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Summary of Thesis  
The genital mycoplasmas – Mycoplasma hominis, Ureaplasma parvum and Ureaplasma urealyticum 

– are frequently associated with symptomatic genitourinary medicine patients. Currently there is no 

provision to test for these organisms within the National Health Service. Ureaplasma spp. are 

isolated from 11–26% of men with non-gonococcal urethritis. Bacterial vaginosis (BV) – present in 

20–30% of females attending – has been repeatedly linked to M. hominis. The MYCO WELL D-ONE is 

a rapid culture-based assay that utilises specialist media to detect these organisms in samples 

collected as part of routine sexual health screenings. Alongside detection, the MYCO WELL D-ONE 

concurrently screens organisms for antibiotic resistance. IRAS ethics number 230693 was granted for 

this study. 983 Samples were collected from 857 patients attending sexual health clinics in Cwm Taf: 

528 female patients (121 provided both urine and swabs) and 329 male patients. This is the first 

clinical validation of the MYCO WELL D-ONE to be carried out in the UK against the current ‘gold 

standard’ molecular detection methods. Isolates highlighted as resistant by MYCO WELL D-ONE were 

subjected to confirmatory antibiotic susceptibility testing (AST) in accordance with the current CLSI 

guidelines. Isolates confirmed as resistance underwent whole genome sequencing to determine the 

underlying genetic mechanism conferring their resistance. Ureaplasma spp. was isolated from 57.2% 

of female patients compared to 21.6% of males. For M. hominis, 16.3% of females and 4.3% of males 

were infected. The MYCO WELL D-ONE displayed sensitivity values of 91.8% and 78.2%, alongside 

specificity values of 96.49% and 98.84%, for the detection of Ureaplasma spp. and M. hominis, 

respectively. Antibiotic resistance rates in Ureplasma spp. were found to be 0.54% for tetracycline 

and levofloxacin, with a tetracycline resistance rate of 1% for M. hominis. The prevalence of genital 

mycoplasma in the South Wales Valleys convergence area is significantly higher in the female 

population, consistent with other studies at different geographic locations. The MYCO WELL D-ONE 

is a simple, sensitive and specific means of detecting these organisms. It offers clinicians a rapid, 

easy-to-use and inexpensive method of determining the presence of mycoplasma in symptomatic 

sexual health patients.  
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1. Introduction 

1.1 Background: The Mollicutes  
 

The Mollicutes, of which there are eight genera: Mycoplasma, Ureaplasma, Acholeplasma, 

Spiroplasma, Mesoplasma, Anaeroplasma, Asteroleplasma and Canditatus phytoplasma, are a 

unique class of bacteria comprising over 200 species (Figure 1.1), the bulk of which are 

Mycoplasma.1,2 Sixteen species of Mollicutes have been isolated from humans, typically colonising 

the respiratory or genitourinary tracts.2 Mycoplasmas and Ureaplasmas isolated from humans are 

often characterised according to the substrate they utilise for ATP generation, arginine, glucose or 

urea (the latter unique to Ureaplasma). The name Mollicutes is derived from the Latin mollis 

(meaning soft or pliable), and cutis (meaning skin), reflecting the fact that bacteria categorised 

within this class lack a cell wall and are Gram-neutral (Figure 1.2).3 Mollicutes are likely derived from 

lactobacilli, bacilli or streptococci via regressive evolution and genome reduction. 4 Wolf et al. show 

a monophyletic origin for Mollicutes within the Firmicute clade through comparative analysis of 

amino acid sequence data for the highly conserved ‘housekeeping’ enzyme phosphoglycerate kinase 

(Pgk). 5  This proposed origin is strengthened by the low G+C content of Mollicutes, harping back to 

their evolutionary past as gram-positive Firmicutes. The majority of Mollicutes display host and 

tissue specificities, with colonisation of such tissues being a prerequisite for replication and, 

ultimately, survival. To enable colonisation, they have developed several molecular mechanisms that 

help facilitate the evasion of host immune systems, which subsequently permit host-host 

transmission. Examples of which include molecular mimicry through the presentation of antigenic 

epitopes shared by Mollicute and host cells, phenotypic plasticity, alongside the modulation of and 

survival within phagocytic and non-phagocytic host immune-cells.6 Whilst evolving alongside their 

Eukaryotic hosts, eventually leading to their now parasitic or saprophytic lifestyle, Mollicutes 

gradually lost cell-wall synthesis encoding genes. This unique aspect of their physiology results in 

Mollicutes being inherently resistant to families of antibiotics that inhibit cell wall biosynthesis – the 
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β-lactams, such as penicillins and cephlasporins.7 Moreover, this lack of a cell wall results in 

Mollicutes being osmotically fragile, exhibiting plasticity and pleomorphism, leading to a reliance on 

host eukaryotic cells for osmotic stability.8,9  Alongside this, Mollicutes lost genes encoding enzymes 

responsible for the generation of certain metabolites, amino acids, nucleotides, and lipids that were 

plentiful in host cells. Folic acid, for example, an essential carbon-donating cellular metabolite 

involved in the de novo synthesis of purine and pyrimidine (base precursors of DNA synthesis), can 

no longer be manufactured or utilised by Mollicutes.10  The lack of this biosynthetic pathway confers 

an inherent resistance to antibiotics that inhibit folate generation — the sulphonamides and 

trimethoprim.7,10 Instead, a nucleotide salvage pathway is employed. Thymidine kinase (TK) initiates 

the retrieval of pyrimidine deoxynucleosides through catalysing the transfer of a gamma phosphate 

group from ATP or other nucleoside triphosphates to the 5’-hydroxyl group of a pyrimidine 

deoxyribonucloside.11 The genomes of Mollicutes are markedly smaller than that of model bacteria 

such as Escherichia coli. Typical Mollicute genomes range from 580–1,840Kbp, accounting for 

between 482 and 2050 coding sequences (CDS), whereas model organisms such as E. coli have 

genome and coding sequence sizes of 4,215–4,639Kbp and 4,176–4,320 CDS, respectively.12 

Nevertheless, despite this massive genome loss and consequent minimalistic physiology, Mollicutes 

have retained the ability to synthesise DNA, RNA and the essential proteins required for self-

replication. A novel transcription mechanism of note is the use of UGA as a codon for tryptophan, 

whereas it classically functions as a stop codon in other bacteria13. This leads to difficulties in 

studying Mollicute gene expression through classic transgenic and transformative means using 

model organisms such as E. coli, resulting in the expressed Mollicute proteins becoming truncated.14 

However, many can be effectively and repeatedly cultured in axenic conditions in specific media that 

typically contains ~20% serum, 4 which provides the sterols integral to the lipid bi-layer cell 

membrane structure.15 Only the haemoplasmas, such as Mycoplasma haemofelis and the Candidatus 

phytoplasma species have yet to be cultured in vitro. 16,17 Mollicutes have been accepted as the 

smallest and simplest autonomously self-replicating organisms. 18 That said, this ‘simplicity’ is 
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ostensible and superficial. If viewed from an evolutionary standpoint it is easy to argue that the 

Mollicutes are ‘more evolved’ than other prokaryotes. Refining the ‘genetic tool-kit’, Mollicute 

evolution has engineered elegant solutions to the difficulties of their unusual cellular compactness 

and facilitated adaptation to numerous and varied environments. For example, Fisunov et al.19 detail 

a novel group of transcriptional regulators (specifically C-proteins) that control restriction-

modification systems in Mollicutes. These regulators can bind to several promoters, thus facilitating 

the streamlining of the restriction-modification system’s regulatory network. Such evolutionary 

advancements are made to conserve energy through regressive evolution, resulting in multi-purpose 

proteins, making these organisms distinguished, adaptable and fascinating. However, many would 

counter this viewpoint as the loss of useful biochemical pathways these organisms have endured as 

a result of regressive evolution could be viewed through the lens of an extended and steady decay 

toward extinction. In a sense, these are organisms formulating last-ditch survival strategies to avoid 

extermination, rather than organisms exploiting the niche environments within which their existence 

is confined. Either way, they provide a unique insight into, and form the basis of the ‘minimal cell’, 

identifying the fundamental genetic elements of self-replicating organisms.20 This may underpin the 

development of ‘artificial life’ – one of today’s major challenges in Biology.21 They facilitate a view 

into the fundamental foundations of the prokaryote-eukaryote interaction and as such, there is an 

imperative need to study and better understand the Mollicutes in all their capacity.  
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Source: Giono-Cerezo et al. (2012)22 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1.1 Schematic representation of the Mollicute phylogeny. Mycoplasmas and Ureaplasmas are part of the Mycoplasmataceae 

family. 

Figure 1.2 Diagram of the mycoplasmal cell. The image highlights the absence of a bacterial cell wall. 

Displays the fluid triple-layered lipoprotein membrane that encases the mycoplasmal cytoplasm. 
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1.2 Mycoplasma hominis 

1.2.1  Overview  
 

The first Mollicute to be isolated from a human in association with a pathological condition was 

likely M. hominis (gaining its current name 10 years later), isolated from a Bartholin’s gland abscess 

in 1937.23 M. hominis is one of four genital mycoplasmas, alongside M. genitalium, M. penetrans and 

M. fermentans, 24 and is regarded as a commensal component of the flora colonising the lower 

genitourinary tract, particularly in women, and the respiratory tracts of neonates.25 Though typically 

considered an innocuous bacterium, specific pathophysiological mechanisms enable M. hominis to 

act as an opportunistic human pathogen. It is associated with numerous and varied pathological 

conditions and intrauterine infections: bacterial vaginosis (BV),26 pyelonephritis,27 

endometritis/pelvic inflammatory disease (PID),28 and preterm birth or other adverse pregnancy 

outcomes such as the transmission and infection of neonates. As a typically sexually-transmitted 

bacterium, barrier methods of contraception are putatively the best preventative measure.29,30 

However, M. hominis can be transmitted via extragenital means, being isolated from ~3% of adult 

upper respiratory tracts, infrequently presenting complications such as pharyngitis and pneumonia.31 

In isolated cases M. hominis has been detected as the underlying cause of life-threatening conditions 

in patients who are hypogammaglobulinanemic, immunocompromised or have endured 

surgery/trauma, with documented cases of septicaemia, wound infections, meningitis, brain 

abscesses, arthritis and mediastinitis.32–35  
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1.2.2  Physiology  
 

Due to gene loss, M. hominis lacks the genetic components required for ATP generation via 

traditional energy-generating pathways, i.e. the Kreb’s cycle or oxidative phosphorylation. 

Alternatively, M. hominis generates ATP through substrate-level phosphorylation utilising the 

arginine dihydrolase pathway.36 Arginine is combined with N-dimethyl-arginine, catalysed by 

arginine deiminase and N-dimethylarginine dimethyl-aminohydrolase to form citrulline. 

Subsequently, citrulline is converted to carbamoyl-phosphate by ornithine carbamoyl transferase, 

resulting in ornithine being released. Finally, ATP is generated via carbamate kinase on carbamoyl-

phosphate. The reaction is mediated by an ornithine antiporter (ArcD) requiring no ATP for arginine 

acquisition, thus making the pathway a maintainable energy-generating option in the absence of 

glycolytic metabolism.37 This pathway is useful when broth culturing M. hominis due its pH 

increasing properties. A colour-changing pH indicator (typically phenol red) can be added to M. 

hominis specific media to signify presence/absence detecting increased pH (red colour for phenol 

red), as organismal growth cannot be determined by visual turbidity. Furthermore, culture of most 

other prokaryotes (other than urease-containing bacteria) result in an acidification of the growth 

medium, including M. fermentans and M. pneumoniae, resulting in phenol red turning bright yellow.  

When grown on solid media, M. hominis colonies appear in a ‘fried-egg’ morphology between 200 

and 300µm in diameter – individual cells are approximately 200–300nm in diameter.36 M. hominis 

grows and divides through filament formation, generating chains of multinucleic filaments that 

subsequently divide into coccoid cells or smaller viable filaments (Figure 1.4).36,38 The ‘fried-egg’ 

morphology is owed to the cells burrowing into the solid media on which they grow, whereby the 

central portion of bacterial growth penetrates downwards into the agar with growth permeating 

thinly around the periphery (Figure 1.3).39  
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Source: Razin (1996)40 

 

 

 

 

 

 

 

 

 

 

Source: Razin (1996)40 

  

Figure 1.3 Colony morphology of the classic 'fried egg' shape colonies characteristic of Mycoplasma. A dense, burrowing 
central zone that penetrates the agar, surrounded by the peripheral zone on the agar surface 

Figure 1.4 Schematic diagram outlining the mycoplasma replication process. Cells can divide by one of two ways, either by 
binary fission or through a process involving filamentous elongation and subsequent coccoid body formation. 
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1.2.3  Adhesion  
 

To colonise and infect host mucosal surfaces, typically of the urogenital tract, M. hominis must first 

adhere to those surfaces. Many Mycoplasmas, such as M. genitalium and M. pneumoniae, 

concentrate adhesin proteins into a unique membrane-bound extension of the cytoskeleton named 

a terminal organelle, facilitating cytadherence to epithelial cells through adhesin-sulphated 

glycolipid or adhesin-sialoglycoprotein interactions.41 However, M. hominis lacks such a cytoskeletal 

structure and instead of dedicated organelles, an array of various surface antigens (proteins and 

lipoproteins) have been identified by monoclonal antibody inhibition assays as playing a role in M. 

hominis adhesion.42 The core cytoadhesive proteins involved in adhesion are P80 secretin, variable 

adherence-associated (Vaa) protein/P50, P60 and OppA.42–46  

1.2.3.1 Surface Proteins  
 

P80 is a membrane-bound surface protein that functions in conjunction with P60 as a cytoadhesin 

enabling M. hominis to attach to host cells. This is evidenced by the reduced capacity of M. hominis 

to adhere to HeLa cells when P80 is masked by three monoclonal antibodies (MAbs) – BE4, LF8 and 

NB12.42 Moreover, it is evidenced that P80, following signal 1 peptidase cleavage, is released from 

the membrane and into the surrounding environment.45 The precise role of secreted P80 is unclear. 

If we consider its previously stated immuno-reactive properties, coupled with the existence of P80 

homologs in related species such as Mycoplasma agalactiae (also highly immune-reactive against 

polyclonal anti-sera raised in small ruminants),47 it could play a pro-inflammatory role. Together with 

this, the secretion of P80 into the environment from its membrane bound P60-P80 complex 

precursor would likely lead to an alteration of the cell surface structure. With such structures being 

the typical targets of host immune cells, the change in membrane composition following P80 

secretion could potentially interfere with the host effector response, and mediate immune cell 
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evasion.42,45 Interestingly, Saadat et al. have developed a novel chimeric protein that binds to the 

conserved antigenic portions of P80, for use in a sero-diagnostic immuno-assay technology for the 

detection of M. hominis infection.48 

1.2.3.2 Membrane-bound lipoproteins 
 

Deplete of cell walls, Mycoplasma’s versatility and variability in surface-expressed protein structures 

is crucial to, and underlies, the adaptability of Mycoplasma spp. to colonise the niche environments 

of host tissues and evade host immune systems. Classically, cell-walled bacteria have developed 

several mechanisms for dealing with varying and unfavourable environments, founded on a form of 

gene regulation whereby morphological adaptations are governed by gene activation/repression 

feedback loops.49 Such cascade systems are energetically expensive, requiring numerous regulatory 

and sensing genes that are absent in the Mycoplasma genome. An alternative strategy is to generate 

diversity through high-frequency random mutation, resulting in the production of heterogeneous 

clonal variants that can survive in the given environment. Although such a strategy bears significant 

downside in that it requires innovative repair mechanisms that prevent the deletion of essential 

genetic elements.50 Again, the limited genome of Mycoplasma spp. does not permit such an 

approach. Instead Mycoplasma have evolved a specialised strategy of rapid and reversible 

modifications to restricted subsets of genes encoding surface proteins, resulting in a multitude of 

cell-surface variants within a population.51 This can be achieved through either phase variation, 

generally referring to an on/off expression of various genes, or via antigenic variation, whereby the 

bacteria expresses functionally conserved moieties that are antigenically distinct.52  

Analysis of surface-expressed lipoprotein profiles for M. hominis indicates a high degree of 

heterogeneity, displaying a range of size and phase variants.53,54 This observed variance in the many 

characterised and isolated M. hominis lipoproteins (Vaa, OppA etc.) is a consequence of complicated 

genetic systems such as phase variation via homopolymeric repeats. This is where small regions of 

reiterated bases provide favourable targets for the insertion or deletion of nucleotide sequence 



Daniel John Morris  Chapter 1: Introduction 

11 
 

resulting in the aforementioned on/off phase switching.4 Transient misalignment during DNA 

replication, a processed termed ‘slipped-strand mispairing’,55 is thought to govern the insertion or 

deletion of nucleotides. The position of the reiterated bases within the regulatory or structural 

coding region determines the level at which regulation occurs. The antigenic variance observed in M. 

hominis Vaa for example, occurs at the translational level of DNA replication. It has been shown that 

a single nucleotide oscillation, involving the insertion and deletion of a nucleotide into a short 

sequence of homopolymeric adenine residues, results in a translational frameshift regulating Vaa 

generation.56 Antigenic variation may also be achieved via repetitive domains. This has been 

demonstrated as the mechanism underlying the observable size variation in M. hominis Vaa within 

an isogenic population. Wise describes size-variant alleles of single copy vaa gene, housing between 

one and four tandem repetitive units of 121 amino acids. To gain or lose one or more of these 

repetitive sections results in variable sizes of Vaa lipoprotein being expressed.57 

1.2.3.3 Mycoplasma hominis Variable adherence-

associated antigen (Vaa) 
  

In 1991, Vaa was first described as a surface-expressed lipoprotein and highlighted as a potential 

adhesin of M. hominis 1620. This inference was made following demonstrable adherence inhibition, 

utilising monoclonal antibodies.43 It has been isolated by several other researchers in various forms: 

as a 49kDa protein from M. hominis PG21 and as a 50kDa adhesin in strain FBG termed p50.58 

Isolation of this highly variable protein under differing nomenclature could possibly lead to 

confusion when reviewing the literature. As the heterogeneity of the protein has subsequently 

become understood, and the molecular mechanisms that regulate the variability has been 

elucidated to, standardising the name to Vaa is recommended. Moreover, the variation may be used 

as a mechanism to further sub-categorise strains of M. hominis.59 

Determination of Vaa length across variants has revealed a range of between 28 and72 Kda. With 

examination of M. hominis 1620 Vaa initially revealed three size variants: Vaa-2, Vaa-3 and Vaa-4.54 
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Subsequent sequencing noted that differences in vaa gene length between variants was owed to the 

number of 363bp intragenic tandem repeats present. The number of repeats is reflected in the 

strain nomenclature, with the number applied to the Vaa variant corresponding to the number of 

repeats present – Vaa-2 contains two repeats, and so on.57 The described repetitive fragments form 

the basis of grouped sequences – termed ‘modules’ – the arrangement of which can be used to 

categorise clonal lineages of Vaa into one of six categories (1-6). Analysis of 42 strains of M. hominis 

vaa genes utilised 82% sequence homology as a threshold to qualify regions as identical modules.60 

To date, all vaa genes sequenced and analysed begin with adjacent modules I and II coupled with 

one of two module II variants – II’ or II’’. Modules I and II form the N-terminal region of the protein. 

Module I (amino acids 1-27) encodes the prolipoprotein signal peptide of the precursor protein. 

Module II (amino acids 28-104) encodes a conserved N-terminal region in final protein, though a lack 

of sequence homology between vaa variants results in the divergent names of module I’ and II’’ 

being applied to the subsequent sequence. Alongside this, module VI is conserved among all variants 

encoding a 10 amino acid sequence in the C-terminal portion of the protein. Variation is achieved 

through modules III, IV, V, VII & VIII forming interchangeable and rearrangeable cassettes of 

sequence. Differences in cassette number and arrangement correspond to observed Vaa variation 

(Figure 1.5).60 Further analysis by Boeson et al. deduced high sequence homology between cassettes 

(44-78% overall), particularly high homology was observed between modules V and VII (67-78%), 

indicating modules are derived from a common precedent sequence.60 This sequence homology 

coupled with the cassette-driven variation suggests a process by which homologous recombination 

results in the insertion or deletion of whole cassettes. This is supported by the use of homologous 

recombination as a means to explain the mechanism underpinning antigenic variation and mosaic 

gene structure of class 1 outer membrane protein in Neisseria meningitidis.61 Furthermore, this 

antigenic variation through homologous recombination plays a pivotal role in the pathogenicity and 

antigenicity of an organism, again this pathoadaptive mechanism was eluded to in the case of N. 

meningitidis.62 Additionally, a repeated and stable sequence motif was noted in Vaa module II 



Daniel John Morris  Chapter 1: Introduction 

13 
 

consisting of four amino acids (SFKE), later extended to ELESFKE found in all interchangeable 

cassettes.60 This motif is thought to play a part in the adhesive role of the Vaa protein. The vaa gene, 

or sequences homologous to it, have yet to be isolated from other Mycoplasma spp. indicating that 

intra-species genetic transfer is the causal factor of the currently documented collection of Vaa 

variants.59  

Protein models constructed from the previously listed sequence analysis shows that Vaa can be 

categorised as a monomeric microbial surface exposed coiled-coil protein, with a high degree of 

similarity to Staphylococcal Protein A (Figure 1.6). Boesen et al., through circular dochroism (CD) 

spectroscopy, show Vaa to display ~80% α-helical content. Furthermore, axial shape ratios indicate 

an elongated C-terminal region juxtaposed with a globular N-terminal. When CD data is coupled with 

the sequence data to predict three proline containing coiled α-helices, plus the 1:4 N-terminal axial 

ratio, this indicates a triple helical coiled-coil structure.63 The coiled-coils of this N-terminal domain, 

though predicted to be longer, are like those observed in Staphylococcal Protein A.64 This triple 

coiled-coiled N-terminal binds to a membrane bound lipid anchor, binding to a cysteine residue. 

These helices are separated by looping region comprised of two β-sheets, followed by the C-terminal 

helix that folds backward toward the elongated helical structure. The Boesen et al. model predicts 

an N-terminal base that platforms a spiked C-terminal that projects outward from, and loops back 

toward, the surface of M. hominis.60 
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Source: Brown, Chalker and Spiller (2014)59 

 

 

 

 

 

 

 

 

 

 

 

Source: Brown, Chalker and Spiller (2014)59  

Figure 1.5 A graphical representation of the 6 known forms of Vaa gene constructed from sequence analysis of various M. 
hominis strains. The proteins are built of modules (1-8) with homologous modules having >82% sequence similarity. The 
conserved N-terminal is comprised of modules 1 and 2, the conserved C-terminal home to module 6. Consequently modules 
3, 4, 5, 7 and 8 form the interchangeable cassettes 

Figure 1.6 Representative model of the protein structure for Vaa category 5 with N-terminal bound to the lipid membrane. 
Module numbers correspond to those shown above in Figure 1.5.  
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1.2.3.4 OppA 
 

OppA is a component lipoprotein of the oligopeptide permease (Opp) transport system, responsible 

for the transfer of oligopeptides into a bacterial cell. An Opp transport system has been identified in 

M. hominis, though it displays little sequence similarity with the corresponding domains of other 

species. Nonetheless its functionality remains. It is composed of four domains: OppBCDF, alongside 

the cytoadherence-associated, substrate-binding lipoprotein P100/110 – OppA.65 OppB and OppC 

are two integral membrane-bound proteins, whereas OppD and OppF are two nucleotide-binding 

proteins. OppA was designated as a surface-bound membrane molecule after it was demonstrated 

that it was proteolytically digested by trypsin following treatment of intact M. hominis cells.42  

OppA has been shown to have multiple functions that extend beyond its use as a substrate-binding 

domain of the oligopeptide permease system. It performs as an immunogenic cytoadhesin, though 

binding is inhibited (to HeLa cells) following the application of monoclonal antibody BG1142, and 

uniquely, it serves a further function as the main- Mg2+ dependant ecto-ATPase hydrolysing 

extracellular ATP.66 Numerous functions for ecto-ATPases in a variety of cell types have been 

elucidated to: for defence against the cytolytic effect of extra-cellular ATP,67 regulation of ecto-

kinase substrate concentration,68 signal transduction,69 and also cellular adhesion.70 In fact, OppA-

mediated cytoadhesion in M. hominis has been shown to be regulated by its ATPase. Hopfe et al. 

utilised recombinant OppA mutants to demonstrate that ecto-ATPase activity and adherence to 

HeLA cells are inter-dependent functions of OppA.71 Additionally, OppA has been demonstrated to 

facilitate the release of ATP from HeLa cells. Subsequent ATP hydrolysis via ecto-ATPase results in 

apoptosis of host cells. This is thought to contribute to the survival of extra-cellularly colonising M. 

hominis through nutritional supplementation.72 Moreover, this indicates that OppA plays an integral 

role in the pathophysiology of M. hominis colonisation. 
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1.2.4 M. hominis pathophysiology  
 

As previously listed, M. hominis is associated with a plethora of wide-ranging and varied pathologies. 

Conditions associated with and influenced by M. hominis colonisation will be explored further in this 

section. 

1.2.4.1 Bacterial Vaginosis (BV)  
 

Bacterial vaginosis is a complicated, nuanced and common polymicrobial clinically diagnosed 

pathology, which typically occurs in women of all ethnicities between the menarche and 

menstruation.73 BV is the result of hydrogen peroxide-producing lactobacilli that comprise the 

normal vaginal flora, being superseded by increasing concentrations of other vaginal organisms such 

as Gardnerella vaginalis, mobiluncus species, anaerobic rods (generally prevotella, porphyromonas, 

and bacteriodes), peptostreptococcus species, and M. hominis.74 Increases in these bacterial 

populations will result in the loss of the usual low vaginal pH.26 Presentable symptoms such as 

mucosal inflammation; vaginal discharge, itching and burning; a lack of leuokocytic exudate; redness 

and swelling, are all indicative of BV.75 Laboratory diagnosis of BV currently relies on gram staining, 

followed by the application of a score between 1 and 10, termed the Nugent score.76 This score 

estimates the proportion of healthy to detrimental bacterial morphotypes present on a vaginal 

smear stain. However, as M. hominis lacks a cell wall they cannot be visualised on a gram stain and 

as such are not typically considered when clinicians are diagnosing BV.   

Developing BV can lead to an increased risk of preterm birth and pelvic inflammatory disease,75 

along with an increased risk of contracting HIV.77,78 Moreover, Beverly et al. have demonstrated that 

the bacterial load of M. hominis positively correlates against female genital-tract HIV RNA load.79 An 

explanation of this correlation is offered through M. hominis ability to activate long-terminal repeat 

transcription in HIV-infected cells through a NF-KB-dependent mechanism.80 Another mechanism by 
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which M. hominis can upregulate HIV expression is through the stimulation of tumour necrosis 

factor-α production (TNF- α), as has been displayed in a murine macrophage cell line.81 

Taylor-Robinson and McCormack first eluded to the association between BV onset and M. hominis.82 

Since then, multiple researchers have highlighted and studied this association in both pregnant 

women,83,84 and non-pregnant women.84–86 Utilising culture-based methods, researchers reported 

M. hominis was isolated from 24-75% of BV cases, compared with 13-22% of women without BV.87 

Detection rates were comparable when PCR was substituted for culture-based detection techniques. 

Keane et al. reported M. hominis to be detected in 53% of women suffering from BV, as opposed to 

zero M. hominis detected in women with healthy vaginal flora. Further investigation by Taylor-

Robinson and Rosenstein report that M. hominis was present in the healthy vagina, however, in 

those that developed BV, the concentration of M. hominis populations increased by a factor of 

10,000.88 In line with this, studies using quantitative PCR have revealed that gene copy number of M. 

hominis present in cervicovaginal lavage samples correlate with Gram stain criteria for BV, the 

previously mentioned Nugent score.89 Though the role of M. hominis in the pathology of BV is 

frequently determined to be unclear, it has been shown that toll-like receptors (TLRs) are involved in 

the pathology of BV. The fluids expressed by the genital mucosa of women with BV act as 

stimulators of leukocytes, prompting secretion of TNF-α, alongside TLR4 and TLR2 mRNA 

expression.90 Following this, Hasesbe et al. suggest a mechanism whereby p50, an M. hominis 

cytoadhesin, indirectly stimulates TLR2 expression in macrophages91, signifying a potential role of M. 

hominis p50-related TLR2 expression in women with BV. The topical application of metronidazole or 

clindamycin results in decreased M. hominis colonisation in women with BV.92  

Furthermore, the proposal of a symbiotic relationship between M. hominis and another BV-related 

microorganism – Trichomonas vaginalis – increasingly solidifies the M. hominis-BV association. 

Researchers have shown, in vitro, that T. vaginalis is able to act as a vector facilitating the infection 

of mycoplasma-free trichomonad isolates and human cervical cells.93 Moreover, M. hominis is 
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capable of residing and replicating within trichomonad cells.94 As mentioned previously, M. hominis 

metabolises arginine for ATP generation. Similarly, T. vaginalis utilises arginine as an energy source 

under anaerobic conditions.95 Morada et al. demonstrated increased arginine metabolism for co-

cultures of M. hominis and T. vaginalis.96 Furthermore, the researchers suggest that the rapid 

removal of cytoplasmic arginine of T. vaginalis by M. hominis, coupled with an increase in 

M.hominis-exported ornithine would drive putrescine formation by the T. vaginalis ornithine 

decarboxylase. Thus supplying M. hominis with a constant source of putrescine, which T. vaginalis is 

incapable of synthesising. The benefit to T. vaginalis of this relationship is not as clear, however, 

increased arginine scavenging may be of importance. This is because it would reduce the amount of 

freely-available arginine available for nitric oxide (NO) generation by host macrophages, thereby 

inhibiting an important host defence mechanism.97,98 Additionally, the synergistic upregulation of 

inflammatory mediators (IL-1β, TNF-α and IL8) of human macrophages by symbiotically-associated T. 

vaginalis and M. hominis has been established in vitro.99 Interestingly, further advantages to the 

endosymbiosis have recently been elucidated to, with M. hominis being shown to down-regulate 

metronidazole susceptibility-associated genes in T. vaginalis.100  
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1.2.4.2 Pelvic Inflammatory Disease (PID) 
 

Pelvic Inflammatory Disease (PID) is a term used to encompass a wide range of clinical 

manifestations: endocervicitis, endometritis, salpingitis, and peritonitis, for example. It can be 

broadly characterised as an infection-induced inflammation of the female upper reproductive 

tract.101,102 Both sexually transmitted and commensal vaginal flora are isolated from the inflamed 

tissues, suggesting PID is the result of the ascension of microorganisms from the lower genital tract 

to the endometrium and fallopian tubes.103 The major concern surrounding PID is the potential for 

severe adverse sequelae, such as fallopian tube and reproductive organ damage. Consequently, 

infertility rates among women suffering acute PID were shown to be 13.3% higher than those 

without it.104  

M. hominis is often implicated in PID, being cultured from 8% of fallopian tube samples of women 

with acute salpingitis. Moreover, 62% of cervix samples from the 50 women with PID diagnosed by 

lacroscopy were M. hominis culture positive. 34 PID negative women absent of laparoscopic signs 

were all culture negative for M. hominis.105 Additionally there is serological evidence that supports 

the role of M. hominis in PID, with the presence and elevation of increased M. hominis antibodies in 

around 25% of patients diagnosed.106 The etiological role of M. hominis was seemingly further 

solidified by experimental infection of grivet monkey fallopian tubes by direct inoculation with M. 

hominis D1887. Within 3 days, all monkeys developed parametritis and salpingitis due to swelling 

and hyperaemia of the tubes, with the parametria becoming oedematous.107 That said, M. hominis’ 

role has been reduced to that of a secondary pathogen by some researchers. This is because whilst 

M. hominis recovery declined following symptom-resolving treatment for patients symptomatic for 

PID, it persisted in significant numbers of asymptomatic patients’ post-treatment. It was found that 

71.2% of patients with PID had positive endometrial cultures for M. hominis on admission. However, 

~29% remained M. hominis-positive following treatment with antibiotics that resolved symptoms to 

which M. hominis were determined to be typically sensitive.108   
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1.2.4.3 M. hominis and pregnancy 
 

The role of M. hominis in adverse pregnancy outcomes is well documented. There are several 

adverse pregnancy outcomes linked to M. hominis such as ectopic pregnancy, preterm labour, 

abortion, stillbirth, low birth weight, and postpartum or postabortal fever.  

Ectopic pregnancy is typically the result of prior PID in which the fallopian tubes have become 

damaged. As previously mentioned, M. hominis has been shown to be an etiological agent involved 

in the development of PID. Consequently, it is believed that specific cases of ectopic pregnancy can 

be attributed to M. hominis infection.109 This has been demonstrated to be the case through 

serological methods, for M. genitalium.110 

As ectopic pregnancy is linked to PID, preterm labour is similarly associated with BV.111 Preterm birth 

(PTB) encompasses various clinical presentations, typically: spontaneous preterm labour (SPTL) 

(~50%), preterm prelabour rupture of the membranes (PPROM) (~30%), and medically-induced PTB 

due to feto-maternal indications (~20%).112 The cause of PTB is often multifactorial, however, several 

bacteria including M. hominis are frequently linked to the pathogenesis of preterm birth.113 As such, 

M. hominis is considered a significant risk factor concerning PTB in pregnant women, and screening 

for the presence of this organism in the genitourinary tract is recommended.114 The pathogenic 

means by which Mycoplasma may initiate SPTB or PPROM has not been fully resolved. However, it 

has been displayed experimentally in other Mycoplasma spp. and proposed that the primary 

mechanism by which M. hominis damages host cell membranes is via oxidative stress, through 

hydrogen peroxide and superoxide radical generation (Figure 1.7).4,115 Alongside this, the previously 

described membrane-bound lipoproteins act as further inflammation-inducing cellular components. 

Evidence of this is given by their ability to induce the maturation of dendritic cells in a TLR-2 

dependant manner. This leads to IL-23 secretion, promoting the skewing of CD4+ T helper cells to IL-

17 secretion (Th17).116 Consequently, IL-17 secretion results in stromal cells (epithelial, endothelial 

and fibroblasts) upregulating prostaglandin (PG) E2 production, alongside other cytokines such as IL-
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6, IL-8 and granulocyte-colony stimulating factor (G-CSF).117 Inoue et al. showed endogenous PGE2 

was able to regulate the production of proinflammatory cytokines –IL-6, macrophage-colony 

stimulating factor (M-CSF) and vascular endothelial growth factor (VEGF) by IL-1β-stimulated human 

synovial fibroblasts –through the activation of EP2 and EP4 receptors.118 PGE2 is used clinically to 

induce labour and promote cervical ripening, which could explain M. hominis association with 

SPTB.119 This is supported by Novy et al. whereby intrauterine infection with M. hominis in rhesus 

monkeys initiated a robust pro-inflammatory response, an upregulation of pro-inflammatory 

cytokines, and prostaglandin (E2 and F2α), all of which contributed to preterm labour and 

subsequent neonatal infection.120 Moreover, PGE2 can also bind to and modulate EP3 receptor 

isoforms EP3-v and EP3-vi in human uterine cells, resulting in the activation of Gαi and Gβ/ϒ subunits of G 

protein.121 Activation of the Gβ/ϒ stimulates the mitogen-activated protein kinase (MAPK) pathway, 

which in turn, is associated with increased production of matrix metalloproteinase 9 (MMP-9).122 

MMP-9 degrades foetal membranes and down regulates glycosaminoglycan (GAG) synthesis, which 

ripens the uterine cervix, offering a possible mechanism for the association of M. hominis with 

PPROM.119,121 Additionally, and certainly of note, is that unwanted stimulation (overexpression) of 

the MAPK pathway has been linked to several malignant neoplasms.123,124 Moreover, with relevance 

to M. hominis as a genital mycoplasma, Branca et al. linked MAPK pathway expression to cervical 

cancer, though determined it to be an early carcinogenesis marker rather than a predictor of disease 

outcome.125 Additionally and regardless of MAPK pathway stimulation, genital mycoplasma 

colonisation has been determined to be a cofactor in human papilloma virus (HPV) infection,126 

associated with increased human papilloma virus loads, persistent infection, abnormal cervical 

cytology and abnormal cervical histology.127 Oncological research has unequivocally demonstrated 

that HPV infection is the most significant risk factor surrounding cervical cancer.128 
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Figure 1.7 A suggested mechanism by which Mycoplasma may cause tissue damage through oxidative stress.  
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1.2.4.4 Female sex hormones: influence on 

colonisation  
 

It has been shown in mouse models that female sex hormones have a significant effect on the 

vaginal colonisation of M. hominis. For example, M. hominis was recovered from 90% of mice 

treated with oestradiol, with infections persisting for >200 days, compared with a transient infection 

rate of 10% in untreated mice.129 Interestingly, treatment with progesterone did not achieve similar 

levels of colonisation. Furthermore, the contrast in the effect of the two hormones was highlighted 

when infected mice were treated with progesterone. This resulted in the reproductive cycle entering 

the dioestrus phase; consequentially the M. hominis infection was rapidly resolved with an efficacy 

comparable to antibiotic treatment.130 

1.2.4.5 M. hominis in men  
 

The role of M. hominis in urogenital pathologies remains unclear. However, numerous studies 

regarding male infertility and M. hominis colonisation in Chinese males indicates detection of M. 

hominis in semen samples is associated with low sperm concentration and abnormal sperm 

morphology.131,132 It is suggested that M. hominis may attach directly to the spermatozoa, and via 

cellular interactions, negatively affect their vitality, motility, morphology, cellular integrity or 

molecular structure. The link between non-gonococcal or non-specific urethritis (NGU/NSU) and M. 

hominis is somewhat tenuous, with numerous researchers presenting conflicting opinions on its 

ability to induce urethritis. Though it is worth noting that M. hominis is isolated from ~20% of males 

suffering from acute NGU/NSU.133   
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1.2.5 M. hominis treatment: antibiotics, modes of action and 

resistance 
 

Infections and colonisation with M. hominis are treated using antibiotic therapy. However, their 

inherent resistance to a panel of commonly prescribed antibiotics restricts the number of 

appropriate therapeutic agents to the tetracyclines, lincosamides and fluoroquinoles.134 Though 

restricted, this is still a seemingly varied range of antibiotics available for the treatment of M. 

hominis infections. However, the list of available antibiotics significantly bottlenecks when treating 

M. hominis infection in neonates and children, whereby administering tetracyclines and quinolones 

is prohibited. Tetracycline prescription is contraindicated for children younger than 8 due to its 

affinity for calcifying tissues, possessing the ability to chelate calcium ions and become deposited 

into, and permanently stain, developing bones.135 Similarly, quinolones are contraindicated in pre-

adolescent individuals due to their potential to negatively impact developing tissues, the cartilage of 

weight-bearing joints in this case.136 There exist two mechanisms of inherent resistance to antibiotics 

in M. hominis, the previously described lack of cell wall and β-lactam resistance that applies to all 

Mollicutes, and the species-specific resistance to 14- and 15-membered ring macrolides and 

telithromycin. The mechanistic underpinning of this novel and inherent resistance was elucidated to 

through comparison of accumulated, radio-labelled erythromycin in both M. hominis and 

Mycoplasma pneumoniae. A marked reduction in accumulated radio-labelled erythromycin in M. 

hominis suggested the presence of an active efflux pump, with subsequent ribosomal affinity for 

erythromycin being demonstrated. Further sequence analyses of the ribosomal operons revealed a 

G2057A transition in its 23S rRNA sequence of M. hominis137, a mutation, known to result in 

macrolide resistance in other species. However, M. hominis typically remains susceptible to 16-

membered ring macrolides, such as josamycin, alongside lincosamides and ketolides. Nevertheless, 

several methods of acquired antibiotic resistance have been elucidated to.  
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1.2.5.1 Fluoroquinolones  
 

Fluoroquinolones are a class of antibiotics that inhibit specific bacterial DNA synthesis enzymes, 

known as topoisomerases, which are unique to prokaryotes. Topoisomerases are the enzymes 

responsible for the separation of duplex strands of bacterial DNA; following separation they insert 

and seal a new strand of DNA into the originally separated strands.138 They are able to add both 

negative and positive supercoiling to strands of DNA through either cutting both strands 

(topoisomerase II) or through acting upon a single strand (topoisomerase I), before twisting the DNA 

clockwise (topoisomerase I) or anticlockwise (topoisomerase II) and resealing it. Their primary 

function is to package and unpackage DNA. The two topoisomerase enzymes fluoroquinolones 

inhibit are known as DNA gyrase and topoisomerase IV.  

DNA gyrase is an adenosine triphosphate-hydrolysing topoisomerase essential to prokaryotic 

replication. This is because, to enable bacterial DNA to exist within the cell, its DNA helix must be 

extensively coiled, after which the coiled DNA is wound in the opposite direction of the double helix, 

forming a structure termed a ‘negative supercoil’.139,140 DNA gyrase acts by introducing negative 

superhelical twists ahead of the replication fork, catalysing the separation of the daughter 

chromosomes facilitating the initiation of DNA replication by permitting the binding of initiation 

proteins.141 Structurally, DNA gyrase is composed of 2 GyrA and 2 GyrB monomeric subunits – A2B2 

complex – encoded for by the gyrA and gyrB genes, respectively.142  

Topoisomerase IV on the other hand controls the unlinking of daughter replicons, facilitating the 

successful segregation into two daughter cells post-replication – a process termed decatenation.143 

Similarly to DNA gyrase, topoisomerase IV is also made up of four homologous monomeric subunits, 

2 ParC subunits and 2 ParE subunits encoded for by the parC and parE genes.144 

Fluoroquinolones inhibit both type 2 topoisomerases through interaction with the enzyme-DNA 

complexes they form, causing conformational changes in the complex, preventing the necessary 
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enzymatic activity. The newly formed drug-enzyme-DNA complex halts the progression of the 

replication fork. Consequently, the complete inhibition of DNA synthesis is achieved, resulting in 

bacterial cell-death akin to apoptosis rather than necrosis.141,145  

The main resistance-mechanisms to fluoroquinolones that bacteria have developed can be 

categorised into one of the following: conformational changes in the monomeric proteins of the 

topoisomerases as a result of mutations in the gyrA, gyrB, parC or parE genes; reduction in 

cytoplasmic accumulation of fluoroquinolone via efflux pumps or restricted drug permeation; and 

target protection such as plasmid-encoded resistance owed to Qnr proteins that protect target 

enzymes from quinolone action.146 

The only described acquired resistance for M. hominis is through mutations in target genes, and 

these occur within regions of genes termed quinolone resistance-determining region (QRDR).147–149 

Characterisation and analysis of the QRDR’s for fluoroquinolone-resistance strains of M. hominis 

demonstrated the varying enzymatic targets of different fluoroquinolones. Sparfloxacin, for 

example, primarily targets DNA gyrase, while pefloxacin, ofloxacin and ciprofloxacin target the 

topoisomerase of M. hominis.149 
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1.2.5.2 Macrolides-lincosamides-streptogramin group 

and ketolides (MLSK)  
 

MLSKs are a clinically important, chemically heterogeneous group of antibiotics that all act through 

binding the peptidyl transferase centre of the large ribosomal subunit to inhibit protein synthesis.150 

This ribosomal centre is wholly constructed of RNA and serves to catalyse the formation of peptide 

bonds during protein elongation.151,152 Despite the structural variety within the MLSK group, they all 

appear to interact at the same, or closely related, sites. They bind to nucleotides residing within 

domain II or IV of 23S rRNA within the eubacterial ribosome. Typically, drug interactions occur within 

the central loop in domain V where adenosine 2058 (A2058) resides. A2058 and its adjacent 

nucleotides have been demonstrated to play a significant role in drug binding.153,154 Though M. 

hominis, as described above, is resistant to 14- and 15-membered ring macrolides such as 

erythromycin and azithromycin, it is susceptible to 16-membered ring macrolides (josamycin) and 

lincosamides like clindamycin. Interestingly, it has been demonstrated that M. hominis mutants with 

a C2611U transition on the rrnB operon lose their intrinsic resistance to erythromycin, azithromycin 

and telithromycin.137  

1.2.5.3 Tetracyclines  
 

Tetracyclines are a family of broad-spectrum antibiotics effective against both gram-positive and 

gram-negative bacteria. First discovered in the 1940s, they act through preventing the binding of 

aminoacyl-tRNA to the ribosomal acceptor (A) site of the 30S subunit through the disruption of 

codon-anticodon interactions between tRNA and mRNA, therefore inhibiting protein synthesis.155 

Tetracycline can bind reversibly to 6 specific binding sites (Tet-1—Tet-6) within 16S rRNA (Table 1.1), 

of which Tet-1 is principally responsible for the bacteriostatic effects of the molecule.156 Its primacy 

is due to its location and the sites higher binding affinity. Tet-1 is in a pocket formed by residues 

1054-1056 and 1196-1200 of H34, and 964-967 of H31. 1054 and 1196 protrude from H34 toward 

Table 1.1 Table of Tet-ligands, their relative occupancy and locations in the 30S ribosomal structure. 
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the A-site, and this protrusion permits the hydrophobic attachment of the tetracycline molecule, 

inducing a small conformational change.  

Ligand Relative Occupancy  Location in 30S Structure 

Tet-1 1.0 A964–G966 (H31), G1053, C1054 
(H34), A1196–G1198 (H34) 

Tet-2 0.7 Lys85, Val92–Leu96 and Leu188 
(S4) 

Tet-3 0.65 C1162–G1164 (H40), G1172–
G1174 (H40) 

Tet-4 0.53 G941, G942 (H29), C1342, G1343 
(H29), A1349–U1351 (H43), 
Gln124 (S9) 

Tet-5 0.41 U244–G247 (H11), G894–G896 
(H27) 

Tet-6 0.41 A937–A938 (H28/H29), C1378–
U1380 (H28), Arg4, Arg5 (S7), 
Arg120 (S9) 

Edeine  1.0 US190–US192(H24), G926 (H28), 
U1498, U1505 (H45) G693 × 
C795b (H23 × H24) 

Source: Table adapted from Pioletti et al. (2001)156  
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Alongside their use as a clinical therapy, tetracyclines have been routinely added at subtherapeutic 

levels to agricultural animal feeds to act as growth promoters. This practice has raised significant 

concerns that their utilisation as a growth promoter has contributed to the emergence of 

tetracycline-resistant human pathogens.157 

Resistance to tetracyclines is typically mediated through the acquisition of new genes, frequently 

those with conjugative mobile elements associated with plasmids, transposons, or both.158 Currently, 

38 tet and otr genes have been described, including 23 genes coding for efflux proteins, 11 genes 

coding for ribosomal protection proteins, and 3 that code for an inactivating enzyme with the 1 

remaining gene having an undetermined resistance mechanism.159 Well documented examples of 

the efflux protein-coding genes include tet(A) and tet(B). These efflux protein-coding genes provide 

resistance through the production of membrane-associated proteins that function by exporting 

tetracycline from the cell, lowering intracellular concentrations of the antibiotic, and protecting and 

preventing attachment to the ribosome.158 

Ribosomal protection protein-coding genes, such as the well-studied and best characterised tet(M) 

and tet(O) genes, confer resistance through the production of cytoplasmic proteins that shield the 

ribosome from tetracycline molecules.160 Burdett documented that the Tet(M) protein permits the 

aminoacyl-tRNA to bind to the ribosomal A-site in the presence of inhibitory concentrations 

tetracycline. Moreover, Tet(M) protein has been shown to result in ribosomal release of bound 

tetracycline.160 Ribosomal protection proteins are homologous to elongation factors EF-Tu and EF-

G.161,162 However, Tet(M) protein has a greater binding affinity for the ribosomal binding sites than 

EF-G, indicating Tet(M) must be released prior to EF-G binding.163 Tet(M) acts in a ribosome-

dependent GTPase manner, though it has been demonstrated the hydrolysis of GTP is not critical 

through the use of nonhydrolyzable GTP analogues.160 Furthermore, Tet(M) contains a loop structure 

termed loop III residing in domain IV, residues Y506 and Y507 within  the loop III complexes with GTP 

and detects ribosome-bound tetracycline. These bound residues augment the conformation of 
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nucleotide C1054 within H34 of the 16S rRNA compromising the tetracycline binding site. 

Additionally, the altered conformation can result in the dissociation of bound tetracycline from the 

ribosome and prevents rebinding.164 Calcutt and Foeking characterised the tet(M) gene of the 

clinically isolated Sprott strain of M. hominis, revealing it has an incomplete and truncated Tn916.165 

Tn916 is an integrative and conjugative element (ICE) or conjugative transposon. These elements, 

alongside plasmids, permit horizontal gene transfer intercellularly whereas transposons are 

restricted to intracellular movement.166 The researchers also stated that though the truncation 

precluded Tn916 from mobility, the larger and uncharacterised transposon within which Tn916 

resides retained its ability for excision and circularisation. This larger transposable element 

surrounding the tn916 and tet(M) could be the composite unit responsible for the transmission of 

tetracycline resistance in M. hominis. Dordet-Frisoni et al. outline the mechanistic underpinnings for 

the intraspecies dissemination of the previously mentioned, tet(M) harbouring, mobile genetic 

element between bacterial populations.167 However, tet(M) positive strains of M. hominis can still be 

susceptible to tetracycline.168 One of the two susceptible tet(M) positive strains described in this 

study by Degrange et al., had an insertion sequence (IS) that disrupted the leader peptide sequence, 

likely prohibiting transcription. However, due to the significant energetic cost involved in expressing 

tet(M) in the absence of tetracycline numerous researchers have demonstrated tet(M) priming with 

sub-inhibitory concentrations of tetracycline is required to induce expression. This results in 

transcriptional attenuation, a mechanism supported by the presence of several inverted repeats 

present upstream of tet(M). These repeats result in stem loops in mRNA, such stem loops can 

control the speeds of the RNA polymerase and ribosome transcription. The stem loops act to form 

termination sites during nascent polypeptide formation, couple this with the scarcity of amino-acyl 

tRNAs such as Cysteine, Methionine and Histidine and protein translation is paused. Due to the 

formation of the termination loops, tet(M) is not transcribed. However, during exposure to 

tetracycline, the levels of rare amino-acyl tRNA would rise, permitting the ribosome to closely 
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readthrough the mRNA relative to the RNA polymerase. Consequently, termination loop formation 

would be inhibited and Tet(M) translation facilitated.169 
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1.3 Ureaplasma spp.  

1.3.1 Overview 
 

First isolated by Shepard in 1954, Ureaplasma spp. was recovered from men suffering with non-

gonococcal urethritis (NGU).170 Subsequently, in 1962 their status as self-replicating biological 

entities was confirmed.171 Following their discovery, Ureaplasma spp. were initially described as T-

mycoplasmas (tiny mycoplasmas) due to their production of extremely small colonies, that typically 

range from 5µm-20µm in diameter. Though much of their physiology is shared with the 

mycoplasmas their unique ability to hydrolyse urea and utilise it as a primary energy source, a 

separate Ureaplasma genus was proposed to taxonomize these organisms. This genus consisted of 

14 serovars, determined through metabolic inhibition and indirect epifluorescence assays, all 

designated within Ureaplasma.172 Pre-2002, the human-related ureaplasmas consisted of a single 

species: Ureaplasma urealyticum, with the 14 serovars divided into 2 biovars; biovar 1 consisted of 

serovars 1, 3, 6 and 14, biovar 2 consisted of 2, 4, 5, 7, 8, 9, 10, 11, 12 and 13. However, in 2002 

Robertson et al. proposed the reclassification of the two biovars into two separate species – 

Ureaplasma parvum (previously biovar 1) and Ureaplasma urealyticum (previously biovar 2).173 The 

species vary in coding capacity, U. parvum has the smaller genome typically ranging from 0.75-

0.77Mb, compared with U. urealyticum with 0.83-0.94Mb. Prototype strains for each species are 

serovar 3 (strain 27) and serovar 8 (strain T960) for U. parvum and U. urealyticum, respectively.173 

The pleiomorphic cells of the ureaplasmas are around 0.2µm, which permits their transfer through 

filters typically used to sterilise solutions.174  
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1.3.2 Urease activity  
 

As ureaplasmas possess no cytochromes and lack quinones, coupled with their lack of enzymes, and 

incomplete panel of tricarboxylic acid cycle enzymes, oxidative phosphorylation and many types of 

substrate-level phosphorylation are not possible.175 Though mycoplasmas typically generate ATP 

through the fermentation of glucose, or the hydrolysis of arginine, Ureaplasmas lack both of these 

metabolic pathways, and instead, hydrolyse urea.176 The hydrolysis of urea by Ureaplasma spp. is 

achieved through a cytosolic urease, which generates an increase in intracellular ammonia, along 

with this, a concomitant increase in proton electrochemical potential Δp is utilised to power de novo 

ATP synthesis.177 The generation of a transmembrane electrochemical potential, through urease 

activity and its role in ATP synthesis was further solidified with reports of proton pump inhibitors 

omeprazole and lansoprazole markedly reducing ATP synthesis in U. urealyticum.178 Moreover, 

urease activity is not only linked with energy generation but also the pathogenesis of Ureaplasma 

spp. colonisation of the upper urinary tract, and the formation of kidney stones more 

specifically.179,180 In addition to this, the hydrolysis of urea can result in ammonia toxicity. The effects 

of ammonia toxicity, as result of ureaplasmal urease was demonstrated in murine models. 

Intravenous and intraperitoneal injections of ureaplasmal urease displayed characteristic symptoms 

of acute neurotoxicity, consistent with ammonia intoxication, resulting in death within 5 minutes. 

Researchers also displayed that pre-treatment of the Ureaplasma with a urease inhibitor 

(flurofamide) prevented death in another group of injected mice. Unequivocally displaying the cause 

of mortality in these animals was due to urease-induced ammonia toxicity. However, it should be 

noted that the doses of bacteria injected into the mice was not a true reflection of levels of bacteria 

present in naturally occurring infections.181 
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1.3.3 Ureaplasma spp. virulence factors 
 

Though not recognised as a notoriously virulent bacterium, as they are routinely isolated as 

commensals,182 Ureaplasma spp. are regularly determined to be the cause of invasive infections, 

particularly in neonates.134 Determining their status as pathogens or commensals is marred in 

controversy and contradiction, and it would seem the answer lays somewhere in between. For 

example, Ureaplasma spp. are the microorganisms most routinely isolated from the amniotic fluid 

and placentae of pregnant and postpartum females, this prevalence occurs either in the presence or 

absence of chorioamnionitis. 183,184 Additionally, they have been linked to spontaneous abortion,185 

preterm birth,186 chorioamnionitis,184 and preterm premature rupture of membranes (PPROM).186 

However, given the list of associated conditions, together with Ureaplasma spp. accompanying 42% 

of premature pregnancies, the pathogenesis of this species is difficult to elucidate; especially as not 

all those colonised experience the adverse outcomes outlined.187 To resolve this issue, researchers 

have suggested that virulence may be restricted to specific strains or serovars. For example, it has 

been demonstrated that U. parvum serovar 3/14 and T960 biovar were significantly associated with 

symptomatic patients with disrupted vaginal flora (reduction in lactobacilli), whereas serovar 6 was 

significantly related to asymptomatic females with healthy vaginal flora.188 On the contrary, other 

studies have not shown any significance between disease and serovar type, with reports linking 

serovar and overall disease outcome remaining largely inconsistent, possibly due to the size 

variation of antigens observed within serovars.189,190 A number of potential virulence factors have 

been proposed and characterised, which will be discussed here:  

1.3.3.1 Multiple banded antigen (MBA) 
 

The MBA is a surface-expressed, immunodominant antigen of Ureaplasma spp., it activates NF-KB, 

resulting in the production of cytokines through the stimulation of TLRs 1, 2 and 6.191 Watson et al. 

documented how human sera from Ureaplasma-infected patients bound to a 71kDa band of 
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Ureaplasma antigens.192 Subsequent immunoblot analysis using monoclonal antibodies against MBA, 

detected a varied and ‘laddered’, multiple banding pattern, hence the name applied to this 

antigen.193 The MBA protein consists of a 5’ N-terminal region containing a single peptide and 

acylation site (a membrane lipoprotein lipid attachment site at a cysteine), with the C-terminal 

region consisting of multiples of six-amino-acid (encoded for by 18 nucleotides) tandem repeats that 

are surface-exposed, within which, serovar-specific epitopes are contained.194 It is this C-terminal 

domain that is antigenic, binding to antibodies and initiating a host response during Ureaplasma 

infection.195 The variation in the number of tandem repeats present in the C-terminal region is also 

responsible for the size variation observed between different MBA.193,195 Moreover, the N-terminal 

region was shown to be conserved through all 14 Ureaplasma serovars, making it an ideal target for 

species detection via PCR, though conserved, species-specific polymorphisms allow speciation based 

on PCR product size.194 

Evasion of host immune systems is often a prerequisite to colonisation and an adaptive tactic 

adopted by most pathogenic bacteria. Similarly, Ureaplasmas have generated several mechanisms 

by which they evade host immune defences. For example, much like the Vaa in M. hominis 

previously described, varying antigenicity is achieved through phase variation and phase switching. 

For Ureaplasmas, the first described method of MBA variation was phase variation.195 It was 

demonstrated that a clinically isolated SV3 strain from neonatal lung tissue produced two major 

bands at 53 and 68.5 kDa through immunoblotting. Following this, the isolate was sub-cloned with 

the resultant clones 1 and 21 expressing the 53 kDa protein and clones 16 and 19 expressing the 

68.5 kDa protein. Successive PCR analysis revealed no difference in N-terminal region fragment, 

evidencing the conservation of the N-terminal region, however, clones 1 and 21 had smaller C-

terminal PCR products relative to 16 and 19, indicating the deletion of the tandem repeating units 

via slipped strand mispairing (previously described). Alternatively, Ureaplasma has also been shown 

to employ an alternative mechanism of phase variation for the expression of the MBA – on/off 

switching.  Monecke et al. imposed a selective pressure against cytadherence through the co-
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incubation of U. parvum and U. urealyticum with either erythrocytes or HeLa cells and in the 

presence of polyclonal antibodies. Immunoblotting profiles of parental cells, compared with those of 

the generated non-adherent displayed not a reduction in antigen size, but instead, a complete loss 

of antibody reactivity—the protein was not expressed.196 Total removal of all repeating units was 

dismissed as a possibility, supported by the failure of PCR to amplify the non-repetitive, conserved 

region of mba gene in the non-reactive progeny. Later, the genetic underpinning and molecular 

background of this expression profile was elucidated. The on/off expression of the MBA protein is 

regulated by phase switching in the mba locus. There have been well-described mechanism of phase 

switching in related Mycoplasma spp.; the vsp genes of Mycoplasma bovis197 and the vsa genes of 

Mycoplasma pulmonis.198 In both these species the switching off of one gene is coupled with the 

switching on of other genes within a gene family or locus, with the switching occurring through site-

specific inversions within the loci. Zimmerman et al. demonstrated that site-specific DNA inversions 

(specifically the promoter) within the mba locus of Ureaplasma alter the expression of the mba  

gene (UU375), resulting in the expression of the adjacent gene UU376, producing an alternate 

transmembrane lipoprotein termed the Ureaplasma phase-variable membrane protein 376 

(Upvmp376).199 Furthering this work beyond the mba gene, investigation into the MBA N-terminal 

paralogue UU172 (Figure 1.9) demonstrated at both the genomic and protein level that DNA 

inversion is responsible for alternating the expression of other open reading frames (ORF).200 

Researchers also highlighted another orthologue and potential inversion site at UU114, where it is 

hypothesised chimeric genes can evolve. This substantiates the idea that site-specific recombination 

events as dynamic, and frequently involved strategy, employed by Ureaplasma spp. to generate 

antigenic variation on a wider scale and better evade host immune systems. Identification of the 

potential tyrosine recombinase thought to be responsible for the mediation of these site-specific 

DNA inversions followed, and was determined to be, XerC. The model organism M. pneumoniae 

M129 was co-transformed with a recombinase xerC gene and mba locus adjacent to an active 

promoter region with subsequent DNA inversion occurring in the mba locus.201  
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Source: Zimmerman et al. (2011)200 

  

Figure 1.9 Schematic displaying the arrangements of the UU172 element in U. parvum and U. urealyticum. A’ displays the UU172 

element in U. parvum serovar 3 strain ATCC 700970 and the corresponding locus in clonal variants A-D. The crossing between A 

and B suggests DNA inversions indicative of phase switching.  
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Aside from the evasion of host immune defences, another factor critical in the establishment of 

infection and colonisation is an organism’s ability to adhere to specific tissues, in the case of 

Ureaplasma spp., mucosal surfaces. Numerous reports of Ureaplasma spp. attaching to varied types 

of human cells exist, ranging from spermatozoa,202 neutrophils,203 erythrocytes,204 and human 

respiratory cells.205 Yet, the precise adhesin molecules governing Ureaplasma spp. cytadherence are 

not clearly defined. However, cytadhesion inhibition studies carried out on U. urealyticum SV8 and 

HeLa cells showed adherence-inhibition with pre-treatment of Ureaplasma cells with HeLa cell 

extracts, alongside partial inhibition with pre-treatment of either HeLa or Ureaplasma cells with N-

acetylneuramic acid.206 Partial adherence-inhibition with N-acetylneuramic acid pre-treatment has 

been observed for M. pneumoniae and several other mycoplasmas, therefore it is assumed that the 

receptors for Ureaplasma spp. adhesins are sialyl residues, or sulphated compounds, or both.134 As 

one of the dominant surface-expressed lipoproteins, it has been suggested that MBA is one of the 

adhesion molecules that mediate the attachment of Ureaplasma spp. to HeLa cells and 

erythrocytes.196  

Another MBA-related effect of Ureaplasma spp. on host tissues, is MBA’s role in ureaplasmal 

pathogenesis. Utilising ovine models, the MBA’s effect in intra-amniotic infection with Ureaplasma 

spp. displayed that MBA variation was inversely proportional to the severity of inflammation within 

the chorioamnion. Infections containing a low number of MBA variants were associated with severe 

inflammation, whereas animals colonised with many MBA variants showed a relatively insignificant 

inflammatory response.207 Thus, indicating that MBA expression patterns in vivo play a role in 

mediating disease in the host. Further investigations utilising Ureaplasma-infected ovine models did 

support the notion that low numbers of MBA size variants were associated with severe histological 

chorioamnionitis. However, it is worth noting that they did not find a significant difference between 

chorioamnionitis resulting from avirulent-derived and virulent-derived strains of Ureaplasma spp., 

though this is attributed to the low number of MBA variants generated in vivo – 4.2 and 4.6 variants, 

respectively. Nevertheless, the researchers uncovered a novel finding that maternal humoral 
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response correlated with the expression of chorioamnion cytokines, highlighting the significance of 

the host response’s role in Ureaplasma-related inflammation-mediated adverse pregnancy 

outcomes.208 Utilising Ureaplasma spp. isolated from human placental tissue, determining 

serotype/strain and MBA size variation, isolates were correlated alongside the severity of 

chorioamnionitis and the cytokine profile of blood cytokines. Moreover, in vitro, varied sizes of 

recombinant-MBA proteins were applied to THP-1-derived macrophages and NF-kB activation and 

cytokine responses were calculated. The study concluded, and agreed with Dando et al., that species 

or serovars have no impact on virulence, but MBA size variation is inversely related to the incidence 

of chorioamnionitis, strengthened by the lower levels of cytokines IL-8 and G-CSF in cord blood 

samples. This hypothesis was further bolstered by the in vitro findings; differently size recombinant 

MBA proteins elicited variable cytokine responses and modulated expression of macrophage NF-kB 

p65.209 

1.3.3.2 Phospholipases 
 

Phospholipases are a varied subgroup of lipolytic enzymes that facilitate the hydrolysis of 

phospholipid ester linkages through phosphodiesterase, coupled with acyl hydrolase, activity.210 

They have been isolated from, and documented to play several roles in, the pathogenesis of a 

plethora of bacterial pathogens.211 Similarly in Ureaplasma spp., phospholipases have been 

implicated as virulence factors in ureaplasmal pathogenesis.212 It is established that human term 

labour is initiated by chorioamniotic phospholipase A2 through the liberation of arachidonic acid 

esters from the chorioamnion membrane-phospholipids, causing subsequent production of 

placental-membrane prostaglandins. This coupled with the fact that the specific activities of 

bacterial phospholipase A are several times higher than phospholipid A2 of the chorioamnion 

membrane.213 Therefore providing a proposed mechanism to account for the association between 

Ureaplasma spp. colonisation and preterm labour.214 Despite the studies conducted carried out on 

these ureaplasmal enzymes, the complete published genome data failed to find any putative 
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orthologous sequences, though this could be owed to sequence divergence compared with other 

bacteria.215 Phospholipase derived from non-Ureaplasma sources has been shown in vitro to inhibit 

pulmonary surfactant activity.216 As such, researchers have proposed Ureaplasma phospholipase as 

a contributing factor in the development of acute inflammation and chronic lung disease in neonates 

colonised with Ureaplasma spp.217  

1.3.3.3 Ureaplasma spp. IgA protease 
 

Immunoglobulin A is ubiquitous in human mucosal layers, dominating mucosal immunity, therefore 

the presence of enzymes that breakdown this immunoglobulin in Ureaplasma, indicates they play an 

integral role their virulence.218,219 IgA proteases produced by Ureaplasma are host specific as they 

are only able to destroy human IgA 1, and were unable to cleave human IgA 2, murine, porcine or 

canine IgA. The host-IgA protease specificity was further illuminated as canine Ureaplasmas were 

unable to cleave murine IgA but able to cleave canine IgA, and so on, limiting the specificity of the 

enzyme to the host from which the isolate was obtained.220 Following the characterisation of the 

protease, this specificity was determined to be caused by the mechanism by which IgA is cleaved. 

Utilising a variety of inhibitory molecules, researchers deduced that the enzyme was a serine 

proteinase that cleaved the IgA molecule between the proline and threonine residues 235 and 236 in 

the hinge region of the immunoglobulins heavy chain. This region is absent in human IgA 2, 

explaining the enzymatic specificity of Ureaplasma IgA proteinase.218 Similarly to the previously 

described phospholipases, analysis of the whole genome sequence did not reveal any 

orthologues.215 

1.3.3.4 Haemolysins  
 

An interesting finding that precipitated from the analysis of the SV3 whole genome sequence was 

the prediction of two haemolysins, predicted from the two genes – hlyA and hlyC.215 Haemolysins 

are extracellular cytotoxic proteins produced by a variety of bacteria, they damage the plasma 
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membrane of eukaryotic cells through forming lesions in it.221 In Ureaplasma, it is thought that the 

hlyA gene is the dominant of the two, with hlyC being an orthologue of one found in M. pneumoniae, 

where its activity is mediated by H2O2.215 The haemolysin produced from the hlyA gene could 

possibly be a notable virulence factor of Ureaplasma spp., this is supported by the identification of 

hlyA orthologues that mediate haemolytic and cytotoxic activities in several pathogenic bacteria. 

Moreover, mycobacteria lacking this gene are non-pathogenic.215 

1.3.3.5 Ureaplasma spp. Pathogenicity Island  
 

A subgroup of genomic islands — the pathogenicity islands (PAI) — were first conceptualised by 

Hacker and colleagues in the 1980’s following the study of the genetic mechanisms underpinning 

virulence in uropathogenic E. coli (UPEC).222 Researchers detected genetic linkages between several 

virulence genes, and though this kind of genetic relationship had been previously described and 

termed ‘virulence blocks’, the observation that a single deletion event resulted in the loss of two 

linked virulence genes, the epithet pathogenicity islands was born.223 These hypervariable genetic 

regions located within the genomes of pathogenic bacteria, but absent in non-pathogenic bacteria, 

are thought to be acquired by horizontal gene transfer. Horizontal gene transfer (HGT) can occur in a 

few ways: natural transformation, PAI or plasmid conjugation, ICEs and bacteriophage or classic 

transduction.224 The majority of PAI are decayed ICEs, lacking the mobilisation elements and transfer 

genes necessary for HGT.225 To date, no plasmids have been isolated from ureaplasmas. Momynaliev 

et al. identified that a proportion (93%) of strain-specific genes of U. parvum are distributed into 4 

zones: UU32-UU33, UU145-UU170, UU440-UU447 and UU527-UU529.226 Following the discovery of 

these hypervariable regions, the characterisation of UU145-UU170 suggested this region to be a 

putative pathogenicity island. This hypothesis was encouraging as genetic elements of this fragment 

had several characteristics indicative of a pathogenicity island: (1) the fragment is not recoverable 

from all strains; (2) the putative PAI size of ~20Kb is in the range (10-200Kb) of those in other 

microorganisms; (3) it is found adjacent to tRNA-ile and tRNA-ala, that are thought to provide anchor 
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points prerequisite to the acquisition of DNA by horizontal gene transfer; (4) presence of genes 

encoding mobile genetic elements ripX (UU145) integrase-recombinase and a homolog of a recT 

phage recombinase (UU154). However, characteristics such as the similarity in G+C content of the 

region with that of the rest of genome are contradictive of classic PAI. That said, the absence of 

tetranucleotides GCGC and CGCG within the region, coupled with their higher prevalence elsewhere 

in the genome, could owe to the fragment’s ‘foreign’ nature. Subsequent comparative genome 

analysis, following the alignment of 14 ATCC Ureaplasma genomes, highlighted two major insertion 

events.227 The presence of repeated host sequence on either side of the first identified insertion 

event was consistent with a transposon insertion, with the integrated fragment found to be 

11,822bp (UPA3) and 12,293bp (UPA1). Comprised of 8 genes, coding for 6 putative proteins, one of 

which contained a subtilase domain and another Type 1 specificity subunit restriction protein. The 

second insertion was isolated from the majority of sequenced serovars (9/14): UPA3 and 6, UUR4, 5, 

7, 10, 11, 12), with the inserted DNA segment ~20Kb in length. This insertion event is likely due to a 

phage insertion due to the presence of three phage genes in the region. The initial gene in the 

inserted sequence contains a phage integrase domain (UPA3_0153 [GenBank: YP_001752228]) 

within a region encoding an integrase-recombinase protein. Further downstream a phage 

recombination protein Bet (UPA3_0162 [GenBank: YP_001752237] was located, with the final gene 

in the segment being a phage terminase belonging to the sterile salinex family (UPA3_0176 

[GenBank: YP_001752251]. The remainder of the genes, though hypothetical, have transmembrane 

domains with signal peptides, indicating they play a role in surface interactions of Ureaplasma. 

These findings, together with the similar findings of Momynaliev and colleagues, display the 

extensive evidence for horizontal gene transfer within Ureaplasma spp. and that differential 

pathogenicity is not determined by specific serovars, but is due to the presence/absence of inserted 

sequences encoding for various virulence factors.226,227  
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1.3.4 Ureaplasma spp. Pathophysiology  
 

Ureaplasma spp. have been shown to play a role in several pulmonary and urogenital pathologies, 

including, but not limited to: NGU,228 epididymitis,229,230 infertility, 231,232 chorioamnionitis,233,234 

cervicitis235 and premature delivery in women.187,236 Furthermore, these organisms are frequently 

transferred from mother to infant in utero and have been implicated in several neonatal respiratory 

complications, such as: pneumonia,237 persistent pulmonary hypertension,238 and bronchopulmonary 

dysplasia (BPD).203  

1.3.4.1 Male  

1.3.4.1.1 Ureaplasma spp. and NGU 
 

NGU is a clinical manifestation characterised by clear or clouded urethral discharge, together with 

urethral pruritus or dysuria. It is confirmed following microscopy analysis of a urethral Gram stain 

revealing two or more polymorphonuclear leukocytes (PMNs) per oil immersion field, alongside the 

absence of intracellular diplococci.239 To treat this condition the CDC STD Treatment Guidelines 

recommends a single 1g dose of azithromycin or doxycycline 100mg twice a day for 7 days, and to 

abstain from sexual intercourse until the issue is resolved.240 NGU is typically characterised into one 

or two distinct categories—persistent NGU and recurrent NGU, however they are often wrongly 

used interchangeably in the literature. Persistent NGU is NGU that does no resolve following 

treatment, whereas recurrent NGU is NGU that reoccurs days to weeks following its apparent 

resolution.  The common STI Chlamydia trachomatis has been established as the primary causative 

agent in ~50% of NGU cases, with the other causative agents being composed of M. genitalium (15-

25%), T. vaginalis (10-20%), U. urealyticum (10-20%), with the remainder being comprised of various 

rare viral induced NGU cases such as Herpes simplex virus and adenovirus.241 Though Ureaplasma 

are thought to be the causative agent in only between 10-20% of NGU cases, urethritis is the most 

common symptom male patients present at sexual health clinics.   
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It should be noted that studies prior to the separation of Ureaplasma spp. into two species in 2002, 

all the studies implicating Ureaplasma spp. in NGU were taking a mixture of both U. urealyticum and 

U. parvum into account. This could be responsible for the often-conflicting reports on this issue. 

However, post-2002 research has suggested that U. urealyticum is associated with NGU, but U. 

parvum is not. For example, Deguchi and colleagues isolated U. urealyticum from a significantly 

higher percentage (18%) of NGU sufferers in the absence of any other identifiable causative agent, 

compared with 7.3% in controls. However, U. parvum prevalence amongst NGU sufferers and 

controls was 9.9% and 13.2%, respectively.242 These findings were supported by Couldwell et al. 

determining that U. urealyticum was independently associated with NGU, even after controlling for 

age and sexual history, factors that were thought to be confounding when determining the 

significance of U. urealyticum in NGU.228 Furthering this, PCR subtyping of U. urealyticum clinical 

isolates from NGU patients and controls has revealed that only subtype 1 (SV2, 5, 8 and 9) were 

associated with M. genitalium-negative nonchlamydial NGU.243 This aligns with the reports that 

urethritis was induced in individuals following intra-urethral inoculation with U. urealyticum SV5.244 

Additionally, NGU patients displayed raised serum antibody levels against U. urealyticum SV2, one of 

the serovars categorised under the previously listed subtype 1.245 There is also an indication that 

bacterial load of U. urealyticum influences the clinical manifestations of NGU, as increased numbers 

of polymorpholeukocytes in urethral smears was associated with increased U. urealyticum bacterial 

loads.246  

1.3.4.1.2 Infertility  
 

For men, U. urealyticum has been linked to the retardation of the spermatozoa and is associated 

with increased rates of male infertility. However, the interactions between the host and the 

bacterium that result in this effect have not been fully elucidated, though a growing body of 

evidence is compounding the damaging effect Ureaplasma can have on fertility. Human in vitro 

fertilisation (IVF) studies comparing the success of the procedure between Ureaplasma colonised 
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individuals and infection-free controls, displayed a significant reduction in pregnancy rate per 

embryonic transfer.247 Though it is worth noting that fertilisation rates prior to embryonic transfer 

were ostensibly unaffected. A possible explanation of how sperm may be able to ‘fertilise’ eggs that 

result in unviable pregnancy, which would increase infertility per se, is to disrupt chromatin stability 

and DNA integrity within the sperm, two critical components of male fertility.248 Researchers have 

demonstrated that U. urealyticum had a direct, time and dose deleterious effect on sperm nuclear 

chromatin and DNA.249 So though sperm activity is seemingly retained post-infection, damaged 

paternal DNA would impede embryonic development.  

1.3.4.2 Female  

1.3.4.2.1 Cervicitis  
 

Cervicitis, is an often asymptomatic condition, characterised by the inflammation of the columnar 

epithelial cells of the endocervix.250 Though the condition can be asymptomatic, the most common 

symptoms include vaginal discharge or intermenstrual bleeding.251 It is a prominent condition 

presented by between 30-45% of women attending STI clinics as it is typically associated with 

pathogens that are sexually transmitted.250 Despite its commonality, cervicitis has potentially severe 

consequences as it is a prerequisite to PID with the potential for severe reproductive sequelae, 

regardless of whether the patient is symptomatic or not.251 Moreover, it is established that cervicitis 

plays an important role in HIV transmission, as it increases an individual’s susceptibility to 

contracting the virus, alongside this, cervicitis induces increased viral shedding in HIV-positive 

individuals.252,253 Interestingly, resolution of chlamydial or gonococcal cervicitis through antibiotic 

treatment resulted in a > 6-fold decrease in cervical HIV-1 RNA, alongside normalisation of cervical 

polymorphonuclear counts.254 Treating Ureaplasma-induced cervicitis in the same manner, may 

have similar effects on cervical HIV-1 RNA in HIV positive patients. Furthermore, cervical 

inflammation and infection, particularly coinfection with HPV, have been linked to numerous 

epithelial cancers leading to the suggestion that cervicitis is a plausible cofactor in cervical cancer.255 
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It is analogous to NGU in men, in that, though 50% of cervicitis cases are a direct result of N. 

gonorrhoeae and C. trachomatis infection, the aetiological agents causing the remainder of cases are 

difficult to determine.256 As such, the term non-specific cervicitis (NSC) is applied to these cases, with 

Ureaplasmas being isolated from ~50% of women with NSC.257 Even though Schilcht et al. isolated 

Ureaplasmas from 54% of women symptomatic for cervicitis compared with a colonisation rate of 

only 16% for those whom were asymptomatic, there are often conflicting reports as to the role of 

Ureaplasmas in NSC.258 Consequently, relating ureaplasmal infection with cervicitis remains 

controversial, but ureaplasmal load may play a significant role in the disease. NSC-positive patients 

presented ureaplasmal loads of both U. parvum and U. urealyticum at concentrations 10-fold greater 

than controls.235 Ureaplasmal load of >105 CFU/ml is twice as prevalent in the cervico-vaginal tract of 

women diagnosed with post-partum endometritis, prompting researchers to suggest an aetiological 

association between Ureaplasma load and post-partum endometritis.259  

1.3.4.2.2 Preterm Birth  
 

Much like M. hominis, Ureaplasma are frequently associated with adverse pregnancy outcomes such 

as preterm labour.260 Alongside this, Ureaplasma are recurrently cited as aetiological agents in post-

partum morbidities, neonatal lung injury, for example.  

The mechanism by which Ureaplasma induced preterm birth is through the stimulation of an 

inflammatory cascade (described in detail previously for M. hominis) by the interaction of the 

bacteria with host pattern recognition receptors (PRR), toll-like receptors (TLRs). Following TLR 

stimulation, a subsequent rise in inflammatory cytokines IL-1β, TNF-α, IL-6, and IL-8 followed by 

leukocyte recruitment, results in increased prostaglandins (PGE2 and PGF2-α̣) and matrix 

metalloproteinases (MMP) production.261 These mediatory compounds have a variety of effects in 

different tissues, with prostaglandins contributing to increased uterine contractions and MMPs 

playing a role in placental detachment in the myometrium. Whereas, in the cervix, they have a 

degradative effect on extracellular matrix, leading to effacement and dilation. Moreover, MMPs 
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have been shown to reduce the prerequisite pressure for membrane rupture. Throughout pregnancy 

this cascade is typically suppressed by the immunosuppressive molecules progesterone (P4) and IL-

10.261 Though current literature suggests that disproportionate levels of intrauterine infecting 

organisms may override said molecules protective effects. Perhaps offering support to the notion 

that Ureaplasma bacterial load plays a role in its pathogenicity. Utilising Rhesus monkeys as infection 

models, researchers demonstrated that sole intrauterine infection with U. parvum resulted in 

uterine activity, preceded by a rise in amniotic fluid leukocytes, MMP, inflammatory cytokines and 

PGE2 and PG2Fα.120 Nevertheless, heat-inactivated U. parvum SV1 did not induce a significant 

increase in inflammatory cytokine or PGE2 in foetal membrane samples collected from term 

placentas. Yet, U. urealyticum SV8 has been shown, in high doses (inoculums >106 CCU/ml), to illicit 

an inflammatory response through increased TNF-α, IL-10 and PGE2 production in choriodecidual 

explants.262 It has also been documented that following the detection of Ureaplasma in the amniotic 

cavity of women experiencing premature contractions, symptoms can be resolved by clearing the 

infection through the administering of erythromycin, permitting a full term pregnancy.263 
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1.3.5 Ureaplasma spp. antibiotic therapy and resistance 
 

Much like resistance mechanisms previously described for M. hominis, as Mollicutes¸ Ureplasma are 

inherently resistant to several clinically available antibiotics: the cell wall synthesis inhibitory β-

lactams and glycopeptides; RNA polymerase targeting rifampins (owing to the mutated beta-subunit 

of RNA polymerase);264 folic acid synthesising sulphonamides and trimethoprim (due to nucleoside 

scavenger pathways); alongside lincosamides that inhibit protein synthesis.134 In addition to this, 

aminoglycosides such as gentamicin, which are often used to treat Gram-negative infections have 

extremely unreliable activity against Ureaplasma. Repeated isolation of Ureaplasma from CSF, blood 

and lower respiratory tract of neonates following >3 days treatment with intravenous gentamicin, 

has been demonstrated.265 However, another protein synthesis targeting antibiotic is 

chloramphenicol, which has relatively good activity against Ureaplasma, documented in numerous 

clinical case-studies and in vitro susceptibility testing.266,267  However, this cannot be used in 

neonates due to toxicity historically referred to as “grey baby syndrome”. 

1.3.5.1 Macrolide resistance 
 

Unlike M. hominis, Ureaplasma are typically susceptible to 14-membered ring macrolides, such as 

erythromycin, though resistance mechanisms to these antibiotics have been described. Palu and 

colleagues outlined the first mechanistic description of such resistance in Ureaplasma, following the 

observation of a significant reduction in radiolabelled erythromycin ribosomal binding, in a highly 

resistant clinical isolate. A point mutation in the 23S rRNA at the purported macrolide binding site was 

offered as the most likely explanation for the observed mechanistic resistance. Furthermore, in vitro 

experimentation achieved the production of several macrolide resistant U. parvum strains, following 

serial passage in sub-inhibitory concentrations of antibiotic. The induced macrolide resistance was the 

consequence of a point mutation of A2058, regardless of additional adjacent bases, occasionally 

accompanied by additional ribosomal accessory protein mutations in L4 and L22.268  
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1.3.5.2 Tetracycline  
 

The only means of tetracycline resistance described for Ureaplasma is attributable to the acquisition 

of the tetM resistance cassette, associated with conjugative transposon elements of the 

Tn916/Tn1545 family.269,270 It has been suggested that the original transposition of the tetM gene 

into Ureaplasma occurred through horizontal transfer, from Streptococci.271  

The initial incidence of tetracycline resistance in Ureaplasma isolated from men suffering with NGU 

indicated that 10% of isolates possessed the tetM gene.272 This figure was then later solidified 

following analysis on isolates collected between 1973–1983, revealing 10% tetracycline resistance.273 

However, it is worth noting that isolates were typically collected from patients following 

unsuccessful treatment, positively biasing the collection of resistant samples. Another interesting 

finding of the study was that 39% of tetracycline resistant strains displayed erythromycin resistance, 

compared with 9% of erythromycin-resistant tetracycline-sensitive isolates. Other studies have 

provided tetracycline resistance prevalence rates as high as 20%, upon analysis of 65 Ureaplasma 

isolates.274  

1.3.5.3 Fluoroquinolones  
 

There have been numerous reports of fluoroquinolone resistant Ureaplasma isolates, with the 

mechanism underpinning such resistance being owed to point mutations in the QRDR. Mutations 

typical of fluoroquinolone resistance in Ureaplasma lead to amino acid substitutions in the QRDR 

such as D82N, Ser83Leu, and E87K in ParC and Q104K in GyrA. The most prevalent mutation leading 

to fluoroquinolone resistance is the Ser83Leu substitution in the ParC protein.275 This QRDR 

mutation is consistent and homologous with the fluoroquinolone-resistance-conferring-substitutions 

observed in resistant Staphylococcus aureus and S. pneumoniae.276It is well documented that the 

preferred sites of action of fluoroquinolones is the DNA gyrase of Gram-negative bacteria and the 

topoisomerase IV of Gram-positive.277 As Ureaplasma are thought to have evolved from Gram-
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positive ancestors, the greater incidence of ParC mutations is compatible with their evolutionary 

history. Though the ParC Ser83Leu is the most prevalent resistance mechanism, fluoroquinolone 

resistance is observed in a limited number of clinical isolates devoid of this substitution.278 

Consequently, mechanisms observed in other bacteria such as: overexpression of efflux pumps, 

fluoroquinolone-inactivating enzymes, or the presence of plasmid encoded Qnr proteins could 

potentially be responsible for resistance in these strains.279 
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1.4 M. hominis and Ureaplasma spp. prevalence
 

1.4.1 M. hominis  
 

Overall population prevalence for M. hominis is often reported to be between 1-20% across the 

sexes (see Table 1.1). It is thought to be relatively uncommon in males with prevalence rates of 

between 1-4% typically being reported, though male prevalence as high as 20% has been 

reported.280–283 Females routinely possess higher rates of M. hominis infection, typically isolated 

from between 21-53% of sexually mature women.134,284,285  

1.4.2 Ureaplasma spp.  
 

Compared to M. hominis, rates of Ureaplasma spp. prevalence are markedly higher (Table 1.2), 

typically ranging from between 40-80% in females.134 Whereas for males, though the population 

prevalence is unclear, researchers estimate it to be between 5-15% in men aged 16-44 years old for 

U. urealyticum.283,286–289 Whilst the prevalence of U. parvum is unknown, Horner et al. predict it to be 

higher than that of U. urealyticum, as U. parvum is more frequently isolated from male samples from 

patients without urethritis.287,290,291 In females it is well-established that U. parvum is the dominant 

Ureaplasma spp. infection, with a prevalence range of between 20-89%, compared with 5.2-20% 

prevalence for U. urealyticum.287,292–295 
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Year Location  Patient Symptoms  Detection 

Method 

Patient 

Number  

M. hominis 

prevalence  

Resistance 

Detection 

Method 

Antibiotic 

breakpoint 

applied (μg/mL) 

% Resistance  Ref 

1983, 1989-

2004 

Germany ND ND ND 290 (N/a) Agar, E-test Ciprofloxacin 4 

Clindamycin 4 

 Azithromycin 8  

Tetracycline 16 

8%  

0% 

99% 

11% 

 
296 

2005-2006 Greece Vaginitis IST-2 369 13 (3.64%) IST-2 Ciprofloxacin 2  

Azithromycin 4  

Tetracycline 8 

80% 

100% 

0% 

297
 

2008-2011 Hungary Non-specific urethritis, 

promiscuous 

UMD 4,466 41 (0.9%) SIRM Clindamycin 2  

Tetracycline 8 

5% 

12% 

298 

2009-2013 Italy Cervicitis and Urethritis IST-2 2480 99 (4.0%) IST-2 Ciprofloxacin 2  

Azithromycin 4  

Tetracycline 8 

61% 

76% 

7% 

299 

2004-2011 Italy Urogenital infection or 

symptoms, pregnancy 

IST-2 9,956 204 (10.9%) IST-2 Ciprofloxacin 2 

 Azithromycin 4  

Tetracycline 8 

10% 

67% 

10% 

300 

2011 Italy Symptomatic GUM 

patients 

Gram stain, 

MFSE3 

433 6 (1.4%) MFSE3 Ciprofloxacin 2 

Azithromycin 4 

0% 

67% 

301 

2008-2009 Romania Infertility RT-PCR 1068 80 (7.5%) IST-2 Ciprofloxacin 2  

Azithromycin 4  

Tetracycline 8 

77% 

39% 

17% 

302 

2016 Serbia Urogenital infection, 

infertility, risky 

behaviour 

GS, agar, IF, IST-

2 

373 6 (1.6%) IST-2 Ciprofloxacin 2 

 Azithromycin 4  

Tetracycline 8 

50% 

50% 

100% 

303 

2006-2007 Turkey Pregnancy with vaginitis 

or asymptomatic 

IST-2 50 

50 

2 (4.0%) 

0 (0.0%) 

IST-2 Ciprofloxacin 2  

Azithromycin 4  

Tetracycline 8 

40% 

40% 

0% 

304 
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2008-2009 Burkina Faso Abnormal vaginal 

discharge 

MSP 2,000 41 (2.1%) MSP Clindamycin 8  

Azithromycin 8  

Tetracycline 8 

30% 

66% 

40% 

305 

2009 Gabon Routine screening IST-2 1,332 13 (1.1%) IST-2 Ciprofloxacin 2  

Azithromycin 4  

Tetracycline 8 

8% 

54% 

46% 

306 

2003 Guinea-Bissau Routine family planning 

screen 

IST-2 94 54 (57.4%) IST Tetracycline 8 24% 307 

          

2014 China Infertile men, sperm 

donators 

IST 19,098 

3,368 

947 (5.0%) 

53 (1.6%) 

IST Ciprofloxacin 2 

Levofloxacin 2  

Azithromycin 4 

94% 

88% 

39% 

132 

2005-2013 China Genital symptoms IST-2 5,025 471 (14.6%) 

 

IST-2 Ciprofloxacin 2  

Azithromycin 4  

Tetracycline 8 

64% 

67% 

5%ie 

308 

2007-2011 China  Not specified IST-2 37,055 4,552 

(12.28%) 

IST-2 Ciprofloxacin 2  

Azithromycin 4  

Tetracycline 8 

53% 

71% 

2% 

309 

2007-2009 China Urogenital infection MP Strip 3,306 517 (15.64%) MP Strip Levofloxacin 4 

Azithromycin 4 

35% 

86% 

310 

          

2009-2013 Cuba Vaginal Discharge 

Syndrome 

MSP 2354 46 (1.95%) MSP Clindamycin 8 

Azithromycin 8  

Tetracycline 8 

14% 

92% 

58% 

29 

  

Table 1.1 – A table tabulating M. hominis prevalence rates from studies conducted at several geographical locations – listed in column 2 – alongside the urogenital pathology (if any) assessed: 

column 3. Additionally, the method of M. hominis detection employed by the researchers is listed in column 4: ND; non-disclosed, IST-2; Biomerieux, IST; Biomerieux, UMD; Bio-Rad, MSP; 

sanilabo, MP Strip; Zhuhai Lizhu Bio-Company China. The number of patients screened is listed in column 5, along with the determined prevalence in column 6. Furthermore, the method of AST 

is listed in column 7, the accompanying breakpoints in column 8 and the resistance prevalence for each antibiotic screened in column 9. References to each study are listed in column 10. 
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Year Location  Patient 

Symptoms  

Detection 

Method 

Patient Number   Ureaplasma 

spp. 

prevalence  

Resistance 

Detection 

Method 

Antibiotic 

breakpoint 

applied (μg/mL) 

% Resistance  Ref 

2005-2006 Greece Vaginitis IST-2 369 132 (35.7%) IST-2 Erythromycin 4 

Ciprofloxacin 2  

Azithromycin 4  

Tetracycline 8 

37% 

20% 

86% 

5% 

297
 

2008-2011 Hungary Non-specific 

urethritis 

UMD 4,466 373 (8.35%) SIRM Erythromycin 4 

Azithromycin 4  

Clindamycin 2 

Tetracycline 8 

81.23% 

9.65% 

75.06% 

4.02% 

298 

2004-2011 Italy Urogenital 

infection or 

symptoms, 

pregnancy 

IST-2 9,956 1835 (18.43%) IST-2 Erythromycin 4 

Ciprofloxacin 2 

 Azithromycin 4  

Tetracycline 8 

21% 

60% 

5% 

5% 

300 

2011 Italy Symptomatic 

GUM patients 

Gram stain, 

MFSE3 

433 152 (35.10%) MFSE3 Ciprofloxacin 2 

Erythromycin 4  

Azithromycin 4 

66.4% 

0% 

0% 

301 

2008-2009 Romania Infertility RT-PCR 1068 372 (34.8%) IST-2 Ciprofloxacin 2  

Erythromycin 4  

Tetracycline 8 

51.72% 

16.09% 

5.75% 

302 

2016 Serbia Urogenital 

infection, 

infertility, risky 

behaviour 

GS, agar, IF, IST-

2 

373 42 (11.26%) IST-2 Ciprofloxacin 2 

Erythromycin 4 

 Azithromycin 4  

Tetracycline 8 

83.8% 

86.5% 

32.4% 

86.5% 

303 

2006-2007 Turkey Pregnancy with 

vaginitis or 

asymptomatic 

IST-2 50 

50 

25 (50%) 

2 (4%) 

IST-2 Ciprofloxacin 2  

Erythromycin 4 

Azithromycin 4  

Tetracycline 8 

92.6% 

22.2% 

22.2% 

0% 

304 

2008-2009 Burkina Faso Abnormal vaginal 

discharge 

MSP 2,000 65 (4.23%) MSP Clindamycin 8 

Erythromycin 4  

15% 

36% 

305 
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Azithromycin 8  

Tetracycline 8 

40% 

24% 

2009 Gabon Routine 

screening 

IST-2 1,332 779 (58.48%) IST-2 Ciprofloxacin 2  

Erythromycin 4 

Azithromycin 4  

Tetracycline 8 

45.4% 

34% 

29.54% 

14%  

306 

2003 Guinea-Bissau Routine family 

planning screen 

IST-2 94 37 (39.36%) IST Tetracycline 8 

Erythromycin 4 

24.1% 

90.7% 

307 

2014 China Infertile men, 

sperm donators 

IST 19,098 

3,368 

2,294 (12.01%) 

139 (4.13%) 

 

IST Ciprofloxacin 2 

Erythromycin 4 

Levofloxacin 2  

Azithromycin 4 

93.6% 

46.2% 

87.6% 

39.2% 

132 

2005-2013 China Genital 

symptoms 

IST-2 5,025 1,942 (38.6%) IST-2 Erythromycin 4 

Ciprofloxacin 2 

Azithromycin 4  

Tetracycline 8 

7.25% 

83% 

3.3% 

2.3% 

308 

2007-2011 China  Not specified IST-2 37,055 19,679 

(53.11%) 

IST-2 Ciprofloxacin 2 

Erythromycin 4  

Azithromycin 4  

Tetracycline 8 

75.28% 

0.49% 

0.08% 

3.22% 

309 

2007-2009 China Urogenital 

infection 

MP Strip 3,306 1,998 (60.44%) MP Strip Levofloxacin 4 

Azithromycin 4 

20.09% 

15.21% 

310 

2009-2013 Cuba Vaginal Discharge 

Syndrome 

MSP 2354 459 (19.49%) MSP Ciprofloxacin 2 

Erythromycin 4  

Tetracycline 8 

77% 

27% 

9% 

29 

  

Table 1.2 – A table tabulating Ureaplasma spp. prevalence rates from studies conducted at several geographical locations – listed in column 2 – alongside the urogenital pathology (if any) 

assessed: column 3. Additionally, the method Ureaplasma spp.  detection employed by the researchers is listed in column 4: ND; non-disclosed, IST-2; Biomerieux, IST; Biomerieux, UMD; Bio-Rad, 

MSP; sanilabo, MP Strip; Zhuhai Lizhu Bio-Company China. The number of patients screened is listed in column 5, along with the determined prevalence in column 6. Furthermore, the method of 

AST is listed in column 7, the accompanying breakpoints in column 8 and the resistance prevalence for each antibiotic screened in column 9. References to each study are listed in column 10. 
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1.5 Current Detection Methods  

1.5.1 Culture  
 

Ureaplasma spp. and M. hominis are notoriously fastidious organisms, with stringent growth 

requirements. The bedrock of Ureaplasma culture mechanisms rests on their ability to produce 

ammonia through urea hydrolysis. The arginine-dihydolase pathway is similarly used for the broth 

culture of M. hominis. These metabolic pathways can be coupled with ‘genital mycoplasmas’ 

preference for an acidic culture medium, which conveniently retards the growth of other bacteria. 

The subsequent addition of a pH indicator (typically phenol red) permits the visualisation of a colour 

shift in the media due to ureaplasmal or mycoplasmal growth, from yellow-orange to cerise red, as 

the pH increases from around 6.5-6.8 to >7.4. This is critical as Ureaplasma cultures are unable to 

grow to turbidity. The shift in media pH, reduction in urea concentration, and toxic metabolites they 

expel inhibit growth, culminating in a rapid death phase. Liquid cultures are typically incubated at 

37oC in atmospheric conditions with colour changes taking between 24-48 hours to develop, in the 

presence of ureaplasmal or mycoplasmal growth. Culturing Ureaplasma on solid media requires 

atmospheric CO2 concentrations of 5%, with growth taking between 1 and 5 days. As Ureaplasma 

cannot form a confluent bacterial lawn on the surface of the agar, a microscope or hand lens is 

required to visualise the colonies. Unlike M. hominis, Ureaplasma do not form the signature ‘fried-

egg’ colony morphology typical of mycoplasmas, but instead produce brown zones due to urease 

activity and conversion of manganous sulphate to manganese dioxide by the presence of 

ammonia.311 To quantify the ureaplasmal or M. hominis load in each sample, serial 10-fold dilutions 

using the broth culture methodology can provide a result as colour changing units (CCU). The CCU is 

determined following the cessation of colour change in the media, the last well in which a colour 

change is observed is determined to be 1 CCU. Subsequent multiplication of the dilution factor 

allows the determination of the original sample’s concentration.  
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1.5.2 Molecular Detection Methods 
 

PCR has long been an important and sensitive tool in the detection of fastidious bacterial pathogens, 

with Ureaplasma and M. hominis being no exception. Traditionally, PCR methods focussed on the 

detection of the 16S rRNA gene.312 However, for M. hominis numerous PCR protocols have been 

developed with varying gene targets, such as the gap, fstY, and yidC genes.313–315 Though upon 

examining the heterogeneity of the gap gene, it was observed that its variation was greater than 

that of the 16S rRNA gene.313 Furthermore, the pitfalls of utilising the gap gene as a target for M. 

hominis detection have been demonstrated, whereby gap negative PCR samples have been 

successfully cultured and determined to be M. hominis positive. Ferandon et al. real-time PCR assay 

for M. hominis detection, targeting the yidC gene, displayed 100% specificity and a sensitivity of 7 

gene copies per reaction.314 The yidC gene encodes for a putative inner membrane translocase 

component. 

Whereas for Ureaplasma, the primary gene targets for real-time PCR methodologies have been the 

mba gene and urease gene. For example, Mallard and colleagues designed two Taqman primer and 

probe combinations, targeting the urease gene (ureB).316 The assay showed a sensitivity of 5 gene 

copies per reaction and was specific to both U. parvum and U. urealyticum when tested against 16 

reference strains, commonly encountered in a clinical setting. Though this assay was not tested 

against actual clinical specimens. Moreover, the UAB Diagnostic Mycoplasma laboratory developed 

and runs a real-time PCR assay targeting UU063 (NP_077893) a gene encoding a hypothetical protein 

conserved between all four U. parvum serovars. For the detection U. urealyticum, the assay targeted 

UUR10_0680 (NC_011374.1), a 15,072-bp open reading frame conserved throughout the 10 

serovars.317 Additionally, this real-time methodology displayed greater sensitivity for Ureaplasma 

detection when compared with traditional PCR assay based on the urease gene following 

intralaboratory method assessments. This real-time assay demonstrated an impressive sensitivity 

level of <1 CFU for both U. parvum and U. urealyticum.  
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Throughout Europe there has emerged commercially available molecular-based assays that 

incorporate the detection of genital mycoplasmas. Products such as the STD6 and STD6B ACE from 

Seegene, Inc. detect T. vaginalis, M. hominis, M. genitalium, C. trachomatis, N. gonorrhoeae and 

Ureaplasma spp. in endocervical samples. The STD6 assay incorporates a dual-priming 

oligonucleotide system encompassing two distinct priming regions, for Ureaplasma spp. the target is 

a 130-bp region of the ureD gene. However, the format is not available in real-time and post-PCR 

manual or automated gel electrophoresis is required.318 

1.5.3 PCR vs Culture: advantages and disadvantages of 

genital mycoplasma detection methods 
 

Both PCR and culture methodologies have their advantages and disadvantages, with regards to 

Ureaplasma or M. hominis detection. PCR is often found to be the more sensitive methodology for 

diagnostic purposes. The Birmingham Diagnostic Mycoplasma Laboratory, at the University of 

Alabama published data displaying real-time qPCR detected ureaplasmal DNA in 39.4% of 

specimens, compared with 24.2% detected through culture.317   

Though the consensus is that molecular-based methodologies such as real-time qPCR are more 

sensitive for the detection of mycoplasmas relative to culture-based approaches, they remain 

uneconomical and impractical for mycoplasmal detection in laboratories with low to moderate 

sample volumes. Moreover, culture-based approaches, particularly the commercially available 

cultured-based detection kits require little specialist training or equipment. A further advantage of 

culture-based approaches for mycoplasma detection is that they provide a viable isolate, on which 

antimicrobial sensitivity testing (AST) can be performed. This advantage is often used in conjunction 

with the previously cited advantages in commercially available diagnostic assays, for the 

simultaneous detection and AST of organisms such as Ureaplasma spp. and M. hominis.  
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1.6 Antimicrobial Susceptibility Testing: AST for Ureaplasma 

spp. and M. hominis 
 

Historically, various methodologies for AST of mycoplasmas have been cited, the first of which was 

published in the 1967.319 Despite a multitude of mycoplasma AST publications in the subsequent 

years reporting the efficacy of various antimicrobial agents against these organisms, no universally 

accepted AST methodology predominated in the literature. This inability for researchers to reach a 

consensus on the AST protocol applied to human mycoplasmas has resulted in much confusion 

surrounding the efficacy of several drugs against these organisms. In response to this, in 2011, an 

international group of mycoplasmologists, headed by Ken Waites, formally published a body of work 

that had taken over a decade to complete as the Clinical Laboratory Standards Institute (CLSI) 

guidance document M43-A to harmonise and standardise the AST methodology for human 

mycoplasmas and establish breakpoint concentrations for antibiotics deemed effective against these 

organisms.320 The subcommittee’s publication set the of the internationally recognised standard for 

AST testing for human mycoplasmas, which superceeded the previous document referred to as 

Cumitech 34 published in 2004.  

Nevertheless, the publication of a standardised AST methodology for human mycoplasmas did not 

result in routine AST for these organisms. This is possibly due to the complex nature of the test 

procedures, when compared with the simpler disk-diffusion AST methodologies applied to the 

majority of bacterium that can grow as a confluent lawn solid agar. Moreover, Ureaplasma spp. and 

M. hominis are incapable of growing to visual turbidity in liquid media due to small cell size and the 

self-toxic properties of their metabolites, meaning the use of McFarland standards to estimate and 

prepare a defined inoculum is not permitted. The CLSI guidelines require and inoculum of between 

104 and 105 CFU/mL for reliable and accurate AST. Therefore, a predetermination of the mycoplasmal 

concentration prior to testing is required, which likely involves freezing the initial inoculum, followed 

by possibly diluting the sample accordingly. This is a time-consuming and laborious process that 
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cannot be feasibly incorporated into the routine screening practices of most clinical laboratories. It is 

this niche that commercial diagnostic assays aim to populate. 
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1.7 Commercial Kits: a review of the currently available 

commercial in vitro diagnostics for the detection and AST 

of Ureaplasma spp. and M. hominis  
 

A brief review of the leading commercially available assays for the detection of Ureaplasma spp. and 

M. hominis in urogenital samples has been undertaken. All the assays reviewed rely on proprietary 

selective culture media, typically lyophilised within detection wells, alongside wells containing the 

dehydrated media supplemented with breakpoint concentrations of antibiotic. The culture media 

and antibiotic become liberated into solution following inoculation. In addition to these wells, these 

kits possess a range of semi-quantitative wells that approximate the mycoplasmal concentration of 

the inoculum transferred into them e.g <104 CCU or ≥105 CCU. How the manufacturers estimate 

bacterial load, without the inclusion of an additional dilution step is undisclosed, though it is likely 

through the addition of empirically determined threshold concentrations of exclusive inhibitory 

agents.  

The MYCOFAST revolutioN (ELiTech Diagnostic, France) is a 20-well assay, 7 wells are dedicated to 

the identification and enumeration of Ureaplasma spp. and M. hominis. Comprised of 3 wells for 

Ureaplasma enumeration (103, 104 and ≥105 CCU/mL), 1 well for M. hominis enumeration (≥104 

CCU/mL), and 3 ‘indentibiotic’ wells that utilise each species’ intrinsic resistance to specific 

antibiotics to further confirm the identification. The remaining 13 wells are wells supplemented with 

various concentrations of antibiotic; Levofloxacin 1µg/mL, 2µg/mL and 4µg/mL; Moxifloxacin 

0.25µg/mL, 2µg/mL; Erythromycin 8 µg/mL,16 µg/mL; Clindamycin 0.25µg/mL, 0.5µg/mL; 

Tetracycline 1µg/mL, 2µg/mL, 4µg/mL,8 µg/mL. Compared with a PCR methodolgy the MYCOFAST 

revolution revealed an overall sensitivity and specificity for urogenital mycoplasmas of 77.3% and 

80%, respectively.321 A smaller 6-well kit is offered in the Mycoplasma Duo (Biorad; Watford, U.K), 

this rapid diagnostic assay offers the identification of both Ureaplasma spp. and M. hominis 

alongside 1 semi-quantitative well per species to display when an inoculum is determined to be 
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‘clinically significant’ (≥104 CCU/mL). Though the Mycoplasma Duo does not offer AST, Biorad 

produce the SIR Mycoplasma, a 16-well complementary kit that involves preparing a standardised 

inoculum of Ureaplasma spp. or M. hominis following a positive identification in the Mycoplasma 

Duo. The SIR Mycoplasma screens against 8 different antibiotics: doxycycline (4µg/mL & 8µg/mL), 

tetracycline (4µg/mL & 8µg/mL), azithromycin (2µg/mL & 4µg/mL), josamycin (2µg/mL & 8µg/mL), 

erythromycin (1µg/mL & 4µg/mL), clindamycin (2µg/mL), pristinamycin (2µg/mL) and ofloxacin 

(1µg/mL & 4µg/mL). Researchers compared the results of PCR and Mycoplasma Duo for the 

detection of Ureaplasma spp. in  the endotracheal aspirates of 60 premature neonates, with an 

overall agreement between the two tests of 96%.322 No published data on the sensitivity of 

Mycoplasma Duo, compared with PCR, for the detection of M. hominis could be found. The 

Mycoplasma system plus (Liofilchem, Italy) is a 24-well option for the detection and partial 

enumeration of Ureaplasma spp. and M. hominis, alongside AST. The system offers semi-

quantitative wells as follows: >104 CCU/mL, <105 CCU/mL and >105 CCU/mL for both M. hominis and 

Ureaplasma spp. The antibiotics screened against for the Mycoplasma system plus are tetracycline, 

(4 μg/mL & 8μg/mL), pefloxacin (8μg/mL & 16μg/mL), ofloxacin (1μg/mL & 4 μg/mL), doxycycline 

(4μg/mL & 8 μg/mL), erythromycin (1μg/mL & 4μg/mL), clarithromycin (8μg/mL & 16 μg/mL), 

minocycline (4μg/mL & 8 μg/mL), clindamycin (4μg/mL & 8μg/mL) and azithromycin (4μg/mL & 

8μg/mL). Though a few publications utilise the Mycoplasma system plus as a method for urogenital 

mycoplasma identification, no studies determining the sensitivity or specificity of the assay against 

other identification methodologies are available.29 Finally, the most popular commercially available 

assay for the identification of genital mycoplasmas is seemingly the Mycoplasma IST2 (Biomerieux, 

France). It is a 22-well assay, with 2 identification wells (1 x Ureaplasma spp. & 1 x M. hominis) 

alongside 2 semi-quantitative wells (1 x each species) determining whether the inoculum is ≥104 

CCU/mL. The antibiogram consists of doxycycline (4µg/mL & 8µg/mL), josamycin (2µg/mL & 

8µg/mL), ofloxacin (1µg/mL & 4µg/mL), erythromycin (1µg/mL & 4µg/mL), tetracycline (4µg/mL & 

8µg/mL), ciprofloxacin (1µg/mL & 2µg/mL), azithromycin (0.12µg/mL & 4µg/mL), clarithromycin 
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(1µg/mL & 4µg/mL) and pristinamycin (2µg/mL). Again, many publications have utilised the 

Mycoplasma IST2 for both detection, enumeration and resistance reporting.309,323–326 However, with 

regards to the sensitivity and specificity of the assay, only one study comparing the IST2 with real-

time qPCR is available. The IST2 was compared against the Seeplex and the Anyplex 2 PCR assays, 

897 samples were processed for the detection of Ureaplasma spp. and M. hominis, sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV) were determined. For 

Ureaplasma spp. these were determined to be 44.9%, 87.9%, 29.0% and 93.5%, respectively. For M. 

hominis, these values were calculated  as 44.7%, 99.6%, 87.5% and 97.0%, respectively.327  

From this review there are a few consistencies between the commercially available assays; 

utilisation of a yellow-cerise red colour changing specific growth media; incubation of the assay at 

37oC for 24-48hours. However, much like the previously described AST for these organisms prior to 

the publication of the CLSI guidelines, there are still many inconsistencies. For example, the 

quantitative wells differ hugely between kits and interpreting them is seemingly unclear. The 

Mycoplasma IST2 quantitation well indicates when the inoculum is ≥104 CCU/mL (the minimum 

concentration stipulated by CLSI) but does not indicate if the inoculum exceeds the CLSI limit of >105 

CCU/mL, meaning the inoculum could far exceed that which is required for CLSI compliant AST. It has 

been well documented that inocula of >105 CCU/mL consistently produces false-positives in the AST 

of Ureaplasma spp. by simply overwhelming the small amount of antibiotic present.328 Furthermore, 

many of the antibiograms do not differentiate between Ureaplasma spp. and M. hominis in mixed 

cultures. As described previously, M. hominis has an intrinsic resistance to 14- and 15-membered 

ring macrolides, such as erythromycin. This can lead to reporting falsely inflated levels of macrolide-

resistant Ureaplasma spp. within samples of concomitant Ureaplasma spp. and M. hominis, as the 

investigators do not purify the culture and confirm the resistance through CLSI compliant AST.323 

Consequently, this leads to huge variability in the resistance rates reported within the same country. 

Macrolide resistance, erythromycin particularly, was reported at 54% for Ureaplasma spp. obtained 

from 1951 patients in Xiangya, China.323 A figure that is dramatically undermined by resistance rates 
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reported for Ureaplasma spp. by Song et al. and Ye et al., whom examined 1513 and 15,594 patients 

800km away in Hangzhou, with respective erythromycin resistance of 11% and 1%.308,309 Finally, and 

ultimately the most important inconsistency between commercial urogenital mycoplasma assays, is 

the utilisation of breakpoint concentrations of antibiotic that differ from those published within the 

CLSI AST guidelines for human mycoplasmas.320 The Mycoplasma IST2 for instance, and the 

Mycoplasma system plus, include erythromycin at concentrations of 1µg/mL and 4µg/mL, whereas 

the CLSI guidelines stipulate ≥16µg/mL as a resistant breakpoint. Again, this could potentially lead to 

the over-reporting of macrolide resistance among Ureaplasmas. On the contrary, the IST2 

incorporates tetracycline at concentrations of 4µg/mL and 8µg/mL, which, though appropriate 

concentrations for determining M. hominis is not compliant with CLSI guidelines for determining 

tetracycline resistance in Ureaplasma spp. Though this could, in theory, lead to the under-reporting 

of tetracycline resistance among Ureaplasmas, Tet(M)-mediated resistance typically leads to MIC 

values of ≥32µg/mL. However, there are several documented cases of tet(M) positive mycoplasmas 

that are phenotypically susceptible to concentrations of antibiotic lower than that used to determine 

tetracycline resistance, yet culture in sub-inhibitory concentrations of tetracycline induces resistance 

in these organisms.168  
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1.7.1 MYCO WELL D-ONE: a CLSI-compliant alternative  
 

In response to many of the issues highlighted in the review of commercially available assays for the 

detection of genital mycoplasmas, CPM SAS (Rome, Italy) developed the MYCO WELL D-ONE. It is the 

first commercially available assay that offers CLSI compliant antibiotic breakpoints for the screening 

of both Ureaplasma spp. and M. hominis on a single assay. Furthermore, unlike the previously 

described kits, whereby the antibiogram is shared between both species, the MYCO WELL D-ONE has 

a dedicated antibiogram for both Ureaplasma spp. and for M. hominis. Alongside this, it also 

contains a semi-quantitative well for the partial enumeration of Ureaplasma spp. to ensure the 

inoculum tested is of the correct concentration to permit an accurate AST. An overview of the assay 

is displayed. 

 

 

 

 

 

 

 

 

 

Figure 1.10 A graphic representation of the MYCO WELL D-ONE assay plate. The top four wells on the right-hand side are 

for the identification and load estimation of Ureaplasma spp. The Ureaplasma antibiogram has 2 x wells for each antibiotic 

to determine intermediate and resistant isolates; levofloxacin 2 & 4µg/mL, moxifloxacin 2 & 4µg/mL, tetracycline 1 & 

2µg/mL and erythromycin 8 & 16µg/mL. The 3 x ID wells at the top right are used to confirm the presence/absence of M. 

hominis infection. The M. hominis Ureaplasma antibiogram has 2 x wells for each antibiotic to determine intermediate and 

resistant isolates; levofloxacin 1 & 2µg/mL, moxifloxacin 0.25 & 0.5µg/mL, tetracycline 4 & 8µg/mL and clindamycin 0.25 & 

0.5µg/mL. Growth controls for both Ureaplasma spp. and M. hominis are present at the bottom corner of the antibiogram. 

The remaining wells are for the identification of Candida spp. (3 x CAN wells), G. vaginalis (2 x Gv) and T. vaginalis (1 x Tv 

well) 
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1.8 Aims  
 

The aims of the study were as follows:  

• To determine the sensitivity, specificity, PPV, NPV and accuracy of the MYCO WELL D-ONE 

when compared with the ‘gold-standard’ detection methodology: real-time qPCR 

methodology. 

• To assess the accuracy of the breakpoint antimicrobial susceptibility testing offered by the 

MYCO WELL D-ONE for both Ureaplasma spp. and M. hominis against a CLSI compliant AST.  

• Utilise whole genome sequencing to determine the underlying mechanisms mediating 

resistance in confirmed resistant isolates.  

• Calculate the prevalence rates of Ureaplasma spp. and M. hominis for the population of 

GUM clinic attendees throughout the Valleys convergence area.  

• Assess the species composition of Ureaplasma spp. colonisation among GUM clinic 

attendees throughout the South Wales Valleys convergence area.  
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2 Materials and Methods 
 

A schematic/flow-diagram outlining the steps following sample collection is displayed in figure 2.2.   

2.5 Patient Recruitment and Sample Collection  
 

Ethics for the recruitment of individuals undergoing routine sexual health screenings at walk-in and 

appointment sexual health clinics within Cwm Taf University Health Board were obtained as ethics 

numbers: sample collection under IRAS 230693 “MYCO WELL D-ONE: A new rapid test to detect 

Ureaplasma and Mycoplasma in clinical samples” and correlation of patient data to Mollicutes 

results under IRAS 253889 “Do genitourinary Mycoplasma species cause disease. Informed consent 

was obtained from patients for the analysis of the urine and/or swab (endocervical or endourethral) 

sample they provided as part of their screening, by the methods described herein. A total of 983 

samples were collected from 856 patients; 526 female patients, 122 of which provided both urine 

and endocervical swabs; 335 males, 5 of which provided both urine and endourethral swabs.  

2.6 Sample Processing  
 

Upon receipt of a sample, they were processed as follows:   

Urine: Samples were required to have a minimum volume of approximately 2.5ml, those which did 

not were excluded from the study and not recorded. Following the receipt of an appropriate sample, 

200µl of urine was inoculated into 10ml of sterile saline solution (included in CPM SAS kit) for both 

MYCO WELL D-ONE and culture titration inoculation. 2ml of the urine sample was transferred to a 

2ml centrifuge tube and appropriately labelled using an indelible marker, for later DNA extraction. 

Samples were anonymised using a prefix, dependant on hospital and patient gender: DF/DM (Dewi 

Sant Female/Male), KF/KM (Keir Hardie Female/Male), YF/YM (Yysbyty Cwm Cynon Female/Male), 

followed by a sequential sample number i.e DF001, DF002 etc.  All plates, tubes and assays used this 

unified anonymization system and the research nurses (who consented the patients) kept a log of 
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the research numbers relative to the sexual health file number for post-study analysis (IRAS ethics 

253889). 

Swab: Upon receipt of an endocervical or endourethral swab direct inoculation into 10ml sterile 

saline solution was performed. 2ml of inoculated sterile saline was transferred into a sterile 2ml 

centrifuge tube and labelled with research anonymization code as described above.  
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Figure 2.2 A schematic outlining the process steps involved in the analysis of a sample from the point at which it is collected. 
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2.7 MYCO WELL D-ONE  
 

150µl of inoculated sterile saline was pipetted into each of the 32 wells on the plate. 2 drops of 

paraffin oil were applied to the Mycoplasma and Ureaplasma wells to generate an anaerobic 

environment within each well. Inoculated assays were labelled with sample number, date and time 

of saline addition. Samples were incubated at 37oC, in a humidified tissue incubator at ambient CO2, 

and read at various intervals up to 72 hours post-incubation.  

2.8 Broth Culture Titration (comparative gold standard culture 

method) 
 

Culture titration plates were set up as follows, using 96-well flat-bottomed microtitre plates: 90μl of 

Ureaplasma specific medium (USM) purchased from Mycoplasma Experience Ltd. (Surrey, United 

Kingdom) was pipetted into wells 1A–1H, 4A–4H, 7A–7H and 10A–10H; 90μl of M. hominis specific 

medium (MHSM), kindly supplied by CPM SAS (Rome, Italy), was pipetted into wells 2A–2H, 5A–5H, 

8A–8H, 11A–11H. Thus, allowing four separate samples to be processed on one prepared 96-well 

microtitre plate. Samples were processed by pipetting 10μl of sample-inoculated sterile saline into 

well A of 90μl of USM, a further 10μl of inoculated sterile saline was pipetted into well A of 90 μl of 

MHSM. Subsequently, each initial 1:10 inoculum of sample-USM/MHSM in well 1, is serially diluted 

(1:10 dilution) to a final 10-7dilution, wells A–G. Well H remained uninoculated and acted as a 

negative control. Following the processing of four samples on one 96-well plate, the plate was 

sealed with adhesive sealing tape (Elkay: Basingstoke, United Kingdom), and were incubated at 37oC, 

in a humidified tissue incubator at ambient CO2, and read at various intervals up to 72 hours post-

incubation. 
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2.8.1 Undiluted Urine Culture – Inoculation of USM 
 

Alongside the culture titration methodology 20μl of undiluted urine was pipetted into 180μl and 

incubated at 37oC, in a humidified tissue incubator at ambient CO2, and read at various intervals up 

to 72 hours post-incubation. This was to avoid false negatives from low titre samples as 10 

microlitres of 1:500 diluted urine in sterile saline was 15-fold less than the amount inoculated into 

the MYCO WELL D-ONE. 

2.8.2 US1 Agar 
 

5μl of inoculated sterile saline solution was pipetted directly onto the surface of US1 agar 

(Mycoplasma Experience) and incubated at 37oC, in a humidified tissue incubator at ambient CO2, 

and read at various intervals up to 72 hours post-incubation. Positives were determined through the 

presence of a classic ‘fried-egg’ morphology under light microscopy for M. hominis, and red pH 

colour change in the media with tiny ureaplasma colonies. 

2.9 Preparation of Antibiotic Testing Media  

2.9.1 Antibiotic Stocks  
 

Antibiotics were purchased from Sigma-Aldrich (Dorset, UK) and reconstituted into the 

concentrations displayed in Table 2.1—based on the CLSI published guidelines.320 Erythromycin was 

supplied as a 1mg/ml stock solution in water. Josamycin was prepared as a 1mg/ml stock solution in 

water. Moxifloxacin hydrochloride was prepared as a 1mg/ml stock solution in water. Tetracycline 

hydrochloride was prepared as 1mg/ml solution in water. Levofloxacin hydrochloride was prepared 

as a 1mg/ml solution in water. Clindamycin was prepared as a 1mg/ml solution in water. Working 

stocks were then prepared for use with USM/MHSM and added to the growth media to result in the 

concentrations listed overleaf.  
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Antibiotic  Solvent  Stock 

Concentration  

USM 

Concentration  

MHSM 

Concentration  

Erythromycin  Water 1mg/ml 16µg/ml N/A 

Josamycin Water 1mg/ml 8µg/ml 8µg/ml 

Moxifloxacin  Water 1mg/ml 4µg/ml 2µg/ml 

Levofloxacin Water 1mg/ml 4µg/ml 2µg/ml 

Tetracycline Water 1mg/ml 2µg/ml 4µg/ml 

Clindamycin Water 1mg/ml N/A 0.5µg/ml 

 

Table 2.1 Table detailing the antibiotics used to screen for both Ureaplasma spp. and M. hominis isolates for resistance. 

Concentrations shown for both stock and concentrations of USM and MHSM supplemented with antibiotic.  
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2.10 Break Point Screening of Isolates  
 

Analysis of putative resistant isolates was conducted in accordance with a previously published 

methodology for breakpoint analysis for Ureaplasma spp.328 The method was modified to include 

additional antibiotics, alongside utilising MHSM for the breakpoint screening of M. hominis isolates. 

Isolates were screened against the CLSI guideline concentrations of antibiotic. Isolates were only 

screened against antibiotics if they had shown putative resistance to that antibiotic on the MYCO 

WELL D-ONE assay.  

In a 96-well flat-bottomed plate, 180µl of antibiotic supplemented USM/MHSM (at CLSI compliant 

concentration) is pipetted across the 8 well row (A1-H1). If the isolate is subject to testing against 

more than one antibiotic, additional antibiotic supplemented USM/MHSM, at the required 

concentration, is pipetted into the subsequent rows e.g A2-H2, A3-H3 and so on. One row contains 

one antibiotic. An additional row, directly beneath the last antibiotic to be tested, contained an 

antibiotic free 180µl of USM/MHSM (figure 2.1) as a growth control. Multiple isolates were screened 

on one plate for direct comparison, the number examined was dependent on the number of 

antibiotics the isolates needed to be confirmed against from MYCO WELL D-ONE screening results. 

Upon completion of the plate set-up 20µl of Ureaplasma or M. hominis culture was added to wells in 

the A row, containing 180µl USM/MHSM for all antibiotics the isolate was to be screened against, 

plus the antibiotic free well. Subsequently, serial 10-fold dilutions are performed for each row. No 

positive control for resistant strains were used as no characterised strains were available. Isolates 

that produced a positive colour change in antibiotic wells which corresponded to 104 CCU in the 

antibiotic-free positive control row were subjected to further investigation. Those isolates that did 

not grow in an antibiotic well corresponding to 104 CCU were determined to be not resistant (false 

MYCO WELL D-ONE resistance result) to the antibiotic. Antibiotic resistant strains were subject to 

whole genome sequencing to determine the underlying mechanisms, which conferred their 

resistance.   
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Figure 2.1 Image outlining the screening of multiple Ureaplasma spp. isolates against different antibiotics. An isolate, of 
unknown concentration is cultured in USM, before being titrated across the wells containing antibiotic-supplemented USM 
or USM as a control, as indicated by the arrows. Growth, indicated by a colour-change, in an antibiotic-supplemented well 
coupled with a CLSI compliant organism concentration (determined by serial dilution) is indicative of antibiotic resistance.  
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2.11 DNA Extraction  

2.11.1 Sample Processing  
 

The 2ml urine sample or 2ml swab-inoculated saline sample taken from each patient was pelleted 

through centrifugation at 20,000g for 20 minutes. Following centrifugation, the supernatant was 

discarded, and the generated pellet is subjected to a further wash step. The wash step consisted of 

the addition of 1ml urine-inoculated saline or 1ml swab-inoculated saline (dependant on sample 

type) left over from the MYCO WELL D-ONE preparation to the generated pellet. Followed by a 

further spin of 20,000g for 20 minutes, supernatant was removed and discarded. Labelled tubes 

containing these pellets were transferred from clinical site to -80oC until DNA extraction by QiaCube 

at the earliest convenience. 

2.11.2 QIAcube DNA Extraction 
 

DNA was extracted from the pellet derived from urine and swab samples using the Qiagen 

(Manchester, United Kingdom) QIAamp extraction kit. The extraction method was automated 

utilising the QIAcube (Qiagen; Manchester, United Kingdom), a robotic DNA extraction system set to 

standard program for Gram-negative organisms from pellet and elution in 100 microlitres of sterile 

water. In brief, the methodology is a lyse-bind-wash-elute extraction process for the elution of high-

quality genomic DNA. The sample is initially lysed in a proprietary lysing buffer alongside 20mg/mL 

proteinase K. Following lysis incubation at 56oC followed by a brief RNAase (20 mg/ml) addition and 

incubation, the robot transfers the solution into a QIAamp spin column, whereby the DNA binds to 

the silica membrane of the column. A subsequent 2-stage wash removes contaminants and 

inhibitors, before eluting the DNA into 100µl of molecular grade H2O. Extracted DNA samples were 

transferred immediately following extraction and stored at -80oC until qPCR analysis. 
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2.12 Multiplex qPCR 

2.12.1 Real-Time qPCR Assay  
 

The BioRad Laboratories (Watford, UK) CFX96 Touch Real-Time PCR thermocycler slaved to a 

Microsoft computer running Maestro software was used to run the assays.  SsoAdvanced Universal 

Probes Supermix for hydrolysis probes (BioRad Laboratories) and 96-well plates and optical clear 

adhesive seals (BioRad Laboratories) were used. Ten microliters of 2x mastermix, made up to fifteen 

microliters with the addition of 2 microliters of molecular water and 1 microliter of each of the 

following specific fluorescent probe and primers: (0.25 pmol/µL Ureaplasma parvum forward 

primer, 0.25 pmol/µL Ureaplasma parvum reverse primer, 0.01 pmol/µl Ureaplasma parvum probe; 

0.25 pmol/µL Ureaplasma urealyticum forward primer, 0.25 pmol/µL Ureaplasma urealyticum 

reverse primer, 0.01 pmol/µl Ureaplasma urealyticum probe; 0.25 pmol/µL Mycoplasma hominis 

forward primer, 0.25 pmol/µL Mycoplasma hominis reverse primer, 0.01 pmol/µl Mycoplasma 

hominis probe) and molecular grade H2O were added to each well, along with 5 microlitres of sample 

to be analysed – total reaction volume: 25µL.  Genomic copy equivalents were determined against a 

6-point standard curve (106-101 copies) of diluted plasmid containing concatamers of the primer and 

probe targets separated by 30 bp intervening sequences (synthesized by GenScript) and measured 

by Life Technologies Qubit fluorometer DNA quantification system.  Primers and Taqman hydrolysis 

probes for Ureaplasma parvum and Ureaplasma urealyticum were previously clinically validated329 

as were primers and Taqman hydrolysis probes for Mycoplasma hominis.314 Biorad CFX96 cycling 

conditions were as follows: initial activation and denaturation 95oC for 5 minutes, next 45 cycles of 

95oC for 15 seconds and 60oC for 15 seconds. Readings were acquired in between cycles on channels 

Green, Yellow, Red and Crimson. Data was analysed on Biorad CFX Maestro software. Presence of 

amplification inhibitors were assessed using Qiagen Quantinova as per manufacturer’s instructions.  
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Target Name Sequence (5’-3’) Length 
(bp) 

G+C 
(%)* 

Tm 
(°C)* 

Amplicon 
size (bp) 

U. parvum UUP_FP AAGGTCAAGGTATGGAAGATCCAA 24 41.7 59.3 90 

 UUP_RP TTCCTGTTGCCCCTCAGTCT 20 55.0 59.4 

 UP_HP (FAM)-TCCACAAGCTCCAGCAGCAATTTG-(BHQ1) 24 50.0 62.7 

U. 
urealyticum 

UUP_FP AAGGTCAAGGTATGGAAGATCCAA 24 41.7 59.3 90 

 UUP_RP TTCCTGTTGCCCCTCAGTCT 20 55.0 59.4 

 UU_HP (HEX)-ACCACAAGCACCTGCTACGATTTGTTC-(BHQ1) 27 48.1 65 

M. hominis MH_FP TCACTAAACCGGGTATTTTCTAACAA 26 34.6 58.5 94 

 MH_RP TTGGCATATATTGCGATAGTGCTT 24 37.5 57.6 

 MH_HP (ROX)-CTACCAATAATTTTAATATCTGTCGGTATG-(BHQ2) 30 30.0 59.9 

* Calculated using EurofinMWG oligonucleotide quality tool  
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2.13 Whole Genome Sequencing  
 

All samples that proved to be truly resistant to antibiotics were sub-cultured to concentrations 

suitable for whole genome sequencing.  Cultures were pelleted in 2mL centrifuge tubes and DNA 

extracted using an automated Qiacube using Qiagen reagents for Gram-negative protocol described 

above.  Following extraction of DNA, Qubit 3.0 (Life Technologies) fluorometric analysis verified a 

sequenceable amount of DNA (1-8 ng/microliter) had been generated. Extractions were kindly 

sequenced by Edward Portal and assembled by Dr. Kirsty Sands, both members of our Department 

of Medical Microbiology. Briefly, whole genome sequencing was performed using a Nextera XT 

library preparation and sequenced with a V3 chemistry on an Illumina MiSeq platform. Cardiff 

University have a HPC cluster system and access to CLIMB to allow high throughput whole genome 

assembly & analysis. The bioinformatics pipeline is comprised of 3 main areas; (1) QC pipeline to 

validate & trim the raw sequence reads: FastQC and Trimgalore (for quality control of raw sequence 

reads); (2) whole genome assembly and mapping: Flash (merge paired-end reads; reduces contig 

miss-assembly), SPAdes (generates single-cell assemblies), BWA (maps low-divergent sequences to 

reference genome), pilon (improvement of draft assemblies and detect inter-strain variation) and 

quast (genome assembly evaluation); (3) Whole genome annotation and profiling of genetic 

determinants using a combination of available software (using both fastq and de novo assembled 

reads): prokka (annotation of prokaryotic genomes), NCBI BLAST (aligns and determines regions of 

similarity to previously published genomes), kmerfinder (bacterial identification in whole genome 

sequence data), CARD (AMR gene detection), srst2 (reports sequence types from MLST database), 

and VFDB (virulence factor identification). Assembled contigs were further analysed utilising 

Geneious sequence analysis software (BioMatters ltd. New Zealand) and aligned and assessed 

against reference sequences for the identification of mobile genetic elements or point mutations.  
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3 Results  

3.1 Patient Recruitment  
 

A total of 983 samples were collected from 856 patients; 526 female patients, 122 of which provided 

both urine and endocervical swabs; 335 males, 5 of which provided both urine and endourethral 

swabs.  

3.2 MYCO WELL D-ONE  
 

The multiplex qPCR developed and used by Public Health England (PHE) for the detection of 

Ureaplasma spp. and M. hominis infections was utilised as the ‘gold standard’ reference 

methodology to determine the sensitivity and specificity of the MYCO WELL D-ONE assay, in 

detecting these organisms (Table 3.1 and 3.2). For the detection of Ureaplasma spp., overall (983 

samples), a total of 413 true positive samples, 515 true negative samples, 19 false positive samples 

and 26 false negative samples were identified, when comparing MYCO WELL D-ONE data with that 

of qPCR. Utilising these data, the sensitivity and specificity for the detection of Ureaplasma infection 

for the MYCO WELL D-ONE is calculated to be 91.98% and 96.44%, respectively. The positive 

predictive value (PPV) and negative predictive value (NPV) of the MYCO WELL D-ONE to determine 

Ureaplasma infection was 95.6% and 93.47%, respectively, with an accuracy of 94.4%. 

This specificity and sensitivity data can be further sub-categorised, by both sample type and gender. 

For instance, swab samples (297 total samples) across both male and females displayed a sensitivity 

and specificity of 92.05% and 93.39% for Ureaplasma spp. detection, respectively. The PPV and NPV 

for swab samples overall, was respectively calculated as 98.29% and 88.98%. Whereas for 

Ureaplasma detection in urine samples (686 total samples), sensitivity and specificity were 

calculated to be 91.94% and 99.27%, respectively. The MYCO WELL D-ONE has a PPV and NPV of 

98.82% and 94.91%, respectively, for the detection of Ureaplasma infections in urine samples. 

Analysis of MYCO WELL D-ONE results for female patients (648 samples), against the qPCR results for 
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their respective DNA sample, revealed a sensitivity, specificity, PPV and NPV of 93.14%, 93.31%, 

95.15% and 90.61%, respectively, for Ureaplasma infections. Whereas for male patients, sensitivity, 

specificity, PPV and NPV were calculated to be 85.71%, 99.62%, 98.36% and 96.35%, respectively, for 

Ureaplasma infections.  

For the detection of M. hominis overall (983 samples), a total of 97 true positive samples, 849 true 

negative samples, 10 false positive samples and 27 false negative samples were identified, when 

comparing MYCO WELL D-ONE data with that of qPCR. Utilising these data, the sensitivity and 

specificity for the detection of M. hominis infection for the MYCO WELL D-ONE is calculated to be 

78.23% and 98.84%, respectively. The positive predictive value (PPV) and negative predictive value 

(NPV) of the MYCO WELL D-ONE to determine M. hominis infection was 90.65% and 96.92%, 

respectively, with an accuracy of 96.24% (Table 3.2).  

For clarification: 

• Sensitivity: probability that a test result will be positive when the organism is present (true 

positive rate); true positives divided by the sum of true positives and false negatives.  

• Specificity: probability that a test result will be negative when the organism is not present 

(true negative rate); true negatives divided by the sum of true negatives and false positives. 

• Positive Predictive Value (PPV): probability that disease is present when the test is positive; 

true positives divided by the sum of true positives and false positives.  

• Negative Predictive Value (NPV): probability that disease is not present when the test is 

negative; true negatives divided by the sum of true negatives and false negatives.  
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Table 3.1 A table displaying the sensitivity, specificity, positive predictive value, negative predictive value and accuracy for 

the MYCO WELL D-ONE, utilising PHE’s qPCR as the gold-standard, for the detection of Ureplasma spp. infection across 

sample types and sexes. The MYWO WELL D-ONE was most sensitive for the detection of Ureaplasma spp. infections in 

females and swab samples. Specificity and accuracy were highest for male and urine samples.  

 

Table 3.2 A table displaying the sensitivity, specificity, positive predictive value, negative predictive value and accuracy for 

the MYCO WELL D-ONE, utilising PHE’s qPCR as the gold-standard, for the detection of M. hominis infection across sample 

types and sexes. The MYWO WELL D-ONE was most sensitive for the detection of Ureaplasma spp. infections in male 

samples. Specificity and accuracy were highest for male and urine samples. 

 

  

 
Total 

Sample 
Number 

Sensitivity  Specificity  Positive 
Predictive 

Value  

Negative 
Predictive 

Value  

Accuracy  

Overall  983 91.98% 96.44% 95.60% 93.47% 94.40% 

Swab 297 92.05% 93.39% 98.29% 88.98% 92.59% 

Urine  686 91.94% 99.27% 98.82% 94.91% 96.36% 

Male  335 85.71% 99.62% 98.36% 96.35% 96.72%  

Female  648 93.14% 93.31% 95.15% 90.61% 93.21% 

 
Total 

Sample 
Number 

Sensitivity  Specificity  Positive 
Predictive 

Value  

Negative 
Predictive 

Value  

Accuracy  

Overall  983 78.23% 98.84% 90.65% 96.92% 96.24% 

Swab 297 78.57% 97.93% 89.80% 95.16% 94.28% 

Urine  686 77.46% 99.35% 93.22% 97.45% 97.09% 

Male  335 92.86% 99.69% 92.86% 99.69% 99.40% 

Female  648 76.36% 98.33% 90.32%  95.32% 94.60%  
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3.3 Accuracy of MYCO WELL D-ONE Semi-Quantitative 

Ureaplasma spp. wells  
` 

MYCO WELL D-ONE semi-quantitative wells provide an estimation of the concentration of the 

inoculum transferred into the plate wells. A positive Ureaplasma spp. identification is accompanied 

by a concentration of either 104 or ≥105. The accuracy of these wells was determined against the 

culture titration methodology, that serially diluted the inoculum to provide an accurate 

determination of the ureaplasmal concentration of swab/urine inoculated sterile saline. Overall, 424 

samples were culture positive in both MYCO WELL D-ONE and culture titration, permitting a direct 

comparison of inoculum quantitation. Against the concentrations calculated through the culture 

titration methodology for each sample, the MYCO WELL D-ONE results agreed with the culture 

titration results in only 43.6% of cases. Out of 424 samples the MYCO WELL D-ONE accurately 

determined the concentration to be ≤104 CCU/mL in 17.9% of cases (76/424), it correctly determined 

the concentration to be ≥105 CCU/mL in 23.6% of cases (109/424). Conversely, the MYCO WELL D-

ONE inaccurately determined the inoculum concentration to be ≥105 CCU/mL, when it was 

determined to be ≤104 CCU/mL by culture titration, in 55.9% of cases (237/424). Alongside 

inaccurately determining the inoculum concentration to be ≤104 CCU/mL, when it was determined 

to be ≥105 CCU/mL by culture titration in 0.9% of cases (2/424). Additionally, the accuracy of the 

MYCO WELL D-ONE semi-quantitative well was determined for the following sub-categories: female 

patients, male patients, urine samples and swab samples. The MYCO WELL D-ONE was most 

accurate in determining the concentration of saline inoculated with swab samples, with an 

agreeability of 62.9%, with culture titration. For urine samples, the rapid assay was least accurate in 

estimating the inoculum titre, correctly determining the concentration in only 30.7% of samples. The 

remaining 69.3% of incorrectly determined titres were over-estimations, providing a ≥105 CCU/mL 

value for sample determined to be ≤104 CCU/mL by culture titration.  
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OVERALL Culture Titration  

MYCO WELL ≤104 ≥105 

104 76 2 

≥105 237 109 

SWAB Culture Titration  

MYCO WELL ≤104 ≥105 

104 13 2 

≥105 61 94 

FEMALE  Culture Titration  

MYCO WELL ≤104 ≥105 

104 55 2 

≥105 198 108 

MALE Culture Titration  

MYCO WELL ≤104 ≥105 

104 21 0 

≥105 39 1 

URINE Culture Titration  

MYCO WELL ≤104 ≥105 

104 63 0 

≥105 176 15 

Key   

 Agreement 

 Over reported 

 Under reported 

Table 3.3 displaying the overall agreement between 

USM culture titration and MYCO WELL D-ONE in 

determining the Ureaplasma spp. concentration of 

both swab- and urine-inoculated saline samples. The 

overall accuracy for the MYCO WELL D-ONE was 

43.63%.  

Table 3.4 displaying the agreement between USM 

culture titration and MYCO WELL D-ONE in 

determining the Ureaplasma spp. concentration of 

both swab--inoculated saline samples. The overall 

accuracy for the MYCO WELL D-ONE was 62.94%. 

Table 3.5 displaying the overall agreement between 

USM culture titration and MYCO WELL D-ONE in 

determining the Ureaplasma spp. concentration of 

female positive samples. The overall accuracy for 

the MYCO WELL D-ONE was 44.09%.  

 

Table 3.6 displaying the overall agreement between 

USM culture titration and MYCO WELL D-ONE in 

determining the Ureaplasma spp. concentration of 

male positive samples. The overall accuracy for the 

MYCO WELL D-ONE was 36.07%.  

Table 3.7 displaying the overall agreement between 

USM culture titration and MYCO WELL D-ONE in 

determining the Ureaplasma spp. concentration of 

urine positive samples. The overall accuracy for the 

MYCO WELL D-ONE was 30.71%.  
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3.4 MYCO WELL D-ONE Detection Time  
 

The detection time of the MYCO WELL D-ONE, alongside the culture titration methodology, was also 

recorded following incubation. Plates were inoculated immediately following receipt of the sample 

at the Hospital in which they were collected: Dewi Sant, Keir Hardie or Ysbyty Cwm Cynon. Following 

transport to the Heath hospital laboratory, samples were incubated overnight and read at the 

earliest convenience the next day, and periodically over the following days. Every assay was checked 

at each read and if a positive result was noted on either assay the detection time was recorded. For 

the culture titration assay the mean detection time for Ureaplasma spp., in female patient samples, 

was 28.14 hours post-incubation. Whereas for the MYCO WELL D-ONE the mean time to detection 

for Ureaplasma spp. in female patients was 27.57 hours post-incubation. Statistical analysis revealed 

no significant difference between the detection time of both assays (p=0.4265; t-test), for the 

detection of Ureaplasma spp. in female patient samples. The mean detection time for Ureaplasma 

spp. in male patient samples was 34.09 hours for both assays. Statistical analysis revealed no 

significant difference between the detection time of both assays (p=1.00; t-test), for the detection of 

Ureaplasma spp. in male patient samples. Furthermore, the mean detection time for M. hominis in 

female patient samples was 43.26 and 43 hours for the MYCO WELL D-ONE and culture titration 

assay, respectively. Statistical analysis revealed no significant difference between the detection time 

of both assays (p=0.8131; t-test), for the detection of M. hominis in female patient samples. 

Whereas for the detection of M. hominis the mean time to a positive result was 46.54 hours for both 

assays. Statistical analysis revealed no significant difference between the detection time of both 

assays (p=1.00; t-test), for the detection of M. hominis in male patient samples.  
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Figure 3.1 A graph comparing the detection time of the culture titration assay alongside the MYCO WELL D-ONE for 

Ureaplasma-positive female patients. The mean detection time for the culture titration assay was 28.14 hours, whereas 

the mean time to detection for MYCO WELL D-ONE assay was 27.57 hours. There was no significant difference between 

the detection times of the both assay in identifying female patient samples as Ureaplasma-positive.  
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Figure 3.2 A graph comparing the detection time of the culture titration assay alongside the MYCO WELL D-ONE for M. 

hominis-positive female patients. The mean detection time for the culture titration assay was 43.26 hours, whereas the 

mean time to detection for MYCO WELL D-ONE assay was 43 hours. There was no significant difference between the 

detection times of the both assay in identifying female patient samples as M. hominis-positive. 
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Figure 3.3 Graph displaying the mean detection time for Ureaplasma spp. in male patient samples. The mean detection time 

was 34.09 hours for both assays. Statistical analysis revealed no significant difference between the detection time of both 

assays (p=1.00; t-test), for the detection of Ureaplasma spp. in male patient samples 
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Figure 3.4 Graph comparing the mean detection times for the identification of M. hominis-positive males between the 

culture titration and MYCO WELL D-ONE assays. the mean time to a positive result was 46.54 hours for both assays. 

Statistical analysis revealed no significant difference between the detection time of both assays (p=1.00; t-test), for the 

detection of M. hominis in male patient samples.  
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3.5 MYCO WELL D-ONE Antibiotic Susceptibility Testing  
 

All samples displaying a positive result in the highest concentration of antibiotic (resistance 

determining concentration) were screened for antimicrobial resistance utilising the methodology 

outlined in Beeton et al.328  However, the instruction of the MYCO WELL D-ONE assay stipulates that 

if the ≥105 well is positive any positivity in resistance determining wells is invalid and is to be 

confirmed by other means. In total 106 Ureaplasma spp. isolates were pure-cultured through serial 

dilution in specialist media and screened for antibiotic resistance against one or more antibiotic, due 

to positivity displayed in AST wells of the MYCO WELL D-ONE; 69 against erythromycin; 25 against 

josamycin; 30 against tetracycline (supposed doxycycline resistance tested against tetracycline); 32 

against levofloxacin; 23 against moxifloxacin. Of these tested, 94 had a positive ≥105 MYCO WELL D-

ONE well so would not have been classified as truly resistant by the MYCO WELL D-ONE, 

nevertheless they were still screened for possible resistance. The 12 remaining isolates possessed a 

positive 104 well and various combinations of positive resistance wells. Isolates were screened 

against one or more antibiotic; 4 against erythromycin; 2 against josamycin; 2 against tetracycline; 6 

against levofloxacin; 7 against moxifloxacin. Of these 12 isolates determined to be resistant, 2 (1 

levofloxacin-resistant and 1 tetracycline-resistant) were determined to be truly resistant when 

subjected to CLSI compliant AST.  A further 2 resistant isolates (1 levofloxacin-resistant and 1 

tetracycline-resistant) were discovered following screening of isolates that possessed a positive >105 

CCU/mL well, indicating resistance confirmation should be determined by other means. In total 2 

levofloxacin-resistant strains (DF99 and KF86) and 2 tetracycline-resistant strains (DF145 and DF28) 

were identified to be truly resistant, when subjected to CLSI compliant AST testing. These isolates 

were further sub-cultured for whole genome sequencing.  

For M. hominis, 14 isolates were identified as resistant on the MYCO WELL D-ONE assay. These 

isolates were pure cultured and screened against one or more antibiotics; 8 against clindamycin; 4 
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against josamycin; 1 against tetracycline; 2 against levofloxacin; 2 against moxifloxacin. A single M. 

hominis isolate was found to be tetracycline resistant (DF28).  

 

  

372 Patient’s  Ureaplasma spp. 

isolates analysed by MYCO 

WELL D-ONE  

Tetracycline 

Resistant  

2/372 

 

Levofloxacin 

Resistant  

6/372 

Moxifloxacin 

Resistant  

7/372 

Josamycin 

Resistant  

2/372 

Tetracycline 

Resistant  

1/372 

Erythromycin 

Resistant  

0/372 

Erythromycin 

Resistant  

4/372 

Levofloxacin 

Resistant  

1/372 

Moxifloxacin 

Resistant  

0/372 

Josamycin 

Resistant  

0/372 

*p=< 0.0306 *p=< 0.0152 

Resistance determination using CLSI compliant breakpoint AST 

*Fisher’s exact test highlighting significant overreporting of MYCO WELL D-ONE 

12 with resistance & only 104 

CCU/mL well positive 

Figure 3.5 A Chart displaying the AST screening of all putative antibiotic resistant Ureaplasma identified by the MYCO 

WELL D-ONE by a CLSI compliant methodology.  
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100 Patient’s  M. hominis 

isolates analysed by MYCO 

WELL D-ONE  

Tetracycline 

Resistant  

1/100 

 

Levofloxacin 

Resistant  

2/100 

Moxifloxacin 

Resistant  

2/100 

Josamycin 

Resistant  

4/100 

Tetracycline 

Resistant  

1/100 

Clindamycin 

Resistant  

0/100 

Clindamycin 

Resistant  

8/100 

Levofloxacin 

Resistant  

0/100 

Moxifloxacin 

Resistant  

0/100 

Josamycin 

Resistant  

0/100 

*p=< 0.0068 

Resistance determination using CLSI compliant breakpoint AST 

* Fisher’s exact test highlighting significant overreporting of MYCO WELL D-ONE 

14 with positive resistance wells 

Figure 3.6 Chart displaying the AST screening of all putative antibiotic resistant M. hominis identified by the MYCO WELL 

D-ONE by a CLSI compliant methodology. 
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3.5.1 Whole Genome Sequencing  
 

Whole genome sequencing of the isolates determined to be truly resistant through CLSI compliant 

AST, revealing the mobile genetic elements and single nucleotide polymorphisms conferring the 

antibiotic resistance to the isolated organism. Both Ureaplasma spp. isolated determined to be 

levofloxacin resistant possessed amino acid substitution Ser83Leu (serine to leucine substitution) in 

the parC gene of the QRDR. Moreover, the tetracycline resistant Ureaplasma spp. isolated both 

possessed the Tn916 tet(M) mobile genetic element. Likewise, the M. hominis isolate harboured the 

Tn916 tet(M) mobile genetic element, conferring tetracycline resistance.  

 

  

Sample No.  Antibiotic  Breakpoint 

(µg/mL) 

Resistance 

Mechanism 

Species  

DF99 Levofloxacin 4 Ser83Leu mutation U. parvum 

KF86 Levofloxacin 4 Ser83Leu mutation U. parvum 

DF28 Tetracycline 2 Tn916 tet(M) U. parvum 

DF145 Tetracycline  2 Tn916 tet(M) U. parvum 

Table 3.8 Table displaying the Ureaplasma spp. sample/isolate numbers that were identified and confirmed as resistant, 

alongside the mechanism that conferred such resistance, as identified through whole genome sequencing.  
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3.6 Ureaplasma spp. and M. hominis Prevalence  
 

Analysis of the multiplex qPCR data was utilised to determine the prevalence rates of Ureaplasma 

spp. and M. hominis. For females, a total of 526 patients were tested with 301 positives for 

Ureaplasma spp. displaying a prevalence rate of 57.2%. Additionally, out of the 526 female patients, 

86 were positive for M. hominis resulting in a prevalence rate of 16.3%. A total of 329 males were 

tested for the presence of Ureaplasma spp. and M. hominis in their genitourinary tract, 71 male 

patients were positive for Ureaplasma spp. and 14 positives for M. hominis, prevalence rates are 

21.6% and 4.3%, respectively. Female patients had significantly higher prevalence rates of 

Ureaplasma spp. colonisation, when compared to males (p=< 0.0001; Fisher’s exact test). Similarly, 

female patients had significantly higher rates of M. hominis colonisation (p=0.0081).  
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 Figure 3.7 Graph displaying Ureaplasma spp. prevalence for both female and male patients. Female patients 

had a prevalence rate of 57.2%, with males being Ureaplasma-positive in 21.6% of cases. Females possessed 

significantly higher prevalence rates than males (p=<0.0001; Fisher’s exact test). 

 

Figure 3.1 Graph displaying Ureaplasma spp. prevalence for both female and male patients. Female patients 

had a prevalence rate of 57.2%, with males being Ureaplasma-positive in 21.6% of cases. Females possessed 

significantly higher prevalence rates than males (p=<0.0001; Fisher’s exact test). 

 

Figure 3.1 Graph displaying Ureaplasma spp. prevalence for both female and male patients. Female patients 

had a prevalence rate of 57.2%, with males being Ureaplasma-positive in 21.6% of cases. Females possessed 

significantly higher prevalence rates than males (p=<0.0001; Fisher’s exact test). 
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Figure 3.8 Graph displaying M. hominis prevalence for both female and male patients. Female patients had a 

prevalence rate of 16.3, with males being M. hominis-positive in 4.3% of cases. Females possessed significantly higher 

prevalence rates than males (p=<0.0081; Fisher’s exact test). 

 

 

Figure 3.2 Graph displaying M. hominis prevalence for both female and male patients. Female patients had a 

prevalence rate of 16.3, with males being M. hominis-positive in 4.3% of cases. Females possessed significantly higher 

prevalence rates than males (p=<0.0081; Fisher’s exact test). 

 

 

Figure 3.2 Graph displaying M. hominis prevalence for both female and male patients. Female patients had a 

prevalence rate of 16.3, with males being M. hominis-positive in 4.3% of cases. Females possessed significantly higher 

prevalence rates than males (p=<0.0081; Fisher’s exact test). 

 

 

Figure 3.2 Graph displaying M. hominis prevalence for both female and male patients. Female patients had a 

prevalence rate of 16.3, with males being M. hominis-positive in 4.3% of cases. Females possessed significantly higher 

prevalence rates than males (p=<0.0081; Fisher’s exact test). 

 

 

Figure 3.2 Graph displaying M. hominis prevalence for both female and male patients. Female patients had a 

prevalence rate of 16.3, with males being M. hominis-positive in 4.3% of cases. Females possessed significantly higher 

prevalence rates than males (p=<0.0081; Fisher’s exact test). 



Daniel John Morris  Chapter 3: Results  
 

97 
 

 

3.7 Concomitant Ureaplasma spp. and M. hominis  
 

Of the 86 females positive for M. hominis, 91.9% (79/86) patients were also positive for Ureaplasma 

spp. colonisation, the remaining 8.1% (7/86) patients were positive only for M. hominis. For males, 

of the 14 patients positive for M. hominis, 71.4% (10/14) were also positive for Ureaplasma spp., 

whereas the remaining 28.6% were only positive for M. hominis. Females had significantly higher 

rates of concomitant M. hominis and Ureaplasma spp. infection (p=0.0454; Fisher’s exact test).  

 

 

 

 

 

 

 

 

 

 

 

 

 

To further sub-categorise the concomitance rates of M. hominis and Ureaplasma spp., the type of 

Ureaplasma infection that was present alongside M. hominis infection was also determined. Overall, 

out of the 89 concomitant M. hominis- and Ureaplasma-positive patients, 60.7% (54/89) were 

positive for M. hominis and U. parvum, 21.3% (19/89) were positive for M. hominis and U. 

urealyticum, and 18% (16/89) were positive for M. hominis, U. parvum and U. urealyticum. 

Furthermore, female concomitance was comprised of 63.3% (50/79) M. hominis and U. parvum, 
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Figure 3.9 Graph displaying concomitant M. hominis and Ureaplasma spp. infection, alongside M. hominis 

monoinfections, as a % of total M. hominis-positive for both male and female patients. 91.9% of females positive 

for M. hominis were also positive for Ureaplasma spp., compared with only 71.4% of males. Females had 

significantly higher rates of concomitant M. hominis and Ureaplasma spp. infection (p=0.0454; Fisher’s exact 

test). 
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17.7% (14/79) M. hominis and U. urealyticum, and 19% (16/79) M. hominis, U. parvum and U. 

urealyticum. Whereas, male concomitance M.hominis-Ureaplasma spp. was composed of 40% (4/10) 

M. hominis and U. parvum, 50% (5/10) M. hominis and U. urealyticum, and 10% (1/10) M. hominis, 

U. parvum and U. urealyticum. Furthermore, a Fisher’s exact test analysis of the number of M. 

hominis only, M. hominis and U. parvum, M. hominis and U. urealyticum and M. hominis, U. parvum 

and U. urealyticum infections, revealed a statistically significant distribution in the composition of M. 

hominis infection type between sexes (p=0.0212; Fisher’s exact test).  
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Figure 3.10 Graph displaying concomitant M. hominis and Ureaplasma spp. comprised of infection type. For females 

the most prevalent concomitant infection was M. hominis and U. parvum, accounting for 63.3% of total concomitant 

M. hominis-Ureaplasma spp. infections. Followed by 17.7 % M. hominis and U. urealyticum infections, alongside 19% 

M. hominis, U. parvum and U. urealyticum infections. For male concomitant infections, M. hominis and U. urealyticum 

infections were most common, at 50%. Furthermore, 40% of male concomitant infections were M. hominis and U. 

parvum and 10% M. hominis, U. parvum and U. urealyticum. a Fisher’s exact test analysis revealed a statistically 

significant distribution in the composition of M. hominis infection type between sexes (p=0.0212). 
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3.8 Ureaplasma spp. Speciation  
 

Utilising multiplex qPCR data, the prevalence of each type of Ureaplasma infection was determined 

for both male and female patient groups. Female patients had a colonisation rate of 40.5% U. 

parvum (213/526), 10.8% U. urealyticum (57/526) and 5.89% concomitant U. parvum & U. 

urealyticum (31/526). The prevalence of Ureaplasma infection type for male patients was 

determined to be 6.9% U. parvum (23/329), 14.3% U. urealyticum (47/329) and 0.3% concomitant U. 

parvum & U. urealyticum (1/329).  
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Figure 3 

 

Figure 4 

 

Figure 5 

Figure 3.11 Graph displaying rates of Ureaplasma spp. infection type for female patients. The dominant Ureaplasma spp. 

infection type was U. parvum, with an overall prevalence rate of 40.5%. Followed by U. urealyticum with a prevalence rate 

of 10.8%, with dual U. parvum and U, urealyticum infection having a prevalence rate of 5.9%. 

 

Figure 3.5 Graph displaying rates of Ureaplasma spp. infection type for female patients. The dominant Ureaplasma spp. 

infection type was U. parvum, with an overall prevalence rate of 40.5%. Followed by U. urealyticum with a prevalence rate 

of 10.8%, with dual U. parvum and U, urealyticum infection having a prevalence rate of 5.9%. 

 

Figure 3.5 Graph displaying rates of Ureaplasma spp. infection type for female patients. The dominant Ureaplasma spp. 

infection type was U. parvum, with an overall prevalence rate of 40.5%. Followed by U. urealyticum with a prevalence rate 

of 10.8%, with dual U. parvum and U, urealyticum infection having a prevalence rate of 5.9%. 
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Figure 3.12 Graph displaying rates of Ureaplasma spp. infection type for male patients. The dominant Ureaplasma spp. 

infection type was U. urealyticum, with an overall prevalence rate of 14.3%. Followed by U. parvum with a prevalence rate 

of 6.9%, with dual U. parvum and U, urealyticum infection having a prevalence rate of 0.3%. 
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In addition to calculating the prevalence of each type of Ureaplasma spp. infection amongst male 

and female patient groups, the percentage of Ureaplasma infection type against the total number of 

Ureaplasma-positive patients was determined. Overall the composition of Ureaplasma spp. positives 

was comprised of the following: 63.4% U. parvum (236/372), 28% U. urealyticum (104/372) and 8.6% 

concomitant U. parvum & U. urealyticum (32/372). For females, the species of composition of total 

Ureaplasma spp. infections was 70.8% U. parvum (213/301), 18.9% U. urealyticum (57/301) and 

10.3% concomitant U. parvum & U. urealyticum (31/301). Whereas for males, the species 

composition was as follows: 32.4% U. parvum (23/71), 66.2% U. urealyticum (47/71) and 1.4% 

concomitant U. parvum & U. urealyticum (1/71).  
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Figure 3.13 Graph displaying composition of Ureaplasma spp. infection across patient groups. Overall the composition of 

Ureaplasma spp. positives was comprised of the following: 63.4% U. parvum, 28% U. urealyticum and 8.6% concomitant 

U. parvum & U. urealyticum. For females: 70.8% U. parvum, 18.9% U. urealyticum and 10.3% concomitant U. parvum & U. 

urealyticum. For males: 32.4% U. parvum, 66.2% U. urealyticum and 1.4% concomitant U. parvum & U. urealyticum. 
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3.9 Bacterial Load and Sample Type  
 

Utilising the serial dilution culture titration methodology, bacterial loads for each positive 

Ureaplasma-positive and M. hominis-positive sample were determined through the multiplication of 

the number of positive wells by the dilution factor. The limit of detection for the culture titration 

methodology was determined to be 103 CCU/mL, for the inoculated sterile saline solution. Additional 

positive samples i.e those that were Ureaplasma culture-positive for undiluted urine, grew M 

hominis colonies on US1 agar, or those samples which were subsequently sub-cultured from positive 

MYCO WELL D-ONE identification wells, were determined to have a bacterial load value <1000 

CCU/mL. A total of 422 samples were culture-positive for Ureaplasma spp., consisting of 168 swab 

samples and 254 urine samples. For M. hominis, a total of 91 samples were culture-positive, 

including 48 swab samples and 43 urine samples. The primary concern with regards to bacterial load 

and assays such as the MYCO WELL D-ONE, particularly in relation to antibiotic susceptibility testing, 

is whether the sample is >105 CCU/mL or <105 CCU/mL, as a bacterial load of <105 CCU/mL is 

required to test against the CLSI breakpoint concentrations of antibiotic contained within the AST 

wells. Therefore, positive samples were divided into those greater, and those less, than 105 CCU/mL 

and further sub-categorised by sample type. For Ureaplasma-positive urine samples, 5.9% (15/254) 

were >105 CCU/mL, with 94.1% of samples having a Ureaplasma load of <105 CCU/mL. While for 

swab samples, 55.9% of Ureaplasma positives had a bacterial load of >105 CCU/mL, with the 

remainder of positives (44.1%) having a Ureaplasma load of <105 CCU/mL. The prevalence of a 

Ureaplasma load of >105 CCU/mL captured on swab samples is significantly higher than that of urine 

samples, for Ureaplasma positive patients (p= < 0.0001; Fisher's exact test). Moreover, analysis of M. 

hominis-positive samples similarly revealed swabs having generally greater bacterial loads than M. 

hominis-positive urine samples.  M. hominis-positive swab samples with a bacterial load of >105 

CCU/mL accounted for 40% of total swab-positives (19/48), 60% of swab-positives had a M. hominis 

load of <105 CCU/mL (29/48). Whereas, 93% of M. hominis-positive urine samples had a bacterial 
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load <105 CCU/mL (40/43) with 7% of positive urines having a M. hominis load of >105 CCU/mL. A 

Fisher’s exact test revealed that the M. hominis positive swab samples have a greater incidence of 

bacterial loads exceeding 105 CCU/mL, when compared with M. hominis loads of urine-positive 

samples (p=0.0004). 
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Figure 3.14 Composition of bacterial loads for Ureplasma spp. positive samples against sample type: swab or urine. For 

Ureaplasma-positive urine samples 5.9% possessed a load >105 CCU/mL. Whereas for Ureaplasma-positive swab samples 

55.9% possessed a load >105 CCU/mL. The prevalence of a Ureaplasma load of >105 CCU/mL captured on swab samples is 

significantly higher than that of urine samples, for Ureaplasma positive patients (p= < 0.0001; Fisher's exact test). 
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Figure 3.15 Composition of bacterial loads for M. hominis positive samples against sample type: swab or urine. For M. 

hominis-positive urine samples 7% possessed a load >105 CCU/mL. Whereas for M. hominis-positive swab samples 40% 

possessed a load >105 CCU/mL. The prevalence of a M. hominis load of >105 CCU/mL captured on swab samples is 

significantly higher than that of urine samples, for Ureaplasma positive patients (p=0.0004; Fisher's exact test). 
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3.10 Paired Swab and Urine Samples  
 

In total 127 patients provided paired swab and urine samples, comprised of the following: 122 

endocervical swab-urine pairings from female patients and 5 endourethral swab-urine pairings from 

male patients. Out of which, 71 patients were positive for Ureaplasma spp. and 21 patients M. 

hominis-positive by culture titration. The limit for detection for the culture titration method was 103 

CCU/mL. Therefore, to permit a direct comparison between both urine and swab samples a bacterial 

load of 102 CCU/mL was applied to those samples of patients that fell below the limit of detection 

for the culture titration but were Ureaplasma-positive in direct urine culture, M. hominis colony 

positive on US1 agar and/or positively sub-cultured from MYCO WELL D-ONE identification wells. 

This was the highest possible bacterial load these samples could possess without a positive reaction 

in well 1 of the culture titrations. 

For 100% of paired Ureaplasma-positive urine and swab samples, swab loads were equal to or 

greater than their urine sample counterpart. In 38% of cases swabs had bacterial loads equal to or 

10 times greater than their urine counterparts. Whereas bacterial loads between 100-1000 times 

higher in swab samples, compared with their respective urines, were observed in 43.7% of 

Ureaplasma-positive samples. Additionally, swabs with Ureaplasma loads between 10,000-100,000 

times and 1,000,000-10,000,000 times greater than their urine counterpart samples were observed 

in 15.5% and 2.8% of Ureaplasma-positive patients, respectively. A paired t-test between paired 

urine and swab samples displays swabs have significantly higher bacterial loads than their respective 

urine samples (p=0.0255).  

M. hominis-positive paired patient samples, 76.2% (16/21) possessed swab-positives cultures with 

bacterial loads equal to, or greater than, their respective urine samples. For 9.5% (2/21) of M. 

hominis-positive patients with paired samples, M. hominis could only be recovered from urine 

samples and was undetectable in the complementary swab sample. Conversely, for a further 9.5% 

(2/21) of M. hominis-positive patients with paired samples, M. hominis was undetectable in the 
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urine samples, but was recovered from the complementary swab samples. The remaining sample 

(1/21), accounting for 4.75% of total M. hominis-positive paired samples, possessed a urine sample 

with a greater bacterial load than its swab counterpart. Swab samples had M. hominis loads equal 

to, or 10 times higher, in 42.9% of cases (9/21). Swab samples with 100-1000 times higher, and swab 

samples with 10,000-100,000 times higher M. hominis loads accounted for 23.8% and 14.3% of 

paired samples, respectively. Additionally, 9.5% of paired swab samples had bacterial loads 

1,000,000-100,000,000 times higher, than their respective urine samples. However, in two instances, 

both comprising 4.5% each of the total M. hominis-positive paired samples, urine samples had a 

higher bacterial load than their swab counterparts, one with a bacterial load 100 times greater and 

the other with a load 1,000,000 times higher. Finally, though swab samples more frequently had 

greater bacterial loads than their respective urine samples, a paired t-test of the listed samples did 

not determine the difference to be statistically significant (p=0.0939).  
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Figure 3.16 Graph plotting the Ureaplasma loads isolated from the 71 Ureaplasma-positive paired samples. 

Ureaplasma load in swab samples was equal to, or greater than, its urine counterpart in 100% of cases. In most cases 

(43.7%) the swab sample had a bacterial load 100-1000x greater than its urine counterpart. A t-test between paired 

urine and swab samples displays swabs have significantly higher bacterial loads than their respective urine samples 

(p=0.0255). 
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Figure 3.17 Graph plotting the 21 M. hominis-positive paired samples, 76.2% of swab-positive cultures had bacterial 

loads greater than, or equal to, their respective urine samples. In 42.9% of cases swab samples had a bacterial load 10 x 

greater than their urine counterparts. though swab samples more frequently had greater bacterial loads than their 

respective urine samples, a t-test of the listed samples did not determine the difference to be statistically significant 

(p=0.0939).  
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3.11 Age and Ureaplasma spp. Prevalence  
 

Furthering the analysis from overall prevalence patients were grouped by age, and the prevalence of 

Ureaplasma positive patients determined for each age group utilising multiplex qPCR data. Patients 

were grouped into the following age categories, with their age determined from the date of birth 

(DOB) accompanying their samples: 16-20, 21-30, 31-40, 41-50 and >50. The prevalence of 

Ureaplasma spp. decreased with age group, with 70% (69/99) of 16-20-year-olds, 60% (146/245) of 

21-30-year-olds, 53% (59/111) of 31-40-year-olds, 38% (14/37) of 41-50-year-olds and 39% (9/23) of 

>50-year olds, positive for Ureaplasma spp. On average, the difference in prevalence between the 

first 3 categories (16-40) saw a 10.62% decrease in prevalence between age groups, before 

plateauing beyond the age of 41 with a 1.3% difference in prevalence rates between age groups 41-

50 and >50. Chi-squared analysis of Ureaplasma prevalence in females between age groups 

displayed that the trend of decreasing colonisation with increasing age, is statistically significant 

(p=0.0026). For male patients, the same age categories were applied however the trend was slightly 

different. For age categories, 16-20 & 21-30 there was only a 0.95% difference in prevalence rates 

between category, 27.50% (11/40) and 26.55% (47/177) respectively. Between the 21-30 and 31-40 

there was a 60% decrease in male Ureaplasma prevalence to 10.53% (6/57). Beyond the age ranges 

of 31-40 through >50, there was little variation in colonisation rate, with a prevalence of 10% (3/30) 

and 12% (3/25) for age groups 41-50 and >50, respectively. Though the trend of decreasing 

prevalence with increasing age is less pronounced for males, when compared with females, Chi-

squared analysis of the distribution of male Ureaplasma prevalence rates between age groups 

indicates it is statistically significant (p=0.0228).  
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Figure 3.18 Line graph plotting Ureaplasma spp. prevalence across age groups for both male and female patients. The 

prevalence of Ureaplasma spp. decreased with age group, with 70% of 16-20-year-olds, 60% of 21-30-year-olds, 53% of 

31-40-year-olds, 38% of 41-50-year-olds and 39% of >50-year olds, positive for Ureaplasma spp. Chi-squared analysis of 

Ureaplasma prevalence in females between age groups displayed that the trend of decreasing colonisation with 

increasing age, is statistically significant (p=0.0026). For males: 27.5% at age 16-20, 26.55% at age 21-30, 10.53% aged 

31-40, 10% aged 41-50 and 12% for males aged ≥51. Chi-squared analysis of the distribution of male Ureaplasma 

prevalence rates between age groups indicates it is statistically significant (p=0.0228). 
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3.12 Age and M. hominis Prevalence  
 

Similarly, and in line with Ureaplasma spp. colonisation of females, prevalence rates of M. hominis 

decreases alongside an increase in age. The same age groups were applied, to both male and female 

patients, as were used in the analysis of age and Ureaplasma spp. prevalence. The first age group 

(16-20) had a female M. hominis prevalence rate of 28.28% (28/99), dropping by 11.95% to 16.33% 

(40/245) for 21-30-year-olds. The decrease in M. hominis prevalence continues between 21-30-year-

olds and 31-40-year-olds, declining by a further 4.62% to a prevalence rate of 11.71% (13/111). 

Followed by a subsequent 3.6% decline in prevalence to 8.11% (3/37) in 41-50-year-olds, where it 

plateaus (slight 0.58% increase) at a prevalence of 8.69% (2/23) for >50-year-olds. A Chi-squared test 

applied to the prevalence rates between age groups showed the distribution to be statistically 

significant (p=0.0057). For male patients, a clear trend was not observed, 16-20-year-olds had a M. 

hominis prevalence rate of 2.5% (1/40), followed by a 4.84% increase in colonisation rate to 7.34% 

(13/177) in 21-30-year-olds. Subsequently, male M. hominis prevalence dropped to 0% for the 

remaining age groups, 41->50. Statistical significance was not determined for the distribution of 

male M. hominis prevalence between age groups (p=0.0513).  
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Figure 3.19 Line graph plotting M. hominis prevalence across age groups for both male and female patients. The 

prevalence of Ureaplasma spp. decreased with age group, with 28.28% of 16-20-year-olds, 16.33% of 21-30-year-olds, 

11.71% of 31-40-year-olds, 8.11% of 41-50-year-olds and 8.69% of >50-year olds, positive for Ureaplasma spp. Chi-

squared analysis of Ureaplasma prevalence in females between age groups displayed that the trend of decreasing 

colonisation with increasing age, is statistically significant (p=0.0057). For males: 2.5% at age 16-20, 7.34% at age 21-

30, dropping to 0% beyond the age of 31. Statistical significance was not determined for the distribution of male M. 

hominis prevalence between age groups (p=0.0513). 
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3.13 Age and Concomitant Ureaplasma spp. and M. hominis 

prevalence  
 

3.13.1 Female Patients  
 

The prevalence of female patients positive for both M. hominis and Ureaplasma spp. concomitantly 

was also analysed. For females aged 16-20, concomitance M. hominis and Ureaplasma spp. was 

present in 27.3% of patients (27/99). Like M. hominis prevalence, rates of M. hominis and 

Ureaplasma spp. concomitance subsequently decrease as age increases;13.9% (40/245) of 21-30-

year-old females; 10.8% (13/111) of 31-40-year-old females. Before plateauing at 8.1% (3/37) and 

8.7% (2/23), for 41-50-year-olds and >51-year-olds, respectively. In addition to this, the prevalence 

of ureaplasmal infection type concomitantly colonising M. hominis-positive female patients were 

also determined. Female patients aged between 16 and 20, positive for M. hominis and U. parvum 

infection accounted for 13.1% (13/99) of the populous screened, with M. hominis and U. 

urealyticum, and M. hominis alongside both U. parvum and U. urealyticum, accounting for 8.1% 

(8/99) and 6.1% (6/99), respectively. Within the 21-30-year-old female patient group, M. hominis 

concomitant with U. parvum, again accounted for most concomitant infections with a prevalence 

rate of 9.4% (23/245). In contrast to the 16-20-year-old group, M. hominis concomitant with both U. 

parvum and U. urealyticum was narrowly more prevalent with 2.9% (7/245) of positive female 

patients, when compared to concomitant M. hominis and U. urealyticum with a prevalence of 1.6% 

(2/245), for the 21-30-year-old female patient group. The 31-40 female age group had similar 

concomitant M. hominis and Ureaplasma spp. composition; 9% (12/111) M. hominis and U. parvum; 

0.9% (1/111) M. hominis and U. urealyticum; 0.9% (1/111) M. hominis, U. parvum and U. 

urealyticum. Whereas for the 41-50-year-old female patient group, only M. hominis and U. parvum 

concomitant infections were detected, with a prevalence rate of 8.1% (3/37). Prevalence rates of 

concomitant M. hominis and U. parvum 4.3% (1/23), were the same as M. hominis and U. 
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urealyticum 4.3% (1/23), for the 51+ female patient group. No concomitant M. hominis, U. parvum 

and U. urealyticum was found in the 51+ female patient group.  

3.13.2 Male Patients  
 

Like overall M. hominis prevalence for male patients, concomitant M. hominis and Ureaplasma spp. 

follows a lower, but similar, trend. For males between the age of 16-20, M. hominis concomitant 

with Ureaplasma spp. had a prevalence rate of 2.5% (1/40). With the single case of concomitant 

infection being composed of M. hominis and U. urealyticum. The only other age group displaying M. 

hominis concomitant with Ureaplasma spp. was the 21-30-year-olds, with a prevalence rate of 5.1% 

(9/177); 2.25% (4/177) M. hominis and U. parvum, 2.25% (4/177) M. hominis and U. urealyticum, 

and 0.56% (1/177) M. hominis, U. parvum and U. urealyticum.  
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Figure 3.20 Line graph plotting concomitant M. hominis and Ureaplasma spp. prevalence across age groups for female 

patients. The prevalence of concomitant M. hominis and Ureaplasma spp. decreased with age group, with 27.3% of 16-

20-year-olds, 13.9% of 21-30-year-olds, 10.8% of 31-40-year-olds, 8.1% of 41-50-year-olds and 8.7% of >50-year olds. 

Chi-squared analysis of concomitant M. hominis and Ureaplasma prevalence in females between age groups displayed 

that the trend of decreasing colonisation with increasing age, is statistically significant (p=0.0108). 

 

Figure 3.21 Bar graph displaying the prevalence of concomitant M. hominis and Ureaplasma across age groups for 

female patients alongside the speciation of the Ureaplasma spp. infection. Females aged 16-20: 13.1% M. hominis and 

U. parvum; 8.1% M. hominis, U. parvum and U. urealyticum; 6.1% M. hominis and U. urealyticum. Females aged 21-30: 

9.4% M. hominis and U. parvum; M. hominis, U. urealyticum and U. urealyticum 2.9%; M. hominis and U. urealyticum 

1.6%. Females aged 31-40: 9% M. hominis and U. parvum; 0.9% M. hominis and U. urealyticum; 0.9% M. hominis, U. 

parvum and U. urealyticum. Females aged 41-50: 8.1% M hominis and U. parvum. Females aged ≥51: 4.3% M. hominis 

and U. parvum; 4.3% M. hominis and U. urealyticum.  
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Figure 3.22 Males between the age of 16-20: M. hominis concomitant with Ureaplasma spp. had a prevalence rate of 

2.5%. The only other age group displaying M. hominis concomitant with Ureaplasma spp. was the 21-30-year-olds, with 

a prevalence rate of 5.1%. Chi-squared analysis of concomitant M. hominis and Ureaplasma prevalence in males 

between age groups displayed that the trend of decreasing colonisation with increasing age, is not statistically 

significant (p= 0.2133). 

 

Figure 3.23 The single case of concomitant M. hominis and U. urealyticum accounts for the 2.5% prevalence observed 

for males aged 16-20 years old. For males 21-30-year-olds, with a prevalence rate of 5.1%; 2.25% M. hominis and U. 

parvum, 2.25% M. hominis and U. urealyticum and 0.56% M. hominis, U. parvum and U. urealyticum.  
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3.14  Bacterial Load  

3.14.1 Ureaplasma spp. Load  
 

Further age-group specific analysis was undertaken to determine the variation in the frequency of 

ureaplasmal loads isolated between age groups. For female swab samples, between the ages of 16-

30, 39.02% (48/123) of Ureaplasma-positive samples have a bacterial load of ≤104 CCU/mL. Whereas 

60.98% (75/123) of Ureaplasma-positive 16-30-year-old swab samples have a bacterial load ≥105 

CCU/mL. Conversely, for swab samples taken from female patients aged 31+, 60.98% (25/41) had a 

Ureaplasma load of ≤104 CCU/mL with 39.02% (16/41) having a load of ≥105 CCU/mL.  Whereas for 

female urine samples, samples with ≥105 CCU/mL where only discovered in patients between the 

ages of 16 and 40; no female urine Ureaplasma-loads ≥105 CCU/mL were observed for patients aged 

≥41. Those female urine ureaplasmal loads ≥105 CCU/mL for patients ≤40-years-old comprised a 

minority of the overall urine-positives. For example, urine loads ≥105 CCU/mL were discovered in 

only 2% of 16-20-year-old samples. Analysis of the 21-30-year-old female urine samples displayed a 

similar composition; urine Ureaplasma loads of 105 CCU/mL accounted for 8.6% of samples; 

Ureaplasma loads of 106, 107 and 109 CCU/mL each accounted for 1.07% of the total urine-positive 

samples, respectively. The urine-positive samples of the 31-40-year-old female patient group 

displayed a ≥105 CCU/mL Ureaplasma load in 7% of samples; 105 CCU/mL in 2.3% of urine-positive 

female samples; 106 CCU/mL in 4.7% of urine-positive female samples. 

Ureaplasma-positive male urine samples, analysed by age group for ureaplasmal load revealed that 

only the 21-30-year-old patients had urine samples with titrations of 104 CCU/mL, accounting for 

9.3% of total positive urines. For urine-positive patients ≥51, 100% of samples had a bacterial load of 

<103 CCU/mL. Whereas for the remaining age groups urine positive samples were divided between 

those with a bacterial load of <103 CCU/mL and those with a bacterial load of 103 CCU/mL. The 16-

20-year-old urine-positive male patients with a 60%/40% split between <103 CCU/mL and 103 

CCU/mL Ureaplasma loads. For male urine-positives in the 31-40-year-old age group, the <103:103 
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CCU/mL split was 71.43% and 28.57%, respectively. With the <103:103 CCU/mL split for the 41-50- 

year-old age group, for Ureaplasma-positive urine samples being 66.67%:33.33%. 

 

 

 

 

 

 

 

 

 

 

  

  

Composition of Ureaplasma load
between age groups for female swab samples

16
-2

0

21
-3

0

31
-4

0

41
-5

0
51

+

0

10

20

30

40

50

60

70

80

90

100
<103 CCU/mL

103 CCU/mL

104 CCU/mL

105 CCU/mL

106 CCU/mL

107 CCU/mL

108 CCU/mL

109 CCU/mL

Age Group

%
 o

f 
T

o
ta

l
U

re
a

p
la

s
m

a
-p

o
s

it
iv

e
 s

w
a

b

 s
a

m
p

le
s

 f
o

r 
e

a
c

h
 a

g
e

 g
ro

u
p

Figure 3.24 Bar graph displaying the composition of Ureaplasma-positive swab samples alongside bacterial load across 

age groups. 39.02% of female swab samples aged 16-30 have a bacterial load of ≤104 CCU/mL, with the remaining 

60.98% having a Ureaplasma spp. load ≥105 CCU/mL. Whereas for female swab samples aged ≥31 39.02% of samples 

have Ureaplasma loads ≥105 CCU/mL, with the remaining having a load of ≤104 CCU/mL. Fisher exact analysis revealed 

females aged ≤30 swab samples have significantly higher levels of Ureaplasma loads ≥105 CCU/mL (p=0.0183). 

 

 

Figure 3.18 Bar graph displaying the composition of Ureaplasma-positive swab samples alongside bacterial load across 
age groups. 39.02% of female swab samples aged 16-30 have a bacterial load of ≤104 CCU/mL, with the remaining 
60.98% having a Ureaplasma spp. load ≥105 CCU/mL. Whereas for female swab samples aged ≥31 39.02% of samples 
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Figure 3.25 Bar graph displaying the composition of Ureaplasma-positive swab samples alongside bacterial load across 

age groups for female patients.  

 

 

Figure 3.19 Bar graph displaying the composition of Ureaplasma-positive swab samples alongside bacterial load across 
age groups for female patients.  
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Figure 3.19 Bar graph displaying the composition of Ureaplasma-positive swab samples alongside bacterial load across 
age groups for female patients.  

 

 

Figure 3.26 Bar graph displaying the composition of Ureaplasma-positive swab samples alongside bacterial load across 

age groups for female patients.  
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Figure 3.27 Bar graph displaying the composition of Ureaplasma-positive urine samples alongside bacterial load more 

male patients. 70.73% of U. urealyticum positive males have a load of <103 CCU/mL, with the remaining 29.27% of 

positive samples having a bacterial load ≥103 CCU/mL.   

 

Figure 3.28 Bar graph displaying the composition of Ureaplasma-positive urine samples alongside bacterial load more 

male patients. 72.22% of U. parvum positive males have a load of <103 CCU/mL, with the remaining 27.78% of positive 

samples having a bacterial load ≥103 CCU/mL.   
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3.14.2 M. hominis load  
 

Analysis of female patient age groups swab-positive for M. hominis revealed that for patients 16-20 

and 21-30 loads of ≥105 CCU/mL were observed in 38.89% (7/18) and 38.09% (8/21) of samples 

respectively. This increased for swab-positives in the 31-40-year-old female patient group, with 75% 

(3/4) of samples having a M. hominis load of ≥105 CCU/mL. Of the two M. hominis swab-positives 

present in each of the remaining age groups (41-50 and 51+) the composition of loads was as 

follows; 41-50-year-olds with 50% (1/2) 103 CCU/mL and 50% (1/2) 104 CCU/mL; ≥51-year-olds with 

50% (1/2) 104 CCU/mL and 50% (1/2) 106 CCU/mL. For M. hominis-positive female urine samples 

between age groups, samples with a bacterial load ≥105 CCU/mL were only observed in two patient 

groups, the 16-20-year-olds (accounting for 20%; 2/10) and the 31-40-year-olds (accounting for 

9.1%; 1/11). For the 41-50-year-old patient group, all female M. hominis urine-positives were 

comprised of samples with <103 CCU/mL. Male urine samples had only two age groups displaying M. 

hominis infection, the 16-20-year-olds and the 21-30-year-olds. The one urine positive for the 16-20-

year-old group had a M. hominis load of <103 CCU/mL (100%; 1/1). Whereas the 12 positives isolated 

from the 21-30-year-old male patient group displayed bacterial loads of <103 CCU/mL in 83.33% 

(10/12) of cases, and 16.67% (2/12) 103 CCU/mL.  
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Figure 3.29 Bar graph displaying the composition of M. hominis-positive swab samples alongside bacterial load across 

age groups for female patients. For age groups 16-20 years old and 21-30 years old have bacterial loads ≥105 CCU/mL 

in 38.89% and 38.09% of M. hominis-positive swab samples, respectively. 75% of M. hominis-positive samples had a 

bacterial load of ≥105 CCU/mL.  

 

 

Figure 3.23 Bar graph displaying the composition of M. hominis-positive swab samples alongside bacterial load across 
age groups for female patients. For age groups 16-20 years old and 21-30 years old have bacterial loads ≥105 CCU/mL 
in 38.89% and 38.09% of Mi. hominis-positive swab samples, respectively. 75% of M. hominis-positive samples had a 
bacterial load of ≥105 CCU/mL.  
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Figure 3.23 Bar graph displaying the composition of M. hominis-positive swab samples alongside bacterial load across 
age groups for female patients. For age groups 16-20 years old and 21-30 years old have bacterial loads ≥105 CCU/mL 

Figure 3.30 Bar graph displaying the composition of M. hominis-positive urine samples alongside bacterial load across 

age groups for male patients. Samples with a bacterial load ≥105 CCU/mL were only observed in two patient groups, 

the 16-20-year-olds (accounting for 20%; 2/10) and the 31-40-year-olds (accounting for 9.1%; 1/11). 
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Figure 3.31 Bar graph displaying the composition of M. hominis-positive urine samples alongside bacterial load across 

age groups for male patients. 100% of M. hominis-positive male urine samples had a load of <103 CCU/mL for patients 

aged 16-20 years old. M. hominis-positive male urine samples from patients aged 21-30 had bacterial loads <103 

CCU/mL in 83.33% of cases, with the remaining 16.67% of samples having a bacterial load of 103 CCU/mL.  
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3.15 Age and Ureaplasma spp. Composition  
 

The composition of Ureaplasma-positive infections was analysed between age groups, for both male 

and female patients. Female patients aged 16-20 had the greatest portion of mixed U. parvum & U. 

urealyticum infections, accounting for 17.39% (12/69) of total Ureaplasma positives. This number 

gradually decreased for 21-30-year-olds (15.75%; 23/146) and 31-40-year-olds (8.47%; 5/59), with 

patients ≥41 having 0% mixed Ureaplasma spp. infections. Colonisation with U. parvum, steadily 

increased with regards to its percentage of total Ureaplasma spp. infection between the ages of 16 

and 50. Accounting for 57.97% (40/69) of total Ureaplasma spp. infections in 16-20-year-olds, 

66.44% (97/146) in the 21-30 female patient group, 74.57% (44/59) in 31-40-year-olds, and 100% 

(14/14) of 41-50-year-old Ureaplasma-positive females. However, U. parvum accounted for 77.78% 

of Ureaplasma-positive females in patients ≥51-years-old. For sole U. urealyticum infections, the % 

of the overall total Ureaplasma-positives they comprise steadily decreases between the ages of 16-

50. Comprising 24.64% (17/69) of Ureaplasma spp. in female patients aged 16-20, 17.81% (23/146) 

in 21-30-year-olds, 16.95% (10/59) of Ureaplasma-positives in the 31-40-year-old female patient 

group. The 41-50-year-old female patients lacked a single U. urealyticum positive, however, 22.22% 

of female patients ≥51-years-old and Ureaplasma-positive were colonised by U. urealyticum.  

For Ureaplasma-positive males, U. parvum accounts for the minority of positives between the ages 

of 16-30; 27.27% (3/11) for males aged 16-20 and 25.53% (12/47) of 21-30-year-olds. The reverse 

was true for male patients aged between 31 and 40, with U. parvum accounting for the most 

positives, 66.67% (4/6). This was again flipped for 41-50-year-old males with U. urealyticum 

infections comprising 66.67% (2/3) of Ureaplasma-positives. For male patients ≥51 years of age, the 

composition of Ureaplasma-positives was divided 66.67% (2/3) U. parvum to 33.33% (1/3) U. 

urealyticum.  
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Figure 3.32 Bar graph displaying the composition of Ureaplasma-positive samples for female patients across age 

groups. Females aged 16-20: 57.97% U. parvum; 24.64% U. urealyticum; 17.39% U. Parvum and U. urealyticum. 

Females aged 21-30: 66.44% U. parvum; 17.81% U. urealyticum; 15.75% U. Parvum and U. urealyticum. Females aged 

31-40: 74.57% U. parvum; 16.95% U. urealyticum; 8.47% U. parvum and U. urealyticum. Females aged 41-50: 100% U. 

parvum. Females aged ≥51: 77.78% U. parvum; 22.22% U. urealyticum.  

 

Figure 3.33 Bar graph displaying the composition of Ureaplasma-positive samples for male patients across age groups. 

Males aged 16-20: 27.27% U. parvum; 72.73% U. urealyticum. Males aged 21-30: 25.53% U. parvum; 72.34% U. 

urealyticum; 2.13% U. parvum and U. urealyticum. Males aged 31-40: 66.67% U. parvum; 33.33% U. urealyticum. 

Males aged 41-50: 33.33% U. parvum; 66.67% U. urealyticum. Males aged ≥51: 66.67% U. parvum; 33.33% U. 

urealyticum.  
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3.16 Species Prevalence Between Sex and Age Group  
 

Prevalence rates of each Ureaplasma species between sex and age group were determined. For 

female U. parvum prevalence amongst the female population declined incrementally with age; 16-20 

(52.25%; 52/99), 21-30 (48.97%; 97/245), 31-40 (44.14%; 49/111), 41-50 (37.84%; 14/37) and 51+ 

(30.43%; 7/23). The decreases in prevalence increased marginally (~1%) between each age group. 

Between the ages of 16-20 and 21-30, U. parvum prevalence decreased by 3.55%. Whereas between 

21-30 and 31-40, the decrease in U. parvum prevalence was 4.84%. The U. parvum prevalence for 

females between 31-40 then decreased by 6.31%. Finally, the decrease in female U. parvum 

prevalence between the 41-50 and 50+ age group was 7.40%.  Contrastingly, male U. parvum 

prevalence remained relatively consistent, fluctuating between 3 and 8%. Males aged between 16 

and 20 had U. parvum prevalence rates of 7.5% (3/40). Followed by 21-30-year-olds with U. parvum 

prevalence of 6.78% (12/177) and 31-40-year-olds with 7.02% (4/57). Males between the ages of 41-

50 and 51+ had U. parvum prevalence rates of 3.33% (1/30) and 8% (2/25), respectively. 
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Figure 3.34 Line graph displaying U. parvum prevalence across age groups between males and females. U. parvum 

prevalence across age groups for females was as follows: 16-20, 52.25%; 21-30, 48.97%; 31-40, 44.14%; 41-50, 37.84%, 

≥51, 30.43%. For males U. parvum prevalence was as follows: 16-20, 7.5%; 21-30, 6.78%; 31-40, 7.02%, 41-50, 3.33%; 

≥51, 8%. Chi-squared analysis revealed neither trend to be statistically significant; females (p=0.1503), males 

(p=0.9556).  

 

 

Figure 3.28 Line graph displaying U. parvum prevalence across age groups between males and females. U. parvum 
prevalence across age groups for females was as follows: 16-20, 52.25%; 21-30, 48.97%; 31-40, 44.14%; 41-50, 37.84%, 
≥51, 30.43%. For males U. parvum prevalence was as follows: 16-20, 7.5%; 21-30, 6.78%; 31-40, 7.02%, 41-50, 3.33%; 
≥51, 8%. Chi-squared analysis revealed neither trend to be statistically significant; females (p=0.1503), males 
(p=0.9556).  
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Unlike U. parvum, patterns of U. urealyticum prevalence between the sexes and across age groups 

aren’t so distinct. Overall, both male and female U. urealyticum prevalence rates decrease as age 

increases. In males aged 16-20 and 21-30, U. urealyticum prevalence remained consistent at 20% 

(8/40) and 19.77% (35/177), respectively. For females at the same age group, U. urealyticum 

prevalence fell from 29.29% (29/99), for 16-20-year-olds, by 9.29% to 20% (49/245) for female 

patients aged 21-30. Beyond the age of 30, male U. urealyticum prevalence dropped sharply by 

16.26% to 3.51% (4/57) for patients aged 31-40. Subsequently, U. urealyticum prevalence plateaued, 

at 6.67% (2/30) for patients between 41-50 and 4% (1/25) for patients aged ≥51. However, for 

female patients the decrease in U. urealyticum prevalence between 21-30-year-olds and patients 

aged between 31 and 40 was less severe. The prevalence between these age groups decreased by 

6.49% from 20% (49/245) to 13.51% (15/111). No U. urealyticum infections were observed for the 

41-50 age group (0%; 0/37), rising to a U. urealyticum prevalence rate of 8.69% (2/23) for female 

patients aged ≥51.  
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Figure 3.35 Line graph displaying U. urealyticum prevalence across age groups between males and females. U. 

urealyticum prevalence across age groups for females was as follows: 16-20, 29.29%; 21-30, 20%; 31-40, 13.51%; 41-

50, 0%; ≥51, 8.69%. For males U. urealyticum prevalence was as follows: 16-20, 20%; 21-30, 19.77%; 31-40, 3.51%, 41-

50, 6.67%; ≥51, 4%. Chi-squared analysis revealed the decline in prevalence across age groups for female patients was 

statistically significant (p=0.0006). Chi-squared analysis revealed the decline in prevalence across age groups for male 

patients was statistically significant (p=0.0304).  

 

 

Figure 3.29 Line graph displaying U. urealyticum prevalence across age groups between males and females. U. 
urealyticum prevalence across age groups for females was as follows: 16-20, 29.29%; 21-30, 20%; 31-40, 13.51%; 41-
50, 0%; ≥51, 8.69%. For males U. urealyticum prevalence was as follows: 16-20, 20%; 21-30, 19.77%; 31-40, 3.51%, 41-
50, 6.67%; ≥51, 4%. Chi-squared analysis revealed the decline in prevalence across age groups for female patients was 
statistically significant (p=0.0006). Chi-squared analysis revealed the decline in prevalence across age groups for male 
patients was statistically significant (p=0.0304).  
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Figure 3.29 Line graph displaying U. urealyticum prevalence across age groups between males and females. U. 
urealyticum prevalence across age groups for females was as follows: 16-20, 29.29%; 21-30, 20%; 31-40, 13.51%; 41-
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4 Discussion  

4.1 MYCO WELL D-ONE and Detection of Genital Mycoplasmas  
 

Culturing of genital mycoplasmas in specially formulated selective media was the ‘gold standard’ for 

the detection of Ureaplasma spp. and M. hominis, until the establishment of novel, more sensitive, 

PCR-based detection methods. An example of such a method was published in 1994 by Teng et al., 

who presented their findings and methods for a more sensitive, more rapid, PCR methodology for 

the detection of Ureaplasma spp. in clinical specimens.330 The subsequent development of real-time 

and multiplex PCR methods for the detection of U. parvum, U. urealyticum and M. hominis improved 

the clinical sensitivity of this method of detection, when compared with culture.331,332 Alongside this, 

these multiplex methods offered a further advantage over culture-based detection methods, in that, 

they could discriminate between Ureaplasma spp. identifying U. parvum, U. urealyticum and mixed 

Ureaplasma infections.333 Moreover, culture was sometimes limited by bacterial overgrowth due to 

the contamination of the clinical specimen with non-target organisms such as Proteus spp. or yeasts, 

a problem that is circumvented using molecular methods.316 It is worth noting that though the 

overwhelming consensus is that PCR is a more sensitive and specific method, many studies still cite 

culture as the gold standard, determining PCR methodology sensitivities and specificities against it. 

One of the limitations of qPCR compared with culture is the inability of qPCR tests to accommodate 

large portions of clinical specimens. Also, these molecular methodologies require the use of 

specialist equipment, highly trained individuals and relatively expensive consumable items. 

Furthermore, the post-test analysis typically requires more complex analysis when compared with 

the simple binary yes/no answer provided by colour-changing media.  

For the detection of Ureaplasma spp. the MYCO WELL D-ONE’s overall sensitivity and specificity of 

91.98% and 96.44%, compared with multiplex qPCR shows the MYCO WELL D-ONE to be an 

extremely sensitive culture-based method. This is consistent with a PCR versus culture study for 

Ureaplasma detection published in 2007, showing specificity and specificity of 92.4% and 93.8%, 
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respectively.334 The culture-based methodology used in the study was the Mycotest commercial 

diagnostic assay. Though other studies have showed varying sensitivities and specificities for 

Ureaplasma detection when comparing PCR against culture, with such differences being wide-

ranging and inconsistent. For instance, Stellrecht et al. showed that culture was 17% less sensitive 

than PCR.331 But, it is important to highlight this study utilised a solid medium for the culture of 

Ureaplasma spp., which has been shown to be 8% less sensitive than broth-based culture.335 That 

said, the sensitivity of the Mycoplasma IST2 (MYCO WELL D-ONE competitor) when compared with a 

commercially available PCR (Anyplex II) was only 44.9%, with a specificity of 87.9%.327 This sensitivity 

value is in accordance with a recently published study, comparing the MYCO WELL D-ONE to the 

Anyplex II PCR system for Ureaplasma spp. and M. hominis detection. The researchers reported a 

sensitivity and specificity of 44.5% and 48.98% for Ureaplasma spp., when compared with the 

commercially available multiplex qPCR. These low sensitivity and specificity values were, in part, due 

to 4 positives in the MYCO WELL D-ONE not detected by the PCR-based method (Anyplex II). Yet, the 

researchers did not attempt to confirm the MYCO WELL D-ONE result by sub-culturing the positive 

wells or performing the multiplex qPCR on a DNA extraction obtained from the enriched culture of 

the positive well, as was performed in this study. The primer sequences for Ureaplasma spp. 

detection in Anyplex II PCR kit are proprietary and unpublished, however, previous studies 

comparing the multiplex qPCR kit to culture-based methodologies have shown the kit to have a 

sensitivity of 83.3% for the detection of Ureaplasma spp.336 Furthermore, the limit of detection for 

the Anyplex II assay is 50 copies per reaction.337 In addition to this the MYCO WELL D-ONE versus 

Anyplex II study does not provide any titre information for the Ureaplasma spp. positive wells. 

Therefore, it is entirely plausible that low concentrations of Ureaplasma spp. went undetected in the 

Anyplex II, as theoretically 1 (viable) CCU of Ureaplasma has the potential to result in a MYCO WELL 

D-ONE positive. These discordant results could have been resolved had the researchers followed up 

MYCO WELL D-ONE positives with a subsequent confirmatory method.  
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In my study we further analysed sensitivity and specificity between the sexes and samples types. No 

notable differences were discerned between urine, swab or female samples with sensitivities and 

specificities varying between 91.94-93.14% and 93.31-99.39%, respectively. However, sensitivity of 

Ureaplasma spp. detection in male samples dropped to 85.71%. This was due to the MYCO WELL D-

ONE having a higher percentage of false negatives, when compared against true positives. For 

example, the false negative rate for male samples accounted for 14.28% of all true positive samples, 

compared with a false negative rate of 6.86% for female sample true positives. Possible explanations 

leading to this marginal reduction in sensitivity between male and female Ureaplasma-positive 

sample types are offered through the coupling of the low ureaplasmal titres of male-positives and 

the increased sensitivity of PCR methods, when compared with culture-based methods. For 

example, across age groups for males most Ureaplasma-positive samples possessed ureaplasmal 

concentrations <103 CCU/mL. Factoring in the lability of Ureaplasma spp. cells, their lack of a cell 

wall and inherent fragility, this predisposes them to become readily unculturable. Additionally, 

higher ureaplasmal titres present in female samples, provides a larger contingency of bacterium 

from which to culture, should a small portion of the cells become unculturable. The ability of qPCR 

to detect non-viable organisms, and the potential of low numbers of Ureaplasma cells to die during 

processing (to the point of undetectability via culture-based means) offers a likely explanation as to 

why the MYCO WELL D-ONE sensitivity, for the detection of Ureaplasma, is marginally lower for 

males. Furthermore, a loss in Ureaplasma spp. viability could potentially be caused if the patient 

depositing the sample were undergoing antibiotic treatment, however, there is no clear way to 

establish this at this point. As for PPV and NPV, the MYCO WELL D-ONE consistently had PPVs >95% 

and NPVs ranging from 88.98% for swab samples to 96.53% for male samples. This together with 

accuracy values of >92% across all sample types proves the MYCO WELL D-ONE to be an efficient 

means of identifying Ureaplasma spp. infections. 

For the detection of M. hominis, the overall sensitivity and specificity was 78.23% and 98.84%, 

respectively. Like the above mentioned comparative study, in which a commercial culture-based 
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mycoplasmal diagnostic assay was compared with qPCR, sensitivity for M. hominis detection was 

reduced, when compared with Ureaplasma spp. detection sensitivity.334 Petrikkos et al. found a 

29.6% reduction in detection sensitivity between Ureaplasma spp. and M. hominis, sensitivity 

declined from 92.4% for Ureaplasma spp. to 62.8% for M. hominis. In this study, overall sensitivity 

declines between genital mycoplasmas for the MYCO WELL D-ONE was 13.75%. Petrikkos and 

colleagues also reported the specificity for M. hominis detection remained in relatively high 

concordance with molecular methods, at 98.8%. Similar results were found in my study with the 

MYCO WELL D-ONE M. hominis specificity being calculated to be 98.84%. Choe and colleagues found 

comparable specificity between the Mycoplasma IST2 (BioMerieux) and qPCR (Anyplex II) at 99.6%, 

however, the sensitivity was again extremely low at 44.7%.327 Another study that supports the 

notion of culture being less sensitive for the detection of M. hominis – than it is for the detection of 

Ureaplasma spp. – is offered by Abele-Horn and colleagues.338 Researchers analysed 726 clinical 

samples made up of 189 gynaecological samples, 362 urological samples, and 175 neonatal samples 

by both PCR and culture, for the detection of Ureaplasma spp. and M. hominis. The sensitivity results 

of culture when compared with PCR agreed with those of the MYCO WELL D-ONE with sensitivity 

values for Ureaplasma spp. and M. hominis detection at 91% and 84%, respectively. The disparity 

between sensitivity for the culture-based detection of Ureaplasma spp. and M. hominis has not been 

explained elsewhere. But it has been previously been determined that M. hominis cells are harder to 

recover than Ureaplasma spp. cells. Researchers discovered recovery rates of Ureaplasma spp. cells 

to be 95% using culture, compared with a recovery rate of only 60% for M. hominis cells.339 So, it 

may simply be that through using culture-based assays, M. hominis is harder to recover than 

Ureaplasma spp. Moving on to specificity, across all sample types the specificity of M. hominis 

detection by the MYCO WELL D-ONE was consistently >97%, demonstrating the assay had an 

exceptionally low false positive rate. PPVs for M. hominis detection ranged between 89.9% for swab 

samples to 93.22% for urine samples. Alongside this NPVs across sample types ranges from 95.32-

99.69%. These high values are aided by the large prevalence of these organisms within the 
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populations, but the accuracy of the assay — the probability the test will correctly classify a patient 

as positive or negative — is >94% across all sample types.  

The MYCO WELL D-ONE displayed sensitivities and specificities that were extremely good for the 

detection of Ureaplasma spp., with the results being comparable to the widely-used and clinically 

validated Abbott real-time PCR for the detection of C. trachomatis (sensitivity, 92,4%; specificity 

99.2%).340 Though the sensitivity of the MYCO WELL D-ONE in the detection of M. hominis decreased 

slightly, this is seemingly a universal difference in the ability of culture-based methods to recover 

these organisms. Nevertheless, this decrease in sensitivity in no way negates the effectiveness of this 

assay to detect M. hominis infection, evidenced by the high values seen across specificity, PPV, NPV 

and accuracy. That said, PCR is the more sensitive method, and due to its ability to further speciate 

detected Ureaplasma infections — a useful tool given the association between U. urealyticum, and 

not U. parvum, with male NGU — it is the preferred method of detection for these organisms. 

Nonetheless, as stated previously these qPCR methods require specialist and expensive equipment, 

highly trained individuals due to the more complex and laborious sample processing needed prior to 

testing. Additionally, the current European guidelines that state routine screening for these 

organisms is undesirable in lieu of substantiating that the treatment of asymptomatic genital 

mycoplasmal infection is beneficial.287 Meaning that sample numbers necessary for high-throughput 

molecular testing – as is currently performed for classic sexual health pathogens, such as C. 

trachomatis and N. gonorrhoea – are not generated during sexual health screening assessments. 

However, in cases where patients present pathologies like urethritis or cervicitis and are ‘true’ STI-

negative, the MYCO WELL D-ONE offers a robust, simple, easy-to-use, economic, and more 

importantly accurate method for determining the presence of genital mycoplasmas in the urogenital 

tract. Moreover, its simplicity — requiring only an incubator — to perform the test mean it is well 

suited to the low-resource environments of sexual health clinics. Accordingly, it permits a clinician a 

more detailed view of the urogenital biome underlying certain pathologies, potentially further 

elucidating the aetiology of a specific condition, facilitating a more personalised treatment 
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approach. Currently, many sexual health pathologies are treated empirically which presents 

numerous problems. For urogenital infections, there are growing concerns around a number of 

issues related to empirical treatment, such as inappropriate antibiotic prescription leading to multi-

drug resistant urogenital pathogens.341 Examples of empirical treatment failing in the treatment of 

NGU, when patients were U. urealyticum-positive, are displayed by Walter and colleagues.342 The 

researchers performed a randomised, double-blind study to determine the effectiveness of treating 

males suffering from NGU empirically, with Rifalazil, a rifamycin derivative. Rifalazil demonstrated 

remarkable effectiveness against C. trachomatis but failed to eradicate U. urealyticum infections. 

Consequently, U. urealyticum-positive NGU-sufferers symptoms remained unresolved with 

symptoms persisting post-intervention. This highlights the importance of species-specific antibiotic 

prescription for more effective treatment of pathologies that can be caused by one or more 

organism. The MYCO WELL D-ONE has the potential to improve sexual health patient care in this 

regard.  

4.2 MYCO WELL D-ONE and Ureaplasma spp. Load 

Estimation  
 

Although the MYCO WELL D-ONE proved to be an accurate means of detecting Ureaplasma spp. 

infections, the semi-quantitative enumeration well did not share the same level of accuracy. The 

MYCO WELL D-ONE quantitation wells only agreed with the culture titration methodology in 43.6% 

of cases. The main issue was the over-reporting of bacterial load by the MYCO WELL D-ONE, 

frequently indicating a ureaplasmal concentration of ≥105 CCU/mL, when the more accurate method 

of enumeration by culture — the culture titration — determined the inoculum to be ≤104 CCU/mL. 

Overall this occurred for 55.6% of MYCO WELL D-ONE and culture titration positives. Though the 

accuracy seemingly improved for swab samples, this could simply be due to the higher frequency of 

bacterial loads ≥105 CCU/mL for these sample types. Therefore, the ease with which the ≥105 MYCO 

WELL D-ONE well displayed a positive result and the higher frequency of ≥105 CCU/mL Ureaplasma 



Daniel John Morris  Chapter 4: Discussion  
 

137 
 

spp. loads for swab samples means the increase in accuracy is likely coincidental. The method by 

which the two 104 CCU/mL wells and ≥105 CCU/mL differentiate between ureaplasmal loads, without 

a further dilution step, is a proprietary function of the CPM SAS selective media used in the assay 

and as such it is difficult to speculate the reasons behind the well’s low accuracy. It is reasonable to 

assume that the media employs selective inhibitors in the ≥105 CCU/mL well, that aim to prevent the 

growth of Ureaplasma spp. loads ≤104 CCU/mL. If this is the case, then the well must contain a 

concentration of inhibitor or inhibitors that binds to a concentration of cells ≤104 CCU/mL, but 

beyond which is saturated. Therefore, the low sensitivity and over-reporting of bacterial loads in the 

semi-quantitative MYCO WELL D-ONE wells possibly indicates that the proprietary inhibitory 

substance does not consistently and effectively inhibit the growth of Ureaplasma spp. loads ≤104 

CCU/mL.  
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4.3 Ureaplasma spp. Prevalence  
 

Utilising PHE’s clinically validated multiplex qPCR for genital mycoplasma detection female 

urogenital Ureaplasma spp. prevalence was determined to be 57.2%. Typically, Ureaplasma spp. are 

isolated from the vagina at a prevalence rate of between 40-80%.284 Therefore, the prevalence rate 

of Ureaplasma spp. isolated from women attending sexual health clinics throughout the Valley’s 

convergence area is within the mid-range of rates cited elsewhere. Numerous factors seemingly 

influence Ureaplasma spp. prevalence rates such as younger age, lower socioeconomic status, 

sexual activity with multiple partners, African-American ethnicity, and oral contraceptive use.134,265 It 

is safe to assume that from the nature of the clinics in which samples were collected – walk-in sexual 

health clinics – that patients are likely sexually active. Additionally, a prerequisite to patients 

consenting to this study was that participants be over the age of 16 and can therefore be considered 

of reproductive age. As a result, these prevalence rates support previously published data displaying 

that sexually active non-pregnant women have prevalence rates of 67%, compared with only 40% of 

sexually inactive females of reproductive age undergoing routine gynaecological assessments.343,344  

For Males, Ureaplasma spp. colonisation was determined to be 21.6%, however, a direct comparison 

with other studies is difficult as it is generally accepted that the population prevalence of these 

organisms in males is unknown, with Horner et al. estimating it to be between 5-15%.287 This is as 

studies on male Ureaplasma spp. have typically been performed on symptomatic or infertile 

populations.232,283,286,323,345 However, it should be stated that the symptom status of males tested 

here – symptomatic or asymptomatic – is not known. This information, if made available from 

patient data collected as part of their screening could provide valuable insights into the prevalence 

levels of both male and female patients against the factors thought to influence colonisation rates, 

listed above. Females had significantly higher prevalence rates than males (p=<0.0001), supporting 

the consensus that female populations are at a higher risk of Ureaplasma spp. colonisation. An 
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explanation for the differences in prevalence between the sexes is offered through the significantly 

different levels of oestrogen they possess.  

Oestrogen is a well-characterised though not fully understood hormone. Discovered more than 70 

years ago by Edward Adelbert Doisy, whilst studying the oestrous cycle in animal models, oestrogen 

was first isolated from pig’s urine and has been subsequently dubbed ‘the female sex hormone’.346  

Though this group of compounds are renowned for their importance in the menstrual and oestrous 

reproductive cycles, alongside driving sexual development and maturity, their roles in infection 

mediation are currently being elucidated. It has previously been demonstrated in murine models, 

that pre-treatment with oestradiol (a form of oestrogen) increases Ureaplasma spp. colonisation in 

the genitourinary tract.347 Interestingly, it was demonstrated that glucose-fermenting mycoplasma 

colonisation rates were only enhanced by progesterone treatment (unaffected by oestradiol), 

whereas non-glucose-fermenting mycoplasmas such as Ureaplasma spp. and M. hominis 

colonisation rates were, oppositely, unaffected by progesterone (enhanced by oestradiaol only). A 

noteworthy difference between progesterone-affected mycoplasmas and oestradiol-affected 

Ureaplasmas is that the former possess terminal structures that assist in adherence to cells.348 Thus 

suggesting that the physiological response of urogenital epithelial cells to oestrogen favours the 

cytadherence of non-terminal-structure-possessing Ureaplasmas. Though the cytadherence 

mechanisms employed by Ureaplasma to establish infection are poorly investigated, virulence and 

colonisation mechanisms in other sexually transmitted infections have been shown to be oestrogen 

mediated. It is well established that gonococcal genital infections occur more frequently during, or in 

the lead up to menstruation, when oestrogen levels rise.349 Whereas for chlamydial infections, 

researchers harvested luminal and glandular epithelial cells from the cervix, uterus and uterine 

horns of female swine and cultured them ex vivo. The researchers reported that cells in the 

proliferative, oestrogen-dominant phase, were more susceptible to Chlamydia suis S45 than those in 

the progesterone-dominant phase.350 Subsequent work demonstrated that oestrogen-stimulated 

stromal cells release effector molecules that regulate the growth and maturation of the intrauterine 
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epithelia.351,352 These stromal cell released effector molecules – which alongside the direct 

interactions between hormones,  epithelial cells and stromal cells – regulate endometrial 

remodelling throughout the menstrual cycle.353–356 Experiments on C. trachomatis in endometrial cell 

(Ishikawa, IK)/SHT-290 stromal cell co-cultures revealed three different mechanisms by which 

oestrogen enhances infectivity: membrane-bound oestrogen receptors directly facilitate entry of 

bacterium into epithelial cells; oestrogen receptor-signalling encourages intracellular development 

of C. trachomatis; oestrogen-stimulated endometrial stromal cell effector molecules indirectly 

accelerate chlamydial development in infected endometrial epithelial cells.357 Repeating these 

experiments, substituting C. trachomatis for Ureaplasma spp. may reveal similar oestrogen-

mediated mechanisms of epithelial infection. Both Ureaplasma spp. and C. trachomatis are reliant 

on host cell proliferation for survival; C. trachomatis are obligate intracellular pathogens358 and 

Ureaplasma spp. has a limited genome – resulting in a reduced biosynthetic capacity – resigning 

them to parasitic/saprophytic host tissue-specificities.6 Therefore it stands to reason that such 

organisms will have evolved to take advantage of the oestrogen-mediated pathways regulating the 

proliferation of the tissues contingent to their survival. To illustrate this idea, oestrogen drives the 

survival and proliferation of epithelial cells by: (1) upregulating the expression of cyclin D1 and 

various other cell cycle genes in endometrial epithelial cells; (2) inducing the secretion of insulin-like 

growth factor in stromal cells.356,359 Conversely, progesterone thwarts the proliferation of 

endometrial epithelial cells induced by oestrogen stimulation, resulting in the maturation of these 

cells. Alongside this, rising progesterone levels in the endometrium inhibits the expression of 

oestrogen receptors, reducing the oestrogen-mediated transcription of specific genes and cell 

signalling in epithelial cells. Moreover, progesterone stimulated stromal cells secrete oestrogen-

metabolising enzymes.353–356 The expression of cellular adhesive compounds like fibronectin, 

integrins and metalloproteases, have been shown to be modulated by both hormones. Altering the 

expression of these compounds tempers and adjusts cell-signalling pathways, subsequently changing 

the contacts between adjacent epithelial cells and the extracellular matrix.354,355,360,361 Thus, given 
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the contrasting effects of oestrogen and progesterone it would stand to reason that if the 

proliferative effects of oestrogen on epithelial cells are conducive to the cytadherence of 

ureaplasmal cells, the inhibitory effect of progesterone would antagonise Ureaplasma spp. 

colonisation of the urogenital epithelia. Support for this proposition is offered through research 

displaying that prolonged administration of vaginal progesterone was associated with lower rates of 

U. urealyticum infection in pregnant women.362 Additionally, oestrogen production is associated with 

reduced rates of antimicrobial peptide and inflammatory cytokine secretion by the endometrial 

epithelia.363 For instance, levels of lactoferrin — an antimicrobial iron-sequestering glycoprotein — 

have been shown to be inversely correlated to oestrogen levels.364 Alongside this, the anti-

inflammatory effects of oestrogen can be seen as it attenuates lipopolysaccharide-induced 

inflammatory responses in rat microglia.365 Conversely, increased cytokine expression and immune 

cell recruitment are associated with elevated progesterone levels.355,363 Furthermore, reproductive 

tract fluid levels of IgG and IgA antibodies are modulated by the different hormone-dominant stages 

of the oestrous cycle. In human cervical mucous, IgA levels rise alongside oestrogen levels in the lead 

up to ovulation.366,367 In animal models – mouse and rat specifically – IgA concentrations peak in the 

vaginal lavage at oestrous, with the reverse being true for IgG.368 Ureaplasma spp. has a known 

ability to degrade IgA through a novel host-tissue specific serine proteinase that cleaves IgA between 

proline and threonine residues in the hinge region of the immunoglobulins heavy chain.218,369 Though 

the precise mechanisms of Ureaplasma spp. cytadherence are yet to be fully described, or 

understood, it has been demonstrated that pre-treatment of these organisms with N-acetylneuramic 

acid can block adherence to HeLa cells.206 This suggests that adhesins – likely the MBA – recognise 

and bind to sialic acid containing receptors. Therefore, it is possible that mucins that contain sialic 

acid containing residues, such as MUC1 – a large, heavily glycosylated mucin secreted by the 

reproductive tract epithelium370– could bind to Ureaplasma spp. cells and prevent them adhering to 

cells. Interestingly, MUC1 expression has been shown to be progesterone dependent.371,372 So, while 

there is much that remains to be explored as to how the complex hormonal regulation of the female 
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reproductive tract is exploited by Ureaplasma spp. in order to establish and sustain an infection in a 

host. It is seemingly a combination of enhancing the susceptibility of the urogenital tissues to 

infection, alongside providing a suitably traversable and favourable immune environment for 

Ureaplasma cells. 

Additionally, patients were further sub-categorised by age group: 16-20, 21-30, 31-40, 41-50 and 

≥51. Prevalence rates were highest amongst female patients aged 16-20-years-old at 70%, steadily 

decreasing by around 10% for each increasing age group, before plateauing beyond the age of 41 at 

between 38-39%. This supports the findings of several researchers associating younger age to an 

increased risk of Ureaplasma spp. infection, alongside colonisation rates decreasing with age.24,304,373 

Similarly, the prevalence of other sexually transmitted infections such as C. trachomatis has been 

shown to be age-associated in female populations, with increased infection rates in younger age 

groups.374,375 Moreover, Ureaplasma spp. infection is frequently associated with concurrent infection 

with more ‘traditional’ sexually transmitted agents like C. trachomatis.376,377 Correspondingly, a risk 

factor associated with both C. trachomatis infection and Ureaplasma spp. infection is number of 

sexual partners; an increase in number of sexual partners is associated with increased prevalence for 

both organisms.378,379 Therefore, a possible explanation for the increase in female Ureaplasma spp. 

prevalence with younger age, is the association between younger age and multiple sexual 

partners.380 It stands to reason that as younger people are more likely to have multiple sexual 

partners, alongside their increased propensity for risky sexual behaviours such as unprotected sex381, 

they have an increased risk of acquiring sexually transmitted microbes, including Ureaplasma spp. 

Additionally, another important factor in colonisation rates between female age groups is hormonal 

status. As discussed previously, oestrogen levels likely play an important role in the susceptibility of 

females to Ureaplasma spp. colonisation, with increased oestrogen increasing infection likelihood. 

Female oestrogen levels begin to rise during and throughout puberty, initiating the development of 

female reproductive tissue and inducing menarche.382,383 On average, serum oestrogen levels 

continue to rise in females of reproductive age peaking between the ages of 18-24 
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(~100pg/mL)384,385, before steadily declining year on year until the onset of menopause at between 

44.6-52 years old whereby serum oestrogen levels decline rapidly by around 80%.386,387 Therefore, as 

overall oestrogen levels decline with age, so do Ureaplasma spp. colonisation rates. The 

physiological responses to oestrogen in female urogenital tract, that result in an increase in host-

tissue susceptibility to Ureaplasma spp. infection are explored previously. It is worth noting that 

female ureaplasmal colonisation rates that coincide with, and extend beyond, menopausal age (≥41) 

plateau between 38-39%. Though this ostensibly ‘post-menopausal’ Ureaplasma spp. colonisation 

rate is much lower than that of the younger age groups assessed in this study – possibly indicating 

reduced oestrogen levels and a lower number of sexual partners – it is considerably higher than 

Ureaplasma spp. rates observed in post-menopausal females elsewhere, at 13%.388 This may be 

owed to geographical or population variability, and of note, the post-menopausal women assessed 

in the Hillier and Lau study had not received hormone replacement  therapy (HRT). Therefore, it 

would be interesting to determine whether post-menopausal patients receiving HRT had different 

ureaplasmal colonisation rates to those not receiving hormone therapy in my study, as HRT has been 

shown to influence the vaginal microbiome post-menopause.389  

For male patients, a different trajectory for Ureaplasma spp. colonisation rates alongside age group 

was observed. Between the ages of 16-30, colonisation rates remained consistent at around 27%, 

before falling by 60% and plateauing for males aged ≥31 at between 10-12%. Similarly to female 

populations, younger age has been shown to be associated with male ureaplasmal colonisation 

rates.390 Additionally, researchers discovered that alongside younger age, a recent change in sexual 

partner and fewer lifetime sexual partners was also significantly associated with male Ureaplasma 

spp. infection. Rates of carriage similar to those observed for males ≤30-years-old in this study were 

observed in males with two or more sexual partners in another study, with a colonisation rate of 

26%.391 Moreover, an assessment of infertile Chinese males revealed Ureaplasma spp. infection 

rates peaked between the ages of 25-29 (33.3%) and 30-34 (35.8%).345 
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Aside from increased sensitivity, when compared with culture-based detection methods, an 

additional advantage of using multiplex qPCR for the detection of Ureaplasma spp. is that it enables 

the differentiation between Ureaplasma spp. infection type: U. parvum, U. urealyticum or both (U. 

parvum and U. urealyticum). It is frequently reported that U. parvum is the dominant infection type 

in women, as was the case in my study, with a female U. parvum prevalence rate of 40.5%. Similarly, 

high prevalence rates for U. parvum colonisation have been stated elsewhere: 31%; Japan377, 53.1%; 

Australia392, 38.3%; Italy292. The data presented here and, in the literature, display that U. parvum is 

a prominent coloniser of the female urogenital tract and is the dominant species of Ureaplasma 

among the populous screened – GUM patients. There is a significant disparity between overall U. 

parvum and U. urealyticum prevalence, with rates dropping from 40.5% to 10.8% for each species, 

respectively. Again, the contrast in U. parvum-U. urealyticum prevalence rates is well established 

and the data presented here corroborates that of existing reports for U. urealyticum prevalence 

rates: 5.7%; Japan377, 16.1%; Greece393, 9%; Italy292, 6.1%; Australia392. For mixed infections, 

prevalence rates were even lower among females at 5.89%, consistent with other studies describing 

concomitant U. parvum and U. urealyticum prevalence rates: 2.9%; Australia392, 1.6%; Italy292, 3.2%; 

Japan377. Typically, U. urealyticum is the species of Ureaplasma most associated with pathological 

conditions such as female infertility, cervicitis, PID and genital discomfort.394 Whilst U. urealyticum 

prevalence is markedly reduced when compared with U. parvum — the less innocuous of the two — 

it’s prevalence is not insignificant, being isolated from more than one in ten women attending GUM 

clinics, who as a result of this infection are at a higher risk of the previously described urogenital 

pathologies. Interestingly, with regards to species dominance, the reverse was true for males with U. 

urealyticum being the most prevalent with an overall colonisation rate of 14.3%, compared with only 

6.9% U. parvum. This possibly contradicts the hypothesis held by Horner et al. whom surmised that 

U. parvum was likely the dominant ureaplasmal infection in males due to it being more frequently 

isolated from males without NGU.287 Or, it could indicate high levels of male patients with NGU 

attending sexual-health clinics in the Valley’s convergence area, due to U. urealyticum’s association 
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with the condition.290 Similar rates of U. urealyticum prevalence were observed among males 

determined to be symptomatic for microscopy-confirmed NGU, with 16% of NGU-positive patients, 

positive for U. urealyticum.283 Though it should be stated that Cox et al. concluded that the elevated 

rate of U. urealyticum in NGU-confirmed patients was not statistically significant in their study. 

However, numerous other reports have determined a causative and statistically significant link 

between U. urealyticum infection and NGU.228,395,396 Further patient information as to symptomatic 

status would permit more in-depth analysis, possibly substantiating or rebutting the link between 

symptomatic NGU and U. urealyticum. Additionally, the extreme differences observed in U. parvum 

colonisation rates between the sexes, dropping from 40.5% in females to 6.9% in males, could 

indicate that U. parvum is the sex dependent Ureaplasma, when compared with the consistent U. 

urealyticum rates of 14.3% in males and 10.8% in females. Furthermore, when mixed ureaplasmal 

infections are considered the overall percentage of male and female U. urealyticum prevalence is 

14.3% to 16.7% respectively, narrowing the difference. Moreover, when U. parvum prevalence is 

determined by age group between the sexes an interesting trend is revealed. For males across all 

age ranges, prevalence rates remain consistent, fluctuating between 3-8% from the age of 16 to 51 

and beyond. Whereas for female patients, prevalence rates begin at 52.25% for ages 16-20 and 

subsequently steadily decline to 30.43% for women aged ≥51. Conversely, the trends observed for U. 

urealyticum prevalence across age groups and between sexes followed similar trajectories. 

Prevalence rates peaked between 16-30 at between 20-30% for both sexes, before rapidly declining 

to between 0-16% beyond the age of the 31. The differences observed in the trends could indicate 

that U. parvum colonisation is mediated by oestrogen, as the colonisation patterns follow similar 

trends to oestrogen levels in both male and females. Male oestrogen levels remain relatively low 

and consistent throughout their entire lifespan,397 reflecting the low and consistent prevalence rates 

of U. parvum across male age groups. Whereas the age-related decline in oestrogen observed in 

females is matched by the age-related decline in U. parvum prevalence. This is seemingly the first 

time that this species-specific observation has been made and the potential reasons as to why this 
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might be the case are not clear. The two Ureaplasma spp. are divided into 14 serovars; U. parvum 

comprises serovars 1, 3, 6 and 14 with U. urealyticum making up the remainder.173 These existing 

serovars were established through metabolism inhibition and colony indirect epi-

immunofluorescence testing, using rabbit antisera.172  Serotyping techniques have been centred 

around the MBA, due the suggestion of serovar specific epitopes of this antigen.134,317 Whilst 

conserved regions of the mba gene had been identified across all serovars, the variable region, also 

thought to be serotype-specific had only been partially characterised.190,398 However, more recently, 

sequence analysis resulted in the discovery of Ureaplasma spp. propensity for inter-serovar 

horizontal gene transfer — generating hybrid serovars — calling the usefulness of serotyping into 

question.399 Therefore, viewing the two species through the lens of serovar-specificities may not 

offer an insight into the differences in prevalence trends across age groups and between sexes. 

Further comparative genome analysis across all serovars revealed significant species differences, 

with those differences conserved throughout each species specific serovars.227 Paralanov et al. 

identified 18 hypothetical proteins and 2 putative lipoproteins that were unique to all U. parvum 

serovars and absent from all U. urealyticum serovars. It was also highlighted that all U. parvum 

serovars possessed simpler MBA phase variation systems than those of U. urealyticum serovars. The 

conserved domain of the mba gene was surrounded by single base pair repeats, containing the 25-

base pair putative recombination recognition site, in U. parvum. Additionally, U. parvum serovars 

possessed fewer putative recombinases than U. urealyticum. Such recombinases, like the tyrosine 

recombinase XerC of U. parvum serovar 3 have been shown to be potential mediators of DNA 

inversion events associated with MBA phase-variation.201 The limited number of recombinases and 

relatively simplistic MBA phase-variation systems possessed by the smaller Ureaplasma genome of 

U. parvum, limits its capacity for MBA variety. MBAs have previously been shown to be recognised 

by TLRs and induce NF NF-κB, eliciting an immune response.191 As such, it has been suggested that 

the ability of an organism to vary the MBAs expressed on their surface, possibly impacts the level of 

immune response produced, when recognised by TLRs.400 More specifically, TLR2, 6 and 9 have been 
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the TLRs implicated in the initiation of an innate immune response to U. parvum and its MBA.401 

Interestingly, TLR2 activation results in a mollified inflammatory response, relative to TLR4 

activation.402 Moreover, oestrogen has been shown in numerous cases to mediate and suppress TLR-

induced innate immune responses in human uterine and endometrial epithelial cells.403,404 

Additionally, following TLR2 activation — for which U. parvum and the MBA have displayed to be an 

agonist — oestrogen has been shown to attenuate chemokine production upon receptor 

stimulation, dampening the immune response.405 Therefore, a possible explanation for the trends in 

U. parvum colonisation rates, proposed to follow the age-related decline in oestrogen for females, 

supported by the low and steady colonisation rates in males (low oestrogen throughout lifespan) 

across age groups, and that significantly differ from prevalence rate trends for U. urealyticum across 

both sexes, could be offered by U. parvum’s limited mba gene, coupled with the anti-inflammatory 

environment generated by high oestrogen in younger females. The proposed mechanism for this is 

as follows: (i) the limited capacity for phase-variability in the mba gene of U. parvum results in an 

overall subdued response following TLR receptor stimulation (ii) elevated oestrogen levels present in 

the genitourinary tract of younger females attenuate the already subdued TLR-induced 

inflammatory response. Thus, relative to U. urealyticum, U. parvum’s limited MBA phase variation 

machinery provides the appropriate amount of antigenic variation to avoid the adaptive immune 

system, whilst the organism’s stimulation of innate immune receptors is attenuated by the high 

oestrogen environment. As such clearance of U. parvum is not achieved through innate immune cells 

in oestrogen-stimulated epithelia, generating conditions conducive to the establishment of 

persistent infection in the urogenital tract of younger/higher-oestrogen females, relative to 

older/lower-oestrogen females. This hypothesis supports the consensus that U. parvum is a 

commensal isolated from both symptomatic and asymptomatic individuals. Whereas U. urealyticum 

is often cited as the more virulent of the two, associated with symptomatic individuals in which a 

more pronounced inflammatory response has been triggered, manifesting clinically as NGU and NSC. 

242,290,395,406–409 Allowing the speculative suggestion that the more complex mba genes isolated from 
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U. urealyticum, possessing more TRUs and recombinases have a more virulent motif, whereas the U. 

parvum MBAs have a more persistence/colonisation-based motif. For numerous other pathogenic 

bacteria, such as C. trachomatis and Clostridium difficile, the phase-variation strategies they employ 

have been directly associated to their virulence.410–412 Therefore, it would be interesting to 

determine the immunogenicity of the various TRUs present in the mba genes of both U. parvum and 

U. urealyticum. Should TRUs be displayed to be differentially immunogenic, it could help to clarify 

the seeming differences in virulence between the two species of Ureaplasma, as U. urealyticum 

MBAs possess larger quantities of TRUs than those of U. parvum.227 However, it should be stated 

that the notion of U. urealyticum being the more virulent of the two Ureaplasma spp. (particularly as 

a sexual health pathogen) though generally accepted, is not a universal one, with some researchers 

providing evidence to the contrary.413,414 Moreover, the association between other, more chronic 

infections and conditions — neonatal- and pregnancy-related pathologies — and U. parvum are well-

established.134 Equally, the not-yet-characterised 18 hypothetical proteins unique to U. parvum and 

the 83 hypothetical proteins unique to various U. urealyticum serovars,227 could potentially offer an 

explanation as to the observed differences in species prevalence trends between the sexes and 

across age groups. However, a function for these putative protein-encoding genes could not be 

assigned by Paralanov et al., as they were genes for which orthologs coded for proteins of unknown 

function or for which an ortholog outside of the Ureaplasma genus did not exist. The only species-

specific difference associated with a potential pathogenicity factor, noted by Paralanov and 

colleagues, was that each species employed different genes to produce H2O2 resistance-conferring 

compounds.  

The current research surrounding the genetic differences between the Ureaplasmas and the 

molecular mechanisms that underlie adherence and virulence typically concludes that genomes of 

these organisms are poorly characterised.209,227,415,416 Couple this with the continually growing 

evidence of the extensive level of horizontal gene transfer between Ureaplasmas, resulting in cross-

reactivity, calling the appropriateness of serotyping for explaining the pathologic differences 
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between the species into question.399 The findings of this study, together with the large number of 

clinical isolates it has generated, provide an extensive catalogue of both U. parvum and U. 

urealyticum cultures that could be screened/sequenced for the presence/absence of putative 

adherence or pathogenicity associated genes. Furthering this, the disease status of patients (if made 

available through patient notes taken as part of their routine sexual health screening) could be 

combined with the identification of such candidate genes for pathogenicity-associated products, to 

establish an association between specific genetic elements and clinical pathologies. As has been 

performed for other sexually transmitted agents, facilitating the characterisation of clinical 

manifestations and epidemiology of the C. trachomatis genetic variant nvCT.417,418 

All comparative studies examined here utilised molecular methods for the detection and speciation 

of Ureaplasma spp. in urogenital samples. Caution must be exercised when reviewing the literature 

for U. urealyticum data, as many researchers were slow to adopt the post-2002 nomenclature that 

resulted in U. parvum becoming taxonomically distinct from other mycoplasmas.173 It is extremely 

difficult to determine whether these previous, often culture-based approaches (unable to speciate), 

subsumed the detection U. parvum under U. urealyticum, or failed to detect it at all.  
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4.4 M. hominis Prevalence  
 

As for M. hominis prevalence, the disparity between female and male prevalence was much the 

same, however the rates of prevalence were much lower for each patient group overall. For female 

patients, the prevalence of M. hominis colonisation was 16.3%. For sexually mature women rates of 

colonisation typically range between 20-50%.284,285 Though below the typical range, M. hominis 

prevalence rates lower than 20% are not uncommon: 4.6%; Italian study419,  4%; Turkish study304, 

4.3%; USA study420, 1.01%; Korean study421, 14.6%; Chinese Study308, 2.5%; Italian study422, 1.9%; 

Chinese study423. Again, an overall and general population prevalence is hard to obtain as most 

studies focus on M. hominis colonisation together with another factor, pathological or otherwise, 

that is linked to infection. Interestingly, the rate at which M. hominis was isolated from the female 

urogenital tract was 3.5 times less than Ureaplasma spp. infection. This was also reflected in Furr 

and Taylor-Robinson, who found Ureaplasma spp. to be isolated from the urogenital tracts of female 

patients four times more than M. hominis.424  

Of males tested, only 4.3% of patients were positive for M. hominis corroborating reports of 

population prevalence to typically be between 2-4%, rendering it a relatively uncommon organism 

colonising the urethra of males.283 However, ranges exceeding this have been documented in 

otherwise healthy, asymptomatic and fertile individuals. For example, prevalence rates of 9.27% 

have been observed in the semen samples of males in the Henan Province of China. Though the 

samples collected in our study were primarily urine samples, these have been shown to be 

equivalent to sperm for M. hominis detection, in a study reporting male M. hominis prevalence to be 

10.6% M. hominis.425 Also worth noting is that population prevalence has been described as high as 

20% in some instances.280 Aside from age (explored later), patient information such as sexuality, 

number of sexual partners, symptomatic/asymptomatic, fertility status etc. is unavailable at the time 

of writing. Therefore, the dataset available at present can neither confirm nor rebut the established 

but unconfirmed links between M. hominis infection and fertility status.232 Controversy remains as to 
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whether M. hominis is a true causative agent, due to its strong association with ‘true’ STIs that have 

been previously established to cause infertility.287 The association of M. hominis infection with these 

‘true’ STIs could also be analysed if access to patient note data was granted in the future. Moreover, 

recent studies have demonstrated the sexual exchange of bacterial vaginosis (BV)-associated 

urogenital bacterial taxa between partners, alongside a significant association between partners 

urogenital biomes.426,427 As such it begs the question, as a BV-associated microorganism with such 

low male prevalence, is male positivity for M. hominis a reflection of female sexual partner 

colonisation? Also, could it be used as a proxy/predictor of BV in the sexual partners of males 

deemed M. hominis positive? Further investigation into these research questions could provide a 

much-needed insight into M. hominis role in the male genital microbiome, as the recent and 

widespread recognition of the human microbiomes role in human health has led to the launch of 

projects such as the Human Microbiome Project.428 Research has centred around the microbiomes of 

the intestinal tract, mouth, skin and female genital tract, with the male genital tract — thought to 

regulate reproductive tract homeostasis — being much neglected.429 Additionally, if the hypothesis 

of male infection being largely transient and the consequence of intercourse with M. hominis-

infected females is correct, it would be reasonable to assume that M. hominis prevalence in MSM 

populations would be lower than those of heterosexual (MSW) communities. This would be the 

opposite of what is observed for other urogenital mycoplasmas, such as M. genitalium, with 

prevalence rates for the MSM community estimated to be 3 times that of the general population.430  

Overall, females had significantly higher rates of M. hominis colonisation than males (p=<0.0001; 

Fisher’s exact test), as expected. Rates of colonisation were slightly lower than is typically seen for a 

sexually active populous (<20%) amongst females. Whereas the prevalence amongst males was at 

the upper end of what is routinely observed (2-4%), at 4.3%. Much the same as Ureaplasma spp., 

differences in prevalence rates between males and females could possibly be explained through the 

differing oestrogen levels females, compared with males. Whereas colonisation rates for 

Ureaplasma spp. have been shown to be enhanced by oestrogen in murine models,129 M. hominis 
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colonisation of the genital tract is exclusively restricted to oestrogen-treated BALB/c mice.431 

Consequently, it has been suggested that HRT for post-menopausal women would increase 

colonisation rates of M. hominis, subsequently increasing the likelihood that these women would 

develop BV.388 Several reasons for the role of oestrogen in the urogenital colonisation of Ureaplasma 

spp. were offered and explored previously. These could also explain and elucidate the reasons 

behind the strikingly similar disparities observed in the prevalence rates for M. hominis between 

men and women. As M. hominis and Ureaplasma both fall under the category of non-glucose-

metabolising mycoplasmas, which have been shown to be oestrogen-dependent.129 Additionally, 

another effect of oestrogen on the vaginal epithelia is the stimulation of glycogen production.432 The 

main function of which is thought to be to promote the growth of Lactobacillus species,288 which 

provide myriad benefits and were thought to help maintain a healthy vaginal pH through their 

production of lactic acid.433,434 The low vaginal pH serves to prevent colonisation and infection by 

pathogenic bacteria.435,436 Furthermore, the Lactobacilli also produce antimicrobial compounds like 

bacteriocins to deter infection with undesirable microorganisms.437,438 However, though it was 

previously thought that the vaginal lactobacilli metabolised the majority of glycogen released by the 

vaginal epithelium and subsequently anaerobically fermented the resultant glucose.433,434 It has 

recently been demonstrated that a number of vaginal lactobacilli isolates are unable to degrade 

glycogen and a host-derived α-amylase is now recognised as being responsible for the production of 

fermentable sugars present in vaginal secretions.439–441 An M. hominis-related sexually-transmitted 

organism that also utilises glucose, through the production of endogenous amylases and glucose 

produced by host-derived α-amylase, is Trichomonas vaginalis.442,443 This highly-prevalent STI has an 

estimated 200 million cases reported annually and as such is recognised and accepted as the most 

prevalent STI globally.444,445 Additionally, 80% of T. vaginalis infections in the female populous are 

asymptomatic.446–448 Identical to M. hominis, establishment of vaginal T. vaginalis infection in animal 

models is subject to pre-infection oestrogen treatment.449 Moreover, trichomonad movement and 

attachment to mammalian cells in vitro has been shown to be oestrogen mediated.450 Oestrogens 
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influence on T. vaginalis infection is reflected in the low carriage rates observed in males, much like 

M. hominis, estimated to be 10-fold less than the number of female cases.445 But it has been noted 

that up to 73% of males with a T. vaginalis-infected female partner are positive for the 

infection.451,452 However, researchers have noted that following exposure and detection of T. 

vaginalis in male patients, infections often resolve themselves, owing to the transient nature of T. 

vaginalis colonisation of the male urethra.453 Therefore, the high-oestrogen, high-glucose 

environment of the female urogenital tract is thought to increase susceptibility to, and facilitate, T. 

vaginalis infection. Interestingly, a symbiotic relationship between M. hominis and T. vaginalis has 

long-been established. The founding of an association between these organisms occurred during a 

large clinical study, followed by the subsequent isolation of viable M. hominis from long-term in-vitro 

cultured T. vaginalis isolates.454,455 Furthermore, it was later determined that >80% of clinically 

obtained T. vaginalis isolates tested were naturally infected with M. hominis, regardless of 

geographic location.93,94,456 As such, these cases of symbiosis were the first of their kind to be 

described as it involved two distinct obligate human mucosal microbes, both of which are capable of 

causing disease in the anatomical area to which they reside, independent of one another. Though 

this symbiotic relationship remains to be fully resolved, certain characteristics of the relationship 

have been established. The capability of M. hominis to interact with T. vaginalis at both the cell 

surface level and intracellularly, alongside synchronised replication strategies, has been displayed.94 

These data, coupled with that of Rappelli and colleagues outlining how M. hominis infection can be 

transferred between infected and non-infected trichomonads and to epithelial cells of the cervix93 

led to the ‘Trojan horse’ hypothesis. The theory postulates that M. hominis intracellular location 

within the protozoan provides safe passage to the vaginal mucosa, shielding the mycoplasma from 

host immune cells and antibiotic compounds.94,456 Additionally, the cytopathogenicity of M. hominis-

harbouring T. vaginalis has been shown to be increased in vitro, compared to uninfected T. 

vaginalis.457 Recently researchers analysing the metabolic results of this relationship found that M. 

hominis-infected T. vaginalis had higher replication rates, increased haemolytic activity and an 
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increased capacity for ATP production.98 They also displayed how M. hominis modulated nitric oxide 

(NO) production in T. vaginalis-macrophage co-cultures through substrate competition for NOs 

precursor arginine. Therefore, further analysis of patient samples to determine T. vaginalis 

prevalence would illuminate the extent to which M. hominis-infection is T. vaginalis-mediated. 

Furthermore, it would provide valuable insight into whether oestrogen-mediated M. hominis 

colonisation is due to the following; oestrogen stimulates the release of glycogen by the vaginal 

epithelia providing a high-glucose environment conducive to M. hominis-harbouring T. vaginalis 

infection; (ii) oestrogen, due to factors independent of T. vaginalis infection, produces an 

environment conducive to mycoplasmal infection (as explored for Ureaplasma spp. earlier); (iii) the 

observed disparities, purportedly due to oestrogen, are as a consequence of the interplay between 

the two previous propositions. The third option is the most likely given that M. hominis-only 

infection has been shown to be oestrogen mediated in murine models, displaying it can act as a sole 

infective agent. Moreover, the high rates of prevalence and M. hominis-symbiosis observed for T. 

vaginalis will inevitably result in T. vaginalis infection being responsible for a large portion of M. 

hominis prevalence. Much like Ureaplasma spp. the colonisation prevalence for females decreased 

as age increased, steadily declining from between the ages of 16-20 before plateauing beyond the 

age of 41. Again, adding credence to the oestrogen-mediation theory of prevalence, as oestrogen 

levels steadily decline in females until the menopause reflecting the M. hominis prevalence rates 

across age groups.382,383 For male patients, the distribution of prevalence rates across age groups did 

not follow the same trend. Males aged 16-20-year-old had a low colonisation rate of 2.5%, this 

increased to 7.34% for males aged 21-30, with 0 cases of male M. hominis positivity observed 

beyond the age of 31. This prevalence distribution supports the notion of male infection being only 

transient and is reflective of female partner infection due to the sharing of the urogenital 

microbiome between sexual partners.426,429 Though this may seem counterintuitive in that the 

highest male detection rates are seen for males aged 21-30, whereas for females peak prevalence is 
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observed in the younger 16-20-year-old age group. This could be explained by a high proportion of  

females having male sexual partners that are 2-5 years their senior.458,459  

4.5 Concomitant Ureaplasma spp. and M. hominis  
 

The rates of dual infection for both Ureaplasma spp. and M. hominis were also determined, with 

sole M. hominis accounting for only 8.1% of M. hominis-colonised females. The remaining M. 

hominis- colonised females were co-infected with Ureaplasma spp., resulting in an overall co-

colonisation rate of 15.02% (79/526). This is near double the coinfection rate (8.63%) observed in 

female gynaecology patients undergoing routine examinations in Sao Paolo City, Brazil.373 Similarly, a 

6-year study of symptomatic females at a sexual-health clinic in Belgrade, Serbia, has significantly 

lower rates of co-colonisation, with only 1% of females displaying positivity for both Ureaplasma 

spp. and M. hominis.303 Additionally, the Ureaplasma spp. and M. hominis co-colonisation rate of 

patients presenting clinical vaginitis in Athens, Greece, was 2.92%.297 A study of 100 pregnant 

females – typically cited as a population with an increased susceptibility to genital mycoplasmal 

colonisation – also only revealed a co-infection rate of 3%.304 However, a study that is perhaps more 

comparable to this one found an overall co-colonisation rate of 10.1%, alongside higher incidences 

of genital mycoplasmal colonisation among individuals attending STI clinics.460 Moreover, 

researchers recruiting sexually-active and symptomatic women at a Cameroon university hospital 

found a Ureaplasma spp. and M. hominis co-colonisation rate of 20%.461 Thus the data presented 

here, indicates that women attending sexual-health clinics throughout the Valleys convergence area 

display elevated levels of Ureaplasma spp. and M. hominis co-infection. These rates are likely owed 

to increased levels of sexual activity, a known risk-factor associated with genital mycoplamsal 

colonisation, corroborating reports of STI clinic attendees being a high-risk group.462 Also, a possible 

explanation for the disparity between the previously cited studies low co-colonisation rates (<5%) 

and those displayed here, is the method of detection. Most studies utilise rapid diagnostic culture-

based assays which, as this study has shown for the MYCO WELL D-ONE, have markedly lower 
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sensitivity for the detection of M. hominis when compared with molecular methods, likely due to the 

organisms hard-to-recover nature.339 A sentiment echoed in a 2009 paper utilising a multiplex PCR 

for the detection of genital mycoplasmas in sexually active females that reported ‘higher-than-

expected rates of Mycoplasma, Ureaplasma..’, with concomitant M. hominis-Ureaplasma spp. 

infection rates similar to those presented here, at 11.4%.392 

For males a similar trend to female concomitance was observed with the majority of M. hominis 

positive patients being co-colonised with Ureaplasma spp. though to a lesser extent, 71.4% versus 

91.9%, respectively. Females were determined to have significantly higher rates of concomitant 

infection (p=0.0454; Fisher’s exact test). Overall, the Ureaplasma spp. and M. hominis co-

colonisation rate of male patients attending sexual health clinics in the Valleys convergence areas 

was 3.04%. This relatively low rate of co-infection is in accordance with several studies on male 

Ureaplasma spp. and M. hominis prevalence: 0.7%; Korea421, 3.2%; China463, 3%; Tunisia131, 1%; 

China345.  

As expected, age-group analysis for concomitant M. hominis-Ureaplasma spp. infection showed an 

age-related decline in prevalence, likely due to the oestrogen-mediated increased susceptibility to 

genital mycoplasmal infection discussed previously. The composition of female Ureaplasma spp. and 

M. hominis dual infections was dominated by M. hominis-U. parvum infections, followed by M. 

hominis-U. urealyticum with the remainder being comprised of M. hominis-U. parvum and U. 

urealyticum colonisation, as has been described elsewhere.292 Interestingly, no triple infections of M. 

hominis-U. parvum and U. urealyticum were observed for female patients aged ≥41, with the highest 

rates of triple infection being observed in patients between the ages of 16-20-years-old at 6.1%. 

Rates of triple infection declined with increasing age, perhaps indicating that triple infection cannot 

be supported in older females. However, comparing these data to other studies is difficult due to 

researchers failing to adopt the correct lexicon, often citing Ureaplasma spp. as U. urealyticum and 

failing to properly speciated U. parvum and U. urealyticum in the absence of molecular-based 
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detection methods.287 Additionally, as patients were only categorised by age and sex no association 

between concomitant infection type and clinical outcome can be determined. It has been previously 

displayed that concomitant M. hominis-Ureaplasma spp. is associated with increased adverse 

pregnancy outcomes for women delivering preterm neonates, when compared with Ureaplasma 

spp. only infection.464  

4.6 Bacterial Load and Sample Type  
 

Alongside the identification of positivity for either Ureaplasma spp. and M. hominis, the culture 

titration methodology was utilised to determine the bacterial load of the urine- or swab-inoculated 

sterile saline. A striking disparity between sample type — urine or swab — was observed, with swab 

samples having consistently higher bacterial loads than urine samples for both Ureaplasma spp. and 

M. hominis positive samples.  One of the primary reasons for determining the ureaplasmal or 

mycoplasmal load was due to the CLSI requirement for AST testing to be performed on titres <105 

CCU/mL.320 This is as it has been well-established that bacterial loads that do not conform to the CLSI 

guideline inoculum level produce false-positive resistance results.328  

For Ureaplasma spp., of 422 culture-positive samples (168 swabs and 254 urine), 55.9% of swabs 

were determined to have a load >105 CCU/mL whereas the same load in urine samples was observed 

in only 5.9% of cases. There a few potential factors that could contribute to the significantly higher 

Ureaplasma spp. loads observed in swab samples, when compared with urine samples. Firstly, 

female patients comprised most swab samples (165/168 swabs), with these swab samples being 

endocervical, whereas most males deposited a urine sample for testing. A notable difference 

between endocervical samples and urine samples is that they sample different epithelial tissues; 

endocervical swabs sample the vaginal and cervical epithelia and urine analysis determines the 

colonisation status of the urethral epithelia. These tissues may be differentially affected by 

Ureaplasma spp. colonisation. It is possible that different infection mechanisms that are conducive 
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to increased bacterial loads occur during the infection of vaginal/cervical epithelial cells, when 

compared to those epithelial cells of the urinary tract. For example, other STIs have been shown to 

interact and infect epithelial tissues differentially, varying the infection pathway they deploy in 

response to the tissue they are infecting. Infection with Neisseria gonorrhoeae has been shown to be 

mediated by receptor-based endocytosis in the male urethra resulting in a proinflammatory 

response, whereas a different asymptomatic path to infection is observed in females. Cervical 

epithelial infection occurs through complement receptor 3 (CR3) mediated entry into cells, a 

receptor that does not exist in the urethral epithelia.465,466 Moreover, and with regards to tissue 

specificities, in females, oestrogen receptor numbers vary throughout the tissues of the urogenital 

tract. For instance, oestradiol receptor concentrations in animal models show that the urethra and 

bladder contain between 10-20 times fewer oestradiol receptors, than the epithelia of the uterus at 

the higher portion of the urogenital tract.467 As oestrogen seemingly mediates Ureaplasma spp. 

colonisation — explored previously — it is likely that the degree to which tissues are stimulated by 

oestrogen, as a consequence of their oestrogen receptor concentrations, directly impacts the 

bacterial load able to infect that tissue. As such, a possible explanation for the higher bacterial loads 

observed in swab samples, when compared with urine samples, is that the tissues being sampled 

(epithelia of the higher female urogenital tract) are more susceptible to Ureaplasma spp. increased 

colonisation than the urethral tracts of both male and female patients. Additionally, 127 patients 

supplied both a swab and urine sample made up of the following: 122 endocervical swab-urine 

pairings from females and 5 endourethral swab-urine pairings for males. For Ureaplasma spp. 71 

patients were positive across both samples, with organism loads on swab samples being equal to or 

greater than their urine counterparts in 100% of cases, with statistical analysis determining the 

higher loads observed in swab samples to be statistically significant (p=0.0255). Most of the time — 

43.7% of Ureaplasma spp. positive swab samples — had ureaplasmal loads between 100-1000 times 

greater than their urine counterparts. Currently, protocols for determining Ureaplasma spp. 

presence using commercially available rapid culture-based detections systems (Mycoplasma IST2, 
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Mycoplasma IES, Mycofast Revolution and MYCO WELL D-ONE) do not process urine or swab 

samples differently, in that both sample types receive the same initial dilution step. They are seeded 

into a volume of saline solution, before inoculating the test kit with the generated saline 

suspension.321,468,469 Consequently, the results of this study have revealed significant differences in 

Ureaplasma spp. loads for swab samples, when compared with paired and unpaired urine samples, 

indicating that sample processing according to sample type is recommended. An additional dilution 

step for swab samples would result in more appropriate challenge inoculum (<105 CCU/mL) for 

concurrent detection and AST as per current rapid culture-based assays, and the MYCO WELL D-ONE 

more specifically. One of the primary issues raised by researchers is the concern that resistance data 

that is gathered using rapid culture-based screening systems leads to over-reported resistance, as 

high titres of challenge organisms overwhelm the antibiotic present in the kit’s wells.275,421,470 This 

results in resistance data being gathered, compiled and reported on in a non-CLSI complaint manner. 

It must be conceded that reporting a resistant isolate as susceptible has far greater implications than 

reporting a susceptible isolate as resistant. However, over-reporting antimicrobial resistance could 

lead to inappropriate treatment interventions being implemented, alongside unnecessary actions 

being taken such as the rejection of effective therapeutic strategies based on superficial ‘resistance’ 

to specific antibiotics. An example of this that has been rectified in UK clinical laboratories was the 

previous over-reporting of Pseudomonas aeruginosa resistance to ciprofloxacin, amending the AST 

broadened ciprofloxacin’s applicability and potentially extended its lifespan as a therapeutic option 

for P. aeruginosa infection.471  

Comparably, M. hominis-positive samples displayed a similar difference in bacterial load when swab 

samples were compared with urine samples. Much like Ureaplasma spp. positive samples, the vast 

majority (93%) of M. hominis-positive urine samples possessed titres <105 CCU/mL. Though most 

swab samples contained <105 CCU/mL (60%), a significantly higher portion of swabs (40%) contained 

titres >105 CCU/mL, outside of CLSI-compliant AST testing range.320 Additionally, as there is no semi-

quantitative well present in the MYCO WELL D-ONE for M. hominis any resistance is to be taken as 
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true. Therefore, a different dilution strategy should be implemented for swab samples in order to 

effectively test for M. hominis presence alongside AST. Further analysis of paired samples revealed 

that swab samples had bacterial titres equal to, or greater than, their urine counterparts in 76.2% of 

M. hominis-positive paired patient samples. However, most paired samples (42.9%) harboured loads 

equal to, or 10 times greater than, their urine counterparts with statistical analysis revealing the 

differences in paired sample loads to not be statistically significant. That said, due to the lower 

prevalence of M. hominis, compared with Ureaplasma spp., the number M. hominis-positive paired 

samples were limited at 21. Nevertheless, given the far greater number of undesirably high titres 

(>105 CCU/mL) present for M. hominis positive swab samples, coupled with the nature of 

commercial assays such as the MYCO WELL D-ONE — in that they aim to simultaneously detect 

Ureaplasma spp. and M. hominis infections and concurrently screen said organisms for resistance — 

the recommendation to process swab samples differently to urine samples remains valid.  

Furthermore, for both male and female pathologies linked to Ureaplasma spp. infection bacterial 

load has routinely been cited as a contributory factor. For men, several reports have indicated an 

association between elevated Ureaplasma spp. loads and NGU. Utilising a quantitative culture 

methodology researchers displayed significantly elevated Ureaplasma concentrations in first-void 

urines of males suffering from NGU.472 Likewise, a further study assessing the intensity of the clinical 

symptoms associated with NGU alongside the number of polymorphonuclear leukocytes in urethral 

smears found a correlation between both these factors and Ureaplasma spp. load.473 Though it must 

be highlighted that contravening evidence has been presented. For example, elevated ureaplasmal 

concentrations in first-void urines were observed for men both with and without urethritis, with no 

significant differences in polymorphonuclear leukocyte number.474 Following the advent of 

molecular methods of detection that were able to speciate and quantify Ureaplasma spp., 

researchers indicated that U. urealyticum load and not U. parvum load contributed to NGU.242,246 

Several other researchers reached the same conclusion regarding the importance of U. urealyticum 

load in an effort to resolve the controversy surrounding the link between Ureaplasma load and 
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NGU.286,475 However, more recently, reports displaying that U. parvum load is related to clinical 

outcomes in males suffering NGU have been presented.283,476 Though further efforts to resolve this 

have been made in displaying the different species association with NGU; U. parvum has been linked 

to chronic NGU with U. urealyticum associated with acute form of the condition.477 Additionally, as 

the majority of these studies only compare the Ureaplasma spp. loads of the participants within 

them, it has been noted that there is a need for a consensus on what constitutes elevated/higher 

titres of Ureaplasma spp. in male urine.287 Providing a cut-off level would standardise the reporting 

of quantitative detection methods and aid in identifying what constitutes a pathogenic level of 

infection. Whilst the literature base from which to deduce a cut-off is currently too thin for a 

consensus opinion to be reached by STI Guideline Editorial Boards,287 a U. urealyticum load of >103 

CCU/mL of urine is repeatedly associated with symptomatic NGU in male patients.246,475 In our study 

a total of 41 urine samples were culture-positive for U. urealyticum, of which 30% had a bacterial 

load >103 CCU/mL placing these patients at a higher risk for NGU. This results in a population 

prevalence of 3.63% (12/330) for males, with urine samples positive for elevated U. urealyticum 

loads. Though this only accounts for a low portion of males carrying a high U. urealyticum load, from 

the number of males recruited (330), the number of patients presenting with NGU should be 

between 10-30% (33-99 patients).478 Additionally, as a cross-sectional review of the literature 

revealed U. urealyticum to be causal in between 5-26% of NGU cases,291 this prevalence of high-load 

U. urealyticum is to be expected. However, access to the symptomatic status of patient data 

gathered as part of their routine sexual health screen, alongside the microbiological data garnered 

through routine testing, would help to further establish or repudiate the association between U. 

urealyticum load and NGU. Interestingly, the % of elevated U. parvum-positive male urine samples 

(>103 CCU/mL) was very similar to that of U. urealyticum-positive male urine samples; 28% of U. 

parvum-positives and 30% of U. urealyticum positives possessed bacterial loads >103 CCU/mL. 

Though notably, bacterial loads >104 CCU/mL were only seen in U. urealyticum-positive male urine 
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samples. Again, the degree to which U. parvum load is a contributary factor in NGU could further be 

eluded to following access to symptomatic and microbial status of the patients recruited. 

Likewise, Ureaplasma spp. load has been similarly associated with female pathologies. For instance, 

Abele-Horn and colleagues showed that high ureaplasmal loads colonising the lower genital tract of 

pregnant women were associated with adverse pregnancy outcomes, whereas lower loads were 

not.479 This notion was further substantiated, particularly in the case of U. parvum, as researchers 

discovered that intrauterine inflammatory response determined by IL-8 level was significantly 

associated with U. parvum load.480 This Ureaplasma spp. infection-induced increase in IL-8 in 

amniotic fluid would lead to PROM and pre-term delivery.481,482 More specifically related to sexual 

health pathologies U. parvum load has been shown to be associated with NSC.235 These findings 

were corroborated by reports of U. parvum load directly affecting cervical lesion development.483 It 

is noted that the likely explanation for this is that more pronounced inflammatory response to 

higher Ureaplasmal loads at the site of infection leads to increased cell and tissue damage, as is 

observed for other pathogenic bacteria. In vitro studies of both U. parvum and U. urealyticum have 

shown their capacity to induce the release of pro-inflammatory chemokines and MMP-9 in a dose-

dependent manner, from both neonatal and adult monocytes.484,485 However, there was no 

association observed between women with abnormal and normal vaginal flora and Ureaplasma spp. 

load.486 Again, comparing this present study with others in relation to Ureaplasma spp. load is 

inherently difficult given the lack of homogeneity in both sample processing and cut-off values for 

determining elevated vs ‘normal’ Ureaplasma spp. loads. Abele-Horn and colleagues processed swab 

samples in a similar way to my study, inoculating them into a volume of sterile saline and calculating 

ureaplasmal concentrations in CFU/mL.479 They established significant associations for both 

Ureaplasma spp. at titres of >104 CFU/mL with PROM and preterm delivery, with concentrations 

>105 being associated with chorioamnionitis. Comparatively, of 168 female patients swab sampled 

and positive for Ureaplasma spp. by culture, 77.4% (130/168) possessed Ureaplasma titres >104 

CCU/mL. Which, by Abele-Horn et al.’s analysis is predicted to increase the risk of these women 
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suffering PROM or preterm delivery, should they be or fall pregnant. Furthermore, as listed 

previously 55.9% (94/168) females swab-positive for Ureaplasma spp. had loads >105 CCU/mL, 

resulting in an increased risk of chorioamnionitis. Therefore, a considerable portion of the female 

populous attending GUM clinics in the Valleys convergence area are predicted to be predisposed to 

pregnancy complications, related to elevated Ureaplasma spp. load. Moreover, the consequences of 

the previously listed pathologies can severely affect neonates, with PROM, pre-term delivery and 

chorioamnionitis all associated with increased neonatal mortality and morbidities, particularly 

bronchopulmonary dysplasia (BPD) in the case of Ureaplasma.487–490 Furthermore, symptomatic 

status of patients and coupling them with their respective Ureaplasma spp. loads could help to 

further confirm or rebut the association between load and clinical pathologies. Equating the 

Ureaplasma spp. loads isolated from swab-positive females, as part of this study, to previous studies 

linking Ureaplasma load to cervicitis and cervical lesions is problematic due to the way in which the 

swab samples are processed.483 However, Ureaplasma spp. load is continually associated with often 

life-threatening pathologies, such as risk-factors contributing to neonatal morbidities and cervical 

cancer.491 Therefore, further work to unequivocally substantiate these associations and better 

understand the role of Ureaplasma spp. load in these infections has the potential to have a 

significant impact on patient health.  

Furthermore, age alongside bacterial loads were investigated. Interestingly for female swab samples, 

patients aged 30 or under positive for Ureaplasma spp. possessed bacterial loads ≥105 CCU/mL in 

60.98% of cases. Whereas female swab samples for patients aged 31 and over, positive for 

Ureaplasma spp. only had bacterial loads ≥105 CCU/mL in 39.02% of cases. Therefore, females aged 

30 and under had significantly higher Ureaplasma spp. titres for swab samples. In line with the 

Abele-Horn et al. study, our study has revealed that females aged ≤30 would be predicted to be at a 

significantly greater risk of Ureaplasma-associated pathologies, due to their increased ureaplasmal 

loads.479 Once more the reason for this is likely due to elevated oestrogen levels in younger females. 

For males, there was no substantial differences in bacterial loads between the age groups analysed. 
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Possibly indicating that the risk of Ureaplasma-induced load-associated NGU (>103 CCU/mL) is equal 

throughout male lifespan.246,475 This would be the opposite of what is observed in C. trachomatis-

associated NGU, which is more frequently found in younger men.492,493 

M. hominis load and disease pathogenesis is a seemingly under studied area, with only a few 

available studies investigating the relationship. Cox et al. discovered M. hominis loads were 

significantly increased in females with confirmed BV.73 Interestingly, in my study, no particular 

female age-group was significantly associated with elevated M. hominis load. Similarly, age-group 

has not been shown to be associated with BV.494 Further analysis of the current dataset including 

patient symptom status would potentially further elucidate M. hominis’s role in BV, particularly 

sample load – currently there is no established BV-associated threshold for M. hominis load. More 

comprehensive, large-scale studies, such as the one undertaken here could possibly provide a route 

to establishing such a threshold. The Nugent score is used to clinically diagnose BV at present.76 

However, though a simple-to-perform method, its reliability is frequently called into question due to 

its lack of sensitivity and subjectivity.495 Therefore establishing a BV-related M. hominis threshold 

could offer clinicians better accuracy in diagnosing the condition. A M. hominis load threshold would 

be more appropriate than a presence/absence detection method for the diagnosis of BV. This is 

because effective BV therapies are associated with M. hominis load reduction, rather than 

clearance.86,92  
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4.7 Antibiotic Resistance  
 

Of 372 Ureaplasma spp. isolated, the 106 identified as potentially resistant were subjected to AST 

(32 against levofloxacin), with two U. parvum isolates being determined to be resistant to 

levofloxacin (0.54%). This rate of levofloxacin resistance is considerably lower than rates published in 

other studies. For example, a study in Minnesota that subjected 250 clinically isolated Ureaplasma 

spp. to MIC testing determined a levofloxacin resistance rate of 6.4% and 5.2% for U. parvum and U. 

urealyticum, respectively.496 Further molecular characterisation of the isolates in the Fernandez et al. 

study revealed the majority (13/14) of Ureaplasma spp. to possess the parC quinolone-associated 

resistance mutation, Ser83Leu. With the remaining U. parvum isolate harbouring a Glu87Lys 

mutation, conferring levofloxacin resistance. Whole genome sequencing of the two levofloxacin-

resistant isolates identified in my study showed that they both possessed the Ser83Leu mutation in 

the parC gene. This Ser83Leu parC gene mutation is the most prevalent levofloxacin resistance 

mechanism identified in Ureaplasma spp. isolates, accounting for up to 87% of fluoroquinolone 

resistance.275,496–498 A further US study identified a levofloxacin resistance rate more in line with my 

study at 1.4%, identifying a single (1/73) resistant isolate following the screening of 73 Ureaplasma 

spp. isolates obtained from college-aged females.278 However, the mutation conferring levofloxacin 

resistance in the instance of the Valentine-King and Brown study was a Ser83Trp substitution. 

Recently, in France, an assessment of levofloxacin resistance in Ureaplasma spp. over a 6-year 

period revealed a similarly low prevalence rate of 1.2%.499 Yet in China, levofloxacin resistance was  

identified in 75% of isolates through CLSI compliant testing.279 Once more, Song et al. reported that 

the Ser83Leu parC mutation was responsible for the majority of Ureaplasma spp. levofloxacin 

resistance. Researchers attributed the extremely high levofloxacin resistance rates observed in China 

to the widespread and general use of fluoroquinolones. Interestingly, a study carried out on 

Ureaplasma spp. samples collected throughout England and Wales reported 0 levofloxacin resistant 

isolates.500 The data generated by Beeton et al., coupled with the rates of levofloxacin resistance 



Daniel John Morris  Chapter 4: Discussion  
 

166 
 

presented here, indicate extremely low levels of levofloxacin resistance for Ureaplasma spp. in 

Wales. Such resistance rates are very comforting when compared with those published elsewhere, 

indicating quinolones – levofloxacin and moxifloxacin in particular – remain effective and viable 

therapeutic options in the treatment of Ureaplasma spp. infections in Wales and the UK. This is 

echoed by a Japanese study, that assessed the clinical efficacy of 500mg levofloxacin daily for 7 days 

in the treatment of men symptomatic for NGU, reporting the complete clearance of U. 

urealyticum.501 Furthermore, as the Ser83Leu substitution in the parC is mutation driven, and not 

acquired through horizontal transfer, the risk of it spreading between Ureaplasma spp. populations 

is limited.500  

Additionally, two tetracycline resistant U. parvum isolates were also identified, resulting in a 

tetracycline resistance rate of 0.54% – particularly low. Molecular characterisation of the isolates 

revealed both harboured the Tn916 tet(M) mobile genetic element, the only known mechanism of 

tetracycline resistance discovered in Ureaplasma spp.270 Tetracycline resistance rates for 

Ureaplasma spp. typically range between 0-14% globally: 0%; Croatia324, 1%; China308 2%; Italy502, 

6%; Hungary298, 14%; Turkey503. Though tetracycline resistance rates as high as 34% have been 

published following CLSI-compliant AST of Ureaplasma spp. isolates in the US.497 However more 

recently, Valentine-King and Brown published a 1.4% tetracycline resistance rate for Ureaplasma 

spp. in Florida, USA.278 Comparatively, screening for tetracycline resistance in Ureaplasma spp. 

populations in Wales and England has consistently (on two occasions) revealed tetracycline 

resistance rates of 2%.328,500 Therefore, the findings of this study show that tet(M) prevalence in 

Ureaplasma spp. populations throughout Wales have not appreciably increased, and may have in 

fact decreased. Similarly, analysis of Ureaplasma spp. isolates in France over a 6-year period (2010-

2015) did not note any increase in tet(M) prevalence, fluctuating at around 7.5%.499 Nevertheless, 

previous data from France, between 1999 and 2002, displayed Ureaplasma spp. tetracycline 

resistance rates to be at 2.2%.168 Therefore, whilst no significant change was seen in the most recent 

6-year assessment there is a considerable rise in tetracycline resistance over the last 20 years, for 
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Ureaplasma spp. in France. Thus, highlighting the need for continued antibiotic resistance 

surveillance for Ureaplasma spp. to track such changes, should they occur in Wales and England. 

Especially as tetracycline is often prescribed as a first-line therapy in the treatment of adult 

urogenital Ureaplasma spp. infection. All Ureaplasma spp. screened were susceptible to 

erythromycin and moxifloxacin.  

For M. hominis, a single tetracycline resistant strain was identified giving a resistance rate of 1%. This 

is a relatively low tetracycline resistance rate, however, rates cited elsewhere range from 0-100%, 

for M. hominis.297,303,304 Though typically resistance rates are situated between 10-40% of M. hominis 

globally.134,504 The single isolate determined to be tetracycline-resistant in this incidence harboured 

the Tn916 tet(M) gene. Like Ureaplasma spp., this is the most commonly described resistance 

mechanism for tetracycline resistance in M. hominis. Whilst the rate of tetracycline resistance for 

South Wales M. hominis is low, examples of rates between 0% and 5% are not uncommon.309,310  

All Ureaplasma spp. screened were sensitive to erythromycin, moxifloxacin and josamycin. With all 

M. hominis isolates screened being sensitive to clindamycin, levofloxacin, moxifloxacin and 

josamycin. The geographic variability in both Ureaplasma spp. and M. hominis resistance rates (and 

resistance rates to other antimicrobials) is thought to be the consequence of varying degrees of 

antimicrobial exposure in different patient populations.134,147 This highlights the need to continually 

survey resistance rates locally to better guide empirical treatment for these infections.296 It is this 

need that commercial rapid diagnostics – such as the MYCO WELL D-ONE – have the potential to fill. 

As discussed previously in this thesis, commercial kits are often criticised for the over-reporting of 

antimicrobial resistance data.470 The reasons for over-reporting are often due to the following: a 

failure to corroborate the result of a commercial kit with CLSI compliant testing;323 a failure to 

separate mixed Ureaplasma spp. and M. hominis muddying macrolide resistance data;137 a non-CLSI-

compliant bacterial inoculum;328 using breakpoints to determine resistance that differ from CLSI 

published concentrations.421 Following up resistance identified by commercial kits using CLSI 
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compliant AST has revealed the significant over-reporting for a number of assays and antibiotics. For 

example, Beeton et al. showed the IST-2 over-reported ciprofloxacin resistance rates for Ureaplasma 

spp. isolates, when compared with the broth microdilution method.500 Likewise, Meygret et al. 

displayed over-reporting of Ureaplasma spp. levofloxacin resistance for the MYCOFAST Revolution 

assay, against broth microdilution.499 Analysis of the MYCO WELL D-ONE identified that the assay 

significantly overestimates levofloxacin and moxifloxacin resistance in Ureaplasma spp., clindamycin 

resistance for M. hominis was also significantly over-reported. Thus, highlighting the need to confirm 

such identified resistance with CLSI compliant methodologies if using the MYCO WELL D-ONE for 

Ureaplasma spp. and M. hominis AST.  
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5. Conclusion  

     5.1 Concluding Remarks  
 

This study aimed to clinically validate a new rapid diagnostic – MYCO WELL D-ONE – for the 

detection of Ureaplasma spp. and M. hominis, against PHE’s current qPCR detection method (gold 

standard), for patient samples collected during routine screenings at walk-in sexual health clinics 

throughout the Valley’s convergence area. The assay proved to be a sensitive and specific means of 

detecting these bacteria – particularly Ureaplasma spp. – with sensitivity and specificity values 

comparable to clinically implemented qPCR methodologies for the detection of C. trachomatis 

(Abbott).340 Though sensitivity was notably lower for the detection of M. hominis at 78.23%, when 

compared the assays sensitivity in detecting Ureaplasma spp. at 91.98%. The drop in sensitivity for 

M. hominis detection reiterated the results of similar studies comparing commercial rapid culture-

based mycoplasma detection kits with molecular methods.334 This was attributed to the harder-to-

recover nature of M. hominis when compared with Ureaplasma spp., using culture-based 

methods.339 The average mean time to a positive results was 27.57 and 34.09 hours for the detection 

of Ureaplasma spp. in female and male patients, respectively. Whilst the respective mean detection 

time for M. hominis female and male patient samples was 43.26 and 46.54 hours. Overall, for both 

Ureaplasma spp. and M. hominis the PPV and NPV was >90%. However, the accuracy of the semi-

quantitative well for the estimation of Ureaplasma load was consistently inaccurate, frequently 

overestimating the titre of a sample inoculated suspension. The over-reporting of antibiotic 

resistance for Ureaplasma spp. and M. hominis, due to the use of commercial diagnostic kits has 

frequently been raised.470,499,500 CLSI compliant screening of isolates identified as resistant by the 

MYCO WELL D-ONE determined the assay significantly overestimated levofloxacin and moxifloxacin 

resistance for Ureaplasma spp., alongside over-reporting clindamycin resistance for M. hominis. 

Currently the MYCO WELL D-ONE is identified as the only commercially available assay that employs 

CLSI recommended breakpoints,470 however, to ensure compliant testing a bacterial load of ≤105 
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CCU/mL is required. In relation to this, it was noted that different sample types – swab or urine –

possessed significantly different bacterial loads, across both Ureaplasma spp. and M. hominis. The 

majority (94.1%) of Ureaplasma-positive urine samples possessed CLSI compliant titres of ≤105 

CCU/mL, whereas the majority Ureaplasma-positive of swab samples (55.9%) harboured loads >105 

CCU/mL, CLSI non-compliant. Whilst the difference in bacterial titres between sample types for M. 

hominis was less pronounced, a large portion of M. hominis-positive swab samples (40%) possessed 

CLSI non-compliant titres. Additional confirmation for the disparity in titres for Ureaplasma-positive 

samples between swabs and urine was determined following the analysis of paired samples. It has 

been previously demonstrated that Ureaplasma spp. titres greater than that recommended by the 

CLSI produces false-positive resistance results.328 Therefore, the results of this study indicate that 

swab samples and urine samples require different dilution methodologies to ensure effective 

detection and simultaneous CLSI-compliant screening on the MYCOWELL D-ONE assay. Currently the 

same initial dilution step (10mL of sterile saline) is applied to both swab and urine samples, it is 

recommended that swab samples receive a greater initial dilution to accommodate the increased 

Mycoplasma/Ureaplasma burden they possess.   

Employing PHE’s multiplex qPCR for the detection of genital mycoplasmas prevalence data for both 

Ureaplasma spp. and M. hominis were generated. An overall prevalence rate of 43.46% for 

Ureaplasma spp. was determined with females having a significantly higher prevalence rate than 

males at 57.2% and 21.6%, respectively. It is well established that the incidence of Ureaplasma spp. 

infection is notably higher in the female populous, with the rates presented here corroborating that 

of numerous other reports citing female Ureaplasma prevalence at between 40 and 

80%.73,134,287,292,308,331,419 Similarly, M. hominis was more prevalent in females than males, with 

respective prevalence rates of 16.3% and 4.3%, again, largely in agreement with previously 

published prevalence data.73,284,285,308 The greater prevalence rates found in females for both genital 

mycoplasmas is due, at least in part, to oestrogens effect in enhancing Ureaplasma spp. 

infection.129,130,347 To further elucidate the mechanisms by which oestrogen enhances the 
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colonisation of genital mycoplasmas in the female urogenital tract extensive research is required. 

Such research has been carried out for other established sexual health pathogens such as C. 

trachomatis.357,505 Similar studies analysing the effects of oestrogen on the colonisation of 

Ureaplasma spp. and M. hominis on endometrial cell lines in vitro, alongside the effect oestrogen 

has on the transcriptome of both organisms. A more comprehensive understanding of the effect of 

sex hormones on genital mycoplasma infections may aid in the development of more effective 

therapies in treating these infections. Furthermore, most M. hominis-positive patients were co-

infected with Ureaplasma spp., however, M. hominis positive females had significantly higher co-

infection rates than males. Overall, U. parvum was the dominant Ureaplasma spp. infecting females 

with a 40.5% prevalence rate, followed by 10.8% U. urealyticum and 5.89% mixed U. parvum and U. 

urealyticum. This is in line with the species-specific Ureaplasma female prevalence rates listed in the 

literature.292,377,392,393 Therefore overall Ureaplasma spp. prevalence, and species specific prevalence, 

for females attending sexual health clinics in the Valley’s convergence area are consistent with those 

published elsewhere. For males, U. urealyticum was the dominant Ureaplasma spp. infection for 

males with a prevalence rate of 14.3%, followed by U. parvum at 6.9% and 0.3% mixed U. parvum 

and U. urealyticum infection. This is at the higher end of U. urealyticum infection rates for males 

previously described, typically ranging from 5-15%.283,286,289 Most earlier studies did not differentiate 

between U. urealyticum and U. parvum, which still continues if culture-based detection methods are 

used alone.290,291 Therefore, the prevalence of U. parvum in male patients is not known, yet, several 

researchers have suggested that as U. parvum is detected more often in controls than cases in 

numerous studies it is more prevalent than U. urealyticum.287 The results of this study disagree with 

such a proposal with U. parvum prevalence in males being significantly lower than that of U. 

urealyticum, for male patients. Furthermore, comparison between male and female patient groups 

revealed U. urealyticum prevalence to be consistent between sexes at 14.6% and 16.7% (p=0.0865; 

Fisher’s exact test). Whereas there was a significant difference in U. parvum colonisation rates 

(inclusive mixed Ureaplasma infections) at 46.39% for females and 7.2% for males, indicating that U. 
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parvum infection only and not U. urealyticum, is sex-dependent (p=< 0.0001). Following an extensive 

review of the literature, to the best of my knowledge, this is the first time this observation has been 

made. Additionally, it was noted the age had a significant effect on the colonisation of Ureaplasma 

spp. for both male and female patients, with age having a significant impact on M. hominis 

prevalence in female patients. Younger persons were at a greater risk of Ureaplasma spp. infection, 

with younger females possessing greater M. hominis prevalence rates. These age-associated risks 

had been previously identified and the results presented here corroborated these reports24,304,373, 

showing age plays a significant role in Ureaplasma spp. infection for males and females through the 

South Wales Valley’s. Along with increased M. hominis prevalence being associated with younger 

age, for the same population. Moreover, resistance rates determined through CLSI-compliant testing 

for both Ureaplasma spp. and M. hominis displayed that no significant increases in antimicrobial 

resistance have occurred in the last 10 years in Wales.500 Indicating that the currently prescribed 

antibiotic therapies for these infections remain largely effective and appropriate. However, the large 

geographic variability in antibiotic resistance for these organisms highlights the need for routine 

surveillance of these populations, locally, to continually monitor resistance rates. This is imperative, 

given the already limited therapeutic options that are effective against Mollicutes7,10 – given their 

unique and limited physiology – particularly for the treatment of neonates. Although the results of 

this study also emphasised the need to confirm resistance identified through commercial rapid 

diagnostic culture-based assays, given their tendency to over-report antibiotic resistance in these 

organisms.328,470,499  

Much controversy remains as to whether Ureaplasma spp. and M. hominis are ‘true’ urogenital 

pathogens or sexual transmitted infections, currently the European Guidelines STI Editorial Board 

does not recommend routine screening.287 However, their associations with, and role within, the 

most common symptomatic clinical pathologies presented by patients at GUM clinics – NGU and BV 

– are well-established.73,92,244,280,284,286,290,413,475,477,506 Additionally, they pose a significant risk to 

pregnant females, unequivocally contributing to pre-term birth, chorioamnionitis, PPROM and 
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neonatal morbidities such as BPD.186,203,209,284,464,480,487,507 Given their relatively high prevalence rates 

– particularly in younger people – to underplay their clinical importance due to a lack of 

understanding as to how these organisms cause disease, would be extremely detrimental. The 

MYCO WELL D-ONE offers a sensitive, specific, easy-to-use, robust, economical and timely means of 

identifying these infections in the low-resource environment of sexual health clinics. Thus, in the 

absence of a classically recognised STI, the MYCO WELL D-ONE affords clinicians a higher-resolution 

picture of the underlying microbiological agents contributing to the aetiology of symptomatic 

patient pathologies. Thereby facilitating guided and informed prescription of empirical treatments, 

potentially improving patient outcomes.  
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5.2 Future Work  
 

At the time of writing an ethics application has been submitted and accepted, under IRAS 253889 

“Do genitourinary Mycoplasma species cause disease’’. Work is currently underway, compiling and 

correlating the copious amounts of clinical patient information, recorded as part of the routine 

sexual health screening, with the results of patients screened for Ureaplasma spp. and M. hominis. 

This will permit the analysis of the following against Ureaplasma spp. and M. hominis infection: 

symptom status (asymptomatic/symptomatic), symptoms present (warts, discharge etc.), sexuality, 

type of intercourse (vaginal, oral etc.), treatment status, number of sexual partners, parity (total 

pregnancies), previous or current STI, patient medical history and contraception status. Moreover, 

all patient samples have been screened for M. genitalium using the SpeeDx ResistancePlus MG, to 

compare rates with the data presented in this study. Such analysis will give an insight into, and 

enhance the current understanding of, the role Ureaplasma spp. and M. hominis play in sexual 

health pathologies alongside determining factors that increase or decrease individual’s susceptibility 

to these infections. For example, in relation to Ureaplasma spp. role in male NGU and patient 

symptomatic status the literature is marred by inconsistent reporting, with earlier studies failing to 

effectively speciate infections and/or failed to determine the bacterial load.287,290,291 Such failings 

have made establishing concrete associations difficult, however, more recent studies utilising 

molecular methods have begun to establish and solidify the links between Ureaplasma spp. – 

particularly U. urealyticum – and NGU, with bacterial load determined to be a contributory 

factor.246,475 The data generated and presented here, coupled with the listed patient data, will help 

to further solidify or rebut the association between Ureaplasma spp. infection, load, and urethritis. 

Moreover, it will provide an insight into any other associations between Ureaplasma spp. infection 

and any additional syndromic clinical manifestations such as testicular pain, lower abdominal pain, 

dysuria etc., as has been performed for other STIs such as C. trachomatis.508 There are several 
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further research questions that analysis of the newly-formed dataset will permit. Oestrogen has 

been shown to modulate and enhance genital mycoplasma infection129,130,347, therefore do 

oestrogen-containing contraceptives effect genital mycoplasma infection rates? If so, are there any 

significant differences observed between different types of contraceptive (i.e. implant vs. pill)? 

Additionally, it has previously been established that T. vaginalis infected with M. hominis has 

increased virulence in vitro.457 There are currently >1000 patient collected DNA extractions 

containing sufficient volumes of DNA for further molecular analysis stored at -80oC at the Heath 

hospital laboratory. Several clinically-validated qPCR methods for the detection of T. vaginalis 

exist.509,510 Applying these or other appropriate qPCR methodologies for the detection of T. vaginalis 

to the collection of cryopreserved samples would further described the relationship between M. 

hominis and T. vaginalis in determining the prevalence of concomitant infections. It would 

additionally permit analysis into whether the increased virulence observed in M. hominis-T. vaginalis 

co-cultures in vitro translates into increased or more severe symptomatic reporting by patients co-

infected with these organisms. Similarly, in patients suffering from BV M. hominis isolation is 

associated with G. vaginalis, with researchers suggesting a synergistic relationship between the 

two.73,506 Again, applying qPCR methods, such as those outlined in Cox et al. for the detection of G. 

vaginalis to the collection of held cryopreserved samples would aid in further understanding the 

relationship between M. hominis and G. vaginalis co-infection and clinical outcomes. Furthermore, a 

clinically relevant load for M. hominis has yet to be established, M. hominis load analysis against 

clinical symptoms may reveal such a threshold.  

Broadening the scope of future work, due to the high number of patients recruited throughout this 

study a huge number of clinical Ureaplasma spp. and M. hominis isolates have been sub-cultured 

and cryopreserved. Organisms contained within this large library of clinical isolates can be recovered 

and further characterised in the future, following the findings reported from the analysis of patient 

symptom status. Whilst virulence-associated genes have been identified for both Ureaplasma spp. 

and M. hominis such as mba and vaa respectively, their role in clinical outcomes has yet to be 
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established leading several researchers suggesting the presence of yet undetected pathogenicity 

factors – genes, mutations, transposons, integrated phages etc. Due to the now relatively low cost of 

sequencing nowadays, sequencing large numbers of clinical isolates is now feasible. The correlation 

of patient symptom status with Ureaplasma spp. or M. hominis infection will highlight potentially 

virulent isolates. Comparative genome analysis, such as that performed by Momynaliev et al. and 

Paralanov et al., will facilitate the identification of genetic elements responsible for the potential 

virulence factors that are conserved amongst isolates associated with symptomatic infection.226,227 

Furthermore, it has been suggested that the assortment of MBA variable domains and the capacity 

of Ureaplasma spp. to vary their sizes and switch between domains determines the organisms ability 

to activate TLRs, and cause inflammation.400 It has been shown that one such unique variable 

domain can be transferred between Ureaplasma spp. by horizontal gene transfer, indicating that the 

mba gene can lose and acquire variable domains.399 Sequencing, alignment and comparative analysis 

of a large library of clinical isolates – those generated in this study – will potentially facilitate the 

identification of unique variable mba domains associated with virulence, alongside the genes 

involved in the horizontal transfer of such elements between organisms. 

The genital mycoplasmas – Ureaplasma spp. and M. hominis – are unique, prevalent and a currently 

understudied group of organisms. Further large-scale molecular characterisation of these organisms 

will inevitably precipitate an increased understanding of the unique genetic mechanisms they utilise 

to colonise and infect a significant portion of the population. An increased understanding of such 

mechanisms may result in the development of unique and novel therapeutic options effective in 

tackling these inherently antibiotic resistant organisms.  
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