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Summary
Mycoplasma hyopneumoniae (MH), one of the
most important swine pathogens, is distrib-
uted world wide. Alone, MH is relatively
benign, but associated with other pathogens,
which is almost always the case in field situa-
tions, it may cause serious losses. The combi-
nation of porcine reproductive and respiratory
syndrome virus and MH is particularly impor-
tant in respiratory problems of grow-finish
pigs. Different strains of MH exist, but their
significance remains to be evaluated. Transmis-

when vaccinated. It is possible to produce
MH-negative pigs from infected herds and
to eradicate the organism without total
depopulation.

Keywords: swine, Mycoplasma
hyopneumoniae, epidemiology, diagnosis,
control.

Received: July 11, 2000
Accepted: April 17, 2001

M ycoplasma hyopneumoniae (MH)
is present in all countries of the
world where a significant swine

industry exists. The very high prevalence,
coupled with associated losses, makes this
organism one of the most important for swine
veterinarians and producers. Furthermore,
although MH has been recognized as a swine
pathogen for decades, it appears that new pro-
duction methods and possibly association with
other agents, such as porcine reproductive and
respiratory syndrome virus (PRRSV), have
given it a new significance. This paper will
briefly review some elements concerning its
epidemiology, diagnosis, and control.

Epidemiology
Strain variability of mycoplasmas
Limited research indicates that antigenic and
genetic variation does exist among MH
strains. Heterogeneity was detected by Ro et
al1 using a metabolic inhibition test, by Frey
et al2 using restriction enzyme digestion and
field inversion gel electrophoresis, by Artiushin
et al3 using polymerase chain reaction (PCR),
and by Lin et al4 using total protein profile,
glycoprotein profile, and size differences in the
amplified PCR products of field strains of
MH. Lloyd et al5 inoculated groups of pigs
intravenously with five different strains of

MH is never completely eliminated from the
respiratory tract. Mattsson et al,11

using PCR, detected MH on nasal swabs
from five of 31 pigs after 12 weeks in a fin-
ishing unit, while only one was positive 3
weeks later. Sørensen12 et al were unable to
identify MH on nasal swabs from 200
experimentally infected pigs 81 days post
infection (PI) either by PCR or isolation,
although the organism could be readily
isolated from lung tissue. 

Several studies have shown that it was
possible and even relatively easy to eradicate
MH from infected herds by using a three-
step protocol that included a break in
farrowings, treatment with antimicrobials,
and removal from the farm of all animals 10
months of age or younger, on the
assumption that MH is mainly maintained
in swine herds by young animals.13-15

Aerosol transmission
Pigs can be infected either by their dam or by
other infected pigs on the premises. Airborne
transmission occurs over short distances inside
the farm, and the organism has been identified
by PCR in the air of infected barns.16 The ques-
tion of between-farm airborne transmission is
still debated. In the mid-80s, Goodwin17 found
that the risk of a herd becoming infected with
MH was inversely related to the proximity of
other pigs, and that, for maximum survival of
MH-negative status in a herd, the crucial
distance from an infected pig farm was approxi-
mately 3.2 km, suggesting that the airborne
route was the most probable manner of in-

sion occurs mainly by direct contact and
aerosol. Cranioventral lesions of pneumo-
nia are suggestive of MH, but are not
pathognomonic. The use of modern pro-
duction technologies has coincided, to a
certain extent, with an upsurge of MH-
associated problems. Antimicrobials are
more efficacious when used for prevention
rather than treatment. Optimal timing for
vaccination depends on the age at which
pigs will come in contact with the organ-
ism and their level of maternal immunity

MH, and found differences in clinical dis-
ease (numbers of pigs and joints with ar-
thritis) and immune response. Although
this study did not model respiratory
disease, the results suggest that virulence
differences may exist among MH strains, as
they do among strains of Mycoplasma
hyorhinis, another mycoplasma of pigs.6

Several species of pathogenic mycoplasmas,
for example, M hyorhinis, Mycoplasma
bovis, and Mycoplasma gallisepticum, have
sophisticated genetic machinery for altering
their surface characteristics by mechanisms
such as phase variation, size variation, and
epitope masking and demasking of surface
proteins.7,8 It remains to be determined
whether these mechanisms are also charac-
teristic of MH, and to what extent they
may explain apparent genetic and antigenic
differences between strains.

Asymptomatic carrier pigs
It is unknown how long pigs and sows re-
main carriers of MH. In a recent study by
Calsamiglia et al,9 nasal swabs tested by
PCR were positive in sows up to their sev-
enth parity. There was no correlation
between sow and piglet colonization, possi-
bly because there were few positive piglets.
Thacker10 reported that it is possible that
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fection. Muirhead et al18 reported that if
there is an uninterrupted view of an MH-
infected herd from a farm, particularly if it is
less than 3 km away, it is likely that this farm
will eventually become contaminated by
wind-borne infection.

Results of a study by Thomsen et al19 in 204
specific pathogen free (SPF) herds in Den-
mark supported the theory that airborne
transmission and contact with purchased,
subclinically infected animals are major
sources of MH infections, and showed that
the risk of infection was greater for SPF
herds close to a large infected herd than for
those close to a small infected herd. Results
of an epidemiological study in Switzerland
also supported the theory of airborne trans-
mission.20 Researchers found that factors
associated with infection of Swiss SPF herds
included the size of the herd, its distance
from the nearest road used regularly by pig
transporters, and its distance from the near-
est infected herd. A seasonal pattern was
identified, with most infections occurring
between November and March. The theory
of airborne transmission of MH is supported
by the survivability of MH for at least 31
days in water at temperatures of 2 to 7˚C.17

Transmission through semen
A few studies have examined the possibility
of MH transmission by semen. In an early
study in Finland,21 one of 101 semen
samples was positive for MH. In a subse-
quent study in Denmark, 22 MH was not
recovered from any of 169 semen samples
tested. Semen is unlikely to be a significant
concern in field situations.

Diagnosis
Clinical and pathological aspects
Mycoplasma hyopneumoniae causes enzootic
or mycoplasmal pneumonia. Experimental
infection of pigs with MH alone usually pro-
duces coughing, with little or no impact on
performance.23 The pigs do not die and usu-
ally recover spontaneously. The purple to
gray lesions of consolidation are invariably
located in the cranioventral part of the lungs,
extending caudally as severity
increases.24 Although gross lesions are sug-
gestive of enzootic pneumonia, they are not
pathognomonic for MH, as other organisms
may produce very similar lesions.10,24 Con-
solidation regresses by 60 to 100 days PI.12

Enzootic pneumonia is primarily a problem
of grow-finish pigs, but pigs as young as a
few weeks of age or adult pigs may be af-
fected, particularly in a recently infected
herd.18,24

Although it has rarely been considered a sig-
nificant cause of pericarditis, MH was iso-
lated from the pericardium in 33 of 46 cases
of pericarditis detected at slaughter in a re-
cent study in Denmark.25 The authors con-
cluded that mycoplasmas, and particularly
MH, are the most likely cause of fibrinous
pericarditis in slaughter pigs.

The mild disease associated with experimen-
tal MH infections contrasts with the severe
outbreaks sometimes observed in field situa-
tions. The difference occurs mainly because
other pathogens present on the farms con-
tribute to the problem, sometimes causing,
in addition to the cough that is usually
present, dyspnea, fever, reduced growth, and
increased mortality.10,26 More severe disease
occurs when pigs are experimentally infected
with both MH and Pasteurella multocida,
compared to MH alone,27,28 and this ap-
pears to be true as well when MH is coupled
with Actinobacillus pleuropneumoniae or the
pseudorabies virus.29,30 Thacker et al31 have
shown that MH infection may potentiate
the disease and lesions induced by PRRSV. 

Recently, “porcine respiratory disease com-
plex” (PRDC) and the “18-week wall” have
become familiar expressions, describing rela-
tively new problems observed in finishing
units, in which MH and PRRSV appear to
play a significant role.10,26,31,32 Even in pro-
duction systems using strategies believed to
improve the overall health status of pigs (eg,
all in–all out pig flow, multiple sites, early
weaning),24,26 these problems may be severe,
and perhaps particularly so, possibly because
few pigs come in contact with MH prior to
being placed in the finishing units. These
pigs constitute a large population of
nonimmune animals. In traditional systems,
where pigs were weaned at an older age and
raised in continuous flow in the farrowing
and nursery units, they were more likely to
be exposed to MH while still under the par-
tial protection of maternal immunity, and
might have been better able to resist infec-
tion.26 Furthermore, PRRSV has become a
constant concern since the late 1980’s to
early 90’s. It is clear that the frequent associa-
tion of PRRSV and MH in field situations
has created a condition that is much more
difficult to deal with than either disease
individually.10,26,31-33

Laboratory diagnosis
Enzootic pneumonia is characterized by the
accumulation of lymphocytes in perivascular,
peribronchial, and peribronchiolar tissues.24

In a study by Sørensen et al,12 200 naive pigs
were infected by aerosol. The mean onset of

coughing was 13 days PI, but several pigs
coughed as early as 6 days PI, and maximum
coughing occurred 27 days PI. Lesions were
maximal 28 days PI, and were virtually un-
detectable 85 days PI. On day 14 PI, MH
was detected in almost all lungs examined by
cultivation, PCR, enzyme linked
immunosorbent assay (ELISA), and indirect
fluorescent antibody (IFA). By day 85 PI,
cultivation was the most sensitive technique
for detecting MH in the lungs. Nasal swabs
were positive by cultivation in 1% of pigs
and by PCR in 18% of pigs 25 days PI.
However, all nasal swabs were negative by
both techniques on day 81. The first pig be-
came seropositive on a monoclonal antibody
blocking ELISA 8 days PI. On average, the
pigs became seropositive 22 days PI, and all
pigs were seropositive by day 46. Four pigs
retained to evaluate the duration of antibody
titers still had positive titers 8 months PI.

Using the same ELISA, Rautiainen et al34

recently reported that MH antibodies per-
sisted 3 years or more in some sows. In this
study in Finland, frozen colostral samples
were also tested in 530 herds to document
freedom from infection, and the authors
concluded that it was both a sensitive and
convenient method of monitoring herds for
MH.

In a field study by Sørensen et al,35 using the
same ELISA, two groups of seronegative pigs
became serologically positive an average of 6
and 9 weeks after being introduced into two
different positive herds.

Using the same ELISA, Andreasen et al36

were able to detect maternal antibodies in
piglets up to 7 weeks of age. Vaccination of
sows before farrowing may increase the time
that maternal antibodies will be detected in
piglets. Thacker et al37 vaccinated sows three
times prior to farrowing, and piglets of these
sows remained seropositive up to 9 weeks of
age when tested with the Tween-20 ELISA.
In another study, sows from a naturally in-
fected herd were vaccinated pre-farrowing
and their piglets were transferred to isolation
facilities at 15 to 17 days of age.38 Maternal
antibodies were still detectable by different
ELISA tests when some pigs were 15 weeks
of age. Comparing four vaccines and using
the Tween-20 ELISA test, Thacker et al39

found that some vaccines produced higher
titers and more seropositive pigs than
others, and that many vaccinated pigs were
already seronegative as early as 45 days post
vaccination.

The phase of the reproductive cycle may af-
fect serological results. Using an ELISA,
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Wallgren et al40 showed that antibody
levels of nine sows at farrowing had de-
creased to 51% of levels detected 4 weeks
previously. Two weeks after farrowing, anti-
body levels had returned to 75% of their
initial values. Rautiainen et al41 also found a
significant reduction in circulating antibod-
ies prior to farrowing.

Isolation of the organism is the “gold stan-
dard” for diagnosis of MH, but it is imprac-
tical under field conditions, as special media
are required and growth frequently is not
detectable for weeks or months.10 

Control of M hyopneumoniae
pneumonia
Treatment using antimicrobials
Mycoplasma hyopneumoniae is sensitive to
several antimicrobials in vitro. Table 1 sum-
marizes the sensitivity results of MH to anti-
microbials obtained in four studies.42-45 The
minimum inhibitory concentrations (MICs)
of tiamulin and several other antimicrobials
for MH are low, but for reasons that are not
totally clear, enzootic pneumonia does not
respond well to treatment.24 Thacker et al46

recently showed that chlortetracycline was
effective in preventing lesions and clinical
signs associated with MH when adminis-
tered in the feed prior to infection, but was
ineffective or much less effective when ad-
ministered on days 10 to 24 PI.

In the face of an outbreak, products with low
MICs for MH should be favored (eg, tetra-
cyclines, lincomycin, tiamulin).18 A French
study suggests that doxycycline may have
value in the treatment of enzootic pneumo-
nia.47 Finally, fluoroquinolones have low
MICs for MH and for other respiratory
pathogens and have been reported to be ef-
fective in treating enzootic pneumonia.24

However, because of the importance of
fluoroquinolones in human medicine and

the current concerns about antimicrobial
resistance, particularly to drugs utilized in
both animals and people, the number of
countries that will allow or encourage the use
of fluoroquinolones in swine will be limited.

Prevention using antimicrobials
Several authors have reported on the efficacy
of pulse dosing programs to prevent losses
associated with MH infections in grow-fin-
ish units.48-50 The products chosen have low
MICs for MH (often a combination of
tiamulin and a tetracycline, or lincomycin
alone or with a tetracycline), and the pro-
gram schedules vary among researchers. In a
recent study, where the goal was to prevent
the “18-week wall”, Walter et al50 reported
good results using tiamulin (38.5 ppm) and
chlortetracycline (22 mg per kg body weight)
together in the feed for 7 days on weeks 2, 4,
7, 10, and 13 after placement in the finish-
ing unit. Others have recommended strategic
medication, where the product used (eg, tet-
racycline, lincomycin, or tiamulin) is added
to the feed for 7 to 10 days, commencing 1
to 3 weeks prior to the anticipated time of
disease onset.18

Prevention using vaccination
Vaccination may reduce pneumonia and
losses associated with MH.18,24 In severely
affected herds, a benefit: cost ratio of up to
5:1 has been achieved.18 Muirhead et al18

have suggested the following criteria for
making the decision to vaccinate: presence of
MH in the herd; continuous level of respira-
tory disease; primary or secondary infections
associated with PRRS, A pleuropneumoniae,
influenza, or pseudorabies; heavy bacterial
challenge; necessity for continuous in-feed
medication; variable and poor growth associ-
ated with respiratory disease; weaning to
slaughter mortalities of more than 4%; and
cost of vaccination equal to or less than costs

of associated mortality and in-feed medica-
tion. Clark51 has proposed a simplified gen-
eral guideline: if a herd is positive for MH
and the pigs do not reach 115 kg by 180
days of age, vaccination should be
considered.

The scientific literature is not completely
clear on vaccination schedules for piglets.
Few studies have tested the same vaccine in
pigs of different ages within the same farms,
and their results do not all show marked per-
formance differences, but there is a tendency
for later vaccinations to produce better
results.38,52-55

The time at which pigs are infected with
MH may be determined by serology, onset
of clinical signs, and PCR, and vaccination
may be scheduled accordingly. Sørensen et
al12 observed coughing approximately 2
weeks PI, and seroconversion approximately
1 week later. The interval between introduc-
tion of naïve pigs into an infected population
and onset of clinical signs or seroconversion
may vary in field situations.35

In North America, some commercial vac-
cines have received approval as single-dose
products.56,57 In a large US field study, Yeske
et al58 showed that one of these
vaccines produced statistically and economi-
cally significant changes in performance
when vaccinated pigs were compared to non
vaccinated pigs.

The question of whether sows should be vac-
cinated before farrowing also remains unan-
swered. A recent study37 showed that piglets
with maternal immunity had much less se-
vere lung lesions after challenge than piglets
born from naïve sows. However, it was re-
cently reported that piglets of vaccinated
sows developed lower antibody titers when
vaccinated while they still had maternal anti-
body titers.38 Two experiments compared the

ecnerefeR HMfosniartsfo.oN
)Lm/gµ(laiborcimitnafoCIM

nicymocniL enilcycartetyxO enilcycartetrolhC nisolyT nilumaiT
6891,otomamaY 24 55 21.0 47.0 4.41 60.0 30.0

1991,kaaLret 34 01 * 52.0 ≤ 30.0 5.0 60.0 ≤ 30.0

4991,otomanI 44 52 60.0 2.1 4.63 30.0 20.0
7991,nannaH 54 02 t DN ‡ 1 DN ‡ 52.0 50.0

Table 1: Average minimum inhibitory concentrations (MIC) for Mycoplasma hyopneumoniae (MH) of five antimicrobial
agents used to control MH in commercial swine operations

*  MIC-50 (minimum concentration required to inhibit 50% of the strains tested)
†  MIC-90 (minimum concentration required to inhibit 90% of the strains tested)
‡  ND: not done
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degree of protection to MH challenge when
pigs with different levels of maternal immu-
nity were vaccinated.23,38 In the first study,
there was no difference in the degree of pro-
tection afforded by the vaccine whether pigs
were from vaccinated or unvaccinated
sows.23 These sows had been vaccinated
prior to farrowing, but the herd was free of
MH. In the second study, piglets from a
naturally infected herd, with high serum an-
tibody levels at the time of vaccination, were
not protected as well from challenge at 16
weeks of age as piglets vaccinated later, when
maternal antibody levels were lower.38 The
authors concluded that when evaluating
whether or not maternal antibodies might
interfere with active immunization, the anti-
body levels at the time of piglet vaccination
may be more important than the age of the
pigs.

Although many vaccines may reduce the
development of lung lesions after MH chal-
lenge under either field or experimental con-
ditions, the mechanism of protection is still
unclear. Comparing four different vaccines,
Thacker et al39 reported that ‘measurements
of systemic cellular and humoral immune
responses did not necessarily predict the de-
gree of protection against experimental chal-
lenge suggesting local, mucosal immunity
may be important in protection’. In a more
recent study, Thacker et al59 reported that
vaccination against MH induced local, mu-
cosal, humoral, and cellular immune re-
sponses, and reduced the severity of lung
lesions in challenged pigs. This study sug-
gested that mucosal antibodies, mediation of
the inflammatory response, and cell-medi-
ated immune responses are important for
control of mycoplasmal pneumonia of pigs. 

Prevention by non-medical
strategies
Non-medical strategies may help to reduce
the negative impact of enzootic pneumonia
and other respiratory problems. In a recent
review, Stärk60 listed the following risk
factors reported to have an impact on respi-
ratory diseases: herd size, air volume, shared
airspace, stocking density, diarrhea, sow char-
acteristics, herd type (breeding, fattening),
purchase policy, production system (all in-all
out, batch, continuous), construction of
building or pen, manure handling, feeding
technique, access to water, ventilation, draft,
bedding, floor, light, heating, hygiene, char-
acteristics of manager, time dependent man-
agement factors (weaning, moving), move-
ment of animals, veterinary consultation,
temperature, humidity, gases, bioaerosols,
dust, season, distance to possibly infected

farm, size of neighboring farm, and swine
density in the region.

Production of MH-negative pigs
from positive herds
It is possible to produce MH-negative pigs
from positive herds, particularly when piglets
can be weaned early and off-site.61-62 Results
from the Deschambault station, an off-site
testing station in Canada, where pigs from
20 to 30 different sources are mixed at wean-
ing, offer some interesting insights on this
strategy.63 The source herds are of different
health status for pathogens, including
PRRSV, MH, and A pleuropneumoniae. Ten
batches of approximately 450 piglets each
have been introduced at an average age of
12.4 days, with excellent performances
maintained up to slaughter. Coughing was
observed in some batches, but it was believed
that six of ten batches were free of MH in-
fection on the basis of clinical signs (absence
of coughing), serological results (negative
serology in animals tested at the end of the
batch), and slaughter inspection data (no
cranioventral lesions in lungs).
Seroconversion to both MH and PRRSV
occurred in three batches, and apart from
higher drug cost, performance was compa-
rable to that in other batches. Additional
work is required to identify factors respon-
sible for the success of the Deschambault
system, and to assess their applicability to
commercial multiple site systems where pigs
from different sources are mixed and where
significant disease problems may occur.

Eradication of MH from
infected herds
Eradication of MH has been described in
several countries, including Switzerland,
Sweden, and Finland.13-15 The most com-
mon technique combines removal from the
farm of all animals 10 months of age or
younger, a 14-day break in farrowings, and a
breeding herd medication program.13

Tiamulin was the most common drug used,
but enrofloxacin and lincomycin have also
been successful in these programs.13-15

Most studies describing eradication attempts
have been conducted in chronically infected
herds. Recently, successful eradication pro-
grams in herds newly infected with MH
were reported from Denmark.64,65 Because
of the risk of infection associated with the
presence of neighboring infected herds, an
eradication program was conducted by
Masserey-Wullschleger in Switzerland on an
area basis, rather than on a herd basis.66 In
two distinct geographic areas, including 345
and 360 farms, an attempt was made to

eradicate the organism in a coordinated way
from 91 infected farms. A year later, 19
farms were infected with MH, for a reinfec-
tion rate of 3.1%. Reinfection was attributed
to introduction of MH-infected stock in
53% of cases, and to aerosol transmission in
21% of cases. 

Conclusion
Mycoplasma hyopneumoniae has long been
present in swine herds. New methods of rais-
ing pigs and the upsurge of new pathogens
such as PRRSV have complicated the tradi-
tional picture that we had of MH and the
disease it causes. However, numerous tools
are now available to better identify and con-
trol the clinical signs and losses associated
with MH.
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