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Abstract
Background Porcine circovirus 2 (PCV2) and Mycoplasma hyopneumoniae (M hyo) are two of the most important 
swine pathogens with variable clinical presence in swine farms globally, affecting health and performance of pigs 
under field conditions. The primary objective of this study was to assess the efficacy of a ready to use intradermal 
(ID) vaccine (Porcilis PCV M Hyo ID, MSD Animal Health, The Netherlands) against PCV2 associated disease and M 
hyo associated enzootic pneumonia under practical (field) conditions. In addition, the safety of the test product 
was clinically assessed, as the study animals were examined for general and local side effects after vaccination. A 
total of 678 animals in a Greek farrow to finish farm were equally divided in two trial groups (test and control group). 
Test group animals received the test vaccine at the age of three weeks, while control group animals remained 
unvaccinated. Parameters regarding health [lung lesion score (LLS) and pleurisy scoring, PCV2 viraemia and shedding] 
and performance [body weight (BW), average daily weight gain (ADWG)] were recorded and evaluated.

Results Vaccination improved the ADWG during both the finishing period (improvement by 34 g; p < 0.0001), and 
the overall period (increase by 24 g; p < 0.0001). Moreover, reduced mean LLS values (p < 0.0001), as well as reduced 
percentage of animals with pleurisy (p = 0.0082) and a decrease in PCV2 viraemia (p < 0.0001) and viral shedding 
(p = 0.0181) were observed in vaccinated animals when compared with the unvaccinated controls. As regards safety, a 
slight local skin reaction at the site of vaccination was detected and in two pigs a mild systemic reaction was reported 
with full recovery.

Conclusions Findings suggested that the test vaccine is safe and effective against both PCV2 and M hyo associated 
diseases in vivo, thus it’s use as part of a vaccination programme under field conditions is expected to improve 
respective health and performance parameters in pigs.
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Background
Porcine circovirus 2 (PCV2) and Mycoplasma hyopneu-
moniae (M hyo) are among the most important swine 
pathogens. They can induce respiratory disorders in 
swine, thus resulting in negative financial balance of 
swine production. Both agents are part of the etiology of 
the porcine respiratory disease complex (PRDC) [1]. The 
cell wall-free bacterium M hyo is the aetiological agent 
of enzootic pneumonia (EP) as a chronic lung infection 
which impacts growth and is characterized by significant 
morbidity and low mortality [2]. It has been reported that 
more than 70% of swine herds globally are infected with 
M hyo [3]. Diagnosis of M hyo infections on farms are 
mainly performed in growers and finisher pigs. M hyo is 
characterized as a “slow bacterium” in terms of infection 
dynamics with low transmission rate whereas clinical 
signs become apparent only after weeks of infection and 
recovery can be lengthy [4–6].

PCV2 is a non-enveloped circular single stranded 
DNA virus belonging to the Circoviridae family and is 
responsible for the induction of several pathologies sug-
gested as porcine circovirus diseases (PCVD), such as 
subclinical infection (PCV-2-SI), systemic (PCV-2-SD) 
and reproductive (PCV-2-RD) diseases, and porcine der-
matitis and nephropathy syndrome (PDNS) [7]. PCV2-
SD’s clinical picture includes wasting, decreased weight 
gain, ill thrift or poor-doing animals, sometimes with 
respiratory and/or digestive disorders, whereas PCV-
2-SI is observed with decreased average daily weight gain 
(approx. 10–40 g/day) without any evident clinical signs 
[7, 8]. Studies have demonstrated the global presence of 
concomitant M hyo and PCV2 infections in swine farms 
[9], as well as their significant impact on health and per-
formance of swine [10], whereas a synergistic effect of 
both infections has also been reported in experimental 
models [11, 12].

Vaccination programmes including vaccines against 
both PCV2 and M hyo have a significant preventive role 
against respective diseases on farms. Previous studies 
have reported the efficacy of mono- or bivalent intra-
muscular (IM) vaccines against one or both pathogens 
[12, 13]. Quite similarly to the IM route, the intradermal 
vaccination (ID) vaccination with mono- or bivalent vac-
cines provided beneficial results in terms of health and 
performance of swine against various pathogens under 
field conditions [14–17]. Major benefits observed in ani-
mals vaccinated against PCV2 and M hyo, either through 
IM or ID route, include the reduction of the prevalence 
of broncho pneumonic lungs and those affected by cra-
nioventral pleurisy, as well as the reduction of EP-like 
lung lesions and PCV2-viremia, improved antibody 
levels against both pathogens, increased average daily 
weight gain (ADWG) and decrease of the rate of antibi-
otically treated animals against respiratory disease [13, 

18–20]. The mode of action of ID vaccination relies on 
the stimulation of a protective immune response through 
antigen-presenting cells in the dermis, near skin-draining 
lymph nodes [21, 22]. Significant welfare benefits have 
been reported for ID vaccine administration, regard-
ing the reduction of pain and stress associated with IM 
vaccination [23, 24]. In addition, the biosecurity risks of 
pathogens transmission with the use of needles and the 
“needle breakage in the pig” risk of IM vaccination are 
not observed with the use of ID vaccination. User con-
venience of one-shot vaccination with automated and 
easy to handle needleless devices which provide informa-
tion to the user (e.g. number of shots given per vial) and 
connectivity should be also highlighted as beneficial for 
implementation under field conditions [25].

The long-term implementation of vaccination strate-
gies against PCV2 and M hyo globally has resulted in 
observing fewer acute cases of PCVD and EP, but greater 
subclinical circulation of the pathogens under field con-
ditions [26–27]. In contrast, PCV2 or M hyo concomitant 
infections along with other viral or bacterial pathogens 
seem to be more frequently observed [28]. A bacterium-
virus or a virus-bacterium coinfection of the respiratory 
tract in swine frequently results in an aggravation of pul-
monary lesions with greater inflammatory and immune 
response [1]. The economic impacts of co-existing patho-
gens involved in the PRDC, and the costs and benefits 
of interventions such as vaccination programmes have 
been demonstrated by Boeters et al. [29], interpreting 
data from studies conducted in 23 countries. Findings 
suggested reduced medication cost per pig, reduced 
labour costs and increased annual profit in farms due to 
different vaccination schemes against M hyo, whereas 
Kaalberg et al. [30] reported that vaccination strategies 
against PCV2 provided return on investment per pig and 
significant benefit of 2.84 € per finisher.

Though research data on monovalent and bivalent IM 
vaccinations against PCV2 and M hyo are increasing in 
the last decades, research data on the efficacy of ID biva-
lent vaccination against both pathogens are still scarce. 
Therefore, the aim of the present study was to evaluate 
the efficacy of a novel ready to use combined ID vaccine 
against both PCV2 and M hyo under field conditions 
with both pathogens circulating in the farm. In addition, 
the study animals were observed for side effects, to evalu-
ate the safety of the test ID vaccine.

Methods
Farm and animals
The study farm is a 660-sow farrow-to-finish unit with its 
own feed-mill and slaughterhouse. It has a weekly pro-
duction system and applies an all-in all-out management 
system. After weaning, at 28 days of age, the piglets were 
sorted by weight and moved to flat decks in the nursery 
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unit until 65 days of age. From the nursery, the piglets 
are moved to the grower unit (standard pens with slat-
ted floors) and about 9 weeks later to the finishing unit. 
Slaughter age varies between 160 and 200 days of age.

Pretrial evaluation of lung lesions from the selected 
farm (132 lungs inspected) according to the method 
described in Ph. Eur. Monograph 2448 “Porcine enzo-
otic pneumonia vaccine inactivated”, provided evidence 
of an M hyo infected farm (lesion score of 13.7 prior to 
the study), whereas seropositivity for M hyo was present 
in samples from the age of 10 weeks up to slaughter age. 
Laboratory results also indicated antibody response to 
PCV2 in all age groups (i.e. animals at 3, 5, 10, 15 and 20 
weeks of age, as well as in samples from gilts and sows) 
and PCR detection of the virus slightly increasing in pigs 
at 10 weeks of age (data not presented).

Test product
The test vaccine (Porcilis PCV M Hyo ID; MSD Animal 
Health, The Netherlands) is a newly developed inacti-
vated vaccine for ID administration against PCV2 and M 
hyo in pigs. The vaccine has already shown to be safe and 
efficacious under controlled (laboratory) conditions (data 
not presented). It contains Baculovirus expressed PCV2b 
ORF2 subunits (inactivated) and inactivated M hyo type J 
with a synthetic squalane-based adjuvant.

Clinical procedures and parameters
The study was carried out according to a controlled, ran-
domized, and masked design in a Greek pig farm with 
a confirmed M hyo and PCV2 infection. In total 678 
healthy suckling piglets were selected at three weeks of 
age (19–21 days) from two production batches and ran-
domly allocated to one of two equally sized groups. The 
animals were allocated according to a randomization list 
per production batch to one of the two treatment groups 
until the required number of piglets was reached. This 
randomization list was generated before the start of the 
study with the software nQuery [31]. The animals of the 
test group (338 pigs) received the test ID vaccine at three 
weeks of age, whereas the control group animals (340 
pigs) were not vaccinated. ID administration of the test 
product at the dose of 0.2 ml was performed with the use 
of IDAL® 3G injector (Henke SASS Wolf GmbH, Tuttlin-
gen, Germany). No other vaccine was administered to the 
test animals through the course of the study. Male and 
female animals introduced in the study were balanced 
and all animals were ear tagged at vaccination. Feed and 
water were available ad libitum. Piglets from the two 
treatment groups were commingled and housed together.

To assess the efficacy against M hyo, the M hyo asso-
ciated lung lesion scores (LLS) at slaughter and the 
ADWG in the finishing period (from 9 weeks of age 
up to slaughter at 23 weeks of age) were set as primary 

efficacy parameters. Respective primary parameters 
for the assessment of the test product’s efficacy against 
PCV2, were the PCV2 viraemia (qPCR viral load) and the 
ADWG evaluation. Secondary efficacy variables were the 
overall ADWG (from vaccination to slaughter), mortality, 
morbidity (defined as the proportion of animals requir-
ing individual treatment, irrespective of the number of 
individual treatments), pleurisy lesions, and PCV2 fae-
cal shedding. In addition to the efficacy parameters, the 
serological response to vaccination was also determined.

Body weight (BW) of the study pigs was assessed indi-
vidually at admission, at transfer to the grower unit (9 
weeks of age), and just before slaughter (23 weeks of age). 
The lungs of all animals from the two groups were exam-
ined individually at slaughter by a pathologist (blinded to 
the trial groups) to score the severity of lung lesions and 
pleurisy. Group medication could only be given when 
necessary, according to respective veterinary diagnosis, 
and it was recorded, whereas pigs that died during the 
study were examined to establish the cause of death.

One piglet per treatment group from 30 litters, was 
selected for collection of a rectal swab and blood sam-
pling. The blood samples and rectal swabs were col-
lected at regular intervals during the study (i.e., on day 
0 and on week 4 blood only, and on weeks 7, 10, 13, 16, 
19 of the study both blood and rectal swab samples), for 
determination of the PCV2 quantity by qPCR [31]. Vials 
with medium (Sigma Virocult® type 30MW950S) were 
used for rectal swabs (Medical Wire & Equipment, Cor-
sham, Wiltshire, England), whereas BD vacutainer tubes 
(BD-Plymouth, UK) were used for blood sampling. Blood 
samples were refrigerated overnight prior to centrifuging 
at 3,000 rpm X 10 min. for serum collection. Serum was 
stored at -20oC until analysis.

Serum analysis
The sera were analyzed by M hyo ELISA (Swine Herd-
Check M Hyo IDEXX) as per manufacturer instructions 
and PCV2 ELISA (PCV2 ELISA MSD Animal Health). 
For the PCV2 ELISA, serially diluted serum samples 
were incubated on microtiter plates coated with baculo-
virus expressed PCV2 Orf2 antigen. After removing the 
serum, all wells were incubated with a fixed amount of 
biotin labelled PCV2-specific monoclonal antibody. Next 
bound MoAb was incubated with peroxidase conjugated 
avidin followed by chromophoric detection. Titres were 
expressed as the reciprocal of the serum dilution with a 
calculated extinction value of 50% maximum extinction. 
The results were expressed as log2 titres. For calcula-
tion of the mean PCV2 antibody titres the values outside 
the detection limits were set one dilution step lower or 
higher: i.e., > 16 was set at 17 and < 2 was set at 1.

The last set of samples before slaughter (19 weeks 
post vaccination) was tested for antibodies against 
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co-infections. The tests for LI (Lawsonia intracellularis) 
ELISA MSD Animal Health, APP (Actinobacillus pleuro-
pneumoniae) ELISA (OMP) MSD Animal Health, HPS 
(Haemophilus parasuis– Glässerella parasuis) Biochek, 
PRRSV (Porcine Reproductive and Respiratory syndrome 
virus) ELISA (IDEXX), Swine Influenza hemagglutina-
tion inhibition test for types H1N1 (EA & pdm), H1N2 
(ScotCL2), and H3N2 (gent84) were performed accord-
ing to manufacturer’s instructions.

Lung lesion scores
LLS were evaluated with the same method as in the pre-
trial investigation (Ph. Eur. Monograph 2448 “Porcine 
enzootic pneumonia vaccine inactivated”). For each lung 
lobe, the percentage of the surface (0-100%) with signs of 
a M hyo infection associated inflammation (consolidated, 
grey to purple colored) was estimated and recorded. 
These percentages (in fact proportions) were multiplied 
with a respective weighing factor and added to obtain the 
total LLS. Weighing factors were: 5 and 11 for the right 
and left cranial lobe respectively, 6 and 10 for the right 
and left medial lobe respectively, 29 and 34 for the right 
and left caudal lobe respectively, whereas a weighing fac-
tor of 5 was set for the accessory lobe. Thus, the mini-
mum LLS for each animal was 0 and the maximum 100. 
Moreover, the lungs were scored for the presence of pleu-
ritis lesions as follows: 0 = absent, 1 = topical adhesions 
(spots) and 2 = larger adhesions (larger than spots in one 
or more lobes).

PCV2 molecular analysis
Briefly, DNA was isolated from swabs or sera. The 
amount of PCV2 (ORF2) genomic DNA was quantified 
by PCR [32]. All samples were included in duplicate per 
extraction run and the results were expressed as log10 
copies/µl DNA extract. The mean of both duplicate sam-
ples was calculated. A PCR reaction was considered posi-
tive (i.e., above the limit of quantification) if the mean 
copy number of the samples was ≥ 1.00 log10 c/µl DNA. 
Results below 1.00 log10 c/µl DNA were reported as 0.00 
log10 c/µl DNA. Similarly, all rectal swabs were tested 
by qPCR for the detection of PCV2 virus shedding as 
described above [32].

Safety assessment
Side effects that occurred during or after vaccination 
were recorded. Briefly, all study animals were observed 
during and immediately after vaccination for the detec-
tion of general immediate reactions such as tremors or 
convulsions and 60 selected animals (two animals from 
30 litters, equally divided per trial group) were observed 
individually for local reactions (type and size) and sys-
temic reactions on day 0 and 7, 14, 21 and 28 days after 
vaccination.

Statistical analysis
The statistical analysis was performed by means of the 
software package SAS® (version 9.4, SAS Institute Inc., 
Cary, NC, USA). The individual pig was the experimental 
unit. Sample size calculation of the study resulted in at 
least 300 pigs per group with 80% power to detect a mean 
ADWG difference of 25 g among trial groups, assuming 
that the common standard deviation was 100  g using a 
two-group t-test with a 0.05 two-sided significance level. 
Sample size of at least 300 pigs / group had a power of 
80% to detect a difference of 0.15 in log10 transformed 
LLS assuming that the common standard deviation was 
0.6 in a parallel two group study design with a two-sided 
significance level of 0.05. For PCV2 molecular analysis 
regarding viraemia and shedding parameters, a sample 
size of at least 25 animals in each group had 80% power 
to detect a probability of 0.750 that an observation in the 
vaccinated group was less than an observation in the con-
trol group using a Wilcoxon (Mann-Whitney) rank-sum 
test with a 0.05 two-sided significance level.

The ADWG and the log-transformed LLS were com-
pared between groups using mixed model ANOVA. In 
the log-transformed LLS analysis, the treatment was 
included as the fixed effect. The occurrence of lungs with 
LLS greater than 0 was analyzed using Fisher’s exact 
test. In the ADWG analysis, initial BW was included in 
the model as a covariate, whereas treatment and gen-
der with appropriate interactions were included as fixed 
effects and production batch and sow as random effects. 
The AUC (Area Under the Curve) of the PCV2 viraemia 
and shedding data were calculated in terms of the Trap-
ezoidal rule and analysed using a mixed effect ANOVA 
model with treatment as the fixed effect and production 
batch as the random effect. The incidence of viremic ani-
mals was analyzed using the Cochran Mantel Haenszel 
(CMH) method with production batch as the classifi-
cation variable. The duration of viraemia was analyzed 
using a mixed model ANOVA with treatment as the fixed 
effect and production batch as the random effect. Mor-
tality, morbidity, and pleurisy observed were compared 
between groups using the CMH method with produc-
tion batch as the classification variable. In the inferential 
statistical analyses of the efficacy variables, the tests were 
two sided and 0.05 was the significance level. Descrip-
tive statistics was used to summarize and present safety 
observations results.

Results
Out of the 678 animals included in the study, 615 animals 
were evaluated at slaughter due to loss of ear tags (40 ani-
mals) or mortality/culling reasons (23 animals).
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Performance parameters, mortality and morbidity
The BW data indicated that pre-slaughter control pigs 

had a wider range of weights in comparison to the test 
group. Range of BW at slaughter in the control group 
was between 76.2 and 135.9 kg, whereas BW range in the 
test group was between 82.6 and 135.5 kg. Moreover, the 
mean ADWG values in the test group were significantly 
improved during both, finishing and the overall trial 
period (mixed model ANOVA: p < 0.0001). Table 1 pres-
ents results of BW and ADWG by treatment group and 
study period, whereas Fig.  1 demonstrates a boxplot of 
BW alterations among groups in the time phases of the 
trial.

As regards mortality, 23 pigs (3.4%) died or were 
culled during the study period in total; 14 out of 340 
animals (4.1%) were from the control group and 9 out 
of 338 (2.7%) were from the test group. Gross pathology 
evaluation suggested that findings in 12 out of 23 cases 
(9 from the control and 3 from the treatment group, 
respectively) could be attributed to pathogens involved 
in PRDC aetiology (i.e. presence of EP-like lesions and 

Table 1 Body weight (BW) and average daily weight gain 
(ADWG) values per trial group and period

BW (kg) [mean ± standard deviation (SD)]
Treatment group# BW day 0 BW end of 

nursery
BW at 
slaughter

Control group 6.0 ± 1.30 19.2 ± 3.36 100.5 ± 9.98
Test group 6.3 ± 1.29 19.5 ± 3.30 105.1 ± 8.65

ADWG (g) [mean ± standard error of the 
means (SEM)]
Nursery 
period

Finishing 
period

Total study 
period

Control group 325.5 ± 24.3a 795.2 ± 13.2a 661.4 ± 7.4a

Test group 323.1 ± 24.3a 829.5 ± 13.0b 685.9 ± 7.2b

a, b Means with different superscripts in the same column differ significantly 
(p < 0.0001 in both ADWG comparisons at the finishing and the total trial period)
# Control group: Unvaccinated animals; Test group: Animals vaccinated with 
Porcilis PCV M Hyo ID at three weeks of age

Fig. 1 Boxplot of body weight (kg) per treatment group∋ in each trial stage. ∋ Control group: Unvaccinated animals; Test group: Animals vaccinated with 
Porcilis PCV M Hyo ID at three weeks of age
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interstitial pneumonia along with enlarged tracheo-
bronchial lymph nodes). The mortality rate was not sig-
nificantly different between the treatment groups (CMH 
test: p = 0.2957). Evaluation of morbidity, as individual 
medication administered to trial animals, demonstrated 
that 41 pigs received individual medication in total, 26 
for gastro-intestinal problems and 15 for respiratory dis-
ease (mainly after the 12th week of the study). Twenty-
five animals (7.4%) were from the control group and 16 
(4.7%) were from the test group, suggesting the absence 
of a significant difference between trial groups (CMH 
test: p = 0.1519).

Lung lesion scores
In total 615 lungs were scored. The LLS of the vac-
cinated animals were significantly lower compared 
to those of the control group (mixed model ANOVA: 
p < 0.0001; median scores of 3.2 and 6.5 in the test and 
control group, respectively). Lung lesions were observed 
in 400 lungs. A significant difference (Fisher’s exact test: 
p = 0.0002) was observed in the presence of lungs scored 
with LLS > 0 among groups. The 224 cases out of 310 
lungs scored with LLS > 0 (72%) were observed in animals 
of the control group, and 176 out of 305 (58%) were from 
the test group. As regards pleuritis findings, 614 lungs 
were scored and a total of 181 (29%) lungs from both trial 
groups had pleuritis. On the other hand, 433 lungs didn’t 
have pleuritis findings, of which 203 (47%) were from the 
control group, and 230 (53%) were from the test group. 
A significant difference (CMH test: p = 0.0082) in pleuri-
tis findings among groups was observed. Table 2 presents 
results of LLS and pleuritis findings.

PCV2 viraemia, shedding, and sequencing
PCV2 viremia was observed from the 13th week of the 
study onwards. PCV2 viraemia as determined by mean 

AUC was significantly reduced (mixed model ANOVA: 
p < 0.0001) in the test group (mean AUC of 2.0) when 
compared to the control group (mean AUC of 9.4). A 
significant difference (CMH test: p = 0.0007) among vire-
mic animals in each group was detected, since only six 
out of 30 (20%) test group animals became viremic, in 
comparison with 23 out of 30 control animals (77%) with 
viraemia. Viraemia lasted approximately 0.9 weeks on 
average in the test group animals, whereas a significantly 
longer duration of 3.7 weeks was observed in the control 
group (mixed model ANOVA: p < 0.0001). Figure 2 dem-
onstrates graphically the PCV2 viraemia observations 
among trial groups, whereas Fig. 3 provides data of PCV2 
viremia in each trial group / sampling time point.

Findings of PCV2 shedding according to qPCR in rec-
tal swabs were observed from the 10th week of the study 
onwards. Results provided evidence of significantly lower 
(mixed model ANOVA: p = 0.0181) shedding in the test 
group (mean AUC of 8.3) when compared with the con-
trol group (mean AUC of 12.4). On the other hand, PCV2 
full genome sequencing results showed that PCV type 2d 
was circulating at the study farm during the study (data 
not presented). Figure  4 provides data of PCV2 fecal 
shedding in each trial group during the study.

Antibody response and evidence of co-infections
On day 0 of the study, test group animals had a mean 
PCV2 antibody titre of 4.7, which was similar to that of 
control animals (mean antibody titre of 4.6). Results at 
weeks 4, 7 and 10 demonstrated a decrease of titers in the 
control group whereas a seroconversion due to vaccina-
tion was present in the test group animals at the same 
time. From week 13 onward, the mean antibody titres of 
control pigs started to increase and at weeks 16 and 19 
titers in both groups seemed to have a parallel increasing 
development, suggesting that a natural PCV2 infection 
occurred at the beginning of the growing period. Altera-
tions of mean PCV2 antibody titres through the course of 
the study are showed in Fig. 5.

Figure 6 presents the variation of M hyo antibody titres 
between groups and time points of the study. Approxi-
mately half of the piglets from both groups had anti-
bodies against M hyo on day 0 of the study, whereas at 
the end of the study antibodies were detected in 24% of 
the vaccinated pigs, while none of the control animals 
showed any presence of antibodies against M hyo. Such 
findings represent the immune reaction to M hyo field 
infection at the trial farm. Quite similarly to PCV2, a M 
hyo field infection should have occurred around 10–12 
weeks of age, since titers increased only in the vaccinated 
group after the 13th week of the study.

As regards findings of simultaneous presence of other 
pathogens in the trial animals during the study, serologi-
cal evaluation on week 19 of the study suggested absence 

Table 2 Lung lesion scores (LLS) and pleuritis scores per trial 
group

LLS∗ and pleuritis findings∋

Treatment group# LLS Absence 
of pleuritis 
findings

Topical 
adhe-
sions 
(spots)

Larger 
adhe-
sions

Control group 9.60 ± 11.05a 203 (65.7%) 70 
(22.7%)

36 
(11.7%)

Test group 4.31 ± 6.90b 230 (75.4%) 50 
(16.4%)

25 
(8.2%)

∗ mean ± standard deviation (SD)
a, b Means with different superscripts in the same column differ significantly 
(p < 0.0001)
∋Number of cases in each category [% of total cases (309 total cases in control 
and 305 total cases in trial group, respectively) scored]. Comparison of pleuritis 
findings among groups: p = 0.0082
# Control group: Unvaccinated animals; Test group: Animals vaccinated with 
Porcilis PCV M Hyo ID at three weeks of age
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Fig. 3 PCV2 viraemia results in each trial group at each sampling point during the study∋. ∋ Control group: Unvaccinated animals; Test group: Animals 
vaccinated with Porcilis PCV M Hyo ID at three weeks of age. PCV2: porcine circovirus

 

Fig. 2 Boxplot of PCV2 viremia area under the curve (AUC) per treatment group∋. ∋ Control group: Unvaccinated animals; Test group: Animals vaccinated 
with Porcilis PCV M Hyo ID at three weeks of age. PCV2: porcine circovirus
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of marked differences in antibody titers against concur-
rent viral or bacterial pathogens among trial groups 
(data not shown). Therefore, the presence of an acute 
co-infection of trial animals at that time point cannot be 
reported.

Safety observations
Regarding immediate reactions after vaccination, one 
animal reacted with a transient swelling around the lower 

surface of the neck and swelling around the eyes. Upon 
checking on day 7 this animal was scored as healthy. One 
other test pig tended to lie down with minor signs of dis-
comfort at day 14 after vaccination but recovered when 
checked on day 21. The timing makes it very unlikely that 
this adverse reaction was caused by vaccination. No other 
systemic adverse reactions were observed in vaccinated 
animals.

Fig. 5 PCV2 mean log₂ antibody titre by treatment group∋ and week of the study. ∋ Control group: Unvaccinated animals; Test group: Animals vaccinated 
with Porcilis PCV M Hyo ID at three weeks of age. PCV2: porcine circovirus

 

Fig. 4 PCV2 fecal shedding results in each trial group at each sampling point during the study∋. ∋ Control group: Unvaccinated animals; Test group: 
Animals vaccinated with Porcilis PCV M Hyo ID at three weeks of age. PCV2: porcine circovirus
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The assessment of local reactions over the four weeks 
following vaccination revealed that all vaccinated animals 
exhibited such reactions, while none were observed in 
the control pigs. Vaccinated pigs had mild local reactions 
at the site of injection with a maximum measured diam-
eter of 5 cm. Reactions which remained on day 28 (n = 18) 
had a reduced diameter of 0.2–2.5 cm.

Discussion
The results of the present study demonstrated that vacci-
nation with the test ID vaccine (Porcilis PCV M Hyo ID) 
significantly reduced the severity of lung lesions associ-
ated with M hyo infection and pleuritic findings, as well 
as PCV2 viraemia and shedding. Moreover, improved 
performance parameters in vaccinated animals such 
as greater ADWG in the finishing and the overall study 
period in comparison with the control group, were 
detected. Furthermore, increased BW at slaughter with a 
mean improvement of 4.6 kg BW in vaccinated pigs was 
noticed along with improved uniformity of the test group 
animals’ BW at slaughter. As regards the reduction of 
LLS, 42% of assessed lungs from the test group showed 
absence of lung lesions, whereas only 28% of lungs from 
control animals were “free” from lung lesions.

A recent study with another one-dose ready to use 
combined PCV2 and M hyo ID vaccine (administration 

on the 24th day of age) provided also evidence of a 
decrease in LLS and overall prevalence of broncho pneu-
monic lungs [25]. In the latter study, results on vaccine 
efficacy related to PCV2 viremia and PCV2 shedding 
were not assessed, thus not presented. In another study 
by Suh et al. [33], findings from vaccination of 21 day old 
piglets with the above-mentioned bivalent ID vaccine 
[25] and a following experimental infection either with 
M hyo, or PCV2d or both pathogens, provided evidence 
of improved growth performance, reduced pulmonary 
and lymphoid lesions, increased neutralizing antibod-
ies against PCV2d and specific interferon-γ secreting 
cells for each pathogen, along with reduced viral load in 
the blood, and M hyo load in the larynx. Results of our 
study on the other hand, demonstrated the immunologi-
cal reaction and the improvement of primary efficacy 
parameters in vaccinated animals even in field conditions 
without the acute infection dynamics and pressure of 
experimental infection conditions. A significant reduc-
tion of viral shedding and a greater immune response 
against PCV2 natural infection at around 12 weeks of 
age was observed in vaccinated animals when compared 
with controls in the present study. At a similar timepoint, 
when natural exposure to M hyo antigenic load occurred 
in the trial farm, the immune response of vaccinated ani-
mals showed a timely response to the pathogen providing 

Fig. 6 Mhyo % seropositive samples by treatment group∋ and week of the study. ∋ Control group: Unvaccinated animals; Test group: Animals vaccinated 
with Porcilis PCV M Hyo ID at three weeks of age. Mhyo: Mycoplasma hyopneumoniae
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clinical protection to the animals at the last part of the 
study. Thus, ID vaccination with the test product in our 
study was able to provide significant and timely pro-
gressed immune response, counteracting antigenic pres-
sure by both pathogens under field conditions. On the 
other hand, the reduced sensitivity of the ELISA test 
used in the study (approximately 55.69%) as regards the 
detection of a possibly weak immune response of control 
animals after field infection, could be also considered as 
responsible for the absence of seroconversion against M 
hyo in non-vaccinated animals [34]. Moreover, M hyo is 
not invasive and attaches to the ciliated respiratory epi-
thelium, whereas potential colonization of the lower 
respiratory tract does not always guarantee an infection 
sufficient to trigger a humoral immune response [35]. 
Therefore, the serum antibody response to the bacteria 
may be variable [36].

Protection against both M hyo and PCV2 circulating 
in the trial farm, as observed with reduced pneumonia 
findings and viral shedding in the present study, helps to 
mitigate the risk of PRDC, since both pathogens have a 
significant role in the pathogenesis of PRDC [37]. Such 
protection against major PRDC aetiological factors along 
with the improved BW and ADWG values [4.6 kg greater 
weight at slaughter and 24.5  g improvement of ADWG 
for the total study period (p < 0.0001)] in vaccinated ani-
mals when compared with control animals, could be also 
translated as reduction of production losses and possible 
improvement of the financial outcome of pig production. 
According to the review by Boeters et al. [29], the median 
economic impact of single or combined respiratory infec-
tions could range from €1.70 per nursery pig up to €323 
per sow per year. Improvement of such financial figures, 
including the reduction of antimicrobials usage due to 
proper preventive vaccination strategies [38], should 
benefit the pig industry which already works under very 
tight financial margins.

Evaluation of BW at slaughter and the narrower range 
of BW values in the test group was an indication that 
the mean BW of vaccinated animals at slaughter was 
more homogeneous than the control group. The homo-
geneity of weight at slaughter is always preferable in pig 
production, as significant financial consequences of a 
greater BW variability at slaughter are related to qual-
ity classification and quotation of the carcasses, whereas 
undoubtedly lightest pigs within a batch, will be depre-
ciated [39–40]. Though quality classification at slaughter 
was not performed in the present study, our findings sup-
port a better uniformity of the final product, which could 
subsequently meet quality specifications and better sat-
isfy processing requirements, as meat retailers request 
a more uniform product [41] and consumers demand 
improved product quality [42].

The dermis is an exceptional site for vaccine delivery 
and rich in dendritic cells and lymph vessels which pro-
mote processing of incoming antigens [43]. Findings from 
a previous study by Puig et al. [44] with a bivalent ID vac-
cine against PCV2 and M hyo (vaccination of animals on 
the 21st day of age), demonstrated also improved growth 
performance during the first weeks after weaning in 
comparison with groups of animals which received mon-
ovalent IM vaccines against each of the pathogens at the 
same timepoint. The above-mentioned findings of studies 
with bivalent ID vaccines against PCV2 and M hyo, sup-
port future vaccination strategic planning against both 
pathogens with one ID intervention, based on the infec-
tion status of the farm. It could be expected that, when 
serologically justified, ID vaccination with bivalent or 
trivalent vaccines will replace the traditional IM vaccina-
tion with monovalent vaccines. Furthermore, as observed 
in the present study only mild local reactions should be 
expected after proper ID vaccination in pigs, thus provid-
ing a safe alternative to IM vaccination. Therefore, dis-
ease prevention based on least invasive ID vaccination 
strategies causing minimal distress to animals with one 
instead of two separate restraint and vaccination efforts 
seems to be a proper approach for improved control of 
both pathogens under field conditions.

Conclusions
Results of the present study proved that the test vaccine 
Porcilis PCV M Hyo ID can be considered as safe to use 
on the 3rd week of age. The efficacy of the test vaccine 
was also highlighted on the specific trial farm with con-
current presence of M hyo and PCV2. Vaccination sig-
nificantly reduced the PCV2 viraemia and shedding in 
faeces, whereas the severity of M hyo like lung lesions 
and pleuritis were also reduced in vaccinated animals. 
An improvement of ADWG during the finishing period 
and the overall study period was also observed. Taken 
together, based on the safety and efficacy results of the 
present study, the test vaccine can be suggested as a pre-
ventive tool under field conditions of concurrent expo-
sure to M hyo and PCV2.

Abbreviations
BW  Body weight
ADWG  Average daily weight gain
PRDC  Porcine respiratory disease complex
PCV2  Porcine circovirus 2
M hyo  Mycoplasma hyopneumoniae
PCVD  Porcine circovirus diseases
PCV-2-SI  Porcine circovirus subclinical infection
PCV-2-SD  Porcine circovirus systemic disease
PCV-2-RD  Porcine circovirus reproductive disease
PDNS  Porcine dermatitis and nephropathy syndrome
IM  Intramuscular vaccination
ID  Intradermal vaccination
IDAL  Intradermal application of liquids
LI  Lawsonia intracellularis
APP  Actinobacillus pleuropneumoniae



Page 11 of 12Tassis et al. Porcine Health Management           (2025) 11:19 

HPS  Hemophilus parasuis– Glässerella parasuis
PRRSV  Porcine Reproductive and Respiratory syndrome virus
LLS  Lung lesion scores

Acknowledgements
Not applicable.

Author contributions
Conceptualization, Validation and Data curation: S.P.; K.tH.; E.T.; Q.C. 
Methodology S.P.; K.tH.; P.T.; I.T.; E.T.; Formal Analysis and Resources: S.P.; K.tH.; 
Q.C.; Investigation and Writing - Original Draft: P.T.; D.F.; I.T.; N.N.; V.P.; I.A.; E.T.; 
Writing - Review & Editing: P.T.; E.T.; V.P.; I.A.; S.P.; K.tH.; Q.C.; Supervision: S.P.; 
Funding acquisition: E.T. All authors reviewed the manuscript.

Funding
The study received funding from MSD Animal Health (The Netherlands), 
through the Research Committee of the Aristotle University of Thessaloniki 
(Study Nr: 72834).

Data availability
The data presented in this study are available on reasonable request from the 
corresponding author after permission of the Funding Body.

Declarations

Ethics approval and consent to participate
The trial farm owner has provided a written consent for participation to 
the study. This study protocol was reviewed and approved according to 
the relevant regulatory standards from the Research Ethics Committee 
of the Aristotle University of Thessaloniki (AUTH) with approval number 
112724 /2021 EHDE). The study was performed in conformity with the 
requirements of EU note for guidance “Requirements for the production 
and Control of immunological veterinary medicinal products (EMA/CVMP/
IWP/206555/2010)”, Ph.Eur General Chap. 5.2.7 “Evaluation of efficacy of 
veterinary vaccines and immunosera” and Ph.Eur Monograph 2448 “Porcine 
enzootic pneumonia vaccine (inactivated)”. The procedures in this clinical 
study were performed according to the Code of practice (Good Clinical 
Practice) for the Conduct of Clinical trials for Veterinary Medical Products and 
the animals were maintained in accordance with National and European 
Animal Welfare requirements [45–47].

Consent for publication
Not applicable.

Competing interests
Three of the authors (SP, KtH, QC) are employees of the funding body, 
however, this circumstance did not influence the design of the experimental 
studies or bias the presentation and interpretation of results. The other 
authors, declare no conflict of interest.

Received: 6 November 2024 / Accepted: 5 March 2025

References
1. Saade G, Deblanc C, Bougon J, et al. Coinfections and their molecular conse-

quences in the Porcine respiratory tract. Vet Res. 2020.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 
6  / s  1 3 5 6 7 - 0 2 0 - 0 0 8 0 7 - 8.

2. Clark LK, Armstrong CH, Scheidt AB, et al. The effect of Mycoplasma hyo-
pneumoniae infection on growth in pigs with or without environmental 
constraints. J Swine Health Prod. 1993;1(6):10–4.

3. Pieters MG, Maes D. Mycoplasmosis. In: Zimmermann JJ, Karriker LA, Ramirez 
A, Schwartz KJ, Stevenson GW, Zhang J, editors. Diseases of swine. Hoboken, 
NJ USA: John Wiley & Sons, Inc; 2019. pp. 863–83.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 2  / 9  7 8 
1 1 1 9 3 5 0 9 2 7 . c h 5 6.

4. Meyns T, Maes D, Dewulf J, Vicca J, Haesebrouck F, de Kruif A. Quantification 
of the spread of Mycoplasma hyopneumoniae in nursery pigs using trans-
mission experiments. Prev Vet Med. 2004.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . p r  e v e  t m e 
d  . 2  0 0 4 . 1 0 . 0 0 1.

5. Pieters M, Pijoan C, Fano E, Dee S. An assessment of the duration of Myco-
plasma hyopneumoniae infection in an experimentally infected population 
of pigs. Vet Microbiol. 2009.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . v e  t m i  c . 2 0  0 8  . 0 8 . 0 1 6.

6. Pieters MG, Betlach A, Nathues H, Maes D. Epidemiology of Mycoplasma hyo-
pneumoniae infections. In Maes D, Sibila M, Pieters M, editors. Mycoplasmas 
in swine. Wallingford, Oxfordshire, UK: CABI 2020. 1st ed. pp. 87–96.

7. Segalés J, Sibila M. Revisiting Porcine circovirus disease diagnostic criteria in 
the current Porcine circovirus 2 epidemiological context. Vet Sci. 2022.  h t t p  s : /  
/ d o i  . o  r g /  1 0 .  3 3 9 0  / v  e t s c i 9 0 3 0 1 1 0.

8. Segalés J. Porcine circovirus type 2 (PCV2) infections: clinical signs, pathology 
and laboratory diagnosis. Virus Res. 2012.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . v i  r u s  r e s .  2 0  
1 1 . 1 0 . 0 0 7.

9. Chae C. Porcine respiratory disease complex: interaction of vaccination and 
Porcine circovirus type 2, Porcine reproductive and respiratory syndrome 
virus, and Mycoplasma hyopneumoniae. Vet J. 2016.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  
. t v j l . 2 0 1 5 . 1 0 . 0 3 0.

10. Correa-Fiz F, Franzo G, Llorens A, Huerta E, Sibila M, Kekarainen T, Segalés J. 
Porcine circovirus 2 (PCV2) population study in experimentally infected pigs 
developing PCV2-systemic disease or a subclinical infection. Sci Rep. 2020.  h t 
t p  s : /  / d o i  . o  r g /  1 0 .  1 0 3 8  / s  4 1 5 9 8 - 0 2 0 - 7 4 6 2 7 - 3.

11. Opriessnig T, Thacker EL, Yu S, Fenaux M, Meng XJ, Halbur PG. Experimental 
reproduction of postweaning multisystemic wasting syndrome in pigs by 
dual infection with Mycoplasma hyopneumoniae and Porcine circovirus type 
2. Vet Pathol. 2004.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 3 5 4  / v  p . 4 1 - 6 - 6 2 4.

12. Opriessnig T, Madson DM, Schalk S, Brockmeier S, Shen HG, Beach NM, 
Meng XJ, Baker RB, Zanella EL, Halbur PG. Porcine circovirus type 2 (PCV2) 
vaccination is effective in reducing disease and PCV2 shedding in semen of 
boars concurrently infected with PCV2 and Mycoplasma hyopneumoniae. 
Theriogenol. 2011.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . t h  e r i  o g e n  o l  o g y . 2 0 1 1 . 0 2 . 0 1 4.

13. Cvjetković V, Sipos S, Szabó I, Sipos W. Clinical efficacy of two vaccination 
strategies against Mycoplasma hyopneumoniae in a pig herd suffering from 
respiratory disease. Porcine Health Manag. 2018.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  4 0 
8 1 3 - 0 1 8 - 0 0 9 2 - 7.

14. Tassis PD, Papatsiros VG, Nell T, et al. Clinical evaluation of intradermal vacci-
nation against Porcine enzootic pneumonia (Mycoplasma hyopneumoniae). 
Vet Rec. 2012.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 3 6  / v  r . 1 0 0 2 3 9.

15. Sno M, Cox E, Holtslag H, Nell T, Pel S, Segers R, Fachinger V, Witvliet M. 
Efficacy and safety of a new intradermal PCV2 vaccine in pigs. Trials Vaccinol. 
2016.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . t r  i v a  c . 2 0  1 6  . 0 1 . 0 0 2.

16. Stadler J, Naderer L, Beffort L, et al. Safety and immune responses after intra-
dermal application of porcilis PRRS in either the neck or the perianal region. 
PLoS ONE. 2018.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 3 7 1  / j  o u r  n a l  . p o n  e .  0 2 0 3 5 6 0.

17. Jacobs AAC, Harks F, Pauwels R, et al. Efficacy of a novel intradermal Lawsonia 
intracellularis vaccine in pigs against experimental infection and under field 
conditions. Porcine Health Manag. 2020.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  4 0 8 1 3 - 0 2 
0 - 0 0 1 6 4 - 0.

18. López-Lorenzo G, Prieto A, López-Novo C, Díaz P, López CM, Morrondo P, 
Fernández G, Díaz-Cao JM. Efficacy of two commercial Ready-To-Use PCV2 
and Mycoplasma hyopneumoniae vaccines under field conditions. Anim 
(Basel). 2021.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 9 0  / a  n i 1 1 0 6 1 5 5 3.

19. Tassis PD, Tsakmakidis I, Papatsiros VG, Koulialis D, Nell T, Brellou G, Tzika ED. A 
randomized controlled study on the efficacy of a novel combination vaccine 
against enzootic pneumonia (Mycoplasma hyopneumoniae) and Porcine 
circovirus type 2 (PCV2) in the presence of strong maternally derived PCV2 
immunity in pigs. BMC Vet Res. 2017.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 2 9 1 7 - 0 1 7 - 1 0 1 
4 - 7.

20. Tzika ED, Tassis PD, Koulialis D, Papatsiros VG, Nell T, Brellou G, Tsakmakidis 
I. Field efficacy study of a novel ready-to-use vaccine against mycoplasma 
hyopneumoniae and Porcine circovirus type 2 in a Greek farm. Porcine Health 
Manag. 2015.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  4 0 8 1 3 - 0 1 5 - 0 0 0 6 - x.

21. Romani N, Flacher V, Tripp CH, Sparber F, Ebner S, Stoitzner P. Targeting skin 
dendritic cells to improve intradermal vaccination. Curr Top Microbiol Immu-
nol. 2012.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / 8  2 _ 2 0 1 0 _ 1 1 8.

22. Teunissen MB, Haniffa M, Collin MP. Insight into the immunobiology of 
human skin and functional specialization of skin dendritic cell subsets to 
Innovate intradermal vaccination design. Curr Top Microbiol Immunol. 2012.  
h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / 8  2 _ 2 0 1 1 _ 1 6 9.

23. Temple D, Escribano D, Jiménez M, Mainau E, Cerón JJ, Manteca X. Effect of 
the needle-free intra dermal application of liquids vaccination on the welfare 
of pregnant sows. Porcine Health Manag. 2017.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  4 0 8 
1 3 - 0 1 7 - 0 0 5 6 - 3.

https://doi.org/10.1186/s13567-020-00807-8
https://doi.org/10.1186/s13567-020-00807-8
https://doi.org/10.1002/9781119350927.ch56
https://doi.org/10.1002/9781119350927.ch56
https://doi.org/10.1016/j.prevetmed.2004.10.001
https://doi.org/10.1016/j.prevetmed.2004.10.001
https://doi.org/10.1016/j.vetmic.2008.08.016
https://doi.org/10.3390/vetsci9030110
https://doi.org/10.3390/vetsci9030110
https://doi.org/10.1016/j.virusres.2011.10.007
https://doi.org/10.1016/j.virusres.2011.10.007
https://doi.org/10.1016/j.tvjl.2015.10.030
https://doi.org/10.1016/j.tvjl.2015.10.030
https://doi.org/10.1038/s41598-020-74627-3
https://doi.org/10.1038/s41598-020-74627-3
https://doi.org/10.1354/vp.41-6-624
https://doi.org/10.1016/j.theriogenology.2011.02.014
https://doi.org/10.1186/s40813-018-0092-7
https://doi.org/10.1186/s40813-018-0092-7
https://doi.org/10.1136/vr.100239
https://doi.org/10.1016/j.trivac.2016.01.002
https://doi.org/10.1371/journal.pone.0203560
https://doi.org/10.1186/s40813-020-00164-0
https://doi.org/10.1186/s40813-020-00164-0
https://doi.org/10.3390/ani11061553
https://doi.org/10.1186/s12917-017-1014-7
https://doi.org/10.1186/s12917-017-1014-7
https://doi.org/10.1186/s40813-015-0006-x
https://doi.org/10.1007/82_2010_118
https://doi.org/10.1007/82_2011_169
https://doi.org/10.1007/82_2011_169
https://doi.org/10.1186/s40813-017-0056-3
https://doi.org/10.1186/s40813-017-0056-3


Page 12 of 12Tassis et al. Porcine Health Management           (2025) 11:19 

24. Scollo A, Minervini S, Galli MC, Cevidalli A, Bortoletto G, Romano G, Gottardo 
F. Evaluation of pain and stress in three-week old piglets in relation to route 
Ofvaccine administration. Livest Sci. 2020.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . l i  v s c  i . 2 0  2 0  
. 1 0 3 9 3 9.

25. Sipos W, Sipos S. Clinical efficacy of two novel, differentially administered (IM, 
ID) vaccines against Mycoplasma hyopneumoniae and PCV2 in swine under 
field conditions. Anim (Basel). 2022.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 9 0  / a  n i 1 2 2 4 3 4 6 7.

26. Afghah Z, Webb B, Meng XJ, Ramamoorthy S. Ten years of PCV2 vaccines and 
vaccination: is eradication a possibility? Vet Microbiol. 2017.  h t t p  s : /  / d o i  . o  r g /  1 
0 .  1 0 1 6  / j  . v e  t m i  c . 2 0  1 6  . 1 0 . 0 0 2.

27. Maes D, Sibila M, Kuhnert P, Segalés J, Haesebrouck F, Pieters M. Update 
on Mycoplasma hyopneumoniae infections in pigs: knowledge gaps for 
improved disease control. Transbound Emerg Dis. 2018.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 
1 1  / t  b e d . 1 2 6 7 7.

28. Fablet C, Marois-Créhan C, Simon G, Grasland B, Jestin A, Kobisch M, Madec F, 
Rose N. Infectious agents associated with respiratory diseases in 125 farrow-
to-finish pig herds: a cross-sectional study. Vet Microbiol. 2012.  h t t p  s : /  / d o i  . o  r g 
/  1 0 .  1 0 1 6  / j  . v e  t m i  c . 2 0  1 1  . 1 2 . 0 1 5.

29. Boeters M, Garcia-Morante B, van Schaik G, Segalés J, Rushton J, Steeneveld 
W. The economic impact of endemic respiratory disease in pigs and related 
interventions - a systematic review. Porcine Health Manag. 2023.  h t t p  s : /  / d o i  . o  
r g /  1 0 .  1 1 8 6  / s  4 0 8 1 3 - 0 2 3 - 0 0 3 4 2 - w.

30. Kaalberg L, Geurts V, Jolie R. A field efficacy and safety trial in the Netherlands 
in pigs vaccinated at 3 weeks of age with a ready-to-use Porcine circovirus 
type 2 and Mycoplasma hyopneumoniae combined vaccine. Porcine Health 
Manag. 2017.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  4 0 8 1 3 - 0 1 7 - 0 0 7 0 - 5.

31. nQuery. Sample size and power calculation. Statsols. Ireland: Statistical Solu-
tions Ltd), Cork; 2017.

32. Horsington J, Witvliet M, Jacobs AAC, Segers RPAM. Efficacy of simultane-
ous intradermal vaccination of swine against Porcine circovirus 2, Porcine 
reproductive and respiratory syndrome virus, Mycoplasma hyopneumoniae 
and Lawsonia intracellularis. Anim (Basel). 2021.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 9 0  / a  n i 1 
1 0 8 2 2 2 5.

33. Suh J, Oh T, Chae C. An evaluation of intradermal all-in-one vaccine based on 
an inactivated Recombinant Mycoplasma hyopneumoniae strain expressing 
Porcine circovirus type 2 (PCV2) capsid protein against Korean stains of 
PCV2d and M. hyopneumoniae challenge. Comp Immunol Microbiol Infect 
Dis. 2022.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . c i  m i d  . 2 0 2  2 .  1 0 1 9 1 1.

34. Poeta Silva APS, Magtoto RL, Souza Almeida HM, McDaniel A, Magtoto PD, 
Derscheid RJ, Merodio MM, Matias Ferreyra FS, Gatto IRH, Baum DH, Clavijo 
MJ, Arruda BL, Zimmerman JJ, Giménez-Lirola LG. Performance of commercial 
Mycoplasma hyopneumoniae serum Enzyme-Linked immunosorbent assays 
under experimental and field conditions. J Clin Microbiol. 2020.  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 2 8  / J  C M . 0 0 4 8 5 - 2 0.

35. Poeta Silva APS, Marostica TP, McDaniel A, Arruda BL, Alonso C, Derscheid R, 
Yeske P, Linhares DCL, Giménez-Lirola L, Karriker L, Fano E, Zimmerman JJ, 
Clavijo MJ. Comparison of Mycoplasma hyopneumoniae response to infec-
tion by route of exposure. Vet Microbiol. 2021.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . v e  t m i  
c . 2 0  2 1  . 1 0 9 1 1 8.

36. Martelli P, Terreni M, Guazzetti S, Cavirani S. Antibody response to Myco-
plasma hyopneumoniae infection in vaccinated pigs with or without maternal 

antibodies induced by Sow vaccination. J Vet Med. 2006.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 
1 1 1  / j  . 1 4  3 9 -  0 4 5 0  . 2  0 0 6 . 0 0 9 5 2 . x.

37. Marco E, Yeske P, Pieters M. General control measures against Mycoplasma 
hyopneumoniae infections. In Maes D, Sibila M, Pieters M, editors Mycoplas-
mas in swine Wallingford, Oxfordshire, UK: CABI; p. 87–96.

38. Maes D, Boyen F, Haesebrouck F, Gautier-Bouchardon AV. Antimicrobial treat-
ment of Mycoplasma hyopneumoniae infections. Vet J. 2020.  h t t p  s : /  / d o i  . o  r g /  
1 0 .  1 0 1 6  / j  . t v j l . 2 0 2 0 . 1 0 5 4 7 4.

39. Larriestra AJ, Wattanaphansak S, Neumann EJ, Bradford J, Morrison RB, Deen 
J. Pig characteristics associated with mortality and light exit weight for the 
nursery phase. Can Vet J. 2006;47(6):560–6.

40. Douglas SL, Edwards SA, Kyriazakis I. Management strategies to improve 
the performance of low-birth-weight pigs to weaning and their long-term 
consequences. J Anim Sci. 2014.  h t t p  s : /  / d o i  . o  r g /  1 0 .  2 5 2 7  / j  a s . 2 0 1 3 - 7 3 8 8.

41. Hennessy DA. Slaughterhouse rules: animal uniformity and regulating for 
food safety in meat packing. Am J Agric Econ. 2005;87:600–9.  h t t p  s : /  / d o i  . o  r g /  
1 0 .  1 1 1 1  / j  . 1 4  6 7 -  8 2 7 6  . 2  0 0 5 . 0 0 7 5 0 . x.

42. Alfonso L, Zudaire G, Sarries MV, Viguera J, Flamarique F. Investigation of 
uniformity in pig carcass and meat quality traits. Animal. 2010;4(10):1739–45.  
h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 7  / S  1 7 5 1 7 3 1 1 1 0 0 0 0 8 1 9.

43. Opriessnig T, Mattei AA, Karuppannan AK, Halbur PG. Future perspectives on 
swine viral vaccines: where are we headed? Porcine Health Manag. 2021.  h t t p  
s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  4 0 8 1 3 - 0 2 0 - 0 0 1 7 9 - 7.

44. Puig A, Bernal I, Sabaté D, Ballarà I, Montané J, Nodar L, Angelats D, Jordà R. 
Comparison of effects of a single dose of MHYOSPHERE® PCV ID with three 
commercial porcine vaccine associations against Mycoplasma hyopneu-
moniae (Mhyo) and porcine circovirus type 2 (PCV2) on piglet growth during 
the nursery period under field conditions. Vet Res Commun. 2022;  h t t p  s : /  / d o i  
. o  r g /  1 0 .  1 0 0 7  / s  1 1 2 5 9 - 0 2 2 - 0 9 9 7 1 - y. E.

45. EMEA - European Agency for the evaluation of medicinal products, veterinary 
medicines and inspections. European Medicines Agency (EMEA) London, 
UK: CVMP 816/00– EMEA CVMP. 2001. Guidelines on Statistical Principles for 
Veterinary Clinical Trials.  h t t p  s : /  / w w w  . e  m a .  e u r  o p a .  e u  / e n  / s t  a t i s  t i  c a l  - p r  i n c i  p l  e s 
-  c l i  n i c a  l -  t r i  a l s  - v e t  e r  i n a  r y -  m e d i  c i  n a l  - p r  o d u c  t s  - p h  a r m  a c e u  t i  c a l s - s c i e n t i fi  c - g u i d 
e l i n e. Accessed 11 June 2024.

46. EMEA - European Agency for the evaluation of medicinal products. European 
Medicines Agency (EMEA), CVMP 595– VICH Topic GL9 (GCP) London, UK: 
EMEA CVMP. Guidelines on Good Clinical Practices. 1998.  h t t p  s : /  / w w w  . e  m a .  e 
u r  o p a .  e u  / e n  / h u  m a n -  r e  g u l  a t o  r y - o  v e  r v i  e w /  r e s e  a r  c h -  d e v  e l o p  m e  n t /  c o m  p l i a  n c  
e - r  e s e  a r c h  - d  e v e  l o p  m e n t  / g  o o d - c l i n i c a l - p r a c t i c e. Accessed 11 June 2024.

47. FVE (Federation of Veterinarians of Europe). Code of Good Veterinary Practice 
(GVP Code) Brussels: Federation of Veterinarians of Europe; 2002. European 
Veterinary Ethics and Principles of Conduct.  h t t p s :   /  / w w  w .  f v  e  . o  r  g / c   m s   / w  p - c o  
n t  e  n t  / u p  l  o a  d s  /  F V  E  _  C o  d  e _ o f  _ C   o n d u c  t _  2 0 1 9  _ R 1 _ W E B . p d f. Accessed 14 June 
2024.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.livsci.2020.103939
https://doi.org/10.1016/j.livsci.2020.103939
https://doi.org/10.3390/ani12243467
https://doi.org/10.1016/j.vetmic.2016.10.002
https://doi.org/10.1016/j.vetmic.2016.10.002
https://doi.org/10.1111/tbed.12677
https://doi.org/10.1111/tbed.12677
https://doi.org/10.1016/j.vetmic.2011.12.015
https://doi.org/10.1016/j.vetmic.2011.12.015
https://doi.org/10.1186/s40813-023-00342-w
https://doi.org/10.1186/s40813-023-00342-w
https://doi.org/10.1186/s40813-017-0070-5
https://doi.org/10.3390/ani11082225
https://doi.org/10.3390/ani11082225
https://doi.org/10.1016/j.cimid.2022.101911
https://doi.org/10.1128/JCM.00485-20
https://doi.org/10.1128/JCM.00485-20
https://doi.org/10.1016/j.vetmic.2021.109118
https://doi.org/10.1016/j.vetmic.2021.109118
https://doi.org/10.1111/j.1439-0450.2006.00952.x
https://doi.org/10.1111/j.1439-0450.2006.00952.x
https://doi.org/10.1016/j.tvjl.2020.105474
https://doi.org/10.1016/j.tvjl.2020.105474
https://doi.org/10.2527/jas.2013-7388
https://doi.org/10.1111/j.1467-8276.2005.00750.x
https://doi.org/10.1111/j.1467-8276.2005.00750.x
https://doi.org/10.1017/S1751731110000819
https://doi.org/10.1017/S1751731110000819
https://doi.org/10.1186/s40813-020-00179-7
https://doi.org/10.1186/s40813-020-00179-7
https://doi.org/10.1007/s11259-022-09971-y
https://doi.org/10.1007/s11259-022-09971-y
https://www.ema.europa.eu/en/statistical-principles-clinical-trials-veterinary-medicinal-products-pharmaceuticals-scientific-guideline
https://www.ema.europa.eu/en/statistical-principles-clinical-trials-veterinary-medicinal-products-pharmaceuticals-scientific-guideline
https://www.ema.europa.eu/en/statistical-principles-clinical-trials-veterinary-medicinal-products-pharmaceuticals-scientific-guideline
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/compliance-research-development/good-clinical-practice
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/compliance-research-development/good-clinical-practice
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/compliance-research-development/good-clinical-practice
https://www.fve.org/cms/wp-content/uploads/FVE_Code_of_Conduct_2019_R1_WEB.pdf
https://www.fve.org/cms/wp-content/uploads/FVE_Code_of_Conduct_2019_R1_WEB.pdf

	Efficacy and safety of intradermal vaccination against porcine circovirus type 2 and Mycoplasma hyopneumoniae under combined exposure field conditions
	Abstract
	Background
	Methods
	Farm and animals
	Test product
	Clinical procedures and parameters
	Serum analysis
	Lung lesion scores
	PCV2 molecular analysis
	Safety assessment
	Statistical analysis

	Results
	Performance parameters, mortality and morbidity



