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Nested-PCR for the detection of Mycoplasma hyopneumoniae in
bronchial alveolar swabs, frozen tissues and formalin-fixed
paraffin-embedded swine lung samples: Comparative evaluation
with immunohistochemical findings and histological features!
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ABSTRACT.- Almeida P.R,, Andrade C.P, Almeida L.L., Oliveira L.G.S., Castro L.A., Zlotowski
P, Silva S.C. & Driemeier D. 2012. Nested-PCR for the detection of Mycoplasma hyop-
neumoniae in bronchial alveolar swabs, frozen tissues and formalin-fixed paraffin-
-embedded swine lung samples: Comparative evaluation with immunohistochemical
findings and histological features. Pesquisa Veterindria Brasileira 32(8):715-720. Setor de
Patologia Veterinaria, Faculdade de Veterinaria, Universidade Federal do Rio Grande do Sul,
Av. Bento Gongalves 9090, Porto Alegre, RS 91540-000, Brazil. E-mail: davetpat@ufrgs.br.
The diagnosis of Mycoplasma hyopneumoniae infection is often performed through his-
topathology, immunohistochemistry (IHC) and polymerase chain reaction (PCR) or a com-
bination of these techniques. PCR can be performed on samples using several conservation
methods, including swabs, frozen tissue or formalin-fixed and paraffin-embedded (FFPE)
tissue. However, the formalin fixation process often inhibits DNA amplification. To evalu-
ate whether M. hyopneumoniae DNA could be recovered from FFPE tissues, 15 lungs with
cranioventral consolidation lesions were collected in a slaughterhouse from swine bred in
herds with respiratory disease. Bronchial swabs and fresh lung tissue were collected, and
a fragment of the corresponding lung section was placed in neutral buffered formalin for
48 hours. A PCR assay was performed to compare FFPE tissue samples with samples that
were only refrigerated (bronchial swabs) or frozen (tissue pieces). M. hyopneumoniae was
detected by PCR in all 15 samples of the swab and frozen tissue, while it was detected in
only 11 of the 15 FFPE samples. Histological features of M. hyopneumoniae infection were
presented in 11 cases and 7 of these samples stained positive in IHC. Concordance between
the histological features and detection results was observed in 13 of the FFPE tissue sam-
ples. PCR was the most sensitive technique. Comparison of different sample conservation
methods indicated that it is possible to detect M. hyopneumoniae from FFPE tissue. It is im-
portant to conduct further research using archived material because the efficiency of PCR

could be compromised under these conditions.

INDEX TERMS: Mycoplasma hyopneumoniae, swine.

RESUMO.- [Detec¢do de Mycoplasma hyopneumoniae
por PCR em amostras de pulmao suino fixadas em for-
malina e associacdo com achados histolégicos e imuno-
-histoquimicos.] O diagnoéstico de infecgdo por Mycoplas-
ma hyopneumoniae é frequentemente realizado através
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de histopatologia, imuno-histoquimica (IHQ) e reacdo em
cadeia da polimerase (PCR), ou uma combinacdo dessas
técnicas. PCR pode ser realizada a partir de amostras sub-
metidas a varios métodos de conservacio, incluindo swa-
bs, tecido refrigerado ou congelado, ou ainda tecido fixado
em formalina e embebido em parafina (FFEP). Entretanto,
o processo de fixacdo em formalina pode inibir a amplifi-
cagdo de DNA. Para avaliar se DNA de M. hyopneumoniae
poderia ser recuperado de tecido FFEP, 15 pulmdes com le-
soes de consolidagdo cranio-ventral de suinos oriundos de
rebanhos com problemas respiratérios foram selecionados
no abatedouro. Swabs bronquiais e pulmao fresco foram
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colhidos, e um fragmento da mesma porc¢ado de pulmao foi
colocado por 48 horas em solu¢do de formalina tamponada
e posteriormente processado e embebido em parafina. PCR
foi realizada comparando amostras de tecido fixado em for-
malina com amostras que passaram somente por refrigera-
¢do (swab bronquial) ou foram congeladas (fragmentos de
tecido). A detecgdo de M. hyopneumoniae ocorreu em todas
as 15 amostras de swabs e tecido congelado enquanto em
amostras de tecido FFEP, o agente foi detectado somente
em 11 das 15 amostras. Caracteristicas histolégicas de in-
feccdo por M. hyopneumoniae ocorreram em 11 casos e 7
destas amostras obtiveram marca¢do imuno-histoquimica
positiva. Concordancia entre histologia e deteccdo a partir
de tecido FFEP foi observada em 13 casos. Dentre as téc-
nicas analisadas, a PCR foi a mais sensivel. A comparacdo
de diferentes métodos de conservacdo de amostras indica
que é possivel detectar M. hyopneumoniae a partir de teci-
do FFEP, fato importante para pesquisa utilizando material
arquivado, porém a eficacia do teste de PCR pode ficar com-
prometida sob essas condig¢ées.

TERMOS DE INDEXACAO: Mycoplasma hyopneumoniae, suino.

INTRODUCTION

Mycoplasma hyopneumoniae is the main causative agent
of pulmonary diseases in pigs and is responsible for large
economic losses in the swine industry (Desrosiers 2001,
Buddle and O’Hara, 2005, Sibila et al. 2009). Despite its low
mortality rate, M. hyopneumoniae infections are associated
with high morbidity rates. The agents adherence to the cilia
of the epithelial cells in the lower airways affects the mu-
cociliary defense mechanism and assists in the entrance
of other bacteria, resulting in delayed growth in the affec-
ted animals and carcass condemnation at slaughter (Des-
rosiers 2001, Srinivasan et al. 2002, Martinez et al. 2007,
Hansen et al. 2010).

Cranioventral consolidation of the lungs is the most spe-
cific macroscopic lesion caused by M. hyopneumoniae (Sar-
radel et al. 2003, Ribeiro et al. 2004, Redondo et al. 2009).
Microscopically, hyperplasia of the bronchus-associated
lymphoid tissue (BALT) is the particular feature that is most
related to this agent (Sarradel et al. 2003, Redondo et al.
2009). The culture and isolation of M. hyopneumoniae is re-
cognized as the gold standard for the detection of the bacte-
rium because of its high specificity. However, this method is
less practical because it requires special Friis medium and
because the agent grows slowly. (Thacker 2004, Otagiri et
al. 2005). Additionally, other microorganisms that coexist
in the sample might outgrow M. hyopneumoniae (Thacker
2004). All these factors make isolation of the organism from
field samples even more difficult. Currently, the most fre-
quently used techniques for M. hyopneumoniae diagnosis
are the histological analysis of affected tissues, immuno-
histochemistry (IHC) and, more recently, polymerase chain
reaction (PCR) (Mattson et al. 1995, Calsamiglia et al. 1999,
Ribeiro et al. 2004, Thacker 2004, Otagiri et al. 2005).
Samples used for histological techniques are routinely kept
in a 10% formalin solution and the subsequently embed-
ded in paraffin (formalin-fixed, paraffin-embedded - FFPE)
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(Srinivasan etal. 2002, Coura etal. 2005, Delfour et al. 2006,
Ferrer et al. 2007), and pathology laboratories keep large
collections of FFPE samples, allowing important retrospec-
tive studies using histological analysis (Ferrer et al. 2007).
However, FFPE samples are not the most appropriate for
molecular biology techniques that are dependent on high-
-quality DNA samples. Formaldehyde causes cross-linking
between the nucleic acids and proteins, which not only
complicates isolation of the nucleic acids but also introdu-
ces polymerase “blocks” during PCR (Gilbert et al. 2007).
The purpose of this study was to assess the suitability of
FFPE samples for PCR detection of M. hyopneumoniae by
comparing refrigerated tissue and swab pulmonary sam-
ples with samples that were subjected to formalin fixation
and paraffin embedding. These results were also compared
to those obtained by IHC and histological evaluation to as-
sess the significance of M. hyopneumoniae in terms of chro-
nicity and severity of infection.

MATERIALS AND METHODS

Sample collection and processing

Pieces of 15 lung samples were collected from growing-fi-
nishing swine at a slaughterhouse. All animals were from seven
herds located in the Cai Valley area (Rio Grande do Sul State, Bra-
zil) that had a previous history of respiratory diseases and pre-
sented cranioventral lung consolidation. The collected material
was divided into two equal fragments per animal. One of the frag-
ments was fixed in a 10% formalin solution for 48 h, embedded
in paraffin and subsequently processed for histological and IHC
analysis according to routine procedures in our laboratory (Pro-
phet et al. 1992). The remaining fragment had a bronchial swab
collected and was subsequently frozen at -20°C. The bronchial
swabs were kept refrigerated at 4°C.

DNA preparation and quantification

The DNA was extracted from the swabs and frozen tissue sam-
ples using a commercial kit (QIAamp DNA mini kit™) according
manufacturer instructions. DNA from the formalin fixed paraffin
embedded (FFPE) samples was extracted using the QlAamp FFPE
tissue kit™. Both kits can be used interchangeably, the choice
being made based on commercial availability.

The purified DNA was eluted in 100 pL of elution buffer. They
were quantified in a GeneQuant 1300 spectrophotometer (GE
Healthcare). Typically, the purified DNA had an OD,, /0D, ratio
higher than 1.8.

Immunohistochemistry (IHC)

The tissue samples were sectioned for IHC and hematoxylin-
-eosin staining (Prophet et al. 1992). Histological and immunohis-
tochemical analysis were performed by the same pathologist. [HC
was performed using a hyperimmune antiserum against Myco-
plasma hyopneumoniae (kindly provided by Nelson Mores, CNP-
SA/Embrapa) and diluted to 1:200. For antigenic recovery, the
slides were boiled in a pH 6.0 citrate buffer solution for 10 minu-
tes and subsequently incubated with protease XIV for 25 minutes.
Next, a Protein Block solution (Dako) was applied for 7 minutes,
[HC staining was performed using with AEC chromogen (Dako),
and counterstaining was performed using Mayer’s hematoxylin.

PCR, amplicon analysis and sequencing
A nested PCR was used consisting of two nested pairs of oli-
gonucleotides targeting the 16S ribosomal region of M. hyopneu-
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moniae. The primers used for the amplifications were as follows:
MH_Nested_R1_Up (*GAGCCTTCAAGCTTCACCAAGA?*), MH_Nes-
ted_R1_Do (*TGTGTTAGTGACTTTTGCCACC?*), MH_Nested_R2_Up
(®*ACTAGATAGGAAATGCTCTAGT?) and MH_Nested_R2_Do (°GTG-
GACTACCAGGGTATCT?®) (Yamaguti et al. 2008). The primers
MH_Nested_R1_Up and MH_Nested_R1_Do were used in the first
nested PCR reaction to amplify a 649 bp product. A 352 bp PCR
product was subsequently amplified in a second nested PCR using
primers MH_Nested_R2_Up and MH_Nested_R2_Do. All PCRs
were performed in a 25 pL final volume and contained 30 pmol
of each primer, 200 uM of dNTPs, 1 mM of MgCl, and 1 U of Plati-
num Taq polymerase (Invitrogen). In the first reaction were used
200 ng of DNA template. A second reaction was assembled in a
new tube containing a 1 pL sample from the first reaction. The
DNA extracted from a M. hyopneumoniae culture was used as a
positive control. Amplifications were performed on a Verity 96-
well thermocycler (Applied Biosystems). The cycling parameters
used for the first nested PCR were 95°C for 5 minutes, followed
by 30 cycles at 95°C for 30 seconds, 60°C for 30 seconds and 72°C
for 45 seconds. The parameters for the second nested PCR were
95°C for 5 minutes, followed by 30 cycles of 95°C for 30 seconds,
60°C for 30 seconds and 72°C for 30 seconds. The amplicons were
analyzed on 2% agarose gels stained with BlueGreen loading dye
I (LGC Biotecnologia).

Samples with very weak or no amplification were subjec-
ted to a new reaction using 10 to 500ng of sample DNA in
the first PCR in order evaluate for the presence of potential
false negative resulting from inhibition or lack of sensitivi-
ty. Additionally, 10 to 500ng of a control DNA were included
in selected reactions in order to rule out false negatives. The
identity of the PCR products was verified by DNA sequencing.
Five random amplicons were selected, purified using Pure-
Link™ PCR Purification Kit (Invitrogen) and quantified using
a Qubit fluorescence quantification system (Invitrogen) ac-
cording with manufacturer’s instructions. Sequencing of the
amplicons was carried out using the BigDye Terminator ver-
sion 3.1 Cycle Sequencing kit in an ABI PRISM 3130 Genetic
Analyzer (Applied Biosystems). Each sample was sequenced
independently using both forward and reverse primers, until
a Phred quality score of at least 20 (Ewing and Green, 1998;
Ewing et al. 1998) was obtained for each individual base in
the consensus sequence. The resulting chromatograms were
analyzed using the Staden package version 1.7.0 programs
(Staden et al. 2003).

RESULTS

BALT hyperplasia (BH) was the most consistently observed
histological lesion (Fig.1), which was present in 11 of the
15 samples (Table 1). All but 2 samples presented a multi-
focal mononuclear perivascular infiltrate (data not shown).
A marked BALT hyperplasia was found in 5 of the samples
analyzed. Other alterations included the presence of alve-
olar macrophages (MI), neutrophils in the alveoli (NI) and
alveolar edema (AE), with 5 samples presenting simulta-
neously all of these features (Table 1). Bronchial and bron-
chiolar epithelial hyperplasia was observed in 4 samples
(Fig.2) while 2 other samples stained positive using IHC
(Fig.3). The histological evaluation of the bronchiolar epi-
thelium was impaired in sample #7 due to autolysis. IHC
analysis revealed 7 positive samples in the epithelial cells
of the bronchus and bronchioles (Fig.2 and 3, Table 1), all of
them presenting some degree of BALT hyperplasia. Howe-

Fig.1. Histological section of a swine lung showing marked BALT
hyperplasia, highly indicative of Mycoplasma hyopneumoniae
infection. HE, obj.10x.

Table 1. Comparison between results from polymerase chain
reaction (PCR), histology and immunohistochemistry (IHC)

Sample PCR Histology IHCf

Refrigerated Frozen FFPE* BH® MI¢ NI¢ AE®
swab tissue

1 + + + [+++] - + - +

10 + + + [+++] - - - +

11 + + + [+++] + + +

15 + + + [+++] - - - +

9 + + + [+++] - - -

8 + + + [++] - - + +

13 + + + [++] + + + -

12 + + + [+] + + - +

14 + + + [+] + + + +

3 + + + [+] + + +

7 + + + [-] - - -

5 + + - [+] + - +

2 + L

4 + + - [-] + + +

6 + + - [-1 - -

2 Formalin-fixed, paraffin embedded; ® BALT (bronchus-associated lym-
phoid tissue) hyperplasia: [-] absent, [+] mild, [++] moderate, [+++]
marked; ¢ Macrophage infiltration: - (absent), + (present); ¢ Neutrophil
infiltration: - (absent), + (present); ¢ Alveolar edema: - (absent), + (pre-
sent); fimmunohistochemistry: + (positive), - (negative).

ver, half of the remaining 8 samples that did not stain using
[HC presented some degree of BALT hyperplasia under his-
tological evaluation.

Regarding the PCR results, it was possible to amplify
Mycoplasma hyopneumoniae DNA from all 15 swabs and
frozen tissue samples. However, in 4 of the FFPE samples
it was not possible to detect any DNA amplification (Ta-
ble 1). It is worth noting that 3 of the FFPE samples where
no amplification could be detected did not present BALT
hyperplasia. All PCR-positive FFPE samples except sample
#7 had histological features compatible with M. hyopneu-
moniae infection. In 3 samples (#3, #9 and #13), despite
its histological features and positive PCR results, the IHC
was negative. Agreement between the histological features
and PCR detection results was observed in 13 of the FFPE
tissue samples.
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Fig.2. Histological section of a swine lung showing a bronchiole
presenting epithelial hyperplasia and the M. hyopneumoniae
antigen on its surface. AEC and Mayers hematoxylin, obj.40x.

e -

Fig. 3. Histological section of a swine lung showing the Mycoplas-
ma hypneumoniae antigen labeled in the cilia of a bronchiole.
AEC and Mayers hematoxylin, obj.40x.

DISCUSSION

The cranioventral consolidation observed in the lung sam-
ples obtained in this study has also been reported in other
studies involving Mycoplasma hyopneumoniae (Sarradel et
al. 2003, Redondo et al. 2009) and can be attributed to the
accumulation of mucus and exudates caused by a loss of
mucociliary function, increased production of mucus by
the globlet cells, bronchoconstriction caused by chemical
mediators released by the alveolar macrophages, and the
presence of BALT hyperplasia.

Microscopically, BALT hyperplasia was the most consis-
tent histological feature. Among the histological findings in
the swine lungs, BALT hyperplasia is one of the most indi-
cative of M. hyopneumoniae infection (Sarradel et al. 2003,
Redondo et al. 2009, Hansen et al. 2010). The presence of
macrophages, neutrophils and alveolar edema is common-
ly associated with secondary bacterial infection (Redondo
et al. 2009, Hansen et al. 2010). The presence of neutro-
phils is also related to the clearance of cellular debris from
epithelial exfoliation caused by this agent (Redondo et al.
2009). Epithelial hyperplasia in the bronchus and in the
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bronchioles was observed in 4 cases with BALT hyperpla-
sia. This characteristic feature results from the adherence
of M. hyopneumoniae to the cilia (Hansen et al. 2010). Ob-
servation of epithelial hyperplasia can be impaired in sam-
ples that have some degree of autolysis, which was the case
with sample #7.

We observed a good correlation between the results
from the PCR performed on the FFPE samples and the
BALT hyperplasia found in all but two samples (#7 and
#5). However, a great degree of variability was found in the
histopathological lesions, because the animals presenting
marked BALT hyperplasia did not present either macro-
phage or neutrophil infiltration or alveolar edema. Conver-
sely, one animal in which BALT hyperplasia had not been
detected presented all the other microscopic lesions. This
variability could depend on the infection stage, the age of
the animal when the infection took place, the presence of
secondary infection and the chronicity of the lesions (Mat-
tson et al. 1995, Calsamiglia et al. 2000).

M. hyopneumoniae could be detected by PCR in all 7
samples that were positive by IHC, which is consistent with
the high specificity reported for the IHC in other studies
(Opriessnig et al. 2004, Redondo et al. 2009). Interestingly,
the IHC staining was marked in the bronchioles that sho-
wed BALT hyperplasia. However, the remaining 8 samples
that did not stain using IHC were positive by PCR. Four of
these samples did not present BALT hyperplasia in the his-
tological analysis. The mycoplasma colonization in the lun-
gs of these animals could have been so recent that detec-
tion using IHC was not possible owing to a low cell count.
Under these conditions, IHC did not present a high degree
of sensitivity.

Our results indicate that M. hyopneumoniae detection
by PCR is less effective when performed on FFPE samples.
The main obstacle to reproducibility of PCR assays on for-
malin-fixed tissue is the degradation of the DNA, wich is
influenced by the time between collection of the tissue and
fixation, the fixative used and mostly the duration of fixa-
tion (Greer et al. 1991). There are several methods of DNA
extraction, and the variables of each step may influence the
quality and quantity of DNA extracted (Gilbert et al. 2007).
In FFPE tissue, silica-binding based extraction yields a
great amount of amplifiable DNA (Bonin et al. 2010). Tis-
sue fixation and the age of embedded tissue are important
factors affecting the size of target DNA that can be ampli-
fied successfully (Greer et al. 1994).

Fixation causes DNA fragmentation, reducing the prob-
ability that lengthy DNA fragments could be amplified
(Greer et al. 1991). The duration of storage of paraffin em-
bedded tissues is another factor to consider. While short
(270 bp) fragments of the human beta-globin gene could
be amplified after storage of paraffin blocks for about 15
years, there was a rapid decline in the success of PCR for
fragments greater than 500 bp after 1-2 years (Greer et
al.1994). It is well known that formalin interacts with tis-
sues producing excessively small DNA fragments (Weiss
et al. 2011). Even short-term treatment of sections with
formalin have been shown to significantly reduce the DNA
solubility (Srinivasan et al. 2002).
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The formaldehyde initiates DNA denaturation (inter-
chain hydrogen bonds break and bases unstacking) at the
AT-rich regions of double-stranded DNA creating sites for
chemical interaction (Srinivasan et al. 2002). The Mycoplas-
ma hyopneumoniae genome presents a high A+T content of
about 70% (Vasconcelos et al. 2005) thereby the effects of
fixatives produce greater damages on its DNA, making its
extraction and manipulation a major challenge.

Ha et al. (2005), found a 100% agreement between se-
minested PCR on formalin-fixed and fresh lung tissues. Ho-
wever, their study included only 5 samples of experimen-
tally infected pigs and the amplicons were of considerably
smaller sizes (281 bp and 184 bp for the first and second
reactions, respectively).

Therefore, the effectiveness of PCR amplification from
FFPE samples also varies according to the features of the
amplification target and differs for each infectious agent
and each of its regions. Fresh swabs or frozen tissues re-
main the best alternatives for sample conservation. The
choice of sample conservation method will depend on the
laboratory test required, and in the case of PCR, the method
may interfere with the results.

The combination of classical histopathology and PCR
analysis is an interesting alternative because it could pro-
vide information about the stage of the infection, and it
also could be used to evaluate the efficacy of vaccination
programs. Pathogen detection and analysis by molecular
biology methods, including DNA amplification by PCR and
DNA sequencing, using archived FFPE samples could be
important tools to assess the variability of these agents in
archived material; comparison between these methods and
histological and IHC analysis allows us to observe changes
in the host systemic response over time.

Storage of frozen tissue samples is expensive and time-
-consuming. For many retrospective studies, formalin-fixed
and paraffin-embedded (FFPE) material is, therefore, the
only available tissue for DNA analysis (Weiss et al. 2011)

The ability to amplify Mycoplasma hyopneumoniae DNA
from formalin-fixed, paraffin-embedded tissue allows the
assay to be performed in conjuction with the examination
of tissue for characteristic histopathologival changes. Thus
this assay should be a valuable confirmatory diagnostic tool.

This method also offers the advantage of using routine
formalin-fixed, paraffin-embedded histological specimens
in retrospective study, obviating the need for frozen or
fresh materials. The development of such technique is most
pertinent as formalin fixation of tissues allows veterinary
practitioners to ship tissue samples for M. hyopneumoniae
identification in a well-preserved, non-infectious state.
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