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16S rRNA high throughput sequencing: study design

• Because studies cannot include entire populations, it is crucial to define the target population of interest and
then draw a representative study sample to ensure that the findings from the study are generalizable

• Given the complex disease targets that translational studies attempt to understand, it is inevitable that
diseased populations of interest are heterogeneous in their clinical phenotypes.

• While heterogeneous phenotypes could enable investigators to understand several facets of a disease
spectrum, the presence of heterogeneity dilutes the statistical estimates of effect sizes of the microbiome.

• This problem is compounded by the fact that typical effect sizes of individual members of the microbiome
are weak.

• The dilution of effect size estimates is even more acute for diseases with several complex phenotypes.

• If there is prior evidence for substantial clinical heterogeneity or if there are theoretically defined
subpopulations with different disease characteristics within the population of interest, it is prudent to
prioritize specific aspects of the disease to study and recruit a relatively homogeneous study population. For
example, in a study examining the role of the microbiome in the development of pneumonia, it could be
beneficial to focus on the most common type of pneumonia in the patient population rather than trying to
profile all of the different etiological types.
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16S rRNA high throughput sequencing: study design

Step 1
Design your experiment based on your research questions (think about your study design)

Case-control set 1

Case-control set 2

Plate 1

Plate 2

Plate 1

Plate 2
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16S rRNA high throughput sequencing: sample collection

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

• 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.
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16S rRNA high throughput sequencing: sample collection

• Whichever storage 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. This will result in additional background “profiles” added to specimens. 

• In 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.
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16S rRNA high throughput sequencing: sample collection

• 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, for example, a swab is used to collect the specimen, the same supplier and 
product should be used throughout the project.
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In summary:

• Design your study carefully, by considering things such as participants 
selection criteria, sample collection and transportation procedures, as 
well as sample storage and processing.

• Collect as much environmental, clinical and demographic data to 
correct for confounders or to study mediation effects between our 
bacterial communities and for example disease states.

• Large longitudinal cohort studies (with suitable controls) compared to 
cross-sectional studies may provide a better insight into our microbial 
communities when studying their associations with health and disease.

• Be aware that different sampling methods, sampling buffers, and 
storage procedures may impact on bacterial profiles obtained from 
high throughput 16S rRNA gene sequencing.

16S rRNA high throughput sequencing: study design and 
sample collection




