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1.1  Introduction

1.1.1  Characteristics of Mollicutes and mycoplasmas

The bacteria which permanently lack cell wall peptidoglycan are placed in 
the class Mollicutes (Latin for soft skin). This is a distinct class of prokaryotes 
which includes genera such as Mycoplasma and Ureaplasma. They are free-
living prokaryotes with small cells (0.2 – 0.4 µm) and are pleomorphic 
because they have no shape-defining cell wall. They also tend to produce 
very small colonies in culture. These bacteria carry a small genome (usually 
between 700 and 1000 kbp). This presumably confers only a relatively 
limited anabolic and catabolic ability compared to many bacteria. This may 
reflect the failure to acquire or evolve more functions or, alternatively, the 
loss of genetic capacity as the organism has degenerated to rely on its close 
association with the host.

The first mollicute to be successfully cultured was Mycoplasma mycoides, the 
organism we now recognize as the causative agent of bovine pleuropneumonia. 
Later isolations of mycoplasmas or other Mollicutes resembling M. mycoides 
were referred to as pleuropneumonia-like organisms or PPLO. This name 
was widely used but was gradually replaced by the term Mycoplasma for 
all bacteria of this type causing disease in humans and animals. The term 
Mollicutes was agreed for the entire class of organisms in 1967 but the word 
“Mycoplasma” that in the correct sense only refers to the genus, still persists 
among biologists as the general or trivial term for these wall-less bacteria in 
many situations today.

1.1.2 Phylogenetic relationships of mycoplasmas

Until the advent of molecular (DNA-based) investigations, the classification 
of Mollicutes was reliant on culture-based characteristics and serology. 
Often growth requirements in culture were difficult to determine because 
successful culture usually requires animal serum. Since serum contains a wide 
variety of undefined chemicals and nutrients, it was usually not possible to 
recognize which components were essential requirements and which were 
not. The growth-inhibition test became widely established as the method of 
choice for recognition and classification of Mollicutes. This used antibody in 
hyperimmune serum, usually applied to an absorbent paper disc, to inhibit 
the growth of a mollicute on a culture plate. This activity was specific and 
only caused the inhibitory effect on strains of the same species or those 
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very closely related to the strain used as antigen to raise the hyperimmune 
serum. Unfortunately, the method depended on the sharing of sera and was 
not always reproducible between laboratories. It was also dependent upon 
the key antigen or antigens for inhibition being present on all members 
of the species but not on any other species. This worked well within the 
boundaries of a laboratory dealing with a relatively restricted range of 
organisms and with known anti-sera. But as the number of possibilities 
increased, the number of sera needed also increased, as did the possibility of 
growth-restricting antigens being shared with unrelated organisms.

With the availability of DNA sequence analysis, particularly that encoding 
ribosomal RNA, estimates could be made of evolutionary distance between 
species. A number of attempts to do this have been made, perhaps with 
increasing accuracy, and these have greatly helped our understanding of the 
relationships between Mollicutes (Toth et al., 1994).

Mollicutes are sometimes described in the literature as Gram-negative, but the 
reason for this is unclear, and it is mistaken, since they possess neither outer 
membrane nor lipopolysaccharide, the key elements of a Gram-negative 
cell envelope. Almost certainly, Mollicutes are distantly related to the Gram-
positive bacteria (Firmicutes, Latin: firm skin). Evidence for this was first 
published by Woese et al. (1980) using 16S rRNA sequence analysis. They 
concluded that the Mollicutes (Mycoplasma, Spiroplasma and Acholeplasma) 
arose by “degenerative” or “regressive” evolution. This apparently happened 
in a branch of Prokaryotes related to ancestors of Clostridium that led to the 
genera Bacillus and Lactobacillus. There remained considerable uncertainty 
from this study and the authors concluded that the Mollicutes were “not a 
phylogenetically coherent group” but they were all related to the family of 
Gram-positive bacteria, the Bacillaceae.

Revision and refinement of this analysis of 16S rRNA sequence by 
Weisburg et al. (1989) and Manilov (1992) from 48 different species of 
Mollicutes led to the recognition of 5 distinct phylogenetic groups or clades. 
These were the Spiroplasma, Hominis and Pneumoniae groupings together 
with the Anaeroplasma group (which included Acholeplasma) and a separate 
group containing the single species Asteroleplasma anaeroboium.

Phylogenetic relatedness based on the analysis of 16S rRNA is not reflected 
in the characteristics most easily seen by a bacteriologist. Thus, the site of 
disease, the ease and speed of growth in culture, nutritional requirements and 
the colonial appearance have all been thought of as meaningful in showing 



MYCOPLASMAS IN SWINE28

the similarity or differences between species of Mollicutes. Nevertheless, 
the DNA evidence must carry considerable weight and the superficial 
phenotypic features that were previously considered important in classifying 
these organisms are now seen to be of little significance in the phylogenetic 
relationships of these organisms (Figure 1.1).    

Figure 1.1. Simplified groupings of porcine Mycoplasma species based on the 16S rRNA derived 
groups and clusters of Weisburg et al. (1989) but modified to include results of the hemotropic 
mycoplasmas from Peters et al. (2008) and Siqueira et al. (2013).

The Spiroplasma group consists of four clusters, one of which is the agent 
of contagious bovine pleuropneumonia (CBPP) M. mycoides, and another is 
M. capricolum. The majority of members known to be in this group are the 
helical spiroplasmas: usually found on plants, insects and arachnids.
The Pneumoniae group includes the human pathogen M. pneumoniae and the 
avian respiratory pathogen M. gallisepticum among others. 
The Hominis group includes many of the mollicute animal pathogens 
including the porcine mycoplasmas.

It has been suggested that the evolutionary distance from Gram-positive 
bacteria must be very great. One characteristic of mycoplasmas that speaks 
volumes is the differential use of the TGA codon. Bacteria of almost all 
types use TGA (UGA) as a stop codon while all mycoplasmas (excluding 
acholeplasmas and phytoplasmas) use this to code for the amino acid 
tryptophan. Such a fundamental difference that is seen so widely among the 
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Mollicutes indicates a long isolation of these organisms from other bacteria. 
However, Weisburg et al. (1989) proposed that from the molecular evidence 
of DNA sequence, Mollicutes appear to be normal bacteria and they were 
described as having an “unspectactular” phylogenetic position. Despite the 
very different phenotypic appearance arising from the lack of peptidoglycan, 
the evidence suggests that this is not because Mollicutes are phylogenetically 
distant from other eubacteria.   

Another characteristic of Mollicutes that has come to light with genome 
sequencing and annotation, is the apparent lack of pseudogenes or 
intermittent junk DNA. The presence of “rusting hulks of working 
genes”, as Steve Jones refers to them (Jones, 1993), might be expected if a 
proportion of the genetic makeup of Gram-positive bacteria was no longer 
required and had become redundant in Mollicutes. Perhaps, and we can only 
speculate, genome sized reductions have allowed removal of unnecessary, 
non-functional DNA more efficiently than appears to happen in eukaryotes 
particularly.

Yet another characteristic of Mollicutes is their inclusion of cholesterol in 
their cytoplasmic membrane. This is thought to give some stability to the 
membrane. Most Mollicutes acquire the cholesterol from an exogenous source. 
Acholeplasmas (which also lack peptidoglycan) do not require exogenous 
cholesterol because they have the capacity to synthesize it and incorporate 
this in their membrane for stability (Khan et al., 1981). 

Finally, a characteristic of mycoplasmas is their very close association, in 
many cases, with other organisms (Razin et al., 1998). Their niche is to have 
an intimate contact with the mucosal surfaces of animals and plants. It is 
this very close association with host cells, of which we understand relatively 
little, that is the key to understanding mycoplasmas. These organisms have 
evolved alongside animals and plants to be “quiet” intruders: living, like 
many commensal organisms, without prompting a response from the 
host nor causing it perceptible damage. Some, of course, do prompt an 
inflammatory response and these we see as the pathogens. The reason for 
those mycoplasmas causing a response may be to assist in their spread to 
other animals or it may be accidental as environments change or the genetics 
and physiology of the host alters in some way. It is the subtleties of this close 
association between host and Mycoplasma, and perturbation of the balance 
in that close relationship, that will provide the solution to understanding 
mycoplasmas and Mycoplasma pathogenicity in the future.
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1.1.3  Pathogenicity in mycoplasmas

Specific aspects of pathogenicity of porcine mycoplasmas will be dealt 
with in later chapters. In general, however, the mechanisms by which 
mycoplasmas cause disease often remain either obscure or speculative. 
Because mycoplasmas are so different from many other pathogens studied 
there is limited opportunity to recognize homologues of genes known in 
other pathogens. It is not surprising that biosynthetic genes for amino acids 
and growth factors are missing; but global regulatory genes such as the 
sigma factor rpoS, transcriptional repressor crp and the leucine-responsive 
regulatory protein lrp, are also absent (Salyers and Whitt, 2002). It is therefore 
likely that mycoplasmas have independently developed their own regulatory 
systems. Similarly, they could have as yet unrecognized functions acting to 
engage with host cells, enable their survival in vivo and promote transmission 
between hosts.

It appears clear that adhesion to mucosal surfaces is an important aspect of 
colonization of host tissues. Mycoplasmas are extracellular surface parasites 
although some have been reported to get inside host cells (Yavlovich et 
al., 2004; McGowin et al., 2009; Burki et al., 2015). Because mycoplasmas 
lack the peptidoglycan of a cell wall or the lipopolysaccharide of the outer 
membrane, they present a very different exposed surface to that of most 
bacteria. The antigenic composition and topography of the single plasma 
membrane must be critical in the avoidance of recognition and evasion 
of damage from the innate immune response of the host. Some important 
progress has been made in understanding the role of this membrane surface 
(as will be detailed in later sections) but investigations of the host-pathogen 
relationship of mycoplasmas and their animal hosts is difficult and much 
remains to be understood at the cellular and molecular level.

Early suggestions of one or more toxins produced by M. hyopneumoniae 
(Debey and Ross, 1994) have not yet been corroborated. It was suggested that 
cytopathological effects observed from the human pathogen M. pneumoniae, 
including loss of cilia, was likely to be related to elaboration of a toxic 
substance or enzyme by Gabridge et al. (1974). However, the existence of 
any mycoplasma-derived protein exotoxins is not yet established. In contrast, 
the involvement of small molecules such as H

2
O

2
 in cellular damage has 

gained some support, at least in specific (bovine) mycoplasmas but also in 
porcine mycoplasmas (Galvao Ferrarini et al., 2018). In contrast, mutants 
of M. gallisepticum unable to produce H

2
O

2
 from glycerol were consistently 

virulent in the respiratory tracts of experimental chickens implying that 
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 is simply not required for this organism to cause disease, at least 

in some circumstances (Szczepanek et al., 2014). The role of membrane 
phospholipases, perhaps acting on the host cell membrane, is still unclear 
(Shibata et al., 1995; Rottem and Naot, 1998).

What is clear is that mycoplasmas are stealthy. They are able to persist in 
the body of the host, either on the mucosal surface or even, it appears, in 
major organs, without alerting the innate immune system to their presence. 
Or perhaps the immune system is alerted, but then suppressed or silenced. 
This is seen in the poor immunological responses to infection and in the 
relatively limited inflammatory response. Related to this is the antigenic 
variation displayed by many Mycoplasma organisms such as M. hyorhinis 
(Wise et al., 1992). The importance of altering surface antigens over time 
and the role it might play in evasion of the host immune defenses remains 
to be seen.

For many years it had been recognized that mycoplasmas bind immuno- 
globulin onto their surface. This was considered likely to be a passive means 
of coating the bacteria with “self ” antigen and thereby evading recognition 
by the innate immune system. More recently, a two-protein immunoglobulin 
(Ig) binding system was described by Arfi et al. (2016). This was originally 
found in the ruminant mycoplasma M. mycoides subsp. capri. One protein, 
the mycoplasma immunoglobulin binding protein (MIB), captures antibody 
molecules with high affinity while the second, a serine protease known as 
mycoplasma Ig protease (MIP), cleaves the heavy chain of the Ig molecule. 
Analysis of genomes suggests that this system is widespread among the 
Mycoplasma pathogens and may contribute to avoidance of recognition and 
consequent immune evasion by mycoplasmas invading the body.

One important aspect of Mycoplasma pathogenicity that has become apparent 
is the lack of ability of phagocytic cells (neutrophils and macrophages) to 
eliminate these pathogens in the body. The reason for this is not yet known 
but mycoplasmas appear to be hiding effectively from the cells that are 
intended to destroy them. In some cases there is a clear cytokine response 
to Mycoplasma infection (Rottem and Noat, 1998). Lymphocytes are 
activated but sometimes in an inappropriate manner such that B cells are 
non-specifically stimulated and generate ineffective antibodies. Perhaps this 
is a “deliberate” attempt to subvert the immune response as can be seen 
in other bacterial pathogens. In Staphylococcus aureus and Streptococcus equi 
superantigens such as TSST-1 are produced. These directly activate T cells 
without the requirement for an antigen to be presented in the context of 
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Class II MHC. To date, only the rodent pathogen M. arthritidis is recognized 
as producing such a superantigen (M. arthritidis mitogen) but the role of 
this component in pathogenesis of disease in mice is apparently minimal 
(Luo et al., 2008). Alternative mechanisms of actively diverting the immune 
response may be operating and these may await discovery in the future.

1.2  The mycoplasmas of the pig

In the pig, the Mollicutes are important pathogens. There are six species 
of Mycoplasma that are uniquely or most commonly found in the pig. 
These are M. hyopneumoniae, M. hyorhinis, M. flocculare, M. hyosynoviae,  
M. hyopharyngis and M. suis. In addition, some species of Acholeplasma (such 
as A. laidlawii, A. granularum and A. axanthum) may be present in the pig 
but also occur elsewhere and are of no known significance in porcine 
disease. Based on comparison of the 16S rRNA sequences, five of these are 
phylogenetically related within the Hominis group (Figure 1.1).

Most of these species have been studied over the last 60 years or so. That 
mode of study has changed as understanding has grown and new techniques 
have become available. Some porcine mycoplasmas are relatively easy to 
culture in vitro but others are really quite difficult and the hemoplasma M. suis 
is so far uncultivable. Add to this the problem of identification, particularly 
between different laboratories using different reagents, and the chances of 
confusion increase. This has led, unfortunately, to some misunderstanding 
and misrepresentation of Mycoplasma species with isolates being misidentified 
and properties of one having been attributed to another. With the advent of 
PCR-based identification (Stemke et al., 1994; Stemke, 1997) rather than 
the traditional method of growth inhibition by hyperimmune serum, the 
community is now in a far clearer position. However, there are certainly 
reports in the literature and isolates in collections that are incorrect and 
there is a need for research laboratories to be aware of this when faced with 
contradictory results or incomplete understanding.
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1.3  Phylogenetic relationship between porcine 

mycoplasmas

As noted above, five of the porcine mycoplasmas fall into the same phylo- 
genetic group, the Hominis group. Analysis of the 16S rRNA sequence 
alignments suggested a close relationship between M. hyopneumoniae,  
M. hyorhinis and M. flocculare which caused them to be placed together in the 
Neurolyticum cluster of the Hominis group as described by Weisburg (Stemke 
et al., 1992). M. hyosynoviae is phylogenetically distinct and falls into the 
Hominis cluster; M. hyopharyngis is associated with the Lipophilum cluster. 
The Hominis group was further investigated using 16S rRNA sequence 
(Pettersson et al., 2000). This added further species to the group and 
reinforced the notion of the Hominis cluster as a distinct clade of Mycoplasma 
species within the Hominis group (Figure 1.1).

Recent, very detailed analysis of the porcine mycoplasmas by Siqueira et 
al. (2013) used a genome-wide analysis of the species of Mycoplasma. This 
placed the porcine species that were included in the study into a small 
hyopneumoniae clade consisting of closely-related M. hyorhinis, M. conjunctivae, 
M. flocculare and M. hyopneumoniae. It was shown that M. hyorhinis was basal 
(ancestral) to the other three species in all of the analyses. This hyopneumoniae 
clade was still within the same major grouping as M. hominis, but it was 
concluded that the Hominis grouping was separate. Later genomic analysis 
of the entire Mollicutes by Gupta et al. (2018) has proposed substantial 
changes to the overall taxonomy of the Mollicutes. This has confirmed the 
close relationship of the 4 species in the hyopneumoniae group but again puts  
M. hyosynoviae into a separate grouping more closely associated with  
M. hominis. 

M. suis, as might be anticipated, falls into a different family, of hemoplasmas, 
taxonomically in the Pneumoniae group of mycoplasmas (Neimark et al., 
2001). This was revised by Peters et al. (2008), again using 16S rRNA but 
also with rnpB sequences. From this work, the Hemoplasma group was 
considered distinct from the Pneumoniae group and was subdivided into 
Hemominutum and Hemofelis groups; M. suis was found to belong within the 
Hemominutum group.
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1.4  Mycoplasma hyopneumoniae    

M. hyopneumoniae is the agent of porcine 
enzootic pneumonia (EP). This is a respiratory 
disease of worldwide distribution and substantial 
economic impact. Primarily, the disease is seen 
as coughing with reduced growth performance. 
Lesions are seen primarily in the apical, cardiac 
and accessory lobes (Figure 1.2). These are 
regions of consolidation in which there is a 
lymphocytic hyperplasia. The lesions are not 
usually seen in adults probably because they are 
protected by past exposure, neither in very young 
animals because the disease takes time to develop. 
The most common stage is when animals are 
growing quickly, at about 8 to 16 weeks of age. 
In an outbreak of disease, a high proportion of 
the animals will become diseased but mortality is 
unusual unless secondary infection with virus or 
other bacteria such as Pasteurella superinfects the 
animals. Those animals infected with EP are very 
much more susceptible to secondary infections 
than those free of the infection. 

1.4.1  Cultivation of Mycoplasma hyopneumoniae

M. hyopneumoniae has always been considered difficult and tedious to grow. 
It is a slow-growing mollicute, particularly when cultured directly from 
clinical material (lung lesions). This is exacerbated because overgrowth with 
a few contaminant bacteria, including M. hyorhinis, quickly overwhelms 
cultures and because primary cultures of M. hyopneumoniae can take as long as 
10 – 15 days to become visible (see Chapter 8). This has limited our progress 
in understanding the virulence of the organism and the pathogenesis of EP 
because it has impeded experimental work and perhaps deterred competent 
researchers from effective investigations. 

A reliable method of culture, primarily in liquid medium, was established 
by Nils Friis in Copenhagen in 1975. This medium that became widely 
known as Friis medium was prepared with great attention to detail and 
the procedures used for diagnosis were meticulous. In this way, culture 

Figure 1.2. Lesions of enzootic 
pneumonia showing lesions of 
consolidation in the cardiac lobe 35 
days post intra-tracheal inoculation. 
Experimental infection in pigs free of 
other respiratory pathogens. (Source: 
A. N. Rycroft)
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could be used for routine isolation of M. hyopneumoniae from clinical cases. 
One problem was the regular co-culture of M. hyorhinis from lesions of EP.  
M. hyorhinis outgrows M. hyopneumoniae in the liquid medium and it becomes 
almost impossible to retrieve the latter. Friis showed that addition of 5% 
hyperimmune anti-M. hyorhinis serum together with 500 µg/ml cycloserine 
effectively inhibited M. hyorhinis allowing study of M. hyopneumoniae in 
isolation (Kobisch and Friis, 1996). There are also commercially available 
media used both in solid and liquid form. The constituents of such media 
are not publicly available but some of them have been widely used for 
experimental and clinical applications for many years. M. hyorhinis rapidly 
outgrows M. hyopneumoniae producing much larger colonies on the solid 
medium (Figure 1.3).

Figure 1.3. Colonies of M. hyorhinis (large granular colonies with central core spot) alongside  
M. hyopneumoniae (small translucent colonies) illustrating the size difference on Mycoplasma 
solid medium after 7 days incubation at 37°C. (Source: A. N. Rycroft)

A more recent development in the culture of M. hyopneumoniae and its 
selective separation from M. hyorhinis was discovered by Cook et al. 
(2016). Culture of lung tissues in solidified Friis medium containing 
a low concentration of the antibiotic kanamycin allowed suppression of  
M. hyorhinis. In this way, M. hyopneumoniae could be more readily retrieved 
in isolation from lung lesions carrying both organisms.
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1.4.2  The discovery of Mycoplasma hyopneumoniae

EP is a major respiratory disease of the pig. While it rarely causes life-
threatening disease, it is known to impede growth performance in pig 
herds and, together with a number of viral and bacterial agents (particularly  
P. multocida), causes more severe pneumonia, the porcine respiratory disease 
complex. EP is now recognized to be caused by M. hyopneumoniae (see 
Chapter 5). 

The name M. hyopneumoniae was first used in 1965 when it was proposed 
as a new species by Maré and Switzer (1965). However, the disease it causes 
in pigs was known for many years before and there was considerable rivalry 
and competition to clarify and identify the causative agent of what we now 
know as EP. 

Early descriptions of what was probably porcine EP began in 1933 when 
Köbe referred to Ferkelgrippe and in 1939 when Glässer described 
Schweinegrippe (Glasser, 1939). In 1941, Blakemore and Gledhill wrote, “In 
England, infectious pneumonia of pigs has been recognized by practitioners 
for many years - in severe cases there was a chronic phase which lasted several 
weeks. The pigs then became unthrifty and suffered from a chronic cough 
but they eventually recovered.” This observation was later corroborated by 
Goodwin et al. (1967) who further stated the condition to be associated 
with a reduction in growth rate and that “the cumulative economic loss is so 
great, both nationally and internationally, that EP has been described as the 
most important disease of pigs today.” This foresighted statement predicted 
the significance of a disease that we now recognize as a major cause of lost 
production in the global pig industry. 

The disease was also termed infectious pneumonia and parainfluenza and 
in 1951 the pneumonia was recognized as a separate disease syndrome; in 
particular it was distinct from swine influenza. Gulrajani and Beveridge 
(1951) described the “chronic infectious pneumonia” as “differentiated from 
swine influenza.” They used different criteria. First, they were unable to 
isolate influenza virus from outbreaks of pig pneumonia in East Anglia and 
Northern Ireland. Second, they could not demonstrate antibodies against 
influenza virus in the sera of recovered animals. Third, bacteria-free filtrates 
of pneumonic lung were infective, but, compared with swine influenza, the 
onset of the disease was slower, the course more protracted and the infective 
agent persisted longer in the lungs. From then, it was referred to variously 
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as “virus pneumonia”, “influenza-like disease”, “enzootic virus pneumonia” 
and “transmissible pneumonia”.

A remarkably accurate account of the EP was given by Alan Betts in 1952. 
While he referred to the condition as virus pneumonia of pigs, it is apparent 
from the distribution of lesions, the association with secondary bacterial 
pneumonia and the retarded growth rate, that the disease transmitted was 
EP. Efforts were made to characterize the transmissible agent, and filtration 
was a key tool in early microbiological investigations. The agent of this 
disease could be transmitted to pigs in lung homogenate and yet could pass 
through a bacteriological filter. This indicated it was a virus. However, like 
certain other filter-passing infectious agents known at the time (chlamydiae, 
rickettsiae), it was also found to be sensitive to tetracycline.

1.4.3  What is the evidence that Mycoplasma hyopneumoniae is 
responsible for EP?

Work conducted at Cambridge in the 1950s, and published in 1963, showed 
that the agent in lung homogenate could be passaged in cell culture and 
then transmitted 4 times in pigs, inducing the typical disease. Pleomorphic 
organisms were visible in the lung lesions: the microorganism associated 
with the lung lesions was 0.2 – 0.45 µm in size and it could be seen 
following staining with Giemsa stain. These were described in detail by Peter 
Whittlestone in 1957 (Figure 1.4). For this work, the Cambridge group 
used the J strain of EP (Goodwin and Whittlestone, 1963) originally derived 
from an outbreak of respiratory disease in Northern Ireland and transmitted 
by inoculation of pigs designated H and then J at Cambridge University 
(Gulrajani and Beveridge, 1951). They chose this material because it was 
unable to make colonies resembling the pleuropneumonia-like organism 
(PPLO) on solid medium. This was deliberate because PPLO, isolated from 
pig lung lesions, had been found to be non-pathogenic. Almost certainly, 
the PPLO colonies that were cultured on solid medium at that time were 
M. hyorhinis. The transmissible agent of EP could not so readily be cultured 
but it seems that the lung material, named the J strain and used for the 
experiments, was uncontaminated with M. hyorhinis.
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Figure 1.4. (A) Original photograph of pleomorphic organisms in a Giemsa-stained impression 
smear from lesions in the “pneumonic lung of a pig infected with J strain showing large numbers 
of the various forms of the pleomorphic organism”. (B) Colored drawing of the image in A made 
by P. Whittlestone (From Whittlestone, P. 1957).  

Researchers in the USA were also working to try and isolate the causal 
agent of EP with some success. L’Ecuyer and Switzer in 1963 attempted 
to propagate the causative agent of ‘virus pneumonia of pigs’ (EP) using 
infected lung tissue from field cases of ‘virus pneumonia’ which were found 
to be free of M. hyorhinis, yet still able to transmit the disease experimentally 
to pigs. 

They inoculated 12 different types of cell culture. Only 2 of the 12 cell 
culture types, primary swine kidney cells and human cervical carcinoma 
cells (HeLa cells), allowed the infectious agent to propagate as shown by the 
induction of microscopic and macroscopic lung lesions in pigs 3 – 4 weeks 
post infection. However, following serial passages in HeLa cells the field 
strains lost infectivity. They also observed that there was no cytopathic effect 
on the infected cell cultures (L’Ecuyer and Switzer, 1963). The inability 
of L’Ecuyer and Switzer to show the causative agent growing in culture, 
by methods other than inoculating pigs to produce the disease, made 
further investigations into the causative agent of ‘Virus pneumonia’ almost 
impossible at that time.

By 1965, Maré and Switzer were able to isolate a microorganism from a 
case of EP in the USA and were able to grow it in broth modified from that 
described by Goodwin and Whittlestone (1964). Furthermore, they were 
able to induce lesions of EP with it. Maré and Switzer were able to grow 
this organism on their solid medium containing 1% agar, both from broth 
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cultures and pneumonic lung suspension, obtaining colonies which they 
believed were visually different from M. hyorhinis. They named these new 
colonies M. hyopneumoniae.

The Cambridge researchers called their J strain organism M. suipneumoniae. 
Although much of the work was conducted before 1957, the first mention 
of this name as a new species in the public literature was in October 1965 
(Goodwin et al., 1965). Two months earlier, in Iowa, Maré and Switzer 
(1965) published the name M. hyopneumoniae. This name took precedence 
for the new species. 

There was nevertheless a degree of uncertainty whether M. hyopneumoniae 
and M. suipneumoniae were the same pathogen. Both groups had published 
pictures of the colonies on solid medium, both also showed the typical 
histopathology of lesions and both showed the microscopic appearance 
of the organism. Controversially at the time, the American group had 
reproduced the disease not from colonies grown on solid medium but from 
pneumonia-inducing fluid. The organism they named M. hyopneumoniae 
was then recovered onto solid medium but the inoculating fluid could, 
conceivably, have carried virus or another pathogen. The British group, 
in contrast, had used colonies to reproduce experimental disease and 
so there was some certainty that the organism was indeed the causative 
agent and free of virus. The name “M. suipneumoniae” persisted for some 
time; certainly until 1978. Nevertheless, once serological identity between  
M. hyopneumoniae and “M. suipneumoniae” had been demonstrated by 
growth-inhibition and metabolic-inhibition tests (Goodwin et al., 1967), 
the former was confirmed as the accepted name.

1.5  Mycoplasma flocculare

M. flocculare was described by Anders Meyling and Neils Friis in 1972 as a 
new species based upon the Growth Inhibition and Metabolic Inhibition 
tests. It closely resembles M. hyopneumoniae in characteristics and appearance, 
with no central core to the colony, although strains are usually seen to grow 
more slowly than M. hyopneumoniae. Friis also found it produced a more 
intense acid reaction in vitro and was able to grow at 30°C: a feature he 
considered may be related to the natural niche of the upper respiratory tract 
(Kobisch and Friis, 1996). 
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M. flocculare is found in the nasopharynx of the pig and it appears to be 
non-pathogenic. It is distributed throughout the global pig population as a 
normal inhabitant of the upper respiratory tract. Only in germ-free piglets 
was any pathological change detected. This was described as a lympho-
histiocytic cell proliferation in the lamina propria with epithelial damage in 
the nasal cavity and lung (Friis, 1973). More recent experimental challenge 
of 5 week-old, caesarean-derived, colostrum-deprived piglets with  
M. flocculare yielded a similar result with no detectable disease (Gomes-Neto 
et al., 2014). This result was all the more meaningful because the mycoplasma 
was detected in the piglets at 7 days post-infection and evidence of infection 
was present from positive serological responses. 

While there is no evidence that it causes disease alone, it is sometimes isolated 
alongside M. hyopneumoniae from EP. A recent investigation by Fourour et 
al. (2019) corroborated the lack of disease from M. flocculare inoculation of 
specific-pathogen-free (SPF) pigs. However, a small additive effect on the 
acute phase protein response, and on weight gain, was detected when the  
M. flocculare infection was co-infected with M. hyopneumoniae.

The 16S rRNA sequence of the two species also shows them to be very 
closely related. This led to the suggestion that M. flocculare was an avirulent 
form of M. hyopneumoniae. Indeed, strains considered to be M. hyopneumoniae 
in mycoplasma collections have later been confirmed to be M. flocculare 
(Rycroft, unpublished findings). With whole genome analysis, these 
organisms have been definitively shown to be distinct. Using PCR-based 
identification (Stakenborg et al., 2006a) or whole genome sequencing, it is 
now straightforward to distinguish between the species.

Arising from the close relationship with the pathogen M. hyopneumoniae is 
the issue of shared antigens. Meyling and Friis (1972) detected cross-reaction 
between M. flocculare and M. hyopneumoniae by agar gel immunodiffusion, 
and this translated into the concern that antibody generated by pigs against  
M. flocculare might be mistaken for that due to infection with M. hyopneumoniae, 
causing a false positive test result in ELISA tests. In reality, this cross reactivity 
was shown to be small (Bereiter et al., 1990). Nevertheless, the problem 
of cross-reactive antibody was overcome by enhancing the specificity of 
serological tests (ELISA) with specific monoclonal antibodies such as was 
used in the commercial competition ELISA (blocking ELISA) devised by 
Feld et al. (1992).
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Analysis of the genome of M. flocculare shows that it shares 105 coding 
sequences with M. hyopneumoniae and the two species were recognized as 
having a high degree of similarity. However, there were clearly differences 
in genomic structure and organization (Sequeira et al., 2013). Some of the 
genes for adhesins were different. M. flocculare carries genes for P97 copy 2 
adhesin and for P97-like adhesin but does not have an orthologue for the 
primary cilium adhesin, copy 1 of the P97, found in M. hyopneumoniae. The 
conclusion from scrutiny of the gene clustering was that P97 copy 2 and 
P97-like genes were present in the organism ancestral to both species but 
that the duplication event causing copy 1 of P97 gene must have occurred 
since the separation of M. hyopneumoniae and M. flocculare.

A further difference was noted by Calcutt et al. (2015). The gene encoding 
the glycerol 3-phosphate oxidase, glpD, is missing in M. flocculare. This enzyme 
and orthologues in other Mycoplasma species, is needed for production 
of H

2
O

2
 from glycerol. This activity is considered to be important in 

M. mycoides subsp. mycoides SC in the pathogenesis of contagious bovine 
pleuropneumonia (CBPP) through cytotoxicity of H

2
O

2 
for host cells 

(Pilo et al., 2005). If H
2
O

2 
production in vivo is crucial to the ability of 

M. hyopneumoniae to induce lesions, this difference in M. flocculare may be 
decisive in the inability of M. flocculare to induce disease. 

1.6  Mycoplasma hyopharyngis

This organism was first described by Eriksen et al. (1986). Blank et al. (1986) 
suggested it belonged to the Fermentans group of Mollicutes, but M. fermentans 
itself is within the Hominis group in the Lipophilum cluster (Weisburg et al., 
1989). Pettersson et al. (2001) also placed it in the Lipophilum cluster. Kobisch 
and Friis (1996) gave little information about this species. They stated it to 
be an arginine-metabolising mycoplasma from nasal and pharyngeal samples 
from the pig. Growth-Inhibition tests showed M. hyopharyngis to differ 
antigenically from other mycoplasmas, thereby conforming it as a separate 
species. 

M. hyopharyngis was not considered to be pathogenic or associated with 
disease in pigs. However, isolates were later reported by Bradbury et al. (1994) 
to have been recovered from diseased joints in pigs, while Friis recovered 
the organism from pharyngeal scrapings in Denmark but reported that it 
was difficult to maintain culture in broth (Kobisch and Friis, 1996). Friis et 
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al. (2003) considered the organism to be rare and since that time, there has 
been almost no further interest or analysis of this Mycoplasma which appears 
to be a commensal of the respiratory tract, able, on occasion, to become 
involved in joint disease of pigs.

1.7  Mycoplasma hyosynoviae

M. hyosynoviae was described by Richard Ross and Judith Karmon in 1970. 
Taxonomically, M. hyosynoviae was shown to fall into the Hominis group of 
Mollicutes (Figure 1.1). It was found in respiratory tracts and in the joints of 
pigs with arthritis. The joint disease associated with infection is mostly seen 
in pigs older than 10 weeks (3 – 5 months) and can be acute with swelling 
particularly visible in the hock joints, difficulty in moving, stiffness, lameness 
and an arched back (Blowey, 1993) (see Chapter 13). The possibility that this 
age restriction was due to inherent resistance of young pigs to this infection 
was disproven when young pigs were shown clearly to be just as susceptible 
to experimental infection as older pigs (Lauritsen et al., 2008). It is therefore 
most likely to be the decline of protective maternal immunity that enables 
the pathogen to cause disease in pigs as they reach 8 - 10 weeks of age and 
this has now been corroborated by Tølbøll Lauritsen et al. (2017).    

The outcome of infection with M. hyosynoviae 
can vary considerably. It probably spreads between 
pigs as a respiratory organism. The natural habitat 
appears to be the palatine tonsil lymphoid 
tissue from where it can be isolated in carrier 
animals (Figure 1.5). In some cases, the organism 
progresses no further and animals can become 
carriers (Hagedorn-Olsen et al., 1999b). Under 
the right conditions, the pathogen invades from 
the lymphoid tissue and, by hematogenous spread, 
localizes in the joints, for which it has great affinity, 
and sometimes other sites in the pig such as the 
pericardium. The means of hematogenous spread 
is still not known: is it within or on the surface of 
macrophages or other cells, or is it by a cell-free 
mechanism? As yet, this is not known.

Figure 1.5. Colonies of  
M. hyosynoviae showing 
the “fried egg” appearance 
typical of many species of 
Mycoplasma. (Source:  
A. N. Rycroft)
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Progression of infection to cause joint disease is associated with risk factors 
such as the level of immunity in individuals or the herd, management 
practices, breed of pig and aspects of the environment such as temperature. 
However, the factor most associated with development of active joint disease 
is transport of animals and the stress this brings to the animals (Kobisch 
and Friis, 1996). The contribution of strain virulence, if this varies between 
strains, is not known. 

1.8  Mycoplasma hyorhinis

M. hyorhinis, to a bacteriologist, is the weed of the porcine mycoplasmas. It 
grows more quickly (one to two days) and forms larger colonies than its close 
relative, M. hyopneumoniae (Figure 1.3). Moreover, it is almost ubiquitous in 
the respiratory tract of pigs including the apparently normal lung tissue. It 
is also a pathogen responsible for polyserositis (serofibrinous lesions in the 
pericardial, pleural and peritoneal cavities) and arthritis in the pig: usually 
post weaning at 3 - 7 weeks of age (Friis and Feenstra, 1994) (See Chapter 
13). As such, it is thought to migrate to those sites via a hematogenous route, 
probably from the pharyngeal and tonsillar surface where it naturally resides. 

Phylogenetically, M. hyorhinis is close to M. hyopneumoniae and M. flocculare in 
the Neurolyticum cluster of the Hominis group of mycoplasmas. Considerable 
research on M. hyorhinis has been focused on the variation in surface antigen 
expression (the VLP system) as a means of immune evasion (Wise et al., 
1992). 

1.8.1  What is the evidence that Mycoplasma hyorhinis can also 
act as the causative agent of EP?

Although M. hyopneumoniae is believed to be the primary agent of EP in 
swine, and numerous experiments with purified cultures of M. hyopneumoniae 
have confirmed this, there have also been studies showing that M. hyorhinis 
alone is found in pneumonic lesions (Kobisch and Friis, 1996) and that 
M. hyorhinis may be capable of inducing pneumonia in the pig, at least in 
gnotobiotic piglets (Poland et al., 1971; Gois et al., 1971; Lin et al., 2006). 
This has led to divided opinions on the possible role of M. hyorhinis in pig 
pneumonia and questions over the primary agent of EP. Uncertainty has 
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been compounded by the recognition that EP disease apparently occurs in 
animals vaccinated against EP in the field, from which only M. hyorhinis has 
been isolated.

Several investigators have suggested that M. hyorhinis plays a secondary role 
in the disease to M. hyopneumoniae (L’Ecuyer and Switzer, 1963; Fourour et 
al., 2019). It has been shown by a number of researchers that M. hyorhinis 
can be isolated from the nasal cavities and fresh lungs of clinically ‘normal’ 
pigs. In 1963 Ross, Switzer and Maré isolated M. hyorhinis from 30% of 
clinically normal pigs and Hartwich and Niggeschulze (1966) were able to 
isolate M. hyorhinis from 75% of clinically normal lungs from pigs (Poland et 
al., 1971). Goodwin et al. (1968) concluded that M. hyorhinis is commonly 
present in the lung lesions of EP and that this mycoplasma may often prevent 
the isolation of “M. suipneumoniae”. However, there have been few studies 
looking into the production of pneumonia in pigs using pure strains of  
M. hyorhinis.

One such study was carried out by Jenny Poland in 1971. This was an 
attempt to show that a strain of M. hyorhinis was able to induce pneumonia 
when inoculated into germ-free piglets. The piglets were mono-infected 
with a strain of M. hyorhinis, TR32. Prior to infection the strain, isolated 
from pig lungs in Czechoslovakia, was cloned three times then passaged 
through a pig before being inoculated by aerosol into 9 pigs at 8 - 9 days of 
age. From this study, it was concluded that at least one strain of M. hyorhinis 
could produce pneumonia in pigs and therefore M. hyopneumoniae was not 
the only mycoplasma able to cause pneumonia in pigs (Poland et al., 1971). 
A similar study by Gois et al. (1971) also showed that intranasal infection of 
gnotobiotic pigs with M. hyorhinis was capable of causing pneumonia with 
macroscopic pneumonic lesions alone or with polyserositis and arthritis. 
Histological findings further showed peribronchiolar and perivascular 
infiltration ‘cuffing’ in the lungs at 14 days post infection (Gois et al., 1971). 

Work carried out by Poland further demonstrated that following intranasal, 
intravenous or aerosol infection of gnotobiotic pigs, classical lesions of 
polyserositis and/or arthritis could be produced with four field strains of 
M. hyorhinis. Two strains produced pleuropneumonia in a total of three out 
of 39 infected pigs, and all four strains produced bronchopneumonia in a 
total of five out of 39 infected pigs. It was also noted that, macroscopically, 
lung lesions resembled those caused by M. hyopneumoniae. However, the 
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histological appearance differed in this case: peribronchiolar and perivascular 
infiltration of lymphocytes ‘cuffing’ was rarely a feature of the lesions 
reportedly caused by M. hyorhinis. Therefore, considering the discrepancy in 
the findings of Gois et al. (1971) and Poland et al. (1971), differentiation of 
the causal agent of the lesions based on microscopic appearance would not 
be possible.

Different studies have also observed differences in virulence between strains 
of M. hyorhinis following experimental infection. Five field strains were used 
to infect SPF-pigs at 2 weeks of age, and clinical signs were monitored. 
Infection with four out of five strains, clinical signs were observed from one 
week post infection such as elevated temperature, retarded growth, joint 
swelling, lameness, polyserositis and arthritis. The fifth strain only produced 
pleural adhesion in one pig out of 5; the other 4 strains caused acute and 
chronic stages of the disease including pericarditis, pleurisy and peritonitis. 
However, no pneumonic lesions were noted at necropsy (Kobisch and Friis, 
1996). Similar results were reported by Gomes-Neto et al. (2014).

A recent study in Taiwan has also suggested that M. hyorhinis alone is capable 
of causing pneumonia (Lin et al., 2006). Using a combination of three wild-
type M. hyorhinis isolates or a single isolate, typical mycoplasma pneumonic 
lung lesions were seen in two out of the six 6-weeks-old M. hyopneumoniae 
and M. hyorhinis-free pigs challenged with the combined wild-type isolates. 
No lesions were observed in the six pigs challenged with the single isolate 
or in the control group. The authors concluded that M. hyorhinis may play a 
significant role in swine respiratory disease and that M. hyopneumoniae is not 
the only mycoplasma involved in EP (Lin et al., 2006).

It seems that, taking the evidence together, it is possible that M. hyorhinis 
may be capable of causing lesions in the lungs of highly susceptible pigs such 
as those without normal microbiota or any maternal or active immunity.  
The relevance of such vulnerable animals to farm practice is obviously 
limited. While M. hyorhinis is frequently present in healthy lung tissues and 
may exacerbate lesions of EP (Fourour et al., 2019), the established causal 
agent of EP is undoubtedly M. hyopneumoniae.
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1.9 Mycoplasma suis

M. suis (formally M. hemosuis) is now recognized as the name for the agent 
of porcine eperythrozoonosis or porcine hemoplasmosis. This is seen 
worldwide in domestic and wild pigs and is considered an economically 
significant infection in swine production (see Chapter 14). It is an infectious 
form of anemia first described by Kinsley (1932) who considered it as a 
protozoal infection and by Doyle (1932) describing it as a Rickettsial disease. 

The hemoplasmas, as the hemotrophic mycoplasmas became known, affect 
a wide range of different animal species. They were only recognized as 
Mollicutes in 2001 using analysis of the 16S rRNA (Neimark et al., 2001). 
Until then, they were thought of as Rickettsia-like organisms in the genera 
Hemobartonella and Eperythrozoon species. They are considered to be most 
closely related to the Pneumoniae group of mycoplasmas (Tasker et al., 2003). 

The pathogen attaches to and parasitizes erythrocytes of the host leading 
to damage and causing hemoglobin release with consequent anemia and 
jaundice. As yet, these organisms are not cultivable in vitro (Hoelzle, 2008). 
This alone has retarded progress in understanding the host-pathogen 
interaction and there is relatively little knowledge of the immunology, 
genetics or physiology of the pathogen. There is evidence that M. suis may 
be transmitted to humans and thereby considered as a zoonotic pathogen 
(Yuan et al., 2009).




