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Abstract. Respiratory pathology in pigs is a widespread issue in global pig farming. The etiology
of pneumonia varies and can significantly differ between regions. Periodically, new pathogens
inducing respiratory diseases in pigs, including respiratory organs, are discovered worldwide.
Dnipro State Agrarian and Economic Therefore, the aim of our work was to determine the microbiome structure of pneumonia in domestic
gﬂgff‘{ﬁiﬁfg" Efremov Str., 25, 49600, pigs in Ukraine. Fragments of lung tissue were collected for research from deceased pigs with signs

’ of respiratory pathology. A total of 87 cases of pig pneumonia from 62 pig farms located in 20

Tel.: +38-099-98-68-158 different regions of Ukraine were investigated. Using the qPCR method, genes of 13 microorganisms
E-mail: kokarev.a.v@gmail.com were identified: PCV 2, PCV 3, SIV type A, SIV type D, PRRSV EU, A. pleuropneumoniae, A. suis, M.

hyopneumoniae, M. hyorhinis, S. suis, P. multocida, B. bronchiseptica, and G. parasuis. It has been
“Corresponding author: determined that the pneumonia microbiome in growing pigs is represented by a co-infection of 3-6
A. V. Kokariev microorganisms, while in fattening pigs, it consists of 4-7 microorganisms. The maximum number
kokarev.a.v@gmail.com of microorganisms in the pneumonia focus in both groups comprises 9 taxa. Some cases have been

identified where none of the microorganisms were detected. The most prevalent microorganisms
causing pig pneumonia are PCV2, G. parasuis, S. suis, M. hyorhinis, and P. multocida, whereas the
least common are PCV3, PRRSV EU, and SIV type A. There is no evidence of SIV type D circulation
among domestic pigs in Ukraine. There was found out the association for verified pneumonia events
of growing pigs with dominant viruses PCV2 and PRRSV UA while an average concentration
ranging from 10® to 10° genome equivalents per gram of lung tissue. In fattening pigs, PCV2 and 4.
pleuropneumoniae are most prevalent, with their average quantity varying from 107 to 10° genome
equivalents per gram of lung tissue. PCV2 in most pneumonia cases appeared as a monoviral
infection. Viral co-infections were identified involving PCV2, PRRSV UA, and PCV3. The least
common respiratory virus is SIV type A, detected in only 2% of affected lungs. Bacterial pneumonia
without viral involvement in growing pigs is significantly less common than in fattening pigs, but the
bacterial spectrum is common for both groups, represented by M. hyorhinis, S. suis, and G. parasuis.

Keywords: pneumonia; swine circoviruses; bacteria; co-infection; microbiome

CTpyKTypa Mikpobiomy NHEBMOHii y AOMaLLHiX CBUHel B YKpaiHi

Amnotamisi. PecriipatopHa natoJorist y CBUHEH € IHPOKO PO3MOBCIOPKEHOO IPOOIEMOI0 Y IPOAYKTHBHOMY CBHHAPCTBI BCHOIO cBiTY. ETi-
OJIOTisI ITHEBMOHIi € PI3HOMAHITHOIO 1 MOKE CYTTEBO BiJPI3HATHCH MK perioHaMu. Yac Bz 4acy y CBiTi BUSIBJISIOTH HOBI ITATOTCHH, LIO 1HIY-
KYyIOTb XBOPOOH y CBHHEH, y TOMY 4YHCIIi 1 pecripatopHux opratiB. Came TOMy METOI0 Haloi po6oTH Oy/io BU3HAYUTH CTPYKTYPY MiKpOOioMy
ITHEBMOHIT y JIOMAIITHIX CBUHEH Ykpainu. sl mpoBeICHHS TOCIIXKEHB BiJl 3aTMONIMX CBHHEH 3 03HAKAMH PECITipaTOpHOT MaToJOTi1 BiIOHpanu
(parMeHTH NereHeBoi TKaHUHU. Beboro mociimpkeHo 87 BUMAAKIB MTHEBMOHII CBUHEH 3 62 CBHHAPCHKUX IMIAMPHEMCTB, IO po3MirieHi y 20
pi3HuX perioHax Ykpainu. 3a qomomororo metony qPCR Busiisimm reru 13 mikpooprauismis — PCV 2, PCV 3, SIV type A, SIV type D, PRRSV
EU, A. pleuropneumoniae, A. suis, M. hyopneumoniae, M. nyorhinis, S. suis, P. multocida, B. bronchiseptica Ta G. parasuis. BcTaHOBJIEHO, 1110
MiKpoOiOM ITHEBMOHIi Y CBHHEW IpyIH TOPOIICHS Npe/cTaBIeHHH KOoiH(EKIiero 3 3-6 MiKpOOpraHi3MiB, a y CBUHEH Ha Biro/iBi 3 4-7 MiKpo-
opraHi3miB. MakcumalibHa KiJIbKiCTh MiKpOOPraHi3MiB y BOTHHIL THEBMOHIT CBUHEW 000X IPYI CKJIa1aeThes 3 9 TakcoHiB. BusBieHo Bunaaku,
Y SIKMX He BHSIBJIEHO JKOJJHOTO 3 MIKpOOpraHi3MiB. BusiBieHo, 1110 HalOUTBIIT TOMMPEHUMH MIKpOOpraHi3MaMH 3a THeBMOHii y cBuHel € PCV2,
G. parasuis, S. suis, M. nyorhinis i P. multocida, Toni six HalimMeHII nommpeHumM € sipycu PCV 3, PRRSV EU ta SIV type A. O3HaK TUPKYISLIT
cepen gomalHix cBuneilt Ykpaiuu SIV type D He BHsBICHO. 3’ICOBaHO, 110 JOMIHYIOUHMH MiKpOOpraHi3MaMH y BOTHHILI THEBMOHIi CBUHEH
rpymu gopouiens € PCV 2 i PRRSV UA, cepenHsi KOHIIEHTpALlis SKHX KojnBanachk y Mexax 103-10° n-e. y 1 rpami iereHeBoi TKaHHHH. Y CBUHEH
Ha BiroAiBy HaiGinem noumpenumu € PCV 2 i A. pleuropneumoniae. 1x cepens KinbkicTh KonmaioThest y Meskax 107-10° r-e. y 1 rpami
nereneBoi TkanuHU. OTpUMaHi pe3ynsraTi mokasai, 1o PCV 2 y GibIIOCTi BUNIAKIB THEBMOHIT BUSIBISIBCS y BUIVISIII MOHOBIPYCHOT iH(EK-
wii. Koindexito BipyciB BusiBieHo 3a yuacti PCV 2, PRRSV UA i PCV 3. HalimeH1 nommpeHuM pectiipatopHuM BipycoM € SIV type A, siknii
BUSIBIICHO JHIIIe y 2 % ypakeHHX JieTeHb. bakrepianbHi MHeBMOHII 6e3 yJacTi BipyciB y CBHHEH Ha JOPOILIEH] € 3HAYHO MEHIIE TTONINPEHIMH
HDK y CBHHEH Ha BITOAIBIII, PO TE CHEKTP OakTepiil € CriibHUM tst 000X TPYII i npeacTasieHuit M. nyorhinis, S. suis 1 G. parasuis.
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Introduction

Respiratory pathology in pigs is a widespread issue in global
pig farming (Thakor et al., 2023). Numerous studies have assessed
the microbial biodiversity in lung pathology foci using classical
microbiological methods (Niederwerder, 2017; Pirolo et al., 2021;
Valeris-Chacin et al., 2021). However, modern laboratory tools
enable a more comprehensive identification of microorganisms
colonizing lung tissue during pathological processes (Zhang
et al., 2022; Goto et al., 2023). It contributes to the discovery of
new microorganisms, previously undetected by classical methods.
This is directly linked to the development and implementation of
effective therapeutic and preventive measures (Saporiti et al., 2021;
Tan et al., 2023). Therefore, the control of microbiome community
in productive pigs with respiratory pathology is currently a
pertinent issue.

An effective scheme of medical and preventive measures
relies on combating primary pathogens, which are capable of
independently inducing diseases (Masiuk et al., 2021; Gaire et al.,
2022). Additionally, commensal microorganisms may contribute
to the development or intensification of lung inflammation
(Chellappan et al., 2019; Sommariva et al., 2020; Costantini et al.,
2022). Typically, the latter are counted in several species within the
pathological focus. Hence, for formulating effective therapeutic and
preventive measures, the dominant forms of microorganisms in the
pathological process must be considered (Cho et al., 2006; Balestrin
et al., 2022).

Thus, the aim of our study was to characterize the microbiome
community in farming pigs affected with pneumonia in Ukraine.

Materials and methods

The research was carried out in the PCR laboratory of the
Immunohistochemistry and molecular genetic analysis department
of the scientific research center for biosecurity and environmental
monitoring of the Agro-Industrial Complex of Dnipro state agrarian
and economic university. The samples for the study were collected
from 87 pigs across 62 pig farms. These farms were located across
20 different regions of Ukraine. 32 pigs were from the growing
group (aged 40-65 days), sourced from 30 pig farms across 16
regions, while 55 animals were from the fattening group (over 65
days old) obtained from 43 pig farms in 18 regions of Ukraine.

Fragments of lung tissue were collected from pigs that died
with signs of respiratory pathology, and pathological-anatomical
changes in the lungs were identified during autopsy. The affected
lung fragments were individually transferred into ATL Buffer

(Biosellal, France) and underwent homogenization with using the
FastPrep-24 device. Nucleic acids (NA) were extracted from the
obtained lysate using the "BioExtract Premium Mag" reagent kit
on the automated nucleic acid extraction instrument "KingFisher
Duo."

The NA extracts were subjected to polymerase chain
reaction (PCR) to identify the genomes of 13 microorganisms,
including 5 viruses (Porcine circovirus 2 (PCV2), Porcine
circovirus 3 (PCV3), swine influenza virus type A (SIV type
A), swine influenza virus type D (SIV type D), and porcine
reproductive and respiratory syndrome virus european genotype
(PRRSV UA), and 8 bacteria (Actinobacillus pleuropneumoniae,
Actinobacillus suis, Mycoplasma hyopneumoniae, Mycoplasma
hyorhinis, Streptococcus suis, Pasteurella multocida, Bordetella
bronchiseptica, and Glaesserella parasuis).

Quantitative analysis of the genetic material of these pathogens
in nucleic acid extracts was performed using quantitative PCR with
real-time results detection using commercial tests from Biosellal
(France) and EXOPOL (Spain). Amplifiation and result detection
were carried out with using the "CFX 96" device (BioRad, USA).
Thermocycling protocol was applied accordingly to the instructions
of the utilized test systems. All samples were analyzed in technical
triplicates, including respective negative controls (distilled
water without DNA/RNA). The PCR efficiency and correlation
coefficients of standard curves ranged from 89.20% to 111.00%, and
R2 values ranged from 0.988 to 0.999, indicating a sufficiently high
level of linear dependence. The detection limit for quantitative PCR
was 10—100 plasmid copies from three independent tests.

To verify linearity and the dynamic range of quantitative
PCR, standard sample curves were constructed via tenfold serial
dilutions of plasmid DNA with a known copy number. PCR results
were calculated and analyzed using the "CFX Manager" software,
and the amplification efficiency (E) was assessed using the formula
E = (lo-l/slope) _ 1

Graphs were constructed using Excel 2010 (Microsoft Office)
and OriginPro 8.0 (OriginLab, Northampton, Massachusetts, USA).
Data were analyzed using Statistica 6 software (StatSoft Inc, USA).

Results

The obtained results characterize the microbiome of lung
inflammation in pigs after weaning and during fattening. It was
found that there were no differences between the groups in terms
of the spectrum of identified microorganisms. Genetic material of
12 microorganisms was detected in pigs from both the growing and
fattening groups (Fig. 1).

Fig. 1. Distribution of major pneumonia pathogens in pigs by age (n growing = 32, n fattening = 55, n total = 87).
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Analyzing the total number of pneumonia cases, five most
prevalent microorganisms were identified: G. parasuis, S. suis,
PCV2, M. hyorhinis and P. multocida. They were detected in lung
tissue of pigs at 74%, 67%, 62%, 61%, and 56%, respectively, of the
total number of examined samples.

Microorganisms such as SIV type A, PCV 3, PRRSV UE and
A. suis were among the less commonly identified pathogens in
pneumonia cases, exhibiting prevalence rates ranging from 2% to
19%, while SIV type D was not identified in Ukraine at all.

The lung examination results from growing and fattening pigs
slightly differ from overall values. M. hyorhinis, PCV 2 and S.
suis are the most prevalent microorganisms in the lung tissue of
growing pigs. These were identified in more than 60% of animals
in this group. G. parasuis and P. multocida were found in 59%
and 50% of pigs, which is significantly lower compared to overall
values. The lowest prevalence in the lungs of growing pigs was
observed for SIV type A (3%), PRRSV UE (6%), PCV 3 (13%),
A. pleuropneumoniae (22%), and M. hyopneumoniae (22%). PCR
results for microorganism analysis in lung pathology in fattening pigs
revealed that G. parasuis and S. suis are the most widespread, with a
prevalence of 82% and 69%, respectively. Additionally, PCV 2, M.
hyopneumoniae and P. multocida showed widespread distribution,
with their DNA identified in 60% of samples. Microorganisms M.
hyorhinis and A. pleuropneumoniae were less frequently detected,
at 56% and 45%, respectively.

The lowest prevalence was observed among viruses, except
for PCV 2. SIV type A was identified in only 2% of cases. The
presence of genetic material from PCV 3, PRRSV UE, bacteria B.
bronchiseptica and A. suis was recorded in 15%, 22%, 25%, and
20% of cases, respectively.

Therefore, the most prevalent microorganisms in lung tissues
of pigs in both growing and fattening groups are the PCV2 virus
and bacteria - G. parasuis, S. suis, M. hyorhinis, and P. multocida.
These microorganisms were identified in more than 50% of pigs
with pneumonia. The lowest prevalence was observed in viruses -
PCV 3, PRRSV UE, SIV type A. The circulation of SIV type D among
domestic pigs in Ukraine was not detected.

The results of the study on the quantity of pneumonia pathogens’
DNA in pigs of different age groups indicate a high degree of
dispersion of nucleic acids of viruses and bacteria in lung tissue. The

highest amount of PCV2 genetic material is registered in pneumonia
foci in weaned pigs, reaching an average of approximately 102
genome equivalents (g.e.) per gram of lung tissue. In 50% of cases,
the quantity of DNA virus genomes is identified within the range
of 10° to 10'? g.e., with a median value fluctuating within 10% g.e.
In individual pneumonia cases, an exceptionally high concentration
of PCV2 DNA was detected, reaching 10' g.e., as reflected in the
graph with dot outliers (Fig. 2).

The amount of PRRSV UE virus RNA, identified in significantly
fewer cases, ranges within 10® genome equivalents (g.e.). The
distribution of PCV3 DNA, M. hyopneumoniae, and P. multocida
among the pool of genetic material of other pneumonia pathogens
in growing pigs is characterized by a slight increase. The median
value of nucleic acid quantities for these microorganisms ranges
within 10° g.e., which is 100 times less than the median value of
PCV2 and PRRSV UE. The average quantity of DNA for PCV3, M.
hyopneumoniae, and P. multocida varies within the range of 107-108
g.e.

The average quantity of DNA for M. hyorhinis and A.
pleuropneumoniae, extracted from lung tissues of growing pigs, is
within the range of 10® g.e. The median values for these indicators
significantly differ from the average value. The median value for M.
hyorhinis is 10* g.e. lower, while for 4. pleuropneumoniae, it is 10*
g.e. lower compared to the average value. This is attributed to the
high degree of dispersion of these indicators.

The results of the study for the distribution of the quantity
of pneumonia pathogens’ genetic material in the lung tissue of
fattening pigs indicate the predominance, in most cases, of PCV2, A.
pleuropneumoniae, and A. suis microorganisms in the pathological
process, with average values of 10", 10'°, and 10° g.e., respectively
(Fig. 3).

The majority of microorganisms that were found in the lung
tissue of fattening pigs with pneumonia ranged within 10%-107
genome equivalents (g.e.). This group includes PRRSV UA and PCV
3 viruses, as well as bacteria M. hyopneumoniae, M. hyorhinis, G.
parasuis, and S. suis. At the same time, the least amount of genetic
material was found for B. bronchiseptica. The quantity of DNA
of this bacterium ranged within 10* g.e. After comparing median
values and the level of dispersion between pneumonia cases and the
spectrum of identified genetic material of microorganisms, it was

Fig. 2. Dispersion of the quantity of microorganisms’ NA in the lung tissue of pigs with pneumonia after weaning (n = 32).
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Fig. 3. Dispersion of the quantity of microorganisms’ genetic material in the lung tissues of fattening pigs with pneumonia (n = 55).

found that the highest values were identified in A. pleuropneumoniae,
which is almost the same as the arithmetic mean value.

For PCV 2 and A. suis indicators, the level of the median value is
4 and 6 orders of magnitude less than their arithmetic mean values,
respectively. After the comparison of median values, it should be
noted that the quantity of genetic material for most microorganisms
(PRRSV UA, PCV 3, P. multocida, M. hyopneumoniae, M. hyorhinis,
S. suis, G. parasuis) ranges within 10%-10° g.e. The lowest median
values of genetic material quantity in the lung tissue of fattening
pigs were identified for B. bronchiseptica and A. suis, with values
ranging within 10* g.e. Therefore, the dominant microorganisms

in pneumonia in growing pigs are PCV 2 and PRRSV U4, and in
fattening pigs - PCV 2 and A. pleuropneumoniae. The quantity of
genetic material for most pneumonia pathogens in growing and
fattening pigs ranges within 105-10° g.e.

Analyzing the results of the study of mixed infections in the
lung tissue of pigs after weaning and during fattening, the number
of pathogenic microorganisms was determined which in most cases
form the pneumonia microbiome. It was discovered that 6% of all
cases of pig pneumonia were accompanied by co-infection with 8-9
microorganisms (Fig. 4). Such a number of associated pathogens
in the lungs is the highest among all the cases of pneumonia we
investigated.

Fig. 4. Prevalence of mono and mixed infections in pigs after weaning and during fattening (n growing = 32, n fattening = 55, n total =
87).
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Table 1 — Prevalence of mono and mixed virus infection in pigs after weaning and in fattening

The number of cases infected with viral agents

Viral agents

Growing (n = 32)

Fattening (n = 55) Total (n = 87)

Mono virus infection PCV 2 19
Mono virus infection PRRSV UA 1
Mono virus infection PCV 3 2
Mono virus infection SIV type A 1
Coinfection of PCV 2 and PRRSV UA 1
Coinfection of PCV 2 and PCV 3 1
Total 25

20 39
5 6
2 4
1 2
7 8
6 7
41 66

The results of opportunistic pathogens detection shown that in
83% of cases of pig pneumonia, lung tissue is colonized by from 4 to
7 microorganisms, among which nearly half of the cases consist of a
spectrum of 5-6 pathogens: PCV2, G. parasuis, M. hyopneumoniae,
M. hyorhinis, S. suis, and P. multocida. Lung colonization with 3
types of microorganisms was identified in 13% of cases, and 2 types
of microbes were identified in 8% of samples, respectively. A mono-
infection induced by PCV2 and A. pleuropneumoniae was identified
in 2% of lungs, and in another 2%, no genetic material of any of the
listed viruses or bacteria was found.

The microbiome structure of pig lungs varies in different age
groups. Thus, 79% of pigs after weaning have a microbiome which
is represented by 3-6 microorganisms. In 9% of pneumonia cases,
the presence of 7-9 pathogens and 1-2 pathogens was identified.
Additionally, 3% of pigs had lung tissue with no genetic material of
microorganisms. There was observed that 76% of pneumonia cases
in fattening pigs are accompanied by a set of 4-7 microorganisms,
exceeding the values in pigs after weaning by 2-3 pathogens.
Colonization of lungs with a spectrum of 3-2 microorganisms was
found in 14% of pneumonia cases, 2% had mono-infection, and in
the last 2%, no genetic material of the listed viruses or bacteria was
found.

Thus, in most cases, the microbiome of lung tissue in pigs after
weaning is represented by co-infection with 3-6 microorganisms,
and in fattening pigs, with 4-7 microorganisms. The maximum
number of microorganisms in both groups of pigs is represented

by a spectrum of 9 pathogens, and there are also animals in which
no microorganisms were detected. After analyzing the prevalence
of viral infections among pigs with pneumonia, it was found that
the presence of PCV2, PCV3, SIV, and PRRSV UA viruses was
identified in 76% of all pneumonia cases (Table 1).

PCV2 was identified in 82% of cases of viral pneumonia, which
in co-infection with PRRSV UA and PCV3 constituted 12% and
11%, respectively. In the last 59% of viral pneumonia cases, only
one virus, PCV2, was isolated. At the same time, PCV3 was detected
in 17% of viral pneumonia cases, of which 6% were induced by
only one PCV3 virus. The genetic material of PRRSV UA was
found in 21% of viral pneumonia cases, among which PRRSV UA
in co-infection with other viruses was registered in 12%. The least
prevalence was observed for SIV type A, which was identified only
as a monoviral infection in 3% of all viral pneumonia cases.

Comparing the spectrum of viral taxa in the microbiome of
inflamed lungs between different age groups of pigs, it should be
noted that the presence of only one PCV2 virus was detected in
59% of cases in post-weaning piglets. While the number of such
pneumonia cases is only 36% in fattening pigs. The overall number
of cases of pneumonia, caused by PCV2, did not significantly differ
between the groups and fluctuated between 75% and 78%. At the
same time, co-infection with several viral taxa was detected in 23%
of virus-infected lungs in fattening pigs, while their share was only
6% in post-weaning piglets. Thus, the most prevalent pathogen,
causing pneumonia in both age groups of pigs, is PCV2. In most

Table 2 — Prevalence of mono and mixed bacterial infection in pigs after weaning and in fattening

The number of cases infected with bacterial agents

g
g 3 S
: : g
Groups of pigs 3 g @ S &
= 3 2 © 9
. 9 8 IS = =
g 5 3 3 3 S
s ¢ £ £ g § % 8
= 8 F & 3 & 0§ S
< < = = 2 S & B3
no viruses 1 1 0 4 3 3 3 1
Growing (n = 32) association with viruses 6 7 7 18 17 16 13 7
total 7 8 7 22 20 19 16 8
no viruses 7 1 6 9 10 12 5 4
Fattening (n = 55) association with viruses 18 10 27 22 28 33 28 10
total 25 11 33 31 38 45 33 14
no viruses 8 2 6 13 13 15 8 5
Total (n = 87) association with viruses 24 17 34 40 45 49 41 17
total 32 19 40 53 58 64 49 22
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cases, this virus was detected in pneumonia foci as a monoviral
infection. Viral co-infections were identified involving PCV2,
PRRSV U4, and PCV3. The least prevalent respiratory virus is SIV
type A, which was identified in only 2% of affected lungs.

The results of bacterial co-infections research indicate that
the etiological structure significantly differs between different
technological groups of pigs. Pneumonia involving bacteria is
observed on average in 32% of cases in growing pigs, while it occurs
in 68% of fattening pigs relative to the total number of pneumonia
cases involving bacteria (Table 2).

Almost 87% of bacterial pneumonia cases are associated with
viruses, while the remaining 13% involve bacteria alone among
the group of growing pigs. In cases of pneumonia without viral
involvement in growing pigs, the most common bacteria are M.
hyorhinis, S. suis, G. parasuis and P. multocida. Simultaneously,
M. hyopneumoniae was not detected at all without association with
viruses. Additionally, microbes such as A. pleuropneumoniae, A.
suis and B. bronchiseptica had the lowest prevalence.

Observed in our study results have showed that 77% of bacterial
pneumonia cases were identified in association with viruses,
while the remaining 23% shown no signs of viral presence in the
group of fattening pigs. Bacterial infections not involving viruses
in fattening pigs are most commonly caused by M. hyorhinis, S.
suis and G. parasuis, whereas bacterial infections induced by M.
hyopneumoniae, S. suis, G. parasuis and P. multocida prevail in
association with viruses. The least prevalent bacteria in bacterial
pneumonia of fattening pigs are A. suis and B. bronchiseptica.
Overall research results indicate a low number of pneumonia cases
in pigs without the presence of viral taxa, averaging 20% of the total
cases. In 80% of pneumonia cases, an association of bacteria with
viruses was identified.

Thus, in growing pigs, bacterial pneumonia without the
involvement of viruses is less prevalent than in fattening pigs.
However, the spectrum of bacteria identified in infection foci is
nearly identical and is represented by M. hyorhinis, S. suis and
G. parasuis. In both instances, the dominant pneumonia cases are
induced by the association of viruses and bacteria. Among the latter,
M. hyopneumoniae, S. suis, G. parasuis and P. multocida are the
most frequently isolated bacteria.

Discussion

Microorganisms are ubiquitous in the environment, colonizing
various organs and tissues upon contact with living organisms.
The skin and mucous membranes are common sites of bacterial
colonization in humans and animals (Thomson et al., 2022). The
intestines and lungs, with extensive contact with the environment, are
particularly susceptible to microbial colonization (Liu et al., 2019,
Perdijk et al., 2023). While most microbes in mucous membranes
are commensals, under specific conditions, they can induce
pathology (Flowers and Grice 2020, Yao et al., 2022), emphasizing
the importance of studying pathogens contributing to pathological
processes.

Lungs, vital for oxygenation and carbon dioxide removal,
are crucial organs in sustaining life (Garcia et al., 2021). Lung
inflammation disrupts these functions, leading to reduced
productivity and potential fatality in animals (Gholamnezhad et
al., 2022). Pigs, due to concentrated farming practices, are highly
susceptible to microorganisms targeting lung tissue (Haimi-Hakala
et al., 2017). Respiratory diseases in pigs are a widespread issue
globally, influenced by varying microbial associations across
different populations (Voitenko et al., 2023, Renzhammer et al.,
2023).

Our research findings indicate that pneumonia in domestic pigs in
Ukraine involves co-infection with 3 to 6 microorganisms in nursery
groups and 4 to 7 in growing pigs. Dominant microorganisms,
particularly PCV 2, PRRSV UA and A. pleuropneumoniae, were

consistently identified. Similar patterns were observed in the study
of respiratory infections in pigs in Cheju Island, Korea, highlighting
the influence of seasonal variations on the occurrence of respiratory
infections (Kim et al., 2011).

Concentrations of PCV 2, PRRSV UA and A. pleuropneumoniae
were notably high in inflamed areas, emphasizing their role in disease.
Genetic material dispersion for PCV 2 differed between growing and
nursery pigs, possibly related to the onset of active PCV 2-induced
infections in younger pigs. Immunocompetent older pigs in growing
groups may contribute to reduced PCV2 persistence in tissues. Co-
infections with other pathogens, such as PRRSV UA, could activate
PCV2 infections (Correa-Fiz et al., 2018, Suh et al., 2023).

Furthermore, a reverse correlation was observed for the quantity
of A. pleuropneumoniae genetic material. Growing pigs had
significantly lower DNA levels compared to nursery pigs, indicating
the progression of A. pleuropneumoniae colonization over time,
especially in the presence of immunosuppressive viruses like PRRSV
UA, PCV 2 and PCV 3 (Sidler et al., 2020, Stringer et al., 2022, Li
et al., 2023). As of today, 19 serotypes of 4. pleuropneumoniae have
been identified worldwide, exhibiting varying pathogenic properties
and impacting pig organisms differently (Soto Perezchica et al.,
2023). More virulent serotypes can manifest distinct clinical signs
of lung infection in pigs, often associated with a high concentration
of A. pleuropneumoniae DNA in lung tissues, especially when
multiple serotypes are involved. However, the influence of different
A. pleuropneumoniae serotypes on pneumonia microbiota was not
assessed in these studies.

PCV 3, arelatively recent pathogen first identified in the United
States in 2016, has become globally prevalent, with its circulation
linked to reproductive pathology in pigs (Klaumann et al., 2018).
The presence of PCV 3 genetic material in lung tissues indicates its
involvement in inducing lung pathology in pigs. Concentrations of
various pathogens in pigs, such as P. multocida, M. hyopneumoniae,
M. hyorhinis, S. suis, G. parasuis and PCV 3, ranged from 10° to
10° copies per gram of tissue. These concentrations likely result
from their indirect impact on the lung inflammation process. Similar
findings were reported in the study of respiratory pathology in pigs
on Ukrainian farms, confirming the significance of commensal
microbiota in pneumonia (Voitenko et al., 2023). The lowest NA
concentrations in the lung tissue of pigs with pneumonia were found
for B. bronchiseptica and A. suis, ranged within 104, which may be
associated with their commensal properties (Wang et al., 2020).

SIV type A is the least prevalent among viral infections due to
the characteristics of its infection course. Efficient isolation of S/V
type A genetic material occurs in nasal swabs early in infection, as
the virus replicates in the epithelial cells of the upper respiratory
tract (Bakre et al., 2021, Sun et al., 2021). Our study did not detect
signs of SIV type D circulation among domestic pigs in Ukraine,
despite its ability to cause respiratory organ damage in pigs (Lee et
al., 2019). All lung tissue samples we examined were negative for
SIV type D.

In common, the pneumonia microbiota in pigs consists of
multiple microorganisms, with several dominant pathogens and the
majority of remaining microorganisms contribute to the pathological
process as complicating flora. Differences in the lung microbiota
between growing and nursery pig groups were observed, influenced
by the epidemiological processes in Ukrainian farms and by the
biological characteristics of the respiratory infection agents in pigs.

Conclusions

The pneumonic microbiome in the growing pig group is
characterized by co-infection with 3-6 microorganisms, while
in the fattening pig group, it involves 4 - 7 microorganisms. The
maximum number of microorganisms in the pneumonia lesions of
both groups consists of 9 taxa. Cases were identified where none of
the microorganisms were detected.
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The most prevalent microorganisms in swine pneumonia
include PCV2, G. parasuis, S. suis, M. hyorhinis and P. multocida,
while the least common are viruses PCV3, PRRSV EU and SIV type
A. Circulation of SIV type D among farming pigs in Ukraine was
not identified.

Dominant microorganisms in the pneumonia of growing pigs
are PCV2 and PRRSV UA, with average concentrations ranging
from 10® to 10° genomic copies per gram of lung tissue. In fattening
pigs, the most prevalent are PCV2 and A. pleuropneumoniae, with
average concentrations ranging from 107 to 10° genomic copies
per gram of lung tissue. PCV2 is mostly identified as a monoviral
infection in pneumonia cases, while co-infections involving PCV?2,
PRRSV UA and PCV3 were also detected. The least common
respiratory virus is SIV type A, found in only 2% of affected lungs.
Thus, bacterial pneumonias without viral involvement in growing
pigs are less prevalent than in fattening pigs, but the bacterial
spectrum is common to both groups and includes M. hyorhinis, S.
suis and G. parasuis.
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