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The GIT microbiome as example

• In recent years, the human gut microbiota has 
emerged as a primary target area for health 
monitoring and modulation. 

• Alterations in the gut microbiota have been linked 
repeatedly to pathological states such as 
infections, autoimmune disorders, inflammatory 
bowel diseases and cancer.

• Aside from these pathologies, accumulating 
evidence suggests that gut microbiota 
composition can serve as indicator of 
chronic suboptimal health and well-being
either directly linked to suboptimal bowel 
functioning (e.g. bloating, flatulation, 
constipation) or extended to general health 
(e.g. chronic undefined inflammation, 
anxiety and stress).

Vandeputte et al. (2017) FEMS Microbiology Reviews 41:S154–S167; Wang et al. (2017) Engineering. 3(1): 71-82



Study design in microbiome studies

• The first major insights on disease-associated microbiome variation have been 
gained from targeted, medium-sized (N < 400), cross-sectional studies. 
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• However, to effectively tackle health monitoring and modulation through the gut 
microbiota, substantial targeted research efforts are required.

• Many of these early studies collected only limited additional data on the study subjects
(e.g. food habits, clinical parameters) and were often single centre-based or restricted 
to certain populations (e.g. US or Chinese citizens). 

Vandeputte et al. (2017) FEMS Microbiology Reviews 41:S154–S167



Important considerations:
• Larger, representative population cohorts need to be screened in order to pick up 

relevant microbiome signals beyond multiple expected confounding factors. 

• Many parameters have already been reported to influence gut microbiota 
composition, ranging from host genotype, nutrition, inflammation and antibiotic 
usage to stool consistency.

• It has become obvious that upscaling is required to disentangle the multiple, 
confounding effects in the high-dimensional microbiome.

• Only a longitudinal study design allows encompassing the dynamic nature of these 
factors and the identification of microbiome-based prognostic signals and markers.

• To further study the temporal stability of the gut microbiota, it is also crucial to 
collect samples over time. 

• The historical lack of sufficiently powered, comprehensively phenotyped, 
longitudinal studies leads to the baffling observation that it is still unclear what 
defines a dysbiotic gut microbiota. 

Vandeputte et al. (2017) FEMS Microbiology Reviews 41:S154–S167
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Sample collection strategies in microbiome studies

• Ideally, faecal material intended for microbiome monitoring needs to be frozen 
immediately after sampling in order to stop the growth of residing bacteria and 
potential contaminants and to conserve baseline microbial abundances.

• Subsequently, samples should be stored at –80◦C until DNA extraction. 
• As sampling is often performed in the comfort of the participants’ home, the latter 

could cause a significant logistical burden. 

• Furthermore, faecal microbiome monitoring efforts risk to suffer from selection biases 
and drop-out associated to personal aversion towards faecal sampling—especially 
when sampling procedures are experienced as overly laborious.



Vandeputte et al. (2017) FEMS Microbiology Reviews 41:S154–S167

Sample collection strategies in microbiome studies

• The first consortia that sequenced the gut microbiota on a large scale opted for 
freezing whole faecal samples as soon as possible at –80◦C (either after storage in 
participants’ home freezers (MetaHIT)) or in an isolated box with cooled gel packs 
for a max of 24 h (HMP). 

• Since then a multitude of alternative sampling and storage methods have been 
developed in order to increase user experience or to allow more flexible transport 
schemes. 

• Instead of immediate freezing, samples are stored at 4◦C or RT for several hours, 
days or even weeks, with or without stabilisation buffer.

• The next slide summarises and discusses a selection of some of today’s most 
popular alternatives, each with their respective practical advantages and 
disadvantage.



Sample collection strategies in microbiome studies

Vandeputte et al. (2017) FEMS Microbiology Reviews 41:S154–S167



Sample collection strategies in microbiome studies

• Whichever method is chosen, it is crucial that samples are all treated the same.

• Buffers added to preserve specimens may contain a “microbiota composition” 
of their own which will result in additional background added to specimens. If 
case specimens are for example stored without the buffer, whilst controls are 
stored with, false difference will be detected between the two groups under 
study.



Sample collection strategies in microbiome studies

• Sample collection also need to be performed in the exact same manner for all 
samples under study., for example:
 If stool samples are collected via aspiration, microbiota background may be 

introduced to the stool specimens via the solution used to aspirate the sample. 
Caution should therefore be taken when comparing microbiota profiles from 
aspirated samples and those collected during passing of stool. 

 If a swab is used to collect the specimen, the same supplier and product should be 
used throughout the project.



Nucleic acid extraction

• A wide range of DNA extraction kits are available on the market, combining premade 
buffers, materials, and protocols for the disruption of cellular membranes, 
denaturation of proteins, and purification of nucleic acids thus ensuring 
reproducibility and reliability. 

• Many of these commercial methods contain similar components such as guanidine-
based chaotropic salts and silica-adsorption spin-columns, but kits might vary in the 
composition of the buffers and enzymes used for cell lysis and whether mechanical 
lysis steps such as bead-beating are incorporated or not. 

Bik (2016) Yale Journal Of Biology And Medicine. 89: 363-373



Nucleic acid extraction

• The QIAamp (Qiagen, Valencia, CA) and PowerSoil (MO BIO Laboratories, Carlsbad, 
CA) DNA extraction kits are currently among the most popular choices for 
microbiome analysis applications.

Claassen et al. (2013) Journal of Microbiological Methods 94:103–110

Bik (2016) Yale Journal Of Biology And Medicine. 89: 363-373



Nucleic acid extraction

• Although it has been reported that the number of reads sequenced influences 
reproducibility, recent analysis performed by our group actually showed that nucleic 
acid concentration seem to have an even larger effect:

Claassen-Weitz et al. 



Nucleic acid extraction

Claassen-Weitz et al. 



Nucleic acid extraction

• Depending on the type of specimen to be extracted, the choice of nucleic acid 
extraction kit might have a considerable effect on both the yield as well as the 
bacterial ratios in the purified sample.



Contamination

• An important point to address is the possible introduction of contaminating DNA 
during sample preparation. 

• Contamination might occur during several stages of the sample processing by cross-
contamination from adjacent samples, the operator, or the presence of amplicon 
residues in the laboratory. Important measures to reduce these types of 
contamination are the use of biosafety cabinets, gloves, filter tips, and separate areas 
for DNA extraction and PCR. 

• In addition, several studies have reported the presence of low amounts of 
contaminant DNA in sample collection materials such as paper points used for the 
collection of oral samples, DNA extraction buffers or columns, or PCR reagents, a 
problem that is much harder to avoid. 

Bik (2016) Yale Journal Of Biology And Medicine. 89: 363-373



Contamination

• The concern for contamination becomes increasingly important when extracting or 
amplifying low-yield clinical samples, such as blood, where the signal-to-noise ratio is 
low. 

• In an elegant study, Salter et al. showed that most DNA extraction reagents contain 
non-negligible amounts of contaminating DNA that could progressively be more 
detected in samples with a low amount of microbial biomass. 

• An increasing number of studies attempt to detect microbial DNA in near-sterile 
environments such as amniotic fluid or blood from healthy individuals. Without the 
inclusion of carefully selected extraction and amplification controls, the 
interpretation of the results of such studies becomes very difficult.

Bik (2016) Yale Journal Of Biology And Medicine. 89: 363-373



Which 16S rRNA hypervariable region to target

• Due to its ubiquity in prokaryotes, low horizontal gene transfer, and ability to 
differentiate closely related organisms, the 16S rRNA gene has been used for decades 
in the study of diversity and ecology of microorganisms. 

• However, most NGS platforms are not capable of covering the full length of the gene 
(ca. 1,500 bp). 

• This is why short regions within the gene (e.g., hypervariable V1–V9 regions) have 
been prioritized with the advent of these newer technologies.

• Hypervariable regions are supposed to act as proxies of the complete gene. Actually, 
there is correlation between the phylogenies generated using different hypervariable 
regions or combinations thereof and the phylogenies generated with the whole gene, 
but the strength of these correlations varies among regions because their different 
evolutionary rates limit their capacity to serve as surrogates of full-length sequences.

De la Cuesta-Zuluaga (2016) Frontiers in Nutrition. 3: Article 26



Which 16S rRNA hypervariable region to target

• Because of these disparities, the OTU count of different 16S regions can be 
inconsistent, which, in turn, makes studies using different hypervariable regions 
incomparable. 

• Currently, there is no consensus of which region best reflects the gut microbial 
community. 

• While read length increases in newer NGS technologies, one empirical way to 
overcome comparability between studies would be to sequence the same 
hypervariable region. This is, indeed, what is seen in many gut microbiome studies 
today: since the Illumina MiSeq platform gives one of the bests value for money of all 
NGS, most microbiome researchers are moving to sequence the V4 region since its 
size (ca. 250 bp) fits well the read size of this platform at its current version.

De la Cuesta-Zuluaga (2016) Frontiers in Nutrition. 3: Article 26
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Primary steps to consider when conducting microbiota studies

Bik (2016) Yale Journal Of Biology And Medicine. 89: 363-373



In summary

Study design needs careful thought

Use optimized sampling procedures for the sample type collected

Nucleic acid extraction procedures determine microbiota profiles and 
impact on sequencing reproducibility

Include optimal controls for assessing and correcting contamination

Different hypervariable regions of the 16S rRNA gene are targeted when 
analyzing different sample types

Other important factors to consider: the sequencing process itself and data 
processing and analysis 


