PEER REVIEWED

ORIGINAL RESEARCH

Influence of age and maternal antibodies on antibody
responses of neonatal piglets vaccinated against Mycoplasma

hyopneumoniae

Douglas C. Hodgins, DVM, PhD; Patricia E. Shewen, DVM, MSc, PhD; Cate E. Dewey, DVM, MSc, PhD

Summary

Objective: To assess the relative importance
of age and maternal antibodies on antibody
responses of neonatal piglets to a commercial
Mycoplasma hyopneumoniae vaccine.

Methods: Piglets from 20 sows in each of
two commercial swine operations (with
serological evidence of M hyopneumoniae
exposure) were vaccinated once at 2, 3, or
4 weeks of age with an M hyopneumoniae
bacterin, or were nonvaccinated controls.
Serum IgG antibodies were assayed by
ELISA, using surface antigens of M
hyopneumoniae, in serum samples collected
from pigs in the first week of life and at
prevaccination, 3 weeks postvaccination,

and 2.5 months of age. Sows were vacci-
nated against M hyopneumoniae in Herd B,
but not in Herd A.

Results: In Herd A, piglets had moderate
titers of maternal antibodies. Vaccinated
pigs had significantly higher antibody
responses than nonvaccinates. Higher
prevaccination titers were associated with
lower responses. Age at vaccination was not
associated with response to vaccination. In
Herd B, piglets had high titers of maternal
antibodies. Antibody titers of vaccinated
pigs did not decline as rapidly as those of
nonvaccinated pigs, and vaccinates had
higher titers at 2.5 months of age.

Implications: Titer of maternal antibodies,
but not age (ie, immaturity of immune
function), is a major concern when piglets
are vaccinated against M hyopneumoniae.
Vaccination of pigs as young as 2 weeks of
age may induce active antibody responses
in the presence of moderate titers of mater-
nal antibodies. Caution should be used in
extrapolating these findings to other vaccines
and vaccination protocols.
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nzootic pneumonia associated with

Mycoplasma hyopneumoniae is a

common and economically impor-
tant disease of swine.! Early induction of
active immunity is desirable, as transmission
of M hyopneumoniae may occur from sow
to piglet preweaning and between piglets
postweaning.' Immune responses of neonates
in general differ qualitatively and quantita-
tively from those of mature animals because
of a combination of immaturity of immune
function and suppressive effects of maternal
antibodies.>? The age at which neonates
become competent to mount immune re-
sponses to specific antigens varies with the
species and the antigen of interest.?

In various species, maternal antibodies
inhibit immune responses to antigens of
both viral and bacterial pathogens in both
replicating and nonreplicating vaccines.*>
The effects of maternal antibodies on im-
mune responses depend on initial serum
antibody titers following absorption of
colostral antibodies and on the serum half-
life of these antibodies. Thus, responses to
vaccination are likely to improve with age,
as piglet immune function matures and
titers of maternal antibodies decline. Opti-
mal vaccination strategy must balance the
advantage of delayed vaccination (ie, en-
hanced immune responses) with the need
to induce immunity before exposure to the
pathogen.
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Vaccine formulation may also affect the
ability of neonates to mount active immune
responses in the presence of maternal anti-
bodies. Some vaccine adjuvants®’ moderate
the suppressive effects of maternal antibodies
by enhancing immunogenicity. Increasing
the mass of antigen in a vaccine may also
reduce the effects of maternal antibodies.®
It is thus particularly unwise to extrapolate
research findings from a study using one
vaccine preparation to a different population
with different levels of maternal antibodies
receiving a different vaccine of largely un-
known formulation.

Although vaccination against M hyopneu-
moniae is widely practiced, many aspects of
immunity to M hyopneumoniae (including
the identity of protective antigens) remain
unclear. This study was undertaken to assess
the relative importance of age and titer of
maternal antibodies on antibody responses
to an M hyopneumoniae vaccine, as a start-
ing point for more rational use of vaccines
to control enzootic pneumonia. To provide
a broader base for interpretation, the work
was carried out in two commercial swine
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herds with widely differing levels of mater-
nal antibodies.

Materials and methods

Experimental animals and design
Seven piglets from each of 20 sows in each
of two commercial herds (140 piglets per
herd) were selected by systematic random
allocation to be vaccinated against A/
hyopneumoniae at 2, 3, or 4 weeks of age or
to be nonvaccinated control animals. Vac-
cination against M hyopneumoniae was not
practiced in Herd A. In Herd B, gilts were
vaccinated twice before breeding with a
commercial M hyopneumoniae vaccine
(Suvaxyn MH/HPS; Ayerst Veterinary
Laboratories, Guelph, Ontario, Canada),
and received booster doses of another M
hyopneumoniae vaccine (Respisure; Pfizer
Animal Health, Kirkland, Quebec,
Canada) 2 weeks before their estimated
farrowing dates. Pigs in both herds were
weaned at 14 to 19 days of age.

The youngest 20 litters of pigs born 2 to 6
days prior to the farm visit were included
in the study. Litters were excluded if the
pigs had been cross fostered. Weak, poor-
doing pigs that were not expected to live
were also excluded from the selected litters.
Within selected litters, pigs were sorted by
size from the largest to the smallest and
were ear tagged. Pigs were systematically
allocated to one of four treatment groups
(vaccination at 2 weeks, 3 weeks, or 4
weeks, or nonvaccinated control) beginning
with the largest pig and working in se-
quence towards the smallest. The fifth larg-
est pig was allocated to the same group as
the largest pig, and the sequence continued
until 2 maximum of seven pigs had been
allocated. The largest pig in the next litter
was allocated to the next treatment in the
sequence, and the process was continued.
This procedure was followed because it was
anticipated that some pigs would die before
11 weeks of age, and representation of all
treatments in all litters was desired. By the
end of the study, there was an average of 32
pigs per treatment group in each herd.

A single 2-mL dose of an M hyopneumoniae
bacterin (Ingelvac M hyo; Boehringer
Ingelheim Vetmedica, St Joseph, Missouri)
was administered intramuscularly to pigs in
vaccinated groups. This vaccine, consisting
of killed organisms in a water-in-oil emul-
sion, was licensed as a one-dose vaccine for
use in piglets 3 weeks of age and older;

administration at 2 weeks of age therefore
constituted extra-label use of this vaccine.

Blood was collected from sows in the first
week after farrowing. Blood was collected
from their piglets in the first week of life
(Week 0, at least 24 hours after farrowing)
and at the conclusion of the study (10 to
11 weeks of age). In addition, blood was
collected from vaccinated pigs immediately
before vaccination and 3 weeks postvacci-
nation. Blood was collected from nonvac-
cinated pigs at ages corresponding to sam-
pling ages of pigs in the three vaccination
groups. A total of four blood samples were
collected from vaccinated pigs and a total
of eight or nine samples were collected
from nonvaccinated pigs. Sera were stored
at -20°C until the time of assay.

Sow sera and the first two sera collected
from each piglet were tested at a 1:10 dilu-
tion for antibodies to M hyopneumoniae
using the DAKO Mycoplasma hyopneumoniae
ELISA Kit (DAKO, Glostrup, Denmark)
to provide a means of comparing antigenic
exposure in the two study herds with that in
other herds of interest. This widely available
commercial test uses monoclonal antibodies
to a single 74-kd protein of M hyopneumoniae
in a competitive ELISA to classify individuals
as positive or negative for exposure to this
organism, but provides only limited infor-
mation as to the quantity of antibody
present. In order to generate quantitative
data on titers of maternal antibodies in pig-
lets and to quantify their responses follow-
ing vaccination, a modified Tween-20
ELISA was used.

Tween-20 ELISA

Serum IgG antibody titers to Tween-20
extracted antigens of M hyopneumoniae
were assayed using the method of Bereiter
et al,? with modifications. Antigen was ex-
tracted from chemically inactivated culture
material provided by the vaccine manufac-
turer (Boehringer Ingelheim Vetmedica) in
order to match the antigens present in the
vaccine. Immulon 2HB U-bottom 96-well
microtiter plates (Dynex Technologies,
Chantilly, Virginia) were coated with 100 uL
per well of extracted antigen (10 ug per
mL protein as determined by the Lowry!°
protein assay) in carbonate coat buffer (so-
dium carbonate 45 mM, sodium bicarbon-
ate 18 mM, pH 9.6), for 3 hours at 37°C.
Plates were washed between steps with
physiological saline containing 0.05%
Tween-20 (Fisher Scientific, Fair Lawn,

New Jersey). Sera were diluted in a sample
buffer of 25 mM Tris buffered saline solution
(pH 8.0) with 1% bovine serum albumin
(ICN Biomedical, Costa Mesa, California)
and 0.05% Tween-20, and dispensed to
duplicate wells in 100-uL volumes. Sera
were diluted as necessary in order that optical
densities after color development fell within
the linear response range of a dilution series
of a high-titer, positive control serum,
which was assayed on each plate. A gamma
chain specific goat anti-swine IgG-alka-
line phosphatase conjugate (Kirkegaard -
Perry Laboratories, Gaithersburg, Maryland)
was used with p-nitrophenyl phosphate
(Kirkegaard-Perry Laboratories) as substrate
for color development. Titers were calculated
by the method of Sacks et al.>!1:12
Seroconversion was defined as a fourfold or
greater increase in serum IgG antibody
titer.

Statistical analysis

IgG serum antibody titers were transformed
using a log base 2 transformation for all
statistical analyses. Initially, the piglet serum
IgG antibody titers were regressed on time
for time points when sera were available
from pigs in all groups (Week 0 and at the
end of the study), controlling for litter as a
random variable using the PROC MIXED
procedure of SAS (SAS Inc, Cary, North
Carolina). This procedure takes clustering
(muldiple pigs in the same litter) into account
in calculating P values. When significant
differences were evident among experimental
groups, titers were regressed on vaccination
status by comparing nonvaccinated pigs to
each vaccinated group using contrasts. The
interaction term herd*group was included
in the model.

Analyses of antibody responses were carried
out on the variable “response to vaccination,”
calculated as the difference between the
prevaccination antibody titer and the titer
in the same pig 3 weeks postvaccination.
The difference was regressed on time after
controlling for the random litter variable
(using PROC MIXED). For each vaccina-
tion protocol (vaccination at 2, 3, or 4
weeks of age), response to vaccination was
compared with changes in antibody titers
in nonvaccinated control pigs during the
same time interval. This was necessary for
two reasons. In neonates, in the absence of
antigenic stimulation, titers of maternal
antibodies decline continuously over time.
In addition, under field conditions, anti-
body responses to natural exposure to
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M hyopneumoniae may occur. Comparison
of changes in antibody titers in vaccinates
to those in nonvaccinates over the same
period and in the same environment controls
for these two influences. Thus, to assess the
effect of age on response to vaccination,
distinct from the effects of declining titers
of maternal antibodies, the prevaccination
titer was included in the model as a
covariate.

Results

Maternal antibodies

In Herd A, in which sows were not vacci-
nated against M hyopneumoniae, 25% of
the sows tested positive by DAKO ELISA,
and the proportion of litters with antibodies
detectable by this test declined rapidly
(Table 1). In contrast, in Herd B, in which
all sows were vaccinated against A/
hyopneumoniae, all sows tested positive by
DAKO ELISA, and maternal antibodies
were detected in pigs in all litters up to the
time of vaccination.

The distribution of titers of maternal anti-
bodies in piglets under a week of age, as
measured by a quantitative ELISA using
Tween-20 antigen, is presented in Figure 1.
Least squares means of titers were higher in

piglets in Herd B (Figure 2, P < .001).

Antibody responses to vaccination
Least squares means of IgG antibody titers
of pigs over the duration of the study are
presented in Figure 2. Initial statistical
analyses performed on combined data from
the two study herds showed that serum
antibody titers in the first week of life were
significantly higher in Herd B than in Herd
A. In addition, the interaction term herd*
group was significant in models examining
the effects of vaccination on antibody
responses, indicating that responses differed
significantly in the two herds. Therefore,
subsequent analyses were performed on an

individual herd basis.

Herd A. Least squares means of maternal
IgG antibody titers in the first week of life
were approximately 25-fold lower in Herd
A than in Herd B (Figure 2). The majority
of vaccinated piglets responded to vaccina-
tion with rising IgG antibody titers (Figure
3). In pigs vaccinated at 2, 3, or 4 weeks of
age, serum IgG antibody responses 3 weeks
after vaccination were significantly higher
than those in nonvaccinated pigs over
matching time intervals (Table 2), despite a

Table 1: Proportion of sows and their nonvaccinated piglets seropositive’ for
Mycoplasma hyopneumoniae by ELISA in two commercial herds?

No. seropositive
sows/total sows

No. seropositive
litters/total litters

Week 0 Week 0 Weeks 2-4
Herd A 5/20 10/20 2/20
Herd B 20/20 20/20 20/20

1 Sera from 20 sows and seven piglets in each litter were tested 24 hours to 7 days

after farrowing (Week 0), and the same piglets were tested again at 2 to 4 weeks of
age, using a serum dilution of 1:10 in a commercial competition ELISA (M
hyopneumoniae ELISA Kit; DAKO, Glostrup, Denmark). Sample wells with optical
densities less than 50% of a control well were considered positive. Litters with one or
more piglets testing positive were considered positive. In each herd, an average of
0.6 piglets per litter were lost to follow-up between the two samplings.

Sows in Herd A were not vaccinated against M hyopneumoniae.Sows in Herd B were
vaccinated twice as gilts before breeding (Suvaxyn MH/HPS; Ayerst Veterinary
Laboratories, Guelph, Ontario, Canada), and once 2 weeks before each estimated
farrowing date (Respisure; Pfizer Animal Health, Kirkland, Quebec, Canada).

2

Figure 1: Distribution of serum IgG antibody titers against Mycoplasma
hyopneumoniae in 140 pigs (7 pigs from each of 20 litters) in each of two
commercial herds.Sows in Herd A were not vaccinated against M hyopneumoniae.
Sows in Herd B were vaccinated twice with an M hyopneumoniae bacterin
(Suvaxyn MH/HPS; Ayerst Veterinary Laboratories, Guelph, Ontario, Canada) as
gilts before breeding, and received booster doses of another M hyopneumoniae
bacterin (Respisure; Pfizer Animal Health, Kirkland, Quebec, Canada) 2 weeks
before each estimated farrowing date. Blood samples were collected from pigs
24 hours to 7 days of age (Week 0).Serum IgG antibodies were assayed in a
quantitative ELISA using Tween-20 extracted antigens. Least squares means of
titers were higher (P < .001) in Herd B than in Herd A, compared by linear
regression analysis of the antibody titers (after log base 2 transformation) with
sow as a random variable, using the PROC MIXED procedure of SAS (SAS Inc,
Cary, North Carolina).
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Figure 2: Least squares means of IgG serum antibody titers against
Mycoplasma hyopneumoniae in pigs in two commercial herds.Herd A sows
were not vaccinated against M hyopneumoniae.Herd B sows were vaccinated
twice with a M hyopneumoniae bacterin (Suvaxyn MH/HPS; Ayerst Veterinary
Laboratories, Guelph, Ontario, Canada) as gilts before breeding, and once 2
weeks before each estimated farrowing date (Respisure; Pfizer Animal Health,
Kirkland, Quebec, Canada). Piglets in 20 litters in each herd were vaccinated
once intramuscularly at 2, 3, or 4 weeks of age with an M hyopneumoniae
bacterin (Ingelvac M hyo; Boehringer Ingelheim Vetmedica, St Joseph,
Missouri). Unvaccinated piglets in the same litters served as controls. Serum
IgG antibodies to M hyopneumoniae were assayed in a quantitative ELISA using
Tween-20 extracted antigens. Maternal antibody titers in piglets in the first
week of life were higher (P <.001) in Herd B than in Herd A, when compared by
linear regression analysis of the antibody titers (after log base 2
transformation), with sow as a random variable, using the PROC MIXED
procedure of SAS (SAS Inc, Cary, North Carolina). In both herds, vaccinated
piglets 10 to 11 weeks of age had higher antibody titers than nonvaccinated
controls (P < .001; linear regression using PROC MIXED).
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gradual increase in least squares means of
antibody titers in nonvaccinated pigs after
about 40 days of age in this herd (Figure
2). Indeed, 45% of nonvaccinated pigs in
this herd seroconverted by 11 weeks of age
(Table 3). The magnitude of antibody re-
sponses did not differ among the three vac-
cinated groups (with prevaccination titer as
a covariate to adjust for declining titers of
maternal antibodies). Higher prevaccination
titers were associated with lower responses
to vaccination (P < .001). At 11 weeks of
age, pigs in all vaccinated groups continued
to have significantly higher titers than
nonvaccinates (Figure 2).

Herd B. The least squares means of maternal
antibody titers were higher for pigs in Herd
B than in Herd A (Figure 2), and few pigs
responded to vaccination with increases in
antibody titers (Figure 3). Responses fol-

lowing vaccination at 2 weeks of age did
not differ (P = .33) from changes in titers
in nonvaccinates over the matching time
interval (Table 2). Responses were higher
(P =.02) in pigs vaccinated at 3 weeks of
age compared to nonvaccinates (Table 2).
In pigs vaccinated at 4 weeks of age, there
was a trend (P = .06) toward higher re-
sponses compared to nonvaccinates (Table
2). The magnitude of antibody responses
among the three vaccinated groups (with
prevaccin-ation titer as a covariate to adjust for
declining titers of maternal antibodies) did
not differ. Higher prevaccination titers were
associated with lower responses to vaccination

(P<.001).

In contrast to the situation in Herd A, least
squares means of antibody titers declined
in all study groups up to 10 weeks of age
(Figure 2), and seroconversion did not

occur in any of the nonvaccinated pigs by
10 weeks of age (Table 3). In spite of the
modest number of pigs with absolute in-
creases in titers following vaccination, pigs
in all vaccinated groups had significantly
higher titers than nonvaccinates by 10
weeks of age. On average, the rate of decline
of serum antibody titers was less precipitous
for vaccinates than for nonvaccinates (Fig-
ure 2).

Discussion

In nonvaccinated mature animals, positive
results with the DAKO M hyopneumoniae
ELISA, a qualitative commercial ELISA,
suggest exposure to M hyopneumoniae.
Serological results for neonatal piglets that
have received colostrum provide a crude
means of assessing transfer and decline of
maternal antibodies. There is continuing
uncertainty about which immune mecha-
nisms are responsible for protection against
M hyopneumoniae, and which mechanisms
contribute to development of lung lesions.
Colostral antibodies may provide partial
protection against experimental challenge!?
and naturally occurring disease.'* Mono-
clonal antibodies to an adhesin of M
hyopneumoniae inhibit adherence to the
cilia of tracheal epithelial cells in an in vitro
model.1 Djordjevic et al,1¢ however,
reported that serum antibody titers do not
correlate with protection against experi-
mental challenge. Thacker et al'” found
that neither blood lymphocyte proliferative
responses nor serum antibody titers corre-
lated with protection on an individual pig
basis, but that group antibody titers were
related to group percentage pneumonic
lung tissue. Recent work by Thacker et al'®
suggests that interferon-y-secreting T lym-
phocytes and antibodies present at mucosal
sites may be important in protection
against experimental challenge.

For the present, until specific antigens are
identified as inducing protective responses,
quantitation of serum antibody responses
to complex antigen mixtures serves to
monitor immune responses to vaccine
antigens in general, but does not predict
protective effects.

Early induction of active immunity is a
critical goal for vaccination programs to
control enzootic pneumonia in modern pig
operations. Transmission of M hyopneumoniae
may occur from sow to piglets before
weaning, or among piglets in the nursery.1
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Figure 3: Response to vaccination with a Mycoplasma hyopneumoniae bacterin
in 187 pigs in two commercial herds. Sows were vaccinated in Herd B but not in
Herd A.Piglets were vaccinated once at 2, 3, or 4 weeks of age with Ingelvac M
hyo (Boehringer Ingelheim Vetmedica, St Joseph, Missouri) in groups averaging
32 pigs in Herd A and 31 pigs in Herd B.Blood samples were collected
prevaccination and 3 weeks postvaccination, and from nonvaccinated cohorts
on the same days. Serum IgG antibodies to M hyopneumoniae were assayed in
a quantitative ELISA using Tween-20 extracted antigens. Response to
vaccination was calculated as postvaccination titer minus prevaccination titer
(after transformation of titers to a log base 2 scale). Age at vaccination was not
related to magnitude of antibody response in either herd after controlling for
prevaccination titers (P =.78 and P =.59 in Herds A and B, respectively). Higher
prevaccination titers were associated with lower responses to vaccination in
both herds (P <.001 in each herd).Each symbol represents the response of one
pig. Responses of nonvaccinated cohort pigs between 3 and 6 weeks of age are
presented for comparison (dark squares).In Herd A, responses to vaccination
for pigs vaccinated at 2, 3, or 4 weeks of age were higher than those of
nonvaccinated pigs over the same time intervals (P < .001 in each case).In Herd
B, there was a trend to higher responses in pigs vaccinated at 4 weeks of age (P
=.06) and significantly higher responses (P =.02) in pigs vaccinated at 3 weeks
of age, compared to nonvaccinates over the same time intervals. The log base
2-transformed antibody titers were compared by linear regression, after
controlling for sow as a random variable, using the PROC MIXED procedure of
SAS (SAS Inc, Cary, North Carolina).
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Vaccination is most likely to be effective if
active immunity can be established before
natural disease exposure. In Herd A, mean
serum IgG antibody titers in nonvaccinated
pigs began to rise slowly after 6 weeks of
age, suggesting early exposure to M
hyopneumoniae in some individuals in this
herd. Indeed, 45% of nonvaccinated pigs
seroconverted (fourfold or greater increases
in serum antibody titers) by 11 weeks of
age, indicating antigen exposure. In contrast,
in Herd B, mean titers had not begun to
rise by 10 weeks of age in nonvaccinates,
and seroconversion was not detected. This
may have been due to lack of early expo-
sure, or high levels of maternal antibodies
may have prevented effective growth of the
mycoplasma. Alternatively, high titers of
maternal antibodies may have interfered
with detection of low titer responses.

Immunization of neonates is complicated
both by immaturity of immune function
and by immunosuppressive effects of ma-
ternal antibodies.>3 Immune deficits in
neonates include reduced levels of serum
complement components,'? reduced expres-
sion of co-stimulatory molecules on lym-
phocytes,?? and reduced numbers of anti-
gen presenting cells.>! Immune responsiveness
of neonates varies with the antigen under
study and the species of interest.? In this
study, antibody responses to extracted sur-
face antigens of M hyopneumoniae did not
differ significantly by age at vaccination
(after adjusting for prevaccination titers of
maternal antibodies). This may reflect ear-
lier maturation of immune function in pigs
in general compared to other domestic spe-
cies, or may be specific for the antigens in
the study vaccine. In pigs, serum levels of
complement component C3 (a protein
important in antigen uptake, leukocyte
activation, and induction of immune
memory) reach adult levels by 2 weeks of
age,!? much younger than in other domes-
tic species.”? Although the effects of passive
antibodies on active immune responses
have been under intermittent investigation
since 1892,23 there has been a recent resur-
gence of research interest in the immuno-
logical mechanisms involved.2426 There is
a growing consensus that although anti-
body (B-lymphocyte) responses of neonates
are suppressed by maternal antibodies, T-
lymphocyte responses are unimpaired.?>20
In addition, sensitization of B lymphocytes
for anamnestic antibody responses may
occur following vaccination in the presence
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Table 2: Least squares means and standard error of the mean (SEM) for serum
IgG antibody responses’ (Tween-20 ELISA for Mycoplasma hyopneumoniae) in
pigs in two commercial herds?

Response (SEM)

Age when

vaccinated Vaccinates Nonvaccinates? Pt
Herd A

2 weeks 0.75 (0.19) -1.85 (0.19) < .001
3 weeks 1.19 (0.30) -1.23 (0.31) < .001
4 weeks 1.49 (0.29) -0.23 (0.29) < .001
Herd B

2 weeks -1.80 (0.18) -2.00 (0.18) 33
3 weeks -1.57 (0.19) -2.16 (0.18) .02
4 weeks -1.59 (0.18) -1.99 (0.17) .06

1 Antibody responses calculated as antibody titer 3 weeks postvaccination minus titer
prevaccination, for pigs vaccinated at 2, 3, or 4 weeks of age with a commercial M
hyopneumoniae bacterin (Ingelvac M hyo; Boehringer Ingelheim Vetmedica, St
Joseph, Missouri). Titers expressed in a log base 2 scale (ie, a response of 2 represents
a fourfold increase in titer).

Herd A sows were not vaccinated against M hyopneumoniae.Herd B sows were
vaccinated twice as gilts before breeding (Suvaxyn MH/HPS; Ayerst Veterinary
Laboratories, Guelph, Ontario, Canada), and once 2 weeks before their estimated
farrowing dates (Respisure; Pfizer Animal Health, Kirkland, Quebec, Canada).

3 Changes in titers of nonvaccinated pigs in the same litters at the same time points.

Antibody responses of vaccinates and nonvaccinates within a herd compared by
linear regression of the log base 2-transformed titers, after controlling for sow as a
random variable, using the PROC MIXED procedure of SAS (SAS Inc, Cary, North
Carolina), with the level of significance set at P=.05.

Table 3: Cumulative seroconversion' rates of nonvaccinated control pigs bzy
Tween-20 ELISA for Mycoplasma hyopneumoniae in two commercial herds

Proportion of pigs® that seroconverted (%)

Age* (days) =41 42 - <55 56 - < 68 69 - <79
Herd A 0/33 (0) 1/33 (3) 4/33 (12) 15/33 (45)
Herd B 0/34 (0) 0/34 (0) 0/34 (0) 0/34 (0)

Seroconversion defined as a fourfold or greater increase in serum antibody titer (ie,
an increase of 2 or more log base 2 units).

Sows in Herd A were not vaccinated against M hyopneumoniae.Sows in Herd B were
vaccinated twice as gilts before breeding (Suvaxyn MH/HPS; Ayerst Veterinary
Laboratories, Guelph, Ontario, Canada), and once 2 weeks before each estimated
farrowing date (Respisure; Pfizer Animal Health, Kirkland, Quebec, Canada).

In each herd, pigs from 20 litters were tested.The denominator is the number of
nonvaccinated pigs tested.

4 Blood samples were collected from pigs at 24 hours to 7 days of age (Week 0) and at
approximately 2,3,4,5,6,7,and 11 weeks of age.

of maternal antibodies even if no primary
response is detectable.?® In Herd A,
significant serum IgG antibody responses
occurred in pigs vaccinated as young as 2
weeks of age in the presence of moderate
titers of maternal antibodies. Mean titers
rose continuously from the time of vacci-
nation until monitoring ended at 11 weeks
of age. In contrast, in Herd B, titers of
maternal antibodies were approximately
25-fold higher, and mean antibody titers of
vaccinates did not rise following vaccina-
tion. The rate of decline of serum antibody
titers did moderate, however, compared to
that of nonvaccinates, so that by 10 weeks
of age, mean titers of vaccinates were
significantly higher than those of
nonvaccinates. This finding is consistent
with a primary immune response of rela-
tively low magnitude, and perhaps delayed
kinetics, in the vaccinated pigs. Serological
monitoring for a longer period of time, or
experimental challenge with M hyopneu-
moniae, might clarify the nature of these
modified responses.

The high titers of maternal antibodies
present in pigs in Herd B made IgG re-
sponses difficult to detect, as IgG antibodies
of the dams and offspring are not distin-
guished by the assay. Maternal antibody
titers in the pigs were high enough that
IgG derived from active responses (of the
magnitude seen in Herd A) would have
little impact on observed titers on a loga-
rithmic scale. Increases in serum IgM anti-
bodies following vaccination would provide
stronger evidence of active immune re-
sponses, since titers of maternal IgM anti-
bodies would be low by the time of vacci-
nation because of their short half-life.
Unfortunately, sera were not collected from
vaccinated pigs at the 1-week interval
needed for optimal detection of IgM
responses.

The findings of this study have clinical

127 reported that
maternal antibodies to M hyopneumoniae
wane at approximately 30, 45, and 63 days
in pigs with low, medium, or high titers of

implications. Morris et a

maternal antibodies, respectively. From the
results of the present study, it is evident
that M hyopneumoniae vaccines may induce
antibody responses before the complete
disappearance of maternal antibodies. The
interaction of vaccine and maternal anti-
bodies is expected to vary with the exact
formulation of the vaccine and with the
titers of maternal antibodies present in the
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herd. Caution should be exercised in
extrapolating results from this study to
other vaccines and other vaccination proto-
cols, especially in the absence of herd-specific
data on levels of maternal antibodies.

To date, the specific antigens mediating
protection against M hyopneumoniae have
not been identified. More detailed studies
of immune responses of neonatal pigs
should be performed once these antigens
have been characterized. Experimental
challenge studies, field studies of vaccine
efficacy, and mathematical models will
doubtless all play their roles in defining the
optimal age for vaccination to prevent
enzootic pneumonia.

Implications

* Active antibody responses to M
hyopneumoniae can be induced by
vaccination in pigs as young as 2
weeks of age, in spite of moderate
titers of maternal antibodies.

e Under the conditions of this study,
maternal antibodies were associated
with reduced antibody responses to
vaccination.

e Age at vaccination (distinct from the
effect of declining titers of maternal
antibodies) was not associated with
differences in magnitude of antibody
responses to M hyopneumoniae.
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