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Abstract
Background: Mycoplasma hyopneumoniae (M.hyo) is one of the most prevalent pathogens causing respiratory disorders in
swine populations as well as primary agent of porcine respiratory disease complex (PRDC). The aim of this trial is to compare
the e�cacy of two commercial vaccines under �eld conditions, applied via different routes of administration, as a tool to
control disease.

Results: 3 groups each consisting of 440 animals, were included in this longitudinal study; one group vaccinated against M.hyo
with an intradermal vaccine (group I), a second group vaccinated with an intramuscular vaccine 2940 strain (group H) and
�nally a third group, not vaccinated as a control (group N). All animals were individually weighed at weaning; upon entry into
the fattening unit and just prior to movement to the slaughterhouse. Pigs from each group were periodically blood sampled to
evaluate the immunological status against other pathogens involved in PRDC. Tracheobronchial swabs were collected from 30
pigs per treatment group during the �nal weighing. Slaughterhouse lung lesion evaluations were developed to assess levels of
enzootic pneumonia-like lesions (EP) and pleuritis (P).

Statistical evaluation of all test parameters indicated a better performance of the intradermal vaccinated group (group I):

· in terms of weight (kg) just prior to movement to the slaughterhouse, (I= 97.45; H = 93.44; N = 93.05).

· The number of positive tracheobronchial swabs, as well as M.hyo load detected individually (I = 36.7% positive samples with
log10 Ct average value 1.48; H = 100% with log10 Ct 1.40; and N = 96.7% with log10 Ct 1.40),

· EP prevalence (I = 35.1%, H = 47.0%, N = 50.5%) and

· Pleurisy prevalence (I = 22.4%, H = 29.7%, N = 39.3%).

In terms of the involvement of other PRDC pathogens, the serological study could lead us to think that the agents studied were
present at same level in the all 3 vaccination groups.

Conclusion: In this study, intradermal vaccination provided better performance than unvaccinated control group and
intramuscular vaccine, in terms of weight increase (versus intramuscular group); reduction of enzootic pneumonia and pleurisy
lesions, and tracheobronchial M.hyo prevalence at the end of the �nishing period.

Background
Mycoplasma hyopneumoniae (M. hyo) is one of the most widespread pathogens worldwide that affects pigs [1], it causes
signi�cant losses in growth [2] and, therefore, economic losses [1–3]. It is considered to be the primary causative agent of
enzootic pneumonia (EP), as well as one of the main responsible agents for the onset of the porcine respiratory disease
complex (PRDC) [4]. It is responsible for the appearance of a dry, chronic, non-productive cough due to its adhesion to the
pseudostrati�ed ciliated epithelium that covers almost the entire respiratory system, thus compromising its defensive capacity,
in addition to causing an important in�ammatory reaction at the pulmonary level [1]. It is a bacterium that does not penetrate
the organism of the individual, as other pathogens can, but remains on the surface of the mucosa of the respiratory system,
destroying the histological structure of the epithelium. Consequently, it “dismembers” the host defence mechanisms; and as a
result, it facilitates the infection of other concomitant agents [4, 5, 6], not only by its direct action but by an indirect effect.

There are several factors we can consider in the control of M.hyo infections [4, 5]. Firstly, the optimisation of management
practices and housing conditions will have a positive impact on disease control. Various parameters within this section must be
considered: the size of the farm, livestock density in the pens, the production system, the purchase and introduction of animals,
biosecurity, and the optimisation and improvement of housing conditions. Another point of control could be antibiotic therapy,
numerous works have been published with the aim of demonstrating the varying e�cacy of different types of treatment to
minimise the effects of M.hyo [7, 8]. Additionally, we have vaccination as a control mechanism. Previous studies report that in
some countries approximately 70% of swine production is vaccinated against M.hyo every year, a trend that increases as the
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sector becomes professionalised [4]. The vaccines available on the market are effective, in that they prevent the onset of
clinical signs and lung lesions, in addition to the reduction, frequency and severity of such lesions [4]. Differences in e�cacy
among commercial vaccines for disease control have been described in published papers [9]. However, according to the
authors' knowledge, no publication so far has been able to demonstrate the role of vaccination in reducing colonisation [10, 11],
although vaccination has been proven to be e�cient for disease control [12]. Within the wide range of vaccine products
available, all of them are for intramuscular administration, except one vaccine for intradermal application. Studies by Martelli et
al., [12], Tassis et al., [13], and Beffort et al., [14] have demonstrated, not only the greater e�cacy of this product against other
vaccines for intramuscular use (in terms of average daily weight gain (ADWG), reduction of clinical signs and lung lesions) but
also an increase in the levels of local protection at the pulmonary level with respect to some vaccines, measured in the form of
IgA and levels of Il-10.

Therefore, the aim of this �eld trial is the comparison of two commercial M.hyo vaccines, intramuscular administration versus
intradermal application, using different strains as antigen, against an untreated control group, to evaluate the possible
differences in the growth of pigs on a commercial fattening farm, as well as the control of associated lung lesions.

Results
1. Results of the growth study: a study of pig weights at various rearing stages.

The mean ages of the animals at �rst weighing (post-weaning, WEIGHT 1) were: 22.8 ± 1.57 (SD) days, 22.4 ± 1.23 (SD) days
and 21.8 ± 0.84 (SD) days respectively, for groups H, I and N. The mean ages of the animals at the second weighing (pre-
fattening, WEIGHT 2) were: 57.3 ± 1.83 (SD) days, 57.4 ± 1.23 (SD) days and 57.0 ± 1.39 (SD) days, respectively for groups H, I
and N. The mean ages of the animals at the third weighing (pre-slaughterhouse, WEIGHT 3) were: 160.9 ± 2.47 (SD) days, 161.4
± 1.33 (SD) days and 162.3 ± 1.52 (SD) days, respectively for groups H, I and N.

Three groups of piglets were generated depending on the cycle of the sow from which they came (SOW CYCLE (grouped cycle):
primiparous, farrows 2 to 6, and farrows 7 to 9); and 3 groups of piglets depending on the vaccine against M. hyo they received
before weaning (TREATMENT GROUP: vaccinated intramuscularly (H), vaccinated intradermally (I), and not vaccinated (N)).

Table 1 shows the results obtained.

TABLE 1: Results of the three weighings (kg)
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 Cycle Treatment Weight 1   Weight 2   Weight 3

Number Mean SD   Number Mean SD   Number Mean SD

Primiparous H 107 6.10 .828   107 16.71 2.777   77 91.74 10.684

I 98 6.36 .790   98 17.17 2.572   61 96.49 10.396

N 95 5.57 .696   95 15.84 2.300   76 92.08 8.474

Total 300 6.01 .837   300 16.58 2.615   214 93.21 10.038

Cycles 2 to
6

H 259 6.07 .820   259 16.32 2.748   167 93.01 10.355

I 251 6.26 .845   251 16.59 2.666   182 97.60 10.235

N 255 5.82 1.059   255 15.89 2.708   187 92.58 10.072

Total 765 6.05 .931   765 16.27 2.720   536 94.42 10.451

Cycles 7 to
9

H 58 6.45 .950   58 17.73 2.836   45 97.93 12.237

I 78 6.35 .944   78 16.91 2.763   59 97.98 11.763

N 67 6.30 .943   67 16.70 2.349   50 96.26 9.681

Total 203 6.36 .942   203 17.07 2.677   154 97.41 11.232

Total H 424 6.13 .849   424 16.61 2.802   289 93.44 10.901

I 427 6.30 .851   427 16.78 2.668   302 97.45 10.557

N 417 5.84 .993   417 16.01 2.577   313 93.05 9.720

Total 1268 6.09 .919   1268 16.47 2.703   904 94.64 10.568

(Number: effectively analysed; SD: standard deviation)

A statistically signi�cant interaction of the sow’s cycle and treatment was detected on WEIGHT 1, (p = 0.005). Therefore, a
simple main effects analysis was performed for treatment with statistical signi�cance. Statistically signi�cant differences were
detected in the mean WEIGHT 1 between the treatment groups for primiparous sows, (p <0.001) and for cycles 2 to 6, (p <0.001)
but no signi�cant differences were detected between the different treatments groups for cycles 7 to 9 (p = 0.650).

For the study of WEIGHT 2, WEIGHT 1 was incorporated as a covariate in the two-way ANOVA. Once the highly signi�cant effect
of WEIGHT 1 on WEIGHT 2 was corrected, (p <0.001), no statistically signi�cant interaction of the sow’s cycle and treatment
was detected on WEIGHT 2, (p = 0.332), nor signi�cant differences between treatment groups, (p = 0.262). However, signi�cant
differences were detected between the cycles with respect to WEIGHT 2, (p = 0.019). For multiple comparisons the Bonferroni
correction was performed; the primiparous sows showed a mean WEIGHT 2 signi�cantly higher than those of cycles 2 to 6 (p =
0.020). No other signi�cant differences were detected. 

Finally, for the study of WEIGHT 3, both WEIGHT1 and WEIGHT 2 were incorporated as covariates in the two-way ANOVA. No
signi�cant effect of WEIGHT1 was detected on WEIGHT 3, (p = 0,269), though there was a signi�cant effect for WEIGHT 2 on
WEIGHT 3, (p <0.001). Once the highly signi�cant effect of WEIGHT 2 on WEIGHT 3 was corrected, no statistically signi�cant
interaction of the sow’s cycle and treatment was detected on WEIGHT 3, (p = 0.511). However, signi�cant differences were
detected between the cycles with respect to WEIGHT 3, (p = 0.003), and also between treatment groups, (p = 0.001).  For
multiple comparisons, the Bonferroni correction was performed. Regarding the cycles, the mean WEIGHT 3 in primiparous sows
was signi�cantly lower than the mean in cycles 7 to 9 (p = 0.002). Regarding the treatments, the mean WEIGHT 3 was
signi�cantly higher in group I with respect to group H (p = 0.001). No other signi�cant differences were detected.

2. Results of the tracheobronchial swab test.
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The results of this part of the trial were divided into two sections. Firstly, the comparison of the percentage of positive samples
between the treatment groups (TABLE 2) was carried out.  Subsequently, taking into account only those samples that had
tested positive, the degree of positivity (numerical value of Ct) was assessed. The Ct value refers to the number of cycles
required in the real-time PCR technique for a sample to be identi�ed as positive, i.e. lower values correspond to more positive
samples. In addition, a logarithmic transformation (log10) was applied to the test results to solve the problems of the absence
of normality presented by the original variable. Note: it is only necessary to compare positive scores, because all negative
scores have the same value (> 38).

TABLE 2. Results of the tracheobronchial swab test.

Variable Treatment p

H I N    

Positive samples 30/30 (100%)a 11/30 (36.7%)b    29/30 (96.7%)a <0.001  

Log10 positivity degree 1.40±0.060a 1.48±0.077b 1.40± 0.090a 0.005  

 a,b: a different superscript in the same row indicates signi�cant differences. The results for Log10 positivity degree are mean ±
SD.

The Pearson Chi-square test detects highly signi�cant differences between the treatments in terms of the percentage of
positives (p> 0.001). As shown, the lowest percentage of positives corresponds to treatment group I; among treatment groups H
and N no signi�cant differences are detected. Regarding the degree of positivity, it is demonstrated that the mean in the
treatment group I is signi�cantly higher than in groups H and N, corresponding to a lower M. hyo bacteria load in this treatment
group. There are no signi�cant differences in any other case.

3. Results of the slaughterhouse assessment.

In TABLE 3, the results of lung assessments at the slaughterhouse are shown. The mean disease index values for treatment
groups H, I and N were 0.7, 0.5 and 0.8, respectively.  The mean APPI index values for groups H, I and N were 0.7, 0.4 and 0.7,
respectively. Note: we only have 2 data sets per group for I and N, and one data set in the case of group H, therefore the power
of the statistical study is very low and consequently, there are no signi�cant differences, although there are numerical
differences. Considering prevalence data for EP we can see that statistical differences appear in favour of treatment group I
(35.1%) compared to H (47.0%) and N groups (50.5%). Also, considering prevalence data for pleuritis we can see a statistical
difference between treatment group I (22.4%) over control group N (39.3%). No more signi�cant differences were found.

TABLE 3. Results of the slaughterhouse assessment.

Variable Treatment p

H I N

Disease index 0,7 0,5 0,8 0.368

EP prevalence 87/185 (47.0%)a 138/393 (35.1%)b 153/303 (50.5%)a <0.001

Maximum lesion 1/185 (0.5%) 2/393 (0.5%) 6/303 (2.0%) 0.123

Prevalence of pleuritis 55/185 (29.7%)a,b 88/393 (22.4%)b 119/303 (39.3%)a <0.001

APPI Index 0,7 0,4 0,7 0.331

a,b: a different superscript in the same row indicates signi�cant differences.



Page 6/15

4. Results of the serological study

Table 4 shows the number of positive animals tested individually for antibodies against PRRS (ELISA-PRRS IDEXX), M. hyo
(ELISA-MHYO IDEXX), and PCV2 (ALPHALISA PCV orf2).

TABLE 4. Result of positive serology

 Sampling

(weeks of
age)

ELISA-PRRS (IDEXX)
Positives

  ELISA-MHYO IDEXX
Positives

   

ALPHALISA-PCV type2
Positives

H I N   H I N   H I N

1st (3 weeks) 16/16 14/16 16/16   0/16 3/16 0/16   15/16 15/16 16/16

2nd (6 weeks) 8/16 9/16 11/16   7/16 1/16 0/16   16/16 16/16 16/16

3rd (9 weeks) 8/16 11/16 15/16   8/16 0/16 0/16   16/16 16/16 15/16

4th (13 weeks) 15/15 16/16 14/15   7/15 0/16 0/15   15/15 16/16 14/15

5th (17 weeks) 16/16 16/16 15/15   10/16 0/16 0/15   13/16 16/16 10/15

6th (21 weeks) 15/15 15/15 15/15   15/15 1/15 1/15   11/14 11/15 13/15

Regarding the App analysis (ELISA-APXIV IDEXX®) at 21 weeks, both H and I treatment groups detected 15/16 positives and
1/16 suspect, all serum samples were positive for group N. In the analysis of molecular biology (pool samples), no PCR positive
for PRRS was detected in the 3rd week of life, at the time of vaccination.  In the 6th week, in both H and N treatment groups 2/4
positives compared to 3/4 positives for treatment group I, were detected.  Between weeks 9 and 13 all pools were positive in all
groups. For PCV2, all the pools were negative, except in week 21, where groups H and N presented 2/4 positives, while in group I
there was only 1/4 positive. All the positives found for PCV2 had a value of less than 3 (based on logarithm base 10), which is
not associated with clinical symptoms of circovirosis.

Discussion
The trial was developed as a longitudinal study in which weaned piglets were included for 6 consecutive weeks. The reason for
choosing this protocol, instead of a protocol in which different treatment groups were mixed in the same week, was to eliminate
the effect of the interaction of treatments within the same week. Additionally, the protocol used in this trial has allowed us to
avoid the possible interaction between the different treatment groups if they were to have temporarily cohabited. As seen in
other trials, when cohabiting, the control group may bene�t from the decrease in infection pressure, fostered by the presence of
vaccinated groups; alternatively, cohabiting may mask the lesser effect of a vaccine with reduced protection by mixing with
other animals vaccinated with another more effective vaccine [21]. This protocol also facilitated the slaughterhouse
assessment. This type of sample design may indeed have other drawbacks, which we will discuss later on.

1. Growth study discussion:

First, it should be noted that, despite the great care that was taken at the time of designing the trial and selecting the animals to
make all the groups as homogeneous as possible, differences between them were detected at the time of the �rst weighing
(WEIGHT 1). Obviously, at this moment there is no point in assuming any possible vaccination effect against M. hyo since the
piglets had only been vaccinated for 3 days. It would be possible that this kind of trial, to assess the performance of different
M. hyo vaccines, which begins only once the animals enter the fattening unit, could have its �nal result affected by such an
undetected variable. Therefore, throughout the statistical study carried out in the different stages of animal growth
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(comparisons at the time of WEIGHT 2 and WEIGHT 3), the effect of the initial weight has been considered when assessing
possible statistically signi�cant differences between treatments.

In the case of the data obtained in WEIGHT 2, both WEIGHT 1 and SOW CYCLE affected the weight obtained at that time,
around 57 days of age. This shows the great in�uence that weaning weight has on the weight of piglets just 5 weeks later,
before moving on to the fattening units [22,23]. Likewise, the cycle of the sow from which they were farrowed has an in�uence,
being only in this case restricted to piglets born to primiparous sows, which are signi�cantly larger than piglets born to sows of
cycles 2 to 6. However, once the highly signi�cant effect of WEIGHT 1 has been corrected, the in�uence of the interaction SOW
CYCLE*TREATMENT or the TREATMENT GROUP is no longer detected, which seems to indicate that the vaccine used, at this
time of the trial, acts in the same way in all cycles and that the in�uence of the cycles on the mean weight is similar in all
treatment groups. This could lead to the hypothesis that, until this stage in development, M. hyo infection is not important in the
population.

Finally, as for the growth study, there is one last weighing (WEIGHT 3), carried out around 161-162 days of age for all the
animals that kept their individual identi�cation. The analysis of the weights recorded leads us to assertain that the effect of
weight at weaning (WEIGHT 1) does not in�uence WEIGHT 3, additionally, WEIGHT 1 does not affect the weight just before
leaving for the fattening units (WEIGHT 2), which in turn, affects growth at the time of WEIGHT 3, perhaps because there may
have been little time between the two weighings. Once the highly signi�cant effect of WEIGHT 2 has been corrected, the effect
of the interaction SOW CYCLE*TREATMENT GROUP is not detected, but an important in�uence is maintained separately from
both the SOW CYCLE and, for the �rst time in the trial, from the TREATMENT GROUP. Regarding the SOW CYCLE, we may
conclude that the piglets born to primiparous sows, show a mean weight signi�cantly lower than that of cycles 7 to 9.
Therefore, we may con�rm the worse performance during the fattening stage was for the piglets born to primiparous sows.
When analysing the TREATMENT GROUP, we have already mentioned that WEIGHT 3 is the �rst time in the trial where there is
evidence of a signi�cant effect of the vaccine against M. hyo with which the piglets had been immunised pre-weaning.
Statistically, once the estimation of the marginal means has been performed, it may be a�rmed that the group vaccinated
against M. hyo with the intradermal vaccine (group I) has a �nal mean weight (WEIGHT 3) that is signi�cantly higher than the
piglet group vaccinated with the other intramuscular vaccine (group H). However, no other signi�cant differences are detected,
although there are numerical differences with the N group (control group- not vaccinated against M. hyo). At this point, it is also
important to note that the latter weighing (WEIGHT 3) occurs just before the pigs are sent to the slaughterhouse to preserve as
many animals as possible out of those originally identi�ed. However, many of the animals remained for several weeks more in
the fattening units until they are sent to the slaughterhouse, and if they were affected at that time by M. hyo, the difference in
growth between the groups could be greater if one more weighing were to be performed on these animals just before they are
sent to the slaughterhouse. Therefore, we could consider likely that, if this last weighing were to be performed a few weeks later,
the differences in mean weights could have increased between the different groups due to the effect of the vaccine compared
to non-vaccination. Finally, the fact that the differences with the unvaccinated group are only numerical could be based on the
mean age of the pigs that belong to that group compared to the other two. We must remember that group N, with 162.3 ± 1.52
(SD) average days of age, is 0.9 days older than group I, and 1.4 days older than group H. At such ages, according to some
studies, the growth rate of pigs can approach or even exceed 1Kg per day [23,24].

2. Discussion of the tracheobronchial swab test (TBS)

The analysis of the results of tracheobronchial swabs suggests the hypothesis that the group vaccinated with the intradermal
vaccine (group I), enjoys greater protection from M. hyo, which would be in line with the results of the weight study. It seems
that, according to one study [12], intradermal vaccination offers levels of local immunity (at the level of the lung mucosa), and
systemic immunity which is greater compared to other intramuscularly administered bacterin against the same agent (speci�c
IgA antibody levels of M. hyo and IL-10 expression levels, responsible for controlling in�ammation locally). Continuing with the
second part of this study of lung samples, we may con�rm, given the results, that not only do the animals vaccinated
intradermally show fewer statistically signi�cant positive samples, but also that the value of Ct is greater, which indicates a
lower pathogen load, contributing even more to the above hypothesis.



Page 8/15

3. Discussion of the assessment at the slaughterhouse:

Some studies have suggested that the greater the lung area affected by lesions the lower the growth rate in the animal [25]. In
view of the results of the slaughterhouse visits to assess the lung lesions compatible with both EP and pleuritis, it may be
inferred that all groups were infected by M. hyo. The least affected group, in relation to the previous results of the
tracheobronchial swab tests and growth studies, is group I (Intradermal vaccination). Group I presented data on the prevalence
of lesions compatible with EP and pleuritis that are signi�cantly lower than the other two groups, as well as a disease index (DI)
and an APPI index numerically lower than those of the other groups, thus offering new evidence of better control of lung
involvement, in line with the results obtained in the tracheobronchial swab test as well as in the growth of the animals. No
signi�cant differences were detected between the groups in terms of a maximum lesion, perhaps because the number of
animals with a maximum lesion is very low in all groups and this affects the power of the statistical test.

It is worth highlighting the role of pleuritis lesions on the C-reactive protein (CRP testing is a blood test marker for
in�ammation), and this case reveals, once again, a certain association between pleuritis lesions that may have been possibly
caused by App and the results of the assessments of EP-compatible lesions at the slaughterhouse [26]. It is clear that the
prevalence of pleuritis in group I (intradermal vaccination), with a lower prevalence of EP, is signi�cantly lower than that of the
unvaccinated group.

In the lung assessment study, the act of withdrawing the �rst and last batches from the barns, has enabled us to rule out the
potential positive effect of the leader pigs in each batch (normally those that have shown better and more weight growth) and
the potential negative effect of the end pigs in the fattening barn from that same batch (on some occasions, the last pigs in a
batch at the fattening units stay longer due to marketing and company logistics rather than for their health status).

4. Discussion of the serological study:

The serology and PCR data against the PRRS virus indicates that the virus recirculated in the animals from approximately 6
weeks of age. The negative PCR results for PRRS at 3 weeks of age indicate that the breeders were probably stable [27].
Therefore, at the time of vaccinations against both PCV2 and M. hyo, the animals were healthy concerning PRRS, and there was
no interference in vaccination due to the immunosuppressive effect of the PRRS virus [28]. However, we can verify that around
6 weeks of age, several of the pools are positive, and as soon as they enter the fattening unit, in the third sampling, all the pools
are positive. With this information, we may suggest that the in�uence of the PRRS virus may have been the same in all the
study groups.

Secondly, and referring to another of the agents that play a key role in respiratory pathology, a speci�c ELISA was performed for
the Actinobacillus pleuropneumoniae (App) Apx IV toxin to determine only its presence on the farm. Until now, we had only been
guided by the slaughterhouse assessments for diagnosis, as well as by lesions found at the level of �eld necropsies. Given the
results, in which almost 100% of the samples were positive (in each of groups H and I, only 1 of 16 samples was a suspect) we
may a�rm that App could also be involved in the respiratory pathology on this farm and that it could have affected all the
study groups equally.

From the serum analysis to detect antibodies against PCV2, we can con�rm that, in the �rst sampling, between 95 and 100% of
the animals remain positive in all the treatment groups, due to the colostral immunity received from their mothers. Additionally,
this result was seen in the second sampling as a result of the response to vaccination (Porcilis® PCV, MSD Animal Health) [29].
By performing additional quantitative PCR tests in a 4-sample pool, it is clear that in all treatment groups there is no presence of
PCV2 viraemia until the last sampling, at a minimum of 21 weeks of age. The viraemia levels found are subclinical in all groups
and not related to clinical symptoms of porcine circovirosis [30], which together with having vaccinated all animals, leads us to
believe that although the type 2 porcine circovirus was present at the fattening unit, its possible impact has been negligible, and
in any case similar in all groups.

Finally, regarding the detection of antibodies against M. hyo, we see that group N, unvaccinated, does not show antibodies
present against M. hyo until the last sampling at the end of the fattening period. We must remember that, at that time, 96.7% of
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tracheobronchial swab samples were positive for this agent, as such the animals were facing a recent infection, and hence this
fact supports the idea that if we had performed another weighing some weeks after WEIGHT 3, we might have found greater
differences than those observed in this trial. On the other hand, the intramuscular treatment group, (group H) seems to be
presenting a seroconversion to vaccination with a decrease in antibody levels at around 13-14 weeks of age and a subsequent
increase at 17 and 21 weeks of age (when 95% of the animals were ELISA-positive for M. hyo). This fact could con�rm that, in
group H, the recirculation of M. hyo occurred earlier than in group N (unvaccinated), and thus perhaps does not show signi�cant
differences in growth (although there are numerical differences). Additionally, at 21 weeks of age, the time of the swab, 100% of
the samples of group H were PCR-positive for M. hyo. Finally, treatment group I, vaccinated intradermally, shows a slight
seroconversion to vaccination and it is not until 21 weeks of age, just like group N, when the presence of M.hyo is detected
again in the serum samples. In addition, and in contrast to groups N and H, only 36.7% of tracheobronchial swab samples are
positive, and this fact might be related to greater local protection offered by the vaccine. Moreover, it must be remembered that
within the samples of positive lung swabs, the intensity of the positivity or Ct value was signi�cantly lower in the intradermally
vaccinated group.

Perhaps the greatest limitation of this trial is its longitudinal character, that is, the development of the trial over 6 weeks, since
according to some publications [31] the variability of positive piglets to M. hyo at the time of weaning is very high between
batches, and such positivity to M. hyo at the time of weaning may be a valid predictor for detecting a higher incidence of M. hyo
problems during the growth phase of the animals. However, other studies make it clear that, although this fact is important,
many other factors are also key to the onset of problems related to EP (management, density, concomitant pathologies)
[11,26,32]. In Fano's study [31], the importance of primiparous sows as the main responsible agent for the existence of M. hyo
on farms, due to the horizontal sow-piglet transmission during the lactation phase, is discussed. In this current study, it was
taken into account that all batches of animals created week by week had the same number of primiparous sows; therefore, if
these sows were the M. hyo transmitters to their progeny, the probability would be the same in all treatment groups in terms of
the number of possible shedding animals. Future trials may need to include a correction factor by introducing the assessment
of tracheobronchial swabs, or nasal swabs to determine the prevalence of M. hyo at the time of weaning and thus evaluate the
effect of this fact on the results at the end of the trial.

Conclusions
In this study, a better performance was observed for the intradermal vaccine, in a population of vaccinated piglets at 3 weeks of
age compared to an unvaccinated control group and an intramuscular vaccine. The claim of better performance is based on the
fact that the intradermally vaccinated group showed a greater weight gain at the end of the fattening stage, a lower incidence
of M. hyo-compatible lung lesions at the slaughterhouse, as well as a lower bacterial load present in the lung tissue at the time
of the last weighing.

Abbreviations
M.hyo
Mycoplasma hyopneumoniae; PRDC:porcine respiratory disease complex; EP:enzootic pneumonia; Il-10:interleukine 10;
IgA:immunoglobuline A; SD:standard deviation; Ct:cycle threshold; App:Actinobacillus pleuropneumoniae; APPI:App Index;
PRRS:porcine respiratory reproductive syndrome; PCV2:porcine circovirus type 2; Kg:kilogram; DI:EP disease index; CRP:C-
reactive protein; PCR:polymerase chain reaction; TBS:tracheobronchial swab test.

Methods
1. Farm Description

This �eld study was carried out on a production farm at two sites located in central Spain. One area of the study is a piglet
production farm (sites 1 and 2), which houses 1,600 productive sows with self-replacement, and managed in weekly batches of
75 farrows. There are also annexed transition barns where the piglets are kept in large pens that house about 100 animals each,
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the piglets are moved here after weaning, from their fourth week of life, until week 8 or 9 (around 20 kg of live weight). It is then
when the piglets are loaded onto trucks to take them to the fattening units (site 3), which are located off-farm within the same
region. For this speci�c trial, the animals were in a fattening farm located about 100 km from the piglet production farm, and
which has 3 same-sized barns with a capacity for 1,250 piglets each, in pens with a capacity for 13 pigs. All the fattening barns
are located on the same farm, built in parallel with a separation of more than 14 meters between them, they have the same
source of water, receive feed from the same factory and are managed by the same staff for 8 hours every day.

The fattening unit in this study had a proven history of serious respiratory problems; it is a positive farm for the porcine
reproductive and respiratory syndrome (PRRS) virus, porcine circovirus type 2 (PCV2), Actinobacillus pleuropneumoniae (App)
and Mycoplasma hyopneumoniae (M. hyo), all of which are involved in the porcine respiratory disease complex [1]. Before the
start of the trial, several analyses were performed to determine the disease status concerning some of the pathogens suspected
of causing problems in the fattening units. Thus, the presence and recirculation of PRRS (INgezim 2.0, Ingenasa), together with
PCV2 (INgezim Circovirus IgM / IgG, Ingenasa) and M. hyo (INgezim M. hyo Compac, Ingenasa), was found. Additionally, visits
were conducted at the slaughterhouse to assess the presence of lung lesions; lesions compatible with catarrhal
bronchopneumonia were found, together with pleuritis lesions compatible with an App infection (although said infection was
not con�rmed by a laboratory diagnosis).

2. Trial design

This study is exempt from the scope of Royal Decree 53/2013, which refers to the basic rules applicable to the protection of
animals used in experimentation and other scienti�c purposes, including teaching, published in: “BOE” no. 34, of February 8th,
2013, Ministry of the Presidency, Reference BOE-A-2013-1337; since it is a veterinary clinical practice not experimental, within
the normal farm health program.

At the sow farm, the staff received training in the required work methods related to the trial. The methodology consisted of the
veterinarians responsible for the protocol, selecting the animals to be included in the study each week, by visiting the farm on
Monday morning. The selection consisted of choosing 22 sows and their corresponding litters from among the 75 sows that
were to be weaned on Thursday of that same week. The requirements to be met were as follows:

1. Farrow number: each group included the same number of �rst-time farrow sows, second to sixth-time sows and sows with
more than six farrows. Therefore, 3 population groups were generated: primiparous, farrows 2 to 6, and farrows 7 to 9, with
the idea, from an immunological point of view, of homogenising the populations of piglets to be weaned. It is described in
some previous studies [15, 16], that piglets born from �rst-cycle sows have lower levels of antibodies and a higher
colonisation rate by hyo, and conversely, piglets born from multiparous sows receive greater colostrum immunity from their
mothers and have lower levels of colonisation. The aim of such randomisation was to avoid possible interference of this
aspect in the results of the trial. As for adoptions, only such litters that were known with certainty to have remained with
their mothers since birth, according to the records of the farm, were selected, discarding those with adoptions in their litters.

2. Second, to minimise any possible age spread at the time of weaning, all the piglets were included in one same week, this
means that piglets could have a maximum difference of 3 days on their date of birth, as each weekly batch of piglets was
weaned on a single day of the week (Thursday).

3. And the third requirement was for the piglets to be healthy. Hence, a group of 220 individually identi�ed piglets (10 piglets
for each selected sow) was created each week.

After selecting the litters to be included in the trial, on the afternoon of the same day and at an age between 19 to 21 days of
age, piglets were vaccinated according to the corresponding treatment group (TABLE 5), as well as individually identi�ed with a
microchip tag, and depending on which treatment group they belonged to, they were identi�ed with another colour tag, different
according to the week. The remainder of the piglets belonging to the same week were vaccinated with the same pattern as their
siblings and identi�ed with a tag of the same colour for further identi�cation once they were sent to the fattening barns at 8-9
weeks of age.
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The fattening unit where the trial was conducted was managed continually by the same staff. Each of the 3 barns had a
capacity for approximately 1,250 animals and was �lled in two weeks with pigs that had the same pre-weaning vaccine
protocol against PCV2 and M. hyo. Of the 1,250 animals in each barn, 440 were individually identi�ed and recruited for the trial.
Regarding PCV2, all animals were vaccinated with Porcilis® PCV (MSD Animal Health) at 3 weeks of age (preweaning) and
regarding M. hyo, each of the 3 fattening barns had a different treatment regime.

To rule out the possible in�uence that housing in a speci�c barn could have, information was requested from the company that
owns the pigs about the productive results of the different barns during the last 5 years. The statistical analysis (data not
shown but available), showed that there were no differences between the productive data obtained in the different barns
included in the trial (determined as percentage of dead pigs and runts, feed conversion rate (FCR), average daily weight gain,
�nal weight, and duration of the fattening period).

2.1. Field work

I. Treatment groups

The trial was applied to weaned piglets for 6 consecutive weeks. Every 2 consecutive weeks, a different vaccination plan was
carried out as shown in TABLE 5. As may be seen in the table, during weeks 1 and 2 of the trial, the piglets did not receive any
vaccine against M. hyo. At weeks 3 and 4, the piglets received a 0.2 ml dose of a vaccine against M. hyo intradermally
(Porcilis® M Hyo ID Once, applied with the device IDAL®). Finally, on weeks 5 and 6 of the trial, an intramuscular vaccine
against M. hyo containing strain 2940 (Hyogen®, CEVA) was applied.

Thus, 3 groups of animals were established (group N, group I, and group H), each with approximately 1,250 piglets identi�ed
with a different colored tag, housed in adjacent fattening barns, and within each of those groups there were 440 individually
identi�ed piglets.

TABLE 5:  Vaccine plan. The duration of each vaccine protocol under study is two weeks.

Week Treatment M. hyo vaccine No. of animals in batch Individually identi�ed animals

1 N NONE 730 220

2 N NONE 847 220

3 I Porcilis® M Hyo ID Once 729 220

4 I Porcilis® M Hyo ID Once 687 220

5 H Hyogen® 811 220

6 H Hyogen® 707 220

II. Weight Study

To monitor the different study groups, different weighings were considered throughout the growth period of the individually
identi�ed animals. All animals weaned on a Thursday and with an electronic individual identi�cation tag were weighed
individually the following day, Friday, and their weight was recorded (WEIGHT 1). Five weeks later, on a Friday before the piglets
were loaded to be sent to the fattening barn, the piglets were again individually weighed, and their weight recorded (WEIGHT 2).
All the animals that kept their electronic identi�cation were weighed (unfortunately, a lot of electronic ear tags were lost during
the fattening period in all groups). Finally, at the fattening barn, all the pigs that kept their identi�cation were weighed again the
week before being sent to the slaughterhouse, thus recording the weight of each individual (WEIGHT 3). The �nal sample size is
shown in TABLE 1.
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III. Tracheobronchial swab test

On the same day that WEIGHT 3 was recorded and at the approximate age of 23 weeks, a sample from the lung was taken by a
tracheobronchial swab. The technique consists of immobilising the animal by restraining the snout, opening the oral cavity with
a mouth opener and introducing a �ne cannula, such as those used for post-cervical insemination, through the larynx,
deepening into the trachea and large bronchi until causing the animal to cough. The cannula was then removed, the end was
cut off and inserted into a tube with 2 ml of physiological saline solution [17,18]. The sample tube was immediately sent to the
laboratory for subsequent real-time PCR analysis for M. hyo (EXOone Mycoplasma hyopneumoniae oneMIX, qPCR kit. Ref. No.
MHYP_100, EXOPOL® S.L.U. Spain)

IV. Lung assessments at the slaughterhouse

Once the animals were sent to the slaughterhouse, the assessment of the status of macroscopic lung lesions compatible with
M. hyo was performed by visual analysis and palpation by the 0-5 method [19], as well as pleuritis lesions [20]. The assessor at
the slaughterhouse was a person outside the trial, as such the assessment was blind. From each of the barns that housed the
different study groups, the �rst two and the last two trucks from each barn (the 400 �rst and last animals) were disregarded
from the slaughterhouse assessment, as well as any batches shared between barns that could create confusion between the
study groups due to mixing animals from different treatment groups.

The following parameters were assessed from the lungs studied at the slaughterhouse.:

1. The prevalence of hyo-compatible lesions, which refers to the number of affected lungs with respect to the total number of
lungs assessed.

2. The degree of maximum lesions, that is, lesions of grade 4 and 5 in the method referred above, which refers to the number
of affected lungs with grades 4 and 5 with respect to the total number of lungs assessed.

3. The disease index (DI) was calculated for each treatment group based on the total number of lungs inspected as follows:
the sum of the result of multiplying each grade of lesion by the number of lesioned lungs of each grade, divided by the
number of total lungs assessed [19].

4. The prevalence for pleuritis lesions was calculated considering the number of lungs affected with respect to the number of
lungs assessed. The APPI index was calculated for each treatment group, based on the total number of lungs inspected as
follows: ratio of lungs with pleuritis lesion with a value> 1 multiplied by the average lung score with a value for pleuritis
lesion> 1 [20].

V. Serological study

A regular collection of blood samples from 8 individually identi�ed animals was carried out each week so that, 16 animals from
each study group were sampled at 3, 6, 9, 13, 17 and 21 weeks of age. The serum was removed from the blood samples on the
same day they were obtained and frozen at -18ºC until the end of the trial, when all these samples were sent to the laboratory at
the Center for Diagnostic Solutions (MSD A.H., Boxmeer, The Netherlands), for further joint analysis.

The serum analysis was performed individually for PRRS (PRRS X3 Ab Test, IDEXX®), M. hyo (M. hyo Ab, IDEXX®), PCV2
(ALPHALISA PCV-orf2, in-house MSD AH, Boxmeer, The Netherlands), and the 16 serum samples of 21 weeks of age for App
(APP-ApxIV Ab, IDEXX®). In addition, in each age group, the samples were divided into 4 pools (viral DNA was extracted from
the samples using the DNA/Viral NA SV 1.0 kit (Roche® Diagnostics GmbH)) and each of them was analysed for PRRS and
PCV2 as follows: A commercial reverse-transcriptase quantitative real-time polymerase chain reaction (RT-qPCR) kit (Virotype
PRRSV RT-PCR, Leipzig, INDICAL BIOSCIENCE GmbH) was used to quantify the PRRSV viral load in the samples.  For the
quanti�cation of the PCV type 2 viral load the samples were analysed in a PCV2-speci�c qPCR (Center for Diagnostic Solutions,
MSD AH, Boxmeer, The Netherlands). All the analyses were performed at the same time.

2.2. Statistical analysis
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For the statistical analysis, only individuals who had all the complete data were studied. For these studies, the SPSS v.22
package (SPSS Inc., Chicago, IL, USA) was used.  For the study of WEIGHT 1, a two-way ANOVA was used, considering the sow
treatment and cycle as �xed effects. In WEIGHTS 2 and 3, the weights of the previous stages were added as covariates to this
model. For the study of the positivity of tracheobronchial swabs, a one-way ANOVA was used (�xed factor: treatment). In the
case of qualitative variables (percentage of negatives in tracheobronchial swabs, prevalence and maximum lesions) a Chi-
square test was applied. A statistically signi�cant result is considered when p <0.05. For multiple comparisons, the Bonferroni
correction was applied.
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