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Abstract:

0DQ\�FKLOGUHQ�D௺HFWHG�E\�WKH�JHQHWLF�LQWHVWLQDO�GLVRUGHU�
known as microvillus inclusion disease (MVID) may not live to 
VHH�WKHLU�WKLUG�ELUWKGD\��*LYHQ�09,'¶V�UDULW\��LW�FDQ�EH�GL௻FXOW�
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 
WUHQGV� FRPSLOHG� IURP�DOO� NQRZQ� OLWHUDWXUH� SXEOLVKHG� JOREDOO\� RQ�
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 
VXFK�WKDW�SDWLHQWV�DUH�XQDEOH�WR�DEVRUE�ÀXLGV��QXWULHQWV��RU�HOHF-
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 
FKDOOHQJHV�UHJDUGLQJ�WKH�EUHDGWK�RI�VFLHQWL¿F�DQG�PHGLFDO�NQRZO-
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 
FRPSLOHG��7KLV�SDSHU�LQFOXGHV�WKH�¿UVW�FRPSUHKHQVLYH�DQDO\VLV�RI�
DOO�NQRZQ�OLWHUDWXUH�SXEOLVKHG�JOREDOO\�RQ�09,'�VLQFH�WKH�¿UVW�FDVH�
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-
FRPH��FRQFOXGLQJ�WKDW�QR�HႇHFWLYH�ORQJ�WHUP�WUHDWPHQW�VWUDWHJLHV�
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.

What is MVID?

MVID is a rare, hereditary enteropathy presenting in neonates;   
characterized by life-threatening volumes of watery diarrhea. 
09,'� LV� DQ� DXWRVRPDO�� UHFHVVLYH� FRQJHQLWDO� GLVHDVH� DႇHFWLQJ�
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 
DQG�LRQ�FKDQQHOV��ZKLFK�ZRXOG�QRUPDOO\�GUDLQ�RU�DEVRUE�ÀXLG�IURP�
the gut. Instead, the cells are frozen    in an immature state where 
WKHLU�PDLQ�WDVN��LV�WR�VHFUHWH�ÀXLGV�LQWR�WKH�LQWHVWLQH��7KLV�FDXVHV�
WKH� LQWHVWLQH�� WR� �RYHUÀRZ�� �UHVXOWLQJ� LQ�VHULRXV�GLDUUKHD��&ULWLFDO�
nutrients, water, and electrolytes are lost in the stool; and there-
IRUH�QRW�DEVRUEHG� LQWR� WKH�ERG\�ZKHQ� WKH� LQIDQW�HDWV�RU�GULQNV��
Because of this imbalance, an infant with MVID can lose up to one 
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“This indicates a need for the accelerated 
development of new medicine to improve 
the quality of life and extend the lifespan 
of MVID patients. ”



5NEONATOLOGY TODAY�www.NeonatologyToday.net�June 2019

third of his or her body weight each day.

Diagnosis

09,'�LV�YHU\�GLႈFXOW�WR�GLDJQRVH���WKH�UHDVRQ�IRU�WKLV�LV�WZR�IROG��
)LUVW��WKH�GLVHDVH�LV�H[WUHPHO\�UDUH�DQG�WKHUHIRUH�ODUJHO\�XQNQRZQ�
WR�WKH�SHGLDWULF�FRPPXQLW\��6HFRQG��FRQ¿UPDWLRQ�RI�09,'�UHTXLUHV�
sophisticated diagnostic   techniques such as electron microscopy 
of intestinal biopsies. The combination of the necessary equip-

PHQW� WR� SHUIRUP� WKH� FRQ¿UPDWRU\� HOHFWURQ�PLFURVFRS\�� DQG� WKH�
highly-trained personnel  to  conduct  the  procedure   is not readily 
DYDLODEOH�LQ�PRVW�KRVSLWDOV�DURXQG��WKH��ZRUOG���$��VLPSOH���HႇHF-
tive, and readily-available means to diagnose the disease    does 
not currently  exist.

$ႇHFWHG� LQIDQWV� W\SLFDOO\� VSHQG� WKH�¿UVW�PRQWKV�RI� WKHLU� OLYHV� LQ�
the hospital and receive a diagnosis within two to three months. It 
LV�FRPPRQ�IRU�SDWLHQWV�WR�WUDYHO�WR�WZR�RU�PRUH�KRVSLWDOV�VHHNLQJ�
GLDJQRVLV�DQG�DQ�DSSURSULDWH�FRXUVH�RI�WUHDWPHQW����$�ZHOO�NQRZQ�
and accessible test to diagnose MVID could improve doctors’ abil-
ity to determine a treatment strategy earlier in these infants’ lives 
±�D�IDFWRU�WKDW�FRXOG�PDNH�DOO�WKH�GLႇHUHQFH�JLYHQ�WKH�VKRUW��OHQJWK��
of  their  estimated lifespans.

Treatment

The current standard treatment for MVID is total parenteral nutri-
WLRQ��731���LQ�ZKLFK�ÀXLGV�DQG�QXWULHQWV�DUH�GHOLYHUHG�GLUHFWO\�WR�
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 
XQPDQDJHDEOH�FRPSOLFDWLRQV�GXH�WR�731�XOWLPDWHO\�VHHN�D�VPDOO�
bowel and/or liver transplant; a process which comes with many 
FKDOOHQJHV�DQG�ULVNV�RI�LWV�RZQ�
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“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 
WKDW�FRXOG�PDNH�DOO�WKH�GL௺HUHQFH�JLYHQ�
the short  length  of  their  estimated 
lifespans.”
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Geographic Distribution of Reported Patient Population

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 
DOO�NQRZQ�FDVHV��ZHUH�UHSRUWHG�LQ����SXEOLFDWLRQV�

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 
LQ� WKH�8QLWHG�6WDWHV�DQG��������� LQ�&DQDGD��)ROORZLQJ�)UDQFH��
the UK, and the US, the country with the next highest incidence is 
7XUNH\��ZLWK����UHSRUWHG�FDVHV�������7KH�UHPDLQLQJ�FDVHV�ZHUH�
VFDWWHUHG�DPRQJ����FRXQWULHV�DQG�RQH�XQVSHFL¿HG�$VLDQ�UHJLRQ��
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

6LQFH�WKH�LQLWLDO�FODVVL¿FDWLRQ�RI�WKH�GLVHDVH��WKH�QXPEHU�RI�FDVHV�
reported has increased substantially throughout the years. Rela-
tively few new cases were reported in the ten-year period from 
�����WKURXJK�������+RZHYHU��LQ�WKH�QH[W�¿YH�\HDU�SHULRG�������
1990) there were over four times as many cases reported at 17 
ZRUOGZLGH��RYHU� WKH�VXEVHTXHQW�¿YH�\HDU�SHULRG�������±��������
WKLV� QXPEHU� PRUH� WKDQ� GRXEOHG� WR� ��� FDVHV�� &DVHV� UHPDLQHG�
UHODWLYHO\�KLJK� IURP������ WKURXJK�������ZLWK�D�QRWDEOH�VSLNH�RI�
�����PRUH�FDVHV��RYHU�WKH�SUHYLRXV�¿YH�\HDU�SHULRG��IURP������
through 2015.

For the period January 2016 through December 2017, 13 cases 

were reported at the time of this publication. Given that this period 
VSDQV�WZR�FDOHQGDU�\HDUV��UDWKHU�WKDQ�WKH�¿YH�\HDUV�UHSUHVHQWHG�
in all other categories in Figure 3, and factoring in an anticipated 
gap between disease diagnosis and published case report (i.e., it 
LV�QRW�OLNHO\�WKDW�DOO�NQRZQ�FDVHV�IURP�����±������KDYH�EHHQ�SXE-
lished at the time of this analysis), this number should be excluded 
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MVID Case Distribution Across Time, by Region
Figure 4
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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, 

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.

7KLV�GLVWULEXWLRQ�LV�OLNHO\�GXH�LQ�SDUW�WR�SDWLHQWV�EHLQJ�WUDQVIHUUHG�WR�
PDMRU�KRVSLWDO�FHQWHUV�IURP�VPDOOHU�FRXQWULHV��VHHNLQJ�D�GLDJQR-
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

³(DUO\�RQVHW´�RI�WKH�GLVHDVH�LV�GH¿QHG�E\�WKH�1DWLRQDO�,QVWLWXWHV�
RI� +HDOWK� �1,+�� DV� 09,'� V\PSWRPV� SUHVHQWLQJ� ZLWKLQ� WKH� ¿UVW�
���GD\V�RI�DQ�DႇHFWHG�LQIDQW¶V�OLIH��$OO�FDVHV�LQ�ZKLFK�V\PSWRPV�
SUHVHQW�DW�DQ\�SRLQW�DIWHU�WKHVH�¿UVW����GD\V�DUH�GH¿QHG�DV�³ODWH�
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 
������RI�WKHVH�FDVHV��RQVHW�RFFXUUHG�ZLWKLQ�WKH�¿UVW���GD\V�DIWHU�
WKH�DႇHFWHG�LQIDQW�ZDV�ERUQ��LQ�����RI�FDVHV��RQVHW�RFFXUUHG�EH-
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 
RQVHW�´�EXW�WKH�H[DFW�GD\�RI�¿UVW�DSSHDUDQFH�ZDV�QRW�IXUWKHU�VSHFL-
¿HG�

Cost of Treatment

Treatment of MVID is extremely expensive – in 2008, one MVID 
SDWLHQW¶V� IDPLO\�UHSRUWHG�UDFNLQJ��XS��PHGLFDO� �ELOOV� WRWDOLQJ���0�
86'�ZLWKLQ�WKH�¿UVW���PRQWKV�RI�WKHLU�FKLOG¶V�OLIH��5DSHU�HW�DO��UH-
ported in 2002 that the average annual cost for “multi-compart-
PHQW�� µELJ�EDJ¶� WRWDO� SDUHQWHUDO� QXWULWLRQ� LQ�DQ� ,&8´�ZDV�DURXQG�
��������� �a����������ZKHQ�DGMXVWHG� IRU� LQÀDWLRQ�� DFFRUGLQJ� WR�
the U.S. Bureau of Labor Statistics); with TPN patients encounter-
LQJ� DURXQG� ��������� �a� ���������� DGMXVWHG� IRU� LQÀDWLRQ�� LQ� DG-
ditional expenses associated with hospitalization. This equates to 
D�WRWDO�RI����������HDFK�\HDU��a�����������DGMXVWHG�IRU�LQÀDWLRQ��

The estimated price of intestinal/small- bowel transplantation, 
FRQVLGHUHG�WR�EH�WKH�PRVW�HႇHFWLYH�ORQJ�WHUP�PHWKRG�RI�WUHDWPHQW�
IRU�09,'��ZDV�UHSRUWHG�E\�%HQWOH\�HW�DO��LQ������WR�EH�DURXQG������

Onset of 
MVID

Figure 6
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was provided, but 
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PLOOLRQ��ZLWK�DQ�DGGLWLRQDO�DQQXDO�H[SHQVH�RI���������IRU�RQJRLQJ�
immunosuppression.

7KH�VLJQL¿FDQW�FRVWV�DVVRFLDWHG�ZLWK��09,'�DUH�VKDUHG�ERWK�E\�
IDPLOLHV�RI�09,'�SDWLHQWV�DQG�WKH�KHDOWKFDUH�¿QDQFLDO�VXSSRUW�V\V-
tems of their given countries.

Treatment Methods

6LQFH�WKH�LGHQWL¿FDWLRQ�RI�09,'�LQ�������PRVW�UHSRUWHG�FDVHV�ZHUH�
treated with TPN and small bowel transplantation; some have in-

cluded trials 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 
QXWULWLRQ��731���LQ�ZKLFK�ÀXLGV�DQG�QXWULHQWV�DUH�GHOLYHUHG�GLUHFWO\�
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 
ZLOO�XOWLPDWHO\�VHHN�D�VPDOO�ERZHO�DQG�RU� OLYHU� WUDQVSODQWDWLRQ��D�
SURFHVV�ZKLFK�FRPHV�ZLWK�PDQ\�FKDOOHQJHV�DQG�ULVNV�RI�LWV�RZQ��
Small-bowel transplantation is considered at present to be the 
PRVW� HႇHFWLYH�PHWKRG�RI� WUHDWPHQW� IRU�09,'��+DODF� HW� DO�� FRQ-
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 
SURFHGXUH�DQG�RU�WKH�GLႈFXOW\�RI�ORFDWLQJ�DQ�DSSURSULDWH�GRQRU�

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.

$�VXPPDU\�RI�DOO� NQRZQ�DQWL�GLDUUKHDO� WUHDWPHQWV�DWWHPSWHG� IRU�
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-
SRUWDQW�WR�QRWH�WKDW�LQ�DOO�FDVHV��DQ\�SRVLWLYH�HႇHFW�REVHUYHG�ZDV�
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

)URP�WKH�GDWD�UHYLHZHG��LW� LV�QRW�SRVVLEOH�WR�GH¿QLWLYHO\�DQDO\]H�
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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Cost of Treatment

Treatment of MVID is extremely expensive 
– in 2008, one MVID patient’s family 
reported racking up medical bills totaling 
	�2�:8)�\NYMNS�YMJܪ�WXY���RTSYMX�TK�YMJNW�
child’s life. Raper et al. reported in 2002 
that the average annual cost for “multi-
compartment, ‘big bag’ total parenteral 
nutrition in an ICU” was around $182,000 

c� 	�������� \MJS� FIOZXYJI� KTW� NSܫFYNTS��
according to the U.S. Bureau of Labor 
8YFYNXYNHX� �\NYM�953�UFYNJSYX�JSHTZSYJWNSL�
around $140,000 (~ $196,000, adjusted for 
NSܫFYNTS��NS�FIINYNTSFQ�J]UJSXJX�FXXTHNFYJI�
with hospitalization. This equates to a 
total of $322,000 each year (~ $451,000, 
FIOZXYJI�KTW�NSܫFYNTS��

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

9MJ� XNLSNܪHFSY� HTXYX� FXXTHNFYJI� \NYM�
MVID are shared both by families of MVID 
UFYNJSYX� FSI� YMJ� MJFQYMHFWJ� �SFSHNFQܪ
support systems of their given countries. 

$451,000
Estimated total to 

care for MVID patient 
via TPN, per year

$1.6M
Estimated price of

small bowel transplantation
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Attempted Anti-diarrheal Treatments and Reported Outcomes
Table 1
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Of the 101 reported cases in which the patient was deceased at 
WKH� WLPH�RI�SXEOLFDWLRQ��RQO\����VSHFL¿HG�D�FDXVH�RI�GHDWK��7KH�
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-
HDVH�� IDPLOLHV� DQG� GRFWRUV� RI� SDWLHQWV� ZLOO� RIWHQ� VHHN� UHVHDUFK�
to understand the disease better. Given MVID’s rarity, it can be 
GLႈFXOW�IRU�GRFWRUV��UHVHDUFKHUV��DQG�SDUHQWV�FRQIURQWHG�ZLWK�WKH�
disease to locate necessary data; presenting challenges with re-
search, diagnosis, and development of treatment strategies. This 
UHVRXUFH�ZDV�FRPSLOHG�WR�SURYLGH�WKH�¿UVW�FRPSUHKHQVLYH�DQDO\-
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 
EDVHG�RQ� WKH� NQRZQ�FOLQLFDO� FDVH� UHSRUWV� SXEOLFO\� DYDLODEOH�RQ-
line, and that single cases recorded in multiple reports (i.e., cohort 
VWXGLHV��FDQQRW�EH�LGHQWL¿HG�RU�DFFRXQWHG�IRU�JLYHQ�WKH�FRQ¿GHQ-
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 
PXOWLSOH� KRVSLWDOV� DQG� VSHFLDOLVWV��$�ZHOO�NQRZQ� DQG� DFFHVVLEOH�
test to diagnose MVID could improve doctors’ ability to both iden-
tify the disease and determine a treatment strategy (or appropri-
DWH�FHQWHU�IRU�WUHDWPHQW��HDUOLHU�LQ�DႇHFWHG�LQIDQWV¶�OLYHV��GHVSLWH�
location or specialization.

Other data compiled in this analysis indicated that slightly over 
KDOI�RI�DႇHFWHG�SDWLHQWV�DUH�PDOH��DQG�WKDW�09,'�W\SLFDOO\�SUHV-
HQWV�ZLWKLQ�WKH�¿UVW����GD\V�RI�DQ�LQIDQW¶V�OLIH��:KLOH�LW�LV�QRW�SRV-
VLEOH� WR�GH¿QLWLYHO\�DQDO\]H�VXUYLYDO� UDWH�RU� OLIHVSDQ� IURP�WKH� LQ-
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 
TXDOLW\�RI�OLIH�DQG�WKLV�DQDO\VLV�IXUWKHU�FRQ¿UPHG�WKH�VHULRXV�FRP-

Addressing the Microvillus Inclusion Disease Knowledge Gap 15

Treatment Methods

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 
important 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 included in Table 2, 
below.

Anti-diarrheal Pharmaceuticals

Information on the mechanism of action in each of the drugs listed in Table 2 can be found in 
Appendix A. 

Table 2

Attempted Anti-diarrheal Pharmaceuticals with 
Reported Positive Outcomes
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Lifespan of MVID patients reported deceased
Figure 8

Reported primary cause of death
Figure 9
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plications of these treatment strategies by indicating that the pri-
PDU\�NQRZQ�FDXVHV�RI�GHDWK�LQ�09,'�SDWLHQWV�DUH�LQIHFWLRQ��OLYHU�
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

7KH�¿UVW�VWHS� WRZDUGV�D�EULJKWHU� IXWXUH� IRU�09,'�SDWLHQWV�ZRXOG�
EH� WKH� GHYHORSPHQW� RI� DQ� HႇHFWLYH�� HDVLO\� DYDLODEOH�� DQG� HDV-
ily- administered diagnostic test. This would greatly improve the 
ability for doctors to recognize the disease early, and therefore 
EHJLQ�ZRUN� WR�HLWKHU�GHWHUPLQH� WKH�EHVW�FRXUVH�RI� WUHDWPHQW� IRU�
the patient or to determine the best facility to provide specialized 
WUHDWPHQW�� 7KH� FXUUHQW� GLDJQRVWLF� OLPLWDWLRQV� DUH� OLNHO\� OHDGLQJ�
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-
SOLFDWLRQV�DQG�UHTXLUH�VWULFW��GLႈFXOW��DQG�H[SHQVLYH�PDLQWHQDQFH�

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-
PHQW�RI�09,'�KDYH�EHHQ�HႇHFWLYH�WR�WKH�H[WHQW�WKDW�WKH�QHHG�IRU�
731�ZDV�HOLPLQDWHG��GRFWRUV�DQG�UHVHDUFKHUV�DUH�WDNLQJ�SRVLWLYH�
VWHSV�WRZDUGV�DQ�HႇHFWLYH�WUHDWPHQW�E\�WDUJHWLQJ�GLႇHUHQW�PHFKD-
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-
OHVV� RI� WKH� H[DFW�PHFKDQLVP�RI� WUHDWPHQW�� FKLOGUHQ� DႇHFWHG� E\�
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

&KROHVW\UDPLQH� LV�D� UHVLQ� WKDW�SUHYHQWV� UH�DEVRUSWLRQ�RI�ELOH�E\�

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-
GLYLQ\OEHQ]HQH�FRSRO\PHU���&KROHVW\UDPLQH�UHVLQ�DEVRUEV�WKH�ELOH�
acids in the intestine forming an insoluble complex which is ex-
FUHWHG�LQ�WKH�IHFHV��'UXJEDQN��������

(*)��NQRZQ�DV�8URJDVWURQH��LV�D�SURWHLQ�ZLWK�VL]H���N'D��+DUULV�
5&��������DQG�FRQVLVWV�RI����DPLQR�DFLG�UHVLGXHV�DQG�WKUHH�LQWUD-
PROHFXODU�GLVXO¿GH�ERQGV��&DUSHQWHU�*���������,W�VWLPXODWHV�FHOO�
SUROLIHUDWLRQ��JURZWK�DQG�GLႇHUHQWLDWLRQ�E\�ELQGLQJ� WR� LWV�VSHFL¿F�
binding site, receptor, EGFR and activating GTP/MAPK cascade. 
+XPDQ�(*)�H[HUWV�WURSKLF�HႇHFWV�RQ�WKH�LQWHUQDO�LQWHVWLQH�VXUIDFH�
and may be involved in maintaining normal intestinal structure and 
IXQFWLRQ��&RQVHTXHQWO\��LW�LV�LPSRUWDQW�LQ�FDVHV�LQ�ZKLFK�QXWULHQWV�
are administered parenterally, as parenteral nutrition can result in 
intestinal hypoplasia and hypofunction.

/RSHUDPLGH�DFWV�DV�WKH�ȝ�RSLRLG�UHFHSWRU�DJRQLVW�FDOFLXP�FKDQQHO�
antagonist along the small and large intestine to decrease circu-
lar and longitudinal muscle activity through the neural mechanism 
LQ�WKH�SHULSKHUDO�QHUYRXV�V\VWHP��'UXJEDQN���������/RSHUDPLGH�
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).

5DFHFDGRWULO� LV� D� SHULSKHUDOO\� DFWLQJ� HQNHSKDOLQDVH� LQKLELWRU�
�0DWKHVRQ�� ������� 8QOLNH� RWKHU� RSLRLG� PHGLFDWLRQV� ZKLFK� WUHDW�
diarrhea by reducing intestinal motility, racecadotril reduces the 
secretion of water and electrolytes into the intestine (Matheson,  
��������UHVXOWLQJ��LQ��DQ��DQWL�VHFUHWRU\��HႇHFW��5DFHFDGRWULO¶V�DF-
tive metabolite, thiorphan, inhibits the enzyme neutral endopep-
tidase (NEP) and increases exposure of cells to NEP substrates 
VXFK�DV�HQNHSKDOLQV�DQG�DWULDO�QDWULXUHWLF�SHSWLGH��$13���(QGRJ-
HQRXV�HQNHSKDOLQHV�DUH�DFWLYH�RQ�ERWK�ȝ��DQG�į��RSLRLG� UHFHS-
tors (Huighebaert et al., 2003). NEP inhibition will also increase 
exposure of cells to endogenous neuropeptide Y and, possibly, 
SHSWLGH�<<��ERWK�RI�ZKLFK�KDYH�VWURQJ�DQWL�VHFUHWRU\�HႇHFWV�LQ�WKH�
JXW��3OD\IRUG�DQG�&R[��������

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-
PDWRVWDWLQ��DOVR�NQRZQ�DV�D�JURZWK�KRUPRQH±LQKLELWLQJ�KRUPRQH�
(GHIH), regulates the endocrine system and inhibits the release 
of secondary hormones. It acts as a powerful inhibitor of intestinal 
&Oí�VHFUHWLRQ�DQG�LQKLELWV�RQH�NLQG�RI�EDVRODWHUDO�.��FKDQQHOV�LQ�
human intestinal crypt cells via a G protein- dependent mecha-
QLVP��ZKLFK�PD\�UHVXOW�LQ�D�ORVV�RI�WKH�&D��VHQVLWLYLW\�FDXVHG�E\�
.��FKDQQHOV���6DQGOH��������
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