system.

Materials and Methods

Study design and ethical statement

The study design was based on a group-level meta-
analysis of homogeneous quantitative data sets from
40 independent chicken groups, previously described
in (Ryazanov et al., 2021; Atlanderova et al., 2021;
Duskaev et al., 2021; Shajahmetova et al., 2021;
Deryabin et al., 2023; Bagirov et al., 2020; Duskaev
et al., 2022; Duskaev et al., 2022; Duskaev et al.,
2022; Duskaev et al., 2023), aimed at identifying
patterns that were not evident in each experiment.
The working hypothesis that is provisionally accepted
as a basis for current research was that the variability
of the examined microbiomes was a consequence of
the use of dietary supplements (antibiotic, probiotic,
plant extract or chemically synthesized analogues of
plant-derived compounds) specifically targeting the
microbial community in the chicken gut, while the
supplements themselves had no direct effect on
hematopoiesis or their effect was not obvious.

A total of 28 groups (5 control and 23 experimental)
were represented by the Arbor Acres strain (Aviagen
LLC, Tula, Russia), while 3 control and 9
experimental groups belonged to the Smena 8 strain,
bred using genetic material from two crosses: the
domestic Smena 7 and the globally used Ross 308
(Emanuylova et al., 2021). All research series were
conducted between September 2016 and February
2024. The complete datasets containing both
hematological parameters and gut microbiome
compositions were gathered from different groups
and included in a meta-analysis to find shared trends
and conclusions.

The keeping of chicken groups was carried out in
accordance with the general requirements of the
“European Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purposes” of 18 March 1986. The study
protocols details were approved by the local ethics
committee of the Federal Research Center for
Biological Systems and Agrotechnologies (see
Institutional Review Board Statement).

Broiler chicken management and diets

Seven-day-old broiler chickens were randomly
divided into groups of 15-30 birds and labeled with
plastic foot tags indicating their assignment to the
control or experimental series. Each group was
housed together in specialized, well-ventilated cages
with mesh floors at temperatures and relative
humidity regimes appropriate for growing broilers.
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The photoperiod program complied with the
European Council Directive (2007/43/EU), which
regulates the protection of chickens kept for meat
production. The control groups received commercial
standard broiler meal, represented by pellets of 2.5—
3.0 mm, while the experimental groups were fed a
same basic diet supplemented with antibiotic,
probiotic, plant extract or chemically synthesized
analogues of plant-derived compound (Ryazanov et
al., 2021; Atlanderova et al., 2021; Duskaev et al.,
2021; Shajahmetova et al., 2021; Deryabin et al.,
2023; Bagirov et al., 2020; Duskaev et al., 2022;
Duskaev et al., 2022; Duskaev et al., 2022; Duskaev
et al., 2023), which led to variability in hematological
and microbiological datasets in finisher broilers and
supplemented the genetically determined differences
between these parameters in the compared chicken
strains.

Sampling collection

In 42-day-old broiler chickens of each control and
experimental group, sets of blood samples were
drawn by puncturing the axillary vein into 6 ml
disposable vacuum-sealed tubes internally coated
with spray-dried anticoagulant K2EDTA (Greiner
Bio-One International AG, Kremsmiinster, Austria).
Immediately after blood collection, the sample tubes
were gently shaken to prevent hemolysis. This
standardized method ensured that the blood remained
in a liquid, non-clotted state, which was crucial for
the accurate hematological analysis, which was
performed within 60 min of sample collection.
Chickens were randomly selected from each group
and humanely slaughtered, after which a ventral
midline incision was performed to provide maximum
access to the abdominal cavity. The gut (cecal)
contents were extruded into sterile cryogenic tubes
and rapidly frozen at -80°C in a Thermo Fisher
Scientific 803CV freezer (Waltham, MA, USA).

Hematological analysis

In the individual blood samples, cell counting was
performed using a DF50 Vet (Shenzhen Dymind
Biotechnology Co., Ltd., Shenzhen, P.R. China)
automatic hematology analyzer with a throughput of
60 samples per hour. Diluent, detergent and lyse
reagents provided by the device manufacturer were
used. Based on the principle of electrical impedance,
absolute values of the white blood cell (WBC), red
blood cell (RBC), and platelet (PLT) counts were
determined as the number of cells per 1 L. In
addition, a 5-part differentiation of WBC types was
performed, representing lymphocytes (LYM),
monocytes (MONO), heterophils (HPH), eosinophils
(EOS), and basophils (BAS) as a percentage of the
total leukocyte count.

This instrumental approach ensured high efficiency,
accuracy, reliability and reproducibility of the

analytical procedure, as well as comparability of the
hematological data both within and between
experimental series. Since the use of hematological
analyzers for blood testing in poultry is still
controversial, randomly selected samples were re-
examined using manual hematological methods, and
a 5% deviation was considered acceptable.

Gut microbiome analysis

The chicken's gut microbial community was analyzed
using the V3-V4 hypervariable regions of the 16S
rRNA gene, which is the most widely adopted target
offering an optimal balance between broad bacterial
coverage and taxonomic resolution (Tong et al.,
2022).

Total DNA extraction from cecal samples was
performed using commercial Fast DNA SPIN Kit for
Feces (MP Biomedicals Inc., Irvine, CA, USA) and
QlAamp Fast DNA Stool Mini Kit (Qiagen GmbH,
Hilden, Germany).

A two-step lllumina protocol (Part #15044223, Rev.
B) was implemented to prepare the 16S rRNA
library, including amplification of target V-regions
using the forward primer S-D-Bact-0341-b-S-17 and
the reverse primer S-D-Bact-0785-a-A-21. The
QIAxcel Advanced system (Qiagen GmbH, Hilden,
Germany) was used to assess the quality of the
obtained DNA libraries.

Finally, Illumina's second-generation MiSeq high-
throughput short-read sequencing platform was used
to sequence the V3-V4 regions. The high-throughput
paired-end sequencing of 2 x 250 bp was performed
using the V.2 reagent kit (Illumina Inc., San Diego,
CA, USA).

After quality filtering using USEARCH v11.0.667
with the —fastq filter option (-minlen 400, -maxee
1.0), a total of 334,832 reads were retained. The
number of reads per sample ranged from 11,131 to
31,809, with a mean of 20,927 + 5,079.51 reads per
sample. Rarefaction curves reached a plateau at the
selected sampling depth, indicating sufficient
sequencing coverage for downstream analyses.

The raw sequencing data were clustered into
operational taxonomic units (OTUs) using the
USEARCH V.10.0.240 software and the RDP
classifier (Wang et al., 2007) against the SILVA 16S
rRNA database (SILVA, 2025). The OTUs’
affiliation to specific taxa was determined according
to the NCBI taxonomy browser (Schoch et al., 2020).

Statistical analysis

Data for each broiler chicken group were pre-
calculated as separate units and stored using the
Microsoft  Excel 2019 package (Microsoft
Corporation, Redmond, Washington, DC, USA).
Advanced data processing was performed using
Statistica 13.0 software (TIBCO Software Inc., Palo
Alto, CA, USA).
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Since the Shapiro-Wilk test rejected the normal
distribution hypothesis of the original data with 95%
confidence level, nonparametric methods for
subsequent statistical analysis were justified. In
accordance with this approach, quantitative data were
presented as median values [Q1-Q3], and differences
between chicken strains were assessed using the
Mann-Whitney test, where the significance threshold
was considered to be P<0.001.

A multivariate principal component analysis (PCA)
was used to identify the largest variation in
hematological data, and the distribution of chicken
strain datasets was visualized using the F1 x F2 factor
plane. Associations between blood cell counts and
bacterial genera in chicken gut microbiomes were

assessed by correlation analysis corrected for multiple
comparisons and visualized using a “heat map” chart.
The impact of host genetics and gut microbiome
composition on blood cell counts in the compared
broiler chicken strains was investigated using
regression analysis and represented by the R?
coefficient of determination.

Results

Broiler chicken’s hematology

Comparison of blood profiles between Arbor Acres
commercial broiler chickens and Smena 8 domestic
broiler chickens revealed numerous differences, as
presented in Table 1.

Table 1: Hematological parameters in Arbor Acres and Smena 8 broiler chicken strains.

Parameters Arbor Acres (n=28) Smena 8 (n=12) P-value
RBC, 102 cell/L 3.56 [3.28-3.73] 1.97 [1.80-2.01] <0.001
WBC,10° cell/L 46.25 [36.42-50.03] 21.45[17.14-26.35] <0.001
LYM, % 42.48 [41.87-43.45] 41.76 [40.50-42.62] 0.108
MONO, % 8.38 [7.79-8.64] 6.98 [6.55-8.14] 0.016
HPH, % 39.97 [38.14-40.72] 40.22 [39.64-41.48] 0.323
EOS, % 8.71[7.95-9.62] 9.97 [9.55-10.40] 0.009
BAS, % 0.60 [0.53-0.67] 0.55 [0.50-0.67] 0.425
PLT, 10° cell/L 104.17 [73.52-123.42] 67.50 [65.01-68.00] 0.002

Note: data are presented as median value [Q1-Q3]. P-value between groups were calculated using the Mann-Whitney U
test. Abbreviations: RBC — red blood cells, WBC — white blood cells, LYM — lymphocytes, MONO — monocytes, HPH —
heterophils, EOS — eosinophils, BAS — basophils, PLT — platelets.

First, the Arbor Acres strain was characterized by an
increased RBC count (3.56 [3.28-3.73] x 10%
cells/L), which was higher than that of the Smena 8
strain (1.97 [1.80-2.01] x 10™ cells/L) with statistical
significance at P< 0.001. Second, total WBC counts
also differed significantly (46.25 [36.42-50.03] x 10°
cell/lL vs 21.45 [17.14-26.35] x 10° cell/L; P<
0.001), although fluctuations between the proportions
of leukocyte types were less pronounced or absent.
Third, a moderate increase was recorded for Arbor
Acres strain compared with the Smena 8 strain in
PLT counts (104.17 [73.52-123.42] x 10° cell/L vs
67.50 [65.01-68.00] x 10° cell/L; P= 0.002), which
are often considered the most abundant type of “white
blood cell” in chickens due to their involvement in
the innate immune response.

The subsequent principal component analysis
transformed the observed hematological data into a
new coordinate system and represented the most
characteristic variations in the blood profiles as
individual factors (F). As a result of this processing,
the first weigh F1 was described, showing the
correlation matrix eigenvalue to be 2.640989, and the
total variance to be 33.0124%. The F1 structure
included significant unrotated factor loadings (>0.07)
for three hematological parameters, namely, RBC
count (0.802755), WBC count (0.891060), and PLT
count (0.756546), which were characteristic of the
Arbor Acres strain compared to the Smena 8 strain

(see above). In turn, F2 had an eigenvalue of
1.613283 with a total variance of 20.1660 %,
showing only one significant unrotated factor loading
found for the ‘“eosinophils” parameter (0.726711),
which was not associated with any of the compared
broiler chicken strains.

The following factor scores calculation made it
possible to link each analyzed groups with the F1
factor directly or inversely, while projection of the
observed data sets onto the F1 x F2 factor plane
revealed clearly separated blood profiles that differed
significantly between the Arbor Acres and Smena 8
strains (Figure 1).

Chicken gut microbiomes: common and strain-
specific components

Based on the analysis of a subset of 16S rRNA gene
reads, 11 bacterial phyla, represented by 160 bacterial
genera and equivalent taxonomic ranks, were found
in the chicken gut microbiomes (Table S1 in the
Supplement).

The phylum Bacillota was dominant, occurring in all
groups, showing relative abundances from 28.66 to
90.12% and being represented by 113 genera or
equivalent  taxonomic  ranks. The  phylum
Bacteroidota (represented by 12 genera) was also
found everywhere, but its relative abundance was
lower, ranging from 4.19 to 69.10%. The resident
community of the chicken gut microbiomes also
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included the phyla Actinomycetota, Cyanobacteriota,
Pseudomonadota, and Thermodesulfobacteriota,
which were present in at least two-thirds of the
analyzed groups with an abundance of less than 1%
and were represented by 12, 1, 14, and 3 genera,
respectively. In turn, another 5 phyla (Chloroflexota,
Chlamydiota, Mycoplasmatota, Spirochaetota and

K2 [20,17 %)
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Verrucomicrobiota), each represented by one genus
only, were discovered sporadically.

Comparison of microbial communities in Arbor
Acres and Smena 8 chicken strains revealed several
common genera that make up the core microbiome
(CM) of Gallus gallus domesticus, as well as
bacterial taxa associated with a particular chicken
strain (Figure 2).

Arbor Acres
* Smena-8

F1 [33.01 %]

Figure 1. Projection of blood profiles in the Arbor Acres and Smena 8 broiler chicken strains onto the F1 x F2
factor plane, assessed using principal component analysis. The abscissa and ordinate axes indicate F1 and F2

factors with the percentage variance explained.

AA-ES

S8-ES

____________________________________________________________

Odoribacter

Phocaeicola

{listipes

Bactervides

unclassified Rikenellaceae

Figure 2. Top bacterial genera and equivalent taxonomic ranks common for chicken gut microbiomes or specific

for Arbor Acres and Smena 8 strains.

Note: central part, solid line — bacterial taxa found in both strains (core microbiome — CM); intermediate parts, dotted line —
bacterial taxa predominantly specific (PS) for Arbor Acres (AA) or Smena 8 (S8) strains; exclusively specific (ES) placed in

the lateral parts are not outlined.

Taxa belonging to phylum Bacillota are highlighted
in blue, those belonging to phylum Bacteroidota are
highlighted in red, to phylum Actinomycetota — in
green, to phylum Cyanobacteriota — in purple, to
phylum Pseudomonadota — in brown, to phylum
Chlamydiota — in pink.

The CM list (Figure 2, central part) included the
genera Blautia, Faecalibacterium, Fusicatenibacter,
Lactobacillus, Ruminococcus, Subdoligranulum, and
also unclassified Lachnospiraceae and
Oscillospiraceae, all belonging to the phylum
Bacillota, as well as the genera Alistipes and
Bacteroides, belonging to the phylum Bacteroidota,
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which occurred in 75-100%, without differences in
the abundance between the compared chicken strains.
Another 36 genera and equivalent taxonomic ranks
were also not statistically different between Arbor
Acres and Smena 8 strains, but showed a lower
occurrence and abundance.

Subsequent  analysis  identified  strain-specific
bacterial genera, subdivided into two categories:
predominantly specific (PS) and exclusively specific
(ES) for Arbor Acres or Smena 8 gut microbiomes. In
this case, the PS category included taxa that occurred
in both chicken strains but differed significantly (P<
0.001) in abundance, whereas the ES category was
represented by bacterial genera that were found in
one strain's microbiomes only but were absent in the
other.

According to these criteria, the PS component of the

Arbor  Acres  microbiomes  included  the
Butyricicoccus,  Christensenella,  Eisenbergiella,
Oscillibacter, Romboutsia, Streptococcus,

Turicibacter, and unclassified Erysipelotrichaceae,
all within belonging to the phylum Bacillota. In
addition, the criteria for predominant specificity were
met by frequently occurring genera Gordonibacter
(belonging to the phylum Actinomycetota) and
Vampirovibrio  (belonging to the  phylum
Cyanobacteriota). In turn, the ES genera were
Agathobaculum,  Dysosmobacter,  Fournierella,
Ligilactobacillus, Limosilactobacillus,
Mediterraneibacter, Saccharofermentans (al
belonging to the phylum Bacillota), Odoribacter,
Phocaeicola (belonging to the phylum Bacteroidota)
and Rubneribacter (belonging to the phylum
Actinomycetota), which were found in 78,57% Arbor
Acres groups, but were absent in the Smena 8 strain
(Figure 2, left part).

The PS taxa for Smena 8 microbiomes were
Anaerobacterium,  Anaerotignum,  Anaerovorax,
Clostridium v, Clostridium XIVb,
Pseudoflavonifractor (all belonging to the phylum
Bacillota), unclassified Rikenellaceae (belonging to
the phylum Bacteroidota), and Escherichia/Shigella
sp. (belonging to the phylum Pseudomonadota). At
last, exclusively Smena 8 strain-specific taxa
included Acetivibrio, Coprobacillus, Granulicatella,
Listeria, Mobilitalea, Pediococcus (belonging to the

phylum  Bacillota), Paraeggerthella  (phylum
Actinomycetota), Coprobacter (phylum
Bacteroidota), Pseudomonas (phylum
Pseudomonadota), and unclassified

Parachlamydiaceae (phylum Chlamydiota),
accompanied with other 38 bacterial genera that were
not found in any of the Arbor Acres groups (Figure 2,
right part).

Associations between hematological profiles and gut
microbiome communities

Since numerous hematological and microbiological
characteristics of the Arbor Acres and Smena 8
strains differed significantly, these facts justified
subsequent analysis of possible links between
observed blood parameters and gut microbial
communities. To test this hypothesis, associations
between blood cell counts and bacterial taxa
abundance were assessed using correlation analysis,
and relationships between significant genera and
hematological profiles were visualized in a two-
dimensional heat map.

According to this approach, 1280 correlation
coefficients were calculated between 8 blood
parameters and 160 bacterial taxa, among which 36
values were significant at a threshold of P<0.001.
The RBC count was positively correlated with
unclassified Erysipelotrichaceae only (r=+0.56782;
P= 0.00013), while significant negative links were
found with 7 bacterial genera and equivalent
taxonomic ranks. The WBC counts were strongly
associated with the abundance of 11 bacterial genera
in gut microbiomes, including positive links (r >+0.5)
with 7 taxa and negative links (r <-0.5) with 4 taxa.
In turn, the PLC counts were positively correlated
with 14 bacterial genera, while it was negatively
correlated with the abundance of the genus
Bacteroides only (r=-0.56471; P= 0.00015). In total,
23 bacterial genera and equivalent taxonomic ranks
significantly associated with hematological profiles in
Arbor Acres and Smena 8 strains were established
and listed in Figure 3.

When a heat map was subsequently constructed, these
data were clustered, and two robust clusters were
found for both blood profiles and gut microbiome
composition. Notably, cluster I, negatively associated
with the observed hematological parameters, showed
multiple links with RBC and WBC counts, whereas
cluster 11 was predominantly positively associated
with WBC and PLT counts.

In terms of biodiversity, cluster | included 8 bacterial
taxa belonging to 3 bacterial phyla (Bacillota — 5
genera and equivalent taxonomic ranks; Bacteroidota
— 2 and Pseudomonadota — 1), while cluster II,
comprising 15 bacterial taxa, consisted of 9 genera
belonging to the phylum Bacillota, 2 each to the
phyla Pseudomonadota and Thermodesul
fobacteriota, and 1 each to the phyla Actinomycetota
and Bacteroidota.

In terms of specificity for the compared broiler
chicken strains, both clusters contained components
of the core microbiome as well as taxa predominantly
or exclusively specific to the Arbor Acres and Smena
8 strains. Bacterial cluster 1, associated with
decreased RBC and WBC values, included the genus
Bacteroides, classified as a CM  member;
Anaerobacterium and unclassified Rikenellaceae,
assessed as PS for Smena 8 microbiomes; and also
Acetivibrio, Coprobacillus, Paraeggerthella,
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Peptococcus, and unclassified Clostridiales Family
X111, recognized as ES for this broiler chicken strain.
In turn, cluster I1, linked with elevated WBC and PLT
values, consisted of the genera Anaerofustis,
Bilophila, Parasutterella and Roseburia, which did
not have significant differences in occurrence and
abundance among the compared chicken strains,

unclassified Rikenellaceae (S8-PS)
lcetivibrio (S8-ES)
Coprobacillus (S8-ES)
stococcus (S8-ES)
(S8-ES)

assified Clostridiales Family
{naerobacterium (S8-ES)
Bacteroides (CM)

(e yniclassified E
— Parasutterella (CM)

— Roseburia (CM)

crer (AA-ES)
utsia (AA-PS)
— Butyricicoccus (AA-PS)

E (naerofustis (CM)
!

(AA-ES)
(CM)
{byssivirga (AA-ES)

lestuariispira (AA-ES)
Phocaeicola (AA-ES)
Turicibacter (AA-PS)

e (AA-ES)

— Agathobaculum (AA-ES)

V711 (S8-ES)

sipelotrichaceae (AA-PS)

while Butyricicoccus, Romboutsia, Turicibacter and
unclassified  Erysipelotrichaceae  were  found
predominantly in the Arbor Acres microbiomes, and
Abyssivirga, Aestuariispira, Agathobaculum,
lhubacter, Mailhella, Phocaeicola and Rubneribacter
were exclusively specific for this strain.

Figure 3. Hierarchical cluster heat map depicting the associations between blood cell counts and the relative
abundance of the most influential bacterial genera in the chicken gut microbiome.
Note: The color highlighting of bacterial taxa and their belonging to the core or specific to Arbour Acres and

Smena 8 microbiomes is similar to Figure 2.

The strength of associations is indicated by colors from red (negative) to green (positive) according to the right

scale.

Assessment of host- related and microbiome-related
plasticity of blood profiles in broiler chickens

To estimate the host-related and microbiome-related
influences on the variability of blood profiles in
broiler chickens, a series of regression analyses were
performed. For this purpose, outcome variables
(WBC, RBC and PLT endpoint values) were
presented as a function of strain specificity, gut
microbiome composition or both these independent
parameters. Once the regression models had been
constructed, the statistical significance of the
estimated parameters was assessed via R-squared and
checked by an F-test criterion. A summary of the
possible plasticity of blood profiles in broiler
chickens, depending on host genetics and gut
microbial composition, is presented in Figure 4.

The calculated regressions and regression summary
showed an essential dependence of the cell count in
the blood of broiler chickens on the host genetics.

The most significant influence of chicken strain
specificity (Arbor Acres vs. Smena 8) was found for
the RBC count: adjusted R?=0.84631777 and
F[1.38]=215.77; while this effect on the WBC count
was characterized as adjusted R?=0.57012022 and
F[1,38]=52.723; being minimal for the PLT outcome:
adjusted R?=0.30781213 and F[1,38]=18.343.
Multiple regressions based on both chicken strain
specificity and microbiome composition data showed
an increase in R-squared values, confirmed by the F-
test significance. For the RBC count variability, the
adjusted R? value was 0.97027866
(F[10.29]=128.32), for the WBC it became
0.79300847 (F[5.34]=30.883) and increased most
noticeably for the PLT outcome to 0.86440169
(F[7.32]=36.516), which assumes from 12.39% and
22.28% to 55.65% plasticity of these blood
parameters in broiler chickens as microbiome-related
(Figure 4).
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To eliminate multicollinearity, numerous highly
correlated variables were removed from these
multiple regression models, after which the final lists
of genera most significant for determining the RBC,
WBC and PLT counts included 9, 4, and 6 bacterial
taxa, respectively. However, due to the large number

0.84861777

of remaining variables, the regression models appear
unstable and are not intended to be predictive without
external verification, although they are of interest in
the context of describing the most relevant bacterial
taxa influencing blood profile outcomes.

RBC

0.97027866

0.57012022

J
0.79300847
0.30781213
J
0.86440169

0,00 0,25

0,50 0,75 1,00

adjusted R? values

Figure 4. The impact of host-related (black) and microbiome-related (grey) factors on the variability of blood

cell counts in broiler chickens, represented by the adjusted R? coefficient of determination.
Note: Values above the bars show R? for regression models based on the host factor only; values below the bars represent R? for regression

models accounting for both the host and microbiome parameters.

Thus, in the multiple regression for the RBC count,
positive structure coefficients were found for the
genera Butyricicoccus (P= 0.009849), Parasutterella
(P= 0.000053), Phocaeicola (P< 0.000001) and
Romboutsia (P= 0.000672), while negative structure
coefficients were established for Abyssivirga (P=
0.000003), Acetivibrio (P= 0.012151), Aestuariispira
(P< 0.000001), Anaerofustis (P= 0.000445) and
Turicibacter (P< 0.000001). In the WBC regression
model, the independent variables were the genera
Anaerofustis  (P= 0.00538), Phocaeicola (P=
0.0000249), Roseburia (P= 0.0000288) and
Rubneribacter (P= 0.00001). In turn, the complex
associations between gut microbiome composition
and PLT outcomes included the abundance of genera
Aestuariispira (P= 0.022696), Agathobaculum (P=
0.001513),  Anaerobacterium  (P=  0.000012),
Bilophila (P< 0.000001), Paraeggerthella (P=
0.020828) and unclassified Clostridiales Family XIII
(P=0.008856).

According to (1 — R?) criteria, about 2.97%, 20.69%
and 13.56% of the RBC, WBC and PLT variability
remained unclear in the constructed multiple
regressions and could be explained by other factors
not included in the model, namely, environmental
effects and management differences.

Discussion

The study contributes to current knowledge on the
variability of blood profiles in broiler chickens, which
influence their resistance to infectious diseases,
response to various environmental factors, and
physiological state during performance. In contrast to
several studies (Talebi et al., 2005; Kongpechr et al.,
2021), which found similarities in hematological
parameters among major broiler chicken breeds (Ross
308, Cobb 500, Arbor Acres, and Arian), we
described differences between the compared
commercial Arbor Acres and domestic Smena 8
strains, which included variations in RBC, WBC and
PLT counts and manifested in significantly different
blood profiles. On the other hand, the obtained results
are in good agreement with observations about the
differences between local (indigenous) chickens and
commercial broiler strains (Baudouin et al., 2021,
Dutta et al., 2013), in which improved hemogram and
leukogram characteristics are apparently the result of
genetic selection.

To assess non-genetic factors that may also determine
variations in hematological profiles, we analyzed the
composition of gut microbiomes, which, according to
current concepts, are involved in the gut-bone
marrow regulatory axis (Wells et al., 2024; Liu et al.,
2024).
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Based on the results of a series of metagenomic
analyses and subsequent integrative analysis, we have
established two principal points: (i) the gut
microbiome of Gallus gallus domesticus has a
common core, represented by bacterial genera, the
occurrence and abundance of which are relatively
stable in the various chicken strains; (ii) the microbial
communities of individual chicken strains contain
specific ~ components  that are  exclusively
characteristic or are predominantly found in a
particular strain. In this study, the core microbiome
was represented by 46 bacterial genera and equivalent
taxonomic ranks, while the predominantly specific
component in the Arbor Acres strain included 13 taxa
and in the Smena 8 included 8 taxa, while the
exclusively specific components were represented by
45 and 48 taxa, respectively. Thus, the current study
is in line with several observations that also support
the presence of breed-specific and across-breed core
gut microbiomes in native and commercial broilers
(Paul et al., 2021), as well as between modern and
slower-growing broiler breeder lines (Shterzer et al.,
2023), which are important for growth performance
and other physiological aspects accelerating growth.
It is possible that due to the different numbers of
Arbor Acres and Smena 8 groups included in the
study, some exclusively specific taxa were
overestimated and should be clarified in further
studies.

A comparison of hematological values and microbial
communities revealed significant associations of
RBC, WBC and PLT counts with the abundance of
23 bacterial taxa out of 160 included in the study.
This analysis took into account both inter-strain
differences and intra-strain distribution, which
allowed us to discover three fundamental facts: (i)
typical was a combined change in two hematological
parameters - a decrease in in RBC and WBC counts
or an increase in WBC and PLT counts; (ii) the
influencing bacterial taxa were divided into two
robust clusters associated with these variations in
blood profiles; (iii) the influencing taxa belonged to
both exclusively or predominantly strain-specific
genera and the core microbial communities. Thus, the
present study demonstrates a more comprehensive
effect of the chicken gut microbiome on
hematopoiesis than has been previously described in
terms of impact on the cellular immune system alone
(Diaz Carrasco et al., 2019; Khosravi et al., 2014).

In discussing the limitations of the present study,
which do not allow us to unambiguously interpret the
reported associations as causal, it should be noted that
there is a lack of biological evidence confirming the
influence of the gut microbiome on blood profiles,
which was beyond the scope of the performed
analysis. Based on current knowledge, these
mechanisms can be explained by influences on
hematopoietic stem cell differentiation through

changes in the bone marrow microenvironment,
including mechanical properties, inflammatory
signals, and various metabolites (Liu et al., 2024).
Thus, for several genera associated with RBC count
(namely Parasutterella (Bush and Alfa, 2020),
Romboutsia (Fan et al., 2024) and Turicibacter
(Lynch et al., 2023), this effect may be determined by
involvement in lipid metabolism, which is necessary
for cell membrane biogenesis. Furthermore, the effect
of the gut microbiome on erythropoiesis may be
mediated by lactate, which induces the production of
stem cell factors by niche cells expressing the leptin
receptor (Lee et al., 2021). Another mechanism may
be the influence of the microbial community on trace
element metabolism (Deryabin et al., 2024),
including iron metabolism, which is essential for
effective hematopoiesis, especially for erythropoiesis.
The association between genus Roseburia and WBC
count may be explained by a decrease in pro-
inflammatory mediators and an increase in anti-
inflammatory cytokines (Nie et al., 2021). In turn,
the apparent effect of the microbial community on
PLT count variability is particularly interesting,
which may be explained by the influence of
circulating microbial metabolites on receptor-
mediated platelet priming and reveals platelets as part
of the immune system (Gurumurthy et al., 2026).
Besides, the influence of Bilophila and
Paraeggerthella  (previously  classified  under
Eggerthella) on PLT counts can be discussed in the
context of the description of these bacterial genera as
emerging pathogens causing bacteremia, a serious
systemic infection (Kovacs et al., 2024; Salameh et
al., 2012). The authors hope that further in-depth
analysis of the influencing taxa will allow a more
detailed explanation of the mechanisms of their
involvement in the gut-bone marrow regulatory axis.

Conclusions

This study confirms and expands our understanding
of the gut-bone marrow regulatory axis, which
represents a communication pathway between the gut
microbiome and the hematopoietic system and is one
manifestation of host-microbiome interaction in
poultry. Based on differences in blood profiles and
gut microbial community between the globally used
Arbor Acres strain and the domestic Smena 8 chicken
strain, 23 bacterial genera belonging to 5 bacterial
phyla were identified that were strongly positively
associated with the WBC and PLT counts or
negatively associated with the RBC and WBC counts.
Overall, the present study explained 12.39% of RBC
count variability, as well 22.28% WBC variability
and 55.65% PLT variability in blood profiles of
broiler chickens as microbiome-related, which should
be considered when these parameters are jointly
assessed in poultry farming and strain-specific
reference intervals are proposed.
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