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Exploring Human and Animal Microbiota 
in Health and Disease

Synopsis
Recent progress in next generation sequencing techniques 
enables characterisation and identification of the microbial 
populations in several niches of the human and animal body. 
A growing body of evidence shows that our microbiota plays 
a role in health and disease. As the sequencing methods are 
rapidly developing and improving, it is essential to have state-
of-the-art bio-informatic platforms and expert knowledge 
that allow for comprehensive visualisation and biological 
interpretation of the massive datasets. Future studies, 
focusing on microbiota interaction with the host and effect 
on animal host physiology, leave room for exploration and 
new discoveries within this dynamic field of research. This will 
help identify novel biomarkers and aid in development of new 
therapeutic strategies.

Background
The human and animal body contain ten times more microbial 
cells than their own cells, colonising the intestines, skin, oral 
and nasal cavities, respiratory tract, encoding 100 times more 
unique genes than the host cells do. There is a continuous 
interaction between microbiota, their metabolites and the 
host, affecting host signalling pathways and physiology. Our 
knowledge of the important role of microbiota in human and 
animal health and disease is growing, supported by scientific 
evidence on regulation of host immune response by intestinal 
microbiota. This first became evident in studies with germ-
free mice (Smith et al., 2007) and antibiotic treatment-studies 
(Hill et al., 2010). More recently, changes in microbiota have 
been associated with our mood and behaviour (Diaz Heijtz 
et al., 2011), as well as the pathophysiology of specific skin 
and metabolic diseases, such as diabetes, obesity, psoriasis, 
and atopic dermatitis (Cho et al., 2012). The list of conditions 
involving changes in microbiota composition is growing, 
however, the majority of the data published so far mainly 
demonstrates the associations and not causative relations 
between microbiota and the host physiology. In order to 
test the potential of microbiota as promising therapeutic 
or dietary intervention target, it is important to increase 
our knowledge and understanding of microbiota profiles in 
healthy and diseased state, as well as their direct effect on 
host physiology. 

Microbiota Analysis 
Quantitative PCR 
Quantitative polymerase chain reaction (Q PCR) is a powerful 
analysis tool used for quantification of gene expression. 
Q PCR measures amplification during the PCR as it occurs, 
thus in ‘real time’, allowing for determination of the total 
concentration of nucleic acids present in a PCR reaction, 
which in turn corresponds to the expression of genes analysed. 
For microbiota analysis, Q PCR can be used specifically 

targeting the 16S rRNA gene, allowing for quantification of 
total microbial population in a sample. In addition, Q PCR 
primers specifically targeting different microbial species can 
be designed in order to analyse specific microbial species. 
However, for each microorganism of interest, specific gene(s) 
need to be targeted using specific Q PCR primers. Q PCR does 
not allow for broad profiling of microbiota (16S Illumina 
sequencing is a better method for profiling, as discussed 
below). The higher the number of targeted genes required 
for analysis/quantification by Q PCR, the higher the costs of 
the analysis. Recently, an alternative method for absolute 
quantification was developed, namely the digital PCR. 
This is a new approach for quantification and detection of 
DNA, which estimates absolute numbers of molecules using 
statistical methods. The major advantage of digital PCR 
over traditional Q PCR is that unlike Q PCR, digital PCR does 
not require references or standards. Digital PCR provides an 
accurate technology and high reproducibility. In addition, 
digital PCR is less sensitive to PCR inhibitors which normally 
cause problems in regular Q PCR reactions, causing lower PCR 
efficiencies. Thus, for quantification purposes Q PCR or digital 
PCR are the most appropriate tools at the moment that can 
be used when specific genes of interest need to be analysed 
and quantified. 

Table 1
 
16S rRNA Illumina Sequencing 
Analysis of microbial communities in and on the human and 
animal body has been performed for a long time, aiming to 
understand the role of microorganisms in health and disease. 
Conventional microbiology techniques have been applied 
previously for microbiota profiling including isolation, 
culturing and typing of microbial communities, which were 
often time- and labour-consuming. Moreover, only a limited 
number of microorganisms were being identified and large-
scale profiling of microbial communities was not possible. 
Nowadays, next generation sequencing (NGS) provides faster 
and high-throughput profiling of microbial communities, 
which cannot be achieved by conventional microbiology 
techniques or Q PCR. NGS has three main pillars of novel 
state-of-the-art techniques, namely 16S rRNA metagenomic 
sequencing for microbiota profiling (based on bacteria-
specific 16S rRNA gene), shotgun metagenomic sequencing 
(based on DNA sequencing for profiling of all genes and 
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organisms in microbial samples), and metatranscriptomics 
(based on RNA sequencing which allows for gene expression 
profile and thus functional analysis of microbial 
communities). For general microbiota profiling, Illumina 16S 
rRNA-based sequencing is most commonly used. Currently 
the technique incorporates barcoding of the samples prior to 
Illumina sequencing, which means that individual ‘barcode 
sequences’ are added to each sample prior to sequencing, 
while samples can be distinguished later during the analysis 
by their specific ‘barcode’. This allows pooling of the 
samples, thereby increasing the number of samples that can 
be sequenced during one sequencing run, which in turn 
decreases the sequencing costs and time. Sequencing is 
followed by complex analysis of microbiota composition and 
diversity using bio-informatics pipelines. Shortly, using this 
technique specific bacterial genes (16S RNA genes) are 
amplified by polymerase chain reaction (PCR), allowing for 
generation of many copies of the desired piece of DNA (DNA 
template) and subsequently analysed by high-throughput 
Illumina sequencing. Due to the attachment of the specific 
barcode sequences to unique samples, applying this 
approach allows for analysis of hundreds of samples 
simultaneously, thereby using the barcodes to differentiate 
the sequenced reads from each sample. This provides a large 
amount of information on microbiota composition and 
relative abundance up to the genus level. However, massive 
data output of the technology requires advanced bio-
informatic tools and extended analysis methods for 
comprehensive and clear biological interpretation. Often, 
multidisciplinary teams of bio-informaticians and 
microbiologists work together to analyse and interpret 
outcomes of the Illumina sequencing data. State-of-the-art 
microbiota profiling and quantification at NIZO food 
research is one example of where these kind of complex 
analyses and biological interpretations are performed in 
collaboration with academic groups (Zeeuwen et al., 2012; 
Jaeggi et al., 2014). A schematic overview of the microbiota 
profiling analysis by 16S barcoded Illumina sequencing is 
illustrated in Figure 1. Sequencing data representing 
microbiota composition of human or animal samples such as 
skin or stool samples can be analysed. 

Microbiota Analysis: From Massive Data to Comprehensive 
Results
The massive data output of the technology requires 
advanced interpretation strategies, to extract information 
from the data in a comprehensive manner. With the use of 
adequate bio-informatic tools, initial analysis of microbiota 
composition can provide relevant information visualised in a 
comprehensive manner, such as indicated by the Sundquist 
visualisation of jejunal microbiota composition in weaning 
and post-weaning pigs (Figure 2), making it possible for 
immediate discrimination between microbiota profile of the 
two groups, and for detection of pathogenic microorganisms 
at a glance. However, often plain analysis of microbiota 
profile is not sufficient. Often, we want to know whether 
the differences in profiles are statistically significant and 
whether the relative abundance of specific taxa increases 

or decreases. Complex statistical methods can be applied, 
but the challenge is to visualise these statistical differences 
and microbiota shifts in a comprehensive manner, such as 
indicated in Figure 3, where significant differences between 
male and female microbiota composition are indicated at 
different taxonomic levels (Figure 3). 

In order to explain differences in microbiota composition 
between groups and link them to health or a specific diseased 
state, it is important to analyse the microbiota in combination 
with other relevant parameters such as gender, body weight, 
age, or specific disease parameters. In addition to that, it is 
possible to analyse the function of microbial communities 
present in a sample (metatranscriptomics or metabolomics 
analysis), which can also be linked to the other outcomes (16S 
rRNA sequencing and metadata). We have developed methods 
to not only visualise the composition in a comprehensive 
manner, but to statistically compare the differences between 
different groups and link those outcomes to a broad range 

Figure 1. Schematic overview of the microbiota profiling analysis by 

16S barcoded Illumina sequencing. Sequencing data representing 

microbiota composition of human or animal samples (eg. skin or 

faeces) can be analysed in combination with other parameters such as 

gender or body weight, and age, in order to link microbiota to health 

or diseased status, and to interpret the biology behind the changes in 

microbiota composition or diversity.

Figure 2. Visual representation of the microbiota composition of a 

single or a group of samples from jejunum of weaning (A) and post-

weaning (B) pigs. Starting from the left, the microbial composition is 

represented from the least (domain) to most specific taxonomic level 

(species). The height of the horizontal bars represents the percentage 

of reads that can be confidently placed at that level in the phylogeny 

(except for classification at species level, which is only indicative). The 

figure illustrates higher microbial diversity in weaning pigs compared 

to post-weaning pigs. In addition, infection with Streptococcus suis 

in (a number of) weaning piglets is detected (zoomed in part of 

the image). The figure is generated applying software previously 

published by Sundquist et al. (Sundquist et al. BMC Microbiol. 2007 

Nov 30;7:108). 



Volume 2   Issue 242  International Animal Health Journal

of metadata, indicating health or diseased status of the 
subjects. This requires complex and extended multivariate 
statistical analyses and in-depth biological interpretation by 
multidisciplinary scientific experts. The end result is biological 
relevance of translated massive amounts of sequencing data, 
explaining the shifts in microbial composition and its link to 
health and disease.

Challenges
The expenses of NGS are decreasing, due to fast and 
remarkable development and improvements in sequencing 
technologies, as well as data-production pipelines, allowing 
for analysis of hundreds of samples in parallel. In vitro models 
mimicking natural microbial environment and composition 
of, for example, the gastrointestinal tract or the skin might 
aid in pre-screening of relevant leads and better selection of 
products for further in vivo testing. Although the majority of 
the microbiota research has focused on analysis of stool 
samples from both human and animals, mimicking this 
compartment in vitro remains challenging, due to the complex 
composition and high diversity of the microbial community in 
the gut. Another challenge is the profiling of the microbiota 
along different compartments of the gastrointestinal tract. 
So far, stool samples have increased our knowledge of 
microbiota and its role in health and disease, however, from 
animal studies we know that these samples do not represent 
the microbial communities of different gastrointestinal 
segments. Currently, novel methodologies are being 
developed and validated for in vivo sampling of 
gastrointestinal microbiota. The small intestine, for example, 
plays a crucial role in food absorption and digestion, as well 

as in immunity of the host. Sampling microbiota from the 
small intestine in a non-invasive manner will help us to gain 
better understanding of the role and mechanisms of 
microbiota effects on gut health. At the moment, these 
methods are being tested and validated in both humans and 
animals, holding promising tools for future studies.
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Figure 3. Visual representation of all taxa significantly different 

between two sample groups (comparative). The comparison in 

differences between two groups based on relative abundance of taxa 

is determined using rank statistics. Different levels of information are 

provided in this figure: nodes represent taxa, edges (connecting lines) 

link the different taxonomic levels, difference in abundance between 

sample groups is indicated by node colour (on a scale from dark red 

– white – dark blue), the average abundance of a taxon is indicated 

by node size, and the significance of the difference is indicated by the 

border width. This specific example indicates significant difference in 

microbiota between male and female faecal samples. Red nodes with 

wide edges indicate taxa mainly predominant in female samples, while 

blue nodes with wide edges indicate taxa significantly predominant in 

male faecal samples.



 

 

 

  

 

 

 

 

Figure 1. Schematic overview of the microbiota profiling analysis by 16S barcoded Illumina sequencing. 
Sequencing data representing microbiota composition of human or animal samples (eg. skin or faeces) 
can be analysed in combination with other parameters such as gender or body weight, and age, in order 
to link microbiota to health or diseased status, and to interpret the biology behind the changes in 
microbiota composition or diversity. 

Figure 2. Visual representation of the microbiota composition of a single or a group of samples from 

jejunum of weaning (A) and postweaning (B) pigs. Starting from the left, the microbial composition is 

represented from the least (domain) to most specific taxonomic level (species). The height of the horizontal 

bars represents the percentage of reads that can be confidently placed at that level in the phylogeny (except 

for classification at species level, which is only indicative). The figure illustrates higher microbial diversity in 

weaning pigs compared to post-weaning pigs. In addition, infection with Streptococcus suis in (a number of) 

weaning piglets is detected (zoomed in part of the image). The figure is generated applying software 

previously published by Sundquist et al. (Sundquist et al. BMC Microbiol. 2007 Nov 30;7:108). 
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Figure 3. Visual representation of all taxa significantly different between two sample groups (comparative). 

The comparison in differences between two groups based on relative abundance of taxa is determined using 

rank statistics. Different levels of information are provided in this figure: nodes represent taxa, edges 

(connecting lines) link the different taxonomic levels, difference in abundance between sample groups is 

indicated by node colour (on a scale from dark red – white – dark blue), the average abundance of a taxon is 

indicated by node size, and the significance of the difference is indicated by the border width. This specific 

example indicates significant difference in microbiota between male and female faecal samples. Red nodes 

with wide edges indicate taxa mainly predominant in female samples, while blue nodes with wide edges 

indicate taxa significantly predominant in male faecal samples. 


