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Abstract

Background: Identification of deafness before 3 months of age substantially improves the socio-linguistic and
cognitive development of deaf children. Existing studies demonstrating the feasibility of newborn hearing screening in
South Africa have used small samples unrepresentative of general population characteristics. This study establishes the
characteristics of the largest data set of deaf infants and their families in South Africa on which there is baseline and
longitudinal data (n = 532); explores its representativeness in terms of socio-demographic features and reports on
access to and quality of newborn hearing screening within the sample. It examines specifically the relationship
between age of maternal suspicion of childhood deafness and age of identification of deafness by cohort
characteristics.

Methods: Secondary analysis, using descriptive and inferential statistics, of a pre-existing longitudinal data set
(n = 532) of deaf infants under 6 years of age, and their families, collected as routine monitoring of the HI
HOPES (HH) early intervention programme.

Results: The HH cohort is representative in terms of racial profile and private/public health care use but
displays slightly higher level of maternal education and slightly lower socio-economic status than national
comparators. 102 out of 532 infants had undergone newborn hearing screening, resulting in 29 true positives,
15 of whom would have met the criteria for targeted screening. Later onset deafness does not account for
the 73 false negatives. The median age of maternal suspicion (n = 247) of infant deafness was 18 months; the
median age of identification of 28 months. Age of identification was unrelated to private/public health care
status. The median delay between age of suspicion and age of identification was significantly longer in the
public sector (7 m; IQR 0–15 m) compared to the private sector (2 m; IQR 0–8.5 m) (p = 0.035). Age of
suspicion was unrelated to level of maternal education. Earlier age of suspicion did not predict earlier
identification.

Conclusion: Targeted screening as timely response to maternal suspicion offers a viable means to reduce
substantially the age of identification of deafness in South Africa until implementation of newborn hearing
screening on a population-wide basis can be justified.
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Background
The developing world accounts for 90 % of all deaf chil-
dren, estimated to be 32 million, with the greatest preva-
lence (70 %) in South Asia, Asia Pacific, and Sub-Saharan
Africa [32]. High resource countries of the developed
world have invested in universal newborn hearing screen-
ing, early diagnosis of deafness, and comprehensive early
intervention services based on evidence of the major lin-
guistic, cognitive and socio-emotional advantages that re-
sult [13]. In Sub-Saharan Africa in general, early detection
of deafness in the first few months of life is regarded as
much less of a priority than the prevention, detection and
treatment of life threatening diseases such as HIV Aids
and TB [10]. However, the situation in South Africa is
potentially very different.
Although South Africa is part of the developing world,

it is an upper middle income country with a reasonably
well developed healthcare system including significant
quality in the training of audiological professionals and
pediatricians. Yet it is estimated that more than 90 % of
the 6200 deaf babies born in South Africa annually will
not have the prospect of early identification and diagno-
sis [23, 27]. This is despite high quality audiological
training and in some regions the infrastructure to ensure
that international best practice standards could be met
(particularly in the private health sector). Nonetheless,
South Africa has a shortage of ENT specialists and
Audiologists [2]. Additionally, there is a reluctance to
prioritise the screening and diagnosis process with the
necessary budgets to implement these. In part, this
reluctance results from the dearth of evidence origin-
ating from the specific context of South Africa that
might justify its priority alongside other competing
health, social and economic demands.
To date, South African studies of the benefits and costs

of early hearing detection have been small scale, have not
encompassed the full diversity of general population char-
acteristics, have focused on specific clinics and their pa-
tients, and have not taken a longitudinal perspective that
includes early intervention to promote linguistic, social and
cognitive development [4, 5, 8, 25–27, 29]. Although this
evidence has demonstrated, for example, that the imple-
mentation of a screening programme is possible in both a
hospital and a midwife-led obstetric unit, it is not reflective
of population level concerns. This is especially important in
a country such as South Africa that has 11 official lan-
guages, wide socio-economic disparities, a diversity of cul-
tural groups who constitute nationhood, and a health care
system where only 16 % of the population has access to pri-
vate health insurance [14].
In terms of studies that focus on identification, to date

we have found only small cohort studies referring to age
of identification in South Africa. One study (n = 54) at a
pre-school in the Western Cape calculated the average
age of identification at 23 months [29] two retrospective re-
views of patient files– one at a University training clinic
and the second at a tertiary level public healthcare facility –
found the average ages of identification to be 42.1 months
(Range: 2.2 – 128.2, 27.6 SD; n = 49) [26] and 44.5 months
(Range: 1 – 5.9, n = 260) respectively [1]. Finally a retro-
spective study of CI [Cochlear Implant] candidates, primar-
ily in the private sector with over 66 % of the children
being white, recorded the average age of identification as
15.3 months (range 0.5 – 45 months, 9.3 SD; n = 121) [7].
Key pieces of missing evidence that might justify a

more comprehensive approach to EHDI [Early Hearing
Detection and Intervention] in South Africa include
large scale studies of deaf infants and their families, sam-
ples that are indicative of the full diversity of languages,
cultures and socio-economic circumstances, a longitu-
dinal perspective that can track infants’ progress through
the health care system over several years, and the pro-
spective monitoring of deaf children’s language out-
comes (whether early or late identified).
In what follows, we report on a large scale, cohort

study of 532 deaf children and their families from birth
to 6 years old in South Africa. We describe the charac-
teristics of the sample and the extent to which it might
be regarded as representative of the diversity of the gen-
eral population. We then focus on one specific concern
as a means of uncovering variations in the quality and
accessibility of the hearing health care system: namely
the relationship between maternal suspicion of deafness,
age of identification of deafness, and newborn hearing
screening. We explore the influence of the variables of
maternal education, private/public health care and child
risk factors on age of identification and the gap between
maternal suspicion and identification. Finally we discuss
the implications of the results for improvements in the
current system of hearing detection, regardless of the
question of whether universal newborn hearing screen-
ing is justified.

Methods
Structured longitudinal data were collected over a 5-year
period (September 2006 – December 2011) on all deaf1

children and their families who were enrolled in a home-
based early intervention programme in South Africa: HI
HOPES (HH) [21, 22]. The High Hopes Programme de-
fines ‘deafness’ as any type or level of hearing loss (from
mild to profound), including both unilateral and bilateral
deafness.
Launched initially in Gauteng Province in 2006 but

later extending to KwaZulu Natal and The Western
Cape, the HH programme provides a free early interven-
tion service for deaf children and their families from
birth up to 6 years of age. Professionals can refer as well
as parents self-refer but there is no automatic referral
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from health or education services into the programme.
Family support and language development interventions
are based on the SKI HI curriculum [15] adapted for the
South African context. Families receive regular home
visits from parent advisors and deaf mentors. The
programme is neither biased toward any particular ampli-
fication (hearing aids, cochlear implants, bone-anchored
devices) nor language and communication approach
(signed, spoken, mixed) and the child’s language develop-
ment is monitored at regular intervals against norm-
referenced standards [30].
On entry into the programme a comprehensive, struc-

tured history of child and family is taken using a standard
reporting form that is updated at regular intervals during
the child/family enrollment. Approval for the data to be
used for research purposes in pseudo-anonymised form is
dependent on individual parent consent and the research
study overall was approved by the University of Wit-
watersrand, Johannesburg research ethics committee. The
university also acts formally as the data custodian.
Data were drawn from the original child and family

registration form on entry into the HH programme (and
updated annually), the individualised child and family
intervention plans, and audiological profiles (where avail-
able) resulting in 162 variables. All data were entered into
a Microsoft Excel database and organized by individual
child (pseudo-anonymised). Missing data were requested
on an individual basis from the relevant HH early inter-
ventionists (parent advisors and mentors) and where ne-
cessary the families directly. The accuracy of the database
entry was verified through a process of checking every 5th

child’s data entry on all data points with a 94.6 % accuracy.
Any discrepancies were checked back with the primary
data and confirmed, all incomplete data were excluded.
Data reported here were analyzed using descriptive and
inferential statistical methods.

Results
Characteristics and representativeness of the sample
711 infants were referred to HI HOPES between Sept
1st, 2006 and December 31st 2011. This represents 3.8 %
Table 1 Racial characteristics by province for HH sample (n = 532) c

SA race groups HI HOPES vs SA Provinces WC % (n = 103) KZN % (n

Black HI HOPES 53.3 70.7

Province 32.8 86.8

Coloured HI HOPES 44.6 2.2

Province 48.8 1.4

Indian HI HOPES 0 22.8

Province 1.0 7.4

White HI HOPES 1.9 4.3

Province 15.7 4.2
of an estimated population of 18,553 deaf children born
in the three provinces of Gauteng, KwaZulu Natal and
the Western Cape during the study period calculated at
5.5/1000 live births [11, 17]. Of the 711 infants referred,
149 did not receive services or had only minimal contact
due to inappropriateness of referral (e.g. did not have a
hearing loss or were significantly over-age and therefore
direct school referral was more appropriate). Of the
remaining 562, a further 30 were excluded from the data
set reported here because of substantially incomplete
data. The final sample on which this paper is based is
532 infants, of these 514 had confirmed bilateral hearing
loss, 13 had a unilateral loss and in 5 cases not enough
audiological testing had been completed to be certain
whether unilateral or bilateral deafness was present. Of
the 532 children, 56 % were boys (n = 298). In 44 % of
cases (228 out of 517 where data are available) the deaf
child was the first child in the family. In 34 % of cases
(174/522) the deaf child was the only child. There were
four sets of twins, of whom only one was deaf in each
case. The infants (n = 532) were distributed amongst the
3 provinces where HI Hopes operates: Gauteng [GT]
(n = 337), KwaZulu Natal [KZN] (n = 92) and The Western
Cape [WC] (n = 103). Collectively these three provinces
represent 54 % of the South African population [14, 18].
In South Africa four racial categories are used for

official purposes, with the child classified according to
the father’s race, unless it is a single mother whose
racial category would then predominate. Of the 532
infants, 73.7 % are Black, 11.3 % are Coloured, 9.2 %
are White and 5.8 % are Indian. This compares well
with the Census 2011 national population statistics of
79.2 Black, 8.9 Coloured, 8.9 White and 2.5 % Indian
[18]. Each of the provinces has a unique racial and
cultural make-up based on its own history and
current context within South Africa, and the extent
to which the racial characteristics of HH infants re-
flect those in the three provinces reported on are pre-
sented in Table 1: Racial characteristics by province
for HH sample (n = 532) compared to the overall pro-
vincial population [18].
ompared to the overall provincial population (SSA, [18])

= 92) GT % (n = 337) HH population % (n = 532) SA population %

80.7 73.7 79.2

77.4 65.6

3.6 11.3 8.9

3.5 17.9

2.9 5.8 2.5

2.9 3.7

12.8 9.2 8.9

15.6 11.8
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The HH dataset (n = 532) is both nationally and pro-
vincially broadly representative, with the exceptions of
the Western Cape where the White population is under-
served and the Black over-served, and the Indian com-
munity in KZN who are over-served in comparison to
the overall demographic composition of the province.
Parents were asked to indicate the primary language

used in their home. When the mother and father used
different languages, both languages were listed. This
query resulted in 15 separate languages and 13 language
combinations. The vast majority of families, regardless
of bi/multi-lingual contexts at home chose to communi-
cate in only one language with their deaf child (95 %;
506/532). This monolingual approach is particularly un-
usual in a society where it is typical for hearing infants
to grow up being exposed to and using multiple
languages. Amongst the small minority of HH HOPES
children who were being raised bilingually (n = 26,
4.8 %) the combination of English/Afrikaans was the
most common (n = 10).
From a cultural perspective, it was inappropriate to

enquire about income or employment as questions
about personal financial status are regarded as highly
sensitive in South Africa without the full anonymity of a
census-type survey. However, access to healthcare and
housing [16] are two generic indicators of socio- eco-
nomic status in South Africa. These were used to ex-
plore further the representativeness of the HH sample.
Nationally, approximately 17 % of the population

benefit from the private health sector through member-
ship of a medical insurance scheme and 83 % are within
the public health sector. A further 10 to 20 % of the na-
tional population [3] will access some aspects of the pri-
vate health care sector through out-of-pocket expenses
when they choose to. In the 2011 National General
Household survey [19] when respondents were asked
where they accessed health care, 70.6 % stated they
accessed public health and 27.9 % stated they accessed
private healthcare. When considering only the 3 prov-
inces in which HH worked (GT, WC and KZN) the pro-
vincial statistics revealed 64.1 % accessed public health
but in the HI HOPES sample, 85 % were accessing pub-
lic health which mirrors more closely the national trend.
In terms of housing, South Africans live in a range of

homes from houses and apartments to backyard rooms,
100%

41%

58%

96%

100%

59%

42%

GT SA

GT HH

KZN SA

KZN HH

WC SA

WC HH

Fig. 1 Urban vs Rural breakdown by province for the HH sample (n = 532)
work quarters, squatter camps and informal settlements.
The HH sample compares favorably with the South
African statistics as 15 % lived in informal dwellings
compared with national statistics of 13.6 - 14.1 %. The
remainder lived in formal homes (flats and houses –
73 % HH versus SA- 71 %) and work quarters or back-
rooms (8 % HH versus 3.7 % Nationally) [19]. In terms
of the rural/urban split, despite the one third of the
South African population (38.3 %) living in rural areas
[21], the HH sample, which is 7 % rural, compares favor-
ably with Gauteng, Western Cape and KwaZulu Natal
statistics as indicated in Fig. 1: Urban vs Rural break-
down by province for the HH sample (n = 532) in com-
parison to provincial population [20].
A further indicator of socio-economic status is access

to the “Care Dependency Grant” that is offered to South
African parents who have a child with a disability and
whose income is below R151,000 per annum (equivalent
to approximately $13,500 US) per individual (married or
single). However information on this variable was miss-
ing in 39 % (n = 203) of the returns of those potentially
eligible (n = 522) therefore was not used as a proxy for
socio-economic status.
We explored the representativeness of the HH sample

in terms of maternal education in comparison with offi-
cial statistics on South African women [17]. The national
comparator available was ‘women’ rather than ‘mothers’
and no information was found on women of child-
bearing age alone. Therefore whilst the comparisons
drawn are the best fit, they are not necessarily exact.
Data were available on 504 out of 532 of the primary
caregivers (which included birth mothers as well as fos-
ter or relative ‘mothers’ that were primary caregivers) in
the HH data set and will be presented in four broad cat-
egories: mothers who had no schooling at all, those
mothers who had some schooling (either primary or sec-
ondary schooling) but did not matriculate (i.e. graduated
out of secondary school at 12th grade level), those who
matriculated from secondary school but did not study
further, and those who had a post-matric qualification.
Of these 504 HH mothers, 100 % had some level of

schooling unlike the national sample where 15 % of
women in South Africa are reported to have no educa-
tion. A similar number of HH mothers attended school
but did not matriculate (215/504 = 42.7 %) and
3%

4%

Urban

Non-urban

in comparison to provincial population [20]
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matriculated (220/504 = 43.6 %) in comparison to the
national survey where 63.6 % of women in the na-
tional survey attended school but did not matriculate
and only 13.8 % in the national survey achieved a
matric. Finally 13 % of HH mothers had qualifications
higher than Grade 12 level (n = 69) in comparison
with only 5.3 % of women nationally.

The relationship between newborn hearing screening,
maternal suspicion and age of identification of deafness
For this study group (sample) (n = 532), the median age of
identification of deafness was 24 months (interquartile
range (IQR) 12–36 m). 40 % of the infants were identified
after 24 months (this includes 4 out of the 13 children
with unilateral losses), missing the crucial first two years
of the language development age, and less that 15 % of the
infants were identified before 6 months of age, which is
the gold standard age-range for the EHDI full spectrum of
screening, diagnosis and the start of early intervention.
Figure 2: Age of identification (n = 532).
Of the 532 infants, 102 (19 %) of their parents, 71 % of

whom were from the public health sector, said they had
been offered newborn hearing screening and had taken
it up. Currently newborn hearing screening is offered in
South Africa primarily by qualified audiologists or ac-
ousticians supervised by an audiologist. It always in-
cludes OAE screening and in some cases ABR but there
is no national standard. Four hundred and one parents
(75 %) stated that they had not been offered newborn
hearing screening and 29 were not given information
about it or reported being unsure (see Fig. 3). Of the 102
infants who were screened, the screen resulted in identi-
fication of deafness for 28 % (29/102 including 3 who
had unilateral losses), 24 within the 0–3 month age
bracket and a further 5 within the 4–6 month age
bracket (including one child with a unilateral loss). Of
those infants correctly identified as deaf through new-
born hearing screening, half would have met the criteria
for targeted screening (52 %) because of recognized risk
factors [13], and half would not (48 %).
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Fig. 2 Age of identification (n = 532)
The high percentage of babies who were screened at
birth and who did not meet the target of identification
of deafness before the age of 6 months (n = 73, 71 %)
and who were subsequently confirmed to be deaf, calls
into question the justification for newborn hearing
screening at centres where it was being practised. Whilst
some of this late diagnosis might be accounted for by
acquired hearing loss as a result of illness, accident or
genetic origin, it is unlikely to account for nearly three
quarters of the infants passing their newborn screen.
Further investigation of the 73 who passed their screen
and later were diagnosed as deaf shows only ten were
known definitively to have had post-natal meningitis and
25/73 had high risk features at birth that would have
met the criteria for targeted screening in any case i.e.
more likely to have a newborn hearing loss. These high
risk infants included 8 who had been in NICU for more
than 48 h, 3 babies with craniofacial abnormalities and/
or atresia, five infants whose mothers had in-utero infec-
tions (CMV, HIV or Rubella) and five who had family
members with a hearing loss. Ten of these 25 babies
(40 %) had multiple risk factors.
We summarise these results in Fig. 3: Outcomes for

sub-sample of those offered newborn hearing screening
in comparison with targeted screening criteria.
Given these numbers of ‘missed’ high risk infants and

their subsequent late identification, as well as the large
number of infants not routinely offered newborn hearing
screening, we now explore maternal suspicion of hearing
loss in their infant. This item was added to the registration
form in the 4th year of the HI HOPES programme and of
the 305 infants who joined the programme in years 4 and
5, 247 mothers (81 %) said they had a suspicion that their
child had a hearing loss prior to confirmation/diagnosis
(see Table 2). This includes only two mothers of children
later diagnosed with a unilateral hearing loss.
We compared age of the child at maternal suspicion of

hearing loss (henceforth referred to as age of suspicion) in
the public health (n = 219) and private health (n = 28)
sectors and no significant difference was observed
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Fig. 3 Outcomes for sub-sample of those offered newborn hearing screening in comparison with targeted screening criteria
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(Wilcoxon rank sum test; p = 0.50). Overall, the median
age of suspicion was 18 months (IQR 11–24 m). When
comparing the age of identification of these infants,
there was also no significant difference in the median
age of identification between the private and public
health sectors (p = 0.10). The median age of identifica-
tion was 28 months (IQR 18–40 m).
However, the median delay between age of suspicion

and age of identification was significantly longer in the
public sector (7 m; IQR 0–15 m) compared to the pri-
vate sector (2 m; IQR 0–8.5 m) (p = 0.035). This could
either indicate that the private health sector is more
open to responding to and addressing maternal suspi-
cion or those parents in the private health sector are
more assertive when sharing their suspicions. It may also
be indicative of the disparity between both the resources
and staffing of the public and private health sectors. See
Table 2 Summary of median and mean age of suspicion, identificat

Total

N = 247

Age of suspicion (months) Mean/SD 21.2

Median/IQR 18

Age of identification (months) Mean/SD 32

Median/IQR 28

Delay to identification (months) Mean/SD 10.8

Median/IQR 6
Table 2: Summary of median and mean age of suspicion,
identification and delay by health sector.
We examined the relationship between level of maternal

education and age of suspicion of their child’s deafness. Of
the 247 mothers, maternal education information was
available for 235, where 118 (47.8 %) mothers indicated
they attended school though did not matriculate, 99
(40.1 %) had a matric certificate and 19 (7.7 %) indicated
they had a post-matric qualification. There was no signifi-
cant difference in the median age of suspicion and mater-
nal level of education (Kruskal-Wallis test; p = 0.35), or
the median age of identification (p = 0.89). However, the
median delay from suspicion to identification was shorter
for those with tertiary education (48 % private health care;
52 % public health care), compared to the other two
groups (p = 0.015), as illustrated in Fig. 4: Delay between
age of suspicion and age of identification (n = 247).
ion and delay by health sector

Private health Public health

N = 28 N = 219

14.6 21.6 18.2 21.2 14.1

11–24 12.5 8–33 20 12–24

20.4 27.1 19.7 32.6 20.5

18–40 22 12–35.5 28 19–41

13.3 5.5 7.4 11.5 13.8

0–15 2 0–8.5 7 0–15
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Fig. 4 Delay between age of suspicion and age of identification (n = 247)
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We examined the relationship between age of suspi-
cion and age of identification. For this sample of 247,
only 23 infants (9 %) had newborn hearing screening,
only one of whom was identified as deaf in the first
3 months of life. 224 (90.6 %) infants were not screened
at birth. Figure 5 provides the overall plot of the age of
identification in relation to the age of maternal suspi-
cion, where the darker areas reflect the higher frequency
of occurrences. These coincide with key child develop-
mental milestones of 8 months, 12 months, 18 months,
24 months and 36 months of age where differences be-
tween expected development and actual development
are likely to be more noticeable to parents. Figure 5: The
relationship between age of maternal suspicion and age
of identification of infant hearing loss (n = 247).
The plot demonstrates large differences in age of iden-

tification for the same key points of maternal suspicion
with many mothers being suspicious prior to much later
identification. We therefore investigated the delay between
Fig. 5 The relationship between age of maternal suspicion and age of iden
age of suspicion and age of identification and found no
significant correlation (p = 0.32). In other words, an earlier
age of suspicion did not predict an earlier identification of
infant hearing loss.
We investigated further the delay between age of sus-

picion and age of identification in the sample of 247 but
excluding the 23 infants known to have received new-
born hearing screening and the 47 infants known to
have contracted meningitis in infancy i.e. they would
reasonably have been expected to become deaf after the
age at which newborn hearing screening would have
been carried out. Of the remaining 177, 51 mothers’ sus-
picion led to an immediate identification of their child’s
hearing loss, where the age of suspicion became the age
of identification. 41 out of 51 of these infants were in
the public health care sector. Eleven of these infants
were identified before 6 months of age (9 in the public
health care sector), 3 of whom (all in public health) were
identified before 3 months of age.
tification of infant hearing loss (n = 247)
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Discussion
In low and middle income countries, health policy and
practice developments are hampered not just by scarcity
of resources but by lack of research evidence to support
decisions about the prioritization of those scarce re-
sources and the targeting of effort to ensure maximum
impact. Whilst internationally universal newborn hear-
ing screening resulting in early identification of deafness
is clearly identified as best practice for deaf children’s
optimal development, evidence to support its implemen-
tation in South Africa has been scarce. Small scale stud-
ies might demonstrate a degree of feasibility of EHDI in
specific circumstances for particular populations but
have been unable to demonstrate broader relevance. Co-
horts of deaf children studied have been small and not
necessarily representative of the diversity of South
Africa’s population [1, 4, 5].
In this study, we have established the characteristics

and extent of representativeness of the largest cohort, as
far as we are aware, of deaf children under the age of 6
in Africa who have been studied longitudinally. In subse-
quent papers we will address their language develop-
ment in relation to their age of identification and extent
of intervention uptake. In this paper we have demon-
strated that the HH cohort can be considered represen-
tative in terms of the racial profile of the three provinces
from which they are drawn and the distribution of pri-
vate and public health care use. The sample, however,
displays a higher level of maternal education in compari-
son with that of women nationally and indicators of
socio-economic status suggest the sample is skewed
slightly toward lower income families. The HH sample
(n = 532) therefore provides a substantial basis on which
to explore a range of issues concerning deaf children
and their families with some confidence of the relevance
and generalizability of the results to the general popula-
tion in South Africa and deaf children nationally.
The median age of identification in this sample (n =

532) of 24 months, with 40 % identified after 24 months,
far exceeds what is now regarded internationally as opti-
mal for deaf children, before 3 months old, but that stand-
ard is in the context of universal newborn hearing
screening. As our results also show, access to newborn
hearing screening in the context of South Africa is very
limited. Furthermore, in the HH sample of deaf children,
very few infants who underwent newborn hearing screen-
ing were identified as deaf as a result of it (29/102) calling
into question its sensitivity and specificity where it was be-
ing practised. This result is not explicable by later onset
deafness. Furthermore, of the 29 identified, 15 would have
met the criteria for targeted screening in any case. These
results reinforce the call for newborn hearing screening,
where it is being offered in South Africa, to be of a very
high quality. However, they also potentially support calls
for whether a programme of well executed targeted
screening might be more appropriate on a universal
basis [12]. In a socio-economic context where com-
peting priorities in health care such as TB and HIV
are fundamentally concerned with survival, the high
cost of implementing a universal newborn hearing
screening programme might not be justifiable.
However, our data also opens up an additional per-

spective seeking to ensure earliest possible identification
of deafness; that of believing and acting on maternal sus-
picion. In our sample of 247 (out of 305) mothers who
expressed a suspicion that their child might have a hearing
loss, the median age of suspicion was 18 months com-
pared with the median age of identification of 28 months,
with no significant differences found between those using
the private or public health care systems. A difference of
10 months in a developing infant’s life is highly important
particularly as 18 months of age usually marks the begin-
ning of the vocabulary spurt during which not just the
number but the rate of acquisition of new lexical items
increases dramatically [9]. Impediments in access to lan-
guage during the period are particularly problematic for
deaf children with regard to their later language develop-
ment [6, 13]. We found no significant relationship be-
tween maternal level of education and age of suspicion of
an infant’s deafness indicating that suspicion is more likely
to be associated with the maternal/child relationship,
borne out by the most frequently occurring ages of suspi-
cion coinciding with key infant developmental milestones.
Acting on maternal suspicion thus offers an additional
gateway to earlier identification.
However, we found no statistically significant relation-

ship between the age of the infant at maternal suspicion
of hearing loss and age of identification demonstrating
that earlier age of suspicion did not lead to earlier age of
identification. Furthermore, the median delay between
age of suspicion and age of identification was statistically
significantly longer in the public (majority) compared
with the private (minority) health care system. However,
the median delay from suspicion to identification was
shorter for those with tertiary education, compared to
those with lesser educational levels (p = 0.015). Equiva-
lent numbers in private and public sector health care
users had tertiary education meaning indicating that it is
level of education and not private versus public health
care services that makes a difference.
From these results it is not possible to conclude

whether it is the health care system that is tardy in its
response to maternal suspicion, or whether it is mothers
(and their families) who are not encouraged to act on
their suspicions, or reluctant to do so, but the results do
show the potential for considerably reducing the age of
identification of infant hearing loss if maternal suspicion
can be acted on in a timely manner. This is currently
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not happening. In the HH sample (n = 247), if the
screened infants and those with meningitis (therefore
likely to have developed deafness later in any case) are re-
moved, in only 22.7 % (n = 51) of cases did age of maternal
suspicion coincide with age of identification with only 11
being identified before the age of 6 months. However, of
those 51, 41 were drawn from the public health care sys-
tem refuting any assumption that it is the private health
care system of the minority that is likely to act more effi-
ciently or swiftly in response to maternal suspicion.

Conclusion
Low and middle income countries are quite rightly seek-
ing cost-effective solutions to major health problems and
social divisions arising from inequitably distributed life op-
portunities and resources. Within this range of health
challenges needing to be met hearing loss is not often seen
as a priority and within an already overburdened health
system, funding that is available in developing countries is
distributed to the most pressing and widely spread issues
such as HIVAids, TB and sanitation to name just a few.
Despite this, developing countries have begun to ac-

knowledge the importance of late identified hearing loss
[31] and its significant impact on the lives of children in
the long-term and therefore on the state because of the
subsequent financial burdens. Our data point to the in-
terim advantages of introducing more comprehensive
targeted screening programmes and fundamentally the
importance of acting swiftly on maternal suspicion of
deafness as a strategy to improve the life chances of deaf
children and their families until the case for universal
newborn hearing screening in South Africa is clearly
justified. Believing mothers costs nothing.

Endnote
1Deafness is defined as any type or level of hearing

loss, including both uni- and bilateral hearing losses.

Abbreviations
CI: cochlear implant; CMV: cytomegalovirus; EHDI: early hearing detection
and intervention; ENT: ear nose and throat (surgeon); GT: Gauteng (Province);
HH: HI HOPES; HIV: human immunodeficiency virus; IQR: inter quartile range;
JCIH: Joint Commission on Infant Hearing; KZN: Kwa Zulu Natal (Province);
NICU: Neonatal Intensive Care Unit; R: rand; SA: South Africa; SAIRR: South
African Institute of Race Relations; TB: tuberculosis; WC: The Western Cape
(Province); WHO: World Health Organisation.

Competing interests
The authors declare that they have no competing interests. Claudine Storbeck
declares a non-financial competing interest: she is the founder director of the
Hi HOPES early intervention programme but has never received any income
from any role she has played within the organisation.

Authors’ contributions
CS was responsible for the data collection, ethical approval and data
cleaning. CS and AY jointly were responsible for conceptualizing the study,
the data analysis, drafting of the paper and approval of the final manuscript.
AY is the corresponding author. Both authors read and approved the final
manuscript.
Authors’ information
CS is Professor of Deaf Education and the founder director for the past
15 years of the Centre for Deaf Studies, University of the Witwartersrand,
Johannesburg, South Africa.
AY is Professor of Social Work and director of the Social Research with Deaf
People programme at the University of Manchester, UK.

Acknowledgements
We thank all of the parents and their extended families who participated in
this study by carefully completing the data collection sheets, the parent
advisors and mentors who chased up missing data for us and Selverani
Moodley and Petra Gaylarf for additional specialist advice and support.

Author details
1Centre for Deaf Studies, University of the Witwatersrand, Wozani Building,
Education Campus, 27 St Andrew’s Road, Parktown, Johannesburg, South
Africa. 2School of Nursing, Midwifery and Social Work, University of
Manchester, Jean McFarlane Building, Oxford Road, Manchester, UK.

Received: 11 July 2015 Accepted: 9 March 2016

References
1. Butler IRT, Basson S, Britz E, de Wt R, Korsten GB, Joubert G. Age of

diagnosis for congenital hearing loss at Universitas Hospital, Bloemfontein.
South African Medical Journal. 2013;103:474–5.

2. Fagan JJ, Jacobs M. Survey of ENT services in Africa: need for a
comprehensive Intervention. Global Health Action. 2009. p. 1–7.

3. Econonex. The South African private health sector: Role and Contribution
to the Economy. Research Note 32, December 2013. http://econex.co.za/
publication/research-note-32/

4. Friderichs N, Swanepeol DW, Hall J. Efficacy of a community based infant
hearing screening programme utilising existing clinical personnel in Western
Cape, South Africa. Int J Pediatr Otorhinolaryngol. 2012;76(4):552–59.

5. Khoza-Shangas K, Harbinson S. Evaluation of universal newborn hearing
screening in South African primary care. Afr J Prm Health Care Fam Med.
2015;7(1):Art. #769, 12. http://dx.doi.org/10.4102/phcfm.v7i1.769.

6. Lederberg A, Spencer P. Vocabulary development of deaf and hard of hearing
children. In: Clark MD, Marshark M, Karchmer M, editors. Context, cognition and
deafness. Washington DC: Gallaudet University Press; 2001. p. 88–112.

7. Le Roux T, Swanepoel D, Louw A, Vinck B, Tshifularo M. Profound childhood
hearing loss in a South Africa Cohort: Risk profile, diagnosis and age of
intervention. International Journal of Pediatric Otorhinolaryngology. 2015;
2011(79):8–14.

8. Meyer ME, Swanepoel D, le Roux T, van der Linde M. Early detection of
infant hearing loss in the private healthcare sector of South Africa.
International Journal of Pediatric Otorhinolaryngology. 2012;76:698–703.

9. Nazzi T, Bertoncini J. Before and after the vocabulary spurt: two modes
of word acquisition? Developmental Science. 2003;6(2):136–42. doi:10.1111/
1467-7687.00263.

10. Olusanya BO, Neumann KJ, Saundersc JE. The global burden of disabling
hearing impairment: a call to action. Bull World Health Organ. 2014;92(5):367–73.

11. Olusanya BO, Somefun AO, Swanepoel D. The need for standardization of
methods for worldwide infant hearing screening: a systematic review.
Laryngoscope. 2008;118(10):1830–6.

12. Olusanya BO. Highlights of the new WHO report on Newborn and Infant
hearing screening and implications for developing countries. International
Journal of Pediatric Otorhinolaryngology. 2011;75(6):745–8.

13. JCIH. Position statement: principles and guidelines for early hearing
detection and intervention programs. Pediatrics. 2007;120(4):898–921.

14. SAIRR (SA Inst of Race Relations), SA Survey 2010/2011. Health and Welfare.
http://irr.org.za/reports-and-publications/south-africa-survey/south-africa-
survey-online-2010-2011/health-and-welfare.

15. SKI-HI Institute. Ski Hi Curriculum. USA: Hope Inc. Utah; 2004.
16. Statistics South Africa, 2012a. General Household survey 2012: Statistical

Release P0318. Revised -October 2014. Pretoria: South Africa.
17. Statistics South Africa, 2012b. South African Statistics 2012. Pretoria:South Africa.
18. Statistics South Africa. 2012c. Census 2011:Census in brief. Pretoria: South Africa.
19. Statistics South Africa. 2013a. Use of health facilities and levels of selected

health conditions in South Africa. Pretoria: South Africa: Findings from the
General Household Survey 2011.

http://econex.co.za/publication/research-note-32/
http://econex.co.za/publication/research-note-32/
http://dx.doi.org/10.4102/phcfm.v7i1.769
http://dx.doi.org/10.1111/1467-7687.00263
http://dx.doi.org/10.1111/1467-7687.00263
http://irr.org.za/reports-and-publications/south-africa-survey/south-africa-survey-online-2010-2011/health-and-welfare
http://irr.org.za/reports-and-publications/south-africa-survey/south-africa-survey-online-2010-2011/health-and-welfare


Störbeck and Young BMC Pediatrics  (2016) 16:45 Page 10 of 10
20. Statistics South Africa, 2013b. South Africa’s young children: their family and
home environment, 2012. Pretoria: South Africa.

21. Störbeck C, Calvert-Evers J. Towards integrated practices in early detection
of and intervention for deaf and hard of hearing children. Am Ann Deaf.
2008;153(3):314–21.

22. Störbeck C, Pittman P. Early intervention in South Africa: moving beyond
hearing screening. Int J Audiol. 2008;47 - S1:S36–43.

23. Swanepoel DW, Störbeck C. EHDI Africa: advocating for infants with hearing
loss in Africa. Int J Audiol. 2008;47 Suppl 1:S1–2.

24. Swanepoel DW. Early Intervention for hearing loss in South Africa: Cost
benefits and current status. Ndiyeva Audiology Conference. 2008.

25. Swanepoel DW, Hugo R, Louw B. Infant hearing screening at immunization
clinics in South Africa. International Journal of Pediatric
Otorhinolaryngology. 2006;70(7):1241–9.

26. Swanepoel DW, Johl L, Pienaar D. Childhood hearing loss and risk profile in
a South African population. International Journal of Pediatric
Otorhinolaryngology. 2013;77:394–8.

27. Theunissen M, Swanepoel DW. Early hearing detection and Intervention services
in the public health sector of South Africa. Int J Audiol. 2008;47(S1):S23–9.

28. United Nations Population Fund (UNFPA). Delivering results in a world of 7
billion:2011 Annual Report [Report on the Internet]. UNFPA;2012 [cited 2012
Sept 10]:Available from: http://www.unfpa.org/webdav/site/global/shared/
documents/publications/2012/16434%20UNFPA%20AR_FINAL_Ev11.pdf.

29. Van der Spuy T, Pottas L. Infant hearing loss in South Africa: age of
intervention and parental needs for support. Int J Audiol. 2008;47(S1):S30–5.
doi:10.1080/14992020802286210.

30. Watkins S. SKI HI Language Development Scale. 2nd ed. Logan, Utah:
SKI HI; 2004.

31. WHO The worldwide incidence of preterm birth: a systematic review of
maternal mortality and morbidity. Bulletin of the World Health Organisation.
doi:10.2471/BLT.08.062554 2008.

32. World Health Organisation. WHO global estimates on prevalence of hearing
loss. In: Mortality and Burden of Diseases and Prevention of Blindness and
Deafness. 2012.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

http://www.unfpa.org/webdav/site/global/shared/documents/publications/2012/16434%20UNFPA%20AR_FINAL_Ev11.pdf
http://www.unfpa.org/webdav/site/global/shared/documents/publications/2012/16434%20UNFPA%20AR_FINAL_Ev11.pdf
http://dx.doi.org/10.1080/14992020802286210
http://dx.doi.org/10.2471/BLT.08.062554

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Characteristics and representativeness of the sample
	The relationship between newborn hearing screening, maternal suspicion and age of identification of deafness

	Discussion
	Conclusion
	Deafness is defined as any type or level of hearing loss, including both uni- and bilateral hearing losses.
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References



