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Summary
Objective: To investigate the efficacy and
level of immune response induced by a My-
coplasma hyopneumoniae (MH) bacterin in
pigs previously vaccinated with a modified
live virus (MLV) porcine reproductive and
respiratory syndrome (PRRS) vaccine and
subsequently challenged with MH.

Methods: Pigs were vaccinated once with
MLV PRRS vaccine (Day 0), twice with
MH vaccine (Days 8 and 22), or both, and
challenged with MH on Day 36. Necrop-
sies were performed on Days 35 and 61-
63. Efficacy of MH vaccine was deter-
mined by reduction in the percentage of
lung affected by mycoplasmal pneumonia.
Serum antibodies to PRRS virus (PRRSV)
and MH, antibodies to MH in

bronchoalveolar lavage fluid (BAL), and
production of MH-specific interferon-
gamma- (IFN-γ-) secreting cells in tissues
and peripheral blood were measured on
Days 0 and 14 and at necropsy. Immuno-
logical assays included ELISAs for PRRSV
and MH antibodies and an enzyme-linked
immunospot assay for MH-specific IFN-γ-
secreting cells.

Results: Mycoplasma vaccine efficacy was
not decreased by prior administration of
PRRS vaccine. Serum MH antibody levels
in pigs receiving both vaccines and chal-
lenged were numerically but not signifi-
cantly higher than those in pigs receiving
only MH vaccine and challenged. Pigs re-
ceiving both vaccines had significantly
lower PRRSV sample:positive (S:P) ratios,

but remained ELISA-positive (S:P>0.4).
Levels of MH-specific IgG and IgA in BAL
were significantly higher in both groups
vaccinated for MH and challenged.

Implications: Administration of an MLV
PRRS vaccine to MH-free pigs prior to
vaccination with MH vaccine did not in-
terfere with vaccine efficacy or immune
responses to MH infection.
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M ycoplasma hyopneumoniae
(MH), the cause of enzootic
pneumonia, can be isolated

from the majority of swine herds in the
United States and is frequently isolated
from pigs exhibiting clinical disease associ-
ated with porcine respiratory disease. Al-
though pigs exhibiting respiratory disease
are typically infected with multiple patho-

gens, diagnostic laboratories have found
that MH, porcine reproductive and respira-
tory syndrome virus (PRRSV), and swine
influenza virus (SIV) are among the most
frequently detected pathogens in pigs (P.
G. Halbur, written communication, 1996).
The interaction between these pathogens is
complex and plays a major role in the in-
duction of pneumonia in pigs in the field.

Previous studies have determined that
while PRRSV infection did not increase
the severity of mycoplasmal pneumonia,
infection with MH potentiated the pneu-
monia induced by PRRSV, on the basis of
clinical, macroscopic, and microscopic
findings.1,2

Vaccination against MH is an important
intervention strategy used to control myco-
plasmal pneumonia in pigs. Although nu-
merous studies have demonstrated that
MH bacterins are protective against experi-
mental challenge, vaccination failure in
production settings is a frequent com-
plaint.3–5 While there are a number of pos-
sible explanations for the failure of myco-
plasma vaccines in the field, a recent study
found that infection or administration of a
modified live virus (MLV) PRRS vaccine at
the time of MH vaccination appeared to
significantly reduce the efficacy of the MH
vaccine, as measured by the lack of
significant reduction in the percentage of
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lung affected by pneumonia consistent
with MH infection.6 It was also deter-
mined that while the efficacy of the MH
bacterin was diminished, pigs experimen-
tally infected with MH after inoculation
with both a PRRS MLV vaccine and an
MH bacterin had significantly increased
levels of MH-specific antibodies in the se-
rum and bronchoalveolar lavage fluid
(BAL) compared to pigs that did not re-
ceive PRRS vaccine. The results of this
study support previous reports that PRRSV
infection is not systemically immunosup-
pressive, and may actually enhance anti-
body production to antigens.7, 8

Research has demonstrated that MH
bacterins induce both a systemic antibody
response, which is not correlated to protec-
tion, and a local antibody response consist-
ing of both IgG and IgA.4,9 The correlation
of local MH-specific antibody production
and protection against pneumonia remains
unclear, as a study by Djordjevic et al4

found no correlation between local anti-
bodies and protection, while research in
our laboratory demonstrated a positive re-
lationship.9 However, increased levels of
MH-specific local antibodies observed after
MLV PRRS vaccination did not result in
protection against mycoplasmal pneu-
monia.6

The role of cellular immunity in protection
against MH-induced pneumonia is also
unclear. Lymphocyte responsiveness to my-
coplasma antigens has been demonstrated
by measuring the in vitro stimulation of
lymphocytes after MH vaccination and
experimental challenge.5,10 In addition, a
recent study demonstrated that vaccination
with a mycoplasma bacterin induced the
production of MH-specific interferon-
gamma (IFN-γ)-producing cells.9 Inter-
feron-g is an important cytokine produced
by helper cells, subtype 1 (TH1) lympho-
cytes and natural killer cells and is impor-
tant for macrophage activation as well as
protection against and clearance of viruses.
These results suggest that a cellular im-
mune response may play a role in protec-
tion against MH through the activation of
macrophages.

The objective of this study was to assess the
effect of prior administration of an MLV
PRRS vaccine on the immune response
induced by an MH bacterin and its ability
to reduce the percentage of lung affected
by mycoplasmal pneumonia. Antibodies
specific for MH in serum and BAL and the
number of IFN-γ-producing cells in the
peripheral blood, lung, and tracheobron-

chial lymph node were measured to assess
the immune response to MH vaccination
and infection. The percentage of lung af-
fected by mycoplasmal pneumonia, deter-
mined by image analysis, was used to assess
vaccine efficacy.

Materials and methods
Experimental animals, housing,
and study design
Seventy-two 2-week-old crossbred pigs pro-
cured from a herd serologically negative for
PRRSV, SIV, and MH antibodies were ran-
domly assigned to eight treatment groups
with stratification by weight. The experi-
mental design is summarized in Table 1.
The study was conducted in accordance
with the guidelines of the Iowa State Uni-
versity Institutional Committee on Animal
Care and Use.

During the vaccination phase, the pigs
were housed on raised decks in four rooms
according to vaccination protocols. On
trial Day 19, all pigs were moved to solid
floors in the same rooms. All rooms used in
the study had similar ventilation and light-
ing systems. All pigs were provided water
and feed ad libitum throughout the trial.

Method and site of administration
of vaccines
A commercial MLV PRRS vaccine (Resp-

PRRSRepro; Boehringer Ingelheim/NOBL
Laboratories, Ames, Iowa) was adminis-
tered, according to the manufacturer’s rec-
ommendations, on trial Day 0 to Groups
1, 3, 5, and 7 (n=36), when the pigs were
approximately 3 weeks of age. A commer-
cial MH bacterin (RespiSure; Pfizer Animal
Health, Exton, Pennsylvania) was adminis-
tered according to the manufacturer’s rec-
ommendations on Days 8 and 22 to
groups 1, 2, 5, and 6 (n=36). Rectal tem-
peratures were measured on Day 0 and ev-
ery other day for 10 observations in four
pigs randomly selected from each group (1
to 8). Evidence of respiratory disease asso-
ciated with PRRS, such as increased respi-
ration rate or labored breathing, was as-
sessed and scored immediately on a scale of
1 to 6 using a previously described
system.11

Blood samples were obtained prior to each
vaccination, prior to challenge, and at
necropsy to measure antibody levels and to
isolate peripheral blood mononuclear cells
for use in the lymphocyte assays. On Day
35, four pigs were necropsied from Groups
1, 2, and 3, and three pigs from Group 4
(the unvaccinated control group). On Day
36, all pigs in Groups 5, 6, 7, and 8 were
inoculated intratracheally with 10 mL of
MH challenge inoculum, strain 232 (a de-
rivative of strain 11), containing 105 color
changing units per mL, as previously

puorG noitaniccaV ysporcents1 3 ysporcendn2 3

HMhtiwdegnellahctonspuorG
1 HM+SRRP 4 )4(5 4

2 HM 4 5
3 SRRP 4 )4(5 4

4 enoN 3 6
HMhtiwdetcefniyllatnemirepxespuorG

5 HM+SRRP 0 )7(9 4

6 HM 0 9
7 SRRP 0 9
8 enoN 0 9

Table 1: Experimental design for a study in which 72 weaned pigs received
either a Mycoplasma hyopneumoniae (MH) vaccine1 (n=18), PRRSV vaccine2

(n=18), both vaccines (n=18), or no vaccine (n=18) and were either infected
with MH (n=36) or not (n=36) 2 weeks after the last MH vaccination (Day 36)

1    RespiSure; Pfizer Animal Health, Exton, Pennsylvania; administered trial Days 8 and 22.
2    Resp-PRRSRepro; Boehringer Ingelheim/NOBL Laboratories, Ames, Iowa;

administered trial Day 0.
3    Number of pigs in each group subjected to necropsy on Day 35 (1st necropsy) or

Days 61-63 (2nd necropsy).
4    Number of pigs beginning study (number of pigs included in the final analysis on

Days 61-63).
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described.5 All remaining pigs were necrop-
sied on Days 61 and 63.

At necropsy, pigs were anesthetized with
sodium pentobarbital administered intrave-
nously and exsanguinated. Tissue samples
were collected aseptically from the lungs,
right inguinal lymph node, and right bron-
chial lymph node. Bronchial swabs were
collected and cultured for swine respiratory
pathogens, including Bordetella bronchisep-
tica, Pasteurella multocida, Actinobacillus
spp, Haemophilus spp, and Mycoplasma
hyorhinis. Samples were inoculated onto
blood agar and streaked with a Staphylococ-
cus epidermidis nurse colony for support of
A pleuropneumoniae and Haemophilus spp.
Bacteria isolated were identified according
to standard methods. Bronchial secretions
were inoculated into Friis medium for iso-
lation of MH. Lesions consistent with my-
coplasmal pneumonia were sketched using
standard lung diagrams. The proportion of
lung area with lesions consistent with my-
coplasma pneumonia was determined us-
ing a Zeiss SEM-IPS computerized image
analyzing system which determines the to-
tal surface area of the lung affected by
pneumonia.3 Macroscopic lesions consis-
tent with PRRSV-induced pneumonia
were determined using a method previ-
ously developed by Halbur et al.12 Tissue
was frozen immediately for fluorescent an-
tibody assay examination for mycoplasmal
antigen.13 The lungs were lavaged with 50
mL of sterile phosphate buffered saline
(PBS) for local antibody measurement us-
ing a previously described technique.9

ELISPOT assay for IFN-γ
Mononuclear cells from peripheral blood,
lung tissue, tracheobronchial and right in-
guinal lymph nodes, and tissues were iso-
lated as previously described.5,14 Briefly,
tissues were minced and passed through a
150-mesh stainless steel sieve to remove
tissue fragments. Both tissue and peripheral
blood mononuclear cells were diluted in
PBS and isolated by differential centrifuga-
tion over Histopaque 1077 (Sigma Chemi-
cal, St Louis, Missouri). Cells were washed
and resuspended in RPMI medium con-
taining 10% fetal bovine serum, penicillin
G (100 units per mL), streptomycin (100
µg per mL), and gentamicin sulfate (0.05
mg per mL), at a concentration of 2 × 106

cells per mL. The diluted cells were incu-
bated with peroxidase-conjugated donkey
anti-rabbit IgG antibody (Kirkegaard and
Perry Laboratory, Gaithersburg, Maryland)
and 3,3′,5,5′-tetramethylbenzidine mem-
brane peroxidase (Sigma Chemical) was

added as substrate. Spots corresponding to
IFN-γ-secreting cells were counted using a
dissecting microscope, and data were re-
ported as number of spot-forming cells per
2 × 105 lymphocytes. Lymphocytes were
also isolated from the right inguinal lymph
node and used as non-draining control
samples for comparison to potential reac-
tions in the tracheobronchial lymphocytes.
Lymphocytes were cultured overnight with
MH antigen, with concanavalin-A as a
positive control, or with medium alone as a
negative control.9,15

Serology and BAL analysis
Sera collected on Days -7, 14, 35, 61, and
63 were assayed for antibodies to MH and
PRRSV.

The Tween 20 ELISA was used to measure
MH antibodies as previously described.16

Known positive and negative sera and
blank wells were included as controls on
each plate. Readings greater than 2 SDs
above the mean optical density (OD) value
of the negative control (ie, OD values
>0.023) were considered positive.

Serum antibodies to PRRSV were mea-
sured using a commercial ELISA kit
(HerdChek PRRS; IDEXX Laboratories,
Westbrook, Maine). Samples were consid-
ered seropositive for PRRSV if the sample:
positive (S:P) ratio was ≥0.4.

An ELISA assay was used to measure MH-
specific antibodies in BAL as previously

described.9 Plates were coated with a mem-
brane preparation of MH clone 232–
2A3.17 The specific antibody isotype was
determined using peroxidase-labeled,
heavy-chain-specific goat anti-swine IgA
(Kirkegaard and Perry Laboratories), IgG,
and IgM (Bethyl Laboratories, Montgom-
ery, Texas). Results were reported as ODs.

Statistics
Analysis of variance was performed using
the general ANOVA procedure of Statistix
(Analytical Software, Tallahassee, Florida)
to ascertain differences between treatment
groups. All eight treatment groups were
included in each analysis. If the P value
generated by ANOVA was <.05, pair-wise
comparisons among all eight treatment
groups were performed by least significant
difference at a significance level of P≤.05.

Results
Growth and health
No increased rectal temperatures or altered
respiration consistent with PRRSV infec-
tion were observed in any pigs after vacci-
nation with the MLV PRRS vaccine (data
not shown). The average weight of all pigs
was 7.1 ± 0.9 kg on arrival, 29.6 ± 2.9 kg
on Day 35, and 51.1 ± 4.5 kg at necropsy
on Days 61-63. No differences in weight
gain were found among the groups
throughout the trial (P>.05). Four pigs
were eliminated from the study due to

)n(puorG noitaniccaV )%(ainomuenP 3

HMhtiwdetcefnitonspuorG
)8(1 HM+SRRP 00.0 ± 00.0 a

)9(2 HM 60.0 ± 01.0 a

)8(3 SRRP 00.0 ± 00.0 a

)9(4 enoN 02.0 ± 83.0 a

HMhtiwdetcefniyllatnemirepxespuorG
)7(5 HM+SRRP 97.0 ± 74.0 a

)9(6 HM 61.0 ± 22.0 a

)9(7 SRRP 53.5 ± 22.5 b

)9(8 enoN 06.4 ± 90.3 b

Table 2: Percentage of lung (mean ± SD) affected by mycoplasmal pneumonia
in weaned pigs vaccinated with Mycoplasma hyopneumoniae (MH) vaccine,1
PRRSV2 vaccine, both, or neither, then experimentally infected with MH

1    RespiSure; Pfizer Animal Health, Exton, Pennsylvania; administered trial Days 8 and 22.
2    Resp-PRRSRepro; Boehringer Ingelheim/NOBL Laboratories, Ames, Iowa;

administered trial Day 0.
3    Percentage of lung affected with mycoplasmal pneumonia, determined by lung

sketches and computerized image analysis.
a,b  Within column, values with different superscripts are different (least significant

difference method; P<.05)
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chronic health problems, including lame-
ness (2 pigs), rectal prolapse (1 pig) and
Streptococcus suis-induced polyserositis (1
pig).

All pigs in Groups 7 and 8 had pneumonic
lesions consistent with MH infection
(Table 2). The average percentage of lung
with mycoplasmal pneumonia was highest
in Group 8, although no statistical differ-
ence (P>.05) in the average percentage of
mycoplasmal pneumonia was observed be-
tween Groups 7 and 8. Groups 5 and 6
had lower averages (P<.05) of mycoplasmal
pneumonia than observed in Groups 7 and
8. The average percentage of mycoplasmal
pneumonia in Groups 5 and 6 did not dif-
fer (P>.05) from that in Groups 1, 2, 3, or
4 (non-challenged groups). No pneumonic
lesions consistent with PRRS were ob-
served in any pigs at either necropsy. All
but one of the MH-challenged pigs were
culture-positive for MH at necropsy (data
not shown). Mycoplasma hyopneumoniae
was not isolated from any of the non-chal-
lenged pigs. Several pigs in Groups 2 and 4
(non-challenged) had mild pneumonia in-
consistent with mycoplasmal pneumonia.
Culture of bronchial swabs revealed that
these pigs were infected with Haemophilus
parasuis. Immunofluorescence assay results
detected MH antigen in the lung tissue of
six of the 34 challenged pigs and none of
the 34 unchallenged pigs (data not shown).

MH-specific IFN-γ-producing cells
Minimal differences were observed be-
tween groups in the number of IFN-γ-pro-
ducing cells. No difference (P>.05) was
observed between groups in the number of
MH-specific IFN-γ-secreting cells in any of
the tissues at the first necropsy (data not
shown). At the second necropsy, Group 5,
with 7.7 ± 13.0 spots per 105 cells, had
more IFN-γ-producing cells (P<.05) in the
peripheral blood than Group 7, with 0.5 ±
0.7 spots per 105 cells. Group 1, with 26.5
± 41.9 spots per 105 cells, had more IFN-
γ-secreting cells in the bronchiolar lymph
nodes (P<.05) than any other group.

Serology and BAL analysis
All pigs were negative for MH antibodies
upon arrival (data not shown). On Day 35,
Groups 1, 2, 5, and 6 were seropositive for
MH antibodies (Table 3). Although
Groups 1 and 5 had numerically higher
levels of MH antibodies than the other
MH-vaccinated groups, no statistical dif-
ference was observed. On Days 61 and 63,
the OD levels of MH antibodies had de-
creased in Groups 1 and 7, while the OD
levels in Groups 5 and 6 had increased.

The MH OD levels in BAL prior to chal-
lenge at the first necropsy (data not shown)
were low, and there were no differences
between groups. At the final necropsy, both
Groups 5 and 6 had increased mean OD
levels of MH-specific IgG and IgA in the

BAL as summarized in Table 3. Groups 5
and 6 had higher mean OD levels of MH-
specific IgG and IgA than other groups. No
other differences were observed among the
groups. There were no differences in mean
OD levels of MH-specific IgM antibodies
among the groups at any time (data not
shown).

All pigs were seronegative for PRRSV anti-
bodies upon arrival (data not shown).
Groups 1, 3, 5, and 7 had S:P ratios >0.4
by Day 14, and the antibody levels re-
mained >0.4 throughout the remainder of
the trial (Table 4). Groups 2, 4, 6, and 8
remained PRRS-seronegative throughout
the trial. Groups 1 and 5 had S:P ratios
lower than Groups 3 and 7 at the final
necropsy, although the S:P ratios of all
PRRS-vaccinated groups remained >0.4.

Discussion
Pneumonia caused by MH remains a prob-
lem for the swine industry. Vaccination is a
frequent and effective intervention strategy
used to control the pneumonia induced by
MH. However, practitioners in the field
report frequent vaccine failures associated
with commercial mycoplasmal vaccines. In
a previous study, it was found that the pres-
ence of MH increased the duration and
severity of PRRSV-induced pneumonia.2 A
second study investigating the effect of vac-
cination on the potentiation of PRRSV-

Table 3: Mean optical density (OD) values for Mycoplasma hyopneumoniae (MH) antibodies in serum on Days 14, 35, and
61–63 and in bronchoalveolar lavage fluid on Days 61–63 from weaned pigs vaccinated with MH vaccine,1 MLV porcine
reproductive and respiratory syndrome (PRRS) vaccine,2 or both, then experimentally infected with MH 2 weeks after the
last MH vaccination

1    RespiSure; Pfizer Animal Health, Exton, Pennsylvania; administered trial Days 8 and 22.
2    Resp-PRRSRepro; Boehringer Ingelheim/NOBL Laboratories, Ames, Iowa; administered trial Day 0.
3    Readings greater than 2 SDs above the mean optical density value of the negative control (OD = 0.230) were considered positive.
a,b,c,d,e  Within each column, values with different superscripts are significantly different (least significant difference method; P<.05)

seulavDO 3 naem( ± )DS
mureS diulfegavalraloevlaohcnorB

puorG eniccaV )n(41yaD )n(53yaD )n(36–16syaD )n(GgI )n(AgI
HMhtiwdetcefnitonspuorG

1 HM+SRRP 430.0 ± 520.0 a )9( 927.0 ± 512.0 c )8( 715.0 ± 912.0 c )4( 560.0 ± 920.0 b,a )8( 242.0 ± 161.0 c )8(
2 HM 120.0 ± 900.0 a )9( 006.0 ± 032.0 c,b )9( 426.0 ± 081.0 c,b )5( 430.0 ± 440.0 a )9( 661.0 ± 442.0 c,b,a )9(
3 SRRP 320.0 ± 310.0 a )9( 230.0 ± 710.0 a )9( 430.0 ± 410.0 a )4( 250.0 ± 750.0 b,a )8( 530.0- ± 550.0 a )8(
4 enoN 520.0 ± 930.0 a )9( 230.0 ± 610.0 a )9( 840.0 ± 520.0 a )5( 130.0 ± 860.0 a )9( 400.0 ± 080.0 b,a )9(

HMhtiwdetcefniyllatnemirepxespuorG
5 HM+SRRP 012.0 ± 843.0 b,a )9( 356.0 ± 723.0 c,b )9( 269.0 ± 891.0 d )7( 873.0 ± 201.0 c )7( 847.0 ± 821.0 e )7(
6 HM 754.0±504.0 b )9( 284.0 ± 912.0 b )9( 587.0 ± 414.0 d,c )9( 983.0 ± 611.0 c )9( 275.0 ± 542.0 d )9(
7 SRRP 011.0 ± 391.0 b,a )9( 261.0 ± 822.0 a )9( 380.0 ± 840.0 a )9( 721.0 ± 930.0 b )9( 791.0 ± 781.0 c,b )9(
8 enoN 720.0 ± 510.0 a )9( 130.0 ± 600.0 a )9( 360.0 ± 440.0 a )9( 290.0 ± 140.0 b,a )9( 870.0 ± 701.0 c,b,a )9(
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induced pneumonia by MH found that the
presence of PRRSV, from either an MLV
vaccine or infection, at the time of or
within 2 weeks of mycoplasma vaccination,
significantly reduced the ability of the my-
coplasma vaccine to reduce the percentage
of lung affected by mycoplasmal pneumo-
nia.6 The results in that study suggest that
timing mycoplasma vaccine in relation to
PRRSV may be an important consider-
ation in establishing successful vaccine pro-
grams. In order to further investigate the
effect of PRRSV on the ability of an MH
vaccine to reduce the percentage of lung
affected by mycoplasmal pneumonia and
the immune response to MH, pigs were
vaccinated with an MLV PRRS vaccine
prior to MH vaccination. In contrast to the
earlier findings that the presence of PRRSV
at the time of or after MH vaccination de-
creased vaccine efficacy, this study found
that inoculation with an MLV PRRS vac-
cine prior to MH vaccination did not de-
crease the efficacy of the mycoplasma vac-
cine as determined by the percentage of
lung affected by mycoplasmal pneumonia
and serum antibody levels.

As found in the earlier studies, growth per-
formance in pigs challenged experimentally
with MH did not differ significantly be-
tween groups.5,9 The mycoplasmal pneu-
monia swine model used in our previous
MH pathogenesis and vaccine studies,
which utilized pigs with few other respira-

tory pathogens, housed in well-ventilated
facilities and fed ad libitum, demonstrated
no reduction in growth performance after
experimental MH challenge. In addition,
no clinical disease, as measured by rectal
temperatures or altered respiratory rate,
was observed after vaccination with the
MLV PRRS vaccine in this study.

In addition to assessing the efficacy of the
MH vaccine by macroscopic examination
and determination of mean percentage of
lung affected by mycoplasmal pneumonia,
the potential impact of prior MLV PRRS
vaccination on the immune response to the
MH vaccine was assessed. A previous study
in our laboratory had determined that MH
vaccination without MH challenge in-
duced the production of MH-specific IFN-
γ-producing cells.9 However, no increase in
IFN-γ-producing cells was observed after
challenge with MH. Although less conclu-
sive results were found in this study, the
mean number of MH-specific IFN-γ-pro-
ducing cells was increased in the peripheral
blood of pigs which received both MH and
PRRS vaccines and were then challenged
with MH. These results confirm the previ-
ous findings that MH vaccination induces
the production of IFN-γ-producing cells
which may result in activation of macro-
phages and thus aid in controlling the
organism.

Previous studies have demonstrated that
the presence of PRRSV may increase the

production of antibodies to antigen.6–8 In
an earlier study, the administration of an
MLV PRRS vaccine between primary and
secondary MH vaccinations increased MH
antibody levels after the secondary myco-
plasma vaccination, while in the study re-
ported here, inoculation with an MLV
PRRS vaccine prior to mycoplasma vacci-
nation resulted in no significant differences
in MH antibody levels. These results sug-
gest that the impact of PRRSV on the im-
mune system is complex and that the rela-
tive timing of PRRSV exposure and
mycoplasma vaccination may be important
for optimizing MH vaccine strategies.

All PRRSV-vaccinated pigs were seroposi-
tive for PRRSV antibodies by Day 14, and
no difference between vaccine groups was
observed. On Days 61-63, the PRRSV-
vaccinated groups receiving MH vaccine
had lower PRRS ELISA S:P ratios than the
groups receiving only PRRSV vaccine.
However, since the S:P ratios of all
PRRSV-vaccinated groups remained >0.4,
the impact of the MH bacterin on MLV
PRRS vaccine efficacy is probably
inconsequential.

To establish baseline data, several pigs from
each group served as controls and were
necropsied prior to challenge. Local anti-
body production, as measured in BAL,
may be an important protective mecha-
nism against mycoplasmal pneumonia, due
to antibody location on the cilia of the res-
piratory tract. Minimal MH-specific IgG
or IgA levels, as measured by OD, were
present in the respiratory tract in MH-vac-
cinated pigs prior to challenge.9 However,
this study confirmed that vaccination
primes local lymphocytes of the respiratory
tract to respond to challenge, as MH-
specific IgG and IgA OD measurements in
BAL were significantly greater in vacci-
nated groups compared to non-vaccinated
groups. The increased levels of MH-
specific IgG OD antibody levels in BAL of
pigs inoculated with both PRRS and MH
vaccines and then challenged with MH
were also consistent with our earlier study.6

Whether the increased MH-specific IgG
levels present in the BAL in PRRS-vacci-
nated pigs reflect increased IgG levels in
the serum or from lymphocytes localized to
the lung parenchyma is currently un-
known. However, it is thought that IgA
antibodies are important in control of
pathogens on the mucosal surface, while
IgG is more active in the lung parenchyma.

puorG eniccaV )n(41yaD )n(53yaD )n(46-16syaD
HMhtiwdegnellahctonspuorG

1 HM+SRRP 047.0 ± 944.0 b )9( 415.1 ± 463.0 c,b )9( 360.1 ± 711.0 b )4(
2 HM 200.0 ± 500.0 a )9( 130.0- ± 720.0 a )9( 210.0 ± 020.0 a )5(
3 SRRP 239.0 ± 025.0 b )9( 156.1 ± 04.0 c )9( 426.1 ± 43.0 c )4(
4 enoN 210.0 ± 320.0 a )9( 120.0- ± 20.0 a )9( 910.0 ± 20.0 a )5(

HMhtiwdetcefniyllatnemirepxespuorG
5 HM+SRRP 786.0 ± 162.0 b )9( 883.1 ± 501.0 c )9( 410.1 ± 512.0 b )7(
6 HM 300.0 ± 600.0 a )9( 220.0- ± 20.0 a )9( 120.0 ± 330.0 a )9(
7 SRRP 608.0 ± 972.0 b )9( 142.1 ± 344.0 b )9( 874.1 ± 522.0 c )9(
8 enoN 00.0 ± 00.0 a )9( 420.0- ± 210.0 a )9( 510.0 ± 820.0 a )9(

Table 4: Mean PRRS ELISA S:P ratios (± SD) in weaned pigs vaccinated with MH
vaccine,1 MLV porcine reproductive and respiratory syndrome (PRRS) vaccine,2
or both, then experimentally infected with MH 2 weeks after the last MH
vaccination

1    RespiSure; Pfizer Animal Health, Exton, Pennsylvania; administered trial Days 8 and
22.

2    Resp-PRRSRepro; Boehringer Ingelheim/NOBL Laboratories, Ames, Iowa;
administered trial Day 0.

a,b,c Within each column, values with different superscripts are significantly different
(least significant difference method; P<.05)
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Mononuclear cells producing IFN-γ were
measured to assess the effect of MLV PRRS
vaccination on the cellular immune re-
sponse induced by MH vaccination. The
presence of IFN-γ enhances the activity of
NK cells and macrophages as well as in-
creasing major histocompatibility complex
expression on the cell surface, which is im-
portant in antigen presentation and aiding
B- and T-cell interactions. Interestingly, in
pigs vaccinated with MLV PRRS vaccine
and then challenged with MH, there was
an increased mean number of cells secret-
ing IFN-γ in the peripheral blood. These
results parallel the increase in MH anti-
body levels observed in conjunction with
PRRSV infection and present further evi-
dence of the complexity of PRRSV impact
on the immune system. Lymphocytes from
lung tissue and the inguinal lymph node
did not produce increased numbers of
IFN-γ-secreting cells in response to any
vaccine strategy or challenge. There were
some inconsistencies in the ELISPOT assay
that may have affected the results. The re-
sults of this study and those of our previous
study indicate that the timing of PRRSV
vaccination, infection, or both is important
for MH vaccine efficacy.6 The mechanism
by which PRRSV decreased the ability of
the MH vaccine to reduce mycoplasmal
pneumonia is unknown and confirms that
the interaction and effect of PRRSV and
MH on the respiratory tract is complex,
and many questions remain. However, on
the basis of the results of these two studies,
timing of vaccination in relation to PRRSV
infection may be important to ensure vac-
cine efficacy. The results of these studies
should provide additional information to
swine veterinarians and producers to assist
in establishing effective vaccination pro-
grams for the control of swine respiratory
disease.

Implications
• Vaccination with an MLV PRRS

vaccine prior to administration of an
MH vaccine did not decrease the
ability of a commercial MH vaccine to
reduce experimental mycoplasmal
pneumonia.

• Average MH antibody levels were
higher in pigs challenged with MH
after vaccination first with an MLV
PRRS vaccine and then with MH
vaccine than in pigs challenged with
MH after vaccination with MH
vaccine alone.

• The average number of MH-specific
INF-γ-producing lymphocytes was
greater in the peripheral blood of pigs
vaccinated with both PRRS and MH
vaccines than in pigs vaccinated with
MH vaccine alone.

• The average MH-specific IgG levels in
BAL fluid were higher in pigs vacci-
nated with both PRRS and MH
vaccines than in pigs inoculated with
MH vaccine alone.
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