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Abstract

Background Accurate measurement of disease associated with endemic bacterial agents in pig populations is chal-
lenging due to their commensal ecology, the lack of disease-specific antemortem diagnostic tests, and the polymicro-
bial nature of swine diagnostic cases. The main objective of this retrospective study was to estimate temporal patterns
of agent detection and disease diagnosis for five endemic bacteria that can cause systemic disease in porcine tissue
specimens submitted to the lowa State University Veterinary Diagnostic Laboratory (ISU VDL) from 2017 to 2022. The
study also explored the diagnostic value of specific tissue specimens for disease diagnosis, estimated the frequency
of polymicrobial diagnosis, and evaluated the association between phase of pig production and disease diagnosis.

Results S. suis and G. parasuis bronchopneumonia increased on average 6 and 4.3%, while S. suis endocarditis
increased by 23% per year, respectively. M. hyorhinis and A. suis associated serositis increased yearly by 4.2 and 12.8%,
respectively. A significant upward trend in M. hyorhinis arthritis cases was also observed. In contrast, M. hyosynoviae
arthritis cases decreased by 33% average/year. Investigation into the diagnostic value of tissues showed that lungs
were the most frequently submitted sample, However, the use of lung for systemic disease diagnosis requires caution
due to the commensal nature of these agents in the respiratory system, compared to systemic sites that diagnosti-
cians typically target. This study also explored associations between phase of production and specific diseases caused
by each agent, showcasing the role of S. suis arthritis in suckling pigs, meningitis in early nursery and endocarditis
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in growing pigs, and the role of G. parasuis, A. suis, M. hyorhinis and M. hyosynoviae disease mainly in post-weaning
phases. Finally, this study highlighted the high frequency of co-detection and -disease diagnosis with other infec-
tious etiologies, such as PRRSV and IAV, demonstrating that to minimize the health impact of these endemic bacterial
agents it is imperative to establish effective viral control programs.

Conclusions Results from this retrospective study demonstrated significant increases in disease diagnosis for S. suis,
G. parasuis, M. hyorhinis, and A. suis, and a significant decrease in detection and disease diagnosis of M. hyosynoviae.
High frequencies of interactions between these endemic agents and with viral pathogens was also demonstrated.
Consequently, improved control programs are needed to mitigate the adverse effect of these endemic bacterial
agents on swine health and wellbeing. This includes improving diagnostic procedures, developing more effective vac-
cine products, fine-tuning antimicrobial approaches, and managing viral co-infections.

Keywords Streptococcus suis, Glaesserella parasuis, Mycoplasma hyorhinis, Actinobacillus suis, Mycoplasma hyosynoviae,
Detection, Diagnosis, Monitoring, Endemic, Swine, Polymicrobial, Disease

Introduction

Streptococcus suis (S. suis), Glaesserella parasuis (G.
parasuis), Mycoplasma hyorhinis (M. hyorhinis), Actino-
bacillus suis (A. suis), and Mycoplasma hyosynoviae (M.
hyosynoviae) are among the most significant bacterial
pathogens of swine that can cause systemic disease in
swine [1]. In addition to their direct impact on pig health
and productivity, they are key drivers of antimicrobial use
on farms [2]. While these bacteria can be commensals of
the upper respiratory tract of pigs, they can also cause
severe systemic disease often culminating in increased
herd morbidity and mortality [3]. Colonization of piglets
by these agents can occur through vertical transmission,
contact with the sow during the suckling period, as well
as between pigs in the nursery and postweaning stages
[4-6].

Although colonization usually occurs early in life and
is widespread in the population, various factors such as
incubation period, pathogenicity of strains, polymicrobial
interactions, commingling of pigs of different ages and
sources, and other husbandry and management practices
determine disease expression at different phases of the
production cycle [3]. Thus, control programs for these
agents require a multifaceted approach that enhances
immunity and minimizes bacterial load through gilt
acclimation (e.g., homologous sow herd exposure), man-
agement practices and pig flow, and strategic use of anti-
microbials and commercial and autogenous vaccines
[7-9].

Disease associated with S. suis and G. parasuis are com-
monly observed in suckling and nursery pigs (~ 10 weeks
of age) with a spectrum of lesions that vary from arthritis,
bronchopneumonia, meningitis, polyserositis, and acute
death [10, 11]. M. hyorhinis commonly causes polyserosi-
tis and arthritis in nursery pigs between 3 and 10weeks
of age [12, 13]. Bronchopneumonia, pleuritis, polyserosi-
tis, and acute death are the most common manifestations
of A. suis-associated disease, which occurs mainly in the

grow-finish phase in pigs between 10 and 16 weeks of age,
but can also be seen in pre-weaning piglets in high health
herds [14-16]. Similarly, the disease associated with M.
hyosynoviae is commonly observed in later phases of pig
development as arthritis in pigs between 12 and 22 weeks
of age [17, 18].

Accurate measurement of disease associated with
endemic bacterial agents in pig populations is challenging
due to their commensal ecology, the lack of disease-spe-
cific antemortem diagnostic tests, and the polymicro-
bial nature of swine diagnostic cases [19]. Therefore, the
main objective of this retrospective study was to estimate
temporal patterns of agent detection and disease diagno-
sis for S. suis, G. parasuis, M. hyorhinis, A. suis, and M.
hyosynoviae in porcine tissue specimens submitted to
the Iowa State University Veterinary Diagnostic Labora-
tory (ISU VDL). The study also explored the diagnostic
value of specific tissue specimens for disease diagnosis,
estimated the frequency of polymicrobial diagnosis and
evaluated the association between phase of pig produc-
tion and disease diagnosis.

Materials and methods
Study overview
The ISU VDL is fully accredited by the American Asso-
ciation of Veterinary Laboratory Diagnosticians accord-
ing to the ISO 17025 since 2007. In 2022, the laboratory
received over 88,134 porcine diagnostic cases. A diagnos-
tic case (the unit of analysis) consists of the specimens
and associated information provided by the submitting
veterinarian for the investigation of a disease event on
one swine farm, as well as the test results and diagnostic
interpretation provided by the diagnostician. This infor-
mation is stored in a customized Laboratory Information
Management System (LIMS) on a standardized disease
diagnosis coding system [20].

The detection of the five bacterial agents in this
study was based on standard bacteriological isolation
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techniques, polymerase chain reaction (PCR) assays,
or both. Culture of S. suis, G. parasuis, and A. suis was
performed using standard procedures [21], with taxo-
nomic identification by matrix-assisted laser desorption/
ionization time of flight mass spectrometry (MALDI-
TOE, MALDI Biotyper®, Bruker, Billerica, MA USA)
[22]. Due to their fastidious nature, culture of M. hyor-
hinis and M. hyosynoviae is not routinely performed.
For nucleic acid detection, extraction of G. parasuis, M.
hyorhinis, and M. hyosynoviae DNA was performed using
the MagMAX'"-96 Pathogen RNA/DNA kit (Applied
Biosystems', Carlsbad, CA USA) on the automated
Kingfisher" Flex Purification System (Thermo Fisher Sci-
entific, Inc., Waltham, MA USA) followed by amplifica-
tion using specific PCRs, as described elsewhere [23, 24].
The detection information is given to the level of sample,
and this information is uploaded by laboratory personnel
to the ISU VDL LIMS.

For disease diagnosis, a pathological evaluation is con-
ducted by ISU VDL diagnosticians, and diagnostic codes
(DxCodes) are assigned to the case based on the inter-
pretation of the clinical history, diagnostic testing, and
pathological changes. Derscheid et al. [20] highlights
that disease diagnostic codes are a summarization of the
case and they then serve as a proxy for querying data for
stakeholder support, surveillance, and benchmarking
of animal diseases in their herds. Briefly, the DxCodes
included in this study were related to body system, insult,
lesion, and etiology. A summary of the terms used in this
study is given in Supplementary Table 1.

The ISU VDL LIMS database search was performed
from January 1, 2017, and December 31, 2022. The search
was conducted for diagnostic tests (e.g., culture and/or
PCR) associated with the detection of the five agents.
Information gathered from the diagnostic test included
the type of bacterial agents detected, the specimens and
lesions associated with disease associated to these five
agents. Concerning disease diagnosis, the DxCode search
was conducted based on the list of codes associated with
S. suis, G. parasuis, A. suis, M. hyorhinis, and M. hyo-
synoviae infection (Supplementary Table 2). After that,
analyses of temporal trends in agent detection or disease
diagnosis and relevant associations were analyzed at the
case level.

Data management

The data was generated by extracting, integrating, aggre-
gating, and summarizing information within a porcine
diagnostic case [25, 26]. A diagnostic case may contain
one or more pigs with different agents detected in differ-
ent specimens or include one or more DxCodes. In this
study, a case represented a detection or disease event in
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a pig population. Three modified datasets of bacteriology,
PCR, and DxCode containing aggregated data by acces-
sion number were created using functions from dplyr and
tidyverse packages in R (version 4.2.1, R core team 2022).

Overall, bacterial detection datasets included informa-
tion on pathogen isolated or PCR results (positive, sus-
pect and negative), case year, and specimens used for
isolation or PCR testing for each case. With detection
datasets, specimens that can support disease diagnosis
of the five studied agents were selected and then recoded
and grouped into sets. The set of specimens identified
as central nervous system (CNS) samples included brain,
brain swab, cerebrospinal fluid, cerebellum, spinal cord,
spinal cord swab, and meninges. The serosal fibrin set
included abdominal fluid, fibrin, fibrin swab, liver sur-
face, lung surface, spleen surface, peritoneal fluid, perito-
neal fluid swab, peritoneum, pleura, pleural swab, pleural
fluid, heart surface, heart, heart swab epicardium, peri-
cardium, pericardial sac, pericardial fluid, and pericardial
swab. The set of heart valve includes only heart valvular
leaflets. The joint set included hoof, joint, joint capsule,
joint fluid, joint swab, joint carpus, joint fetlock, syno-
vial fluid, synovial membrane, and synovial tissue. The
kidney set included kidney and kidney swab. The liver
set included liver and liver swab. The lung set included
lung and lung swab. The spleen set included spleen. All
remaining specimens were classified as other or non-
identified. Thus, cases that lacked identification of speci-
mens (e.g., cases that included “culture’, “assorted” or
“tissue” as reported specimens) were also not considered
in the analyses of detection trends. To count number of
cases with a given specimen each year, a new variable
“agent + specimen” was created by concatenating the col-
umn including pathogen identification and specimen for
detection. After that, data were aggregated by year and
duplicated accession identifiers were removed, and then
counts and trend analyzes were performed using the
variable agent + specimen, as described in the statistical
methods.

The DxCode dataset included variables of animal iden-
tification, age, etiology identified, affected body system
(cardiovascular, musculoskeletal, nervous, respiratory,
and systemic), lesion (arthritis, bronchopneumonia,
endocarditis, meningitis, serositis, and sepsis) for each
animal in each case. Each case could have included one
or a combination of lesions. Research, ancillary and
cases that included non-infectious etiology and non-
pathological lesions (e.g., anomalies, metabolic, trau-
mas, etc.) were removed. Categorization of case age of
pigs into production phase was carried out as follows:
1) suckling piglets (0<x<3-week-old); 2) early-nursery
(3<x<6-week-old); 3) late-nursery (6 <x<10-week-old);
4) growing (10 <x <16-week-old); and 5) finishers/adults
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(16-week-old < x). Then, a new variable was created,
namely “etiology + lesion”, where infectious etiology and
lesion Dx Codes were concatenated. To count the num-
ber of cases for each agent associated with a lesion each
year, the matching pair of etiology + lesion variable was
aggregated by year and duplicated accession identifiers
were removed, and then count and trend analyses were
performed, as described in the statistical methods.

Data analyses
Trend analyses by agent
The detection rates by year for culture (S. suis, G. paras-
uis, and A. suis) and PCR (G. parasuis, M. hyorhinis, and
M. hyosynoviae) were estimated using binomial regres-
sion models. The proportion between number of cases
with at least one bacterial isolation or positive PCR result
in at least one specimen of interest for each agent divided
by total culture or total PCR testing was considered the
dependent variable and year the independent variable.
Likewise, disease diagnosis rates per year for each
agent by a compatible lesion were calculated using bino-
mial regression models. S. suis disease diagnosis trends
were estimated for arthritis, bronchopneumonia, endo-
carditis, meningoencephalitis, sepsis, or serositis cases;
G. parasuis disease diagnosis trends were estimated for
arthritis, bronchopneumonia, meningoencephalitis, sep-
sis, or serositis; M. hyorhinis disease diagnosis trends
were estimated for arthritis, bronchopneumonia, or
serositis; A. suis disease diagnosis trends were estimated
for arthritis, bronchopneumonia, sepsis, or serositis;
and trends for M. hyosynoviae disease were estimated
for arthritis. For all these models, the number of disease
diagnosis cases for each agent associated with a specific
lesion was divided by the total porcine diagnostic cases
with a related assigned infectious etiology with the asso-
ciated lesion by each year (Supplementary Table 3) and
was considered the dependent variable, and the year was
the independent variable.

Relationship between disease diagnosis and specimens

of detection

This evaluation aimed to contrast pathogen detection
and disease diagnosis by evaluating the detection of tar-
get pathogens in specimens of interest and an established
disease diagnosis (etiology associated with a lesion). The
numerator represented the total number of disease cases
with an etiology and associated lesion (etiology + lesion),
and the denominator included cases that included detec-
tion for the given agent along with a specific specimen
(agent + specimen) but also included a histopathology
assessment to guarantee that the case was also evalu-
ated for disease diagnosis. This strategy was chosen due
to the absence of specimen information in the pathology
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dataset and that not all specimens were evaluated for
lesions. To illustrate the detection of S. suis in CNS sam-
ples with S. suis meningitis disease, the number of cases
of S. suis meningitis was divided by the number of cases
that simultaneously included S. suis detection in CNS
samples and DxCodes for any disease.

Disease diagnosis by production phase and agent
Comparisons of number of cases by production phase
was done using Poisson regressions for each agent within
each lesion.

Polymicrobial diagnosis

Polymicrobial diagnosis in this study were related to the
presence of disease caused by more than one infectious
etiology, for example, a DxCode including PRRSV and S.
suis. The frequencies of polymicrobial diagnosis among
the five agents and other porcine pathogens were ana-
lyzed using the body systems (cardiovascular, musculo-
skeletal, nervous, respiratory, and/or systemic). Cases
that were given more than two body system DxCodes
(e.g., respiratory + cardiovascular; nervous + systemic),
i.e., more than one body system was involved in the
whole case, were all classified as multisystemic to facili-
tate interpretation.

Results

Bacterial culture frequencies and detection trends

A total of 82,563 cases from 2017 to 2022 identified at
least one bacterial agent relevant to swine health in any
specimen. From those, 26,889 (33%) included isolation
of one or more of the three bacterial agents detected by
culture included in this study; S. suis (22,675; 27%), G.
parasuis (6753; 8%), and A. suis (2429; 3%) were isolated
from any specimen. Of these, S. suis was isolated from
specimens of interest (CNS, heart valve, joint, kidney,
liver, lung, serosal fibrin, spleen) in 21,190 (93%) cases, G.
parasuis was isolated from these specimens in 6612 (98%)
cases, and A. suis isolation in 2344 (97%) cases Fig 1.

Lungs (50% yearly), serosal fibrin (17% yearly), and
CNS (13% yearly) were the most common specimens
for S. suis isolation, while lungs (75% yearly) and serosal
fibrin (13% yearly) were the main specimens for G. par-
asuis isolation. A. suis was mostly isolated from lungs
(52% yearly), serosal fibrin (20% yearly), and spleen (17%
yearly) (Fig. 2).

While the bacterial culture rate of S. suis peaked in
2018, this decreased by an average of 9.9% (95% CI 8.9,
11.0%) in the later years (2019-2022, P <0.05). Culture of
A. suis decreased significantly by an average 12.0% (95%
CI 9.7, 14.0%, P<0.05) per year. G. parasuis cultures
peaked in 2019, but overall the rate did not change in the
study period (P<0.05, Fig. 1).
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Fig. 1 Trendlines (raw data and estimated rate) of overall detection of Streptococcus suis, Glaesserella parasuis, and Actinobacillus suis using
bacteriologic culture. The annual estimated rate (solid line) and 95% confidence interval (dashed line) referred to the output of a Binomial
regression model which modeled the total number of cases with detection of each agent (colored lines in raw data plot) divided by the total
number of bacterial cultures for each year (black line in raw data plot). Black line is based on specimens of interest (see Fig. 2)

PCR detection frequencies and trends and spleen). Overall, there was a significant decrease in
Between 2017 through 2022, a total of 50% (5981/11,849)  the rate of positive PCR results for G. parasuis by 0.7%
G. parasuis PCR tests were positive in specimens of inter- ~ (95% CI 0.5, 0.9%) over the study period (P <0.05, Fig. 3),
est (CNS, heart, serosal fibrin, joint, kidney, liver, lung, and the highest detection was observed in 2018. Among
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estimated rate (solid line) and 95% confidence interval (dashed line) referred to the output of a Binomial regression model which modeled the total
number of PCR-positive results from each agent (red line in raw data plot) divided by the total number of PCR tests from each agent for each year

(black line in raw data plot)

G. parasuis PCR-positive tests, serosal fibrin (77% yearly)
and lungs (12% yearly) were the most common speci-
mens for G. parasuis detection (Fig. 4).

M. hyorhinis was detected in 57% of all M. hyorhinis
PCR tests performed (4578 /8069), with serosal fibrin
(75% yearly) and joints (10% yearly) being the main speci-
mens tested (Fig. 4). M. hyorhinis PCR positivity rate
peaked in 2021 (P<0.05, Fig. 3), but overall, it remained
steady over the study period (P> 0.05).

M. hyosynoviae was detected in joints in 22% of all M.
hyosynoviae PCR tests cases (221/1006) and decreased
significantly by an average of 16.0% (95% CI 6.4, 25.0%)
per year (P<0.05, Fig. 3).

Disease diagnosis frequencies

Based on pathologic assessment over 6years, 44,731
swine cases rendered a disease diagnosis with at least
one DxCode with a viral or bacterial infectious etiology.
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Fig. 4 Distribution of specimens with Glaesserella parasuis and Mycoplasma hyorhinis DNA detection by PCR over a 6-year period. The percent are

shown with specimens that were included > 10% of cases

From those, 15,990 (35.7%) cases included disease diag-
nosis of at least one of the five studied agents. From
those cases, 61.7% were S. suis (n=9862), 36.0% G. par-
asuis (n=5760), 21.0% M. hyorhinis (n=3349), 9.5%
A. suis (n=1520), and 0.8% M. hyosynoviae (n=133).
The frequency of these five agents related to the total
lesions under disease diagnosis observed in the ISU VDL
is shown in Table 1. The annual frequency of lesions

associated with systemic infection is shown in Fig. 5. M.
hyosynoviae was only associated with arthritis cases.

Disease diagnosis trends

There was a significant increase in disease diagnosis
for all agents over the study period, except for M. hyo-
synoviae, (Figs. 6-8). Specifically, the rate of M. hyor-
hinis detection in arthritis cases (average 51 cases/year)

Table 1 Frequency of cases with disease diagnosis that included at least one of the five agents by lesion of interest in the whole

6years of study

Lesion Total Lesion’ S. suis G. parasuis M. hyorhinis A. suis M. hyosynoviae
Arthritis 2069 617 (29.8%) 207 (10.0%) 305 (14.7%) 54 (2.6%) 133 (6.4%)
Bronchopneumonia 16,147 5442 (33.7%) 2379 (14.7%) 51 (0.3%) 1100 (6.8%) - -
Endocarditis 509 269 (52.8%) - - - - 4 (0.8%) - -
Meningitis 2136 1508 (70.6%) 92 (4.3%) - - 15 (0.7%) - -
Sepsis 339 383 (11.8%) 74 (2.2%) - - 295 (8.7%) - -
Serositis 17,220 3294 (19.1%) 3779 (21.9%) 3023 (18.8%) 465 (2.7%) - -

! Total number of cases that included at least one infectious etiology code (see Supplementary Table 3) with the related lesion
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Fig. 5 Distribution of lesions observed with S. suis, G. parasuis, M. hyorhinis, and A. suis diagnosis over a 6-year period. M. hyosynoviae
was only observed with arthritis cases. The percent are shown with lesions that were included > 10% of cases

increased consistently by 26.8% (95% CI 14.9, 40.0%)
average yearly for the studied period (P<0.05). In con-
trast, the rate of M. hyosynoviae arthritis (22 cases/year)
decreased by 33.0% (95% CI 24.0, 40.0%) on average each
year (P<0.05). S. suis arthritis peaked in 2019 but overall,
no significant trend was detected for S. suis (103 cases/
year), G. parasuis (35 cases/year), or A. suis (9 cases/year)
in arthritis cases (P>0.05).

The rate of S. suis (907 cases/year) and G. parasuis (397
cases/year) bronchopneumonia cases increased respec-
tively by 6.0% (95% CI 3.7, 8.3%) and 4.3% (95% CI 0.2,
7.5%) on average each year (P<0.05). In contrast, A. suis
bronchopneumonia (184 cases/year) decreased by 13.2%
on average each year (95% CI 9.8, 16.5%) (P<0.05). A
total of 23, 13, and 15 cases of M. hyorhinis broncho-
pneumonia were observed in 2020, 2021, and 2022,
respectively.

No significant trend was detected in S. suis (252 cases/
year) and G. parasuis (n=16 cases/year) meningitis
(P>0.05). S. suis endocarditis (45 cases/year) increased by
23.0% (95% CI 9.8, 38.0%) on average each year (P<0.05,
Fig. 7). Trend of A. suis endocarditis (4 cases total) and
meningitis (15 cases over the study period) were not esti-
mated because of the small sample size.

S. suis (101 cases/year), G. parasuis (18 cases/year), and
A. suis (50 cases/year) sepsis cases decreased over the
study period by 30.0% (95% CI 23.0, 36.0%), 41.0% (95%
CI 26.0, 54.0%), and 27.0% (95% CI 21.0, 32.0%), respec-
tively (P<0.05).

The rate of M. hyorhinis (n=>539 cases/year) and A.
suis (78 cases/year) serositis cases increased by 4.2%
(95% CI 1.7, 6.7%) and 12.9% (95% CI 6.4, 19.9%), respec-
tively. S. suis (549 cases year) and G. parasuis (630 cases/
year) cases decreased by an average of 18.0% (95% CI
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16.0, 20.0%) and 17.0% (95% CI 16.0, 19.0%) in each year,
respectively (P <0.05, Fig. 8).

Relationship between disease diagnosis and specimens
The denominators for this analysis were cases that
included agent detection in specific specimen and his-
topathology assessment using any specimen. The fre-
quencies of specimens used to assess lesions given that
the agent was isolated or detected by PCR are shown in
Tables 2 and 3, respectively. For S. suis, 72% of isolates
from heart valve were given a final diagnosis of S. suis
endocarditis, 62.1% of isolates from joints were given
a final diagnosis of S. suis arthritis and 40.3% of iso-
lates from lungs were given a final diagnosis of S. suis
bronchopneumonia.

For G. parasuis, 87.4% of isolates and 72.5% of PCR
detections from serosal fibrin (such as fibrin, liver sur-
face, lung surface, spleen surface, pleura, heart, etc.) were
associated with a final diagnosis of G. parasuis serositis,

while 42.3% of G. parasuis isolates and 22.7% of PCR
detections from the lung were associated with broncho-
pneumonia. Approximately 41% of G. parasuis isolates
from CNS specimens were given a final diagnosis of G.
parasuis meningitis. Similarly, 42.5% of G. parasuis PCR-
positive CNS specimens were given a final diagnosis of G.
parasuis meningitis.

For A. suis, 77.6 and 60.9% of isolates recovered from
joints and lungs were given a final diagnosis of A. suis
arthritis and bronchopneumonia, respectively. Like G.
parasuis, 73.4% of M. hyorhinis PCR-positive serosal
fibrin tests were given a final diagnosis of M. hyorhinis
serositis. Finally, 83.1% of M. hyosynoviae PCR-positive
joint samples were diagnosed as M. hyosynoviae arthritis.

Association between pig production phase and specific
agent-associated lesions

The distribution of pig production phase by lesion for all
five agents is shown in Fig. 9. S. suis arthritis cases were
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higher in suckling and early-nursery pigs, while S. suis
bronchopneumonia disease was higher in early-, late-
nursery, and growing pigs (P<0.05). S. suis endocarditis
was highest in the growing phase, while S. suis meningitis
was highest in early-nursery compared to all other phases
(P<0.05). Sepsis and serositis cases due to S. suis were sta-
tistically higher in early-nursery, late-nursery, and growing
pigs than in the suckling and finishing pigs (P <0.05).

G. parasuis arthritis and bronchopneumonia cases
were statistically higher in early- and late-nursery com-
pared to other phases (P<0.05). G. parasuis meningitis
was higher in suckling, early-, and late-nursery pigs than
in growing and finishing pigs (P <0.05). No statistical dif-
ference was observed in G. parasuis sepsis cases among
pig production phases (P>0.05). G. parasuis serositis
cases were higher in early-nursery, compared to late-
nursery and growing phases (P <0.05).

M. hyorhinis arthritis and serositis were higher in
early-, late-nursery, and growing phases (P<0.05). A.

suis arthritis cases were statistically higher in suckling
pigs, while bronchopneumonia, sepsis, and serositis
were all statistically higher in growing and finishing
pigs compared to other phases (P <0.05). M. hyosyno-
viae arthritis cases were higher in finishing and adult
pigs (P <0.05).

Polymicrobial diagnosis

As shown in Table 4, disease diagnoses of all five agents
were most frequently observed with other infectious
etiologies. The most common viral agent co-detected
with disease caused by S. suis, G. parasuis, A. suis and
M. hyorhinis was PRRSV, followed by IAV. When com-
bined with other infectious etiologies, S. suis, G. par-
asuis, M. hyorhinis, and A. suis disease diagnoses were
substantially higher compared to diagnosis on their
own. M. hyosynoviae cases were more frequently diag-
nosed without any other etiology.
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Discussion

The impact of S. suis, G. parasuis, M. hyorhinis, A. suis,
and M. hyosynoviae is widespread throughout the swine
production chain, resulting in detrimental effects on pig
health and welfare, decreased productivity, and increased
production costs. Disease control measures currently
involve enhancing immunity through gilt acclimation or
vaccination, mitigating known management and envi-
ronmental risk factors, and implementing judicious
antimicrobial use. However, due to the global decline in
prophylactic and metaphylactic use of antimicrobials in
the swine industry, production systems must refine pre-
vention strategies to reduce their dependence on antimi-
crobials. Therefore, it becomes crucial to accurately and
promptly diagnose these complex endemic agents to gain
valuable insights into disease occurrence and presenta-
tion. To date, temporal detection and disease diagnosis
data have been scarcely described in the literature for
these five endemic bacteria. Trevisan et al. [26] described

the value of robust and standardized datasets, containing
diagnostic data stored at U.S. VDLs, and how they can be
applied to understand PRRSV occurrence at the regional
level. Thus, this study aimed to determine temporal diag-
nostic trends of five endemic bacterial agents from field
cases using 6-years of data stored at the ISU VDL.
Establishing the disease occurrence of these endemic
agents at the herd level can be problematic because of
their commensal ecology, concurrent infections, and
broad spectrum of clinical signs and lesions [3, 19]. Their
commensal status in the respiratory tract precludes using
antemortem specimens (e.g., nasal swab, oral fluid, tra-
cheal wash, bronchiolar lavage fluid) to solely deter-
mine causation. Furthermore, detecting these agents
in upper respiratory tract samples (e.g., tonsil, nasal or
tracheal samples) does not necessarily imply disease.
These sample types are more commonly employed in
agent surveillance and disease monitoring for viral and
some bacterial agents [27]. Thus, disease diagnosis often
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Table 2 Relationship between disease diagnosis related to a given lesion* and detection by culture (S. suis, G. parasuis, A. suis) related
to a given specimen by agent. The numerator represents the number of cases with disease diagnosis for the agent associated to a
lesion (Example: S. suis + Meningitis), and the denominator represent the number of cases in which the agent was detected in a given
sample type (Example: S. suis+ Central Nervous Samples, CNS) but also included a histopathological assessment. These analyses were

done for specific lesions and related specimens

S. suis disease diagnosis
Arthritis Bronchopneumonia
CNS - - -

Specimens

Heart valve - -
520/837=62.1% - -
Kidney - - -

Joint

Liver - - -
5199/12,891=40.3% -
Serosal fibrin - - -

Lung -

Spleen - - -
G. parasuis disease diagnosis
Specimens Arthritis Bronchopneumonia
CNS - - -
98/153=64.0% - -
Kidney - - -

Joint

Liver - - -
2211/5228=42.3% -
Serosal fibrin - - -

Lung -

Endocarditis

Endocarditis

Meningitis Sepsis Serositis
1443/2994=481% - -

240/333=720% - - -

- 12/70=17.1% -
- 48/443=10.8% -
- 300/12,891=23% -
2374/4190=56.6%
- 236/2462=9.6% -

Serositis
62/140=44.2%

Sepsis
3/140=2.1%

Meningitis
58/140=41.4%
- 1/7=143% 3/7=42.9%

- 2/28=7.1% 16/28=57.1%

- 45/5228=0.8% 1441/5228=27.6%
- 20/936=2.1% 818/936=87.4%

Spleen - - - - 23/266=8.7% 187/266=70.3%
A. suis disease diagnosis

Specimens Arthritis Bronchopneumonia Endocarditis Meningitis Sepsis Serositis

CNS - - - 14/54=25.9% 6/54=11.1% 5/54=9.2%

Heart valve - - 4/12=333% - - -

Joint 52/67=77.6% - - - - -

Kidney - - - - 9/16=56.2% -

Liver - - - - 57/113=504% 31/113=274%

Lung - 1006/1651=60.9% - - 265/1651=16.0%  353/1651=21.8%

Serosal fibrin - - _
Spleen - - -

- 69/526=132%
- 141/344=40.9%

290/526=55.1%
126/344=36.7%

*The number of cases with lesions (numerator) differs from Table 1 because not all cases reported a specimen or possibly a testing (culture or PCR) in the bacteriology

section or molecular section

requires isolation or detection in specific tissues with
compatible lesions. This study used field cases contain-
ing a predefined set of specimens where these agents are
more likely to be related to the clinical outcome.

There was an overall numerical and sometimes statisti-
cal increase in the detection and disease diagnosis rates
for all agents in the last 6years, except for M. hyosyno-
viae. The reason for this increase is likely multifactorial.
From a data analysis perspective, the findings may reflect
the recent optimization in data management in the ISU
VDL. For example, ISU VDL improved the standards for
DxCode in 2019 with changes in the DxCode format,
setting a new standard and clarification of diagnostic
coding among the diagnosticians [20, 25]. This change
could have a role in the increase in the number of some

disease diagnoses, such as bronchopneumonia, from
2019 to 2022 observed in this study. From an industry
perspective, the growth of the swine industry observed
between 2015 and 2019 (550,000 more sows that were
younger and less-immune were added to the U.S. breed-
ing herd inventory) [28], and/or industry-wide manage-
ment changes (e.g., reduction in antimicrobial use) [29,
30] could have contributed to the noted increase in the
sample submission and disease diagnosis. From a surveil-
lance, disease management, and diagnostic perspective,
the increase could also be due to amplified awareness of
the impact of these agents and the advancements in diag-
nostic techniques, e.g., novel PCRs and whole genome
sequencing implemented in diagnostic laboratories [7,
31]. The increased number of cases including a specific
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Table 3 Relationship between disease diagnosis related to a given lesion* and detection by PCR (G. parasuis, M. hyorhinis, M.
hyosynoviae) related to a given specimen by agents. The numerator represents the number of cases with disease diagnosis for the
agent associated to a lesion (Example: M. hyorhinis + Serositis), and the denominator represent the number of cases in which the agent
was detected in a given sample type (Example: M. hyorhinis + Positive+Serosal fibrin, SF) and histopathology was performed. These

analyses were done for specific lesions and related specimens

Specimens G. parasuis disease diagnosis

Arthritis Bronchopneumonia
CNS - -
Joint 124/230=53.9% -
Liver - -
Lung - 105/464=22.7%
Serosal fibrin - -
Spleen - -

M. hyorhinis disease diagnosis
Specimens Arthritis Bronchopneumonia
CNS - -
Joint 226/392=57.7% -
Lung - 36/293=12.3%
Serosal fibrin - -
Spleen - -

M. hyosynoviae disease diagnosis
Specimens Arthritis Bronchopneumonia
Joint 133/160=83.1% -

Serositis
8/47=17.0%

Meningitis Sepsis
20/47=42.5% -

- 1/1=100% -

- 2/464=0.4% 53/464=114%

- 27/4338=0.4% 3145/4338=72.5%
- 22/282=7.8% 100/282=35.4%

Meningitis Sepsis Serositis
- - 2471/3368=73.4%
Meningitis Sepsis Serositis

*The number of cases with lesions (numerator) differs from Table 1 because not all cases reported a specimen or possibly a testing (culture or PCR) in the bacteriology

section or molecular section

sample type (e.g., spleens) for agent detection might
be due to the collection of that sample type for African
Swine Fever and Classical Swine Fever surveillance pur-
poses [32], thus resulting in the increased detection and
disease diagnosis of these bacterial agents in recent years.

The increase could also reflect a growing interest by
the swine industry in more in-depth testing, such as
serotyping, whole genome sequencing, antimicrobial
susceptibility testing, and the need for bacterial isolates
for autogenous vaccine production. Finally, fluctuations
in agent detection trends might also be due to changes
in the prevalence of the agent or the dissemination of
more pathogenic variants. S. suis sequence type 1 strains,
a genotype considered of high pathogenicity and previ-
ously thought to be mainly found in European and Asian
countries, has been more often detected in U.S. swine
herds [33]. Similarly, serotype 7 G. parasuis strains, pre-
viously considered non-pathogenic, have recently been
described as the most frequently detected genotype asso-
ciated with disease [34, 35]. Outbreaks of viral diseases,
commonly recognized as catalysts for endemic bacte-
rial diseases, exemplified by the PRRSV-2 variant within
lineage 1C diseases, could have also contributed to the
observed increase [36]. Still, the precise causes of the
observed increases or decreases need further elucidation.

Among the five studied agents, S. suis was the most
frequently detected and diagnosed agent. In fact, 22%
of all cases with infectious etiology (bacteria or viruses)
included a S. suis disease diagnosis, and 27% of all bac-
teriology cases included S. suis isolation. Furthermore,
although a trend was not detected, it was the predomi-
nant pathogen in neurological cases submitted to the
ISU VDL (70.6% of all cases). Within nervous cases, S.
suis disease was more frequently diagnosed without
other infectious etiologies. S. suis diagnosis was regularly
diagnosed in suckling and nursery phases of pig produc-
tion, regardless of the lesion, as reported previously [37].
Results of this study also show that nearly half of the
cases with a S. suis diagnosis occurred in pigs in the suck-
ling, growing or finisher/adult stages, highlighting the
impact of this agent across all pig production phases. The
number of cases of S. suis meningitis disease was higher
in suckling and early-nursery (up to 6-week-old) than
late-nursery pigs, correlating with previous reports [38,
39]. This study also highlighted the significant upward
trend in S. suis endocarditis in growing and finisher pig
cases. Taken together, these findings highlight the signifi-
cant role S. suis plays in meningitis, arthritis and serositis
in younger pigs as a primary pathogen, and endocarditis
in older pigs.
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Table 4 Number of disease diagnosis cases that included at least one of the five bacterial agents (and the most common
polymicrobial interactions within a case) by body system in the last 6 years

Infectious etiology(ies) Total %! Annual Body system?
Average
S. suis cases 9868 100%
S. suis (only) 2511 25% 419 Mult Sys (55%), Res (22%), Ner (14%), Mus (5%), Card (4%)
S. suis+any other infectious etiology 7357 75% - Mult Sys (72%), Res (23%)
S. suis+PRRSV 962 10% 160 Mult Sys (79%), Res (21%)
S. suis+G. parasuis 458 5% 77 Mult Sys (76%), Res (24%)
S. suis+1AV 374 4% 63 Res (64%), Mult Sys (36%)
S. suis+G. parasuis + PRRSV 326 3% 39 Mult Sys (87%), Res (13%)
S. suis+multocida +PRRSV 313 3% 31 Mult Sys (73%), Res (27%)
S. suis+multocida 228 2% 38 Res (75%), Mult Sys (25%)
S. suis+1AV+PRRSV 175 2% 29 Mult Sys (73%), Res (27%)
S. suis+ G. parasuis + M. hyorhinis + PPRSV 167 2% 28 Mult Sys (98%), Res (2%)
S.suis+G. parasuis + 1AV 137 1% 23 Res (52%), Mult Sys (48%)
S. suis+M. hyorhinis + PPRSV 137 1% 23 Mult Sys (99%), Res (1%)
G. parasuis cases 5760 100%
G. parasuis (only) 941 16% 157 Mult Sys (63%), Res (30%), Card (3%), Mus (2%), Ner (1%)
G. parasuis +any other infectious etiology 4819 84% - Mult Sys (79%), Res (21%)
G. parasuis +PRRSV 531 9% 89 Mult Sys (84%), Res (16%)
G. parasuis+IAV 299 5% 50 Res (49%), Mult Sys (51%)
G. parasuis + M. hyorhinis +PRRSV 183 3% 31 Mult Sys (98%), Res (2%)
G. parasuis + M. hyorhinis 169 3% 29 Mult Sys (90%), Res (5%), Mus (5%)
G. parasuis +1AV + PRRSV 133 2% 23 Mult Sys (76%), Res (24%)
M. hyorhinis cases 3292 100%
M. hyorhinis (only) 281 9% 55 Mult Sys (85%), Mus (8%), Card (4%), Res (2%)
M. hyorhinis +any other infectious etiology 3011 91% 6 Mult Sys (87%), Res (13%)
M. hyorhinis+PRRSV 345 10% 60 Mult Sys (96%), Res (4%)
A. suis cases 1831 100%
A. suis (only) 682 37% 114 Res (52%), Mult Sys (41%), Mus (4%), Card (2%)
A. suis+any other infectious etiology 1149 63% - Mult Sys (70%), Res (29%)
A. suis+PRRSV 121 7% 20 Mult Sys (62%), Res (38%)
M. hyosynoviae cases 133 100%
M. hyosynoviae (only) 95 71% 7 Mus (100%)
M. hyosynoviae +any other infectious etiology 38 29% 2 Mus (98%), Mult Sys (2%)
M. hyosynoviae + PRRSV 6 5% 2 Mult Sys (100%)
M. hyosynoviae + S. suis 4 3% 1 Mus (75%), Mult Sys (25%)

' Percentages are based on the total number of cases of the five bacterial agents of interest

2 Card Cardiovascular-Blood-Endocrine-Immune, Mus Musculoskeletal, Mult Sys Multisystemic, Ner Nervous, Res Respiratory

These data also showed constant upward trend in S.
suis bronchopneumonia cases in the last 6 years; however,
within bronchopneumonia cases, S. suis was co-detected
with other agents, such as G. parasuis, M. hyorhinis,
IAV, and PRRSV. Therefore, the significant increase of
S. suis bronchopneumonia might also by explained by
the increase of primary viruses (IAV and PRRSV). These
observations align with previous reports on the role of S.
suis as a secondary pathogen in respiratory disease cases
[10]. This study demonstrated that S. suis played a role

within multi systemic cases along with other infectious
pathogens, e.g., S. suis disease cases were often found as
unique diagnosed etiology and interacting with primary
viruses and other bacteria.

G. parasuis was the second most frequently detected
and diagnosed agent and one of the most diagnosed bac-
terial agents in serositis cases (21.9% of all cases) over the
study period. It is also diagnosed in 10% of all infectious
arthritis cases. Trends analyses revealed that G. parasuis
serositis increased from 2017 until 2020, followed by a
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downward trend between 2020 and 2022. Similarly, to S.
suis, G. parasuis bronchopneumonia increased signifi-
cantly in the last 6years, which could reflect the simul-
taneous increasing diagnosis of other etiologies, such as
PRRSV. Co-diagnosis of G. parasuis with other infectious
etiologies, such as PRRSV, IAV, and M. hyorhinis, was
more frequent in respiratory and systemic cases (Table 4).
Finally, G. parasuis disease was diagnosed mostly in the
nursery phase of production, which has been previously
reported [11, 40]. Thus, given the frequency of G. par-
asuis in nursery polymicrobial systemic disease cases, it
implies that G. parasuis control likely hinges on the man-
agement of other bacterial and viral co-infections.

Trends analyses showed increased M. hyorhinis detec-
tion, mainly from 2018 through 2020, and a significant
increase in M. hyorhinis serositis and arthritis cases over
the study period. Specifically, 19% of all serositis and 14%
of all arthritis cases were given a M. hyorhinis diagnosis
(Table 1). Interestingly, Table 4 shows that M. hyorhinis
disease was more commonly co-diagnosed with S. suis,
G. parasuis, and PRRSV as previously reported [41-43].
In fact, only 8.5% of cases with an M. hyorhinis diagno-
sis, included only this agent. In the cases of arthritis, M.
hyorhinis was more commonly diagnosed on its own
(Table 4). While no significant trend was observed, there
was a numerical increase in M. hyorhinis bronchopneu-
monia in the last 3years. In fact, in situ hybridization
with RNAscope® has recently been used to identify M.
hyorhinis within lesions that were commonly associated
with M. hyopneumoniae [44]. Still, the role of M. hyor-
hinis in this lesion is poorly understood [43]. M. hyorhinis
disease was mostly diagnosed in nursery and growing
pigs highlighting this agent’s the relevance in post-wean-
ing systemic disease [45].

Disease associated with A. suis is mainly observed in
cases of septicemia in suckling or recently weaned pigs,
or in grow-finish pigs experiencing bronchopneumonia
and serositis [6]. The similarities in clinical presentation
with A. pleuropneumoniae disease complicates accurate
A. suis diagnosis [46, 47]. In this study, A. suis detec-
tion and disease diagnosis were less frequent compared
to S. suis, G. parasuis and M. hyorhinis. However, there
was a significant increase in cases of A. suis serositis
over the study period, aligning with recent reports [48].
Furthermore, A. suis was diagnosed in 8.7% of all sepsis
cases, mainly in growing and finishing pigs. In contrast,
a decreasing trend of A. suis bronchopneumonia and
arthritis was observed which might indicate suboptimal
surveillance efforts for this pathogen or simply reflect its
opportunistic nature. Additionally, cases identifying A.
suis arthritis were mainly seen in suckling piglets 2021
(n=13), 2020 (n=12 cases), and 2019 (n=2) (Fig. 9), and
not in later stages of production, suggesting that A. suis
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is an agent to consider in pre-weaning polyarthritis. A.
suis disease diagnosis including bronchopneumonia and
systemic infections were statistically associated with later
phases of production in this study, correlating with pre-
vious knowledge [48]. Finally, A. suis disease as the sole
etiology represented 37% of all cases with an A. suis diag-
nosis, suggesting a primary role in swine disease.
Regardless of the overall increase in arthritis cases
observed during the study period (Fig. 6), M. hyosyno-
viae arthritis diagnosis significantly decreased over time.
Notably, the number of cases with PCR testing for M.
hyosynoviae also decreased (Fig. 4). M. hyosynoviae infec-
tion was found more often in finisher and adult pigs, as
reported previously [18, 49, 50]. While data from this
study show that M. hyosynoviae diagnosis decreased over
the study period, reports from the field have shown that
infectious lameness is a common occurrence in grow-
finish herds and may play a role in sow mortality [51, 52].
The reason for the decline in diagnosis of M. hyosynoviae
arthritis might be due to a decline in the submission of
arthritis cases in adult pigs, since M. hyosynoviae impacts
later stages of production and can be controlled via the
use of antimicrobials, or it could reflect the complexity
of diagnosing this agent under field settings [53]. Though
there are many non-infectious and infectious causes of
lameness, future epidemiology studies that include data
from multiple laboratories are needed to understand the
frequency of M. hyosynoviae lameness in the field.
Overall, tissues and specimens used to detect and diag-
nose disease of each of the five agents were submitted
in accordance with their previously described pathology
[19, 54, 55]. S. suis, G. parasuis, and A. suis were mainly
detected through bacteriological culture using lung sam-
ples. However, from 2020 other systemic tissues were
more frequently used for detection, such as CNS sam-
ples (i.e., brain, brain swab, cerebrospinal fluid), sero-
sal fibrin, and spleen. Given that the lung may harbor a
wide range of commensal bacteria [54, 56], it is critical
that the diagnosis of disease is based not solely on detec-
tion data but also in association with the pathological
changes. Thus, this study provided insights into which
specimens were most used for disease diagnosis based on
the histopathology evaluation with agent detection data.
For instance, 69.6% (15,786/22,675) of all S. suis isolates
originated from lungs. However, 40.3% of those lung
isolates were used to diagnose S. suis bronchopneumo-
nia cases. Only 4% of all S. suis isolates originated from
joints (1025/22,675), but from those, 62.1% were given
S. suis arthritis disease diagnosis. Similarly in neurologi-
cal cases, 17.2% (3899/22,675) of S. suis isolates origi-
nated from CNS samples, and 48.1% of those were used
to diagnose meningoencephalitis. These data imply that
a significant proportion of isolates (52%) obtained from
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CNS samples originate from cases that, either do not
have enough evidence for diagnosis (i.e., tissues were not
submitted, only meningeal swabs or cerebrospinal fluid),
or histopathological lesions were not observed, indicat-
ing potential cross-contamination of the sample. These
data highlight the importance of proper animal selection,
sample collection and handling for disease diagnosis [19].
Opverall, isolation from lungs was less predictive of S. suis
disease diagnosis compared to joints, serosal fibrin, and
heart valves. Similar findings were observed with G. par-
asuis. While 89% (6015/6753) of all G. parasuis isolates
were obtained from the lung, 42.3% were used to diag-
nose G. parasuis bronchopneumonia. Around 15% of
all G. parasuis isolates were obtained from serosal fibrin
samples, but from those isolations, 87.4% were used to
give a G. parasuis serositis diagnosis, highlighting the
diagnostic value of serosal fibrin for G. parasuis diagno-
sis. Assessment of clinical history, gross and microscopic
changes, and isolation or detection by PCR in specific
sites (CNS samples, joints, serosal fibrin, and spleen),
coupled with additional diagnostic tests (serotyping
and sequencing), are critical for accurate assessment of
S. suis- and G. parasuis-associated diseases. Great care
should be taken when collecting tissues for diagnostic
submission, as S. suis or any other of the four bacterial
agents are commensals that can easily confound culture
or PCR results by contaminating lesioned tissues [57].

Like other studies based on diagnostic data [25, 27],
caution is needed when interpreting the findings from
this study, which used three large datasets created based
on specific information from diagnostic cases stored in a
data warehouse at a single diagnostic laboratory. There-
fore, results from either detection and disease diagnosis
depended on what was submitted (case and selection
bias) and what was targeted by the submitter (cognitive
biases) but also what information was defined as relevant
by the group of diagnosticians from the ISU VDL. For
instance, while these five agents can be considered sec-
ondary pathogens in the infectious process, they can also
contribute to some of the observed lesions with or with-
out other risk factors (infections/noninfectious). Thus,
the DxCodes used in this study suggested what the cause
of the lesion is but may not necessarily reflect main prob-
lem in the clinical context.

Additionally, true prevalence and incidence of the five
agents cannot be assessed given that there is no random-
ness in sample collection or presence of true negative
cases. Yet, this study data suggested a consistent increase
in efforts to detect and diagnose diseases associated
with the five endemic bacterial agents investigated and
improved disease diagnostic codes. Furthermore, imple-
mentation of veterinary diagnostic codes for disease
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diagnosis monitoring is a recent achievement at the ISU
VDL [20].

Conclusions

Understanding diagnostic trends for the primary drivers
of antimicrobial use in swine farms is crucial, considering
the swine industry’s emphasis on antimicrobial steward-
ship. This retrospective study utilized a comprehensive
dataset (i.e., ~27k bacteriological cases and~16k his-
topathological reports) collected over a 6-year period.
Results from this study demonstrated significant
increases in disease diagnosis for S. suis, G. parasuis,
M. hyorhinis, and A. suis, and a significant decrease in
detection and disease diagnosis of M. hyosynoviae. Inves-
tigation into the diagnostic value of particular tissues
showed that lungs were frequently included for detec-
tion and disease diagnoses. However, the use of lung
for systemic disease diagnosis requires caution due to
the commensal nature of these agents in the respiratory
system, compared to systemic sites that diagnosticians
typically target. Bacterial isolation and DNA in systemic
sites did not necessarily indicate the presence of disease
caused by these five agents. For instance, half of S. suis
isolation in CNS samples was used in meningitis diagno-
ses associated with S. suis infections. Thus, the anatomic
location selected for sampling from acutely affected, non-
medicated animals, based on a case definition and proper
diagnostic testing, gross lesions, and verified compatible
histopathologic lesions, offers a comprehensive assess-
ment for the contribution of these bacteria to systemic
disease. Given that commercial vaccines are not available
for the majority of these pathogens, it is essential to con-
duct a thorough diagnostic process to improve the likeli-
hood of obtaining disease-associate strain candidates for
the development of autogenous vaccines.

This study also explored associations between phase of
production and specific diseases caused by each agent,
showcasing the role of S. suis arthritis in suckling pigs,
meningitis in early nursery and endocarditis in grow-
ing pigs, and the role of G. parasuis, A. suis, M. hyor-
hinis and M. hyosynoviae disease mainly in post-weaning
phases. Hence, it is necessary to take into consideration
the onset of disease throughout the various phases of pig
production when formulating control strategies for these
four agents. Finally, this study highlighted the high fre-
quency of co-detection with other infectious etiologies,
such as PRRSV and IAV, demonstrating that to minimize
the health impact of these endemic bacterial agents it is
imperative to establish effective viral control programs.
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