Needle in the Haystack: How to Remove Human
Background When You Want to Detect Microorganisms

Development of rapid and accurate diagnostic
tests for pathogens detection
The emergence of novel infectious diseases
poses a huge challenge for conventional
diagnostic tests, which are mainly based on a
priori knowledge and sometimes timeconsuming culturing steps. Making use of
advances in sequencing technology and
bioinformatics tools, metagenomics can
elucidate microbial profiles from various
samples with significantly faster turnaround
time comparing to the conventional culture
methods. Although sequencing of conserved
gene families (16S rRNA, 18S rRNA, rpoB, etc.)
can provide microbiome structure in a sample,
metagenomic whole-genome sequencing is
more advantageous in identifying undetectable
pathogens with accompanied virulent factors
and/or antibiotic resistance genes1-3. These
information pieces are valuable in clinical
settings such as choosing an appropriate
treatment regimen or tracking an outbreak of a
novel pathogen.
Metagenomic studies for clinical diagnosis have
investigated a broad spectrum of specimens
such as blood or positive blood cultures, urine,
other body fluids, bone, joint, and tissues4. Body
fluids are some of the most ubiquitous materials
on account of their ready accessibility compared
to diseased tissues and abundance of genetic
information. Circulating cell-free DNA (cfDNA) in
plasma has also been used in some tests (for
example, Karius; https://kariusdx.com/) to
detect infectious diseases and promoted for its
sensitivity and non-invasive nature. However,
this kind of tests have some main constraints
which make it impossible to compete against
other genomic-based tests. Because the material
represents only fragments of microbial DNA,
therefore it is impossible to identify
antimicrobial
resistance
factors.
Other
drawbacks of using cfDNA are the relatively low
specificity (63%) and the loss of RNA

information. Moreover, speed (29 hours for
sample receipt to result) and cost are also the
limitations of the such tests and make it less
likely to be the optimal choice of patients and
healthcare providers5-7. Other metagenomic
sequencing assays designed for intact nucleic
acids analysis are still predominant with the
ability to combine pathogen and antimicrobial
resistance identification. These approaches have
been developing to continually reduce the cost
and sample-to-result time without a trade-off
with comprehensiveness and depth of
information.
Concurrently, a growing number of studies on
validating these approaches will expedite the
clinical utility of diagnostic metagenomics.
Despite the potential described above, some
current key issues to overcome for
implementation of metagenomics in mainstream
laboratories are lack of user-friendly analytic
pipelines and complete public databases, high
reagent cost, and relatively low sensitivity with a
high host DNA contamination background.
The struggle with host DNA contamination
One of the most important wet lab technical
limitations of metagenomics is the degree of
host background.
A small fraction of human genetic materials
contaminated in a clinical sample could lead to a
high host-to-pathogen nucleic acid ratio due to
the relative size of human versus pathogen
genomes. The interfering host DNA could
negatively affect the sensitivity of medical tests
in detecting very low abundant microbes.
Indeed, compared to traditional culture testing,
recent studies using metagenomics to
investigate diarrhea samples which were
positive
for
Shiga-Toxigenic E.
coli and
cerebrospinal fluid (CSF) samples that were
positive for a single primary pathogen
showed the analytical sensitivity of only 67% and
70.2%, respectively13, 14. Other researchers also

demonstrated that when host reads exceed 90%
of the total, the accuracy of the microbiome
profiling and the sensitivity of low abundant
species detection significantly decreased15, 16.
Pereira-Marques et al. also indicated that
increasing sequencing depth could improve the
identification of minor species in the samples
containing a high level of host DNA15. However,
a higher sequencing depth will add a fraction of
the costs for sequencing (currently ranging from
$128 to $685)4 and also lengthen the sample-toanswer time, consequently, decrease the
clinically actionable likelihood of these
approaches17.
Although some in silico techniques to remove
the influence of human sequences have been
rigorously applied, such as Decontam, improved
host DNA depletion and microbial enrichment
methods during the biological sample processing
steps are still in urgent need for diagnostic
metagenomics16.
Contemporary human DNA depletion
techniques
A wide range of human DNA depletion methods
can be categorized into 2 groups: prior DNA
extraction and post DNA extraction.
1) Prior DNA extraction: these assays are widely
used in many studies.
Physical approaches
They include centrifugation and filtration which
remove DNA and cell components originated
from patients based on their larger mass and size
compared to microbes. Earlier studies show that
these pre-steps were usually combined and
applied to positive blood culture, blood, urine,
sonication fluids from orthopaedic devices8, 18-25
and could remove up to 89% human DNA (by
centrifugation alone)18. However, they also
reported that the human proportion still
accounted for > 90% of total reads24-26.

Chemical/enzymatic approaches
One common technique is to employ a nonionic
surfactant like saponin to lyse human cells, then
deplete human DNA using DNase treatment. The
procedure could decrease up to 99.9% or
approximately (approx.) 105 folds human DNA
content in blood, respiratory samples, and
cerebrospinal fluid27, 28. A previous study also
indicated an impressive enrichment of pathogen
DNA with a high pathogen-to-host ratio, approx.
30- to 100-fold28. The hands-on time for this
technique took approximately 40 to 50 mins.
Osmotic lysis of mammalian cells followed by
treatment with propidium monoazide (lyPMA)
can also be utilized, this tactic remarkably
depleted host reads to 8.53% of total reads while
increasing microbial reads by ten times in human
saliva samples. Moreover, lyPMA treatment
requires fewer washing steps and less handling
time and has a competitive reagent cost (~
0.15$/sample) compared to other enzymatic
alternatives26. However, PMA treatment seems
to create a shift of viable community structure
because of its impact on extracellular bacterial
DNA29.
Commercial nuclease-based kits are also
available such as MolYsis® kits (Molzym,
Bremen, Germany), QIAamp DNA Microbiome
Kit (Qiagen, Hilden, Germany). MolYsis® kits
differentially lyse host cells from human/animal
body fluid samples and deplete host DNA using
MolDNase.
Previous
investigations
demonstrated that this method decreased the
average proportions of human-originated reads
in saliva, sputum, respiratory samples to
~62.88%26, ~ 87%29, < 10%30, respectively, and
significantly increased the microbial reads.
However, under the chaotropic condition, not
only human cells but some bacteria are likely to
lyse as well, thus the method could affect the
microbial composition31. The suggested protocol
of MolYsis® takes at least 40 mins for depleting
host DNA.

Similar mechanism is used by QIAamp DNA
Microbiome Kit (Qiagen, Hilden, Germany) to
lyse host cells from swab and body fluid samples
and eliminate host DNA by Benzonase. The
manufacturer declares that this kit could reduce
human reads to <5% of total reads, while other
studies for metagenomics in saliva and nasal
samples reported an average human reads of
29.17%26 and 57%32 in treated samples,
respectively. The performance time for a typical
depletion procedure is approximately 100 mins.
Other commercial alternatives seem to be less
popular than the above items such as HostZERO
microbial DNA kit (Zymo Research, California,
USA) to selectively degrade host cells and their
DNA using the Host Depletion Solution
and HetaSep® (STEMCELL Technologies Inc.,
Cambridge, MA) to isolate nucleated cells in the
blood.
The main limitation of these pre-extraction
depletion methods is the removal of intracellular
viral materials33 and the loss of genetic materials
during DNA digestion and transferring between
many tubes, which could lead to a serious effect
on the microbial community. In addition,
turnaround time is another challenge because
most of these methods require additional time
for incubation and washing steps (ranging from
~40 minutes to 1.6 hours).
2) Post DNA extraction:
Employing methylation-dependent restriction
enzyme (MDRE)
Based on the characteristics of MDRE, they are
used to cut human DNA at a specific site, and the
digested DNA was separated by gel
electrophoresis or magnetic bead-based size
selection. Oyola et al. indicated that this
treatment eliminated 80% of human DNA and
enriched microbial reads from 10% to ~92%34.

However, the incubation time for optimal
enzyme activity is up to 16 hours at 37oC.
Targeting CpG domains
Some commercial kits utilize the different
abundances of methyl-CpG domains between
mammalian cells and microbes to deplete host
DNA.
The Pureprover kit (previously available from
SIRS-Lab GmbH, Jena, Germany) extracts whole
genomic DNA from clinical sample, then uses a
protein to bind non-methylated CpG sites in
bacterial genomes. The removal of human DNA
using this treatment was up to 90%35. The
recovery rate of microbial DNA may vary due to
the different contents of CpG motifs in distinct
microbes, thus the relative abundance of species
in the sample could be changed31.
The NEBNext Microbiome DNA Enrichment Kit
(New England Biolabs Inc., Ipswich, MA, USA)
separates methylated DNA (mainly in human
DNA) by taking advantage of a human methylCpG binding domain fused to the Fc-tail
of human IgG (MBD-Fc) known to specially bind
methyl-CpG dinucleiotides31. The kit removed
94-96% of human reads and increased from 8 to
43-fold reads from microbes compared to undepleted samples31, 36. Nevertheless, these
results were not in line with other studies which
indicated a significantly lower efficiency24, 26, 29,
that is maybe due to the requirement of high
molecular weight genomic DNA input (> 15kb)31.
The pre-extraction steps of these studies could
affect the DNA fragments (such as
homogenization, sonication, freeze-thawing
process).
Overview of all currently available host DNA
depletion methods is illustrated below (Fig. 1)

Fig. 1 Overview of contemporary depletion techniques
Host depletion kits and techniques are
heterogeneous across studies. Most studies
utilized commercial kits which are usually biased
to some degree while non-commercial methods
are quite hard to be validated. In brief, the above
approaches have their pros and cons as

Type of approaches
Differential cell sizebased methods
Chemical/enzymatic
treatments

Commercial kit(s)
PluriStrainer®,
CellTrics™, etc.
MolYsis®,
QIAamp,
HostZERO,
HetaSep®
N/a

Methylationdependent
restriction enzyme
(MDRE)
Non CpG-methylated Pureprover
microbial DNA
CpG-methylated
NEBNext
host DNA

described in Table 1. One of the major common
drawbacks of these methods are labor-intensive
lengthy workflow which is impossible to be
practically applied to diagnostic metagenomic
tests.

Advantage(s)
Cheap. Easy to perform
Effectively deplete
human cells and DNA
Effective removal of
methylated host DNA

Disadvantage(s)
Significant quantities of
human DNA residuals
Time-consuming process.
Washing and transfer steps
may cause DNA loss.
Long enzyme incubation time

High quantity of human
Inconsistent microbial DNA
DNA depletion
recovery rate
Useful for unsheared
Expensive. Requirement of
high molecular weight
high molecular weight gDNA
DNA (> 15 kb fragments) input
Table 1. Current approaches to deplete human DNA for metagenomics analysis

Micronbrane addresses the current bottleneck
of human DNA depletion in clinical microbiology

with Devin® filter that can remove 95%
leukocytes within just 5 minutes (fig. 2). Devin®

membrane utilizes patented ZISC technology
(Zwitterionic Interface Ultra-Self-assemble
Coating Technology or ZISC) to specifically and
efficiently bind and deplete white blood cells
(WBCs) in the whole blood. Devin® filter
fundamentally differ from the other filtration
devices as it doesn’t rely on the pore size of filter
membrane to exclude white blood cells. In fact,

the pore size of Devin® filter is 15-20 μm which
is larger than most of the human cells. Thus,
Devin® filter can allow red blood cells from
whole blood pass through the filter without
clogging it. The WBC depletion effect of Devin®
filter for the various amount of whole blood is
shown in Fig. 2.

Fig. 2 Leukocytes reduction efficiency

Fig. 3 Microbial passing efficiency
At the same time Devin® filter demonstrates
high microbial passing efficiency including
bacteria and viruses (Fig. 3)
The functional features of WBC depletion and
microbial passing of Devin® filter makes it an
ideal device for microbial enrichment for the
biological fluids, especially whole blood to
enable metagenomic test, comparing against
other methods (Fig. 1). When Devin® filter was

tested for simulated samples (the whole blood
from healthy doners spiked with 10*4 Genome
Copies/mL spike-in control from ZYMO
Research), it not only takes less than 5 minutes,
significantly faster than the other methods, but
also shows much better enrichment results by
various downstream detection methods
including next generation sequencing (NGS),
Nanopore sequencing as well as qPCR, as shown
in Fig. 4.

Fig 4. Results of human and microbial identification using qPCR, NGS and Nanopore*
*Human blood samples (5mL) were added 10*4 Genome Copies/mL spike-in control from ZYMO Research and then processed using different depletion methods. Test results show that Devin®
filter increases ratio of microbial DNA and decreases the ratio of human (host) DNA.

PaRTI-Seq® test, a metagenomic
sequencing workflow built upon Devin® filter as
illustrated in Fig. 5, can demonstrated ultimate
applicability to detect potential pathogens from
blood samples within 24 hours with a sensitivity
of 102 genome copies/mL.
Devin® together with PaRTI-Seq®
delivers complete solution of rapid pathogen
detection within 24 hours and introduce a
promising clinical solution in future to be used in
routine for rapid infectious disease diagnosis.

More details on Micronbrane’s
innovational technology on the website:
www.Micronbrane.com
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for ONE patient
Depending on Sequencing
Platform, total cost of the test
will be different. If you
sequence with HiSeq it will be
the lowest cost, but will require
to run samples for 200 patients
at the same time, not to
mention extremely high capital
cost of platform itself. With ∼18
samples in a run, the cost will
be the same as running the
single sample on smaller
platforms like MiSeq.
Smaller sequencing solutions
make it possible to test just
sample of 1 patient but
sequencing cost in that case is
still extremely high
Regardless of sequencing
method each sample requires
about 20 million reads as
output

+
DNA extraction using Devin
filter® allows to reduce standard
output required for mNGS tests
by 4 times (from 20M reads to
5M) which saves cost of
sequencing in clinical setting
more than a half

per sample

represents relative cost of
mNGS pathogen detection test

cost

Imagine that each circle

Appendix 1. See how PaRTI-Seq® can reduce your sequencing cost
Other mNGS tests

PaRTI-Seq®
Devin
Filter
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DNA Extraction

Library prep

Sequencing
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1 sample = 1 patient

Analysis &
Report

Capital cost
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of mNGS cost

This is how many patients you
need to test at once
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