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Abstract In this study, we investigated the dynamics of
Mycoplasma hyopneumoniae infections in 66 pig farms,
with different production systems (one-, two-, and three-
site systems), and considered different risk factors.
Serological assay was used to detect serum antibodies
against M. hyopneumoniae and real time polymerase
chain reaction (RT-PCR) was performed to detect
M. hyopneumoniae DNA in tracheobronchial swabs.
Results demonstrated that M. hyopneumoniae infection
status was predominantly influenced by the age of the
animals and the type of production system. Infection rates
were higher in older animals and the prevalence was
higher in the one- and two-site systems than in the
three-site systems. Dynamics of infection by RT-PCR
showed that earlier M. hyopneumoniae infection on one-
site farms occurs earlier, while on two- and three-site
farms occurs later but spreads faster, suggesting that contact
between animals of different age favors the transmission.
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Introduction

Mycoplasma hyopneumoniae is the primary etiological path-
ogen of enzootic pneumonia, a chronic disease of pigs char-
acterized by high morbidity, low mortality, and a nonproduc-
tive cough (Morris et al. 1995). Mycoplasma hyopneumoniae
is also considered one of the primary agents involved in the
porcine respiratory disease complex (Sibila et al. 2009).

Enzootic pneumonia causes substantial economic losses,
which is primarily attributable to a decreased feed conversion,
and consequently a reduced weight gain. Lesions extending to
10 % of'the lungs result in 37.4 g lower daily body weight gain
as compared to pigs having lungs free of pathological changes
(Straw et al. 1989).

Risk factors that influence the transmission of
M. hyopneumoniae can be reduced through good biosecurity
measures by management practices, including all-in/all-out (AL/
AO), quarantining animals coming in from other farms, hous-
ing conditions, breeding practices, sanitation (e.g., disinfection
of trucks, rodent and pest control and only using materials from
the farm) (Giacomini et al. 2011), and proper vaccination
against M. hyopneumoniae infection. Poor nursery manage-
ment and no compartmentalization also contribute to the circu-
lation, spread, and incubation of M. hyopneumoniae in herds
(Nathues et al. 2013). In recent years, pig farms in Italy have
undergone significant changes, with the introduction of multi-
site systems that incorporate AI/AO for breeding (site).

The study is performed in 3 main production systems.
Single, two and three-site. Three-site system is composed of
farrowing farm, nursery and finishing sites. At weaning age (3
or 4 weeks), piglets are moved to nursery site until 12 to
16 weeks and are raised at third site until slaughter age
(36 weeks). In the two-site system, pigs are raised on two
different farms; they live on the first farm until they are 12—
16 weeks old and are then moved to the finishing farm until
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slaughtering. In the single-site “farrow-to-finish” system, pigs
are bred and raised at the same site until slaughtering.

The structural differences in these farm systems imply that
different management practices are used, potentially exposing
the animals to different risk factors for M. hyopneumoniae
infection. Serological response occurse in pigs 15-38 days
post challenge and depend on the commercial ELISA used
(Neto et al. 2014).

The gold standard for M. hyopneumoniae is isolation
and bacteriological culture, but to overcome the difficul-
ties encountered in achieving microbial growth, PCR was
used to develop a faster and more sensitive test (Thacker
2004). However, the method of sampling specimens for
the detection of M. hyopneumoniae with PCR is very im-
portant for accurate results. The most sensitive results are
obtained using tracheobronchial washing and tracheo-
bronchial swabs (TBS) (Marois et al. 2007). In fact,
TBS may be 3.5-4.5 times more sensitive in detecting
M. hyopneumoniae than nasal swabs (Marois et al.
2007). These sampling methods, together with very sen-
sitive techniques such as RT-PCR and serology, can be
used to identify the beginning of an infection and its variabil-
ity according to the age of the animal. Consequently, they can
be used to investigate the dynamics of infection, allowing the
most appropriate control measures for M. hyopneumoniae to
be devised.

The aim of this study was to investigate the dynamics of
M. hyopneumoniae infection using TBS and serological test-
ing and then if farming conditions can modify that dynamic.
We found that M. hyopneumoniae infection is less prevalent in
three-site system compared to one- or two-sites systems, due
to the strict segregation of different animal categories.

Material and methods
Study farms and study design

In order to select homogeneous clinical conditions we chose
to enroll only farms in which animal had not shown respira-
tory diseases in the last 6 months. The farms were selected
randomly from the regional epidemiological registry in order
to be representative of the Italian production systems in
regards to their infection status and associated risk factors. In
total, 66 farms were included in the study. According to the
different distribution of farming systems in the territory, we
selected 10 three-site systems, 10 two-site systems, and 46
single-site systems (Table 1). None of the selected herds
displayed clinical respiratory disease in the nursery or fatten-
ing stages during our sampling time.

On every farm, pigs were assigned to 10 groups, with dif-
ferent age from 1 week (group 1), 1 month (group 2) to
9 months of age (groups 3—10). All the pigs were sampled
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during a single visit between 2010 and 2011, according to a
cross-sectional design. In each group, 10 individuals were
randomly selected for blood sampling and five were selected
for TBS sampling, so that 100 blood samples and 50 TBS
samples were collected from each farm. We determined the
sample size considering 500 animals as the mean number of
animals for each category. For serology we estimated a mean
distribution of 60 % and with an error margin of 25 % and a
confidence level of 90 %. For direct microbiological investi-
gation (TBS) we estimated a mean distribution of 10 % with
an error margin of 25 % and a confidence level of 90 %.

During the visit, a questionnaire about the health status,
management, and biosecurity of the farm was completed
by the same researcher (Table 1). The information on the
questionnaire was verified in each unit during the herd
visit. The factors examined based on the questionnaires
regarding the sow units were: presence of quarantine, vac-
cination of gilts or boars against porcine circovirus type 2
(PCV2), mean number of sows, and the treatment and vac-
cination of sows against M. hyopneumoniae. The following
information was collected from the nursery units: the num-
ber of animals in the nursery pens, vaccination against
PCV2 and porcine reproductive and respiratory syndrome
virus (PRRSV), and treatment and vaccination of piglets
against M. hyopneumoniae. In the weaning unit
(age < 3 months), details were collected on: age (days) at
weaning, AI/AQO, and the treatment and vaccination of the
pigs against M. hyopneumoniae. Information from the fat-
tening unit was divided into two parts: one group for ani-
mals weighing up to 110 kg, and another for animals
weighing 111-170 kg. In both groups, we considered mean
number of fatteners, treatment and vaccination against
M. hyopneumoniae (Nathues et al. 2013), and months to
slaughter as risk factors for infection.

Sampling procedures

For blood and TBS sampling, the animals were restrained
by placing a conventional cable snare over the maxilla. The
blood samples were obtained by jugular vein puncture. The
blood samples were collected in sterile tubes (Vacutest
Kima clot activator) and transported to the laboratory
(Istituto Zooprofilattico Sperimentale Lombardia Emilia-
Romagna, Brescia, Italy) at 4 °C, where they were analyzed
immediately.

TBS were collected with sterile catheters used for post-
cervical artificial insemination of companion animals
(Sanifarm). The catheters were extracted, their ends were cut
and the content placed into a tube (Vacutest Kima) containing
carrier liquid (saline). They were transported to the laboratory
at 4 °C where they were analyzed immediately. The samples
were analyzed in the same structure (IZSLER, Brescia, Italy),
in serology and biology laboratories.
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Table 1 Summary of the

occurrence of risk factors on Variables One-site systems ~ Two-site systems ~ Three-site systems
the farms from three different
production systems analyzed Number of farms sampled 46 10 10
in the study Number of fattening pigs
Min 600 1480 2330
Max 24,031 9270 5230
Median 3992 3315 3238
Number of sows
Min 82 185 920
Max 3375 1630 2215
Median 507 725 1175
% of farms practicing quarantine for gilts 15.20 % 20 % 100 %
Same AINAO in the nursery unit 0% 0 % 100 %
Same AINAO in the fattening unit 93.50 % 100 % 100 %
Compartmentalization of farm during fattening  91.30 % 100 % 100 %
Diagnostic tools Risk factors

Serology

The sera were analyzed with the HerdChek® Mycoplasma
hyopneumoniae Antibody Test kit (IDEXX Laboratories
Switzerland AG, Stationsstrasse 12 CH-3097 Liebefeld-
Bern). According to the manufacturer, sera with sample/
positive control (S/P) ratios of <0.30 were considered negative
within the limits of the test; samples with S/P ratios >0.30 and
<0.40 were classified as suspect; and sera with S/P ratios
>0.40 were considered positive (IDEXX Laboratories). The
IDEXX ELISA show positive results from 30 days post
infectiononwards (Neto et al. 2014).

RT-PCR from TBS

DNA was obtained from 150 ul of tracheal fluid using
guanidium thiocyanate—phenol-chloroform extraction, as de-
scribed by Pitcher et al. (1989). All DNA samples were ana-
lyzed for M. hyopneumoniae with RT-PCR based on the
probe and primers using the CT value of 37.3 as described
by Marois et al. (2010). Moreover one replicate per sample
was used and the positive control was Mycoplasma
hyopneumonie ATCC 25934. The technique applied was
qualitative.

Statistical analysis

The PCR and serological results were analyzed statistical-
ly to compare the infection status and the antibody re-
sponses of individuals in the herds. These analyses were
primarily intended to identify the relevant risk factors and
then analyze the dynamics of infection within homogeneous
risk groups.

A mixed-effects logistic model was used to identify the
risk factors that were significantly associated with
M. hyopneumoniae infection status, considered as binary re-
sponse variables. The explanatory variables examined were vac-
cination against M. hyopneumoniae infection, age (as a contin-
uous variable), farm type, compartmentalization (i.e. the number
of different structure for each age group), all-in/all-out sectors,
and the number of animals per farm. The farm code was con-
sidered a random intercept to overcome the possible autocorre-
lation and non-independence of data collected from the same
herd. A likelihood ratio test was used to select the final minimal
model that best explained the M. hyopneumoniae infection in
the pigs (Mood 1963) as determined with PCR and serology
(Calsamiglia et al. 1999).

Dynamics of infection

To examine the temporal dynamics of infection, we analyzed
the change in infection comparing the ELISA status between
age classes. M. hyopneumoniae infection in all herds was con-
firmed by RT-PCR from TBS. In order to specifically analyze
the dynamics of infection among the farm types, nonparamet-
ric analysis of variance (Kruskal-Wallis) was first used to test
for differences among the herds from the three-site-system
farms, two-site-system farms, and one-site-system farms at
the first and the last (36th) week of age. In order to test that
piglets from the three farm systems had similar infection sta-
tus, we compared the ELISA results in the fourth week of life
to exclude contamination with maternal antibodies, which can
be present up until then (Wilson et al. 2013).

A nonparametric complete block design (Friedman test)
was used to separately evaluate the differences among pigs
of different ages (weeks) in each type of herd. To identify
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difference among all age groups, multiple comparison proce-
dure through Bonferroni-Holm was initially performed. Since
these results did not differ respect Fisher’s least significant
difference (LSD), we decided to report this later method in
order to get simpler interpretable results. For the Kruskal—
Wallis and Friedman tests, the dichotomous response vari-
ables represented by the infection status of the individual an-
imals were transformed to the number of positive animals (CT
value >37.3) for each week of age in each herd.

All statistical analyses were performed with the R software
(version 3.0.0), using the functions glmer for the logistic mul-
tilevel mixed model, Kruskal test, and Friedman, to perform
the Kruskal-Wallis test, Friedman test, and Fisher’s LSD, re-
spectively. These functions are included in the Ime4, stats, and
agricolae packages of R, respectively. Statistical significance
level was set at o« = 0.05.

Results
Dynamics of infection

Of the 10 three-site-system herds, none was treated with
antimicrobial medication that specifically targeted
M. hyopneumoniae infection. Of those, 7 herds with suckling
piglets were vaccinated against M. hyopneumoniae in the
nursery stage, and the remaining three had not been vaccinat-
ed in the last 24 months. Out the 10 two-site-system herds, 7
herds were administered antimicrobial medications specifical-
ly against M. hyopneumoniae and all herds were vaccinated
against M. hyopneumoniae. Out the 46 one-site-system herds,
6 herds were not vaccinated against M. hyopneumoniae or
administered antimicrobial medication in the last 24 months, 2
were not vaccinated against M. hyopneumoniae but were admin-
istered medication, and 16 were both vaccinated and adminis-
tered specific medications. Of the 22 herds that were vaccinated,
the pigs in 20 of them were vaccinated before they were 30 days
old. The medication used by the farms consisted of drugs be-
longing exclusively to the macrolide, lincosamide, and sulfon-
amide groups. Table 2 lists the reported antimicrobial treatments
and vaccination programs against M. hyopneumoniae in three
categories, based on the pig ages: less than 28 days of age, from
29 to 90 days of age, and more than 90 days of age.

The dynamics of infection was explored through a Fisher’s
LSD pairwise comparison between the age groups, which
showed that seroprevalence in the three-site system did not
change between four and 20 weeks of age, but increased be-
tween weeks 20 and 24. After week 24, the number of sero-
positive animals did not change until week 32, when it de-
creased until week 36 (Figs. 1 and 2). In the one-site-system
herds, Fisher’s LSD comparisons indicated that there was a
constant increase in the rate of seropositivity with age until
week 24, after which the number of seropositive pigs did not
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Table 2 Antimicrobial treatments and vaccination programs against
M. hyopneumoniae applied on the farms from three different production
systems analyzed in the study

Variables One-site Two-site Three-site
systems  systems  systems

% of farms applying vaccination 82.60 % 90 % 70 %

% One vaccination 2390 % 80 % 0%

% Two vaccinations 5870 % 10 % 70 %

% Applying Vaccine <28 days 85 % 40 % 100 %

% Applying Vaccine 29-90 days (%) 14 % 60 % 0%

% Applying Vaccine >90 days 1% 0% 0%

% Applying antimicrobial treatment 39 % 70 % 0%

% Treatment <28 days 27 % 0% 0%

% Treatment 29-90 days 61 % 85 % 0%

% Treatment >90 days 12 % 15 % 0%

Mean days of treatment 394 12.5 0

change significantly (Fig. 2). In the two-site-system herds,
post hoc comparisons showed that the seroprevalence ob-
served in four-week-old pigs did not change until week 16,
when it increased continuously until week 24, after which the
number of seropositive pigs did not increase significantly.

According to the ELISA results, in the first week of life,
there was no statistically significant difference among the
three herd types (p > 0.05; Fig. 2). In the 36th week, farm
systems showed significant differences (p = 0.02), with two-
site-system farms having higher rates of seropositivity while
three-site-system farms had the lowest rates. In the herds of all
systems, the Friedman test showed a significant change in the
number of seropositive pigs with age (p < 0.001), and this
difference was apparent approximately 4 weeks later than
the same change that was detected with PCR.

The number of PCR-positive pigs changed with the age
(weeks) in the herds in all three systems (for all, p < 0.001).
However, in the first and last weeks of age, there were no
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Fig.1 Temporal changes in PCR prevalence of M. hyopneumoniae in the
three farming types. “*’ represents a significant temporal change in
prevalence with respect to the previous week according to the Friedman
test
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Fig. 2 Temporal changes in seroprevalence in the three farming types.
“*? represents a significant temporal change in seroprevalence with
respect to the previous week according to the Friedman test

significant differences in the PCR infection status of the three
farm types (p = 0.19 and p = 0.47 respectively), but the dy-
namics of infection differed. In the three-site-system herds,
Fisher’s LSD pairwise comparisons showed that the number
of PCR-positive pigs did not change from 1 week until
16 weeks of age. A change was detected at the 20th week,
but the number of infected pigs did not change thereafter
(Fig. 1). In the two-site-system herds, Fisher’s LSD pairwise
comparisons indicated that the number of PCR-positive pigs
did not change in the first 12 weeks of age. However, at week
12, it markedly increased, but remained stable thereafter
(Fig. 1). In the one-site-system herds, Fisher’s LSD pairwise
comparison showed a continuously increasing trend, in which
the number of PCR-positive animals did not stabilize at any
specific age.

Risk factors

The final minimal model describing ELISA infection status
included age and farming system (Tables 3 and 4) as risk
factors, while the presence of quarantine, vaccination of gilts
or boars against porcine circovirus type 2 (PCV2), mean num-
ber of sows, treatment and vaccination of sows against
M. hyopneumoniae were excluded.

The multilevel logistic model showed that the three types of
farms differed, and that animal age exerted a significant effect

Table 3 Minimal model describing the factors influencing PCR
infection status of pigs

Log odd Standard error z-value p value
Random intercept -2.073 0.255 —8.11 <0.0001
Age 0.066  0.004 1591  <0.0001
One-site vs three-site 0.804  0.278 2.89 0.0038
systems
Two-site vs three-site  0.678  0.339 1.99 0.0456
systems

Table 4 Minimal model describing factors affecting ELISA infection
status in pigs

Log odds Standard error z-value p value
Random intercept —3.882 0.369 —1.052 < 0.0001
Age 0.1132  0.003 3499  <0.0001
One-site vs three-site ~ 1.2246  0.397 3.08 0.0020
systems
Two-site vs three-site ~ 1.2589  0.506 2.49 0.0128
systems

on the probability of being infected by M. hyopneumoniae
(Table 4). In particular, an odds ratio for age of 1.119 (95 %
confidence interval [CI] = 1.113-1.127; p <0.001) indicated an
increasing prevalence of seropositivity with age. An odds ratio
of 3.402 (95 % CI = 1.562-7.412) showed that infection was
more common in herds on one-site-system farms than in herds
on three-site-system farms (p = 0.002), although there was no
statistical difference between the herds on one-site-system
farms and those on two-site-system farms (p = 0.93). An odds
ratio of 3.522 (95 % CI = 1.306-9.465) indicated that infection
was more common in herds from two-site-system farms than in
herds from three-site system farms (p = 0.02).

The final minimal model (Table 3) describing
M. hyopneumoniae infection status only included age and
the type of farm, while vaccine use, compartmentalization,
AI/AO sectors, and the number of animals per farm were
excluded. The odds ratios for age was 1.065 (95 %
CI = 1.0598-1.0773), indicating proportionally higher infec-
tion rates in older animals than in younger animals
(p <0.0001). The odds ratios for farm type were 2.22 (95 %
CI=1.296-3.854) and 1.97 (95 % CI = 1.013-3.832) for the
one-site system and two-site system, respectively, indicating a
higher rate of infection on these farms than on three-site-
system farms. There was not a statistically significant differ-
ence between the one-site-system and two-site-system herds

(0 = 0.63).

Discussion

This study shows that the farming system is the major factor
influencing infection and seropositivity for M. hyopneumoniae
infection on pig farms. The age of the pigs also influences the
probability of infection and seropositivity, and both increase
with age. Although all the farm systems had similar infection
rates in piglets and in those at slaughter age, the temporal dy-
namics of infection differed strongly among the three farming
systems. In this study, we investigated the infection dynamics
separately in three age groups: in animals less than 4 week of
age, in animals between 4 and 16 weeks, and in animals older
than 16 weeks. Monitoring the immune status of a herd with
regard to M. hyopneumoniae infection is an important first step

@ Springer



86

Vet Res Commun (2016) 40:81-88

in optimizing control measures, such as vaccination and medi-
cation. The enzyme-linked immunosorbent assay (ELISA) is
the serological test most commonly used to detect anti-
M. hyopneumoniae antibodies (Serensen et al. 1997) .

The risk factors that were analyzed, including vaccination
against M. hyopneumoniae and AI/AO, showed no evidence
of influencing the nursery and weaning compartments. In par-
ticular, M. hyopneumoniae vaccination showed no significant
relationship with the dynamics of infection, and its application
did not reduce the infection rate in two-site farms where 90 %
of herds sampled were vaccinated. It has been reported that in
most herds, vaccination reduces performance losses attribut-
able to M. hyopneumoniae and may vary from herd to herd
(Maes et al. 2008). However, Villareal et al. (2011) and Pieters
et al. (2010, 2014) showed that vaccination had no or only
limited effects on the transmission of this organism. To ac-
quire all the information regarding the sanitary status and the
sanitary management of the farms were the investigation was
carried out, we administred a questionnaire.

In particular, we acquired information regarding the use of
vaccination and antimicrobial treatment. We found that vacci-
nation was performed similarly among the three farming sys-
tems therefore we can infer that it could barely interfere with
our results.

On the contrary antimicrobial treatments were differently
given to the three farming systems being often performed in
the two-site systems (70 %), rarely performed in the one-site
systems and never performed in the three-site systems. This
could imply that such treatments can interfere with our results.
By the way, it should be cleared that the information acquired
were related to past management practices and therefore they
should not interfere our data acquired from the administration
of the questionnaire onward.

The lower infection rates on the farms that weaned the
piglets at 3 weeks of age compared with the farms that weaned
at 4 weeks of age indicates that, the age of weaning influences
the probability of future infection of the animals. Nathues et al.
2013 demostrated the nasal swabs positivity of piglets in-
creased by 10 % for every day the suckling period was lasting
longer (Nathues et al. 2013). In 2015 Vangroenweghe et al.
has been shown that under US conditions low infection rate is
present when piglets are weaned before 21 days of age
(Vangroenweghe et al. 2015). The beneficial effect of Al/
AO, practiced in herds or in fattening units to limit the spread
of the disease in general, is well known (Grosse Beilage et al.
2009, Clark et al. 1991). Our data support this information
also for M. hyopneumoniae infection.

The number of animals and the size of the farm did not
influence the infection dynamics and are often unrelated to
good practice in animal management and AI/AO on farms.
No statistical relationships were observed between the infec-
tion rate and the number of animals on the farms including the
numbers of fattening pigs produced or the animal densities in
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the pens. This is contrary to the report of Maes et al. (2000),
who cited pig density as a risk factor for M. hyopneumoniae
infection.

The dynamics of M. hyopneumoniae infection are not
only related to AI/AO, but can also be affected by vacci-
nation (Nathues et al. 2013). Conversely, our results show
that the farming type exerted the predominant effect on
M. hyopneumoniae infections, with negligible involvement
of vaccination. In the one-site farms, the infection of pig-
lets tended to be higher and the prevalence increased pro-
gressively with advancing age (Maes 2010). In the three-
site systems, infection in the nursery and growing pigs was
less prevalent than in single-site herds. However, once the
pigs were moved to fattening units, the prevalence in-
creased abruptly, as previously observed (Sibila et al.
2004), without reaching the values observed in three-site
systems. This suggests that in the three-site system, this
factor is so influential that it overshadows all other risk
factors, making the farming system the only influential
factor. However, it is also likely that other management
practices do not differ quantitatively among the different
farming types, so these factors do not exert different
effects.

The effect of age on infection is particularly important
because young animals are the most vulnerable individuals,
and acquire M. hyopneumoniae when exposed to the oldest
and heavily colonized individuals (Meyns et al. 2004; Fano
et al. 2007; Sibila et al. 2007; Nathues et al. 2013).
Therefore, because the farming type influences the expo-
sure of susceptible pigs to older and infected individuals, it
is a major risk factor in the spread of M. hyopneumoniae.
This effect was mainly evident in the dynamics of infection,
with early infections in the one-site system and later infec-
tions in the two- and three-site systems. Thus, the spread of
M. hyopneumoniae evolves slowly on two-site-system
farms, as is commonly recognized (Wallagren et al. 1993).
In contrast, in the two- and three-site systems, infection
spreads within a single time interval (4 weeks), in which
its prevalence increases from 0 % to 30 %, with an unex-
pectedly fast pattern of spread when the animals were
moved to other sites. Although the infection is delayed in
the two- and three-site systems, this accelerated pattern of
spread compensates for the delay not seen in the one-site
system, resulting in similar infection rates at slaughter age,
regardless of the farm type. Because the infection by
M. hyopneumoniae on one-site system farms is protracted,
it could be argued whether this influences the onset and
degree of lung lesions (Wilson et al. 2012).

Serology showed an higher prevalence of M. hyopneumoniae
than that observed using PCR. This obvious finding provide
however justification for the use of both diagnostic
approachwhen considering risk factors influencing the dynamic
of M. hyopneumoniae infections.
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Conclusions

This study demonstrates that the production systems used in
the pig industry influences the M. hyopneumoniae infection.
The farming system mainly affects the dynamics of infection,
with earlier infection in one-site systems and later infection in
two- and three-site systems. This is particularly important in
Italy, when the slaughter age is different from other European
countries, where many pigs are slaughtered at 9 months of
age. These patterns were identified with PCR using tracheo-
bronchial swabs combined with serological analyses. The
consistent results obtained in this study between the two diag-
nostic techniques support the use of serological testing com-
bined with PCR of TBS as a simple monitoring tool. Because
different farm systems demonstrated a similar prevalence of
M. hyopneumoniae at slaughter age, further research is re-
quired to determine whether these different infection dynam-
ics cause different pathological patterns in pig tissues at the
abattoir. These data should contribute to provide essential
guidelines on the best farming system to reduce the sanitary
impact of M. hyopneumoniae infections in pig farms.
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