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What	is	Usher	Syndrome?
Usher syndrome (Usher, USH) is the leading genetic cause of combined deafness 

and blindness. 
Disease characteristics

There are 3 clinical types of Usher syndrome named USH1, USH2 and 
USH3, based on the severity and age of onset of deafness and blindness, and in 
some	patients,	vestibular	areflexia.	USH1,	the	most	severe	form,	is	characterized	
by congenital, bilateral, profound sensorineural hearing loss (SNHL), vestibular 
areflexia,	 and	 adolescent-onset	 retinitis	 pigmentosa	 (RP).	 USH2	 is	 the	 most	
frequent form characterized by congenital, bilateral SNHL that is mild to moderate 
in the low frequencies and severe to profound in the higher frequencies, intact 
vestibular responses, and RP that begins in the second-third decade of life. USH3 
is characterized by post-lingual, progressive SNHL, late-onset RP, and variable 
impairment of vestibular function. The RP in all forms of USH is a progressive, 
bilateral, symmetric retinal degeneration that begins with night blindness and 
constricted	visual	fields	(tunnel	vision)	and	eventually	includes	decreased	central	
visual acuity. The rate and degree of vision loss varies within and among families.
History

Albrecht	von	Gräfe	first	described	Usher	syndrome	in	1858.	However,	it	was	
named after Charles Howard Usher, a Scottish Ophthalmologist, who described 
the syndrome in 1914 on 69 patients with RP who were also hearing impaired, in 
an article called “On the inheritance of Retinitis Pigmentosa, with notes of cases” 1.
Who	is	affected	by	Usher	syndrome?

The incidence of Usher is estimated at 1:20,000 individuals worldwide, al-
though Kimberling et al (2010)2 suggested it may be as high as 1:6000 in some popu-
lations. Approximately 3-6% of hearing impaired children have Usher. An estimated 
10% of children born with profound SNHL have Usher. Current reports indicate that 
Usher accounts for more than 50% of people who are both deaf and blind.
What	causes	Usher	syndrome?

Usher is inherited in an autosomal recessive manner. Both males and fe-
males can inherit Usher when he or she receives a mutation from each parent. 
Currently, 15 genes are associated with Usher. Nine different loci have been found 
to cause Usher syndrome type I (USH1). Genes at six of these loci have been 
identified:	MYO7A	 (USH1B),	 USH1C	 (USH1C),	 CDH23	 (USH1D),	 PCDH15	
(USH1F), USH1G (USH1G), and CIB2 (USH1J). Mutations in three different 
genes are known to be associated with type II Usher (USH2): USH2A (USH2A), 
GPR98 (USH2C), DFNB31/Whirlin (USH2D); and two genes with type III Usher 
(USH3): CLRN1 (USH3A), HARS (USH3B).
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How	do	you	diagnose	Ushers	syndrome?
An Usher diagnosis is generally made based on clinical presentation. How-

ever, because there is typically a lag of 5 – 10 years between the onset of hearing 
and visual impairments, the average age of diagnosis is late teens for USH1 and 
adulthood for USH2 and 3. Early diagnosis is critical for adapted educational and 
management option. Genetic testing is available for most of the genetic mutations 
that cause Usher. Figure	1 

Usher affects hearing, balance and 
vision. Diagnosis includes evaluation of 
all three senses. Evaluation of the eyes 
includes	 a	 visual	 field	 test,	 an	 electro-
retinogram (measurement of the electri-
cal response of the retina), and a retinal 
exam by an ophthalmologist. An ear 
evaluation often includes an audiologic 
exam by an audiologist, and an otolog-
ic examination by an otolaryngologist. 
Sometimes an electronystagmogram 
can be done to measure involuntary eye 
movements to check for balance prob-
lems. 
USH1

USH1 accounts for ~ 35% of all 
Usher. The hearing loss in USH1 is con-
genital, bilateral, and severe-profound. 
While it is autosomal recessive, the pen-
etration is complete. Affected individuals 
do not develop speech without interven-
tions.	 Vestibular	 areflexia	 is	 associated	
with	the	deafness	and	is	a	defining	fea-
ture of this type. Because of vestibular 
areflexia,	 children	with	USH1	 typically	
walk later than usual, at approximately 
age 18 months to two years. Older chil-
dren may seem ‘clumsy’ and experience 
frequent accidental injuries or have dif-

ficulty	with	activities	requiring	balance,	such	as	riding	a	bicycle	or	playing	sports.
A child with USH1 is often misdiagnosed as having nonsyndromic deafness until 

tunnel vision and night blindness, the early signs of RP, become severe enough to be 
noticeable, either by parents and teachers or by the individual. Retinitis pigmentosa 
is progressive, bilateral, symmetric degeneration of the retina that initiates at the 
periphery. Rods (photoreceptors active in the dark-adapted state) are mainly affected 
first,	 causing	 night	 blindness	 and	 constricted	 visual	 fields	 (tunnel	 vision).	Cones	
(photoreceptors active in the light-adapted state) may also be involved 3.

Figure	1. Usher's syndrome patient (with 
permission)
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Visual	fields	become	progressively	constricted	with	time.	The	rate	and	de-
gree	of	visual	field	loss	show	intra-	and	interfamilial	variability.	A	visual	field	of	
5-10 degrees is common for a person with USH1 who is age 30-40 years. Visual 
impairment	worsens	significantly	each	year	4. However, it is unusual for the typical 
individual with USH1 to become completely blind, although cataracts sometimes 
reduce central vision to light/dark perception only.
USH2

USH2 accounts for 60-65% of all Usher, and is characterized by (1) congeni-
tal, bilateral sensorineural hearing loss predominantly in the higher frequencies 
that ranges from mild to severe; (2) normal vestibular function; and (3) late adoles-
cent-to-adult onset of RP. One of the most important clinical distinctions between 
USH1 and USH2 is that children with USH1 are usually delayed in walking until 
age 18 months to two years because of vestibular involvement, whereas children 
with USH2 usually begin walking at approximately age one year.
USH3

USH3 is characterized by post-lingual progressive sensorineural hearing 
loss, late-onset RP, and variable impairment of vestibular function5. Some indi-
viduals with USH3 may have profound hearing loss and vestibular disturbance and 
thus be clinically misdiagnosed as having USH16.
Historical	Perspective

The Acadians are descendants of the 17th century French colonists who settled 
in Acadia, what is now Nova Scotia, Canada. Many Acadians later settled in Loui-
siana, where their children, born in Louisiana became known as Cajuns. Clinical 
scientists have recognized some Acadian cultural isolation in Louisiana through an 
increased incidence of particular diseases in subpopulations of Acadian descendants, 
including Friedreich ataxia7, Tay-Sachs disease8, and Usher syndrome9.

Dr.	Kloepfer	and	his	colleagues	first	 reported	Usher	 in	Louisiana	Acadian	
patients in 19669. Approximately 6-7% of USH1 is caused by mutations in the 
USH1C gene10, however, nearly all cases of USH1 in the Acadian populations of 
Louisiana	are	cause	by	a	single	mutation	the	USH1C	gene	(c.216G>A).	Because	
of founder affect, USH1C is suggested to have a higher incidence in the Acadian 
population than the general American population. 

More than 30 mutations have now been reported, with most of them either 
located in an exon encoding a PDZ domain of the protein or affecting splicing. The 
most common USH1C mutation observed in persons from other ethnic origins is 
c.238dupC11, 12.	A	study	of	USHI	patients	in	Spain	identified	two	new	mutations,	
one nonsense and one frameshift, and estimated that USH1C mutations are respon-
sible for 1.5% of USHI in the Spanish population13. 

In addition to USH1C, a few cases of USH2 have been reported in the Louisi-
ana Acadian population. A founder mutation has also been reported to cause USH2A 
(c.4338-4339delCT) in French Canadians from Quebec and New Brunswick (the 
former Acadia)14; however the prevalence in Louisiana Acadians is unknown.
Management	of	Usher	syndrome	patients

The key to management of patients with Usher syndrome is early diagno-
sis. Early diagnosis enables adapted educational and patient management options. 
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While	there	is	no	definitive	cure	for	USH,	there	are	a	lot	of	treatments,	and	many	
of these treatments are most successful when begun early in life. The program is 
specific	to	each	patient,	is	multidisciplinary,	and	is	tailored	to	individual	patient	
needs depending on the severity of the symptoms. 

The team comprises specialists in Otolaryngology, Ophthalmology, Genet-
ics, Audiology, Speech Therapy and Nursing. 
Treatment	of	Manifestations

Current treatment focuses on rehabilitation of the auditory, vestibular and 
visual dysfunction.
Hearing

Hearing aids are usually ineffectual in individuals with USH1 because of the 
severity of the hearing loss. Cochlear implantation should be seriously considered, 
especially for young children15.	Patients	with	USH	2	and	3	will	benefit	from	tradi-
tional	hearing	aids,	unless	there	is	significant	progression	of	the	hearing	loss	with	age.	
Communication

It is imperative that children with hearing loss have good communication 
skills.	As	such,	the	affected	children	need	to	be	identified	early.	Their	new	born	
screening should be assessed, and they need diagnostic testing as soon as possible. 
Once	identified,	they	need	communication	started	via	an	early	intervention	pro-
gram so they can develop age appropriate communication skills. 
Balance

Patients with USH1 who have impaired hearing, tunnel vision and night 
blindness	combined	with	vestibular	areflexia	predispose	patients	to	accidental	in-
jury.	Children	often	benefit	 from	physical	 therapy	 for	 their	vestibular	 areflexia.	
Well-supervised sports activities may help a person with USH1 to compensate 
by becoming more adept at using the somatosensory component of the balance 
system. USH2 patients do not usually have any vestibular concerns, and USH3 
patients	may	need	interventions	based	on	the	severity	of	the	vestibular	areflexia.	
Vision

Communication	by	sign	language	and	lip	reading	becomes	increasingly	dif-
ficult	over	time	as	the	RP	progresses.	Vision	loss	may	progress	to	the	point	that	
the	individual	can	only	communicate	through	tactile	signing.	Routine	ophthal-
mologic	evaluation	is	recommended	to	detect	potentially	treatable	complications	
such	as	cataracts.

Genetic	counseling	should	be	considered	for	families	with	Usher	syndrome.

References

1. Usher CH. On the inheritance of retinitis pigmentosa, with notes of cases. R Lond Ophthal-
mol Hosp Rep. 1914 19:130-236.

2. Kimberling WJ, Hildebrand MS, Shearer AE, Jensen ML, Halder JA, Trzupek K, Cohn ES, 
Weleber RG, Stone EM, Smith RJ. Frequency of Usher syndrome in two pediatric popula-
tions: Implications for genetic screening of deaf and hard of hearing children. Genet Med. 
2010; 12(8):512-6.



269    XIV IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

3. Gregory-Evans K, Bhattacharya SS. Genetic blindness: current concepts in the pathogen-
esis of human outer retinal dystrophies. Trends Genet. 1998;14:103–8.

4. Pennings RJ, Huygen PL, Orten DJ, Wagenaar M, van Aarem A, Kremer H, Kimberling 
WJ, Cremers CW, Deutman AF. Evaluation of visual impairment in Usher syndrome 1b and 
Usher syndrome 2a. Acta Ophthalmol Scand. 2004;82:131–9.

5. Plantinga RF, Kleemola L, Huygen PL, Joensuu T, Sankila EM, Pennings RJ, Cremers 
CW.	Serial	audiometry	and	speech	recognition	findings	in	Finnish	Usher	syndrome	type	III	
patients. Audiol Neurootol. 2005;10:79–89.

6. Pennings RJ, Fields RR, Huygen PL, Deutman AF, Kimberling WJ, Cremers CW. Usher 
syndrome type III can mimic other types of Usher syndrome. Ann Otol Rhinol Laryngol. 
2003;112:525–30.

7. Barbeau A.The Quebec Cooperative Study of Friedreich’s Ataxia: 1974-1984--10 years of 
research. Can J Neurol Sci. 1984 Nov;11(4 Suppl):646-60.

8. Blitzer MG, McDowell GA.Tay-Sachs disease as a model for screening inborn errors. Clin 
Lab Med. 1992 Sep;12(3):463-80.

9. Kloepfer HW, Laguaite JK. The hereditary syndrome of congenital deafness and retinitis 
pigmentosa. (Usher’s syndrome). Laryngoscope. 1966 May;76(5):850-62.

10. Bitner-Glindzicz M, Lindley KJ, Rutland P, Blaydon D, Smith VV, Milla PJ, Hussain K, 
Furth-Lavi J, Cosgrove KE, Shepherd RM, Barnes PD, O’Brien RE, Farndon PA, Sowden 
J, Liu XZ, Scanlan MJ, Malcolm S, Dunne MJ, Aynsley-Green A, Glaser B. A recessive 
contiguous gene deletion causing infantile hyperinsulinism, enteropathy and deafness iden-
tifies	the	Usher	type	1C	gene.	Nat	Genet.	2000	Sep;26(1):56-60.

11. Ouyang XM, Hejtmancik JF, Jacobson SG, Xia XJ, Li A, Du LL, Newton V, Kaiser M, 
Balkany T, Nance WE, Liu XZ. USH1C: a rare cause of USH1 in a non-Acadian population 
and a founder effect of the Acadian allele. Clin Genet. 2003 Feb;63(2):150-3.Bonnet C, Grati 
M, Marlin S, Levilliers J, Hardelin JP, Parodi M, Niasme-Grare M, Zelenika D, Délépine M, 
Feldmann D, Jonard L, El-Amraoui A, Weil D, Delobel B, Vincent C, Dollfus H, Eliot MM, 
David A, Calais C, Vigneron J, Montaut-Verient B, Bonneau D, Dubin J, Thauvin C, Duvil-
lard A, Francannet C, Mom T, Lacombe D, Duriez F, Drouin-Garraud V, Thuillier-Obstoy 
MF, Sigaudy S, Frances AM, Collignon P, Challe G, Couderc R, Lathrop M, Sahel JA, Weis-
senbach J, Petit C, Denoyelle F. Complete exon sequencing of all known Usher syndrome 
genes greatly improves molecular diagnosis. Orphanet J Rare Dis. 2011 May 11;6:21.

12. Aparisi MJ, García-García G, Jaijo T, Rodrigo R, Graziano C, Seri M, Simsek T, Simsek E, 
Bernal S, Baiget M, Pérez-Garrigues H, Aller E, Millán JM. Novel mutations in the USH1C 
gene in Usher syndrome patients. Mol Vis. 2010 Dec 31;16:2948-54.

13. Ben-Yosef T, Ness SL, Madeo AC, Bar-Lev A, Wolfman JH, Ahmed ZM, Desnick RJ, 
Willner	JP,	Avraham	KB,	Ostrer	H,	Oddoux	C,	Griffith	AJ,	Friedman	TB.	A	mutation	of	
PCDH15 among Ashkenazi Jews with the type 1 Usher syndrome. N Engl J Med. 2003 Apr 
24;348(17):1664-70. 

14. Ebermann I, Koenekoop RK, Lopez I, Bou-Khzam L, Pigeon R, Bolz H. An USH2A founder 
mutation is the major cause of Usher syndrome type 2 in Canadians of French origin and 
confirms	common	roots	of	Quebecois	and	Acadians.	Eur	J	Hum	Genet.	2009	Jan	17(1):80-84.

15. Pennings RJ, Damen GW, Snik AF, Hoefsloot L, Cremers CW, Mylanus EA. Audiologic 
performance	and	benefit	of	cochlear	implantation	in	Usher	syndrome	type	I.	Laryngoscope.	
2006 May 116(5):717-22.


