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Introduction
Mycoplasma hyopneumoniae (M. hyopneumoniae) is a 
pathogen that affects pigs of all ages and has a worldwide 
distribution. Disease caused by this agent is commonly 
presented as a chronic pneumonia, called Enzootic Pneu-
monia. M. hyopneumoniae is associated with a low mortal-
ity rate; however, it becomes endemic in infected farms. 
One of the most important aspects of M. hyopneumoniae 
is that infection predisposes to colonization of the respira-
tory tract with other pathogens, bacterial as well as viral.  
M. hyopneumoniae infection affects the normal function 
of the mucociliary apparatus and produces a marked in-
flammatory response in the respiratory tract.

Swine farms become infected with M. hyopneumoniae 
first by the acquisition and introduction of carrier animals; 
subsequently infected sows colonize their offspring. The 
offspring after being weaned and mixed with susceptible 
pigs, will amplify the infection in the herd. In segre-
gated production systems the most important means of  
M. hyopneumoniae transmission is by sow-to-piglet 
contact during the lactation period. However, the close 
relationship between sows and piglets during the lacta-
tion period also assures the transfer of immunity from the 
mother to the baby pig via colostrum. It has been recently 
demonstrated that Mycoplasma hyopneumoniae specific 
cellular immunity can be transferred from the immunized 
sow to her offspring.

Cross-fostering is a common management practice in 
which newborn piglets are moved among sows during the 
first 24 hrs after birth in an attempt to reduce litter varia-
tion and to increase the survivability of newborn pigs. The 
application of cross-fostering assumes that the balance of 
weight after birth within a litter is more important than 
normal development and performance individual pigs can 
have when left with their own mother. Extensive cross-
fostering is usually observed in swine farms. However, 
several studies have demonstrated that excessive cross-
fostering can have a detrimental effect in birth weight, 
growth and reproductive performance of gilts and can be 
stressful for piglets and sows. Controlled cross-fostering 
can be effective in minimizing the impact of infectious 
agents, such as porcine reproductive and respiratory 
syndrome virus and has been proposed as a management 
intervention for disease control.

The various measures that can be employed to control  
M. hyopneumoniae infections have been reviewed, among 
which vaccination appears to be the most widely used. Vac-
cination against Enzootic Pneumonia is applied in about 
40% of the US swine herds and the bacterin is used world-
wide. Although it has been shown that acquired immunity 
after vaccination with commercial bacterins decreases 
the detrimental effect of M. hyopneumoniae pneumonia, 
it is still unknown how the immune system does this. The 
specific action of antibodies and/or cells involved in the 
immune response to M. hyopneumoniae is not clear.

It is a common practice to measure the success or failure 
of M. hyopneumoniae vaccination by measuring sero-
conversion. It has also been proposed that the immune 
factors acquired by the piglet from its mother could 
be detrimental since passive immunity could interfere 
with an active immune response following vaccination. 
Nevertheless, a detrimental effect of maternally derived 
immunity in M. hyopneumoniae infection has not been 
demonstrated and several studies support the idea that 
maternal passive interference does not affect protection 
against M. hyopneumoniae; however it lowers the antibody 
response of the piglet.

To our knowledge, there are no published studies that have 
looked at either the effect of cross-fostering on the immune 
status of the newborn pig or to evaluate the protective role 
of antibodies and cells passively transferred to piglets 
against challenge with M. hyopneumoniae. Therefore, 
we designed two studies in which we evaluated the effect 
of cross-fostering newborn pigs at different times after 
birth on the transfer of cellular and humoral immunity 
to M. hyopneumoniae and evaluated the protective role 
of antibodies, immune cells or both immune components 
in protection against an experimental challenge infection 
with M. hyopneumoniae.

Evaluating the effect of cross-fostering 
on the transfer of M. hyopneumoniae 
maternal immunity
Four pairs of vaccinated and unvaccinated gilts and 4 
pairs of vaccinated and vaccinated gilts had their off-
spring cross-fostered within the pairs. Two piglets at a 
time were moved from their mother to the corresponding 
paired gilt, from which 2 piglets were taken and relocated 
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with the mother from whom the 2 piglets were originally 
taken. Piglets were cross-fostered at either 0, 6, 12 or 20 
hrs after birth. Two piglets per litter were left with their 
genetic mothers. Piglets were subjected to detection of 
antibodies for M. hyopneumoniae by ELISA (HerdChek™ 
Mycoplasma hyopneumoniae Antibody Test Kit - IDEXX 
Laboratories, Westbrook, Maine, US) 24 hrs after birth. 
By 3–5 days of age all piglets were tested for M. hyopneu-
moniae specific delayed-type hypersensitivity (DTH).

The majority of piglets that received M. hyopneumoniae 
immunoglobins from the mothers absorbed detectable 
antibodies during the first 6 hrs after birth while only one 
piglet absorb those 12 hrs after birth (Figure 1). Piglets 
were able to absorb the antibodies no matter the mater-
nal source (genetic or cross-fostered; Figure 1). A 24 hr 
period for absorbance of antibodies in piglets has been 
described in the literature. Our observations suggest that 
the antibody absorbance period in piglets may be different 
for antibodies generated against a specific pathogen or that 
the concentration of antibodies absorbed by the piglets 12 
hrs after birth are undetectable by the most widely used 
ELISA M. hyopneumoniae antibody assay. On the other 
hand, cell mediated immunity resulted in more selective 
transfer, as previously shown. Collectively the results 
demonstrated that cross-fostering has a major impact on 
the transfer of immune components from the mother to 
her offspring. The justification for cross-fostering piglets 

is usually based on production parameters, e.g. to decrease 
pre-weaning mortality. Sparse information points out 
the importance of cross-fostering on disease dynamics 
and transfer of maternal immunity. Our study is the first 
investigation on the effect of cross-fostering on the trans-
fer of pathogen specific immunity from the sow to the 
offspring. The criteria for piglet adoptions must combine 
aspects of production and immunity, as results from this 
investigation demonstrate a clear effect of allosuckling in 
regards to the absorption of M. hyopneumoniae specific 
immunity in the piglet.

Evaluating the protective role of 
maternal immunity against an 
experimental M. hyopneumoniae 
 infection
Piglets carrying different immune components for M. hyo-
pneumoniae can be found in field situations, for example, 
in a M. hyopneumoniae positive farm in which gilt vac-
cination and cross-fostering are practiced. A combination 
of gilt vaccination, piglet cross-fostering and colostrum 
treatment was employed to obtain groups of piglets with 
various immune statuses to M. hyopneumoniae: (1) Nega-
tive control. (2) Only immune cells. (3) Only antibodies. 
(4) Both cells and antibodies. (5) No immunity. Piglets in 
groups 2 to 5 were intra-tracheally infected with 1 × 105 

ccu/mL of M. hyopneumoniae. Piglets were evaluated 

Figure 1:  M. hyopneumoniae antibodies in piglets detected by ELISA 24 hrs after birth. Results from treatment 
groups are represented in different panels. Samples with a sample to positive ratio (S/P) higher than 0.4 were 
considered positive, while samples with a S/P value lower than 0.4 were considered negative.
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daily for coughing. Nasal swabs were collected from 5 
piglets per group at several time points and 25 dpi all 
animals were euthanized, bronchial swabs were collected, 
lung lesions were scored. Nasal and bronchial swabs were 
processed for nested-PCR and real-time PCR.

The effect of antibodies and cells was evaluated alone and 
in combination. The artificial nature of the study made 
it difficult to obtain a sample size other than single litter 
treatment groups, therefore, only numerical differences 
where achieved when comparing clinical signs, bacterial 
shedding and bacterial load among groups. The trend 
was for piglets harboring M. hyopneumoniae specific 
antibodies and cells to show a slower and lower bacterial 
shedding than animals with no mycoplasmal immunity 
(Table 1). This trend is supported by the finding that 
animals harboring one or both immune components 
were not able to transmit M. hyopneumoniae to their 
mothers, while piglets in the no immunity group were 
able to transmit M. hyopneumoniae. A different scenario 
was observed when comparing lung lesions suggestive 
of M. hyopneumoniae infection. Piglets that received  
M. hyopneumoniae antibodies and cells showed the high-
est lung lesion score, which was significantly different 
than the score in all other infected groups. Lung lesions 
were not correlated with bacterial shedding and bacterial 
load in piglets, supporting the hypothesis that M. hyopneu-
moniae lung lesions are the result of an immune mediated 
reaction, also suggesting that bacterial replication is not 
the main factor responsible for the inflammatory process 
during the early stages of infection.

Conclusions
Under the conditions of our studies, M. hyopneumoniae 
specific antibodies are transferred from the mother to 
the piglet from 0 to 12 hrs after birth, regardless of the 
source (genetic mother or foster mother). Immune cells  
(M. hyopneumoniae specific) can be transferred from 
genetic mothers to piglets that remain with the mother 
during at least 12 h after birth. The onset of coughing 
and coughing score were similar in M. hyopneumoniae 
infected piglets in spite of the various mycoplasma specific 
immune statuses of the piglets. Lung lesions associated 
with M. hyopneumoniae infection were more severe in 
piglets carrying mycoplasmal immunity than in piglets 

with no immunity or only cells or antibodies. Piglets 
harboring M. hyopneumoniae specific antibodies and cells 
showed a numerically slower and lower bacterial shedding 
than animals with no mycoplasmal immunity.

References
1. Bandrick, M., Pieters, M., Pijoan, C., Molitor, T.W. 2008. 
Passive transfer of maternal Mycoplasma hyopneumoniae-
specific cellular immunity to piglets. Clin Vaccine Immunol. 
 15:540–543.
2. Calsamiglia, M., Pijoan, C., Trigo, A. 1999. Application of a 
nested polymerase chain reaction assay to detect Mycoplasma 
hyopneumoniae from nasal swabs. J. Vet. Diagn. Invest. 11: 
 246–251.
3. Dubosson, C.R., Conzelmann, C., Miserez, R., Boerlin, P., 
Frey, J., Zimmermann, W., Häni, H., Kuhnert, P. 2004. De-
velopment of two real-time PCR assays for the detection of 
Mycoplasma hyopneumoniae in clinical samples. Vet Microbiol. 
 102:55–65.
4. Erlandson, K., Evans, R., Thacker, B., Wegner, M., Thacker, 
E. 2005. Evaluation of three serum antibody enzyme-linked im-
munosorbent assays for Mycoplasma hyopneumoniae. J Swine 
Health Prod. 13:198–203.
5. Fano, E., Pijoan, C., Dee, S. 2005a. Dynamics and persistence 
of Mycoplasma hyopneumoniae infection in pigs. Can. J. Vet. 
Res. 69: 223–228.
6. Goodwin, R.F.W., Pomeroy, A.P., Whittlestone, P. 1965. Pro-
duction of enzootic pneumoniae in pigs with a mycoplasma. Vet. 
Rec. 77:1247–1249.
7. Haesebrouck, F., Pasmans, F., Chiers, K., Maes, D., Ducatelle, 
R., Decostere, A., 2004. Efficacy of vaccines against bacterial 
diseases in swine: what can we expect? Vet. Microbiol. 100: 
 255–268.
8. Hemsworth, P.H., Winfield, C.G., Mullaney, P.D. 1976. 
Within-litter variation in the performance of piglets to 3 weeks 
of age. Anim. Prod. 33:99–106.
9. Mare, C.J., Switzer, W.P. 1965. New species: Mycoplasma 
hyopneumoniae, a causative agent of virus pig pneumonia. Vet. 
Med. 60:841–846.
10. McCaw, M.B. 2000. Effect of reducing crossfostering at birth 
on piglet mortality and performance during an acute outbreak of 
porcine reproductive and respiratory syndrome. J Swine Health 
Prod. 8:15–21.
11. Palzer, A., Ritzmann, M., Wolf, G., Heinritzi, K. 2008. 
Associations between pathogens in healthy pigs and pigs with 
pneumonia. Vet Rec. 162:267–271.

Table 1: Detection of M. hyopneumoniae DNA in nasal and bronchial swabs, from 0 to 25 dpi.

Nasal swabs

Treat. group / dpi 0 7 10 14 21 25 Bronchial swab (25 dpi)

No cells + No Ig’s 0/5 0/5 2/5 2/5 2/5 3/5 8/9

Only cells 0/5 0/5 2/5 4/5 4/5 4/5 7/8

Only Ig’s 0/5 0/5 1/5 1/5 2/5 3/5 9/9

Cells + Ig’s 0/5 0/5 0/5 1/5 1/5 3/5 8/9



58 2008 Allen D. Leman Swine Conference

D
is

ea
se

 ID
isease I

Maria Pieters

12. Pijoan, C. 2005. A controversial view of Mycoplasma hyo-
pneumoniae epidemiology. Allen D. Leman Swine Conference. 
St. Paul, Minnesota. pp. 114–117.
13. Rautiainen, E., Wallgren, P. 2001. Aspects of the transmis-
sion of protection against Mycoplasma hyopneumoniae from 
sow to offspring. J Vet Med B. 48:55–65.
14. Robert, S., Martineau, G.P. 2001. Effects of repeated cross-
fosterings on preweaning behavior and growth performance of 
piglets and on maternal behavior of sows. J An Sci. 79:88–93.
15. Ruiz, A.R., Utrera, V., Pijoan, C. 2003. Effect of Mycoplas-
ma hyopneumoniae sow vaccination on piglet colonization at 
weaning. J. Swine Health Prod. 11:131–135.
16. Sibila, M., Bernal, R., Torrent, D., Riera, P., Llopart, D., Cal-
samiglia, M., Segalés, J. 2008. Effect of sow vaccination against 
Mycoplasma hyopneumoniae on sow and piglet colonization and 
seroconversion, and pig lung lesions at slaughter. Vet Microbiol. 
 127:165–170.
17. Straw, B.E., Bürgi, E.J., Dewey, C.E., Duran, C.O. 1998b. 
Effects of extensive crossfostering on performance of pigs on a 
farm. J Am Vet Med Assoc. 212:855–856.
18. Thacker, E., Thacker, B., Kuhn, M., Hawkins, P., Waters, 
W., 2000. Evaluation of local and systemic immune responses 
induced by intramuscular injection of a Mycoplasma hyopneu-
moniae bacterin to pigs. Am. J. Vet. Res. 61, 1384–1389. USDA. 
NAHMS Swine 2006. Part I: Reference of Swine Health and 
Management Practices in the United States. 2007. Veterinary 
Services. 93 pp.

 




