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Mycoplasma hyopneumoniae (MH) causes a mild chronic 
pneumonia that is commonly complicated by opportunistic 
bacteria and often referred to as enzootic pneumonia. 
Pneumonia induced by MH is characterized by a dry, spo
radic, nonproductive cough. Other clinical signs, such as 
impaired growth or fever, are due to concurrent second
ary infections. While MH infection alone induces mini
mal disease, pigs are rarely infected with only MH and 
the resulting interactions between mUltiple pathogens are 
responsible for severe respiratory disease. Recently, the 
term porcine respiratory disease complex (PRDC) has 
become more popular then enzootic pneumonia as a re
sult of increased severity and presence of viruses such as 
porcine reproductive and respiratory syndrome virus 
(PRRSY) and swine influenza virus (SlY). 

MH is a mucosal pathogen, adhering to the cilia of the 
epithelial cells in the airways. This relatively loose con
nection between the organism and host makes it difficult 
for the defense systems of the body to recognize and elimi
nate MH. There are several mechanisms used by MH to 
cause disease. One mechanism is direct physical damage 
to the cilia and cells of the airways, which decreases the 
ability of the cilia to move debris-including bacteria
up the airways and out of the respiratory tract. A second 
mechanism is through MH's interaction with the immune 
cells of the respiratory tract. The exact mychanism by 
which MH modulates and activates lymphocytes and 
macrophages is unknown. The production of cytokines
such as tumor necrosis factor alpha (TNF), interleukin 
(IL)-l, IL-6, and IL-lO-probably directs the immune 
system away from an effective response. Thus, MH's abil
ity to induce the release of proinflammatory cytokines 
and non-specific activation oflymphocytes decreases the 
ability of the immune system to clear both MH and other 
respiratory pathogens. 

Mycoplasma vaccines 

MH vaccines are typically bacterins consisting of either 
whole organisms or membrane preparations. Adjuvants 
probably play an important role in the induction of pro
tective immunity by the current MH vaccines. Protective 
immunity induced by vaccination against MH has been 
demonstrated experimentally; however, protection against 
clinical disease is generally incomplete, and infection is 
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not prevented. Most commercial MH vaccines induce 
measurable serum antibodies, but elicit only slight pro
tection against colonization. A study performed in our 
laboratory showed that the seroconversion rates of sev
eral commercial vaccines measured by the Tween 20 
ELISA varied between 30% and 100%1. Although the 
study found no correlation between serum antibody lev
els against MH and protection, a systemically adminis
tered vaccine should induce antibody production. One 
potential variable in the ability of an assay to detect anti
bodies is the presence or absence of the appropriate pro
teins in the antigen preparation used in the assay. Induc
tion of serum antibodies by MH vaccination tends to be 
slow, with seroconversion frequently occurring up to 2 
weeks following the second vaccination. Antibody levels 
decline shortly thereafter, with non-challenged pigs of
ten becoming seronegative approximately 4-6 weeks fol
lowing vaccination. Challenge of vaccinated pigs results 
in an amamnestic response with the resulting levels of 
antibodies becoming much higher than observed in pigs 
receiving vaccination alone. This type of pattern can be 
used to confirm that the herd is actively infected with MH. 
Figure 1 summarizes the 'classic' patterns of serum anti
body levels following vaccination with or without 
challenge. 

We have begun determining the immune responses re
quired to induce protection by MH vaccines. In recent 
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Figure 1 . Average serological responses to pigs 
vaccinated with a MH vaccine and/or challenged 

with MH. 
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studies, we found that MH vaccines prime lymphocytes 
in the airways to produce MH-specific IgG and IgA anti
bodies in response to challenge. Thus, even though the 
vaccines are administered systemically, a mucosal immune 
response developed in response to challenge2. However, 
local antibody levels induced by vaccination only were 
very low. This study also found a commercial MH vac
cine against MH induces a T helper type I response by 
CD4+ lymphocytes producing a more cellular type of 
immune response. This type of immune response improves 
vaccine enicacy against MH. 

In another study, we found that vaccination against MH 
decreased the potentiation of PRRSV-induced pneumo
nia by MH3. This may be due to the ability of MH vac
cines to decrease the production of proinflammatory 
cytokines induced by MH infection. Specifically, we found 
that MH vaccination decreased the production of TNF 
following experimental challenge2

. This suggests that al
though MH vaccines do not prevent colonization, they 
appear to be beneficial in decreasing the inflammation 
following MH infection. 

Potential causes of MH vaccine failure 

Although the cause of vaccine failure within a herd is 
often unknown, recent studies in our laboratory suggest 
several possible explanations for reduced enicacy or to
tal failure of MH vaccines. In two separate experiments, 
we found that the presence of maternal antibodies to MH 
decreased the antibody response to MH vaccination4

• 

Conversely, a recent ongoing study in our laboratory found 
that while maternal antibodies appear to be somewhat 
protective in young pigs, they do not decrease the num
ber of organisms colonizing the respiratory tract and also 
appear to prevent an immune response from occurring in 

response to infection. These findings suggest that the pres
ence of maternal antibodies may be one cause of the de
lay in mycopla<;mal pneumonia in young pigs. We have 
evaluated the passive antibody levels in a number of sow 
herds and in some herds, the sow titers are so high that 
effective pig vaccination is not possible until the pigs are 
6 weeks of age at the first vaccination. Based on these 
findings, vaccination of the sow herd should only be per
formed if necessary and then on a limited basis. 

Previously, we demonstrated that MH potentiates PRRSV
induced pneumonia5• A second study recently showed that 
vaccination with a MLV vaccine or infection with PRRSV 
during or following vaccination with a MH vaccine ap
pears to decrease MH vaccine efficacy (Table 1)3. The 
mechanism of the decreased efficacy is unknown as MH 
antibodies were present both systemically and in the 
bronchoalveolar lavage fluid. Pigs vaccinated with 
PRRSV vaccine had significantly higher levels of sys
temic antibodies than the pigs vaccinated with only MH 
vaccine. However, there was no reduction in the amount 
of MH-induced pneumonia in pigs vaccinated with a MH 
bacterin and receiving PRRSV vaccine and/or challenge 
with PRRSV. 

MH vaccination decreased the potentiation of PRRSV
induced pneumonia in dual infected pigs (Table I). How
ever, that benefit was lost when pigs were vaccinated with 
PRRSV in addition to MH. PRRSV vaccination failed to 
decrease or protect against the potentiation of PRRSV 
pneumonia by MH. In a third study performed in our labo
ratory, vaccination with a MLV PRRSV vaccine prior to 
MH vaccination followed by MH challenge did not ap
pear to result in a decrease in MH vaccine efficacy. These 
studies suggest that timing of the PRRSV infection may 

Table 1. Macroscopic lung lesions in pigs vaccinated against Mycoplasma hyopneumoniae and/or PRRSV 
followed by challenge with PRRSV and/or M. hyopneumoniae 

day 10 post challenge day 38 post challenge 
Group # Vaccine Challenge M. hyo§ PRRSvt M. hyo PRRSV 

P&M' None 0.0 ± O.Od 0.0 ± O.oc.d 0.1 ± 0.2b 0.0 ± O.Ob 
2 None None 0.02 ± 0.03d 0.0 ± O.OC.d 0.1 ± 0.1b 0.0 ± O.Ob 
3 M P&M 7.9 ± 5.0· 24.2 ± 10.ga·b 6.6 ± 15.6a 3.4±2.1b 
4 P P&M 4.7 ± 3.0"·b.c 16.3 ± 13.2a.b,c 12.2±8.7a 17.5±8.6a 

5 P&M P&M 3.2 ± 2.8b.c.d 16.0 ± 11.1 a.b.c 4.4±3.1a 16.9 ± 18.4a 

6 None P&M 6.7 ± 5.1 a.b 31.3 ± 20.9a 15.2 ± 12.8a 16.2±8.1a 
7 P&M M 1.6±1.7c.d 0.0 ± O.Oc 5.6 ± 7.3a 0.0 ± O.Ob 
8 None M 2.1 ± 3.2c.d 0.0 ± O.Oc 9.2 ± 5.5" 0.0 ± O.Ob 
9 P&M P 0.3 ± 0.5d 11.8 ± 11.0a.b.c 0.1 ± 0.1b 0.9 ± 2.7b 

10 None P 1.4 ± 2.5c.d 25.6 ± 18.7a.b 0.2 ± 0.2b 0.2 ± 0.6b 

Data presented as group mean ± standard deviation 
§ Percentage of lung exhibiting M. hyopneumoniae-induced pneumonia as determined by lesion sketches and image analysis 
t Percentage of lung exhibiting PRRSV-induced pneumonia as estimated by visual observation 
. P=PRRSV, M=Mycop/asma hyopneumoniae 
".b.c.d Within each column, values with different superscripts are significantly different by least significant difference (p<.05) 
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affect the development of a protective immune response 
by MH vaccines. 

Conclusions 

MH continues to be a serious pathogen in the swine in
dustry despite its almost non-pathogenic ability to induce 
disease by itself. However, MH's interaction with other 
pathogens makes it a major player in PRDC. MH vac
cines are efficacious in decreasing clinical disease, how
ever several potential causes for their failure have been 
identified. Measuring the levels of maternal antibodies 
by performing serology at time of or prior to vaccination 
will aid in determining the optimal age for pig vaccina
tion. In addition, the timing of PRRSV infection/vacci
nation of pigs in relation to MH vaccination is probably 
important in ensuring vaccine efficacy. Although current 
MH vaccines decrease clinical disease, new vaccines that 
decrease colonization are needed to further decrease the 
impact of this common pathogen. 
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