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ABSTRACT 
 

Objective:  To determine the effect of two vaccination protocols on Mycoplasma 
hyopneumoniae prevalence in growing pigs.  
Animals:  Seventy-two one-week-old pigs, from an 800 sow commercial farm. 
Procedures:  Animals were randomly divided into three groups and studied throughout 
the growing period. Group A received two doses of a commercial vaccine, group B 
received one dose of a “one shot” commercial vaccine and group C was an 
unvaccinated control group. Three repetitions were performed. In order to assess 
antibody titers, blood samples were collected prior to vaccination and at 5, 10, 15 and 
20 weeks of age from each pig. A tween-20 ELISA test was then used for antibody 
detection. Nasal swabs were collected at 3, 5, 7, 9, 12, 16 and 20 weeks of age from 
each pig and a nested Polymerase Chain Reaction (N-PCR) test was used for M. 
hyopneumoniae detection.  
Results:  Vaccinated pigs seroconverted against M. hyopneumoniae in all three 
replicates with no significant differences between replicates, although pigs that 
receiving the one dose protocol seroconverted at a later time compared to pigs 
receiving two vaccine doses. Approximately thirty percent of group C animals had 
seroconverted against M. hyopneumoniae by the end of the trial with no significant 
differences between replicates. 
The N-PCR results indicated that a lower proportion of the vaccinated pigs were 
positive to M. hyopneumoniae compared to the non-vaccinated controls. Most of the 
positive pigs tested by N-PCR were positive in just one sampling point during the study, 
but the majority of them had become positive by the late finishing period. Additionally, 
the cumulative probability of not being infected showed a clear difference between 
treatment groups, where the non-vaccinated group was at a higher risk of infection. 
Conclusions:  Vaccinated animals had a lower M. hyopneumoniae prevalence and a 
lower risk of developing the infection.  
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INTRODUCTION 
 

Mycoplasma (M.) hyopneumoniae has remained through the years as one of the most 
important swine pathogens. The organism is involved in two major syndromes, Enzootic 
Pneumonia and the Porcine Respiratory Disease Complex (PRDC). These two 
syndromes account for most of the respiratory disease problems seen in modern swine 
farms, and have a large impact on the growth performance of these animals 

1
. 

Swine production systems have changed during the last decades 
2
 and this has 

influenced changes in disease epidemiology. The emergence of PRCD, a late finishing 
clinical presentation of mycoplasma pneumonia, provides evidence that the old model 

of early nursery disease no longer holds 
1
.  

In farms with segregated production the probability of infection and time at which a 
group will show clinical signs of the disease will depend on the number of healthy pigs 

that carry the organism into the nursery 
3
. Groups with a high prevalence of infected 

pigs will likely develop the disease very fast, because of the rapid dissemination of the 
organism in the nursery. In contrast, groups of pigs that have a low prevalence of 
infected animals at weaning will develop the disease later on, because the organism will 
spread slowly through the group and will not infect a sufficient number of animals to 
result in an overt outbreak until several weeks have passed.  
Most authors believe that vaccination has no effect on colonization, although both 
protective immunity and lesion reduction have been demonstrated. However, using 
experimental challenge, active immunity induced by vaccination can slightly reduce 

colonization 
4
. Under field conditions, vertical infection of piglets from their dams is 

probably different compared to an experimental trial. In the field, piglets are exposed for 
a short, defined period (17-21 days), to presumably smaller doses of the organism, 
since sows are expected to have a significant degree of immunity that prevents 

infection 
3
. 

Vaccination in the field may reduce shedding, which concurrently with active immunity 
could prevent disease by reducing infection levels below the prevalence needed to start 
clinical infection within the group. This information is very important to producers, since 
it allows them to estimate the effects of vaccinating growing pigs against M. 
hyopneumoniae. 
The purpose of this study was to determine the effect of two different M. 
hyopneumoniae vaccination protocols, in both the level and pattern of shedding in 
naturally infected weaned pigs. To do so, pigs from a commercial farm under an all 
in/all out weekly production system that does not vaccinate against M. hyopneumoniae 
were used. 
 
OBJECTIVES 
 

1) To determine the M. hyopneumoniae shedding patterns in naturally 
infected weaned pigs 

2) To determine the effect of different vaccination protocols in both the level 
and pattern of Mycoplasma shedding in naturally infected weaned pigs 
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PROCEDURES 
 

Farm:  The study was performed in an 800-sow commercial farm, located in the central 
part of Minnesota, during the fall of 2001. The farm was a three-site production system, 
where each site was at least 3.2 km apart from each other. Piglets were weaned at 19 
days of age and the farm did not use any vaccine against M. hyopneumoniae or any 
feed and/or water medication with effects on Mycoplasma. Prior to the beginning of the 
experiment, coughing was detected in finishing pigs and about 20% of the pigs at 
weaning were positive to M. hyopneumoniae from nasal swabs by the nested 
Polymerase Chain Reaction (N-PCR).  
The Institutional Animal Care and Use Committee approved this protocol, IAUC # 
0101A81181, in February 2001. 
Experimental Design:  Twelve sows, from a weekly production group, were randomly 
selected at farrowing. Six pigs from each selected sow were randomly selected and 
allocated to one of three groups: Group A:  vaccinated pigs with two doses of a 
commercial vaccine at 1 and 3 weeks of age, Group B:  vaccinated pigs with one dose 
of a commercial vaccine at 3 weeks of age. Groups C:  unvaccinated control pigs. All 
pigs in the three experimental groups were housed in the same nursery room with the 
rest of their week’s production group. The experimental groups were followed 
throughout the nursery and finishing phase of production. Three repetitions (216 total 
pigs) were performed for a total of three weeks of production. 
Parameters Measured:  For each pig and each repetition, the following parameters 
were measured: 

• Antibody titers against M. hyopneumoniae:  Blood samples were obtained at 1 week 
(for maternal antibodies) and at 5, 10, 15 and 20 weeks of age. 

• Prevalence of nasal N-PCR-positive pigs:  Individual nasal swabs were taken at 
weaning and at 5, 7 and 9 weeks (nursery samples) followed by 12, 16 and 20 
weeks of age (finishing samples). Becton Dickinson mini-tip culturette swabs were 
used for the nursery samples and Becton Dickinson culturette swabs were used for 
the finishing samples. A special effort was made to take samples at the same nasal 
depth.  

Serology:  Seroconversion against M. hyopneumoniae was evaluated by a Tween-20 

ELISA 
6
.  

PCR:  Nested PCR was performed as described previously 
7
. This technique has been 

routinely performed in our laboratory for all M. hyopneumoniae suspect submissions to 
the Minnesota Diagnostic Laboratory.  
Statistics 
Two by two tables using positive or negative results as a cut-off point analyzed N-PCR 
results from nasal swabs. ELISA results were analyzed by ANOVA, and means 
between groups were compared using a Bonferroni's test. The probability of no 
infection was calculated with a 95% of confidence interval. 
 
RESULTS 
 

Pigs were classified according to their dam parity into 3 parity categories, 0 to 1, 2 to 4 
and more than 5. Parity distribution is summarized in Table 1. All replicates had similar 
number of pigs for each parity category. However, there were more pigs from dam 
parities 2 to 4 than other parities, but no statistically significant difference was found 
within and between each replicate using a two by two table. 
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Serological response:  The immune response against M. hyopneumoniae in each 
treatment group was similar in all three replicates; the ELISA SP ratio means for all 
replicates are shown together in Figure 1.  
Seven pigs from the first replicate were seropositive prior to vaccination. Two (8.3%) 
belonged to group A, two (8.3%) to B and three (12.5%) to C. Additionally, one 
suspicious pig was found in group A. Most of these seropositive pigs were vaccinated 
gilts that were recently introduced to the farm. The seropositive pigs from groups B and 
C became negative by 5 weeks of age.  
The percentage of positive pigs per treatment group and replicate is summarized in 
Table 2. 
Analysis of the ELISA SP ratio means using the ANOVA test did not find significant pre-
vaccination differences (P>0.05), but did find significant post vaccination differences 
between treatment groups in all replicates. Group A was significantly higher than 
groups B and C at 5 and 10 weeks of age (P<0.05). Groups A and B were then 
significantly higher from C at 15 and 20 weeks of age (P<0.05). The only exception was 
that in the second replicate at 15 weeks of age, group A was not statistically different 
from groups B or C, but group B was statistically different from group C (P<0.05) at that 
time.  
Variation in antibody titers within a treatment group was analyzed using an ANOVA test. 
In all replicates of group A, the mean SP ratio prior to vaccination was significantly 
lower than that found post vaccination (P<0.05). Mean SP post vaccination ratios were 
not significantly different at 5, 10 or 15 weeks of age (P>0.05). In the first replicate, the 
mean SP ratio at 20 weeks of age was statistically higher than that at 5 weeks of age, 
but not from that at 10 or 15 weeks of age. On the other hand, in the second replicate 
the mean SP ratio at 20 weeks of age was higher than those at all other ages (P<0.05). 
The mean SP ratio of in all replicates of group B was not significantly different at 1, 5 
and 10 weeks of age (P>0.05), but was significantly higher at 15 weeks of age 
(P<0.05). In the second and third replicates, the SP ratios at 20 weeks of age were 
significantly higher than the rest (P<0.05). 
The mean SP ratio for all replicates of group C showed only significantly higher values 
at 20 weeks of age (P<0.05). 
 
RESULTS FROM OBJECTIVES 1 AND 2 
Shedding dynamics of Mycoplasma in vaccinated and unvaccinated pigs:  In 
general, a higher proportion of pigs in all replicates of group C were positive to M. 
hyopneumoniae by N-PCR, most of them becoming positive by the end of the finishing 
period. A higher proportion of vaccinated pigs were negative to M. hyopneumoniae by 
N-PCR. The N-PCR results in each treatment group were similar in the second and 
third replicate, but in the second replicate fewer differences between treatment groups 
were observed. The averages of positive N-PCR results in percentage for all replicates 
are shown in Figure 2. 
Prevalence of M. hyopneumoniae by N-PCR at weaning was not equal between groups 
and replicates (Table 3), but these differences were not statistically significant (P>0.05).  
In the first replicate, 35, 67 and 73 percent of the pigs from groups A, B and C 
respectively were positive to M. hyopneumoniae by N-PCR. 
Most of the pigs from groups B and C became positive late in the finishing period.  The 
percentage of negative pigs from group A was significantly higher than in the other two 
groups (P<0.01). After analyzing the data with a two by two table, groups B and C were 
not significantly different (P=0.4). The N-PCR results indicated various different patterns 
of colonization: nursery (1), first half of the finishing period (2), second half of the 
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finishing period (3), nursery and then again in the second half of the finishing period (1-
3) and other combinations.  
Of the total positive pigs, over 87 percent were positive only once, either during the 
nursery or in the first or second half of the finishing period. The remainder of the 
sampled animals was positive to N-PCR more than once during the study. Among the 
three most common patterns (1, 2, 3), the percentage of positive pigs in pattern 3 (late 
finishing) was significantly higher than the other two patterns in groups B and C 
(P<0.01). The analysis of the data within groups showed that, in group A the 
percentage of positive pigs in patterns 1 and 3 was statistically higher than those in 
pattern 2 (P=0.02). In group B, pattern 3 was statistically higher than patterns 1 and 2 
(P<0.05).  In group C, all three patterns were statistically different (P<0.05). 
In the second replicate, 74, 67 and 83 percent of the pigs from groups A, B and C 
respectively were positive to N-PCR at some point after weaning. Of the total of positive 
animals, group C was statistically higher than B, but not from A (P=0.014). In this 
replicate, most of the positive pigs belonged to pattern 3. The proportion of positive pigs 
in pattern 3 was significantly higher from those in patterns 1 or 2 (P<0.01). In group C, 
the proportion of positive pigs in pattern 1-3 was significantly higher than those in 
patterns 1 or 2 (P<0.01). The only significant difference within a pattern was found in 
groups A and C for patterns 1 and 3 (P<0.01).  
In the third replicate 45, 54 and 79 percent of the pigs from groups A, B and C 
respectively, were positive to M. hyopneumoniae by N-PCR, with the majority of the 
pigs being positive only once. Most of the animals from all of the groups in this replicate 
became positive late in the finishing period. The proportion of positive pigs from group 
C was statistically higher than those in groups A and B (P<0.01). Similarly to the other 
replicates, different patterns of positive pigs were observed. Over 90 percent of the 
positive pigs from groups A and B, and 79 percent from group C fell into patterns 1, 2 or 
3. The percentage of positive pigs in groups B and C in pattern 3 was significantly 
higher than those patterns 1 and 2 (P<0.01). In group A, pattern 3 was significantly 
different from 2, but not from 1 (P<0.01). The only significant difference within patterns 
was found between group C and A in pattern 1-3 (P<0.01). 
The cumulative probability of infection was calculated for each replicate and treatment, 
and this information was then used to calculate the cumulative probability of no 
infection, which is summarized for the three replicates together in Figure 3. The only 
statistically significant difference in the cumulative probability of no infection was found 
at 20 weeks of age between groups A and C (P<0.05). 
 
DISCUSSION 
The objective of this study was to determine the effect of two different M. 
hyopneumoniae vaccination protocols in both the level and pattern of shedding in 
naturally infected weaned pigs.  
In order to minimize a possible dam effect, two pigs per sow were used for each 
treatment within the same replicate and the offspring of 12 sows were used in each 
replicate. Additionally, a similar number of pigs within parity category were used 
between replicates, with no significant differences observed between them. It has been 
shown that all parity sows have and/or shed M. hyopneumoniae, with only those older 

than parity 8 being significantly different from the younger ones 
9
. In this study, only 

three sows were parity 7 or older, with one present in each replicate (data not shown). 
These results confirm that sow parity is not a major risk factor for Mycoplasma 
infection of suckling pigs. 
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Only in the first replicate was it possible to observe seropositive pigs at weaning, which 
agrees with a low population immune level for this farm. The pigs’ antibody titer decay 
disappeared by week 5 in groups B and C. These were most probably passive 
antibodies transferred from the sows to the pigs via colostrum, which is a well-

documented fact for M. hyopneumoniae infection, 
11, 12

. Introduction of vaccinated gilts 
into the herd may explain some of these seropositive pigs at weaning. These 
seropositive pigs could also indicate that the microorganism was present in the herd, a 
fact that was confirmed by N-PCR before the study began.  
The analysis of the ELISA results from the three repetitions indicated that between 76 
to 90 percent of all vaccinated pigs seroconverted by 20 weeks of age, this being the 
expected result from the use of commercial vaccines. These results agree with other 
studies that have shown variation in seroconversion ranging from 30 to 100% following 

vaccination 
4, 13

. The continuous increase in antibody titers from the vaccinated pigs 
until the end of the finishing period could also indicate that the immune system was 
being boosted by a natural infection, a fact that was corroborated by the seroconversion 
of non-vaccinated pigs. This finding is consistent with results obtained in other field 

studies 
14

. According to the vaccine manufacturer, the delayed seroconversion of the 
one dose vaccine group is to be expected.  
Seroconversion of the non-vaccinated pigs was about 30% by the end of the finishing 
period in all replicates; this indicated active infection by M. hyopneumoniae present in 
the farm, which was confirmed by N-PCR. These serological results agree with those of 

other researchers from similar farms in the same region 
10

. 
The analysis of the N-PCR results indicated that in all replicates a higher proportion of 
the non-vaccinated pigs were positive to M. hyopneumoniae. Although these 
differences were not always statistically significant, a clear trend was observed. These 
results suggest that vaccination can reduce infection levels and significantly 
decrease the number of infected pigs. 
The prevalence of M. hyopneumoniae by N-PCR at weaning was not identical between 
replicates within a treatment group. However, these differences were not statistically 
significant. The variation of positive pigs between treatments within a replicate could be 
due to vaccination. One of the advantages of the N-PCR is its high sensitivity due to the 
fact that the test recognizes the DNA of the microorganism tested. Unfortunately it does 
not differentiate live or dead microorganisms. Based on this, one could speculate that 
the increased number of positive pigs at weaning from the vaccinated groups (which 
was not statistically significant) was due to the recognition of DNA from dead 
microorganism or microorganisms that were not able to attach to the cilia as a result of 
the recently administered vaccine. Similar observations have been reported following 
experimental challenge, where a higher proportion of N-PCR positive results are 

observed in the first week post challenge, compared to the following weeks 
5
. Another 

report had shown that under experimental challenge active immunity induced by the 
vaccine could slightly reduce colonization, so a similar effect might occur with maternal 

immunity 
4
. Other possible and logical explanations for this differences is the variation 

between groups, especially because these differences were not statistically significant 

and because of the low prevalence of M. hyopneumoniae at weaning within a litter 
10

. 
Different patterns of Mycoplasma colonization by N-PCR were observed, which were 
repeatable between treatment and replicates. However, the proportion of pigs that 
presented each pattern did change between replicates. Most pigs were positive only 
once during the study and just a few animals were positive more than one time. The 
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majority of the positive pigs belonged to pattern 3 (late finishing infection), which was 
significantly higher from the proportion of pigs that got infected earlier (P<0.05). This 
was observed in all treatment and replicates, with the only exception of group A in the 
first replicate and third replicates, where it was not statistically different from pattern 1. 
This finding agrees with the fact that in the modern swine production most of the 

problems caused by this microorganism are observed late in the finishing period 
1
. 

Other authors have described similar N-PCR results where samples were taken once at 

different ages in order to serum profile farms experiencing respiratory diseases 
10

. 
A clear difference, although not always statistically significant, was observed between 
treatments, where the proportion of N-PCR positive pigs was always lower in the 
vaccinated groups in comparison with the than non-vaccinated group. Earlier studies 
have suggested that vaccination does not prevent colonization, but does reduce lesions 

and significantly improved the pigs’ performance 
13, 14

. However, the present study 
found that vaccination reduced colonization in the population. This is also 
suggested by the fact that the non-vaccinated group had a higher proportion of pigs that 
were positive more than once to N-PCR, an effect that was observed in all replicates. 
Once again, the cumulative probability of no infection showed a clear difference 
between treatment groups. If we assume that positive N-PCR results in a negative pig 
population imply infection, the probability for a population of not being infected during 
the growing period changed from approximately 0.9 at the beginning of sampling in all 
groups to 0.6, 0.4 and 0.2 in groups A, B and C respectively at the end of the sampling 
period. 
 This means that non-vaccinated pigs had an 80% probability of being infected, 
while vaccinated animals in the same groups had probabilities of only 60% (one 
dose) or 40% (two doses).  
Three consecutive weeks of production were used under the same management in 
order to minimize the effect of variables such as seasonal effect and management 
differences. However, this approach prevented us from obtaining information about 
seasonal variation, and whether these results are representative across different farms. 
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Figure Legends 

 

Figure 1: Mean ELISA S/P ratio results from all replicates at different time periods. A: pigs 

with a two doses of commercial vaccine, B: pigs with one dose of commercial 

vaccine, C: unvaccinated control pigs. 

 

Figure 2: Percent N-PCR results for each treatment group of all replicates, classified according 

to the period where each individual animal was positive.  1: nursery, 2: first half of 

finishing, 3: second half of finishing, A: pigs with two doses of vaccine, B: pigs with 

one dose of vaccine, C: unvaccinated control pigs. 

 

Figure 3: Average of the cumulative probability of no infection for each treatment per sample 

period and for all replicates. 

 

 

Table Legends 

 

Table 1: Parity sow distribution per treatment group of each replicate. 

 

Table 2: Percent of M. hyopneumoniae positive pigs by tween-20 ELISA from the different 

treatment groups, classified according to their sample times in weeks of age. A: pigs 

with two doses of vaccine, B: pigs with one dose of vaccine, C: unvaccinated control 

pigs. 

 

Table 3: Number of pigs N-PCR positive at weaning for each treatment group and replicate. A: 

pigs with two doses of vaccine, B: pigs with one dose of vaccine, C: unvaccinated 

control pigs. 
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Figure 1 

 

Figure 2 
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Table 1: 

Replicate 0 to 1 2 to 4 5 or more 

First 4 5 3 

Second 2 5 5 

Third 3 5 4 

 

 

Table 2: 

 

First replicate Second replicate Third replicate 

Age in weeks Age in weeks 

 

Age in weeks 

 

1 5 10 15 20 1 5 10 15 20 1 5 10 15 20 

A 8.3 60.1 65.2 73 81.8 0 45.8 27.3 42.9 90.5 0 78.3 47.6 50 78.9 

B 8.3 0 13 69.6 77.3 0 0 0 66.7 76.2 0 0 12.5 70.8 90.9 

C 12.5 0 0 5 28.6 

 

0 0 8.7 9.5 31.8 

 

0 0 0 19 33.3 

 

 

Table 3: 

 

Replicate 
 

I II III 

A 2 3 3 

B 1 2 2 

C 0 1 4 

 

 

 

 

 

 

 

 

 

 


