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Clinical Infectious Diseases

SUPPLEMENT ARTICLE
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Minimally Invasive Postmortem Intestinal Tissue Sampling
in Malnourished and Acutely Ill Children Is Feasible and
Informative

Erika Feutz,' Wieger Voskuijl,***® Peter J. Finch,® Ta-Chiang Liu,’ Robert H. J. Bandsma,”® Phillip I. Tarr,’ Christopher Alan Moxon,*'*"
Kelley VanBuskirk,' Sarah Lawrence,” Grace Umutesi,' Kirkby D. Tickell,"*" James A. Berkley,*"' Judd L. Walson,"3">'*'® Steve Kamiza,"” and
Donna M. Denno'#'2

'Department of Global Health, University of Washington, Seattle, Washington, USA; “Amsterdam Centre for Global Child Health, Emma Children’s Hospital, Amsterdam University Medical Centres,
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and Child Health, Kamuzu University of Health Sciences, Blantyre, Malawi; “Department of Medicine, Kamuzu University of Health Sciences, Blantyre, Malawi; “Department of Pathology and
Immunology, Washington University School of Medicine, St. Louis, Missouri, USA; "Hospital for Sick Children, Translational Medicine Program and Centre for Global Child Health, Toronto, Canada;
%The Childhood Acute lliness & Nutrition (CHAIN) Network, Nairobi, Kenya; *Department of Pediatrics, Washington University School of Medicine, St. Louis, Missouri, USA; ""Wellcome Centre for
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Clinical Research Programme, College of Medicine, University of Malawi, Blantyre, Malawi; ?Department of Pediatrics, University of Washington, Seattle, Washington, USA; "*Department of
Epidemiology, University of Washington, Seattle, Washington, USA; "*KEMRI-Wellcome Trust Research Programme, Nairobi, Kenya; '°Centre for Tropical Medicine & Global Health, University of
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Background. Intestinal disorders such as environmental enteric dysfunction (EED) are prevalent in low- and middle-income
countries (LMICs) and important contributors to childhood undernutrition and mortality. Autopsies are rarely performed in LMICs
but minimally invasive tissue sampling is increasingly deployed as a more feasible and acceptable procedure, although protocols have
been devoid of intestinal sampling to date. We sought to determine (1) the feasibility of postmortem intestinal sampling, (2) whether
autolysis precludes enteric biopsies’ utility, and (3) histopathologic features among children who died during hospitalization with
acute illness or undernutrition.

Methods. Transabdominal needle and endoscopic forceps upper and lower intestinal sampling were conducted among children
aged 1 week to 59 months who died while hospitalized in Blantyre, Malawi. Autolysis ratings were determined for each hematoxylin
and eosin slide, and upper and lower intestinal scoring systems were adapted to assess histopathologic features and their severity.

Results. Endoscopic and transabdominal sampling procedures were attempted in 28 and 14 cases, respectively, with >90% suc-
cess obtaining targeted tissue. Varying degrees of autolysis were present in all samples and precluded histopathologic scoring of 6% of
122 biopsies. Greater autolysis in duodenal samples was seen with longer postmortem interval (Beta = 0.06, 95% confidence interval,
0.02-0.11). Histopathologic features identified included duodenal Paneth and goblet cell depletion. Acute inflammation was absent
but chronic inflammation was prevalent in both upper and lower enteric samples. Severe chronic rectal inflammation was identified
in children as young as 5.5 weeks.

Conclusions. Minimally invasive postmortem intestinal sampling is feasible and identifies histopathology that can inform mor-
tality contributors.

Keywords. Minimally invasive tissue sampling; environmental enteric dysfunction; histopathology; child mortality

Undernutrition underlies 45% of child deaths and remains prev-  hygiene facilities. It is characterized by intestinal inflammation

alent in low- and middle-income countries, including Malawi,
where the under-5 year mortality rate is 42 per 1000 live births:
11% above the global average [1-3]. Causes of undernutrition
include food insecurity, recurrent infections, and environmental
enteric dysfunction (EED). A largely asymptomatic condition,
EED is prevalent in settings with inadequate sanitation and
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and villus blunting, malabsorption, permeability facilitating
microbe translocation, and systemic inflammation [4, 5].
Accelerating mortality reductions requires improved
cause of death (COD) understanding, particularly within
populations in which undernutrition and infections are the
leading mortality risk factors [3, 6]. Full autopsy is the most
comprehensive and accurate method for COD assignment,
but is often infeasible because of resource constraints or soci-
etal unacceptance [7, 8]. Minimally invasive tissue sampling
(MITS) uses transcutaneous needle organ and fluid sam-
pling and is increasingly used as a validated, nondisfiguring,
and more acceptable alternative to full autopsy [9, 10].
However, MITS lacks enteric sampling because intestines,
largely untethered within the abdominal cavity, likely enable
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needles to push away, potentially hindering sampling of this
organ. Endoscopy may afford visualization and sampling
but has rarely been used, and to our knowledge, never at-
tempted in pediatric postmortem studies [11]. Several po-
tential barriers could preclude this approach, including jaw,
pyloric sphincter or anal rigor mortis restricting intubation,
and stomach contents or stool interfering with visualization
and sampling. Tissue autolysis, driven by microbes and cel-
lular enzymes, may render biopsies uninformative because
intestine is the first organ to degrade postmortem [12].

Lack of gastrointestinal interrogation impedes under-
standing of intestinal infections, EED, and other enteric contri-
butions to childhood deaths. The MITS in Malawi (MiM) study
sought to assess postmortem endoscopic intestinal sampling
feasibility, determine whether autolysis precludes enteric biopsy
utility, and examine enteric histopathologic features among
children who died during hospitalization with acute illness or
undernutrition.

METHODS

Study Design, Setting, Participant Selection

MiM was conducted at Queen Elizabeth Central Hospital
(QECH) in Blantyre, Malawi, a national referral and teaching
hospital. MiM started as a substudy at the QECH site of the
Childhood Acute Illness & Nutrition (CHAIN) study, which
assessed risk factors for mortality among children hospital-
ized with acute illness or undernutrition in low- and middle-
income countries [13]. Because of low enrollment and case
fatality among CHAIN-enrolled patients, MiM recruitment
expanded to 2 other QECH-based studies and the general
pediatric wards. Exclusion criteria were: known terminal
illnesses, congenital syndromes, injuries, surgical conditions,
and age <1 week or >59 months. Recruitment was August 20,
2018-April 9, 2020.

Study staft approached parents/guardians of eligible children
after a respectful period following death. Written informed
consent was obtained from parents/guardians. Assistance with
coffin purchase, transportation, and grief support was offered
to all approached parents/guardians, regardless of consent to
participation.

Sampling Procedures

MITS procedures commenced as soon as feasible after
obtaining consent. A study gastroenterologist or endoscopist
used Olympus GIF-P140, GIF XP-160, or GIF-160 gastroscopes
and Olympus FB-231K.A or FB-230.K.A forceps. Gastric and
duodenal fluid were aspirated, either prebiopsy (preferred) or
postbiopsy after flushing with buffered saline. Biopsies were
obtained from stomach, the first (D1), second (D2), and most
distal accessible duodenal segments (D3/D4), rectum; and
colon last as proximally as possible. Postendoscopy, standard
MITS procedures were performed [14].

Transabdominal intestinal needle sampling was initially con-
sidered impractical, but was adopted midstudy to assess feasi-
bility. Bard Monopty 16G 100-mm needles were introduced just
inferior to the umbilicus and right-side posterolateral for small
bowel and ascending colon samples, respectively. All tissues
were paraffin embedded, sectioned, and stained with hematox-

ylin and eosin.

Data Collection

Antemortem clinical data were collected during admission
for coenrolled patients and otherwise extracted from med-
ical records. Antemortem clinical test results were abstracted
from laboratory reports. Because of incomplete antemortem
anthropometric data, postmortem anthropometry was used,
as is standard in MITS studies [15, 16]. Two study personnel
measured mid-upper arm circumference, weight, and length
and where discrepant, measured a third time. The average of 2
closest measurements was used. Z scores were calculated using
World Health Organization Anthro software [17]. Severe acute
malnutrition (SAM) was defined by mid-upper arm circum-
ference <11.5 cm (among >6-month-old children), weight-for-
length z score <-3, or nutritional edema [18, 19].

A gastrointestinal pathologist (T-C.L.) rated each intestinal
hematoxylin and eosin slide for autolysis, categorized as: (0) no
autolysis; (1) <50% of tissue autolyzed; (2) 50%-75%; (3) >75%
but <100%; and (4) complete autolysis. All sufficiently intact
duodenal slides were scored using the EED Biopsy Consortium
histology index, whereby 10 histologic parameters are assigned
semiquantitative scores from 0 (normal) to 3 or 4 (severe pa-
thology) [20]. Lower intestinal histology was similarly scored
based on 4 ulcerative colitis histological parameters [21].
Because slide preparation quality or autolysis may render cer-
tain features unscorable, we calculated total score percent (total
score divided by maximum possible among scored parameters)
to describe overall histopathologic severity [20].

Data Analysis

Analysis was primarily descriptive because this study was de-
signed to examine the feasibility of adding intestinal sampling
to standard MITS procedures and not powered to compre-
hensively test associations with intestinal autolysis or histopa-
thology. However, once feasibility was determined, we leveraged
obtained tissues to explore such associations.

We examined autolysis variability by anatomic location and
sampling method (endoscopic vs transabdominal) using paired
t tests. Autolysis and histologic score intraindividual variability
was determined with intraclass correlation coefficients (ICC)
using a 2-way mixed effects model. We used univariate linear
regression to explore the effect on autolysis by age, sex, admis-
sion diagnosis (sepsis, gastroenteritis), nutritional status (per
postmortem anthropometry), human immunodeficiency virus
(HIV) status, exposure to antibiotics that are potentially more gut
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microbiome disruptive (ceftriaxone, ciprofloxacin) versus less so
(amikacin, amoxicillin, flucloxacillin, fluconazole, gentamicin,
metronidazole, penicillin, trimethoprim-sulfamethoxazole)
[22-24], refrigeration duration, postmortem interval (PMI; time
to intestinal sampling), and endoscopically visualized stomach
contents (restricted to autolysis of D1 because of proximity). All
bodies were refrigerated. Refrigeration time highly correlates
with PMI, so refrigeration time was calculated as percentage of
PMI. Because the PMI/refrigeration duration and autolysis re-
lationship was of primary a priori interest, they were assessed
together in a multivariate model.

We used univariate linear regression to explore influences
on histologic severity by age, sex, admission diagnosis (sepsis,
gastroenteritis, anemia [can be caused by malabsorption]),
HIV status, nutritional status, length of hospital stay, higher
dysbiotic potential antibiotics (described previously), and he-
patic steatosis (indicator of severe malnutrition).

Data were insufficient to relate blood culture results, blood
gas acidosis, antibiotics (any use), and stomach pH to autol-
ysis, and malaria diagnosis and acidosis to histologic severity.
Analyses were conducted using Stata/SE 16.1. Significance was
defined by 2-tailed alpha = .05. Graphics were generated using
RStudio version 1.2.5019.

Ethical Approval

The Malawi National Health Sciences Research Committee
(NHSRC 1913) and Oxford University Ethics Committee
(OxTREC 34-16) provided ethical approval. The University of
Washington Institutional Review Board exempted the study
from review (STUDY00003689).

RESULTS

Seventy-five children eligible for this study died on enrollment
days. Reasons for not seeking consent included: inability to mo-
bilize a key study member within an appropriate time (n = 8),
lack of notification by ward staff (n = 5), or unknown reasons
(n = 4). Of 58 caregivers approached, 29 (50%) consented.
Reasons for refusal were: lack of perceived benefit (n = 9), pref-
erence to immediately take body home (n = 7), cultural/reli-
gious concerns (n = 5), poor relationship with healthcare staff
(n = 2), consenters unavailable (n = 2), child too young (n = 1),
or unknown reasons (n = 3). Table 1 summarizes participant
characteristics.

Procedure Feasibility
Upper and lower endoscopic sampling was attempted for all
but the final case because of corona virus disease 2019-related
circumstances. Upper and lower endoscopy mean (range) du-
ration were 34.4 (20-57) and 10.5 (6-20) minutes, respectively.
At least 1 intestinal biopsy was endoscopically obtained from
each of 28 cases, including: 21 D1 (75%), 20 D2 (71%), 23 D3/
D4 (82%), 5 colon (18%), and 26 rectum (93%) (Figure 1).

Table 1. Characteristics of Study Participants (n = 29)

Median (IQR) or N (%)

Age at death, wk 24 (12-55)
Female 15 (51.7%)
Admission diagnoses (based on clinician diagnosis)
Sepsis 9(31.0%)
Acute respiratory infection® 7 (24.1%)
Gastroenteritis 10 (34.5%)
Malaria (based on testing, n = 1 missing) 2 (71%)
HIV infection (based on testing, n = 1 missing) 7 (24.1%)

Severe acute malnutrition® 18 (62.0%) including 5

(17.2%) with edematous

SAM
Antibiotic administration during hospitalization® 29 (100%)
Administration of higher dysbiotic potential 15 (51.7%)
antibiotics during hospitalization®
Length of hospital stay, d 3 (1-6)
Postmortem interval, h® 7 (6-11)
Body refrigeration time as a percentage of 88 (71-93)
postmortem interval
Milk or food contents in stomach (Among those 18 (64.3%)

who underwent endoscopy, n = 28)

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; SAM, severe
acute malnutrition.

#Pneumonia (n = 4), bronchiolitis (n = 1), both (n = 2).

"Based on postmortem anthropometric measurements and antemortem assessment of
edema.

“Ciprofloxacin,  ceftriaxone,  penicillin, gentamicin, metronidazole, ~cotrimoxazole,
flucloxacillin, amikacin, amoxicillin, fluconazole.

dCiprofloxacin and ceftriaxone.

°Time from death to initiation of minimally invasive tissue sampling procedure.

Presence of stomach contents (eg, milk) and stool often caused in-
sufficient equipment insufflation by procedure end. This explains
colon sampling paucity because colon was the final sampling lo-
cation, and twice interfered with rectal sampling. One case lacked
duodenal sampling because of difficulty negotiating the C-loop.
Pyloric sphincter constriction precluded duodenal intubation in
3 cases (PMIs between 2 and 14 hours). Transabdominal needle
sampling of small and large intestine was successful in 14 (100%)
and 13 (93%) of the last 14 cases, respectively. Across all partici-
pants, 26 (90%) and 29 (100%) had at least 1 successful small and
large bowel biopsy, respectively, regardless of method.

Tissue Autolysis

All intestinal samples displayed some autolysis (Figure 1,
Supplementary Figure 1). Thirty-two biopsies (26%) had <50%
autolysis, 59 (49%) had 50%-75%, and 31 (25%) had >75% autol-
ysis. None were completely autolyzed. The mean autolysis rating
was 1.9, corresponding to slightly <50%-75% of tissue autolyzed.
In contrast, only 1 case demonstrated extraintestinal tissue au-
tolysis, in the brain. Autolysis grading was inconsistent across
biopsies within the same individual (ICC = 0.16) (Figure 1),
but did not differ by gut location (Table 2). Among cases with
both sampling methods, mean autolysis rating was higher in
transcutaneous (2.3, standard deviation [SD] = 0.8) than endo-
scopic biopsies (1.9, SD = 0.7) (P = .040).
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Figure 1. Samples of target tissue successfully obtained endoscopically and transabdominally by case. Transabdominal samples were attempted for cases 16-29.
Endoscopic sampling was not attempted for case 29. Numbers in each cell represent intestinal histology disease severity as total score percent. Box color represents level
of autolysis, with darker colors indicating less autolysis and better preserved tissue. Abbreviations: D1, D2, D3/D4: 1st, 2nd, 3rd/4th portions of the duodenum, respectively;
NS, not scorable.

Upper intestinal autolysis was 0.4 points (out of 4) higher with Rectal autolysis was 0.5 points higher among children diag-
a 6-hour increased PMI (95% confidence interval [CI]. 0.1-0.7, nosed with sepsis (95% CI, 0.1-0.9, P = .032). Endoscopically-
P =.01), without meaningful change after adjusting for refrigeration = obtained small intestine autolysis was 0.6 points lower in those
(as percent of PMI) (Table 3, Supplementary Figure 2). No clear rela- with SAM (95% CI, -1.1 to -0.1, P = .014). Antibiotic admin-
tionship was appreciated between PMI and lower intestinal autolysis. istration during hospitalization was universal, but those who

Table 2. Mean Autolysis Rating and Mean Intestinal Disease Severity Score Percent by Tissue and Sampling Type

Sample Location With Scorable

Mean Autolysis Mean Autolysis Tissue (Cases 1-28 N/ Cases
Sample Location Rating®, Cases Rating®, Cases 16-29 N°) (Cases 1-28% Mean Histopathology =~ Mean Histopathology
Sampling (Cases 1-28 N/ 1-28, (SD, 16-29, (SD, Scorable/Cases 16-29% Score Percent®, Cases  Score Percent®, Cases
Method Cases 16-29 N?) Range) Range) Scorable) 1-28, (SD, Range) 16-29, (SD, Range)
Endoscopic D1 (21/9) 1.8(0.7 1-3) 1.8(0.8, 1-3) D1 (20/9) (95/100) 19 (14, 0-50) 20 (11, 0-33)
D2 (20/9) 2.2(0.8,1-3) 2.2 (0.7, 1-3) D2 (20/9) (100/100) 21 (16, 0-56) 19 (13, 0-38)
D3/D4 (23/12) 1.9(0.8, 1-3) 1.9(0.8, 1-3) D3/D4 (22/11) (96/92) 21 (16, 0-56) 16 (15, 0-38)
Colon (5/1) 1.8 (0.4, 1-2) 2(..) Colon (5/1) (100/100) 16 (13, 0-33) 33(...)
Rectum (26/11) 1.8 (0.5, 1-3) 1.8(0.4,1-2) Rectum (26/11) (100/100) 21 (9, 0-33) 19 (10, 8-33)
Transabdominal ~ Small intestine 2.4 (0.9, 1-3) Small intestine (.../11) (.../79) 6 (13, 0-44)
(.../14)
Large intestine 2.2 (0.6, 1-3) Large intestine (.../11) (.../85) 15 (20, 0-50)
(.../13)

®Endoscopic sampling was attempted for cases 1-28. Transabdominal sampling was attempted for cases 16-29. N represents the number of obtained biopsies successfully sampled and
examined for autolysis.

PAutolysis ratings were coded as following: (0) no autolysis, (1) <560% of tissue autolyzed, (2) 50%-75%, (3) >75% but some intact tissue, and (4) complete autolysis.
°N represents the number of biopsies that could be examined for histopathologic features (ie, autolysis did not preclude scoring of at least 1 histologic feature).
9Some tissues were unable to be scored because extensive autolysis impeding the identification of histologic features.

®Autolysis rendered some histologic features nonscorable; therefore, total score percent (total score divided by maximum possible score of available criteria) is used to summarize
histopathologic findings.
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received higher dysbiotic potential antibiotics had 0.5-point
lower autolysis than those receiving other antibiotics, although
this finding was limited to endoscopically obtained duodenal
samples (95% CI, -1.0 to -0.03, P = .037). Those with endoscop-
ically visible gastric contents had 0.5-point lower autolysis (only
assessed in D1) (95% CI, -1.0 to -0.1, P = .031).

Intestinal Histopathologic Disease Severity

Autolysis precluded scoring of 7 (6%) slides. At least 1 slide
per case, totaling 115 slides (94%), were scored: 20 D1 (95%),
20 D2 (100%), 22 D3/D4 (96%), 5 colon (100%), and 26 rectal
(100%) endoscopic biopsies and 11 transabdominal small
(79%) and 11 large intestine samples (85%) (Figure 1, Table
2). Scores were inconsistent across tissues within individuals
(ICC = 0.22 for all biopsies, ICC = 0.39 restricted to upper
intestine only). Mean scores did not differ by enteric location
(Table 2, Supplementary Figure 3). Transabdominally sam-
pled small bowel had lower mean scores than endoscopically
obtained (mean total score percent = 6% and 20%, respec-
tively, P = .006).

Of upper intestinal histology features, Paneth cell deple-
tion was most severely abnormal (mean score = 2 of 3), fol-
lowed by chronic inflammatory infiltration (mean score = 1.8
of 3) and goblet cell depletion (mean score = 2 of 4) (Table 4,
Supplementary Figure 4). Autolysis frequently precluded assess-
ment of foveolar metaplasia, villus architecture, intraepithelial
lymphocytes, and epithelial detachment. When assessable,
mean scores were low (0, 0.7, 1, 1.3, and 1.5, respectively).
Eosinophilic and neutrophilic infiltration were largely assess-
able, but uncommon (average scores 0.2 and 0, respectively).
Lower intestine lacked evidence of neutrophilic infiltration or
ulcerations (although the latter was infrequently assessable).
Chronic rectal inflammation was prevalent and often severe
(mean score = 2 of 3), including among 29% (n = 4) of infants
younger than 6 months (Supplementary Figures 5 and 6). We
explored factors that might have influenced this trend, but no
relationships were identified. We found no relationships be-
tween a priori defined characteristics and histology scores.

DISCUSSION

To our knowledge, this is the first pediatric use of minimally
invasive intestinal sampling. In 22 adults from Hong Kong, Fan
et al assessed postmortem laparoscopic and thoracoscopic ap-
proaches to various organs and endoscopy of stomach and great
vessels. They also visualized (without biopsying) the duodenum
endoscopically in 1 patient [25]. Postmortem upper endoscopy
was attempted by Denzer et al in 20 German adults [11]. They
reached D2 in 17 cases (stomach contents, pyloric atony, and
anatomic issues precluded intestinal intubation in the others).
However, intestinal sampling was only attempted (successfully)
in 1 case. We are unaware of postmortem lower bowel endos-
copy reports.

Table 4. Number Scorable, Mean Score, and Range in Scores Within Criteria Used to Rate Intestinal Disease Severity

Range
0-0

11)¢

Mean

Transabdominal Large
Intestine (n

n
10

Range
0-0

Rectum (n = 26)
n Mean
26 0

Range
0-0
0-1
0-0
0-0
0-0
0-1
0-3
0-0
0-0
0-0

0.5
1.5

Transabdominal Small
Intestine (n = 11)¢
Mean
0
0.1
0
0
0

n
1
1
1
1
1
2
4
1
1
3

Range
0-0
0-0
0-2
2-2
0-0
1-4

-3
2-2
1-3

-3

1.9

0.8
25
2.3

D3/D4 (n = 22)¢
Mean

Range n
0-0 22
0-0 22
1-1 4

1

2

- 4
- 7
- 2
0-3 3
- 14

1.5

D2 (n = 20)
2.1

n Mean
20
20
1
0
0
3
8
1
2
14

1-2
0-0
4
-3
0-3
0-3

Range
0-0
0-0
0-1

1.7
1.6
1.6

D1 (n = 20)°
2.2

Mean
0
0
0.2

n
20
20

5]
3
8
5
3
4
5
16

Histologic Parameter?

(Scored From 0-3 Except Where Noted)®
Acute inflammation

Eosinophil infiltration

Intraepithelial lymphocytes®

Villus architecture®

Foveolar metaplasia

Goblet cell depletion®

Paneth cell depletion

Enterocyte injury

Epithelial detachment®

Lamina propria chronic inflammation
Lamina propria neutrophils

0-3

0-0
0-3
0-0

25
26
3

#Scoring uses 10 criteria in upper intestinal tissues and 4 criteria in lower intestinal tissues.

Epithelial neutrophils
Chronic inflammation

Ulceration

“The environmental enteric dysfunction (EED) Biopsy Consortium initially published the use of 11 upper intestinal criteria; however, has since identified that the Brunner glands parameter has a negative relationship with EED, hence we excluded this pa-

rameter, but retained the other 10 original parameters [20].

“Possible scores range from 0 to 4.
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In our study, jaw rigor mortis did not inhibit oral intubation,
though occasionally instrumented jaw opening was required.
Anal rigor mortis, when present, was easily overcome. Pyloric
sphincter rigor mortis impeded duodenal intubation in 3 cases.
This phenomenon arises 2 hours postmortem and resolves by
12-14 hours in uncooled bodies [26]. It is encouraging that
this obstruction was not more prevalent in this study, where
most procedures commenced within 14 hours and all bodies
underwent refrigeration. Stomach contents did not preclude
endoscopic duodenal sampling. However, food/stool contents
frequently blocked insufflation of endoscopy equipment by
colon sampling at procedure end. We conclude that if a single
endoscope is used per both oral and anal routes, routine co-
lonic sampling is not feasible. Duodenal and rectal sampling is
feasible, although needed equipment and clinical expertise may
limit implementation to centers with requisite capacity.

The standard MITS procedure uses transcutaneous needle
biopsies, but to our knowledge, this method had not been ap-
plied intestinally. We included transabdominal small and large
bowel sampling for the last 14 cases with near universal success.
Rapid needle firing likely facilitated intestinal tissue acquisition.
Although likely more scalable than endoscopy, location within
the upper intestine cannot be determined by blind biopsy nor
can mucosa be grossly visualized. Preliminary data from an
ongoing study suggest this approach unreliably yields samples
in adults (unpublished). Moreover, preservation tended to be
better in endoscopically sampled tissues than transabdominally.
Therefore, endoscopic approach may be preferred, except in set-
tings where precluded by resource strain.

Sampling utility is an important consideration even if feasible
and scalable. Intestine autolyzes early. Microbial colonization is
less abundant in the duodenum but likely an important driver
of large bowel autolysis [12]. Digestive enzymes may be more
involved in the duodenum, particularly D2 where pancreatic
secretions drain. Although upper and lower intestine autolysis
did not differ in this study, we noted a tendency toward tissue
preservation with exposure to higher dysbiotic potential anti-
biotics (limited to small bowel). Less autolysis in children with
SAM might be attributed to microbiome alterations or reduced
pancreatic enzymatic activity associated with this condition
[27, 28]. Less duodenal autolysis was found in the presence of
stomach contents, perhaps because of protection from or com-
petition for enzymatic degradation. Because sepsis was diag-
nosed by admitting clinician, its relationship with autolysis
likely represents a relationship between illness severity at ad-
mission and autolysis rather than sepsis specifically.

Greater small bowel autolysis was seen with longer PMI, cor-
roborating prior studies suggesting tissues become histologically
uninformative beyond 12-24 hours [29-32]. Our data sug-
gest that sampling is best performed within 6 hours post-
mortem as no tissues had >50% autolysis before this interval
(Supplementary Figure 2). However, even samples obtained

between 6 and 12 hours often yielded informative histology.
Post-12 hours, no tissues had <50% autolysis.

Despite autolysis prevalence, many histologic features were
discernible. As expected, epithelial structure was generally
undiscernible because luminal surfaces degrade first. However,
inflammatory response was scorable in 94% of slides. Duodenal
chronic inflammation was prevalent. All tissues were devoid
of acute inflammation. This is consistent with findings from bi-
opsies of Zambian and Pakistani children with EED, as was our
finding of reduced Paneth and goblet cell density which are im-
portant in antimicrobial activity and mucin production, respec-
tively [20]. Depletion may be from rapid cell turnover or impaired
stem cell differentiation [33]. EED histopathology investigations
have focused on small bowel. Lower intestinal scrutiny has been
limited. Rectal histology from this study demonstrated an absence
of acute inflammation; however, chronic inflammation was iden-
tified in 96% of samples and severe infiltration seen in children as
young as 5.5 weeks old. Although Chacko et al's seminal autopsy
investigation lacked inflammation assessment, they demonstrated
generally normal fetal and neonatal villus architecture, whereas
blunting was noted as early as age 8 weeks and severity increased
with age [34]. Although our data are insufficient to explore fur-
ther, factors including exposure to breastmilk substitutes or con-
taminated fluids could explain these findings. We hope to explore
potential pathogen explanations in future analyses.

Transabdominally obtained small intestine had fewer
histologic abnormalities than endoscopically obtained.
Histopathology is a presampling phenomenon, so sampling
method should not affect this. EED is thought to be a patchy du-
odenal disorder, as supported by our findings of intraindividual
variation, possibly explained by sampling method difference.
Because transabdominal sampling is blind, we cannot deter-
mine upper intestinal anatomic location and we may be scoring
regions less affected than duodenum.

We hoped to explore relationships with histopathology
to further elucidate the role of EED and intestinal pathology
in child mortality. Though EED is considered an underlying
cause of undernutrition, our study was unable to detect such
relationship, likely from lack of statistical power [4]. Further,
we did not identify relationships between histopathology and
demographics, clinical interventions, or admission diagnoses.
Pending final COD determination based on all MITS samples
could enhance this exploration.

We acknowledge study limitations. Sample size was constrained
because MiM was designed to assess feasibility; therefore, our as-
sessment of relationships with autolysis and intestinal histopa-
thology are exploratory. Additionally, participants died while at a
referral hospital, where the majority of patients are from lower so-
cioeconomic backgrounds and reside near Blantyre. Results may
not generalize to community-based deaths or other populations.

Despite these limitations, our study demonstrates that min-
imally invasive postmortem intestinal sampling is feasible
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and histologically informative. Biopsy ascertainment within
12 hours of death appears to improve tissue preservation.
Preservation may also be affected by patient characteristics (eg,
nutritional status, clinical interventions). Histologic interroga-
tion successfully identified and quantified features of EED and
rectal chronic inflammation. Future studies with larger sample
sizes should elucidate factors affecting autolysis and enteric di-
sease and its role in child mortality and undernutrition.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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