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ABSTRACT

OBJECTIVES: Modified Checklist for Autism in Toddlers (M-CHAT) is widely used internationally to
screen autism spectrum disorder (ASD). Three-item Direct Observation Screen (TIDOS) is a novel
observational tool which may be used by physicians in a short time as a part of routine well-child
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visit. It includes the following: (a) Joint Attention, (b) Eye Contact, and (c) Response to Name. We Xft‘i{xvnPSi'r)eining, M-CHAT:
aimed to compare the screening performance of TIDOS and M-CHAT for ASD. TIDOS ’ '

MATERIAL AND METHODS: A total of 1345 children aged 16-38 months were examined during
well-child care visits at Social Pediatrics Department of Ankara University between May 2015 and
May 2016. Five hundred and eleven of 1345 children aged 16—38 months whose parents
approved informed consent were enrolled in this study to evaluate the performance of two
screening tests: TIDOS and M-CHAT for ASD. The children whose screening tests were positive
and controls whose tests were negative had undergone clinical evaluation for the diagnosis of
ASD. Clinical evaluation was performed within 2 weeks of the initial M-CHAT, M-CHAT/F, or
TIDOS screenings for screening positive children and within 3-9 months for screening
randomly selected negative children. The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of those tests were determined.

RESULTS: ASD was diagnosed in 5 of the 511 children in a healthy child clinic of a university
hospital with the prevalence of approximately 1%. All the children with ASD were boys. The
growth parameters (including body weight, height, head circumference) did not have any
properties. There were no consanguineous marriages among the parents of children with ASD.
The ages of mothers and fathers of the children with ASD were in a range between 31-39
years and 31-46 years, respectively. The sensitivity for diagnosis of ASD was found to be 0.60
for both M-CHAT and M-CHAT/F tests. The specificity of M-CHAT and M-CHAT/F tests for
diagnosis of ASD was found to be 0.96 and 0.97, respectively. PPV were found to be 0.14 and
0.18, respectively. The sensitivity for diagnosis of ASD was found to be 0.80 for TIDOS.
Specificity and PPV in the diagnosis of ASD were found to be 0.99 and 0.80, respectively. NPV
for all tests were above 0.99.

CONCLUSION: The current study has demonstrated that TIDOS was more sensitive and had
higher PPV than M-CHAT. TIDOS has required little time and might be easily combined to
routine physical examination of toddlers attending 18- to 36-month well-child clinic visits.

Introduction

Autism spectrum disorder (ASD) is defined as a lifelong,
neurodevelopmental disability and includes significant
impairments in social interactions, communication, pat-
terns of interests, and stereotyped patterns of beha-
viours. It requires extensive educational, vocational,
and community support [1,2]. The prevalence of ASD
is estimated to be around 0.5-1% [3,4]; this ratio was
estimated to be higher (2.64 to 1.47%) in recent studies
with the increased awareness of ASD [5,6].

Early diagnosis and interventions were critically
important for young children with ASD [7]; so screen-
ing tools for ASD carry quite importance to improve
the outcome of ASD. However, there were not any per-
fect screening tools for ASD. M-CHAT is a screening
tool for ASD which is used worldwide.

There are many developmental screening tools
available to practitioners [8]. Those screening tests
are appropriate for young children with ASD who
had language and cognitive delays. However, those
became problematic for children with other develop-
mental problems and are associated with high false-
positive screening results. Parent-report tools often
have the advantage of being easy, inexpensive, and
practical in the office setting. Modified Checklist for
Autism in Toddlers (M-CHAT) is one of those
parent-report tools and widely used internationally
for screening ASD. It was firstly modified from Check-
list for Autism in Toddlers in 2001 [9] and revised with
additional follow-up test in 2014 [10]. However, M-
CHAT has high false-positive screening results for
screening ASD and it leads to increase the concerns
of the parents. In different countries, by the validation
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of M-CHAT, the outcomes for the M-CHAT for
screening ASD were reported; Baduel et al. [11] from
France and Yikge¢ [12] from Turkey reported that
the use of as a screening tool of M-CHAT for ASD
was not appropriate because of the high false-positive
results of the test.

Similar to other developmental screening measures,
most of the screening tools for ASD depend entirely on
parent report. Parent-report tools often have the
advantage of being easy, inexpensive, and practical in
the office setting. However, some screening tools may
require a direct observation or intervention of the clin-
icians. As regret to the recommendations of the Amer-
ican Academy of Pediatrics Council (AACP) [13], to
add simple, easy-to-apply tests to the routine paedia-
trics examinations for younger children may support
to early diagnose of ASD. Three-item Direct Obser-
vation Screen (TIDOS) is a simple observational test
and it may be applied in any office settings. It may
also be arranged to normal healthy child care visits.
All trained health professionals easily may apply
these direct observational items that included the fol-
lowing: (a) Joint Attention (following examiner’s cues
in observing an object with direct gaze or pointing ges-
ture), (b) Eye Contact, and (c) Responsiveness to Name
(called by examiner on four occasions). Its perform-
ance was firstly evaluated in 2014 [14] and the first
reports had encouraged outcomes for its using for a
screening tool [14].

An overarching goal of this innovative approach
that has not been previously used [14] was to lower
the likelihood of false-positive results and make screen-
ing otherwise more meaningful for public health auth-
orities. Therefore, in the current study, we aimed to
compare TIDOS with M-CHAT for ASD screening
performance.

Material and methods

This study was conducted to evaluate the screening
performance of two tests for ASD. A total of 1345 chil-
dren aged 16-38 months were examined for healthy
child care at Social Pediatrics Department of Ankara
University between May 2015 and May 2016. Five hun-
dred and eleven of 1345 children aged 16-38 months
whose parents approved informed consent were
enrolled to this study to evaluate the performance of
two screening tests: TIDOS and M-CHAT for ASD.
The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of those
tests were determined. This project received ethical
approval from the Ankara University Institutional
Review Board and the Ethics Committee and written
informed consent was obtained from the parents of
each participants.

The TIDOS measures were Joint Attention (follow-
ing the examiner’s verbal cues and pointing), Eye
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Contact, and Response to Name [14]. It can be com-
bined to routine well-child clinic visits. It does not
add any additional time to this routine visits. Joint
Attention and Response to Name were scored as 0 if
the response was normal, 1 if the response was not
optimal, and 2 if the response was absent. Eye Contact
was scored as normal (0) and abnormal (1). The first
author (S.T) scored the observation items for all chil-
dren. The TIDOS was accepted positive in the case of
one of those three parameters had > 1point. Children
screened positive were invited to Child Psychiatry
Clinic for clinical evaluation. Randomly selected
screen-negative 25 children consisted of the controls
and those children were also invited to Child Psychia-
try Clinic for clinical evaluation.

The M-CHAT was designed as a self-administered,
parent questionnaire for regular paediatric visits to
screen for autism in toddlers [9]. The M-CHAT
includes 23 “yes” or “no” items. The “yes” response is
normal for 19 items, but is abnormal for item numbers
11, 18, 20, and 22. A child is considered as screen posi-
tive at the initial screening if he or she has abnormal
answers for 2 of the 6 critical items or 3 of any 23
items. The critical items on the M-CHAT are as fol-
lows: item 2 (interest in other children), item 7
(proto-declarative pointing), item 9 (bringing objects
to show the parent), item 13 (imitating), item 14
(responding to name), and item 15 (following a
point). If the child screens positive, it does not consti-
tute a diagnosis but indicates significant risk of autism,
suggesting the need for evaluation with a gold standard
test to diagnose autism.

The M-CHAT was originally validated for children
between 16 and 30 months of age, but many studies
have used an upper age limit of 36 months or more
[12,15,16]. The M-CHAT was administered and scored
by using previously published cut-offs. A positive
screen was accepted if >2 of 6 critical items or >3 of
23 items were positive [9]. In the Turkish validation
study, the item 6 (Does your child ever use his/her
index finger to point, to ask for something?) was
added to increase the sensitivity of the M-CHAT (12)
and a positive screen was accepted if >2 of 7 critical
items or >3 of 23 items were positive. M-CHAT/F
screening test is made of asking the positive items to
the parents with giving examples to increase the accu-
racy and to decrease the false-positive rate of M-
CHAT. In the current study, M-CHAT/F screening
test was performed immediately by the first author
(S.T.). The filling up the M-CHAT test took approxi-
mately 10 min for parents and sequentially for the
M-CHAT-positive subjects; it took approximately 5-
10 min to complete the M-CHAT/F test. The time to
complete the test was found similar as a previous
study from Turkey [17]. The children whose both M-
CHAT and M-CHAT/F screening tests positive were
invited to Child Psychiatry Clinic for clinical
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evaluation. Randomly selected screen-negative 25 chil-
dren consisted of the controls and those children were
also invited to Child Psychiatry Clinic for clinical
evaluation. Diagnostic evaluation for both screen-posi-
tive and randomly selected screen-negative children
was conducted by the same child psychiatrist according
to Diagnostic and Statistical Manual of Mental Dis-
orders, 5th Edition, (DSM-V) criteria for ASD [18].
The child psychiatrist, third author (0.0.) had
known the screen-positive children; however, he was
blind to which screening test was positive.

Clinical evaluation was performed within 2 weeks of
the initial M-CHAT, M-CHAT/F, or TIDOS screening
for screen-positive children and within 3-9 months for
randomly selected screen-negative children.

Results

ASD was diagnosed in 5 of 511 children in a well-child
clinic of a university hospital with the prevalence of
approximately 1%. All the children with ASD were
boys. The growth parameters (including body weight,
height, and head circumference) did not have any
properties. There were no consanguineous marriages
among the parents of children with ASD. The ages of
mothers and fathers of the children with ASD were
in a range between 31-39 years and 31-46 years,
respectively (Table 1).

The M-CHAT and TIDOS tests were applied to all
511 children. The time required for M-CHAT and M-
CHATY/F tests were approximately 10 and 15 min,
respectively. However, TIDOS measures were per-
formed in the routine well-child clinic visits and did
not require any additional time. M-CHAT results
were positive in 46 of 511 children. M-CHAT/F was
performed to all M-CHAT-positive children and M-
CHAT/F was found positive in 18 of 46 M-CHAT-
positive cases. The parents of 16 of 18 M-CHAT/F
positive children and 5 of 28 M-CHAT-positive but
M-CHAT/F negative children had accepted the clini-
cal evaluation for diagnosis of ASD. Twenty-three
children with positive M-CHAT and two children
with positive M-CHAT/F screening tests did not
approve clinical evaluation by child psychiatry.
There were five TIDOS positive children and the
parents of all those positive children had accepted
the clinical evaluation for diagnosis of ASD by child
psychiatry (Figure 1).

Three children who were M-CHAT and M-CHAT/
F positive were diagnosed as ASD (Table 2). However,
two children with ASD had negative M-CHAT and M-
CHAT/F screening test results (Table 2). There were 5
of 511 children who had positive TIDOS test results.
Four of five children with TIDOS positive test were
diagnosed as ASD (Table 2). Fifty-one of 511 children
had M-CHAT or TIDOS positive results. Five of those
51 children had diagnosed as ASD (Table 2).

The sensitivity for diagnosis ASD was found to be
60% for both M-CHAT and M-CHAT/F tests. The
specificity of M-CHAT and M-CHAT/F tests for diag-
nosis of ASD was found to be 96% and 97%, respect-
ively. Three of 21 M-CHAT-positive children and 3
of 16 M-CHAT/F-positive children were diagnosed as
ASD (Table 2). PPV were found to be 14% and 18%,
respectively (Table 3). The sensitivity for diagnosis of
ASD was found to be 80% for TIDOS. Specificity and
PPV in the diagnosis of ASD were found to be 99.8%
and 80%, respectively (Table 3). NPV for all tests
were above 99% (Table 3). The using of those tests
together (M-CHAT or TIDOS positive) had 100% sen-
sitivity with very low PPV 10% (Table 3).

One children (Case 3) with ASD had negative result
for TIDOS; however, he had positive M-CHAT and M-
CHAT/F tests. When we further evaluate the items of
M-CHAT by one, we detected that he had taken posi-
tive results for item 2, 8, 20, and 22.

Discussion

In the present study, we aimed to examine whether
direct observation items that consisted of measure of
social interaction could provide a more sensitive and
specific means of screening for ASD compared to the
use of parent-based rating scales such as M-CHAT.
The current study has demonstrated that TIDOS
measures were more sensitive and had higher PPV
than M-CHAT measures. Also, TIDOS has required
little time and might be easily combined to routine
physical examination of toddlers attending 18- to 36-
month well-child clinic visits.

ASD is not a rare disease; its prevalence in Europe
and North America was estimated approximately 6
per 1000 [19-21]. The Autism and Developmental Dis-
abilities Monitoring (ADDM) Network reported ASD
rates for 8-year-old children ranging from 1 in 303 to
1in 94 in 2000 and in 2002 [22,23]. In Spain, 2055 chil-
dren aged 18-36 months were screened and autism fre-
quency was detected as 3/1000 [15]. In a previous
community-based study in Turkey, ASD frequency
was detected as 2 in 2021 [17]. The current hospital-
based study screened 511 children aged 18-36 months
in a well-child clinic and five male children were diag-
nosed as ASD. The prevalence of ASD was approxi-
mately 1/100 in current hospital-based study. We
could not mention this rate (1/100) to all population;
however, it was similar with ADDM Network report
published in 2016, which found ASD prevalence 14.6
per 1000 (1/68) children aged 8 years [5].

The heightened awareness of ASD may result in
early diagnosis and a tendency to increase the preva-
lence in recent studies. The admission of the parents
to the professionals for ASD has increased due to the
raised concern of the parents about ASD [24,25].
Early diagnosis and interventions were critically
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Table 1. Characteristics of the children who were diagnosed as ASD.

Variables Case 1 Case 2 Case 3 Case 4 Case 5
Age (months) 30 33 30 29 17
Gender Boy Boy Boy Boy Boy
Birth weight (gr) 3000 3350 4000 3280 3180
Delivery route C-section C-section C-section C-section C-section
Gestational age at birth (weeks) 39 39 40 38 36
Postnatal medical history NS NS %Intracranial haemorrhage NS PPneumonia
The order between the siblings Second Second First First First
Body weight (kg) 136 215 145 14 13
Weight percentile (%) 25-50 >97 50-75 50-75 75-90
Height (cm) 98 102 92 94 88
Height percentile (%) 90-97 >97 25-50 50-75 90-97
Head circumference (cm) 50 51.1 49,5 50.9 51
Head Circumference (%) 50-75 75-90 25-50 75-90 90-97
Age of mother (years) 39 32 31 37 38
Education level of mother University University High school University High school
Age of father (years) 46 34 31 34 43
Education level of mother University University University University University
Are parents related? No No No No No

Note: ASD: Autism Spectrum disorder, C-section: Caesarean section, NS: not significant.
?Intracranial haemorrhage due to falling down from height when he was 24-months aged.

PHe had taken respiratory support due to pneumonia at the newborn period.

important for young children with ASD [7] because
intensive early interventions may lead to the best
long-term prognosis [26]. The median age at the diag-
nosis of ASD is child’s fourth birthday; however, the
median age at the diagnosis of ASD may delay more
in children with low socio-economic status [27].
With the evaluation which was performed in an appro-
priate manner, ASD may be diagnosed before child’s
third birthday; AAP has already recommended screen-
ing at 18 and 24 months in routine well-child clinic vis-
its [13]. In the current study, we diagnosed ASD in
children aged 18-36 months.

Severe impairments in social interactions, com-
munication, and restricted, repetitive, stereotyped pat-
terns of behaviours, interests are typical features of
ASD [18]. The diagnosis of ASD becomes difficult
due to those wide heterogeneity of features. A few of
the early social deficits are more associated with ASD
[13]. One of those social deficits is joint attention.

Table 2. Evaluation of the results of M-CHAT, M-CHAT/F and
TIDOS screening tests.

ASD positive ASD negative
Variables n (%) n (%)
M-CHAT positive® 3 (60) 18 (3.7)
M-CHAT negative® 2 (40) 463 (96.3)
M-CHAT/F positive® 3 (60) 13 (27)
M-CHAT/F negativeb 2 (40) 466 (97.3)
TIDOS positive 4 (80) 1(0.1)
TIDOS negative 1 (20) 505 (99.9)
M-CHAT or TIDOS positive 5 (100) 46 (19.8)
M-CHAT and TIDOS negatived 0(0) 460 (80.2)

Note: M-CHAT: Modified Checklist for Autism in Toddlers; M-CHAT/F: Modi-
fied Checklist for Autism in Toddlers with Follow-up; TIDOS: Three-item
Direct Observation Screen.

*Twenty-five children with positive M-CHAT screening test were excluded
from statistical evaluation due to parents’ not approving clinical evalu-
ation for diagnosis of ASD by child psychiatry.

PTwenty-five children with positive M-CHAT and two children with positive
M-CHAT/F screening tests were excluded from statistical evaluation due
to parents’ not approving clinical evaluation for diagnosis of ASD by child
psychiatry.

“M-CHAT or TIDOS positive.

4M-CHAT and TIDOS negative.

Impairment in joint attention arises very early among
children with ASD [28,29]. Eye contact should begin
in 5- to 6-months-aged children. Lack of eye contact
is another feature which arises in the early period of
life [13]. The other developmental feature which the
children have quite early (8-10 months of age) is orien-
tation to social stimuli, especially turning to respond
his or her name and often deficit in children with
ASD [30,31]. In a recent study, third author (0.0.) of
the current study and his colleagues reported that the
relevance to social interaction domain, ease of admin-
istration particularly with young children, and early
developmental nature of the observational tasks not
influenced by child’s education and early environ-
mental opportunity were the factors that why they
had chosen these items [14]. In the first study that
compares TIDOS with Social Communication Ques-
tionnaire for ASD screening, Oner et al. [14] found
that the screening power of TIDOS was reassurance.
The sensitivity, specificity, PPV, and NPV were 0.95,
0.91, 0.85, and 0.98 for any item positive TIDOS,
respectively [14]. In the present study, we detected
the sensitivity, specificity, PPV, and NPV as 0.80,
0.99, 0.80, and 0.99 for any item positive TIDOS,

Table 3. Comparison of the sensitivity, specificity, PPV, NPV of
the M-CHAT, M-CHAT/F, and TIDOS®.

Sensitivity Specificity PPV NPV
Variables (%) (%) (%) (%)
M-CHAT (n = 486) 60 9% 14 995
M-CHAT/F (n = 484) 60 97 18 99,5
TIDOS (n=511) 80 99.8 80 99.8
M-CHAT or TIDOSP 100 90.1 10 100

Note: PPV: positive predictive value; NPV: negative predictive value; M-
CHAT: Modified Checklist for Autism in Toddlers; M-CHAT/F: Modified
Checklist for Autism in Toddlers with Follow-up; TIDOS: Three-item Direct
Observation Screen.

*Twenty-five children with positive M-CHAT and two children with positive
M-CHAT/F screening tests were excluded from statistical evaluation due
to parents’ not approving clinical evaluation for diagnosis of ASD by child
psychiatry.

PM-CHAT or TIDOS positive.
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A total of 1345 healthy children were admitted to our center between May
2015 and May 2016

l

Five hundred and eleven of of 1345 children whose parents approved
informed consent were enrolled into the study

l

M-CHAT and TIDOS tests were applied to all children

n= 511
M-CHAT screen  TIDOS screen negative M-CHAT screen  TIDOS screen positive
negative n= 506 positive n=5S
n= 465 n= 46
All parents accepted the
clinical evaluation;
According to the clinical
Randomly selected both evaluation;
M-Cl'?at and Y!DOS M-CHAT/F M-CHAT/F * 4children diagnosed
negative 25 children . ) as ASD
re assessed as typical positive negative ' .
we . n= 18 n=28  * 1child had typical
development according development

to clinical evaluation

Sixteen of 18 parents

accepted the clinical

evaluation;

According to the clinical

evaluation;

* 3 children diagnosed
as ASD

* 2 children had typical
development

Figure 1. Flowchart of the screening.

respectively. The compliance of parents for clinical
evaluation after TIDOS was 100%. This ratio was
19.2% in parents whose children had positive
M-CHAT but negative results and was 88.8% in
parents whose children had positive M-CHAT and
M-CHAT/F results.

The purpose of using M-CHAT and TIDOS as
screening tests is to identify children at risk for
ASD. A screening test has a number of test character-
istics, including sensitivity, specificity, PPV, and NPV.
Sensitivity and specificity are two measures of test
validity and powerful screening tests have validity.
A valid test correctly categorizes persons who have
disease as test positive and those without disease as
test negative. In the validated tests, some corrections
should be made because of likely affecting of

Five of 28 parents

accepted the clinical

evaluation;

According to the clinical

evaluation;

* Al children had typical
development

social-cultural factors to the test results. We used vali-
dated Turkish form of M-CHAT in the current study.
Item 6 has added to increase the power of M-CHAT
for Turkish-speaking population [12]. Changing the
cut-offs points may optimize sensitivity and minimize
the number of false negatives but increase false-
positive test results. However, in Turkish validated
study of M-CHAT, changing cut-offs points of orig-
inal M-CHAT was not needed. The M-CHAT test
was administered and scored by using previously pub-
lished cut-offs [9,12]. A positive screen was accepted if
>2 of 7 critical items or >3 of 23 items were positive.
For the clinician, a screening test with high PPV helps
avoid excessive concern of the parents. PPV and NPV
are screening test characteristics that change with the
prevalence of disease (ASD) in the population. The



PPV is the probability that a child who tests positive
truly has ASD. The NPV is the probability that a
child who tests negative has typical development.
The use of a screening test which has low PPV for
ASD in low-risk population poses several problems.
Most importantly, many children will be categorized
as having ASD who in fact have a typical development.

M-CHAT is a parent-report tool widely used inter-
nationally for screening ASD [9]. However, its PPV
(0.36 £ 0.05 for initial screening) was found to be low
for a screening test; the follow-up questions are needed
to increase the PPV [32]. In the current study, we
detected the sensitivity, specificity, PPV, and NPV as
0.60, 0.96, 0.14, and 0.99, respectively. In original
study of M-CHAT by Robins et al., they found a sensi-
tivity of 0.87; a specificity of 0.99; a PPV of 0.80; and a
NPV of 0.99. The population of the current study con-
sisted of low-risk children for ASD; however, Robins et
al. [9] included high-risk population in their study.
There are some methodological differences in these
studies that can influence these results. Firstly, Robins
et al. [9] included high-risk sample in their study,
whereas in this study high-risk children were not
included. We know that AAP has already rec-
ommended screening at 18 and 24 months in routine
well-child clinic visits [13]. Therefore, a good screening
test should be used in low-risk population for any dis-
eases. In a recent study from Turkey, despite they used
different methodologies from original M-CHAT; they
asked items of M-CHAT face to face with interview,
they had lower PPV (0.12). This ratio was similar to
that obtained in the current study. In different studies
including low-risk children for ASD, they found low
PPV; 0.19 and 0.06, respectively [15,33]. When fol-
low-up was added, PPV increase to 0.54 from 0.06
(33); in the current study, follow-up measures
increased PPV from 0.14 to 0.18.

There are some limitations in the current study.
Firstly, this was a hospital-based study. The results
of this study should not reflect all the population.
Also, 21 parents whose children had positive M-
CHAT but negative M-CHAT/F results and 2 parents
whose children had positive M-CHAT and M-CHAT/
F results did not approve the clinical evaluation.
We had opportunity to follow up all those children
at our well-child clinic whose parents did not approve
psychiatric evaluation. In the follow-up period, we
did not detect any abnormal development of those
children. If we accept those children as typical
development, in the current study, PPVs for
M-CHAT and M-CHAT/F should be 0.07 and 0.16,
respectively.

In conclusion, the current study showed that TIDOS
measures could provide a more sensitive and specific
means of screening for ASD and had a higher PPV
than compared to the M-CHAT without requiring
any additional time. TIDOS could be easily added to
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screening programme children aged 18-36 months at
well-child clinic visits.
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