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RESUMO.- [Diversidade de cepas de Mycoplasma 
hyopneumoniae em suínos em terminação brasileiros.] 
Mycoplasma hyopneumoniae é um dos patógenos respiratórios 
mais desafiadores envolvidos com pneumonia suína em todo 
o mundo. É responsável por uma infecção crônica de alta 
morbidade, que predispõe a infecções bacterianas secundárias 
nas fases de crescimento e terminação. Avanços nas técnicas 
diagnósticas permitiram a identificação de características 
genéticas do agente, associadas à alta variabilidade antigênica 
e proteômica entre cepas. Este estudo teve como objetivo 
examinar a ocorrência e diversidade genética de cepas de M. 
hyopneumoniae em pulmões com lesões pneumônicas em 52 

granjas de suínos no estado de Minas Gerais, um dos maiores 
estados produtores de suínos do Brasil. A genotipagem foi 
realizada utilizando a técnica de “multilocus variable number 
of tandem repeat analysis” (VTNR/MLVA), usando dois loci 
que codificam VNTR das adesinas P97 e P146. Os resultados 
mostraram que esse agente está amplamente disseminado em 
granjas de suínos e que existe alto polimorfismo das variantes 
de M. hyopneumoniae circulando no estado de Minas Gerais. 
Diferentes genótipos de M. hyopneumoniae estão distribuídos 
aleatoriamente em várias regiões do estado, sem um padrão 
de estrutura populacional e geográfica específico. Associação 
de M. hyopneumoniae e agentes virais foi esporádica (3,17% 
com Influenza A e 1,9% com PCV2).

TERMOS DE INDEXAÇÃO: Pneumonia enzoótica, MLVA, genotipagem, 
complexo respiratório dos suínos, Mycoplasma hyopneumoniae, suínos.

INTRODUCTION
Respiratory diseases represent a large part of the health 
problems observed in growing and finishing pigs, which generate 
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Mycoplasma hyopneumoniae is one of the most challenging respiratory pathogens 
involved with swine pneumonia worldwide, responsible for a chronic infection with high 
morbidity, which predisposes secondary bacterial infections in growing and finishing pigs. 
Advances in diagnostic techniques allowed identification of genetic characteristics associated 
with high antigenic and proteomic variability among bacterial strains. This study aimed to 
evaluate the genetic diversity of M. hyopneumoniae strains in lungs with pneumonic lesions 
obtained from 52 pig farms located in Minas Gerais, one of the largest swine production 
states in Brazil. Genotyping was performed using multilocus variable number of tandem 
repeat (VNTR) analysis (MLVA), targeting two loci encoding P97 and P146 adhesins VNTR. 
The results showed that this agent is widely disseminated in pig farms and there is a high 
polymorphism of M. hyopneumoniae variants circulating in the state of Minas Gerais. Different 
M. hyopneumoniae genotypes are randomly distributed in several regions of the state, with 
no specific geographic population structure pattern. M. hyopneumoniae association with 
viral agents was sporadic (3.17% with Influenza A and 1.9% with PCV2). 
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major economic losses in the swine industry (Simionato et 
al. 2013). Evidence of this problem is the high prevalence of 
lung lesions reported in many studies in the most important 
pig producing countries (Marois et al. 2008, Fraile et al. 2010, 
Meyns et al. 2011, Fablet et al. 2012, Merialdi et al. 2012, 
Arsenakis et al. 2019, Ferraz et al. 2020).

Mycoplasma hyopneumoniae is one of the most economically 
impacting respiratory pathogens in the world, detected in 
almost all swine farms with intensive production countries 
(Thacker 2006, Silva et al. 2009, Maes et al. 2018). The 
bacterium is considered a primary agent of swine enzootic 
pneumonia and respiratory complex, characterized by coughs, 
reduced growth rate and high feed conversion rate (Maes et 
al. 1996). The spread of the agent in the herd is slow (Meyns 
et al. 2004) and the incubation period range from 14 to 42 
days (Fano et al. 2005). Direct contact is considered the main 
form of transmission. On the other hand, some studies have 
demonstrated the ability of the bacteria to be spread by the 
wind, remaining viable after traveling 9.2km (Fano et al. 
2005, Otake et al. 2010).

With the advances in diagnostic techniques and the growing 
demand to control M. hyopneumoniae, one of the trends 
have been to know the different circulating variants within 
and among herds through various genotyping techniques 
(Dos Santos et al. 2015). This approach has yielded positive 
results in understanding transmission chain, preventing 
future infections, and comparing field and vaccine variants 
(Foxman et al. 2005). The fact that the species has lability in 
repetitive DNA sequences known as active recombination 
sites, possibly involved in the pathogenesis of infection, has 
made the variable number of tandem repeats (VNTR) assay 
an efficient method for the analysis of genetic diversity 
of M. hyopneumoniae. Multiple loci analysis containing 
VNTR, or multilocus VNTR analysis (MLVA), has shown high 
discriminatory power in previous studies, which has made 
this one of the most widely used methods for epidemiological 
characterization of the M. hyopneumoniae (Mayor et al. 2007, 
Vranckx et al. 2011). Molecular characterization of the genes 
coding for two M. hyopneumoniae adhesins P97 (Mhp183) 
and P146 (Mhp684) (Bogema et al. 2012), by identifying 
the number of tanden repeats showed to be an important 
tool to investigate M. hyopneumoniae genetic diversity (Dos 
Santos et al. 2015). Ciliary adhesins are critical components 
in the pathogenesis of M. hyopneumoniae. Gene plasticity is 
an interesting strategy for altering its surface topography to 
avoid detection and elimination by the host immune system, 
which also determines variability among circulating strains 
(Djordjevic et al. 2004, Browning et al. 2011, Reolon et al. 2014). 

Thus, this study considered the importance of M. 
hyopneumoniae as a pathogen in pig production and the 
relevance of Minas Gerais state in pig production as the 
fourth largest pig producer in the country (ABCS 2016). The 
aim of this study was to evaluate the genetic diversity and 
occurrence of M. hyopneumoniae in pneumonic finishing pigs 
at slaughter originated from different geographic mesoregions 
of Minas Gerais state.

MATERIALS AND METHODS
Samples. Lungs from 349 pigs from 52 different herds located 

in nine geographical mesoregions of Minas Gerais state (Fig.1) were 
collected for analysis during 11 slaughterhouses sample collection 

from October 2016 to September 2017. The number of collected 
samples by mesoregion was determined based on number of herds 
within each mesoregion (Fig.2). Five to six lungs with macroscopic 
lesions suggestive of Mycoplasma hyopneumoniae involvement and 
one lung without lesions were collected by farm. All collected lungs 
were directed to the “Departamento de Clínica e Cirurgia Veterinárias” 
(Veterinary Pathology Department) of the “Universidade Federal de 
Minas Gerais” (UFMG), where they were submitted to the analyzes 
described below.

Macroscopic and microscopic evaluation. All lungs were 
macroscopically evaluated, and an individual lesion score was 
assigned, according to Halbur et al. (1995). M. hyopneumoniae 
suggestive lesions were defined by consolidation areas usually 
located in the cranioventral portion with lobular distribution. All 
lungs were also evaluated for pleurisy, defined as fibrinous or fibrous 
adhesions areas in the parietal and visceral pleural membranes, as 
well as the presence of purulent or necrotic nodules, according to 
Piffer & Brito (1991). A fragment from each affected lobes in the 
normal transition area was fixed in 10% buffered formalin and 
processed with routine hematoxylin and eosin (HE) staining for 
histopathological examination. The microscopic lesion determination 
score was performed according to Hansen et al. (2010).

Bacterial isolation and immunohistochemistry. To identify 
secondary bacterial infections, pneumonic affected areas from all 
lungs were subjected to routine isolation of porcine secondary 
respiratory pathogens and biochemical characterization through 
the methodology described by Quinn et al. (1994). If there were 
macroscopic differences among pneumonic affected areas of the 
same lung, each area was sampled separately for bacteriology. 
Samples were seeded on 5% sheep blood agar and MacConkey Agar 
and incubated at 37oC for 24 to 48 hours in aerobic conditions. A 
colony of Staphylococcus aureus was also used as a factor V source, 
incubated at 10% CO2 at 37°C for 24 to 72 hours.

Fig.1. The 12 geographical mesoregions of the state of Minas Gerais 
according to “Instituto Brasileiro de Geografia e Estatística” 
(Brazilian Institute of Geography and Statistics - IBGE): Campo 
das Vertentes (1), Central Mineira (2), Jequitinhonha (3), Zona 
Metropolitana de Belo Horizonte (ZMBH) (4), Noroeste de Minas 
(5), Norte de Minas (6), Oeste de Minas (7), Sul e Sudoeste de 
Minas (8), Triângulo Mineiro e Alto Paranaíba (TMAP) (9), 
Vale do Mucuri (10), Vale do Rio Doce (11), Zona da Mata (12). 
Fonte: IBGE (2018).
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Formalin-fixed lung fragments were processed for preparation 
of histological slides and also evaluated for the presence of 
Influenza A virus and Porcine circovirus type 2 (PCV2) antigen by 
immunohistochemistry (IHC), according to Paladino et al. (2017).	

DNA extraction and nested-PCR. Clinical samples from the 
bronchial surfaces of pneumonic affected areas were obtained 
using a sterile rayon swab (Global Swab, Monte Alto, SP). Access 
to the bronchi closest to the injured lung areas was performed 
and the contents of this region were collected with a sterile rayon 
swab. Bronchial swabs from the injured region of all lungs were 
eluted in 300µL PBS and kept refrigerated at -20oC. DNA was 
extracted with the DNeasy Blood and Tissue Kit (Qiagen, Belgium) 
according to the manufacturer’s instructions. Confirmation of M. 
hyopneumoniae presence was detected with a nested PCR reaction 
(nPCR) according to Calsamiglia et al. (1999) and the products were 
analyzed by electrophoresis, stained with ethidium bromide, and 
visualized in UV light. The M. hyopneumoniae (USA) vaccine strain 
232 was used as a positive control in all reactions. Ultrapure water 
(Milliq, Millipore, USA) was used as negative control in all reactions, 
presenting consistent results in gels.

Multiple locus variable repeat analysis (MLVA). The two 
adhesin VNTR loci, P97 RR1 (mhp138) and P146 RR3 (mhp684) 
were tested on all nested PCR (nPCR) positive samples. The mix and 
reaction conditions have been previously described by Vranckx et al. 
(2011) and optimized for the conditions of our laboratory thermal 
cycler (Veriti, Applied Biosystems®), in two separate PCR reactions, 
one for each locus. PCR amplicons were also analyzed by ethidium 
bromide-stained agarose gel electrophoresis by visualization in 
UV light. About three agarose gel-positive samples per farm were 
selected for MLVA. The 232 M. hyopneumoniae strain was used as a 
positive control in all reactions.

DNA sequencing. Three samples per farm containing strong 
UV bands in the nested-PCR for M. hyopneumoniae were selected 
for sequencing, performed at the UFMG Aquacen laboratory. PCR 
products were purified using Agencourt AMPure XP (Beckman 
Coulter Company, Beverly, Massachusetts, USA) according to the 
manufacturer’s instructions. Each product was sequenced in both 
directions using the P97RR1 F/P97RR1 R and P146RR3 F/P146RR3 

R primers and the Big Dye V3.1 Terminator Kit (Applied Biosystems, 
California, USA) on the ABI 3500 DNA analyzer sequencer (Applied 
Biosystems, California, USA).

Data analysis. Sequencing data files from both loci (ab1) were 
organized and contigated and evaluated for sequence quality using 
the Bioedit software (Hall 2005). The tandem repetition counts of 
AAKPV (E) amino acids from the P97 R1 locus and polysin from the 
p146R3 locus was performed manually. Categorical data containing 
the concatenated genotypes of both loci were imported into file 
for Bionumerics 7.0 (Applied Maths, East Flanders, Belgium). A 
dendrogram was constructed using unweighted pair group method 
with arithmetic means (UPGMA), based on the categorical values 
of the number of repetitions. To estimate discriminatory power, 
Simpson’s diversity index was calculated according to Hunter & 
Gaston (1988). Discriminatory indices were calculated for each 
region and for all samples taken together.

RESULTS
Macroscopic and microscopic evaluation

All affected lungs had typically cranioventral consolidation 
lesions, with predominantly cranial, cardiac, and intermediate 
lobes lesioned. Affected areas varied from reddish to grayish, 
firm and there was a reduction in volume in some cases. 
Catarrhal exudate to purulent catarrhal was frequently 
observed within the airways. Regarding the extension of 
pulmonary hepatization lesions in all lungs, there was a 
predominance of lungs (79% of the lungs) with lesions of up 
to 25% of the parenchyma affected. In a smaller scale, 11% of 
the lungs had macroscopic lesion comprising between 26 and 
50% of the organ and only 1% with a score between 50 and 
76%. Pneumonic lesions greater than 76% of the pulmonary 
parenchyma were not observed. 

Microscopically, bronchopneumonia was present in 58% 
of the evaluated lungs. Bronchial associated lymphoid tissue 
(BALT) hyperplasia, one of the most relevant microscopic features 
associated with Mycoplasma hyopneumoniae infection, was 
identified in 80% of the lung fragments referred to histopathology. 
Of these, 32% of the samples had mild hyperplasia, 34% 

Fig.2. Mesoregions of origin of the samples. Number and percentage of samples collected by mesoregion (blue). Number and percentage 
of sampled hog farms in each mesoregion (red).
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moderate-grade hyperplasia, 11% severe hyperplasia, and 
only 3% of fragments had severe hyperplasia associated with 
total airway lumen compression. Lynphoplasmocitic infiltration 
in alveolar septa, interstitial pneumonia, concomitant with 
bronchopneumonia lesions and BALT hyperplasia was identified 
in 25% of the evaluated fragments.

Bacterial isolation and immunohistochemistry
Additionally, all lungs were evaluated for the presence 

of associated bacterial and viral agents. Regarding bacterial 
agents, Pasteurella multocida was the main microorganism 
identified, with isolation in the injured parenchyma in 24.13% 
(76/315) of the lungs. The other agents (Actinobacillus 
pleuropneumoniae, Glaesserella parasuis, Staphylococcus 
aureus and Streptococcus suis) were detected in 2% or less of 
the evaluated lungs. Detection of viral agents was sporadic, 
with positive immunolabeling only in 3.17% (10/315) and 
1.9% (6/315) of the total lungs for Influenza A and porcine 
circovirus type 2 (PCV2), respectively. Either secondary 
bacterial or viral infections were detected in M. hyopneumoniae 
nested-PCR positive lungs.

Nested-PCR
All bronchial swab specimens (n=349) were submitted 

to nested-PCR to detect M. hyopneumoniae DNA. From all 
evaluated samples, the DNA of the agent was detected in 91% 
of bronchial swabs. At least one sample from each farm was 
positive in nested-PCR, which means that there was positivity 
for M. hyopneumoniae in 100% of the farms evaluated. As a 
result of the sampling criteria, 9.74% (34/349 samples) of 
lungs had no macroscopic lesions, however not all herd were 
represented as all the examined lungs of a few herds had gross 
lesions. Considering only these lungs with no macroscopic 
lesions (n=34), 66% of them were nested-PCR positive for 
M. hyopneumoniae, while lungs with macroscopic lesions 
(n=315) were 94% positive.

Genotyping
MLVA analysis in this study evaluated two loci named 

P97 RR1 and P146 RR3, which encode two adhesins whose 
DNA sequences have VNTR. Sequential repeat numbers at 
each locus were concatenated and used to define the MLVA 
genotype of each sample, separated by a hyphen (P97 RR1 
locus repeating number – P146 RR3 locus repeats number). 
It was not possible to obtain sequence types (STs) of samples 
from four farms due to poor quality of the obtained sequences 
not allowing to get a consensus, one from each of the following 
mesoregions: TMAP, ZMBH, Central Mineira and Midwest Minas 
Gerais regions. Therefore, out of the 52 farms, the sequencing 
data of 144 samples from 48 farms were available, which are 
described below. Of these, 82% of the samples represent the 
three largest producing regions of Minas Gerais (38% of the 
samples from the Zona da Mata region, 23% from the TMAP 
region and 21% from the ZMBH), while 19% correspond to 
the other smaller pig production mesoregions of the state.

Simpson’s diversity index was calculated for each mesoregion, 
for all mesoregions together, for the loci separately and 
together. The diversity index was D=0.92 for the Triângulo 
Mineiro and Alto Paranaíba mesoregion (TMAP) (n=32), 
D=0.90 for Zona da Mata (n=55), D=0.92 for Belo Horizonte 
Metropolitan Zone (ZMBH) (n=28) and D=0.94 for the 

other producing mesoregions (n=27). The combination of 
discriminatory power for all samples (n=144) was D=0.94. 
The discriminatory index for locus p97 was D=0.78 and for 
locus p146 was D=0.84.

The MLVA analysis of the two loci in this study identified 
43 STs for all samples collected from Minas Gerais. The most 
frequent STs were 12-14 (19%), 7-24 (9.1%), 7-23 (8.4%), 
10-16 (7.7%), 8-14 (6.3 %), and 10-14 (4.9%) (Table 1). 
Less frequently, 15 STs had a distribution greater than 1%, 
namely: 12-20, 4-21, 7-21 and 7-25 (4%); 12-15, 10-23 
and 7-27 (2.1%); 12-37, 12-35, 9-14, 11-20, 14-20, 10-17, 
7-22 and 8-23 (1.4%). The remaining STs (22 genotypes) 
presented a distribution frequency of 0.7%: 12-23, 12-53, 
15-51, 12-45, 12-39, 7-14, 11-14, 8-20, 9 -20, 7-20, 8-17, 
10-39, 10-48, 10-15, 10-22, 11-21, 8-21, 4-51, 5-23, 5-34, 
5-24 and 5-22. All these STs, including the most common 
ones, were distributed in several mesoregions of the state, 
without formation of a specific population structure of a given 
geographic region (Fig.3 and 4-5). Most of the herds (60%) 
had more than one ST, 21% of the farms had three STs, the 
maximum number of STs found in a single rearing system. 

Table 1. Main genotypes of Mycoplasma hyopneumoniae 
circulating in the state of Minas Gerais according to the 

distribution frequency analyzed by MLVA

Genotype
Minas Gerais* Mesoregion**

No. of samples (%) Source No. of samples (%)
12-14 27 (19.0) Zona da Mata 16 (11.2)

ZMBH 6 (4.2)

TMAP 3 (2.1)

Central Mineira 1 (0.7)

Oeste de Minas 1 (0.7)

7-24 13 (9.1) Zona da Mata 5 (3.5)

Central Mineira 4 (2.8)

ZMBH 3 (2.1)

TMAP 1 (0.7)

7-23 12 (8.4) TMAP 6 (4.2)

Central Mineira 4 (2.8)

ZMBH 2 (1.4)

10-16 11 (7.7) TMAP 5 (3.5)

ZMBH 4 (2.8)

Zona da Mata 2 (1.4)

8-14 9 (6.3) ZMBH 3 (2.1)

Zona da Mata 3 (2.1)

TMAP 3 (2.1)

10-14 7 (4.9) Zona da Mata 3 (2.1)

ZMBH 1 (0.7)

Oeste de Minas 3 (2.1)
MLVA = multilocus variable number of tandem repeat analysis, ZMBH = 
zona metropolitana de Belo Horizonte, TMAP = Triângulo Mineiro e Alto 
Paranaíba; * Genotype frequency in MG: number of samples and percentage 
of samples, ** mesoregion of origin of animals and frequency of genotype 
in their mesoregions in relation to total samples.
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Fig.3. Minimum spanning tree showing the diversity and distribution of 142 MLVA genotyped Mycoplasma hyopneumoniae samples. The 
mesoregions of origin of the samples are represented by different colors. Reference strain 232 is represented in yellow. The circles 
represent the genotypes. The size of the circles represents the number of clonal variants in each genotype. A total of 43 genotypes were 
detected, 23 of them in Zona da Mata, 13 genotypes in Belo Horizonte Metropolitan Zone, 13 genotypes in Triângulo Mineiro and Alto 
Paranaíba and 14 genotypes in other mesoregions.

The P97 locus presented nine types, ranging from 4 to 14 
repetitions, while 19 types were detected in the P146 locus, 
ranging from 14 to 53 repetitions.

Minimal spanning tree of MLVA results per mesoregion 
is shown in Figure 6-9. DNA from 32 swine bronchial swab 
specimens from 11 TMAP mesoregion farms were evaluated. 
MLVA analysis identified 13 different STs in this region. The 
most frequent ST was 7-23 (18.7%), present in three distinct 
farms, followed by STs 10-16 (15.6%) and 4-21 (12.5%), both 
also present in more than one farm. In this mesoregion, four 
farms had more than one genotype. At the Zona da Mata region, 
23 different STs were detected in 55 animals from 18 farms. 
The most frequent ST was 12-14 (29% of the samples from 
the region), distributed in five farms. A considerable number 
of farms (14 farms, 77%) had more than one circulating 
genotype in the herd. Thirteen STs were identified in ZMBH. 
In 28 animals from 10 farms in the region, ST 12-14 had the 
highest distribution frequency (21%), followed by 10-16 
(14%), both present in more than one commercial herd. In this 
mesoregion, half of the farms had more than one genotype of 
M. hyopneumoniae. The other mesoregions evaluated in this 
study were represented by samples of 27 animals from nine 
farms, and comprise the South/Southwest of Minas, West of 

Minas, Central Mineira, Midwest of Minas and Campo das 
Vertentes. MLVA analysis identified 14 genotypes, and the 
most frequently STs were 7-23 and 7-24 (15%), and 7-25 
and 10-14 (11%). Similar to the other mesoregions, most 
farms (6 farms, 66%) had more than one genotypic pattern 
present on the farm.

DISCUSSION
The aim of this study was to evaluate the genetic diversity 
and occurrence of Mycoplasma hyopneumoniae in pneumonic 
finishing pigs at slaughter originated from different geographic 
mesoregions of Minas Gerais State. The sampling included the 
largest swine production regions in Minas Gerais (TMAP, Zona 
da Mata and ZMBH), as well as other mesoregions where there 
is a smaller relative number of hog farms. The study design 
was to perform a lung sampling proportional to the number 
of hog farms in each mesoregion of the state, as described 
by Gonçalves (2016). Even though sample collection was 
dependent on batches of animals available during slaughter 
and the permission of different slaughterhouses to perform 
the sampling, it represented the proportionality originally 
designed.
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Fig.4-5.  Dendrogram representing the distribution of Mycoplasma hyopneumoniae MLVA genotypes in the state of Minas Gerais. MLVA 
type is indicated by the number of repetitions at each of the loci, followed by the mesoregions of origin and number of samples in 
each mesoregion. Eg genotype/mesoregion (number of samples in mesoregion). The dendrogram was generated through UPGMA in 
Bionumerics 7.6 software and adjusted in two pages.

Our results identified a high occurrence of M. hyopneumoniae 
through nested-PCR in the state of Minas Gerais, Brazil. The 
detection method used is known to be highly sensitive and 
specific. Regarding the best lung location to obtain the ideal 
clinical sample, upper tract samples have lower sensitivity 
than those obtained in the lower respiratory tract (Calsamiglia 
et al. 1999). Recently, Pieters et al. (2017) reported that 
laryngeal swabs had the highest sensitivity in early detection 
of M. hyopneumoniae in live experimentally inoculated pigs. 
Nevertheless, Fablet et al. (2010) reported that bronchial swabs 
were the best sample type in naturally infected finishing pigs. 
As our samples were collected at slaughter, bronchial swabs 
were used as clinical material for the nested-PCR.

Our study also detected positive M. hyopneumoniae DNA 
even in animals with lungs with no macroscopic lesions. 
Several studies have shown that the agent is able to last 
for a long period in the swine respiratory tract, even after 
lung lesions have resolved (Pieters et al. 2009). In addition, 
the occurrence of the disease is dependent on doses, strain 
type and management-related factors (Vicca et al. 2002). 
For Thacker (2001), it is possible that M. hyopneumoniae 

is never completely eliminated from the respiratory tract. 
Thus, infected animals often act as asymptomatic carriers 
for longer periods, capable of infecting susceptible pigs. 
Regarding the 6% of the lungs with macroscopic lesions that 
were negative for M. hyopneumoniae by the nested-PCR, it 
could be explained the possible involvement of the infectious 
agent, not corroborated by the testing for secondary bacterial 
or viral infection, or as false negative based on the that the 
test is not 100% sensitive.

It is noteworthy that despite the high frequency of detection 
of M. hyopneumoniae, the sampling was directed to organs 
with lesions, performed in a small number of lungs, in a single 
batch of farms, and without considering the size of the herd, 
information that was not available. Therefore, this data is 
subjective only to infer about the occurrence in each farm and 
cannot be used as a prevalence data for M. hyopneumoniae 
in the state of Minas Gerais. However, it should not be ruled 
out that the presence of positive results through nested-PCR 
in lungs samples from all farms represents relevant data that 
reveals the ubiquitous character of the M. hyopneumoniae in 
Minas Gerais. Pneumonia is one of the most commonly used 
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indicators in health monitoring to diagnose the impact of 
infection on herds. Previous national studies show that the 
prevalence of pneumonia in slaughter pigs is high, with values 
around 72 to 75% (Silva et al. 2001, Gabardo et al. 2013, De 
Conti et al. 2021). M. hyopneumoniae is known to be widely 
distributed in countries where there is commercial pig farming 
and is considered the main primary bacterial agent in this 
process. In this context, the involvement of this pathogen 
in pneumonia in another Brazilian study was reported to 
be around 74% based on immunohistochemistry (Morés et 
al. 2015) and 79.3% based on qPCR (De Conti et al. 2021). 
However, these studies on the pathogen have been carried 
out predominantly in the southern region, which has most 
of the national slaughter pigs. However, epidemiological 
conditions in Minas Gerais are, in general, quite distinct from 

the southern states of the country, in particular the production 
systems which are individually owned farrow to finish farms 
in Minas Gerais compared to large integrator companies with 
multisite units, and cooler weather conditions in the south 
(Roppa 2014, ABCS 2016).

The evaluation of finishing pig lungs showed that the high 
occurrence of M. hyopneumoniae associated with lung lesions 
is related to high circulating variants diversity in Minas Gerais, 
with 43 STs (genotypes) in 144 studied animals (48 farms), 
and a predominance of farms with more than one genotype 
of the bacteria. According to Mayor et al. (2008), this high 
diversity of variants within a herd is possibly related to 
frequent recombination events, associated with polymorphic 
sites located in ciliary adhesin genes. The genetic diversity 
of these adhesins is also a result of the selection pressure 

Fig.6-9. Minimum Spanning Tree showing the distribution of genotypes in each mesoregion of Minas Gerais state. (6) Zona da Mata, (7) 
Belo Horizonte Metropolitan Area (ZMBH), (8) Triângulo Mineiro and Alto Paranaíba (TMAP), (9) other mesoregions. MLVA type 
is indicated by the number of repetitions at each of the loci. The circles represent the genotypes. The size of the circles represents 
the number of clonal variants in each genotype. The source farms of the samples are represented by different colors. The MST were 
generated through UPGMA in Bionumerics 7.6 software and distributed on two pages.
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triggered by the host immune system, which is variable for 
each gene locus (Zimmerman 2014). A high polymorphism 
VNTR locus is probably associated with a faster evolution rate 
than a low polymorphism locus. Therefore, VNTRs are among 
the bacterial genetic segments with the highest diversity 
patterns. However, eventually, certain VNTR loci may evolve 
very rapidly, which compromises epidemiological agreement 
and makes them unsuitable for phylogenetic relationships 
(Van Belkum et al. 2007, Li et al. 2009).

The above considerations may be associated with the fact 
that it was possible to note in the present study the absence of 
a specific genotypic pattern (ST) of large distribution in one 
geographical location, that was otherwise characterized by 
several genotypes circulating in more than one mesoregion. 
Sorting samples correctly is of fundamental importance 
in epidemiological studies, and the use of MLVA with the 
evaluated loci showed high discriminatory power, as also 
demonstrated by the Simpson diversity index. However, 
visualizing the distribution of genotypes in MLVA does not 
demonstrate clearly separated clusters. This suggests that 
the identification of genetic markers with less variability 
is necessary to demonstrate greater geographic coherence 
among samples within the state, which can be performed in 
further studies with other genes containing VNTRs. These new 
markers may provide further refinement and higher resolution 
of the method, so it can be applied in future epidemiological 
assessments that enable precision in identifying specific 
transmission chains. Assao et al. (2019) evaluating 266 lung 
samples from Alto do Paranaíba and Zona da Mata regions by 
profiling 16 different pathogenic genes of M. hyopneumoniae 
also demonstrated high variants diversity.

The Zona da Mata mesoregion showed the highest genetic 
diversity of M. hyopneumoniae, both in number of genotypes 
found, 15 STs, and in number of herds with more than one 
genotype, while TMAP farms had greater uniformity. The 
higher number of genotypes in Zona da Mata may have been 
influenced by the number of samples obtained, but also by 
other factors associated with biosecurity or because of the 
higher density of farms present in this mesoregion. Genotype 
12-14 had the highest frequency of distribution in Minas Gerais 
(19% of the total), with predominance of this ST in Zona da 
Mata (11% of the total). The high frequency of this genotype 
corroborates Dos Santos et al. (2015) findings, who also 
identified it in seven other states in Brazil, with a frequency 
of distribution of 35.8% in Brazil. In this study, the authors 
detected, in 95 samples from different Brazilian states, 39 
different types of MLVA genotypes, twelve of them were from 
Minas Gerais. Our study detected all STs previously reported 
by Dos Santos et al. (2015) in Minas Gerais (7-22, 7-24, 7-25, 
7-27, 7-32, 10-14, 10-17, 10-18, 12-14, 12-15, 12-32, 12-48), 
in addition to ST 10-17, reported by the authors in a sample 
from Rio Grande do Sul.

The lung samples evaluated in the present study predominantly 
reflect commercial farms, except for one multiplier herd. In 
this herd (farm 13), only one ST was detected (12-14) in 
three evaluated lung samples. Recently, the diversity of M. 
hyopneumoniae variants was observed in three multiplier 
hog farms in Brazil (Takeuti et al. 2017), with a total of 17 
distinct STs, showing that the high strain diversity can also be 
found in herds source of replacement animals. In a multiplier 
herd located in Minas Gerais, Takeuti et al. (2017) identified 6 

distinct STs (3-14, 3-17, 3-24, 10-14, 12-14, 12-15), three them 
were also detected in our study (10-14, 12-14, 12-15), and 
only 1 common ST (11-21) in a multiplier herd located in Rio 
Grande do Sul. Comparative analysis of the genotypes observed 
in our study and from this previous study evaluating samples 
from Minas Gerais revealed genotypes that are not common 
among farms. On the other hand, the presence of the same 
clonal types in different farms was also identified, suggesting 
the presence of the same variant in different rearing systems. 
This similarity may be associated with M. hyopneumoniae 
chain of transmission among farms. According to Oliveira et 
al. (2013), Minas Gerais pig farming involves intense animal 
traffic and, consequently, represents a complex flow network, 
having already registered 9,548 different pig routes. Part of 
this transit is interstate and involves the movement of 53% 
of the pigs produced in Minas Gerais for breeding purposes, 
which are sent to numerous states in the country (Oliveira et 
al. 2013). This may imply the dissemination of these variants 
nationwide, originated from Minas Gerais herds.

In the present study, most herds had more than one 
circulating genotype, with the largest number of genotypes 
proportionally to the number of evaluated samples. Thus, it 
is very likely that more genotypic variants exist beyond these 
findings. The number of variants present in a farm seems to 
be a risk factor for lung problem in the herd. Michiels et al. 
(2017) observed that batches of pigs at slaughter infected with 
more genotypes of M. hyopneumoniae had higher prevalence 
of pneumonia and lesion severity. The diversity of circulating 
strains can be influenced by management practices such as 
all in/all out system, the type of system (farrow-to-finish 
or other), replacement rate and proximity to other farms 
(Maes et al. 2008, Charlebois et al. 2014). In our study, the 
unavailability of this information from the evaluated farms 
limits the possibility of an epidemiological investigation.

One of the objectives of the genetic evaluation of pathogens is 
the association of the evaluated markers with the pathogenicity 
of the agent. Our study identified 86% of samples with eight 
or more repeats on P97 adhesin. It has been suggested in the 
case of P97 that at least eight repetitions in the R1 region are 
required for adherence to porcine cilia (Hsu & Minion 1998, 
Minion et al. 2000). However, our results are in line with 
other studies (Vasconcelos et al. 2005, Castro et al. 2006), 
since we verified the presence of pigs with severe pneumonia 
and detection of P97 adhesin with a smaller number of 
repetitions, which reinforces the perception that there are 
other determinants involved in pathogenicity. 

Perivascular and peribronchial lymphoproliferation were 
changes that were identified in most of the lungs in this study. 
This lesion of lymphoid tissue hyperplasia associated with the 
bronchi is caused by the continued interaction of the agent 
with the immune system as infection progresses, resulting 
in chronic infection and macroscopic hepatization lesions 
(Razin et al. 1998, Thacker & Minion 2012). The extension 
and severity of lesions may be associated with the strain or 
strains infecting animals, as there are reports of difference in 
virulence among M. hyopneumoniae strains (Vicca et al. 2002, 
Meyns et al. 2007). Villarreal et al. (2009, 2011) have shown 
that infection with a low virulence strain does not protect pigs 
from subsequent infection with a high virulence strain, and 
in fact increases the severity of subsequent infection with a 
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highly virulent isolate. Therefore, this has motivated research 
on virulence and genotype association.

Although Charlebois et al. (2014) have suggested the 
association between M. hyopneumoniae virulence and absence 
of locus 1, which amplifies a gene that encodes a hypothetical 
protein, the authors also found that strains were distributed 
among all clusters regardless of lesions’ severities. Although 
not specific tested in the present study, no suggestive pattern 
between genotype and lung lesion score was observed. Anyhow, 
the recognition of the different M. hyopneumoniae variants 
that circulants in specific regions demonstrates that there 
are substantial differences among strains, despite the fact 
of pathogenicity not being directly related to the MLVA type, 
shows that a positive herd can be contaminated by different 
strains that could be more pathogenic. A result, reducing the 
number of sources of replacement animals associated with 
the reduction of origins in nurseries and finishing farms are 
strongly recommended to minimize the chances of entrance 
of new M. hyopneumoniae strains, and consequently, the 
severity of the disease.

Another important point to discuss is whether there are 
genotypes that may be associated with co-infections. The 
identification of Pasteurella multocida as the main bacterial 
agent associated with M. hyopneumoniae infection, and the 
lower frequency of detection of other pathogens in this study 
corroborate previous reports (Fablet et al. 2012, Morés et 
al. 2015). Often, M. hyopneumoniae infection predisposes 
bacterial and viral invasion, aggravating clinical signs and 
lesions (Thacker & Minion 2012). However, no association 
between these pathogens and specific genotypes was observed 
in the present study. This lack of association may be due to 
the great diversity of M. hyopneumoniae obtained with the 
evaluated loci.

CONCLUSIONS
Postmortem bronchial swabs proved to be a sensitive 

technique for the detection and genotyping of Mycoplasma 
hyopneumoniae. 

All farms tested were positive, and 43 different genotypes 
were detected in the animals. In 60% of the farms, more than 
one genotype was detected involved in the infection of pigs in 
the finishing phase, which is considered a risk factor for the 
development of severe pneumonia and leading pigs to death. 

The new data on diversity of M. hyopneumoniae obtained 
in this study once again warn of the need for research on 
antigenicity and virulence in this important respiratory 
pathogen, with the aim of developing more current and 
effective vaccines to control the disease. 
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