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We report the use of PCR to detect DNA from Mycoplasma hyopneumoniae, the etiological agent of enzootic
porcine pneumonia. A primer set was designed for the amplification of a 649-bp fragment of the 16S rRNA gene
fromM. hyopneumoniae. The PCR product was identified by ethidium bromide staining after gel electrophoresis
and by Southern hybridization with an M. hyopneumoniae-specific oligonucleotide probe. No amplification was
observed from any other porcine bacteria tested, including several closely related mycoplasmas. It was also
possible to demonstrate the presence ofM. hyopneumoniae in bronchial lavage samples and lung tissue samples
from experimentally infected pigs. Furthermore, the PCR system was used for analysis of nasal samples
obtained from pigs in a fattening herd. By this method, we were able to detect M. hyopneumoniae in nose swabs
from naturally infected pigs. However, our results suggest that M. hyopneumoniae can be detected in the nasal
cavities only during a limited time period.

Members of the cell wall-deficient class Mollicutes are the
smallest self-replicating organisms known (12). They possess
the smallest genome of any free-living organism, and the G1C
content of their DNA is among the lowest known. The class
consists of eight different genera, of which the genus Myco-
plasma is the most well known (25). The different mycoplasmas
are more or less host specific, and some of them are significant
animal pathogens. In 1965 Mycoplasma hyopneumoniae was
recognized as the causative agent of enzootic pneumonia in
swine (EP) (7, 13). The disease has been reported from many
countries and is one of the most common and economically
serious diseases occurring in swine (18). However, isolation of
the organism is complicated by its fastidious nature and ex-
tremely slow growth. It may be necessary to incubate primary
broth cultures for 30 days after inoculation. After several pas-
sages in broth medium, cultures can be inoculated on agar
medium for identification by immunofluorescence methods.
During the isolation, M. hyopneumoniae is easily overgrown by
other mycoplasmas; Mycoplasma hyorhinis is, for instance, fre-
quently found in swine suffering from EP. Furthermore, the
nonpathogenic Mycoplasma flocculare is commonly found in
swine lungs and has many morphologic, growth, and antigenic
characteristics in common with M. hyopneumoniae (3, 18).
These similarities are also supported by molecular data (10, 21,
23).
It is often not feasible to diagnose EP by cultivation of M.

hyopneumoniae. So far, the organism has been successfully
recovered only from slaughtered pigs, normally from lung tis-
sues (18). The probable route of transmission is by direct
contact with respiratory tract secretions from infected swine,
andM. hyopneumoniae has been isolated from nasal cavities of
diseased pigs (6). With the introduction of PCR (20) it is now
possible to track down microorganisms that were very difficult
to detect by classical methods. A PCR system for the detection
of a reiterative sequence in genomic DNA from M. hyopneu-
moniae has been described previously (9), and more recently a
PCR system with primers complementary to an unknown

genomic fragment has also been tested (1). In addition, a PCR
system with primers complementary to the 16S rRNA gene has
also been described (22). However, none of these systems were
used to analyze clinical samples. We have earlier reported
about an oligonucleotide probe targeting 16S rRNA suitable
for direct detection of M. hyopneumoniae in lung biopsy spec-
imens from pigs suffering from pneumonia in the acute phase
(10). In the present work we describe a PCR system based on
amplification of the 16S rRNA gene for the detection of M.
hyopneumoniae and the testing of this PCR on nasal swabs
taken from conventional pigs in a fattening herd.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The mycoplasmas and other bacteria
used in this work are listed in Table 1. Most of the mycoplasmas were obtained
from the former WHO/FAO Collaborating Centre for Animal Mycoplasmas
(Aarhus, Denmark). The exceptions were the type strains of M. hyopneumoniae
and M. hyorhinis, which were obtained from the National Collection of Type
Cultures (London, United Kingdom); Mycoplasma hyopharyngis, which was ob-
tained from R. F. Ross (Iowa State University); and the Ms strains of M.
hyopneumoniae, which were obtained from N. Friis (Aarhus University). The
M-labeled isolates of M. hyopneumoniae and all other bacteria were from the
culture collection of our institute, except for Erysipelothrix rhusiopathiae, which
was obtained from the American Type Culture Collection (Rockville, Md).
The porcine mycoplasmas M. hyopneumoniae, M. flocculare, and M. hyorhinis

were cultivated in the medium described by Friis (5). The other mycoplasmas
were grown in F medium or HA medium (2). All mycoplasmas were checked by
immunofluorescence, and the amount of mycoplasmas used in the PCR exper-
iments was estimated by counting CFU as described elsewhere (16).
In vitro amplification by PCR. One milliliter of broth culture of each bacte-

rium tested by PCR was centrifuged, washed in phosphate-buffered saline (PBS),
resuspended in water, and lysed by heating at 1008C for 5 min. DNA from 5-ml
samples of undiluted and 10-fold-diluted lysed cells was used as PCR templates.
A 649-bp fragment of the 16S rRNA gene fromM. hyopneumoniae was amplified
by PCR with the forward primer 59-GAG CCT TCA AGC TTC ACC AAG A-39
(nucleotide positions 212 to 233 in the M. hyopneumoniae 16S rRNA sequence)
and the reverse primer 59-TGT GTT AGT GAC TTT TGC CAC C-39 (nucle-
otide positions 839 to 860). The 16S rRNA sequence of M. hyopneumoniae was
obtained from GenBank (accession number M30378). The amplification was
performed in a 50-ml reaction mixture containing a 0.2 mM concentration of each
deoxynucleotide, 20 pmol of each primer, 50 mM KCl, 10 mM Tris-HCl buffer
(pH 9.0), and 2 mM MgCl2. Two droplets of mineral oil were layered on the
reaction mixtures to prevent evaporation. The reaction mixtures were incubated
at 958C for 4 min and then transferred to a separate heating block at 828C, where
1 U of Taq DNA polymerase (Perkin-Elmer Cetus, Norwalk, Conn.) was added
(17). The thermal profile involved 35 cycles of denaturation at 958C for 45 s,
primer annealing at 608C for 1 min, and extension at 728C for 2 min. The
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amplifications were performed in a model 480 thermocycler (Perkin-Elmer Ce-
tus).
Analysis of the amplified samples. Aliquots of amplified samples (10 ml) were

analyzed by electrophoresis in a 1.5% agarose gel with 0.5 mg of ethidium
bromide per ml. An alkaline transfer method was used for Southern blotting.
Briefly, no pretreatment of the gel was performed prior to the transfer; instead,
0.4 M NaOH was used to denature the DNA during the transfer.
After fixation, the membrane (Zeta Probe GT; Bio-Rad Laboratories, Rich-

mond, Calif.) was prehybridized for 30 min at 658C in a mixture of 23 SSC (13
SSC is 150 mM NaCl–15 mM sodium citrate), 103 Denhardt’s solution (503
Denhardt’s solution is 1% bovine serum albumin–1% polyvinylpyrrolidone–1%
Ficoll), 2% sodium dodecyl sulfate, and denatured herring sperm DNA (150
mg/ml). TheM. hyopneumoniae-specific oligonucleotide Mhp 6/30 (59-CCG TCA
AGA CTA GAG CAT TTC CTA TCT AGT-39) complementary to the V6
region of 16S rRNA (10) was end labeled with [g-32P]ATP (Amersham, Little
Chalfont, United Kingdom) and T4 polynucleotide kinase (Pharmacia Biotech,
Uppsala, Sweden). V is used to designate variable nonconserved regions in 16S
rRNA as defined by Gray et al. (8). About 106 cpm of the probe per ml was
added to the prehybridization solution. After 2 h of hybridization at 658C, the

membrane was washed with 23 SSC, once at 658C for 5 min and three times at
558C for 10 min, before autoradiography.
Samples from experimentally infected pigs. Bronchial lavage samples and

ground lung tissue samples from experimentally infected pigs were prepared as
described earlier (10). Prior to the PCR, 100-ml samples were washed in PBS,
resuspended in water, and lysed by boiling as described above. Five-microliter
aliquots of undiluted and 10-fold-diluted samples were used as PCR templates.
Bronchial lavage samples and lung tissue samples from barrier-maintained pigs
were also analyzed by PCR.
Clinical samples. To evaluate the PCR system under field conditions, nasal

swabs and blood samples were collected from pigs in a conventional fattening
herd with 510 stalls, in an all in-all out production system. Thirty-one pigs, evenly
distributed in the stable, were sampled 12 weeks after arrival to the herd. Pigs not
yet slaughtered (n 5 27) were resampled 3 weeks later. The nasal swabs were
transported in 50 ml of PBS and stored frozen at 2708C until further use. The
swabs were vortexed and discarded, and the PBS was heated at 1008C for 5 min
before PCR. Five microliters of undiluted and 10-fold-diluted samples was used
in PCR. Blood samples (without additives) were centrifuged at 2,000 3 g for 10
min, and the sera were stored at 2208C until analyzed for presence of antibodies
to M. hyopneumoniae by an enzyme-linked immunosorbent assay (ELISA) pre-
viously described (28).

RESULTS

Design of PCR primers. PCR primers were chosen on the
basis of published 16S rRNA sequence data from porcine and
other mycoplasmas (10, 21, 24, 31). The forward primer was
complementary to a part of the V2 region, and the reverse
primer was complementary to a subdomain of the V8 region.
Specificity of the PCR. A 649-bp PCR product was observed

for M. hyopneumoniae (Fig. 1). A total of 10 field strains were
examined by PCR. All of them reacted positively (Table 1). All
of the other mycoplasmas and bacteria tested in the PCR were
negative. All tested bacteria have swine as their only or alter-
native host. The results from these experiments are summa-
rized in Table 1. However, at lower annealing temperatures
(#568C) a fragment larger than 0.9 kb was generated with
DNA from Pasteurella multocida. This suggested that it was not
a part of the 16S rRNA gene that was amplified. The Mhp 6/30
probe hybridized only with the PCR product fromM. hyopneu-
moniae.
Sensitivity of the PCR. The amount of mycoplasmas from

the broth culture of M. hyopneumoniae was determined by
CFU. Serial 10-fold dilutions of M. hyopneumoniae cells were
analyzed by PCR. Amplified DNA from cells corresponding to
5 CFU could be detected by agarose gel electrophoresis (data
not shown). This sensitivity was achieved in several indepen-
dent dilution series. The use of the Mhp 6/30 probe for hy-
bridization with PCR products enhanced the signal strength
compared with that by direct visualization with ethidium bro-
mide. However, 5 CFU appeared to be the threshold for the
PCR.
Experimentally infected pigs. Lung tissue samples and bron-

TABLE 1. Bacterial strains analyzed by the M. hyopneumoniae-
specific PCR

Species Straina PCR resultb

Mycoplasma hyopneumoniae JT 1
Mycoplasma hyopneumoniae Ms41 1
Mycoplasma hyopneumoniae Ms43 1
Mycoplasma hyopneumoniae Ms44 1
Mycoplasma hyopneumoniae Ms53 1
Mycoplasma hyopneumoniae Ms58 1
Mycoplasma hyopneumoniae M13/79 1
Mycoplasma hyopneumoniae M105/79 1
Mycoplasma hyopneumoniae M158/86 1
Mycoplasma hyopneumoniae M95/87 1
Mycoplasma hyopneumoniae M62/88 1
Mycoplasma arginini G230T 2
Mycoplasma flocculare Ms42T 2
Mycoplasma hyorhinis BTS-7T 2
Mycoplasma hyopharyngis 538N 2
Mycoplasma hyosynoviae S 16T 2
Mycoplasma sualvi Mayfield BT 2
Acholeplasma axanthum S743T 2
Acholeplasma granularum BTS-39T 2
Acholeplasma laidlawii PG8T 2
Pasteurella multocida 2457 2
Haemophilus parasuis B26 2
Corynebacterium pyogenes B429/83 2
Actinobacillus pleuropneumoniae Bd 4611 2
Staphylococcus aureus Oxford 209 2
Erysipelothrix rhusiopathiae ATCC 19414T 2
Bordetella bronchiseptica B933 2

a T, type strain; ATCC, American Type Culture Collection.
b 1, positive; 2, negative.

FIG. 1. Agarose gel electrophoresis of the material obtained by PCR experiments with the strains listed in Table 1. Lane 1, P. multocida; lane 2, Haemophilus
parasuis; lane 3, Corynebacterium pyogenes; lane 4, Actinobacillus pleuropneumoniae; lane 5, Staphylococcus aureus; lane 6, E. rhusiopathiae; lane 7, Bordetella
bronchiseptica; lane 8,M. hyopneumoniae; lane 9,Mycoplasma arginini; lane 10,M. flocculare; lane 11,Mycoplasma sualvi; lane 12,M. hyorhinis; lane 13,M. hyopharyngis;
lane 14, M. hyosynoviae; lane 15, Acholeplasma laidlawii; lane 16, Acholeplasma granularum; lane 17, Acholeplasma axanthum. BglI-cleaved pBR 328 DNA and
HinfI-cleaved pBR 328 DNA from Boehringer Mannheim (Mannheim, Germany) were used as molecular-size markers in lane M.
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chial lavage samples from three pigs experimentally infected
with M. hyopneumoniae were analyzed by PCR. The result
from the PCR is shown in Fig. 2A. All samples were positive in
one or two of the dilutions tested. M. hyopneumoniae was
cultivated from the lung tissue samples but not from the bron-
chial lavage samples. No amplification was observed with the
samples from the barrier-born pigs and from lung tissue sam-
ples from a conventional pig, aged 1 week. However, M. hyo-
rhinis was cultivated from the latter pig.
Clinical samples. At the first sampling occasion (12 weeks

after arrival to the fattening herd), M. hyopneumoniae was
demonstrated in five of the pigs, both by PCR and after hy-
bridization. In Fig. 3, samples from six of the pigs are shown.
Several unspecific PCR products were observed after gel elec-
trophoresis. Serum antibodies toM. hyopneumoniae were dem-
onstrated by ELISA in 24 of the pigs 12 weeks after the arrival.
One of the pigs in which M. hyopneumoniae was detected by
PCR did not express serum antibodies reactive to M. hyopneu-
moniae at this time. However, this pig was seropositive for M.
hyopneumoniae in ELISA but negative by PCR 3 weeks later.
Of the other four pigs in which M. hyopneumoniae was shown
by PCR at the first sampling occasion, in only one was M.
hyopneumoniae found 3 weeks later. At the latter sampling,M.
hyopneumoniae was demonstrated in one of the pigs negative
for M. hyopneumoniae 12 weeks after arrival. Fifteen weeks
after arrival, all but one animal had serum antibodies to M.
hyopneumoniae. This animal was also negative by PCR at both
samplings (Fig. 4).

DISCUSSION

Since the mid-1970s there has been a continuously growing
interest in the possibilities in using rRNA sequences to infer
phylogenetic interrelationships among microorganisms (15, 32,
33). During the last several years an increasing number of
applications have also been developed for the diagnosis and

detection of bacteria with probes or PCR primers targeting 16S
rRNA or the corresponding genes (14, 29). Several of the
characteristics of the 16S rRNA sequences utilized for the
calculation of phylogenetic trees are valuable also for the de-
sign of PCR primers. The mosaic organization of 16S rRNA
with highly conserved regions interspersed with regions of
moderate and high sequence variability allows for comparisons
on a wide spectrum of phylogenetic distances (15). A PCR
system can in a similar manner be used to amplify 16S rRNA
genes on different phylogenetic levels, ranging from species
and groups to higher levels such as genera and bacterial phyla
(4, 11, 17, 30).
In this work we have described a PCR system for the detec-

tion of M. hyopneumoniae, the etiological agent of EP. The
primers were complementary to evolutionarily variable regions
of the 16S rRNA gene from M. hyopneumoniae. A similar
system has been described by Stemke et al. with primers com-

FIG. 2. Agarose gel electrophoresis of the material obtained by PCR exper-
iments (A) and after Southern blot analysis of the gel shown in panel A (B). The
samples were from three pigs experimentally infected with M. hyopneumoniae
(lanes 1 to 3), two uninfected barrier-maintained pigs (lanes 4 and 5), one
conventional fattening pig aged 1 week (lanes 6), and a positive control (lanes C).
A bronchial lavage sample was analyzed in lanes 2, and in the rest of the lanes
lung tissue samples were analyzed by the PCR. The markers in lanes M were
identical to those used in Fig. 1.

FIG. 3. Agarose gel electrophoresis of the material obtained by PCR exper-
iments from six swine in a fattening herd (lanes 1 to 6) and a positive control
(lane C). PCR products identical in size as compared with the positive control
were obtained in lanes 1 and 2. These positive samples were also confirmed by
Southern blot analysis (data not shown). The markers in lane M were identical
to those used in Fig. 1.

FIG. 4. Evidence of infection withM. hyopneumoniae in conventional fatten-
ing pigs 12 and 15 weeks after arrival. M. hyopneumoniae was demonstrated in
nasal swabs by PCR or reflected as the presence of serum antibodies. The
symbols represent the status of the animals 12 weeks after arrival to the herd:
■F, PCR positive, ELISA positive; ■E, PCR positive, ELISA negative; hF,
PCR negative, ELISA positive; hE, PCR negative, ELISA negative.
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plementary to the 16S rRNA gene (22). However, their PCR
was performed only on pure DNA, and it was not tested on
porcine bacteria other than mycoplasmas; nor were any clinical
samples included. To increase the specificity and sensitivity in
our assay, a hybridization step with a probe was used. The
probe was complementary to a part of the PCR product de-
rived from the V6 region of the 16S rRNA of M. hyopneu-
moniae (10).
The organism could readily be detected in samples from

lung tissues and bronchial lavage samples from experimentally
infected pigs. Normally 90% of the pigs from fattening herds in
Sweden have serum antibodies toM. hyopneumoniae at slaugh-
ter (26). Careful evaluation of lungs at slaughter suggests that
most of the animals also have experienced pneumonia, even
though the lesion might be in a healing phase at the time of
slaughter (27). We detected a similar prevalence of pigs with
antibodies to M. hyopneumoniae in this study despite the fact
that M. hyopneumoniae was detected in only 16 and 4% of the
clinical samples tested by PCR 12 and 15 weeks after arrival,
respectively. There may be several plausible explanations for
this discrepancy. An excess of cellular debris can inhibit PCR,
and a more extensive DNA purification may have to be per-
formed (19). Artiushin and colleagues recently observed a
genomic diversity among different field isolates in an M. hyo-
pneumoniae-specific PCR (1). Depending on the annealing
temperature, the isolates could be divided into two separate
groups. However, their target was an unknown part of the
genome that might be prone to mutations. In this study we
have targeted the 16S rRNA gene. As a part of the ribosome,
with an overall central function, changes in rRNA are compar-
atively slow (15). This suggest that target mismatches can be
excluded.
In a previous studyM. hyopneumoniae was regularly isolated

from pneumonic lesions and could also be recovered from
pieces of the nasal mucosa. However, nasal washings proved to
be less efficient than nasal mucosa for demonstrating the pres-
ence of M. hyopneumoniae (6). In those experiments no M.
hyopneumoniae was recovered with nasal swabs. Our results in
addition to these data suggest that very low levels of M. hyo-
pneumoniae can be found in nose samples. This is also sup-
ported by the fact that it is extremely difficult to cultivate M.
hyopneumoniae from nose samples (18). The presence of M.
hyopneumoniae might also vary considerably during the course
of infection. When the pigs were retested after 3 weeks, M.
hyopneumoniae could be demonstrated only in one of five pigs
previously PCR positive. However, it cannot be ruled out that
what we observe actually is what is possible to recover from the
upper part of the nose. In one of the pigs, M. hyopneumoniae
was detected by PCR before the ELISA was positive. This
suggests that it might be possible to detect M. hyopneumoniae
prior to the humoral immunoresponse. However, a larger
number of pigs have to be tested to confirm this observation.
Economical and animal health aspects are both important

factors in the search of a way to control EP (18). The fastidious
nature of M. hyopneumoniae calls for alternative methods for
the detection of the organism. The advantage to using PCR is
not only its rapidness but also the possibility to demonstrate
presence of M. hyopneumoniae in live pigs prior to a humoral
response to the microorganism. Interestingly, the PCR-positive
pigs were clustered in one part of the herd (data not shown).
Thus, through a combination of serological screening and
PCR, valuable insights in the epidemiology of infections with
M. hyopneumoniae might be achieved.
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