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Introduction 

Mycoplasmal pneumonia has been a problem for grow
ing pigs probably before the disease was identified in the 
1930s and certainly before the cause was determined in 
1965. Clinical expression of the disease has been described 
as a non-productive cough that begins about 1 month af
ter nursery pigs are placed into continuous flow finishing 
units. The cough persists in individual pigs for 4-6 weeks 
and then gradually diminishes. In populations, the cough 
may appear to persist throughout the growing period as 
different pigs become infected and recover. Without sec
ondary infections, the disease has little affect on growth 
performance and does not cause death!. However, Myco
plasma (M) hyopneumoniae infections are generally ac
companied by secondary Pasteurella (P) multocida and 
other bacterial infections that colonize damaged airways 
and cause much more serious pneumonic lesions. Dual 
infections are commonly called enzootic or mycoplasmal 
pneumonia and pigs develop fevers, dyspnea, and may 
die if not treated with appropriate antibiotics. 

With the newer management techniques-i.e., medicated
early weaning 2

, all-in-all-out (AI-AO) rearing" 
Isowean 4, and segregated early weaning (SEW)5-the 
disease has been controlled and even eliminated, at least 
in university research experiments. Use of these tech
niques in commercial situations has not always success
fully controlled mycoplasmal pneumonia. In actuality, M 
hyopneumoniae has become a major etiological agent of 
the porcine respiratory disease complex (PRDC) observed 
all too frequently when commercial producers attempt new 
rearing techniques. Thus, use of serology and strategic 
vaccination coordinated with proper use of new rearing 
technologies are required for controlling M 
hyopneumoniae and related diseases in commercial herds. 

Serological tests for M hyopneu111oniae have been avail
able for nearly two decades and have been compared as 
to their use, sensitivity, and specificity by at least three 
research groupSC,·7.8. The enzyme-linked immunosorbent 
assays (ELISAs) appear to be the best tests available to
day; however, they have only recently become commer
cially available. Whether whole cell or specific-protein 
ELlS As provide the best results in testing populations of 
pigs remains to be determined. 
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Mycoplasmal vaccines are available from many compa
nies in the U.S. and worldwide. Four of those vaccines 
have been tested against our challenge model and, in gen
eral, all have reduced the average lung lesion score of 
12% in unvaccinated-challenged-control pigs to about 3% 
in twice-vaccinated pigs (Clark, unpublished data) and 
limited development of secondary infections9. Protective 
immunity was greater than 150 days for one vaccine that 
we tested for duration of immunity. Thus, M 
hyopneumoniae vaccine is a useful tool for control of this 
disease. 

Producers are likely to achieve the most efficient produc
tion when they have strategically integrated new rearing 
technologies with serological testing and vaccination of 
sows and pigs. Optimizing results of implementing these 
technologies will also depend on the facilities available 
and whether strategic antibiotic and vaccination regimes 
can be substituted for flaws in biosecurity and design and 
placement of facilities. Unfortunately, effective antibiot
ics for control or prevention of M hyopneu111oniae are not 
available to U.S. swine producers. Thus, this paper will 
only include a discussion of management, serology, and 
vaccination programs for the control and prevention of 
mycoplasmal pneumonia. 

Vaccination of sows 

In infected herds, gilts have higher M hyopneu111oniae 
ELISA optical densities (ODs) than sows, perhaps because 
they were more recently infected during the growing pe
riod 10. Serological results from gestating sows of parities 
0-6 in a large herd from Australia!! and one in the U.S. 
(Clark 1998. unpublished data) indicated declining aver
age antibody concentrations from parities 0-3. However. 
some sows in their fourth, fifth. and sixth parities had 
double the antibody concentrations of sows in their third 
parity. We hypothesized (no longitudinal study attempted) 
that these females had exposure to M hyopnellmoniae at 
a time when their protective antibody concentrations were 
low and thus their immune system responded in an an
amnestic manner. Whether this potential late-parity ex
posure to M hyopne1l111oniae resulted in increased shed
ding of M hyopneumoniae and increased exposure to their 
progeny during lactation was not determined. 
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The implications of SEW sows shedding M 
hyopneulnoniae during lactation are that SEW pigs may 
beat higher risk of becoming infected with this agent than 
previously thought. Thus when all rules of SEW are fol
lowed and M hyopneuJnoniae continues to be a cause of 
PRDC in finishing pigs, use of M hyopneuJnoniae vac
cines in sows to equalize their titers should be consid
ered. Vaccination of sows (2 vaccinations, 6 and 2 weeks 
before farrowing [respectively]) will raise antibody titers 
in sows of all parities nearly threefold (Clark 1998, un
published data). Spicer'2 also observed rising sow titers 
after M hyopneuJnoniae vaccination (2 vaccinations, 7 and 
3 weeks before farrowing Irespectively J). In all other 
management systems, vaccination of sows for M 
hyopneuJnoniae should be considered with caution. Rea
sons for caution are explained in discussions that follow. 

Vaccination of piglets of vaccinated sows 

Regression coefficients of sow antibody levels on 2-week
old pig antibody levels of unvaccinated sows in Austra
lia " and the US" were 0.45 and 0.65, respectively. In both 
studies, antibody levels of parity 1-6 piglets were similar 
to those of their dams. In a study in which half of the 
dams were vaccinated with M hyopneuJnoniae vaccine 
before farrowing (Clark 1998, unpublished data), the re
gression coefficient of sow antibody levels on that of their 
3-day-old pigs was again about 0.50. These results indi
cated that M hyopneuJnoniae antibody levels of pigs are 
closely related to those of dams even when dams are vac
cinated. Thus, vaccinating sows for M hyopneuJnoniae 
will result in nearly threefold antibody level increases in 
pigs. From previous studies, a IS-day half-life of M 
hyopneumoniae-passive antibodies has been determined. 
The average SIP ratio of pigs of vaccinated sows was about 
3.0. The SIP breakpoint between positive and negative 
samples in the ELISA used by us is 0.4; thus, pigs from 
vaccinated sows would be expected to become seronega
tive when about 6 weeks of age. In Spicer's study' 2, ELISA 
results of pigs from vaccinated sows were significantly 
higher than those of unvaccinated sows until pigs were 
12 weeks old. This indicated prolonged decay of colos
tral antibodies in pigs from vaccinated sows. 

In our study of the effect of M hyopneumoniae colostral 
antibodies on protection from challenge (Clark 1998, un
published data), we observed reduced lung lesions in pigs 
from vaccinated sows with high colostral antibodies. 
Spicer'20bserved that high colostral antibody levels that 
occurred as a result of vaccination of sows interfered with 
development of pig antibodies after a single vaccination 
at either 10 days or 6 weeks of age and eliminated protec
tion of lung lesion development from natural exposure. 
Spicer!] also observed that single vaccination of pigs at 6 
weeks of age was significantly better in reduction of lung 
lesions than vaccination of pigs at 10 days of age in un-
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vaccinated sows. These results indicated that when pig 
vaccination for M hyopneumoniae is to be used in a pre
ventive program, vaccination should not be used when 
sows are vaccinated and should be used when pigs are 
older than is recommended on the label to avoid colostral 
interference with protection. 

If the decision is made to use M hyopneumoniae vaccina
tion in sows in SEW systems, then vaccination of pigs
if determined necessary-should be delayed until most 
of the piglets are seronegative. 

Mycoplasma control strategies for 
continuous flow systems 

In our first all-in-all-out (AI-AO) study 13, 16 pigs from 
a known infected sow herd were raised in a continuous 
flow finisher. At 2 weeks of age, 4 of 16 pigs' sera were 
positive to M hyopneuJnoniae. These pigs were weaned 
at 4 weeks of age and moved with 300 contemporary pigs 
to an AI-AO nursery. At this time only 2 pigs' sera were 
positive to M hyopneuJnoniae and the positive results were 
just above breakpoint for our ELISA, whilst in the nurs
ery no pigs (sera tested when pigs were 6 and 8 weeks of 
age) had positive ODs to M hyopneumoniae. When pigs 
were 8 weeks old, they were moved to a continuous flow 
finishing facility. Four weeks after entering this facility, 
pigs were observed to cough intermittently until they were 
killed 6 weeks later. All pigs were bled at 10 weeks and at 
two week intervals until slaughter. Sera were tested with 
an ELISA that has been shown to indicate positive results 
about 4 weeks after exposure6

• During the finishing pe
riod, none, 4, I 0, II, and 14 of the 16 pigs had positive 
ODs at 10, 12, 14, 16, and 18 weeks, respectively. These 
data indicated intermittent exposure to M hyopneumoniae 
soon after entry to the finishing facility. When the pigs 
were killed at 18 weeks, all had lung lesions typical of 
mycoplasmal pneumonia. 

The implications of two studies listed above '" (Clark IYYX, un

punli,hed data) are that gilts have the highest antibody titers to 
M hyopneumoniae and transfer the greatest amount of 
colostral antibody to their progeny. Because of their most 
recent exposure, they likely transfer the most M 
hyopneumoniae to their pigs. However, there was no in
dication that disease was transferred as seroconversion 
only occurred after exposure to coughing pigs in the fin
ishing unit (seroconversion delayed until 4 weeks after 
exposure). Colostral transfer of M hyopneumoniae anti
bodies is best evaluated before pigs are 2 weeks old. For 
best results, the determination as to whether pigs have 
been infected with M hyopneumoniae in nurseries should 
be made 2 weeks after pigs have left the nursery. The best 
sampling time to determine whether coughing in pigs has 
resulted from M hyopneumoniae infection is at least 2 
weeks after they start to cough. If colostral antibodies are 
protective and there are indications that they are l 4, pigs in 
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continuous flow systems should not receive initial vacci
nation until 3-4 weeks of age. Scheidt et al. 15 and Spicer" 
have shown that lung lesions are reduced when initial 
vaccination is delayed until pigs are 6 weeks rather than 
1 week old. Producers who use continuous flow manage
ment and whose pigs develop mycoplasmal pneumonia 
(most pigs do) should use M hyopneumoniae vaccination 
as a routine procedure. 

Sows should not be vaccinated in continuous flow sys
tems as most exposure is after pigs have left the nurseries 
and are at least 8 weeks old. Sow vaccination would re
sult in passive titers in pigs from 6-12 weeks of age that 
might interfere with success of pig vaccination. 

Mycoplasmal control strategies for AI
AOsystems 

Pigs from a M hyopneumoniae-positive sow herd were 
weaned at 28 days and either reared AI-AO as a group 
or reared for an additional 4 weeks with contemporaries 
and then reared AI-AO, their ODs through 10 weeks of 
age were similar to those of the continuous flow pigs 
mentioned above l

). When 10 weeks old, 2 of32 pigs that 
were housed in a common nursery were seropositive. 
From 12-18 weeks, 6,3,4, and 7 of 16 pigs reared AI
AO from weaning were seropositive to M hyopnewnoniae, 
whereas 6,9,9, and 13 of 16 pigs reared AI-AO after 
leaving a common nursery were seropositive to M 
hyopneumoniae. None of these pigs developed a cough 
or had lung lesions at slaughter. However, M 
hyopneumoniae was isolated from the lungs of 5 pigs in 
the group reared AI-AO from weaning and from the 
lungs of 4 pigs in the group reared AI-AO after leaving 
the nursery. Thus in AI-AO rearing systems used in M 
hyopneumoniae positive herds, a subclinical disease pat
tern can occur. Whether these seropositive but clinically 
normal pigs were resistant to M hyopneulI1oniae challenge 
was not determined. Commercial application of AI-AO 
systems does not always result in subclinical M 
hyopfleumoniae infections throughout the growing period. 
Generally, some pigs are observed to cough during the 
last month of the growing period. 

Mycoplasma hyopneumoniae serology would be useful 
in AI-AO management systems to determine whether 
the dose of organisms has been reduced to such a level 
that the immune system response is undetectable by 
ELISA or is present in the growing pigs in a subclinical 
state. Pigs in such herds should be randomly sampled at 
slaughter to determine seroconversion (samples from 30 
pigs would be required to assure detection of at least 1 
seropositive pig when actual prevalence is 10%) and pos
sible resistance to subsequent infection. This sample test 
would also be useful for gilts saved for replacements to 
determine whether they should be vaccinated for M 
hyopneulI1oniae before entry to a breeding herd that would 
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likely be shedding organisms. If these gilts were not se
ropositive to M hyopneumoniae at time of herd entry, they 
would be susceptible and develop clinical signs of pneu
monia at time of breeding. Development of pneumonia at 
time of breeding would be disastrous to the breeding 
schedule. 

Whether mycoplasmal pneumonia is an economic threat 
to an AI-AO managed herd must be determined on a 
herd by herd basis. If biosecurity and segregation of an 
AI-AO system are compromised by facilities available 
on a farm, then mycoplasmal pneumonia may be severe
requiring individual pig treatments-and result in in
creased death loss. In such systems, M hyopneumoniae 
vaccination may be cost-effective. Generally, producers 
using AI-AO systems observe pneumonia only late in 
growth and few pigs have complicating secondary pneu
monia, thus M hyopneumoniae vaccination is not required. 
The 'rule of thumb' I use to determine whether vaccina
tion is cost effective is: assess whether pigs require longer 
than 180 days to achieve market weight (-250 pounds); 
if so, M hyopneumoniae vaccination is used. If the pigs 
require less than 180 days to achieve market weight, then 
M hyopneumoniae vaccination is either at break-even or 
is not cost effective and should not be used. 

Would the use of M hyopneumoniae vaccination of sows 
be of economic benefit in herds using AI-AO manage
ment and experiencing mycoplasmal pneumonia in late 
finishing? There have been no experimental studies pub
lished to answer this question. From the studies discussed 
above, one could extrapolate that perhaps longer dura
tion of passive immunity would prevent transfer for M 
hyopneulI1oniae from sow to pig and thus further limit 
exposure of pigs during the growing period. Would this 
reduce prevalence of mycoplasmal pneumonia in late fin
ishing pigs? Perhaps it would. However, the procedure 
may also increase the number of immunologically naive 
pigs that would be of high risk of more severe mycoplas
mal pneumonia with breaks in biosecurity that occasion
ally occur in commercial herds. 

Mycoplasmal pneumonia control for 
SEW systems 

In three experiments testing SEW procedures and perfor
mance of SEW reared pigs, pigs were either weaned at 7 
days in experiment J5 or 12-14 days in experiments 2 16 

and 3 (Clark, unpublished data). In each experiment, 30 
pigs' sera were tested by ELISA for presence of M 
hyopneul11oniae antibodies. Sera from all pigs in all ex
periments were negative to M hyopneul11011iae. Addition
ally, a cross sectional and longitudinal serological inves
tigation (30 pigs per age group) of 2 Australian herds 
(> 1200 sows in each herd) indicated that maximal wean
ing ages of 16 and 17 days, respectively, would also re
sult in seronegative pigs entering a common concentra-
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tion point at 20 weeks of age. Thus, when pigs are weaned 
less than 14-17 days of age and rules for use of SEW 
technology are strictly observed, pigs from seropositive 
sows can be reared free (as assessed by ELISA serology) 
of M hyopneumoniae. 

Unfortunately when SEW technology is adopted on farms, 
rules cannot always be followed within the production 
systems available. Thus, many veterinarians have de
scribed a disease termed PRDC that occurs in these pigs. 
Investigations into this complex have incriminated swine 
influenza virus (SlY), porcine reproductive and respira
tory syndrome virus (PRRSY), and porcine respiratory 
corona virus (PRCY) as the most common viral patho
gens and M hyopneumoniae, Pasteurella multocida, Ac
tinobacillus pleuropneumoniae, and Streptococcus suis 
as the most common bacterial pathogens of the complex. 
The current hypothesis for development of the complex 
in SEW pigs is that one of the viruses initiates lung dam
age, allowing subclinical mycoplasmal pneumonia to be
come clinical in some pigs and then spread to other im
munologically naive pigs. The M hyopneumoniae 
infection subsequently enhances secondary bacterial in
fections and a very serious respiratory disease, PRDC, 
ensues. Commonly, 70% of the pigs are affected and 4-
6% of them die. 

When PRDC occurs in SEW-reared pigs, serological tests 
of coughing pigs near the time of most severe clinical 
expression will allow for an assessment of M 
hyopneumoniae and A pleuropneumoniae involvement. 
Serological tests of these pigs for viral antibodies may 
also indicate which of the viral components initiated the 
complex. Once these tests have been completed a strate
gic plan to reduce or eliminate the problem can be formu
lated. Clinically ill pigs are treated parentally with appro
priate antibiotics as needed and affected groups are 
medicated through the feed or water. Next, management 
procedures related to failures in biosecurity, segregation, 
and weaning age are corrected. Lastly, sows are vacci
nated prior to farrowing with the viral antigen (if avail
able) related to the initial cause and with M 
hyopneumoniae vaccine in a attempt to prevent sow to 
pig transfer of these pathogens during lactation. If all these 
procedures are in place and the finishing pigs are still 
having outbreaks of PRDC, a reassessment of the use of 
SEW technology in the herd should be made to deter
mine whether facilities and management are suitable for 
use of the technology. 

Summary 

From the above discussion, M hyopneumoniae control 
strategies differ with the different management systems 
used on a farm. For continuous flow systems, serologi
cally sampling a group of pigs-2 weeks after they start 
coughing-will aid in the diagnosis of respiratory prob-
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lems. If mycoplasmal pneumonia is diagnosed and pigs 
are growing slowly, continuous use of vaccine adminis
tered to pigs no younger than 3 weeks (preferably 6-10 
weeks) should control the problem. For AI-AO pigs that 
develop pneumonia more than a month before slaughter, 
a serological sample of coughing pigs will aid the diag
nosis. An assessment of pig growth rate will be required 
before a decision to vaccinate pigs can be made. Yaccina
tion of sows might be considered (see text for precau
tions and possible outcomes) to control effects of pneu
monia in some AI-AO-managed herds. For producers 
using SEW technology, a serological sample of slaughter 
pigs will help determine whether M hyopneumoniae has 
been eliminated. If PRDC is a problem in these herds, 
serological samples of coughing pigs will need to be tested 
for viral antibodies as well as M hyopneumoniae before a 
vaccination strategy can be determined. Depending on 
results of serological tests, vaccination of the sow herd 
with proper antigens plus correcting SEW rules failures 
will aid in prevention of PRDC. 
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