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Pilot Study of Fecal
Mitochondrial DNA in
Inflammatory Bowel
Disease Patients
Demonstrates a High
Sensitivity Assay With
Likely Capacity to
Differentiate Between
Disease and
Histologic Remission
Inflammatory bowel disease
(IBD) is an autoimmune disease

with multiple manifestations, although
typically centered around inflamma-
tory changes in the intestines. Inci-
dence rates of pediatric IBD continue
to increase annually, with the fastest
increases occurring in areas that have
recently modernized their infrastruc-
ture.1 The condition comes with a sig-
nificant burden of care. Therapeutic
challenges involve optimizing therapy
despite the common discordance be-
tween histologic and symptom severity
as well as assessing disease state based
on the interpretation of currently
available inflammatory markers.1

IBD is driven by a combination of
genetic susceptibility, microbial in-
teractions, and initial inflammatory
triggers and can be difficult to monitor
with serum laboratory tests. Inflam-
matory markers are often not sensitive
due to the primarily epithelial nature
of the inflammatory changes, leading
to patients with normal serum markers
of inflammation who nonetheless have
significant disease activity.2 Current
practice is to monitor disease activity
via a combination of disease scores and
recurrent endoscopic evaluations to
determine histologic remission, as
mucosal healing has been strongly
associated with decreased risk of re-
lapses and of long-term complica-
tions.3,4 Patients may be in clinical
remission (asymptomatic, remission
scores on the pediatric ulcerative
colitis [UC] activity index and pediatric
Crohn’s disease [CD] activity index),
while still having active disease at a
histologic level.2 The currently
accepted gold standard biomarker
(fecal calprotectin [FC], which mea-
sures a byproduct of neutrophil activ-
ity) does not reliably determine
histologic status. Calprotectin has
other limitations in small intestinal
disease, as bacteria digest and degrade
it, making small intestinal disease or
proximal colitis sometimes appear less
significant on the basis of marker assay
alone.2 This leaves endoscopic evalua-
tion as the only consistent way to
establish true remission, as patients in
histologic remission have a higher risk
of negative outcomes and more severe
disease reactivation.

While it has been demonstrated
that cell death due to intestinal
inflammation results in elevated host
deoxyribonucleic acid (DNA) in
stool,5,6 we theorized that measuring a
conserved fragment of human mito-
chondrial DNA (mtDNA) would pro-
vide increased sensitivity due to the
greater copies per cell. Our prior work
(Zhu, Wallach et al, ES&T Letters,
2022)7 found that concentrations of
human mtDNA distinguished between
norovirus presence and the inflamma-
tory state of active symptomatic nor-
ovirus, likely reflecting the increased
epithelial extrusion and apoptosis
known to occur during intestinal in-
flammatory states. In this study, we
assessed its utility as a disease moni-
toring tool in pediatric inflammatory
bowel disease.

We recruited pediatric and young
adult patients (aged 5–22 years) at the
pediatric gastroenterology clinic of
State University of New York Down-
state Health Sciences University with
planned endoscopic procedures and
collection of stool samples for fecal
calprotectin. Stool samples were
collected using at-home collection kits,
stored at w4 �C until patient appoint-
ment, and stored at �80 �C upon
receipt. Calprotectin was measured by
enzyme-linked immunosorbent assay
via Quest Diagnostics Clinical Labora-
tory as mg per gram of stool. We
extracted DNA in biological triplicates
using the Qiagen DNeasy PowerSoil
Pro following the manufacturer’s in-
structions and quantified mtDNA
copies using hCYTB484,8 an assay tar-
geting a human-specific region of the
cytochrome b gene, on the Qiagen
QIAcuity digital polymerase chain re-
action (PCR) system. We normalized
copies of the mtDNA marker to milli-
grams of stool. The Minimum Infor-
mation for Publication of Quantitative
Digital PCR Experiments9 for this study
is available in the supplemental mate-
rials. To assess severity of disease, we
used the relevant disease severity
score (pediatric UC activity index/pe-
diatric CD activity index) to differen-
tiate disease severity and the Robarts
Histopathology Index (RHI), which has
been shown to be an applicable histo-
logic assay for both UC and CD
to establish histologic remission
(RHI < 3).10,11 We used nonparametric
tests (Kendall’s tau) to assess correla-
tions between RHI and fecal mtDNA as
well as calprotectin to account for
nonlinearity observed in the data.

We recruited 13 patients, 7 UC and
6 CD (Table 1). Our results (Figure 1A)
suggest that concentrations of fecal
mtDNA in children and young adults
with IBD increase with increasing
severity of disease, with several orders
of magnitude difference between his-
tological remission vs moderate to se-
vere cases. Despite both fecal
calprotectin and fecal mtDNA having
strong correlations to RHI (Kendall’s
tau approximately 0.7 for both calpro-
tectin and mtDNA), concentrations of
fecal mtDNA were more distinct be-
tween cases of histological remission
vs mild and moderate severity than
that of fecal calprotectin (Figure 1A).
This demonstrates, in these samples,
that while fecal mtDNA and fecal cal-
protectin have similar correlations
with histopathology scoring across the
range of disease severity, fecal mtDNA
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Table 1. Summary Table of Individual Patients From This Study

Age, y Gender Race
IBD

subtype
Disease

location at Dx Medication
Clinical
activity

Histologic
remission

Fecal
calprotectin

(mg/g)

Fecal
mtDNA

(copies/mg)

1 12 M Black UC Transverse,
descending
colon, and
rectum

Not applicable Remission Yes 6.30Eþ01 8.94Eþ02

2 14 M Black CD Ileocolonic Humira Moderate No 1.13Eþ03 7.48Eþ04

3 9 M Black UC Transverse,
descending
colon, and
rectum

Not applicable Moderate No 2.93Eþ03 9.70Eþ05

4 16 M White UC Pancolitis Not applicable Moderate No 1.82Eþ03 4.49Eþ05

5 15 M Black CD Cecum, rectum Humira Mild No 2.40Eþ02 2.46Eþ05

6 12 M Black UC Transverse, left
colon, and
rectum

Remicade Remission Yes 1.50Eþ01 2.46Eþ02

7 17 M White UC Cecum,
transverse,
descending
colon,
sigmoid, and
rectum

Mesalamine Remission No 9.00Eþ00 2.07Eþ04

8 17 M White UC Pancolitis Vedolizumab,
Mesalamine

Mild No 1.15Eþ03 7.82Eþ04

9 19 F White CD Terminal ileum Not applicable Mild No 1.10Eþ01 6.58Eþ03

10 16 M Black CD Cecum, left
colon, and
rectum

Stelara Mild No 3.30Eþ02 5.02Eþ04

11 11 M Black UC Transverse,
descending
colon, and
rectum

Vedolizumab Severe No 3.37Eþ03 9.52Eþ05

12 12 F Black CD Terminal ileum,
colon

Infliximab Remission No N/A 1.33Eþ04

13 16 M Black CD Terminal ileum,
sigmoid
colon

Infliximab Remission Yes 5.70Eþ01 8.77Eþ03
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may offer additional resolution in the
lower and intermediate values in
which there is difficulty in interpreting
concentrations of calprotectin.2

Our findings suggest that assay of
fecal mtDNA offers substantial poten-
tial as a reliable and sensitive
biomarker for assessing IBD activity.
The mtDNA assay utilizes now wide-
spread PCR technology, can be
completed in-house at higher speed
and lower cost than enzyme-linked
immunosorbent assay12, and due to
the high dynamic range of the assay,
appears to be more accurate at low
disease severity states. Our study
demonstrates at least equal overall fi-
delity to disease state as FC; however,
as FC has had challenges in identifying
histologic remission,3 the clinical im-
plications of higher accuracy at low
disease states are substantial. The
ability to noninvasively differentiate
between clinical and histologic remis-
sion for even a subset of patients will
improve burden of care, allow pro-
viders to have improved insight into
disease state, and likely drive
improved outcomes. As mtDNA reflects
current state rates of cell death and
extrusion, it is also highly likely that
mtDNA levels will be much more
responsive to treatment-induced
changes, improving clinician agility in
care by being able to assess outcomes
in days rather than weeks.
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Additionally, previously reported work
does not show elevation in healthy
children at early ages13 as calprotectin
does. While generalizability of our
findings is limited due to the small
sample size, the effect size between
median concentrations from histologic
remission and active groups (at least
10 times difference) justifies investi-
gation with more samples. Our study is
limited by a pediatric population, but
our prior work has not shown alter-
ations to baseline concentrations of
mtDNA by age in children,13 and work
in adults has demonstrated elevated
concentrations with inflammatory
processes like noroviral infection.7

Accordingly, further work in adults is



Figure 1. Top row box plots (A) showing concentrations of fecal calprotectin (left) and fecal mtDNA (right) with increasing
severity of IBD from histologic remission to severe disease from samples from 13 IBD patients. Boxplots display the median of
distributions as the middle horizontal line and the 25th and 75th percentiles as the bottom and top of the box, respectively.
Bottom row scatter plots showing nonparametric correlations between scoring from the Robarts Histopathology Index and
fecal calprotectin (B) and fecal mtDNA (C) from the same 13 samples.
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indicated, with our assay likely to
translate well. In this study, mtDNA
measurements across biological tripli-
cates did not vary greatly; future work
into understanding shedding patterns
and rates would help contextualize
concentrations. While our current
dataset is too small to specifically
assess mtDNA in small bowel disease,
ongoing work has noted elevated levels
of fecal mtDNA in upper gastrointes-
tinal diseases such as H. pylori. As DNA
is degraded in the gastrointestinal tract,
we do expect attrition from upper
gastrointestinal sources, but the sheer
quantity of mtDNA suggests viable
signal will remain, based on prior work
identifying detectable DNA survival
even after murine oral consumption.14

While this will create some confound-
ing effects with regard to disease
monitoring that will require additional
work, it seems quite likely that small
intestinal disease would reliably
elevate levels, further strengthening the
potential utility of this assay.

In short, this is a promising new
technology for the management of IBD,
with the potential to improve care
decision-making curves and decrease
endoscopic burden for patients.
Further study is necessary to deter-
mine exact populations and disease
states that will benefit.
100622
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