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Abstract

Background: Data about congenital sensorineural deafness (CSD) in white blue-eyed cats

derivemainly from research colonies, and information about client-owned cats is limited.

Objectives: To describe the prevalence of CSD in a client-owned population of white

purebred kittens and colored littermates in the United Kingdom.

Animals: One hundred thirty-two solid white client-owned purebred kittens and

61 colored littermates, 6 to 21 weeks of age.

Methods: Retrospective (56 cases) and prospective (137 cases) study. Hearing was

assessed by brainstem auditory evoked response testing, and the entire litter was tested.

Results: Congenital sensorineural deafness was diagnosed only in solid white kittens,

with a prevalence of 30.3% (15.9% bilateral, 14.4% unilateral). The prevalence of

CSD was significantly higher in white kittens with 1 (44.4%) or 2 (50%) blue irises

than in those without blue irises (22.2%). Kittens with at least 1 blue iris were 3.2

times more likely to have CSD than kittens without blue irises. In solid white kittens,

CSD was diagnosed in 7 of 15 (46.7%) Turkish Vankedisi, 8 of 18 (44.0%) Maine

Coon, 18 of 41 (43.9%) Norwegian Forest, 3 of 11 (27.3%) British Shorthair, 2 of

12 (16.7%) Devon Rex, 2 of 12 (8.3%) Persian, 1 of 21 (4.8%) Russian, and 0 of

2 Sphinx. The prevalence of CSD was significantly different in Norwegian Forest,

Maine Coon, and Turkish Vankedisi kittens compared with Persian or Russian kittens.

Conclusion and Clinical Importance: We identified a high prevalence of CSD in a

population of client-owned purebred white kittens in the United Kingdom and sug-

gest differences in breed-specific prevalence of CSD.
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1 | INTRODUCTION

Congenital sensorineural deafness (CSD) in white blue-eyed cats is a

well-known phenotype investigated since the 19th century as a model

for CSD in humans.1-10 In the embryo, melanoblasts derived from the
Abbreviations: BAER, brainstem auditory evoked responses; CSD, congenital sensorineural

deafness.
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neural crest migrate to target organs, including the skin and eyes, where

they mature in to melanocytes and determine pigmentation pat-

terns.1,11,12 In the inner ear, melanocytes in the stria vascularis are

responsible for maintaining the high potassium concentration within

endolymph, which is crucial in the creation of the endocochlear potential

necessary for activation of the hair cells.1,12-14 Migration and function of

melanocytes are regulated by numerous genes connected with hear-

ing.11,15-20 Congenital sensorineural deafness has been reported in

breeds of cats that carry the autosomal dominant white gene (W).21 A

pleiotropic gene with polygenic effects was suggested as the most likely

model of inheritance of CSD in white cats.22 Recent research identified

an insertion of feline endogenous retrovirus 1 in intron 1 of the KIT gene

as responsible for dominant white and white spotting coat phenotype in

cats and showed an association between CSD and the genotype of the

triallelic KIT variant.23,24

The gold standard test to assess hearing function in domestic ani-

mals is the brainstem auditory evoked response (BAER) test, which is

an electrodiagnostic test based on the response of peripheral and cen-

tral hearing pathways to an auditory stimulus consisting of a series of

clicks.25 The responses are fully mature by 20 days of age in cats.12

The majority of the published data on CSD in cats is based on

research colonies used as a model for CSD in humans, and the results in

terms of prevalence of the disease are not applicable to client-owned

cats because of different breeding strategies. In addition, the majority of

these studies were published 4 to 6 decades ago, and more recent data

are needed. In the research colonies of crossbred white cat, the overall

prevalence of CSD evaluated by BAER testing varied between 50% and

96%, being higher in cats with blue irises and more commonly bilateral

than unilateral.5-8 To date, a single study has evaluated the hearing status

by BAER testing in a population of 84 client-owned purebred white cats

in Germany, including both kittens and adult cats of different breeds

presented for prebreeding screening.26 This study detected a CSD preva-

lence of 20.2%, with unilateral and bilateral CSD being almost equally

represented. Also in this study, the prevalence of CSD was 44% in cats

with 2 blue irises, 20% in cats with 1 blue iris, and 19% in cats without

blue irises.26 Information about prevalence of CSD in specific breeds is

limited. The prevalence of CSD in Norwegian Forest (18%, n = 329),

Maine Coon (17%, n = 134), and Turkish Angora (11%, n = 474) has been

anecdotally reported,22 but hearing status was not always based on

BAER testing, and likely missed cases of unilateral deafness.

The aim of our study was to report the overall and breed-specific

prevalence of unilateral and bilateral CSD evaluated by BAER testing

and its association with iris color in a UK population of client-owned

purebred white kittens and colored littermates.

2 | MATERIALS AND METHODS

2.1 | Animals

Ethics approval was obtained from the institution's ethics committee.

Inclusion criteria were (i) purebred kittens belonging to a litter with at least

1 solid (ie, completely) white kitten undergoing BAER testing in both ears;

(ii) BAER testing performed in the entire litter; (iii) detailed description of

coat and iris color of the kittens; and (iv) no history of ear disease or topical

administration of potentially ototoxic drugs. Kittens that underwent BAER

testing between January 2004 and December 2013 were included retro-

spectively. Kittens that underwent BAER testing between January 2014

and April 2018 were included prospectively. The details about parents'

coat color, iris color, and hearing status were recorded when available.

2.2 | BAER testing

In all kittens, BAER testing was performed in both ears by the same oper-

ator using an electrodiagnostic unit (Medelec Synergy N-EP 5-channel

system; Oxford Instruments Medical, Old Woking, United Kingdom). No

kitten needed sedation for the procedure (Figure 1). Subcutaneous stain-

less steel electrodes were positioned using the following montage:

the positive electrode at the vertex, the negative electrode rostral to

the tragus, and the ground electrode at the level of the external occipital

protuberance. The auditory stimulus consisted in a series of clicks of

0.1 millisecond in duration delivered via unshielded audiometric head-

phones (model TDH49P, Oxford Instruments Medical, Old Woking,

United Kingdom) at the rate of 30/s and intensity of 80 dB normal hear-

ing level. The BAER was obtained by averaging 512 recordings of

10 milliseconds. Filters were set at the cutoff frequencies of 100 Hz and

3 kHz. If no responses were obtained at 80 dB, the stimulus was

increased to 100 dB. When questionable BAER was obtained from 1 ear,

the test was repeated while providing a masking noise to the contralat-

eral ear at an intensity of 20 dB below the click stimulus. A kitten was

defined as normal if waves I to V were visible at 80 dB in the traces from

both ears (Figure 2), unilaterally deaf if no waves were visible at 80 and

100 dB in 1 ear (Figure 3), and bilaterally deaf if the latter finding was

obtained from both ears (Figure 4).

2.3 | Statistical methods

Analyses were performed using XLStat (Addinsoft, Long Island City, NY).

Differences in prevalence of CSD, for example, among breeds, between

F IGURE 1 Picture of a kitten undergoing brainstem auditory
evoked response test without sedation
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male and female kittens and among kittens with 1, 2, or no blue irises

were tested for significance using chi-squared tests (α = 0.05). Subse-

quently, a multivariate logistic regression model was built to assess the

effects of breed and iris color as independent variables on the likelihood

of CSD. The effect of breed was first assessed using logistic regression

(α = 0.05) with stepwise backward elimination (threshold for retention
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F IGURE 2 Brainstem auditory evoked response from a bilaterally normal kitten
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F IGURE 3 Brainstem auditory evoked response (BAER) from a kitten with right unilateral congenital sensorineural deafness. On the left, the
normal BAER from the left ear at 80 dB, and on the right, the tracing from the deaf right ear

MARI ET AL. 1709



P ≤ .10). Breeds were entered into the model in a binary fashion (ie,

belonging to a particular breed = 1 and not belonging to that breed = 0).

Retained breeds then were assessed alongside iris color (presence of

blue irises) in the final model (threshold for retention P ≤ .10).

3 | RESULTS

A total of 193 kittens (56 retrospectively and 137 prospectively) from

50 litters were included in the study. There were 132 solid white kit-

tens, including 41 of 65 Norwegian Forest (15 litters), 21 of 28 Russian

(6 litters), 18 of 35 Maine Coon (7 litters), 15 of 18 Turkish Vankedisi

(6 litters), 12 of 16 Persian (6 litters), 12 of 16 Devon Rex (5 litters),

11 of 12 British shorthair (4 litters), and 2 of 3 Sphynx (1 litter). The

remaining 61 pigmented kittens were either fully pigmented (43) or

white spotted (18). The median age at the time of BAER testing was

10 weeks (range, 6-21 weeks); 99 kittens were males (70 white) and

94 were females (62 white). The prevalence of CSD was not signifi-

cantly different between male and female kittens (χ2 = 0.089, P = .76).

None of the 61 colored kittens (fully pigmented or white spotted)

was unilaterally or bilaterally deaf. The overall prevalence of CSD in

the 132 solid white kittens was 30.3% (15.9% bilateral and 14.4% uni-

lateral; Table 1). Unilateral CSD affected the left ear in 9 of 19 (47%)

kittens and the right ear in 10 of 19 (53%) kittens.
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F IGURE 4 Brainstem auditory evoked response from a bilaterally deaf kitten

TABLE 1 Breed-specific number and percentage of kittens with solid white coat, blue irises, and congenital sensorineural deafness (CSD)

Breed Number of kittens
Solid white
kittens, n (%)

Solid white kittens with blue irises, n (%) Solid white kittens with CSD, n (%)

1 2 Unilateral Bilateral Total

Norwegian Forest 65 41 (63) 8 (19.5) 6 (14.6) 9 (21.95) 9 (21.95) 18 (43.9)

Maine Coon 35 18 (51.4) 3 (16.7) 8 (44.4) 2 (11.1) 6 (33.3) 8 (44.4)

Turkish Vankedisi 18 15 (83.3) 3 (20) 9 (60) 4 (26.7) 3 (20) 7 (46.7)

British Shorthair 12 11 (91.7) 1 (9) 0 2 (18.2) 1 (9.1) 3 (27.3)

Russian 28 21 (75) 0 0 0 1 (4.8) 1 (4.8)

Persian 16 12 (75) 1 (8.3) 0 1 (8.3) 0 1 (8.3)

Devon Rex 16 12 (75) 1 (8.3) 1 (8.3) 1 (8.3) 1 (8.3) 2 (16.7)

Sphinx 3 2 (66.7) 1 (50) 0 0 0 0

Total 193 132 (68.4) 18 (13.6) 24 (18.2) 19 (14.4) 21 (15.9) 40 (30.3)
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Details on breed-specific prevalence of unilateral or bilateral CSD

and coat and iris color are reported in Table 1. None of the 61

pigmented kittens (fully pigmented or white spotted) had blue irises.

Eighteen (13.6%) solid white kittens had 1 blue iris and 24 (18.2%) kit-

tens had 2 blue irises. The prevalence of CSD was 50.0% in solid

white kittens with 2 blue irises (25.0% unilateral and 25.0% bilateral),

44.4% in solid white kittens with 1 blue iris (22.2% unilateral; and

22.2% bilateral) and 22.2% in solid white kittens without blue irises

(10.0% unilateral and 12.2% bilateral). The side of the unilateral CSD

matched the side of the single blue iris in 2 of 4 kittens. The preva-

lence of CSD was significantly higher in cats with either 1 or 2 blue

irises than in cats without any blue irises (χ2 > 3.85, P ≤ .05), but there

was no significant difference in CSD prevalence between kittens

with 1 or 2 blue irises (χ2 = 0.13, P = .72). Therefore, for further ana-

lyses, only 2 categories were considered: no blue irises and at least

1 blue iris.

When comparing pairs of breeds, the prevalence of CSD was sig-

nificantly higher in Norwegian Forest kittens compared to Russian

(χ2 = 10.01, P = .002) and Persian (χ2 = 5.11, P = .02) kittens. The same

was true for Maine Coon kittens compared to Russian (χ2 = 8.60,

P = .003) and Persian (χ2 = 4.47, P = .03) kittens and for Turkish

Vankedisi kittens compared to Russian (χ2 = 8.89, P = .003) and Per-

sian (χ2 = 4.70, P = .03) kittens. Sphinx kittens were excluded from

these comparisons because they were represented by only 2 individ-

uals. In the logistic regression model, the Norwegian Forest breed was

significantly associated with the presence of CSD when compared to

non-Norwegian Forest breeds grouped together and therefore was

retained in the final model (χ2 = 4.71, P = .03; Hosmer-Lemeshaw

χ2 = 1.13, P = .25). None of the other breeds was significantly associ-

ated with CSD when compared to kittens not belonging to that breed

grouped together. In the final model, containing binary iris color (0 or

at least 1 blue iris) and Norwegian Forest breed compared to non-

Norwegian Forest breeds (χ2 = 13.41, P = .001; Hosmer-Lemeshaw

χ2 = 3.46, P = .33), both variables were significantly associated with

CSD (P = .004 and P = .03, respectively). Solid white kittens with at

least 1 blue iris were 3.2 times more likely to have CSD compared

with those without blue irises (95% confidence interval [CI], 1.5-7.2)

and Norwegian Forest solid white kittens were 2.5 times more likely

to have CSD compared with non-Norwegian Forest solid white kittens

(95% CI, 1.1-5.7).

The details of the parents' coat color, iris color, and hearing status

could be obtained only for the 86 solid white kittens included pro-

spectively. All these kittens resulted from breeding a solid white cat

with either a fully pigmented (66/86 cases) or a white spotted (20/86

cases) cat. White kittens born from crossing a solid white parent with

a white spotted parent did not have a higher prevalence of CSD com-

pared to white kittens obtained by crossing a solid white parent with

a fully pigmented parent (χ2 = 0.0109, P = .92). In 2 cases, no informa-

tion about the parents' iris color was available. For all the other kit-

tens, at least 1 of the parents had pigmented irises. The other parent

had pigmented irises in 44 cases, 1 blue iris in 18 cases, 2 blue irises in

20 cases, and unknown iris color in 2 cases. The prevalence of CSD in

kittens derived from crossing 2 parents with no blue irises was not

significantly different compared to that when 1 of the parents had at

least 1 blue iris (χ2 = 0.0398, P = .84). Information about the hearing

status of the parents was provided for the 86 prospectively included

solid white kittens. The hearing status was never assessed with BAER

testing in both parents. In 67 of 86 solid white kittens, 1 of the par-

ents had a BAER testing performed (66 normal and 1, a Norwegian

Forest dam, unilaterally deaf), whereas the other parent was clinically

normal without BAER test confirmation. In the other 19 of 86 white

kittens, neither of the parents was tested. Fifteen of these 19 kittens

were born from 2 clinically normal parents. The last 4 kittens were

obtained from a clinically deaf (without BAER confirmation) Norwegian

Forest sire mated with a clinically normal dam, and 3 of them were deaf

(1 unilateral and 2 bilateral).

4 | DISCUSSION

We investigated the prevalence of CSD in client-owned purebred

white kittens and non-white littermates in the United Kingdom.

The results identified a high prevalence of CSD in the population

studied and suggested the presence of breed-specific differences.

The overall prevalence of CSD in solid white kittens was higher than

that previously reported including client-owned purebred white cats

in Germany (30.3% versus 20.2%),26 which simply could reflect 2

different populations in terms of breeds, breeding lines, and inclu-

sion criteria. Indeed, for example, in the German population, there

were proportionally many more British Shorthair and fewer Norwe-

gian Forest kittens compared to our population. In addition, in the

previous study, the population included both kittens and adult cats

aged 2 to 108 months at the time of BAER testing, and their litter-

mates were not routinely tested.26

In our study, the prevalence of CSD was found to be >40% in solid

white kittens of some breeds (Norwegian Forest, Maine Coon, Turkish

Vankedisi) compared with 27.3% in British Shorthair and <17% in

other investigated breeds (Russian, Persian, Devon Rex). These differ-

ences were found to be statistically significant when comparing

Norwegian Forest, Maine Coon, or Turkish Vankedisi kittens with

either Russian or Persian kittens. Although the higher prevalence of

blue irises in the Norwegian Forest, Maine Coon, and Turkish Vankedisi

kittens compared with other breeds could in itself justify the higher

prevalence of CSD detected in these 3 breeds, the prevalence of CSD

was not significantly different between Norwegian Forest (43.9%) and

Turkish Vankedisi (46.9%) kittens despite a significantly lower preva-

lence of blue irises in the former (34.1%) compared with the latter

(80.0%) breed. When modeling the Norwegian Forest breed compared

to non-Norwegian Forest breed and iris color as independent vari-

ables in multivariate logistic regression analysis, both variables were

found to be significantly associated with higher risk of CSD. The fact

that a significant association between CSD and breed was not identi-

fied for Maine Coon or Turkish Vankedisi when compared to the

remainder of the population might be related to the lower number of

cases in these 2 breeds compared to the Norwegian Forest breed.

Unfortunately, despite adequate overall sample size, the low number
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of kittens in some of the included breeds represented a limitation of

the study, preventing us from performing additional more detailed

analyses and suggesting cautious interpretation of our results.

Interestingly, some of the breed-specific prevalence of CSD obtained

in our study was similar to what can be extrapolated from a previous

publication.26 Analyzing the raw data reported in the previous

study,26 the British Shorthair was the most commonly represented

breed (31/84 cats) with a prevalence of CSD of 16.1% (27.3% in our

study), whereas only 6 Norwegian Forest cats were included, 4 of

which had unilateral or bilateral CSD. Also, 5 of 14 (35.7%) Maine

Coon cats included in the previous study26 were diagnosed with uni-

lateral or bilateral CSD (44.4% in our study), whereas only 1 of

9 (11.1%) Persian cats had this phenotype (8.3% in our study). Con-

sidering the results of these 2 studies, further research into the prev-

alence of CSD in different breeds in larger populations is warranted.

If these differences in prevalence of CSD among breeds are con-

firmed in larger studies, it would mean that the overall prevalence of

deafness in white purebred populations of cats would be affected by

the breeds included, subsequently supporting the benefit of a breed-

specific approach in the investigation of CSD in white cats. The

breed-specific prevalence of CSD detected in solid white Norwegian

Forest (43.9%) and Maine Coon (44.4%) kittens in our study is mark-

edly higher when compared to previously reported data on larger

populations (18% and 17%, respectively),22 but the hearing status in

that population was not always based on BAER testing, therefore

potentially missing unilaterally deaf cats.

In agreement with previous studies, the prevalence of CSD was

significantly higher in solid white cats with at least 1 blue iris com-

pared to cats without blue irises, with an odds ratio of 3.2 (95% CI,

1.5-7.2) similar to that found previously (3.7; 95% CI, 0.9-18.4).26

However, unlike that study, we found no significant difference in

the prevalence of CSD when comparing kittens with 1 or 2 blue

irises. According to our data, and in agreement with that previously

reported,26 unilateral and bilateral CSD were almost equally represented.

In studies on research colonies of cross-breed white cats,5-8,22 bilateral

CSD was significantly more prevalent than unilateral CSD, and the inci-

dence of CSD overall was higher than that found in our study. These

findings, however, can be easily explained by the different breeding

strategies used in research colonies of white, congenitally deaf cats.

In conclusion, the results of our study suggest a high prevalence

of CSD in purebred client-owned solid white kittens of the included

breeds in the United Kingdom. Different breed-associated preva-

lences of CSD might exist, supporting the benefit of a breed-specific

approach to this disease. Since 2016, the Governing Council of the

Cat Fancy has made it mandatory for a white cat in the United King-

dom to have a BAER test certifying normal hearing status in order to

be included in the active register (the register of cats suitable to be

bred from),27 which is a first important step for improving breeding

strategies and decreasing propagation of the disease. In our study,

individuals were tested as kittens while still under the care of the

breeder, and no kitten required sedation, supporting the noninvasive

and well-tolerated nature of the procedure when performed by an

experienced operator. The BAER testing of kittens allows early

detection of CSD before an individual cat is included in any breeding

program.
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