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Summary
Objectives: To evaluate clinical and 
production parameters in pigs vaccinated 
with commercially available Mycoplasma 
hyopneumoniae (M hyo) bacterins, then co-
infected with M hyo and porcine circovirus 
type 2 (PCV2).

Materials and methods: Weaned pigs (n = 
296) were each vaccinated with one of three 
M hyo bacterins or a placebo and challenged 
3 and 5 weeks after the second vaccination 
with M hyo and PCV2, respectively. A 
subset of pigs, necropsied 2 or 4 weeks after 
PCV2 challenge, were evaluated for clinical 
signs, lesions, PCV2 serum levels, and M 
hyo in bronchial alveolar lavage fluids. Anti-

body titers to M hyo and PCV2 and average 
daily gain (ADG) were determined periodi-
cally during the trial. Estimated carcass value 
was determined at market weight.

Results: In the placebo group, the chal-
lenge caused severe respiratory disease asso-
ciated with M hyo and PCV2. There was 
no evidence of vaccine-enhanced PCV2 
associated disease, in that the vaccine and 
placebo groups did not differ in PCV2 
serum levels, severity of PCV2 lesions, or 
incidence of PCV2-associated disease. Vac-
cinated groups had lower lung lesion scores 
at necropsy 2 weeks post challenge and 
higher body weights and ADG at the study 
conclusion.

Implications: When short-term clinical and 
long-term production parameters are evalu-
ated, control of M hyo infection by M hyo 
vaccination is an important tool in reducing 
respiratory disease and production losses in 
herds infected with both PCV2 and M hyo. 
Under the conditions of this study, M hyo 
vaccination does not enhance disease associ-
ated with PCV2 infection.
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Resumen – Effectos de la vacunación de 
Mycoplasma hyopneumoniae en cerdos 
coinfectados con M hyopneumoniae y 
circovirus porcino tipo 2

Objetivos: Evaluar los parámetros clínicos 
y de producción en cerdos vacunados con 

bacterinas de Mycoplasma hyopneumoniae 
(M hyo por sus siglas en inglés) disponible 
comercialmente, y luego coinfectados con 
M hyo y circovirus porcino tipo 2 (PCV2 
por sus siglas en inglés).

Materiales y métodos: Cerdos destetados 

(n = 296) fueron vacunados con una de tres 
bacterinas de M hyo o un placebo y reta-
dos 3 y 5 semanas después de la segunda 
vacunación con M hyo y PCV2, respectiva-
mente. Un subconjunto de cerdos fueron 
sacrificados 2 o 4 semanas después del 
reto con PCV2 y se evaluaron en busca de 
signos clínicos, lesiones, niveles en suero de 
PCV2, y M hyo en fluídos de lavado bron-
quioalveolar. Los títulos de anticuerpos 
contra M hyo y PCV2 y la ganancia diaria 
promedio (ADG por sus siglas en inglés) 
fueron determinados periódicamente 
durante la prueba. El valor estimado de la 
canal se determinó a peso de mercado.

Resultados: En el grupo de placebo, el reto 
causó enfermedad respiratoria severa asociada 
con M hyo y PCV2. No hubo evidencia de 
aumento de la enfermedad asociada a PCV2 
debido al efecto de la vacunación contra 
PCV2, ya que los grupos de vacuna y placebo 
no difirieron en los niveles de suero de PCV2, 
severidad de lesiones de PCV2, o incidencia 
de enfermedad asociada con PCV2. Los gru-
pos vacunados tuvieron calificaciones menores 
de lesión pulmonar a la necropsia 2 semanas 
después del reto y mayor peso corporal y 
ADG al concluir el estudio.
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Association of postweaning multisys-
temic wasting syndrome (PMWS) 
with a porcine circovirus was 

first reported in 1997 and 1998 in swine 
from Western Canada, the United States, 
and Europe.1-4 Since those early reports, 
PMWS associated with porcine circovirus 
type 2 (PCV2) has become established 
as a disease of major economic impor-
tance in the key swine production areas 
of the world. Porcine circovirus type 2 is 
ubiquitous, and although essential for the 
development of PMWS, PCV2 infection 
alone is usually not sufficient for the devel-
opment of PMWS or the other disease 
syndromes associated with PCV2.5,6 The 
terminology “porcine circovirus diseases” 
(PCVD)6 and “porcine circovirus associ-
ated disease” (PCVAD)7 have been adopted 
to describe the variety of clinical presenta-
tions coincident with PCV2 infection.

The pathogenesis of PCVAD is complex 
and multifactorial. It has been postulated 
that immune stimulation is a key event in 
the clinical expression of PCV2 disease.8,9 
However, inoculation of a macrophage 
activator with tandem-cloned PCV2 
DNA had no effect on viral replication 
or the appearance of disease.10 Experi-
mental studies5,11-17 and epidemiological 
case-controlled studies18-20 indicate that 
clinical expression of PCVAD is also associ-
ated with co-infection with other swine 

pathogens, including Mycoplasma hyopneu-
moniae (M hyo), porcine reproductive and 
respiratory syndrome virus (PRRSV), and 
porcine parvovirus (PPV). Virulence and 
genetic differences among PCV2 isolates 
have been reported,21-27 and introduction 
of a new PCV2 strain into a population 
may be associated with a sudden increase 
in incidence and severity of clinical disease. 
Breed-associated differences in genetic 
susceptibility to the virus have also been 
reported.28 Although epidemiological spread 
of the disease suggests involvement of a new 
unidentified agent in PCVAD,29,30 no such 
agent has yet been identified.

Concurrent M hyo infection is associated 
with greater replication of PCV2, more 
severe PCV2-induced lesions, and a higher 
incidence of PMWS in co-infected pigs.16 
Thus, vaccination to minimize the impact 
of M hyo infection in herds where both M 
hyo and PCV2 are co-circulating should 
be beneficial. However, in some experi-
mental models and field studies, oil-based 
adjuvants or adjuvanted vaccines enhanced 
PCV2 replication and the severity of 
lymphoid depletion, compared to placebos 
or aluminum-based adjuvants.31-34 This 
association has not been demonstrated in 
other studies,35-37 and field experience does 
not indicate temporal or epidemiological 
relationships between the use of vaccines 
in piglets and the onset of PCVAD.38 A 

recent study demonstrated that the inter-
val between administration of an M hyo 
bacterin and experimental challenge with 
PCV2 affects the clinical outcome.39

The present study was conducted to evalu-
ate clinical signs, lesions, and production 
losses or gains following M hyo and PCV2 
co-infection in groups of pigs each treated 
with a placebo or vaccinated with one 
of three commercially available M hyo 
bacterins, which each contained either 
an oil- or aqueous-based adjuvant. The 
bacterins were administered to pigs 3 and 
5 weeks of age. The challenge model was 
a dual M hyo-PCV2 challenge that had 
previously been demonstrated to produce 
severe lesions.16 The pigs were serologi-
cally negative to PCV2 virus at the time of 
PCV2 challenge, in order to circumvent 
the protective effect of even low levels of 
maternal PCV2 antibodies.39,40 Following 
challenge, pigs were evaluated for both 
short-term and long-term outcomes to 
evaluate the effects that M hyo vaccination 
had not only on PCV2 replication and 
lesions, but also on market-weight produc-
tion parameters.

Materials and methods
Study animals
Two hundred ninety-six weaned cross-
bred barrows ([Landrace × York dams] × 
Large White boars) were obtained from a 

Implicaciónes: Cuando se evalúan los 
parámetros de producción a largo plazo y 
clínicos a corto plazo, el control de la infec-
ción de M hyo con vacunación de M hyo 
es una herramienta importante en la reduc-
ción de las enfermedades respiratorias y las 
pérdidas de producción en hatos infectados 
con ambos PCV2 y M hyo. Bajo las condi-
ciones de este estudio, la vacunación de M 
hyo no aumentó la enfermedad asociada 
con la infección de PCV2.

Résumé – Effets d’une vaccination con-
tre Mycoplasma hyopneumoniae chez des 
porcs co-infectés avec M hyopneumoniae 
et le circovirus porcin de type 2

Objectifs: Évaluer des paramètres cliniques 
et zootechniques chez des porcs vaccinés 
contre Mycoplasma hyopneumoniae avec des 
bactérines commerciales, puis co-infectés 
avec M hyopneumoniae et du circovirus 
porcin de type 2 (PCV2).

Matériels et méthodes: Des porcs sevrés 
(n = 296) ont chacun été vaccinés avec 
une des trois bactérines de M hyopneu-
moniae ou un placebo et inoculés 3 et 
5 semaines après la seconde vaccination 
avec, respectivement, M hyopneumoniae 
et PCV2. Chez un sous-groupe de porc, 
soumis à une nécropsie 2 ou 4 semaines 
après l’inoculation avec PCV2, les signes 
cliniques, les lésions, les niveaux sériques 
de PCV2, et de M hyopneumoniae dans 
les lavages broncho-alvéolaires ont été 
évalués. Les titres d’anticorps dirigés 
contre M hyopneumoniae et PCV2 et le 
gain quotidien moyen (ADG) ont été 
déterminés périodiquement durant la durée 
de l’expérience. La valeur estimée de la car-
casse a été déterminée au poids du marché.

Résultats: Dans le groupe placebo, 
l’inoculation a causé une maladie respira-
toire sévère associée à M hyopneumoniae 
et PCV2. Il n’y avait aucune évidence 
d’augmentation de la sévérité de la maladie 
associée à la vaccination, tel que démontré 

par le fait qu’il n’y avait pas de différence 
dans les niveaux sériques de PCV2, dans 
la sévérité des lésions associées à PCV2, 
ou l’incidence de maladie associée à PCV2 
entre les groupes vaccinés et placebo. Les 
groupes vaccinés avaient un pointage de 
lésions pulmonaires plus faibles 2 semaines 
post-inoculation et des poids corporels et 
un ADG plus élevés à la fin de l’étude.

Implications: Lorsque des paramètres de 
production à long terme et des paramètres 
cliniques à court terme sont évalués, la 
maîtrise de l’infection par M hyopneu-
moniae au moyen d’une vaccination envers 
M hyopneumoniae est un outil important 
pour réduire les maladies respiratoires et 
les pertes de production dans les trou-
peaux infectés conjointement par PCV2 
et M hyopneumoniae. Dans les conditions 
expérimentales de la présente étude, la vac-
cination contre M hyopneumoniae n’a pas 
exacerbé la maladie associée à une infection 
par PCV2.
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herd that had no history of vaccination or 
disease due to M hyo or PCV2. Animals 
were excluded from the study under any of 
the following conditions: injury, illness, or 
other adverse event unrelated to the study 
procedures that might compromise evalu-
ation of the bacterins or challenge model; 
serologically positive to M hyo on study 
Day 0; or serologically positive to PCV2 at 
the time of PCV2 challenge (Day 49).

Study design
The study was a blinded generalized block 
design with the blocking factor based on 
body weight and pen location. Study design 
is summarized in Table 1. A block contained 
two animals from each of the four treat-
ment groups, with pig the experimental 
unit. At the time of allotment, seven blocks 
(14 pigs) per group and one block of eight 
nonvaccinated, nonchallenged (NTX) pigs 
were randomly selected for necropsy on Day 
63 (2 weeks after PCV2 inoculation) or on 
Day 77 (4 weeks after PCV2 inoculation). 
Individuals performing clinical observations, 
necropsy scoring, and laboratory analyses 
were blinded to the allocation of animals to 
treatment group. The study was completed 
on Day 131, when the average weight of the 
pigs in the pen estimated to be the heaviest 
was approximately 118.2 to 120.5 kg.

Housing and animal management
The vaccine and placebo groups were 
housed in a single commercial, fan-ven-
tilated swine building with double-sided 
curtains and slatted floors. Each pen 

contained a stainless steel feeder and a 
nipple cup waterer with approximately 
6.3 m2 of floor space. Pigs were housed in 
34 pens with eight pigs per pen (two pigs 
per treatment). To prevent exposure of 
the nonvaccinated, nonchallenged (NTX) 
pigs to the challenges, they were housed in 
three pens, eight pigs per pen, at a different 
facility with a similar configuration. After 
arrival at the study sites, pigs were treated 
according to label directions with ceftiofur 
sodium (Pfizer Animal Health, New York, 
New York) for 3 consecutive days to help 
prevent stress-related infections associated 
with weaning and shipping. Pigs were 
acclimated for 7 days prior to the first vac-
cination. Animal feed contained 55 g per 
tonne carbadox (Mecadox; Phibro Animal 
Health, Fairfield, New Jersey) until Day 
20, 15 days prior to M hyo challenge, at 
which time animals were introduced to 
an age-appropriate nonmedicated diet. 
Throughout the study, pigs were fed two 
stages of nursery diets and five stages of 
grow-finish diets (1.20%, 1.05%, 1.0%, 
0.9%, and 0.75 % lysine content, respec-
tively). Each ration was a pelleted corn-soy 
diet with 3% fat added, formulated for 
maximum lean-gain accretion to exceed 
NRC requirements.41 All diets and water 
were provided ad libitum.

Pigs were observed daily for general heath 
and, in the event of clinical illness prior to 
the completion of the study, treatments that 
were considered necessary for the animal’s 
welfare were administered at the discre-
tion of the site veterinarian. Moribund 

or injured animals were euthanized and 
necropsied. This study was approved by the 
Institutional Animal Care and Use Com-
mittee of Veterinary Resources, Inc, Ames, 
Iowa.

Vaccination and challenge 
procedures
Pigs in the three vaccine groups were vac-
cinated intramuscularly at approximately 
3 and 5 weeks of age (Days 0 and 14) with 
commercially available bacterins at the doses 
recommended on the labels (Table 1). The 
placebo was a sterile 0.9% saline solution 
(Phoenix Pharmaceuticals, St Joseph, 
Missouri).

The M hyo lung homogenate, adminis-
tered on Day 35, contained isolate 232, a 
derivative of M hyopneumoniae strain 11.42 
Each pig was manually restrained and the 
inoculum was administered endotracheally 
(10 mL containing 105 color changing 
units per mL)

The PCV2 challenge inoculum, adminis-
tered on Day 49, was PK-15 cell-culture 
passaged live virus prepared from PCV2 
40985 molecular clone.43 Each pig was 
manually restrained and inoculated with 
3 mL of virus: 1 mL given in the right 
neck muscle and 2 mL given intranasally 
(approximately 1 mL per nostril). The titer 
of the PCV2 challenge was 104.54 median 
tissue culture infectious doses (TCID50) 
per mL, as determined by back-titration 
using an indirect fluorescent antibody assay 
on PK-15 cells.43

Table 1: Summary of study design to evaluate the effects of Mycoplasma hyopneumoniae (M hyo) vaccination in pigs  
co-infected with M hyo and porcine circovirus type 2 (PCV2)

*    Seven blocks (14 pigs each for Placebo and Vacc1, Vacc2, and Vacc3) and one block (eight pigs) of NTX pigs randomly selected for 
necropsy each day. NTX pigs: nonvaccinated, nonchallenged procedural controls housed at a different facility, not included in the 
analysis; NA = not applicable.

†    Pfizer Animal Health, New York, New York.
‡    Schering-Plough Animal Health, Summit, New Jersey.
§     Fort Dodge Animal Health, Fort Dodge, Iowa.

Study day

Group Bacterin  
(adjuvant type)

N Vaccination M hyo  
challenge

PCV2  
challenge

Necropsy* Close out

Placebo Saline placebo 68 0, 14 35 49 63, 77 131

Vacc1 RespiSure† (oil based) 68 0, 14 35 49 63, 77 131

Vacc2 M+Pac‡ (oil based) 68 0, 14 35 49 63, 77 131

Vacc3  Suvaxyn RespiFend MH§ 
(aqueous based)

68 0, 14 35 49 63, 77 131

NTX NA 24 NA NA NA 63, 77 131
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Serological testing
Blood samples were collected on Days -2, 
34, 48, 62, 76, 100, and 131, and the sera 
were tested for PCV2 and M hyo antibodies 
by ELISA.44,45 For the Tween 20 M hyo 
ELISA, a normalized optical density (OD) 
of < 0.20 is negative and a value of > 0.24 is 
positive.46 For the PCV2 ELISA, a sample-
to-positive (S:P) ratio of < 0.12 is negative 
and an S:P ratio of > 0.20 is positive. For 
analysis of the frequency of positive or nega-
tive sera at any time point, ELISA values 
that fell between the established negative 
and positive values were treated as negative. 
Sera from selected time points and pigs were 
submitted to the Iowa State University Vet-
erinary Diagnostic Laboratory (ISU VDL) 
for testing for antibodies to PRRSV, swine 
influenza virus (SIV H1N1 and H3N2) 
and PPV to ascertain the status of the study 
animals relative to these pathogens.

Clinical signs and necropsy
Pigs in the blocks randomly selected at the 
time of allotment for necropsy on Day 63 
or Day 77 were observed for clinical signs, 
and body temperatures were recorded 
three times weekly after PCV2 challenge. 
The following clinical signs were scored 
as absent or present (score of 0 or 1, 
respectively): respiratory distress, sneezing, 
coughing, lethargy, wasting, and icterus.

At necropsy, macroscopic lesions of all 
organs and the percent of lung involve-
ment were scored visually.47 Percent lung 
involvement was recorded for dorsal and 
ventral sides of the left and right cranial, 
middle, and caudal lobes, and for the 
accessory lobe. Pooled lymph nodes from 
each pig were scored for hyperplasia (score 
of 0 to 3). Other organs were scored for 
macroscopic lesions as absent (0) or present 
(1). Fixed tissue samples from the liver, 
heart, lung, tonsils, thymus, spleen, kidney, 
and the lymph-node pool were examined 
histologically. Tissue samples were scored 
for microscopic lesions and immunohisto-
chemical staining for the presence of PCV2 
antigen as previously described.16,32,48 
Briefly, the scores ranged from 0 to 3 (nor-
mal, mild, moderate, severe) for the spleen, 
tonsil, and lymph-node pool. The lymph-
node pool was scored for lymphoid deple-
tion, histiocytic replacement, and the pres-
ence of PCV2 by immunohistochemistry 
(IHC); the spleen and tonsils were scored 
for lymphoid depletion and for the pres-
ence of PCV2 by IHC. Lung tissue sections 

were scored from 0 to 3 for the presence of 
PCV2 by IHC and also for the presence and 
severity of pneumonia as follows: 0 = nor-
mal; 1 = mild multifocal; 2 = mild diffuse; 3 
= moderate multifocal; 4 = moderate diffuse; 
5 = severe multifocal; and 6 = severe diffuse. 
The lesion scoring system was 0 (absent) or 
1 (present) for the other tissues.

Polymerase chain reaction
Serum samples collected on Days 48, 62, 
and 76 were tested for PCV2 DNA copy 
number by real-time quantitative poly-
merase chain reaction (qPCR).32 Titers are 
presented as genome copy number per mL.

At necropsy, bronchial swabs were collected 
for routine bacterial culture, and bronchial 
alveolar lavage (BAL) fluids were collected 
for M hyo quantification by qPCR.42 One-
mL aliquots of BAL from each pig were 
centrifuged at 16,000g for 10 minutes, and 
the resulting pellet was resuspended in 200 
µL of phosphate buffered saline. Isolation 
of DNA was performed using the “blood 
and body fluid protocol” of the QIAamp 
DNA mini kit (Qiagen, Valencia, Califor-
nia). Primers were designed using Invit-
rogen’s Lux designer Web-based software 
(www.invitrogen.com/dlux). The target was 
based on a previously published PCR proto-
col specific to M hyo.49 The forward primer 
was FAM-labeled 5’ctacctTTGAACCTC-
GGGCTTAGGtAG 3’. The reverse primer 
was 5’CAACCCGTACCCGCATAAGT 3’. 
The qPCR reactions were set up using Plati-
num Quantitative PCR SuperMix-UDG 
(Invitrogen, Carlsbad, California). The 
master mix consisted of the following: 1.5 
U Platinum Taq DNA Polymerase, 20 mM 
Tris-HCL (pH 8.4), 50 mM KCL, 3mM 
MgCl2, 200 µM dGTP, 200 µM dATP, 200 
µM dCTP, 400 µM dUTP, 1 U UDG, and 
0.05 µM of the forward and reverse primer. 
Next, 5 uL of the DNA sample or standard 
DNA was added to 20 µL of master mix 
for a 25-µL reaction. All samples were 
performed in triplicate. The qPCR reac-
tions were performed on a Rotorgene 
3000 (Corbett Research, San Francisco, 
California) using the following program: 
50˚C for 2 minutes, 95˚C for 2 minutes, 
then 38 cycles of denaturation at 95˚C 
for 15 seconds, primer annealing at 
55˚C for 15 seconds, and elongation at 
72˚C for 15 seconds. A melt curve was 
performed to verify target amplification 
in the range of 70˚C to 89˚C. Samples 
were quantified by comparison to a 
standard curve generated with DNA 

isolated from the M hyo challenge strain, 
and results are presented as ng per µL M 
hyo DNA.

Market weight outcomes
Pigs were observed daily and those that 
presented as wasting or moribund were 
euthanized and necropsied. Tissues were 
submitted to the ISU VDL to assist in 
determination of the cause of death and 
evidence of PMWS. Pigs were weighed 
on Days -2, 34, 62, 76, 100, and 131 for 
analysis of body weight and average daily 
gain (ADG). “Sort loss” was defined as 
a pig with a body weight of < 104.3 kg 
at study conclusion on Day 131. The 
case definition of PMWS was met if a 
pig demonstrated the following: clinical 
signs of wasting (weight loss or ill thrift); 
microscopic lesions of lymphoid deple-
tion or lymphohistiocytic inflammation 
in lymphoid tissues; and PCV2 antigen 
associated with lymphoid lesions confirmed 
by IHC.50 Pigs remaining at the study site 
at the conclusion of the study were not 
necropsied, so the PMWS case definition 
could be confirmed only for pigs that died 
or were euthanized.

Data analysis
The primary outcomes were body weight 
and ADG for all pigs and the percent-lung-
involvement score for the pigs necropsied 
on Days 63 and 77. Serum antibody 
ELISA S:P ratios, PCV2 and M hyo 
quantification by qPCR, post-challenge 
clinical signs, macroscopic and microscopic 
lesions at necropsy, sort loss, carcass value 
at market, and occurrence of PMWS were 
analyzed as secondary outcomes.

Percentage of total lung with lesions was 
calculated using the following formula: 
total percentage = 100 × {(0.05 × left 
cranial-dorsal side) + (0.05 × left cranial-
ventral side) + (0.05 × left middle-dorsal 
side) + (0.05 × left middle-ventral side) + 
(0.15 × left caudal-dorsal side) + (0.125 
× left caudal-ventral side) + (0.05 × right 
cranial-dorsal side)+ (0.05 × right cranial-
ventral side) + (0.05 × right middle-dorsal 
side) + (0.05 × right middle-ventral side) + 
(0.15 × right caudal-dorsal side) + (0.125 × 
right caudal-ventral side) + (0.05 × acces-
sory)}. The arcsine square root transforma-
tion was applied prior to analysis using a 
general linear mixed model with fixed effects 
treatment, time point, and treatment × time 
point, and random effect block. For analysis 
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of macroscopic and microscopic lesions 
that were scored from 0 to 3, scores of 0 or 
1 were considered within the normal range 
and were compared to scores of 2 or 3. For 
analysis of the microscopic lung lesions 
(scored as 0 to 6), scores of 0 to 2 (normal 
to mild) were compared to scores of 3 to 6 
(moderate to severe). Sort loss, presence-
absence of microscopic or macroscopic 
lesions, occurrence of PMWS, and posi-
tive-negative antibody status were analyzed 
using a generalized linear mixed model 
with fixed effects treatment, time point, 
and treatment × time point, and random 
effect block. The percent of days that a pig 
showed at least one clinical sign was ana-
lyzed using a general linear mixed model, 
with fixed effects treatment, time point, 
and treatment × time point, and random 
effect block. Body weight, PCV2 and 
M hyo antibody ELISA S:P ratios, PCR 
titers, and rectal temperatures were ana-
lyzed using a general linear mixed model 
with repeated measures, with fixed effects 
treatment, time point, and treatment × 
time point, with random effects block and 
animal within block × treatment, which 
is the animal term. Where appropriate, 
ELISA or PCR values were transformed 
for analysis. Frequency distributions of the 
Day 131 body weights were summarized 
by treatment group and weight category for 
pigs ≤ 90.7 kg and in increments of 4.5 kg 
for pigs weighing between 90.7 and 149.7 
kg. Market value in $US was based on 
an industry grid for market weight value 
(Table 2) and was analyzed using a general 
linear mixed model with fixed effect treat-
ment, and random effect block. Pigs that 
died or were euthanized at the farm were 
treated as missing data points for analysis 
of body weights, ADG, and estimate of 
market value.

The NTX pigs, housed in separate facili-
ties, were procedural controls and were 
not included in the statistical analysis. 
Statistical analysis was performed with 
SAS-STAT Guide Version 8 (SAS Institute, 
Inc, Cary, North Carolina). The 5% level 
of significance (P < .05) was used to assess 
all statistical differences.

Results
Animal exclusion
One pig (Vacc1) died prior to revaccination 
due to a trauma-induced injury unrelated 
to the study procedures. Sixteen pigs were 
excluded from all analyses: 14 pigs (four 

each in Vacc1, Vacc2, and Vacc3, and two 
NTX) were positive for PCV2 antibodies on 
Day 48; one pig (Vacc3) was incorrectly vac-
cinated; and one pig (Vacc3) was excluded 
because of lesions at necropsy that were con-
sidered by the pathologist to be unrelated to 
the test procedures but that may have com-
promised evaluation of the bacterins. One 
pig in the Vacc2 group with a chronic tail-
bite injury was not included in the analysis 
of sort loss at the end of the study.

Serological results
All pigs were negative by M hyo Tween 20 
ELISA on Days -2 and 13 (Figure 1). At all 
subsequent time points, M hyo Tween 20 
OD values were significantly higher in all 
vaccine groups than in the Placebo group. 
The percent of pigs serologically positive for 
M hyo was significantly higher in all vaccine 
groups than in the Placebo group on Days 
34, 48, and 62 (P < .001, data not shown).

The PCV2 ELISA antibody S:P ratios were 
not significantly different among any of the 
groups at any time point (Figure 2). Anti-
bodies to PCV2 were evident at Day -2, and 
both the S:P ratios and numbers of positive 
pigs declined prior to PCV2 challenge on 
Day 48. There were no significant differ-
ences among groups in the percent of pigs 
positive for PCV2 antibodies at any time 
point (data not shown). Approximately 
50% of pigs were PCV2-positive by 2 
weeks post challenge, approximately 90% 
were positive by 4 weeks post challenge, 
and nearly 100% were positive by Day 
100.

Sera from selected pigs tested at all time 
points showed no serological evidence of 
exposure to PRRSV, SIV H1N1, or PPV. 

Pigs at the farm site seroconverted to SIV 
H3N2 between Day 100 and 131; how-
ever, no clinical signs were apparent in the 
pigs during this time.

Clinical signs post challenge
The percentage of days in which any 
clinical sign was observed in a pig was 
significantly lower in Vacc1 (P < .001) and 
Vacc3 (P < .05) than in Placebo (Table 3). 
The percent of days in which a clinical sign 
was observed in a pig was also significantly 
lower in the Vacc1 group than the Vacc2 
group (P < .05). The most frequent obser-
vation was coughing; lethargy, respiratory 
distress, and wasting were also observed 
in low frequencies in all groups (data 
not shown). The mean percent of days 
in which individual clinical signs were 
observed in pigs in a group did not differ 
among groups, and at no time points were 
mean body temperatures ≥ 40˚C in any 
group (data not shown). Clinical signs 
were not seen in nonchallenged NTX pigs 
observed at the same time points as chal-
lenged pigs.

Necropsies
At the Day 63 necropsy (2 weeks after 
PCV2 challenge), mean percentage lung 
involvement was significantly lower in all 
vaccine groups than in the Placebo group 
(Table 4). The percentage lung involve-
ment in Vacc1 (P < .001) and Vacc3 
(P < .01) were also significantly lower than 
in Vacc2. At Day 77 necropsy (4 weeks 
after PCV2 challenge), mean percentage 
lung involvement was lower than in the 
Placebo only in Vacc1 (P < .05).

Macroscopic and microscopic lymph-node 
lesions associated with PCV2 were present 

Table 2: Industry grid for estimating market value from live weight at 
slaughter.

Live weight range (kg) Estimated market value (US$/100 kg)

< 90.7 93.52

90.7 – 95.3 100.84

95.4 – 99.8 105.59

99.9 – 104.3 113.23

104.4 – 131.5 115.26

131.6 – 136.1 110.42

136.2 – 140.6 106.79

140.7 – 145.1 99.16

> 145.1 91.50
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Group n % of days* P†

Placebo 28 18.25 ± 3.76a NA

Vacc1 26 4.01 ± 1.99b < .001

Vacc2 26 12.39 ± 3.33ac > .05

Vacc3 26 7.59 ± 2.69bc < .05

Figure 1: Mycoplasma hyopneumoniae (M hyo) Tween 20 ELISA results for pigs vaccinated with M hyo bacterins (described 
in Table 1) or placebo on Days 0 and 14 and challenged with M hyo on Day 35 and with porcine circovirus type 2 (PCV2) 
on Day 49. Data are presented as back-transformed geometric mean titers (GMTs). Normalized OD values were log trans-
formed and analyzed using a general linear mixed model with repeated measures with fixed effects treatment, time point, 
and treatment × time point, with random effects block and animal within block × treatment. Treatments did not differ on 
Days -2 and 13 (P > .05). For all subsequent time points, GMTs of all vaccine treatment groups were significantly higher than 
those of the Placebo group (P < .001 each day except Placebo to Vacc3 contrast, Day 131; P < .05). The GMT of the Vacc1 group 
was significantly higher than that of the Vacc2 group on Day 48 (P < .001), Day 100 (P < .05) and Day 131 (P < .01) and was 
significantly higher than the Vacc3 group on Days 34, 48, 62, 76, 100, and 131 (P < .001).

Table 3: Percentage of days (back-transformed least squares means ± SE) in 
which at least one clinical sign was observed* after challenge with porcine 
circovirus type 2 (PCV2) in pigs vaccinated with Mycoplasma hyopneumoniae 
bacterins (described in Table 1) or placebo on Days 0 and 14 and challenged 
with M hyopneumoniae on Day 35 and PCV2 on Day 49

*    Pigs were observed three times weekly after PCV2 challenge until necropsy on 
Days 63 and 77 for respiratory distress, sneezing, coughing, lethargy, wasting, and 
icterus. The percentage of days when at least one clinical sign was observed was 
transformed using the arcsine of the square root of the percentage ÷100, and the 
transformed percentage was analyzed using a general linear mixed model with fixed 
effect treatment and random effect block.

†    Compared to Placebo.
abc Values with no common superscript differ significantly (P < .05).
NA = not applicable.

in a high percentage of pigs in all groups 
(Table 5). Similar results were observed for 
the spleen and tonsils (data not shown). 
The percentages of pigs with positive scores 
for pneumonia (range 75% to 100% on 
Day 63 and 35.7% to 71.4% on Day 77) 
and lung specimens with positive scores for 
PCV2 by IHC (range 41.7% to 78.6% on 
Day 63 and 7.1% to 35.7% on Day 77) 
were also high in all groups. There were 
no significant differences (treatment or 
treatment × time-point effects) in the mac-
roscopic or microscopic lesion scores for 
the lymph-node pool, lungs, or any of the 
other tissues examined (data not shown).

PCR and bacterial isolation
All pigs were negative by PCR for PCV2 
nucleic acid in serum at Day 48 (pre- 
challenge) (Figure 3). High levels of PCV2 
DNA were detected in the sera of pigs 
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Group Necropsy Day 63 Necropsy Day 77

n % of lung* P† n % of lung* P†

Placebo 14 19.9 ± 3.36a NA 14 5.3 ± 1.88a NA

Vacc1 12 0.7 ± 0.34b < .001 14 1.6 ± 0.46b < .05

Vacc2 12 6.7 ± 2.00c < .001 14 4.2 ± 1.49ab > .05

Vacc3 12 1.8 ± 0.67b < .001 14 2.2 ± 0.68ab < .10

NTX‡ 7 0.2 ± 0.02 NA 7 0.0 ± 0.00 NA

Table 4: Percentage of macroscopic lung-lesion involvement (back-transformed 
least squares means ± SE) scored visually in pigs vaccinated with Mycoplasma 
hyopneumoniae bacterins or placebo on Days 0 and 14, challenged with M 
hyopneumoniae on Day 35 and with porcine circovirus type 2 on Day 49, and 
necropsied on Day 63 or 77

*    The arcsine square root transformation was applied prior to analysis using a general 
linear mixed model with fixed effects treatment, time point, and treatment × time 
point, and random effect block.

†   Compared to Placebo.
‡   Nonvaccinated, nonchallenged procedural controls not included in analysis. Values 

are mean ± SD.
abc Values within a column with no common superscript differ significantly (P < .05).
NA = not applicable.
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Figure 2: Porcine circovirus type 2 (PCV2) ELISA antibody sample:positive (S:P) ratios in pigs vaccinated with Mycoplasma 
hyopneumoniae bacterins (described in Table 1) or placebo on Days 0 and 14 and challenged with M hyopneumoniae on 
Day 35 and with PCV2 on Day 49. Data are presented as back-transformed geometric mean titers (GMTs). The S:P ratios 
were log transformed and analyzed using a general linear mixed model with repeated measures with fixed effects treat-
ment, time point, and treatment × time point, and random effects block and animal within block. There were no differences 
among treatments at any time point (P < .05).

post challenge, but there was considerable 
variability in the individual pig values and 
there were no significant differences among 
groups at either the Day 62 or 76 post-
challenge time points.

On Day 63, M hyo DNA titers in BAL 
samples were significantly lower in Vacc1 
than in Placebo (P < .001), Vacc2 (P < .01), 
or Vacc3 (P < .01) (Table 6). On Day 77, 
M hyo DNA titers in BAL samples were 
significantly lower in all vaccinated groups 
than Placebo (P < .05), but did not differ 
among vaccinated treatment groups.

The following bacterial pathogens were 
identified in the 128 bronchial swabs col-
lected: Streptococcus suis (14 swabs); Pasteu-
rella multocida (three swabs); Actinobacillus 
suis, Haemophilus parasuis, and Bordetella 
bronchiseptica (two swabs each); Actinoba-
cillus equuli and Arcanobacterium pyogenes 
(one swab each). The number of colony 
forming units detected per culture ranged 
from a few to approximately 200.
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Table 5: Incidence of microscopic lesions in lymph-node pools* at necropsy in pigs vaccinated with Mycoplasma hyopneu-
moniae bacterins or placebo on Days 0 and 14, challenged with M hyopneumoniae on Day 35 and with porcine circovirus 
type 2 on Day 49, and necropsied on Day 63 or 77

*    Lymph nodes from each pig were pooled.
†    Positive = lymph-node pool scored 2 or 3 in a range of 0 to 3. Presence or absence of microscopic lesions was analyzed with a gener-

alized linear mixed model (GLIMMIX macro) with fixed effects treatment, time point, and treatment × time point, and random effect 
block, or with Fisher’s exact test. Treatment or treatment × time point interactions were not significant for any lymph-node score.

‡    Nonvaccinated, nonchallenged procedural controls not included in analysis.
    

Group Positive pigs (%)†

Necropsy Day 63 Necropsy Day 77

Hyperplasia Lymphoid 
depletion

Histiocytic 
replacement

PCV2  
IHC

Hyperplasia Lymphoid 
depletion

Histiocytic 
replacement

PCV2 
 IHC

Placebo 71.4 85.7 57.1 57.1 85.7 42.9 7.1 21.4

Vacc1 58.3 91.7 50.0 58.3 92.9 57.1 35.7 49.2

Vacc2 66.7 66.7 50.0 66.7 100 71.4 50.0 57.1

Vacc3 91.7 83.3 50.0 66.7 100 50.0 35.7 50.0

NTX‡ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.00

5.00

10.00

15.00

48 62 76

Study day

N
o

. P
C

V
2 

co
p

ie
s 

x1
05

/m
L

Placebo Vacc1 Vacc2 Vacc3

Figure 3: Porcine circovirus type 2 (PCV2) real-time quantitative polymerase chain reaction (qPCR) genome copy numbers 
in serum from pigs vaccinated with Mycoplasma hyopneumoniae bacterins (described in Table 1) or placebo on Days 0 and 
14 and challenged with M hyopneumoniae on Day 35 and with PCV2 on Day 49. Data are presented as back-transformed 
geometric mean titers (GMTs). Titers were log transformed and analyzed using a general linear mixed model with repeated 
measures with fixed effects treatment, time point, and treatment × time point, and random effects block and animal within 
block. There were no differences among treatments at any time point.
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Occurrence of PMWS
The percentage of pigs meeting the case 
definition of PMWS was not significantly 
different among groups at either necropsy 
time point. The case definition of PMWS 
was met for two of 14 Placebo pigs (14.3%) 
at both the Day 63 and Day 77 necropsies. 
On Day 63, one of 12 pigs in Vacc1 and 
in Vacc2 (8.3%) met the case definition 
of PMWS. On Day 77, one of 14 pigs in 
Vacc1 (7.1%) and four of 14 pigs in Vacc2 
(28.6%) met the case definition of PMWS. 
None of the NTX sentinel controls (zero 
of seven) met the case definition of PMWS 
at either necropsy (not included in statisti-
cal analysis). Eight pigs (three in Placebo, 

one in Vacc1, and two each in Vacc2 and 
Vacc3) died or became moribund, and 
were euthanized and necropsied at the 
study site during the postchallenge phase 
of the study. One necropsied pig in each 
group that died at the farm met the case 
definition of PMWS.

Market-weight outcomes
The production parameters of body weight, 
ADG, sort loss, and estimated carcass mar-
ket value at study conclusion on Day 131 
are summarized in Table 7. There were no 
differences in body weight among groups 
on Day -2, or at any time point prior to 
Day 76 (data not shown). On Day 76, the 

weights were significantly higher in Vacc1 
than in the Placebo (P < .05), and on Day 
100, the weights of all vaccinated groups 
were higher than that of the Placebo group 
(data not shown). The body weights of all 
vaccinated groups were significantly higher 
(P < .01) than that of the Placebo group on 
Day 131. There were no differences among 
the vaccinated groups at any time point. 
The ADG between Days -2 and 131 was 
significantly higher for all vaccinated groups 
(P < .01) than for the Placebo group, and 
there were no differences among vaccinated 
groups (Table 7). Average daily gain was 
also calculated at interim time points and 
the results were similar to the overall ADG 
for the study period (data not shown).

Table 6: Mycoplasma hyopneumoniae real-time polymerase chain reaction (qPCR) DNA titers (ng/µL) in bronchial alveolar 
lavage fluids in pigs at necropsy on Days 63 and 77 after vaccination with M hyopneumoniae bacterins or placebo on Days 
0 and 14 and challenge with M hyopneumoniae on Day 35 and PCV2 on Day 49

*    Back-transformed geometric mean titer (GMT) ± SE. A log transformation was applied prior to analysis with a general linear mixed 
model with fixed effects treatment, time point, and treatment × time point, with random effect block.

†    Compared to Placebo.
‡    Nonvaccinated, nonchallenged procedural controls not included in analysis. Values are mean ± SD.
abc Values within a column with no common superscript differ significantly (P < .05).
NA = not applicable.

Group Necropsy Day 63 Necropsy Day 77

n DNA titer (ng/µL)* P† n DNA titer (ng/µL)* P†

Placebo 14 4.37 ± 0.55a NA 14 2.02 ± 0.45a NA

Vacc1 12 0.43 ± 0.04b < .001 14 0.39 ± 0.04b < .01

Vacc2 12 2.28 ± 0.50ac < .10 14 0.61 ± 0.08b < .05

Vacc3 12 1.72 ± 0.34c < .01 14 0.22 ± 0.02b < .01

NTX‡ 7 0.00 ± 0.0 NA 7 0.00 ± 0.0 NA

Table 7: Live body weight at Day 131, average daily gain (ADG) Days -2 through 131, sort loss, and estimated market value 
($US) of pigs vaccinated with Mycoplasma hyopneumoniae bacterins (described in Table 1) or placebo on Days 0 and 14 
and challenged with M hyopneumoniae on Day 35 and porcine circovirus type 2 (PCV2) on Day 49

*    Least-squares means ± SE. Body weights and average daily gain were analyzed using a general linear mixed model with repeated 
measures with fixed effects treatment, time point, and treatment × time point, with random effects block and animal within block × 
treatment. Pigs that died or were euthanized prior to day 131 were treated as missing data.

†   Compared to Placebo.
‡    Sort loss (body weight < 104.3 kg) was analyzed using a generalized linear mixed model (GLIMMIX macro) with fixed effects treat-

ment, time point, and treatment × time point, and random effect block. Overall treatment effect was not significant (P > .05).
§    Carcass value was estimated from market grid in place at the time the study (Table 2) using a general linear mixed model with fixed 

effect treatment and random effect block. There was a tendency for an overall treatment effect (P < .10).
abc Values within a column with different superscripts differ significantly (P < .05).
NA = not applicable.

Group n Weight (kg)* P† ADG (kg)* P† Sort loss (%)‡ Value ($)§

Placebo 38 111.7 ± 1.08a NA 0.775 ± 0.007a NA 18.4 128.52

Vacc1 36 117.6 ± 1.11b < .001 0.820 ± 0.008b < .001 8.3 138.15

Vacc2 36 115.9 ± 1.11b < .01 0.807 ± 0.008b < .01 8.6 134.35

Vacc3 35 116.8 ± 1.12b < .001 0.814 ± 0.008b < .001 11.4 135.65
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The percentage of pigs meeting the defini-
tion of sort loss (body weight < 104.3 kg) 
at the study conclusion was not different 
among groups (Table 7).

Using the market grid estimate (Table 2), 
there was a tendency for an overall treat-
ment effect on estimated carcass value 
(P < .10). All vaccine groups had an esti-
mated higher market value than Placebo, 
with a carcass value that exceeded the Pla-
cebo value by $9.63 for Vacc1, $5.83 for 
Vacc2, and $7.13 for Vacc3.

Discussion
This study was conducted to evaluate the 
effect of vaccination with commercially 
available M hyo bacterins, formulated with 
either oil- or aqueous-based adjuvants, on 
the development of PCVAD in a co-infec-
tion model where pigs were challenged first 
with M hyo and 2 weeks later with PCV2. 
Pigs were vaccinated at 3 to 4 weeks of age, 
reflecting field practices where pigs are vac-
cinated around the time of weaning. Pigs 
were challenged with PCV2 at 10 weeks 
of age, when antibodies, presumed to be 
maternally derived, had declined to nega-
tive S:P ratios, to reduce the confounding 
effect that PCV2 antibodies would have 
on protection from PCV2 disease and to 
mimic the time when exposure typically 
occurs in the field in the United States. The 
study was concluded when pigs reached 
typical market weight, in order to assess 
not only the short-term effect that vac-
cination might have on the development 
of clinical signs, pneumonia, and other 
PCV2-associated lesions, but also the long-
term impact on production parameters of 
body weight, ADG, and carcass value.

Consistent with the previous report,16 co-
infection of pigs with M hyo and PCV2 
resulted in severe respiratory disease in con-
trol pigs (Placebo), as measured by clinical 
signs, pneumonia associated with both M 
hyo and PCV2, and severe microscopic 
lesions associated with PCV2, including 
lymphoid depletion and histiocytic replace-
ment. The short-term parameters evaluated 
in this study indicate that M hyo vaccina-
tion was effective in reducing respiratory 
disease associated with M hyo and PCV 
co-infection. There was no evidence of 
enhancement of PCVAD in groups vac-
cinated with M hyo bacterins containing 
either an oil- or aqueous-based adjuvant, as 
measured by microscopic and macroscopic 
lesion scores, quantitation of PCV2 in 
serum, development of clinical signs, or 
incidence of low body weights or PMWS. 

Vaccination with M hyo had a positive 
impact on the production parameters of 
body weight, ADG, and estimated market 
value. Although significant differences 
among vaccinated groups for some of the 
short-term parameters were evident, the 
significant advantage in ADG and numeri-
cal advantage in market value was apparent 
in all three M hyo vaccine groups.

The co-factors or triggers involved in the 
development of lesions and clinical expres-
sion of disease in PCV2-infected pigs are 
not fully understood; however, PCVAD is 
apparently a consequence of the inability of 
some pigs to develop an effective immune 
response to a virus that is ubiquitous in the 
pig population. Experimental challenge 
studies and case-controlled epidemiological 
studies, as well as anecdotal information 
from field observations, yield conflicting 
results as to whether routine swine vac-
cinations influence the clinical outcome 
of PCV2 infection.31-39 However, there is 
no compelling evidence of a cause-effect 
association of the introduction of M hyo 
vaccination into a herd and the onset of 
severe PCVAD.38 Differences in the results 
and conclusions of studies evaluating the 
effect of immune stimulation in general, 
and administration of vaccines in particu-
lar, may reflect differences in the disease 
models, interval between vaccination and 
PCV2 exposure, virulence of the virus 
strains, differences in susceptibility and 
immune maturity of the animals, and the 
presence of other swine pathogens in the 
study population.

Under the conditions of this study, where 
PCV2 and M hyo co-infected pigs were 
housed in a production setting, the data 
are consistent with other reports that do 
not demonstrate an association of M hyo 
vaccination or adjuvant type with the 
development of PCVAD.35-38 In contrast, 
although severe lesions attributable to 
infection with both PCV2 and M hyo were 
evident in all groups at necropsy, vaccina-
tion with the commercial bacterins had a 
positive effect in reducing M hyo infection, 
and all vaccine groups out-performed the 
controls in market-weight outcomes.

Implications
•	 When both short-term effects and 

long-term impact on production 
parameters are assessed, control of 
M hyo infection by the appropriate 
timing of M hyo vaccination is an 
important tool in reducing respiratory 
disease and production losses in herds 

where both PCV2 and M hyo are 
present.

•	 Under the conditions of this study, M 
hyo vaccination does not enhance dis-
ease associated with PCV2 infection.
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