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The normal microbiome 

Conventionally, culture-based methods were primarily used to describe the human microbiome, 

although nearly 80% of human-associated microbes are as yet uncultured (Lagier et al., 2015; 

Peterson et al., 2009). Identification of such uncultured microorganisms without the need for their 

controlled replication became possible with the advent of modern high-throughput technologies, 

such as 16S rRNA sequencing (Jo et al., 2015; Lagier et al., 2015). This method relies on the 

more or less conserved and necessarily present prokaryotic 16S ribosomal gene to classify 

microorganisms (Jo et al., 2015). Upon completion of the sequencing of the human genome, the 

Human Microbiome Project (HMP) was launched to elucidate the interactions between humans 

and microbes. The HMP aimed to characterise human-associated microbial communities to such 

an extent, that it would be possible to determine microbial influence on and association with 

human health and disease (Peterson et al., 2009). Samples across 18 body sites of more than 250 

volunteers were collected and sequenced with the goal to define a core microbiome at each 

specific site (Peterson et al., 2009). The HMP and related projects have given researchers new 

insights into the human microbiota, revolutionising research in this field. 

 

The human gastrointestinal microbiome contains approximately 10-100 trillion microbes and its 

content of genes may outnumber human genes by 100-fold (Zhu et al., 2010). Microbial diversity 

is determined by a range of factors, which include diet, health status of the host, genetic variation, 

mode of delivery (vaginal or caesarean section), geographical location, and the use of 

pharmaceutical drugs (Blum, 2017; Maier et al., 2018; Singh et al., 2017; Turnbaugh et al., 2009; 

Zhang et al., 2018; Zhu et al., 2010). Moreover, age, gender and ethnicity may also contribute to 

a variability in composition of the microbiota (Dave et al., 2012). Several crucial functions are 

fulfilled by commensal microbes, such as the breakdown of otherwise indigestible 

oligosaccharides, the synthesis of essential amino acids and vitamins, the metabolism and/or 

removal of xenobiotics, protection against invading pathogens, and conserving the integrity of the 

gastrointestinal epithelium (Dave et al., 2012; Kurokawa et al., 2007; Salem et al., 2018; Zhu et 

al., 2010). Moreover, microbial communities may have close interactions with the gastrointestinal 

immune system of the host, such as the gut associated lymphoid tissues (Zhu et al., 2010). 

Commensal microbes and their cell wall components are recognised by pattern recognition 

receptors, such as Toll-like receptors and NOD-like receptors, and prime the innate immune 

response (Kell and Pretorius, 2015; Kho and Lal, 2018; Kosiewicz et al., 2014; Salem et al., 

2018). With regard to the adaptive immune system, the gut microbiome is responsible for 

maintaining a balance between the differentiation of effector and regulatory T cells, as well as the 

secretion of immunoglobulin A (de Oliveira et al., 2017; Salem et al., 2018). Composition of the 

gut microbiota differs considerably from one individual to another (Byrd et al., 2018; Grice et al., 

2009), even so the adult microbiome has been characterised by the presence of two main phyla, 

namely Bacteroidetes and Firmicutes (Donaldson et al., 2015; Eckburg et al., 2005; Hiippala et 

al., 2018). 

 

Normal human skin houses a myriad of microorganisms and may contain as many as two million 

bacteria per square centimetre of skin (Wong et al., 2013). In addition to the presence of bacteria, 

the skin is also colonised by fungi, viruses and arthropods (Wang and Jin, 2018). However, we 

will be focussing mainly on bacteria here. Microorganisms comprising the skin microbiota can be 

categorised into two groups, namely residential and transient microbes (Dréno et al., 2016). 

Residential microbes that are omnipresent on the skin are considered to be commensal, while 

transient microbes are present for only brief periods of time. Various factors may influence 



microbial diversity, such as age, gender, the use of antibiotics, genetic variation and hygiene 

(Dréno et al., 2016; Prescott et al., 2017). The skin microbiome serves as a barrier against 

invading pathogens, it modulates the immune response, and it aids in the breakdown of natural 

products (Byrd et al., 2018). Human skin has several distinct anatomical niches, termed skin sites, 

each presenting with unique physiological characteristics. These sites can be categorised as dry, 

moist or sebaceous (Byrd et al., 2018). Dry skin sites are the most diverse and primarily 

colonised by Propionibacterium, Corynebacterium and Streptococcus spp (Byrd et al., 2018). 

Moist skin sites, such as the axillae and antecubital fossa (inner elbow), are characterised by the 

presence of Corynebacterium, Staphylococcus and Propionibacterium (Byrd et al., 2018; Grice et 

al., 2009). Sebaceous skin sites are typically colonised by Propionibacterium, Staphylococcus 

and Corynebacterium and include areas such as the alar crease and the back (Byrd et al., 2018; 

Grice et al., 2009). Moreover, sweat and sebaceous glands as well as hair follicles, will harbour 

unique microbial communities (Grice and Segre, 2011). Microorganisms may have interactions 

with these unique microenvironments. The formation of body odour is attributed to bacterial 

processing of secretions by apocrine glands (Troccaz et al., 2015) and Propionibacterium acnes 

hydrolyses free fatty acids from sebum, which contributes to maintaining the acidic pH of the 

skin (Grice and Segre, 2011). 

 

A role for iron dysregulation? 

One part of the Iron Dysregulation and Dormant Microbes (IDDM) hypothesis is that the 

normally non-replicating bacteria involved are limited in the availability to them of free iron 

(Kell and Pretorius, 2018). This implies that such chronic inflammatory diseases should be 

accompanied by iron dysregulation, and this is indeed the case (Kell, 2009; Kell and Pretorius, 

2014; Ponikowska et al., 2015; Rashmi et al., 2012; Trenam et al., 1992a, 1992b; Wojas-Pelc and 

Marcinkiewicz, 2007). Flo and co-workers (2004) demonstrated that lipocalin-2 (LCN-2) levels 

increased in response to a bacterial siderophore. Invading bacteria synthesise siderophores which 

are small molecules that sequester iron from the host (or environment) and transport it into the 

microbe. LCN-2 was considered to have exerted its effect by binding to the siderophore, thereby 

limiting the availability of iron to bacteria (Flo et al., 2004). In PV specifically, it has been 

observed that serum LCN-2 is significantly elevated in patients with this condition compared to 

that in control subjects (p < 0.05) (Kamata et al., 2012). This suggests the possible dysregulation 

of iron metabolism in response to bacterial infection. Additionally, the authors also reported that 

LCN-2 correlated significantly with the levels of IL-6 (p < 0.05) and TNF-α (p < 0.01). 
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