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Abstract:

Many children affected by the genetic intestinal disorder

known as microvillus inclusion disease (MVID) may not live to
see their third birthday. Given MVID'’s rarity, it can be difficult

for doctors, researchers, and parents confronted with the
devastating disease to locate necessary data related to the
disorder, presenting challenges with research, diagnosis, and the
development of treatment strategies.

To address this knowledge gap, this paper summarizes data
trends compiled from all known literature published globally on
the disease and includes a comprehensive review of the outcome
of treatment methods employed.

Microvillus inclusion disease (MVID)

Microvillus inclusion disease (MVID) is an exceedingly rare intes-
tinal disease presenting early in the neonatal period, with af-
fected infants developing intractable diarrhea within hours, days,
or months after birth. The severity of diarrhea in MVID patients is
such that patients are unable to absorb fluids, nutrients, or elec-
trolytes; thus malnutrition and dehydration are inevitable and often
lethal if the condition is not appropriately treated.

The inherently small population of patients with MVID presents
challenges regarding the breadth of scientific and medical knowl-
edge pertaining to the disease. This means that diagnosis can
require long-distance travel to visit multiple hospitals and special-
ists over the course of several months. In areas without medical
expertise of the disease, families and doctors of MVID patients of-
ten conduct their own research to better understand the disease.

Given the rarity of MVID, most case reports are either single re-
ports or compilations of previous cases. Individual characteristics
and data trends related to the disease have not previously been
compiled. This paper includes the first comprehensive analysis of
all known literature published globally on MVID since the first case
report (356 reports total, spanning from 1978 to 2017) - aggregat-
ing data related to patient location, gender, disease onset, and
outcomes of the various treatment strategies employed.

Additionally, this paper analyzes the mechanism behind attempt-
ed treatment strategies demonstrating any degree of positive out-
come, concluding that no effective long-term treatment strategies
currently exist outside of total parenteral nutrition (TPN) and small
bowel transplantation. This indicates a need for the accelerated
development of new medicine to improve the quality of life and
extend the lifespan of MVID patients.

“This indicates a need for the accelerated
development of new medicine to improve
the quality of life and extend the lifespan
of MVID patients. ”

What is MVID?

MVID is a rare, hereditary enteropathy presenting in neonates;
characterized by life-threatening volumes of watery diarrhea.
MVID is an autosomal- recessive congenital disease affecting
predominantly intestinal epithelial cells, caused by a mutation in
the MYO5 gene that limits the growth and function of these cells.

The intestine of an MVID patient is out of balance. It severely
and continuously secretes much more than it absorbs because
the genetic defect of MVID impairs proper development of cells
and ion channels, which would normally drain or absorb fluid from
the gut. Instead, the cells are frozen in an immature state where
their main task is to secrete fluids into the intestine. This causes
the intestine to overflow, resulting in serious diarrhea. Critical
nutrients, water, and electrolytes are lost in the stool; and there-
fore not absorbed into the body when the infant eats or drinks.
Because of this imbalance, an infant with MVID can lose up to one
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Figure 1
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third of his or her body weight each day.
Diagnosis

MVID is very difficult to diagnose; the reason for this is two-fold.
First, the disease is extremely rare and therefore largely unknown
to the pediatric community. Second, confirmation of MVID requires
sophisticated diagnostic techniques such as electron microscopy
of intestinal biopsies. The combination of the necessary equip-
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ment to perform the confirmatory electron microscopy, and the
highly-trained personnel to conduct the procedure is not readily
available in most hospitals around the world. A simple, effec-
tive, and readily-available means to diagnose the disease does
not currently exist.

Affected infants typically spend the first months of their lives in
the hospital and receive a diagnosis within two to three months. It
is common for patients to travel to two or more hospitals seeking
diagnosis and an appropriate course of treatment. A well-known
and accessible test to diagnose MVID could improve doctors’ abil-
ity to determine a treatment strategy earlier in these infants’ lives
— a factor that could make all the difference given the short length
of their estimated lifespans.

“A well-known and accessible test to
diagnose MVID could improve doctors’
ability to determine a treatment strategy
earlier in these infants’ lives — a factor
that could make all the difference given
the short length of their estimated
lifespans.”

Treatment

The current standard treatment for MVID is total parenteral nutri-
tion (TPN), in which fluids and nutrients are delivered directly to
the bloodstream of the patient up to 24-hours a day via IV. Depen-
dence on TPN contributes to a poor quality of life and can result in
infection, damage to the veins, and liver failure. Patients who have
unmanageable complications due to TPN ultimately seek a small
bowel and/or liver transplant; a process which comes with many
challenges and risks of its own.

NEONATOLOGY TODAYé®¢www.NeonatologyToday.net4June 2019 5



Figure 3
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356 cases of microvillus inclusion disease were reported globally
from 1978 to 2017. Most of these reports originated from Europe
and North America — from Europe, 202 individual cases, or 57% of
all known cases, were reported in 43 publications.

Of the 202 European cases, France and the United Kingdom rep-
resent 72 (20% of all cases worldwide) and 55 (15% worldwide)
cases respectively. For North America, 72 individual cases were
reported in 28 publications, representing 20% of the worldwide
distribution. Of these 72 cases, 51 (14% worldwide) were reported
in the United States and 21 (6%) in Canada. Following France,
the UK, and the US, the country with the next highest incidence is
Turkey, with 24 reported cases (7%). The remaining cases were
scattered among 19 countries and one unspecified Asian region.
Plotting the clinical case reports on the world map reveals that the
highest concentration of countries with reported cases of MVID is
in the Western hemisphere.

Case Distribution Across Time

Since the initial classification of the disease, the number of cases
reported has increased substantially throughout the years. Rela-
tively few new cases were reported in the ten-year period from
1975 through 1985. However, in the next five-year period (1986-
1990) there were over four times as many cases reported at 17
worldwide; over the subsequent five-year period (1991 — 1995),
this number more than doubled to 36 cases. Cases remained
relatively high from 1991 through 2015, with a notable spike of
147% more cases (over the previous five-year period) from 2011
through 2015.

For the period January 2016 through December 2017, 13 cases

were reported at the time of this publication. Given that this period
spans two calendar years, rather than the five years represented
in all other categories in Figure 3, and factoring in an anticipated
gap between disease diagnosis and published case report (i.e., it
is not likely that all known cases from 2016— 2017 have been pub-
lished at the time of this analysis), this number should be excluded
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Figure 4
MVID Case Distribution Across Time, by Region
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Figure 6
Onset of
MVID

*Cases in the “0-
30" days category
indicate this range
was provided, but
exact day of onset
was not further
specified.

# of cases reported

Unspecified 0 - 30*

from consideration of the overall upward trend in number of cases
reported across time.

Case Distribution Across Time, by Region
For purposes of this analysis, case reports have been divided
into three categories: Europe, North America, and Other, which

encompasses the remaining 20 countries/regions with reported
cases. This division was made based on the distribution of cases,
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with Europe representing 57% (202 cases) of all worldwide cases
and North America representing 20% (72 cases). The remaining
23% of cases (82 cases) were scattered around the world.

This distribution is likely due in part to patients being transferred to
major hospital centers from smaller countries, seeking a diagno-
sis and appropriate course of care. The absence of an adequate
and accessible screening test around the world contributes to this
imbalance towards major systems in Europe and North America,
and to misdiagnosis of the disease altogether.

Disease Onset

“Early onset” of the disease is defined by the National Institutes
of Health (NIH) as MVID symptoms presenting within the first
30 days of an affected infant’s life. All cases in which symptoms
present at any point after these first 30 days are defined as “late
onset.” Of the 356 cases reviewed, 152 reports did not specify
disease onset.

Of the 206 cases with a reported date of onset, 81% were found
to be early, and 19% late. Further, it was found that in almost half
(47%) of these cases, onset occurred within the first 5 days after
the affected infant was born; in 20% of cases, onset occurred be-
tween 5 and 10 days; and in 8% of cases, onset occurred between
10 and 30 days. An additional 6% of cases were reported as “early
onset,” but the exact day of first appearance was not further speci-
fied.

Cost of Treatment

Treatment of MVID is extremely expensive — in 2008, one MVID
patient’s family reported racking up medical bills totaling $1M
USD within the first 8 months of their child’s life. Raper et al. re-
ported in 2002 that the average annual cost for “multi-compart-
ment, ‘big bag’ total parenteral nutrition in an ICU” was around
$182,000 (~ $255,000 when adjusted for inflation, according to
the U.S. Bureau of Labor Statistics); with TPN patients encounter-
ing around $140,000 (~ $196,000, adjusted for inflation) in ad-
ditional expenses associated with hospitalization. This equates to
a total of $322,000 each year (~ $451,000, adjusted for inflation).

The estimated price of intestinal/small- bowel transplantation,
considered to be the most effective long-term method of treatment
for MVID, was reported by Bentley et al. in 2017 to be around $1.6
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Cost of Treatment

$451,000

Estimated total to
care for MVID patient
via TPN, per year

$1.6M

Estimated price of
small bowel transplantation

million, with an additional annual expense of $40,000 for ongoing
immunosuppression.

The significant costs associated with  MVID are shared both by
families of MVID patients and the healthcare financial support sys-
tems of their given countries.

Treatment Methods

Since the identification of MVID in 1978, most reported cases were
treated with TPN and small bowel transplantation; some have in-

cluded ftrials of enteral (oral) nutrition, which has been found to
aggravate the condition further. Anti-diarrheal pharmaceuticals
have been attempted in many cases as well, often with little to no
observed therapeutic response. While there is currently no cure
for MVID, there have been four isolated cases of spontaneous
recovery from the illness (Perry et al., 2014).

Total Parenteral Nutrition (TPN)

The most common method for managing MVID is total parenteral
nutrition (TPN), in which fluids and nutrients are delivered directly
to the bloodstream of the patient via IV, and no nutrition is ingest-
ed. Due to the severity of diarrhea experienced by MVID patients,
TPN is often administered continuously for 20 to 24 hours a day.
Dependence on TPN contributes to poor quality of life; and can
result in infection, damage to the veins, and liver failure.

Small Bowel Transplantation

Patients who have unmanageable complications due to TPN
will ultimately seek a small bowel and/or liver transplantation, a
process which comes with many challenges and risks of its own.
Small-bowel transplantation is considered at present to be the
most effective method of treatment for MVID. Halac et al. con-
ducted a study from 1995 to 2009, analyzing 24 MVID patients, 13
of which underwent small-bowel transplantation. Of the patients
studied, it was found that over this 14-year period, the survival
rate without small-bowel transplantation was 63%, and the surviv-
al rate with transplantation was 77%; the subsequent term of life
for patients that underwent transplantation ranged from 0.4 to 14
years (Halac et al., 2011). In many cases, small-bowel transplan-
tation can be unattainable given the high costs associated with the
procedure and/or the difficulty of locating an appropriate donor.

Treatment Methods
Anti-diarrheal Pharmaceuticals

Treatment with anti-diarrheal pharmaceuticals has been attempt-
ed in many cases, often with no observed therapeutic response.
In rare cases, patients have experienced a somewhat positive re-
sponse to anti-diarrheals, showing reduced stool volume outputs.

A summary of all known anti-diarrheal treatments attempted for
MVID, and the reported outcome for each is provided in Table 1.

[table]

As indicated in Table 1, some of the anti-diarrheals listed led to
reduced stool output to varying extents and, in the case of EGF/
Urogastrone, increased microvillus population. However, it is im-
portant to note that in all cases, any positive effect observed was
minimal or transient, and no treatment attempted was successful
to the extent that the need for TPN was eliminated. A summary
of anti-diarrheal treatments with reported positive outcomes is in-
cluded in Table 2.

[table]
Reported Lifespan and Cause of Death

From the data reviewed, it is not possible to definitively analyze
MVID survival rate or lifespan as cases have been reviewed from
as early as 1978; and up-to-date information on patient status fol-
lowing publication is not available. Of the 356 cases reviewed,
101 patients were reported to be deceased at the time of case
report publication, and lifespan was not reported for 39 of the 101
patients. The reported lifespan of the deceased is summarized in
Figure 8.
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Table 1
Attempted Anti-diarrheal Treatments and Reported Outcomes
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Table 2

Attempted Anti-diarrheal Pharmaceuticals with

Reported Positive Outcomes

Of the 101 reported cases in which the patient was deceased at
the time of publication, only 44 specified a cause of death. The
limited available data implies that the leading primary cause of
death for MVID patients is sepsis (61% of reported cases) fol-
lowed by liver failure (14%).

Conclusion

In areas without medical expertise of microvillus inclusion dis-
ease, families and doctors of patients will often seek research
to understand the disease better. Given MVID'’s rarity, it can be
difficult for doctors, researchers, and parents confronted with the
disease to locate necessary data; presenting challenges with re-
search, diagnosis, and development of treatment strategies. This
resource was compiled to provide the first comprehensive analy-
sis of existing literature on MVID; analyzing 95 articles containing
356 original case reports from 1978 to 2017. It should be noted
that any statements made within this paper have been deduced
based on the known clinical case reports publicly available on-
line, and that single cases recorded in multiple reports (i.e., cohort
studies) cannot be identified or accounted for given the confiden-
tiality of clinical cases.

Since MVID was established as a disease in 1978, global reports
have grown substantially, with Europe experiencing the highest

level of growth compared to other regions of the world. This may
be due in part to a general increase in awareness of the relatively
new rare disease.

Additionally, patients are often drawn to major centers from small-
er regions, as diagnosis can require long-distance travel to visit
multiple hospitals and specialists. A well-known and accessible
test to diagnose MVID could improve doctors’ ability to both iden-
tify the disease and determine a treatment strategy (or appropri-
ate center for treatment) earlier in affected infants’ lives, despite
location or specialization.

Other data compiled in this analysis indicated that slightly over
half of affected patients are male, and that MVID typically pres-
ents within the first 30 days of an infant’s life. While it is not pos-
sible to definitively analyze survival rate or lifespan from the in-
formation collected, data on those reported deceased at the time
of case publication implied that most patients pass away before
reaching two years of age.

The treatment methods currently considered to be the most ef-
fective for the management of MVID are total parenteral nutrition
(TPN) and small bowel transplantation. It is generally understood
that the methods are accompanied by health issues and poor
quality of life and this analysis further confirmed the serious com-
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Figure 8
Lifespan of MVID patients reported deceased

<ty I >
1 -2 years _ 1
2 - 3 years I 1
3 - 4 years - 4
4-5Syears O
5 - 6 years l 1
6 + years . 2

12 + years I1

Figure 9
Reported primary cause of death

NEONATOLOGY TODAYé¢www.NeonatologyToday.net4June 2019 12



plications of these treatment strategies by indicating that the pri-
mary known causes of death in MVID patients are infection, liver
failure, and transplant rejection — all outcomes associated with the
preferred treatment options available.

This paper also analyzed attempted alternative (anti-diarrheal)
treatment strategies. Of all cases reviewed, a handful of alterna-
tive methods led to a reduction in stool output; however, any posi-
tive outcome was minimal or transient. No alternative methods at-
tempted have resulted in the elimination of TPN-dependence
for any patient. This - coupled with the poor prognosis associated
with the standard treatment methods - further underscores the
need for the accelerated development of new medicine to improve
the quality of life and extend the lifespan of MVID patients.

The Future for MVID Patients

The first step towards a brighter future for MVID patients would
be the development of an effective, easily available, and eas-
ily- administered diagnostic test. This would greatly improve the
ability for doctors to recognize the disease early, and therefore
begin work to either determine the best course of treatment for
the patient or to determine the best facility to provide specialized
treatment. The current diagnostic limitations are likely leading
to under-diagnosis and misdiagnosis, and given the demanding
treatment needs of this disease, there is no time to waste when it
comes to caring for MVID patients.

As far as treatment is concerned, the development of new medi-
cine is required for long-term management of MVID. The current
methods — total parenteral nutrition and small bowel transplanta-
tion — have proven to be riddled with potentially lethal health com-
plications and require strict, difficult, and expensive maintenance.

Gene therapy could be a distant possibility, but it is not currently
under consideration for this disease. Although none of the alter-
native anti-diarrheal remedies that have been attempted for treat-
ment of MVID have been effective to the extent that the need for
TPN was eliminated, doctors and researchers are taking positive
steps towards an effective treatment by targeting different mecha-
nisms of action of the disease. A future possibility may be a treat-
ment focused on “turning on” the pathways in those intestinal
cells which are not impacted by the genetic mutation, allowing the
MVID intestine to function as a healthy intestine would. Regard-
less of the exact mechanism of treatment, children affected by
MVID are desperately in need of new, alternative options that will
improve their quality of life and extend their life expectancy.
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Appendix A:

Mechanism of action for anti-diarrheal pharmaceuticals used in
attempted treatment of MVID, with the appearance of positive out-
come

Cholestyramine is a resin that prevents re-absorption of bile by

binding it in the gastrointestinal tract. It is an ion exchange resin,
meaning it can exchange its chloride anions with anionic bile acids
in the gastrointestinal tract. It has the functional center and a qua-
ternary ammonium group (which is attached to an inert styrene-
divinylbenzene copolymer). Cholestyramine resin absorbs the bile
acids in the intestine forming an insoluble complex which is ex-
creted in the feces (Drugbank, 2018).

EGF, known as Urogastrone, is a protein with size 6-kDa (Harris
RC, 2003) and consists of 53 amino acid residues and three intra-
molecular disulfide bonds (Carpenter G, 1990). It stimulates cell
proliferation, growth and differentiation by binding to its specific
binding site, receptor, EGFR and activating GTP/MAPK cascade.
Human EGF exerts trophic effects on the internal intestine surface
and may be involved in maintaining normal intestinal structure and
function. Consequently, it is important in cases in which nutrients
are administered parenterally, as parenteral nutrition can result in
intestinal hypoplasia and hypofunction.

Loperamide acts as the p-opioid receptor agonist/calcium channel
antagonist along the small and large intestine to decrease circu-
lar and longitudinal muscle activity through the neural mechanism
in the peripheral nervous system (Drugbank, 2018). Loperamide
exerts its anti-diarrheal action by causing an increase in the time
fecal matter stays in the intestine, allowing more water to be re-
absorbed. (US Government, 1993).

Racecadotril is a peripherally acting enkephalinase inhibitor
(Matheson, 2000). Unlike other opioid medications which treat
diarrhea by reducing intestinal motility, racecadotril reduces the
secretion of water and electrolytes into the intestine (Matheson,
2000), resulting in an anti-secretory effect. Racecadotril’'s ac-
tive metabolite, thiorphan, inhibits the enzyme neutral endopep-
tidase (NEP) and increases exposure of cells to NEP substrates
such as enkephalins and atrial natriuretic peptide (ANP). Endog-
enous enkephalines are active on both y- and &- opioid recep-
tors (Huighebaert et al., 2003). NEP inhibition will also increase
exposure of cells to endogenous neuropeptide Y and, possibly,
peptide YY, both of which have strong anti-secretory effects in the
gut (Playford and Cox, 1996).

Somatostatin is a peptide hormone that is considered to be an
anti-secretory. It acts on neurotransmission and cell proliferation
via interaction with G protein-coupled somatostatin receptors. So-
matostatin, also known as a growth hormone—inhibiting hormone
(GHIH), regulates the endocrine system and inhibits the release
of secondary hormones. It acts as a powerful inhibitor of intestinal
Cl- secretion and inhibits one kind of basolateral K+ channels in
human intestinal crypt cells via a G protein- dependent mecha-
nism, which may result in a loss of the Ca2+sensitivity caused by
K+ channels. (Sandle, 1999).

References:

1. Al-Daraji W, Zelger B, Hussein MR. Microvillous inclusion dis-
ease: A clinicopathologic study of 17 cases from the UK. Ultra-
struct Pathol. 2010; 34(6): 327-332.

2. Al-Sinani S, Sharef SW, Lakhtakia R, Abdellatif M. Diagnosis of
microvillous inclusion disease: A case report and literature re-
view with significance for Oman. Oman Med J. 2012 Nov; 27(6):
497-500. PMCID: PMC3515048.

3. Ameen NA, Salas PJ. Microvillus inclusion disease: A genetic
defect affecting apical membrane protein traffic in intestinal epi-
thelium. Traffic. 2000; 1(1): 76-83.

4.  Ameen N, Kopic S, Ahsan MK, Kravtsov DV. Secretory diarrhea.
In: New York, NY: Springer New York; 2016. p. 957-990.

5. Assmann B, Hoffmann GF, Wagner L, Brautigam C, Seyberth
HW, Duran M, Van Kuilenburg AB, Wevers R, Van Gennip AH.
Dihydropyrimidinase deficiency and congenital microvillous atro-
phy: Coincidence or genetic relation?J Inherit Metab Dis. 1997

NEONATOLOGY TODAYé®¢www.NeonatologyToday.net4June 2019

13



10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Sep; 20(5): 681-688.

Bar A, Riskin A, lancu T, Manov I, Arad A, Shaoul R. A newborn
infant with protracted diarrhea and metabolic acidosis.J Pediatr.
2007 Feb; 150(2): 198-201.

Beck NS, Chang YS, Kang IS, Park WS, Lee HJ, Suh YL. Micro-
villus inclusion disease in two Korean infants. J Korean Med Sci.
1997 Oct; 12(5): 452-456. PMCID: PMC3054311.

Beck NS, Kang IS, Suh YL. Protracted diarrhea: Results of the
five-year survey in a tertiary hospital in Korea. J Korean Med Sci.
2001 Dec; 16(6): 736-741. PMCID: PMC3054793.

Bell SW, Kemer JA, Jr, Sibley RK. Microvillous inclusion disease.
the importance of electron microscopy for diagnosis. Am J Surg
Pathol. 1991 Dec; 15(12): 1157-1164.

Bentley TS, Phillips SJ, Hanson SG. 2017 U.S. Organ and tissue
transplant cost estimates and discussion. Seattle: 2017.

Bijlsma PB, Kiliaan AJ, Scholten G, van der Wal A, Heyman
M, Heymans HS, Groot JA, Taminiau JA. Increased paracellu-
lar macromolecular transport and subnormal glucose uptake in
duodenal biopsies of patients with microvillus inclusion disease.
Comparisons to other chronic diarrhea patients and to non-diar-
rhea patients. Ann N Y Acad Sci. 2000; 915: 267-269.

Bunn SK, Beath SV, McKeiran PJ, Kelly DA, Buckles JA, Mirza
D, Mayer AD, de Goyet JD. Treatment of microvillus inclusion
disease by intestinal transplantation. J Pediatr Gastroenterol
Nutr. 2000 Aug; 31(2): 176-180.

Burgis J, Pratt C, Higgins J, Kemer J. Multiple hepatic adenomas
in a child with microvillus inclusion disease. Dig Dis Sci. 2013;
58(10): 2784-2788.

Campenter G, Cohen S. Epidermal growth factor. J Biol Chem.
1990 May 15; 265(14): 7709-7712.

Carruthers L, Phillips AD, Dourmashkin R, Walker-Smith JA.
Biochemical abnormality in brush border membrane protein of a
patient with congenital microvillus atrophy. J Pediatr Gastro-
enterol Nutr. 1985 Dec; 4(6): 902-907.

Chen CP, Chiang MC, Wang TH, Hsueh C, Chang SD, Tsai FJ,
Wang CN, Chem SR, Wang W. Microvillus inclusion disease:
Prenatal ultrasound findings, molecular diagnosis and genetic
counseling of congenital diarrhea. Taiwan J Obstet Gynecol.
2010 Dec; 49(4): 487-494.

Chen C, Su 'Y, Chemn S, Wu P, Wang W. Prenatal diagnosis of
microvillus inclusion disease. Taiwan J Obstet Gynecol.2011 9;
50(3): 399-400.

Cheng Y, Liang H, Cai NL, Guo L, Huang YG, Song YZ. Clinical
features and MYOSB mutations of a family affected by microvil-
lus inclusion disease. Zhongguo Dang Dai Er Ke Za Zhi. 2017
Sep; 19(9): 968-974.

Chiang M, Hsu J, Hsueh C, Chao H, Wang T, Chen C, Lai M.
Bowel “Dissection” in microvillus inclusion disease.Pediatrics &
Neonatology. 2015 4; 56(2): 129-131.

Couper RT, Berzen A, Berall G, Sherman PM. Clinical response
to the long acting somatostatin analogue SMS 201- 995 in a child
with congenital microvillus atrophy. Gut. 1989 Jul; 30(7): 1020-
1024. PMCID: PMC1434271.

Croft NM, Howatson AG, Ling SC, Naim L, Evans TJ, Weaver
LT. Microvillous inclusion disease: An evolving condition. J Pedi-
atr Gastroenterol Nutr. 2000 Aug; 31(2): 185-189.

Cutz E, Rhoads JM, Drumm B, Sherman PM, Durie PR, Forstner
GG. Microvillus inclusion disease: An inherited defect of brush-
border assembly and differentiation. N Engl J Med. 1989 Mar 9;
320(10): 646-651.

Davidson GP, Cutz E, Hamilton JR, Gall DG. Familial enteropa-
thy: A syndrome of protracted diarrhea from birth, failure to thrive,
and hypoplastic villus atrophy. Gastroenterology. 1978; 75(5):
783-90.

Dognini G, Panceri R, DellAcqua F, Rovelli AM, Bovo G, Zuc-
chini N. Case report: Atypical microvillous inclusion disease after
hematopoietic staminal cells transplantation in familiar hemo-
phagocytic lymphohistiocytosis type 5. Digestive and Liver Dis-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

ease. 2016 10 October 2016; 48(Supplement 4): e269.
Loperamide [homepage on the Internet]. DrugBank. 2018 14
January 2018. Available from: https://www.drugbank.ca/drugs/
DB00836.

Cholestyramine [homepage on the Internet]. DrugBank. 2018 14
January 2018. Available from: https://www.drugbank.ca/drugs/
DB01432.

Drumm B, Cutz E, Tomkins KB, Cook D, Hamilton JR, Sherman
P. Urogastrone/epidermal growth factor in treatment of congeni-
tal microvillous atrophy. Lancet (London, England). 1988 01;
1(8577): 111-2.

Egritas O, Sari S, Dalgic B, Poyraz A, Ensari A. The diagno-
sis and outcomes of persistent diarrhea in infants aged 0-24
months--a Turkish cohort study. Turk J Gastroenterol. 2011 Jun;
22(3): 260-269.

Erickson RP. Larson-Thome K, Valenzuela RK, Whitaker SE,
Shub MD. Navajo microvillous inclusion disease is due to a mu-
tation in MYO5B. Am J Med Genet A. 2008 Dec 15; 146A (24):
3117-3119.

Ferandez Caamario B, Quiles Blanco MJ, Fernandez Tomé L,
Burgos Lizaldez E, Sarria Osés J, Molina Arias M, Prieto Bozano
G. Intestinal failure and transplantation in microvillous inclusion
disease. Anales de Pediatria (English Edition). 2015 9; 83(3):
160-165.

Fuchs J, Fallon EM, Gura KM, Puder M. Use of an omega-3 fatty
acid-based emulsion in the treatment of parenteral nutrition-in-
duced cholestasis in patients with microvillous inclusion disease.
J Pediatr Surg. 2011 Dec; 46(12): 2376- 2382.

Gambarara M, Diamanti A, Ferretti F, Papadatou B, Knafelz D,
Pietrobattista A, Castro M. Intractable diarrhea of infancy with
congenital intestinal mucosa abnormalities: Outcome of four
cases. Transplant Proc. 2003 Dec; 35(8): 3052-3053.
Gambarara M, Ferretti F, Papadatou B, Diamanti A, Lucidi V, Bel-
la S, Rosati P, Castro M. Complications during home parenteral
nutrition in children affected by congenital microvillous atrophy.
Transplant Proc. 1997 May; 29(3): 1870- 1871.
Ganousse-Mazeron S, Lacaille F, Colomb-Jung V, Talbotec C,
Ruemmele F, Sauvat F, Chardot C, Canioni D, Jan D, Revillon
Y, Goulet O. Assessment and outcome of children with intesti-
nal failure referred for intestinal transplantation. Clinical Nutrition.
2015 6; 34(3): 428-435.

Gathungu GN, Pashankar DS, Sarita-Reyes CD, Zambrano E,
Reyes-Mugica M, Brueckner M, Mistry PK, Husain SZ. Microvil-
lus inclusion disease associated with coarctation of the aorta and
bicuspid aortic valve. J Clin Gastroenterol. 2008 Apr; 42(4): 400-
403.

Girard M, Lacaille F, Verkarre V, Mategot R, Feldmann G, Grodet
A, Sauvat F, Irtan S, Davit-Spraul A, Jacquemin E, Ruemmele F,
Rainteau D, Goulet O, Colomb V, Chardot C, Henrion-Caude A,
Debray D. MYO5B and bile salt export pump contribute to chole-
static liver disorder in microvillous inclusion disease. Hepatology.
2014 Jul; 60(1): 301-310.

Golachowska MR, van Dael CM, Keuning H, Karrenbeld A,
Hoekstra D, Gijsbers CF, Benninga MA, Rings EH, van ljzen-
doorn SC. MYOS5B mutations in patients with microvillus inclu-
sion disease presenting with transient renal fanconi syndrome. J
Pediatr Gastroenterol Nutr. 2012 Apr; 54(4): 491-498.

Goldman LJ, Santamaria ML, Gamez M. Anaesthetic manage-
ment of a patient with microvillus inclusion disease for intestinal
transplantation. Paediatr Anaesth. 2002 Mar; 12(3): 278-283.
Gonzales E, Taylor SA, Davit-Spraul A, Thebaut A, Thomassin
N, Guettier C, Whitington PF, Jacquemin E. MYO5B mutations
cause cholestasis with normal serum gamma-glutamyl trans-
ferase activity in children without microvillous inclusion disease.
Hepatology. 2017 Jan; 65(1): 164-173.

Groisman GM, Amar M, Livne E. CD10: A valuable tool for the
light microscopic diagnosis of microvillous inclusion disease (fa-
milial microvillous atrophy). Am J Surg Pathol. 2002 Jul; 26(7):

NEONATOLOGY TODAYé¢www.NeonatologyToday.net4June 2019

14



41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

902-907.

Groisman GM, Ben-Izhak O, Schwersenz A, Berant M, Fyfe B.
The value of polyclonal carcinoembryonic antigen immunos-
taining in the diagnosis of microvillous inclusion disease. Hum
Pathol. 1993 Nov; 24(11): 1232-1237.

Groisman GM, Sabo E, Meir A, Polak-Charcon S. Enterocyte
apoptosis and proliferation are increased in microvillous inclu-
sion disease (familial microvillous atrophy). Hum Pathol. 2000
Nov; 31(11): 1404-1410.

Guzoglu N, Aliefendioglu D, Gulerman F, Gucer S, Kaymaz F.
Congenital microvillus inclusion disease in the differential diag-
nosis of intractable metabolic acidosis. Pediatr Neonatol. 2017
Jun; 58(3): 285-286.

Halac U, Lacaille F, Joly F, Hugot JP, Talbotec C, Colomb V,
Ruemmele FM, Goulet O. Microvillous inclusion disease: How to
improve the prognosis of a severe congenital enterocyte disor-
der. J Pediatr Gastroenterol Nutr. 2011 Apr; 52(4): 460-465.
Harris RC, Chung E, Coffey RJ. EGF receptor ligands. Exp Cell
Res. 2003 Mar 10; 284(1): 2-13.

Hartman MA, Finan D, Sivaramakrishnan S, Spudich JA. Princi-
ples of unconventional myosin function and targeting. Annu Rev
Cell Dev Biol. 2011; 27: 133-155. PMCID: PMC4787598.
Hasegawa T, Sasaki T, Kimura T, Nakai H, Sando K, Wasa M,
Takagi Y, Okada A, Mushiake S, Harada T. Effects of isolated
small bowel transplantation on liver dysfunction caused by intes-
tinal failure and long-term total parenteral nutrition. Pediatr Trans-
plant. 2002 Jun; 6(3): 235-239.

Heinz-Erian P, Schmidt H, Le Merrer M, Phillips A, Kiess W,
Hadorn H. Congenital microvillus atrophy in a girl with autoso-
mal dominant hypochondroplasia. J Pediatr Gastroenterol Nutr.
1999; 28(2): 203-205.

Herzog D, Atkison P, Grant D, Paradis K, Williams S, Seidman E.
Combined bowel-liver transplantation in an infant with microvil-
lous inclusion disease. J Pediatr Gastroenterol Nutr. 1996 May;
22(4): 405-408.

Jacobs MJ, Tolboom JJ, Bosman DK, van Haelst UJ, Bult P,
Kneepkens CM, Taminiau JA. Microvillus inclusion disease,
a rare cause of severe congenital diarrhea. Ned Tijdschr Ge-
neeskd. 2002 Aug 3; 146(31): 1448-1452.

Kagitani K, Yamamoto T, Miki K, Matsumoto S, Shima M, Tajiri H,
Harada T, Okada S. Hypophosphatemic rickets accompanying
congenital microvillous atrophy. J Bone Miner Res. 1998 Dec;
13(12): 1946-1952.

Kaneko K, Shimizu T, Fujivara S, Igarashi J, Ohtomo Y, Ya-
mashiro Y. Microvillous inclusion disease in Japan. J Pediatr.
1999 Sep; 135(3): 400.

Kapel N, Roman C, Caldari D, Sieprath F, Canioni D, Khalfoun
Y, Goulet O, Ruemmele FM. Fecal tumor necrosis factor- alpha
and calprotectin as differential diagnostic markers for severe di-
arrhea of small infants. J Pediatr Gastroenterol Nutr. 2005 Oct;
41(4): 396-400.

Kennea N, Norbury R, Anderson G, Tekay A. Congenital micro-
villous inclusion disease presenting as antenatal bowel obstruc-
tion. Ultrasound Obstet Gynecol. 2001 Feb; 17(2): 172-174.
Khubchandani SR, Vohra P, Chitale AR, Sidana P. Microvillous
inclusion disease--an ultrastructural diagnosis: With a review of
the literature. Ultrastruct Pathol. 2011 Apr; 35(2): 87-91.
Knowles BC, Roland JT, Krishnan M, Tyska MJ, Lapierre LA,
Dickman PS, Goldenring JR, Shub MD. Myosin vb uncoupling
from RAB8A and RAB11A elicits microvillus inclusion disease. J
Clin Invest. 2014 Jul; 124(7): 2947-2962. PMCID: PMC4071383.
Kravtsov D, Mashukova A, Forteza R, Rodriguez MM, Ameen
NA, Salas PJ. Myosin 5b loss of function leads to defects in polar-
ized signaling: Implication for microvillus inclusion disease patho-
genesis and treatment. Am J Physiol Gastrointest Liver Physiol.
2014 Nov 15; 307(10): G992-G1001. PMCID: PMC4233287.
Kucinskiene R, Janciauskas D, Puzas A, Adamonis K. Microvil-
lous inclusion disease. Medicina (Kaunas). 2004; 40(9): 864-

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

867.

Lake BD. Microvillus inclusion disease: Specific diagnostic
features shown by alkaline phosphatase histochemistry. J Clin
Pathol. 1988; 41(8): 880-882.

Levental M, Pretorius DH, Scioscia AL, Jundi K, Wallace D, Bu-
dorick NE. Prenatal detection of echogenic bowel in a fetus with
familial microvillous atrophy. J Ultrasound Med. 2002 Mar; 21(3):
351-354.

Lingaldinna S, Sundaram MB, Kamalarathnam CN, Bavanan-
dam S. Congenital fatal diarrhea in newborns. Indian J Pediatr.
2017 Aug 26.

Lopez Santamaria M, Gamez M, Murcia J, Leal N, de Vicente E,
Quijano Y, Nuno J, Larrauri J, Frauca E, Molina M, Sarria J, Pri-
eto G, Lama R, Jara P, Polanco I, Tovar J. Activity of a pediatric
intestinal transplantation program in Spain. Cir Pediatr. 2003 Jul;
16(3): 142-145.

Mahjoub FE, Niknejad SN, Sadeghian M, Abdirad A, Sani MN,
Jahanzad I, Talachian E. Congenital microvillous atrophy, report
of two consecutive siblings with complete histologic, immunohis-
tochemical and detailed electron microscopic studies, first report
from Iran. Open Journal of Pathology. 2014 04; 04(02): 64-67.
Mao M, Guo L, Zhang Z, Wang B, Huang S, Song Y, Chen F,
Wen W. Phenotypic and genetic analysis of a family affected with
microvillus inclusion disease. Zhonghua Yi Xue Yi Chuan Xue Za
Zhi. 2016 Dec 10; 33(6): 792-796.

Martinez MA, Egea AS, Lopez JM, Benitez EM. Intestinal micro-
villous atrophy in a patient with down syndrome and aganglionic
megacolon. Ultrastruct Pathol. 2002 Jan-Feb; 26(1): 41-45.
Matheson AJ, Noble S. Racecadotril. Drugs. 2000 Apr; 59(4):
829-35; discussion 836-7.

Mendes C, Figueiredo C, Mansilha H, Proenca E, Oliveira D,
Lima R, Carvalho C. A case of protracted diarrhea in a newborn:
A diagnostic challenge. Pediatr Rep. 2014 Dec 11; 6(3): 5596.
PMCID: PMC4292062.

Michail S, Collins JF, Xu H, Kaufman S, Vanderhoof J, Ghishan
FK. Abnormal expression of brush-border membrane transport-
ers in the duodenal mucosa of two patients with microvillus inclu-
sion disease. J Pediatr Gastroenterol Nutr. 1998 11; 27(5): 536-
42.

Mierau GW, Wills EJ, Wyatt-Ashmead J, Hoffenberg EJ, Cutz
E. Microvillous inclusion disease: Report of a case with atypical
features. Ultrastruct Pathol. 2001 Nov-Dec; 25(6): 517-521.
Morroni M, Cangiotti AM, Guarino A, Cinti S. Unusual ultrastruc-
tural features in microvillous inclusion disease: A report of two
cases. Virchows Arch. 2006 Jun; 448(6): 805-810.

Muller T, Hess MW, Schiefermeier N, Pfaller K, Ebner HL,
Heinz-Erian P, Ponstingl H, Partsch J, Rollinghoff B, Kohler H,
Berger T, Lenhartz H, Schlenck B, Houwen RJ, Taylor CJ, Zoller
H, Lechner S, Goulet O, Utermann G, Ruemmele FM, Huber
LA, Janecke AR. MYO5B mutations cause microvillus inclusion
disease and disrupt epithelial cell polarity. Nat Genet. 2008 Oct;
40(10): 1163-1165.

Nathavitharana KA, Green NJ, Raafat F, Booth IW. Siblings with
microvillous inclusion disease. Arch Dis Child. 1994 Jul; 71(1):
71-73. PMCID: PMC1029916.

Oliva MM, Perman JA, Saavedra JM, Young-Ramsaran J,
Schwarz KB. Successful intestinal transplantation for microvillus
inclusion disease. Gastroenterology. 1994 3; 106(3): 771-774.
Perry A, Bensallah H, Martinez-Vinson C, Berrebi D, Arbeille B,
Salomon J, Goulet O, Marinier E, Drunat S, Samson- Bouma
ME, Gerard B, Hugot JP. Microvillous atrophy: Atypical presenta-
tions. J Pediatr Gastroenterol Nutr. 2014 Dec; 59(6): 779-785.
Peters J, Lacaille F, Horslen S, Thompson R, Jaffe R, Brousse
N, Wisecarver J, Knisely A. Microvillus inclusion disease treated
by small bowel transplantation: Development of progressive in-
trahepatic cholestasis with low serum concentrations of gamma-
glutamyl transpeptidase activity.; 2001.

Phillips AD, Schmitz J. Familial microvillous atrophy: A clinico-

NEONATOLOGY TODAYé¢www.NeonatologyToday.net4June 2019

16



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

pathological survey of 23 cases. J Pediatr Gastroenterol Nultr.
1992 May; 14(4): 380-396.

Pohl JF, Shub MD, Trevelline EE, Ingebo K, Silber G, Rayhormn N,
Holve S, Hu D. A cluster of microvillous inclusion disease in the
Navajo population. J Pediatr. 1999 Jan; 134(1): 103-106.

Poley JR. Microvillus inclusion disease: Progressive mucosal
pathology. A scanning and transmission electron microscopic
study, and thoughts about possible pathogenesis. J Submicrosc
Cytol Pathol. 2006 Jun-Sep; 38(2-3): 125-136.

Raafat F, Green NJ, Nathavitharana KA, Booth IW. Intestinal mi-
crovillous dystrophy: A variant of microvillous inclusion disease
or a new entity? Hum Pathol. 1994 Nov; 25(11): 1243-1248.
Randak C, Langnas AN, Kaufman SS, Phillips AD, Wisecarver
JL, Hadorn HB, Vanderhoof JA. Pretransplant management and
small bowel-liver transplantation in an infant with microvillus in-
clusion disease. J Pediatr Gastroenterol Nutr. 1998 Sep; 27(3):
333-337.

Raper S, Milanov S, Park GR. The cost of multicompartment ‘big
bag’ total parenteral nutrition in an ICU. Anaesthesia.2002 Jan;
57(1): 96-97.

Reinshagen K, Naim HY, Zimmer K. Autophagocytosis of the
apical membrane in microvillus inclusion disease. Gut.2002; 51:
514-521.

Reyes J, Bueno J, Kocoshis S, Green M, Abu-Elmagd K, Fu-
rukawa H, Barksdale EM, Strom S, Fung JJ, Todo S, Irish W,
Starzl TE. Current status of intestinal transplantation in children.
J Pediatr Surg. 1998 2; 33(2): 243-254.

Rhoads JM, Vogler RC, Lacey SR, Reddick RL, Keku EO,
Azizkhan RG, Berschneider HM. Microvillus inclusion disease.
in vitro jejunal electrolyte transport. Gastroenterology. 1991 03;
100(3): 811-7.

Ruemmele FM, Jan D, Lacaille F, Cezard JP, Canioni D, Phillips
AD, Peuchmaur M, Aigrain Y, Brousse N, Schmitz J, Revillon Y,
Goulet O. New perspectives for children with microvillous inclu-
sion disease: Early small bowel transplantation. Transplantation.
2004 Apr 15; 77(7): 1024-1028.

Ruemmele FM, Muller T, Schiefermeier N, Ebner HL, Lechner S,
Pfaller K, Thoni CE, Goulet O, Lacaille F, Schmitz J, Colomb V,
Sauvat F, Revillon Y, Canioni D, Brousse N, de Saint-Basile G,
Lefebvre J, Heinz-Erian P, Enninger A, Utermann G, Hess MW,
Janecke AR, Huber LA. Loss-of-function of MYO5B is the main
cause of microvillus inclusion disease: 15 novel mutations and a
CaCo-2 RNAi cell model. Hum Mutat. 2010 May; 31(5): 544-551.
Rund CR, Carmichael B, Harris AA, Schaffner V. Small bowel bi-
opsy in a 6-week-old infant. microvillous inclusion disease of the
small intestine. Arch Pathol Lab Med. 2006 Feb; 130(2): e19-21.
Saadah Ol, Bokhary RY, Jalalah SM, Bin-Taleb YY. Microvillus
inclusion disease: A clinicopathological study from western re-
gion of Saudi Arabia. Journal of Microscopy and Ulfrastructure.
2013 12; 1(3): 84-88.

Sandle GI, Warhurst G, Butterfield I, Higgs NB, Lomax RB. So-
matostatin peptides inhibit basolateral potassium channels in hu-
man colonic crypts. Am J Physiol. 1999 Nov; 277(5 Pt 1): G967-
75.

Schneeberger K, Vogel GF, Teunissen H, van Ommen DD, Be-
gthel H, El Bouazzaoui L, van Vugt AH, Beekman JM, Klump-
erman J, Muller T, Janecke A, Gerner P. Huber LA, Hess MW,
Clevers H, van Es JH, Nieuwenhuis EE, Middendorp S. An in-
ducible mouse model for microvillus inclusion disease reveals
a role for myosin vb in apical and basolateral trafficking. Proc
Natl Acad Sci USA. 2015 Oct 6; 112(40): 12408-12413. PMCID:
PMC4603458.

Schofield DE, Agostini RM, Jr, Yunis EJ. Gastrointestinal micro-
villus inclusion disease. Am J Clin Pathol. 1992 Jul; 98(1): 119-
124.

Shillingford NM, Calicchio ML, Teot LA, Boyd T, Kurek KC, Gold-
smith JD, Bousvaros A, Perez-Atayde AR, Kozakewich HP. Villin
immunohistochemistry is a reliable method for diagnosing micro-

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

106.

106.

107.

villus inclusion disease. Am J Surg Pathol. 2015 Feb; 39(2): 245-
250.

Siahanidou T, Koutsounaki E, Skiathitou AV, Stefanaki K, Mari-
nos E, Panajiotou I, Chouliaras G. Extraintestinal manifestations
in an infant with microvillus inclusion disease: Complications or
features of the disease? Eur J Pediatr. 2013 Sep; 172(9): 1271-
1275.

Soden JS, Lovell MA, Brown K, Partrick DA, Sokol RJ. Failure of
resolution of portal fibrosis during omega-3 fatty acid lipid emul-
sion therapy in two patients with irreversible intestinal failure. J
Pediatr. 2010 2; 156(2): 327-331.

Steininger H, Behrens R, Faller G, Schindler C, Kirchner T. Con-
genital microvillous atrophy: Report of two cases. Gen Diagn
Pathol. 1997 Feb; 142(3-4): 217-220.

Szperl AM, Golachowska MR, Bruinenberg M, Prekeris R,
Thunnissen AM, Karrenbeld A, Dijkstra G, Hoekstra D, Mer-
cer D, Ksiazyk J, Wijmenga C, Wapenaar MC, Rings EH, van
IJzendoorn SC. Functional characterization of mutations in the
myosin vb gene associated with microvillus inclusion disease. J
Pediatr Gastroenterol Nutr. 2011 Mar; 52(3): 307-313. PMCID:
PMC3058815.

Thoeni CE, Viogel GF, Tancevski I, Geley S, Lechner S, Pfaller
K, Hess MW, Muller T, Janecke AR, Avitzur Y, Muise A, Cutz E,
Huber LA. Microvillus inclusion disease: Loss of myosin vb dis-
rupts intracellular traffic and cell polarity. Traffic. 2014 Jan; 15(1):
22-42.

Thomas N, Pulimood AB, Kumar M, Jana AK. Microvillous inclu-
sion disease diagnosed by gastric biopsy. Indian Pediatr. 2012
Jan; 49(1): 568-60.

Tran LC, Lazonby G, Ellis D, Goldthorpe J, Iglesias N, Steele J,
Zamvar V, Puntis JW, Vora R. Racecadotril may reduce diarrhea
in microvillous inclusion disease. J Pediatr Gastroenterol Nutr.
2017 Jan; 64(1): e25-e26.

Ukarapol N, Chotinaruemol S, Lerfprasertsuk N, Wongsawasdi
L. Microvillus inclusion disease as a cause of severe protracted
diarrhea in infants. J Med Assoc Thai. 2001 Sep; 84(9): 1356-
1360.

US Government. Consumer product safety commission. re-
quirements for child-resistant packaging; product containing lop-
eramide. In: US Government, editor. Federal Register. Vol. 58
No.138 ed. Washington D.C.: United States Government Print-
ing Office; 1993.

van Hoeve K, Hoffman I, Fusaro F, Pirenne J, Vander Auwera A,
Dieltiens AM, De Hertogh G, Monbaliu D, Miserez M. Microvillus
inclusion disease: A subtotal enterectomy as a bridge fto trans-
plantation. Acta Chir Belg. 2016 Aug 1: 1-7.

Vogel GF, Klee KM, Janecke AR, Muller T, Hess MW, Huber LA.
Cargo-selective apical exocytosis in epithelial cells is conducted
by Myo5B, Sip4a, Vamp7, and syntaxin 3. J Cell Biol. 2015 Nov
9; 211(3): 587-604. PMCID: PMC4639860.

Voora R, Fell J. Microvillus inclusion disease: Antenatal ultrasound
and phenotypic severity. J Pediatr Gastroenterol Nutr. 2012 Sep;
55(3): 237.

Walker-Smith JA, Phillips AD, Walford N, Gregory H, Fitzgerald
JD, MacCullagh K, Wright NA. Intravenous epidermal growth
factor/urogastrone increases small-intestinal cell proliferation in
congenital microvillous atrophy. Lancet. 1985 Nov 30; 2(8466):
1239-1240.

Weeks DA, Zuppan CW, Malott RL, Mierau GW. Microvillous
inclusion disease with abundant vermiform, electron- lucent ves-
icles. Ultrastruct Pathol. 2003 Sep-Oct; 27(5): 337-340.
Wiegerinck CL, Janecke AR, Schneeberger K, Vogel GF, van
Haaften-Visser DY, Escher JC, Adam R, Thoni CE, Pfaller K,
Jordan AJ, Weis CA, Nijman IJ, Monroe GR, van Hasselt PM,
Cutz E, Klumperman J, Clevers H, Nieuwenhuis EE, Houwen
RH, van Haaften G, Hess MW, Huber LA, Stapelbroek JM,
Muller T, Middendorp S. Loss of syntaxin 3 causes variant mi-
crovillus inclusion disease. Gastroenterology. 2014 Jul; 147(1):

NEONATOLOGY TODAYé®¢www.NeonatologyToday.net4June 2019

17



65-68. e10.

108. Wilson W, Scott RB, Pinto A, Robertson MA. Intractable diarrhea
in a newborn infant: Microvillous inclusion disease. Can J Gas-
troenterol. 2001 Jan; 15(1): 61-64.

109. Wyllie R (Hyams JS, Kay M. Pediatric gastrointestinal and liver
disease. Elsevier Saunders; 2011.

110. Youssef N, M Ruemmele F, Goulet O, Patey N. CD10 expres-
sion in a case of microvillous inclusion disease. Ann Pathol. 2004
Dec; 24(6): 624-627.

Disclosure: The authors are employees of Vanessa Research.

NT

Billy Chang, B.S.
Research Associate
Vanessa Research, Inc
925 Sherman Avenue,
Hamden, CT, 06514 USA
Quinnipiac University
Hamden, Connecticut

Nelson Chang, B.S.
Research Associate
Vanessa Research, Inc
925 Sherman Avenue,
Hamden, CT, 06514 USA
Quinnipiac University
Hamden, Connecticut

Ronak Patel, B.S.
Research Associate
Vanessa Research, Inc
925 Sherman Avenue,
Hamden, CT, 06514 USA

Corresponding Author:

Christina McGrath, B.A.

Marketing & Communications Specialist
Vanessa Research, Inc

925 Sherman Avenue,

Hamden, CT, 06514 USA

email: christina.mcgrath@vanessaresearch.com

www.vanessaresearch.com

The George Washington University
Washington, DC

Dmitry V. Kravtsov, M.D.

Vice President, Research and Development
Vanessa Research, Inc

925 Sherman Avenue,

Hamden, CT, 06514 USA

Kuban State Medical University

Krasnodar, Krasnodarskiy kray, Russia

NEONATOLOGY TODAYé¢www.NeonatologyToday.net4June 2019 18




Ludmila Kvochina, Ph.D, M.D.

Director of Research and Development Laboratory
Vanessa Research, Inc

925 Sherman Avenue,

Hamden, CT, 06514 USA

Bogomoletz Institute of Physiology

Bogomoletz National Medical University

National Academy of Science of Ukraine

Kiev, Ukraine

NEONATOLOGY TODAY#éwww.NeonatologyToday.net®June 2019 19



