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1 | INTRODUCTION

Anorectal malformation (ARM) is a rare birth defect of
the gastrointestinal tract characterized by complete or
partial absence of the anorectal canal with or without a
perineal fistula at birth (Herman & Teitelbaum, 2012).
The defect forms due to impaired development of the
urogenital septum preventing the distal rectal pouch
from reaching the perineum, and development of
abnormal perianal muscular complex involving internal
and external sphincters, and puborectalis muscle
(Kluth, 2010; Ochoa, Chiesa, Vildoza, Wong, &
Sepulveda, 2012). About 70% of all ARM cases present as
nonsyndromic multiple congenital anomalies or as a part
of a syndrome associated with other genitourinary, cen-
tral nervous system, and musculoskeletal, or gastrointes-
tinal tract defects (Solomon, 2011; Stoll, Dott, Alembik, &
Roth, 2018; Totonelli et al., 2015; van de Putte
et al., 2020). ARM is also seen in VATER association (ver-
tebral anomalies, anal atresia, trachea-esophageal fistula
with esophageal atresia and renal dysplasia) and VAC-
TERL association (VATER plus cardiac and limb anoma-
lies) (van de Putte et al., 2020). Prenatal diagnosis is both
difficult and uncommon; most cases are diagnosed post-
natally within 24 h of birth (Brantberg, Blaas, Haugen,
Isaksen, & Eik-Nes, 2006; Ples et al., 2020; Rohrer, Vial,
Gengler, Tenisch, & Alamo, 2020; Su et al., 2019). Despite
receiving early surgeries, individuals with ARM face
long-term health challenges involving bowel and bladder
dysfunction, sexual dysfunction, and psychosocial issues
(Cairo, Gasior, Rollins, & Rothstein, 2018; Rigueros
Springford, Connor, Jones, Kapetanaksis, &
Giuliani, 2016). Affected individuals require repeated sur-
geries and multidisciplinary care, which are associated
with high healthcare costs (Hamid, Holland, &
Martin, 2007; Kovacic et al., 2018; Pefia, Grasshoff, &
Levitt, 2007; Tirrell, McNamara, & Dickie, 2021).
Prevalence of ARM ranges between 2 and 6 per
10,000 births (Cuschieri, 2001; Harris, Kallen, &
Robert, 1995; Morris et al., 2018; Spouge & Baird, 1986;

Conclusions: ARM is relatively rare, with multiple and syndromic cases
showing decreasing prevalence during the study period. Mortality is a concern
during the first week of life, and especially among multiple and syndromic
cases. Our descriptive epidemiological findings increase our understanding of
geographic variation in the prevalence of ARM and can be used to plan needed
clinical services. Exploring factors influencing prevalence and mortality among
individuals with ARM could inform future studies.

anorectal atresia, birth defect, epidemiology, mortality, prevalence

Stoll, Alembik, Roth, & Dott, 1997; Yang et al., 1994).
Few registry studies have examined temporal trends in
the prevalence of ARM (Lowry, Sibbald, & Bedard, 2007;
Morris et al., 2018). Mortality among cases is not well
examined in large birth defects registry studies; previous
knowledge on mortality and survival is mostly drawn
from case cohorts with small samples (Christensen, Mad-
sen, Hauge, & Kock, 1990; Eltayeb, 2010; Haider &
Fisher, 2007, Kumar et al., 2005). To the best of our
knowledge, none of the studies stratified mortality out-
come by case status. The objectives of our study were to
examine total prevalence, trends in prevalence, and age-
specific mortality among individuals with ARM, using
data from multinational population- and hospital-based
birth defects programs affiliated with the International
Clearinghouse for Birth Defects Surveillance and
Research (ICBDSR). Results were stratified by isolated,
multiple, and syndromic case status.

2 | MATERIAL AND METHODS

2.1 | Design, setting, and participants

We used data from ICBDSR (http://www.icbdsr.org/), a
consortium of 42 population- and hospital-based surveil-
lance programs tracking at least one of 36 different birth
defects annually in multiple countries. ICBDSR was
established in 1974 and is affiliated with the World
Health Organization. ICBDSR is categorized as a volun-
tary, nongovernmental organization with the objective to
prevent birth defects and reduce the adverse outcomes
related to birth defects by forming a consortium of birth
defects surveillance and research programs from different
countries. Each of these programs collect data on chil-
dren and fetuses affected by birth defects (that serve as
numerators), and the total annual number of live births
and stillbirths in their source population or source hospi-
tals (that serve as denominators), for population- or
hospital-based birth defects prevalence -calculations.
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Details on history, size of the population covered, legisla-
tion, funding, and sources of case ascertainment are
documented for each program (http://www.icbdsr.org/
programme-description/). Surveillance findings are com-
piled each year and published on the organization's
website.

In this study, we used aggregated data from
24 ICBDSR surveillance programs operating in 18 coun-
tries. Cases of ARM that resulted in live births, stillbirths,
or elective terminations of pregnancy for fetal anomalies
(ETOPFA), recorded between the year each surveillance
program started (1974 or later), until 2014 were included.
Table 1 presents characteristics of each surveillance pro-
gram that contributed to the study.

2.2 | Case definition

The ICBDSR has defined ARM as “a congenital malfor-
mation characterized by absence of continuity of the
anorectal canal or of communication between rectum
and anus, or narrowing of anal canal, with or without
fistula to neighboring organs. This definition excludes
mild stenosis which does not need surgical intervention,
and anterior anus.” The case definition corresponds to
the International Classification of Disease (ICD)-10 codes
“Q42.0 - Q42.3” and ICD-9 BPA codes “751.21 -
751.24”. Except Iran-TROCA, which also includes large
intestine atresia and stenosis in their case definition of
ARM, all other programs use the same case definition
for ARM as defined above. Pregnancy outcome in each
case was recorded as a live birth, stillbirth, or ETOPFA.
Case status was examined under three categories: iso-
lated/multiple/syndromic. Cases that presented with no
other co-occurring unrelated major birth defects were
classified as “isolated”. Cases that had one or more co-
occurring unrelated major anomalies were classified as
“multiple.” Cases that presented as a part of a genetic
disorder or recognized syndrome were classified as
“syndromic.”

2.3 | Mortality tracking

The majority of the programs followed cases with ARM
from the time of birth until their discharge from the
maternity or birth hospital. The follow-up was conducted
by clinicians or program staff. Program-specific methods
of linkage of birth defects cases to death certificates or
other healthcare databases, and the maximum follow-up
period, are presented in Supplement Table 1. Most pro-
grams followed cases up to at least 27 days of life and
tracked mortality during this period.

~  Prevention

2.4 | Statistical analysis

241 | Prevalence analysis

We estimated total prevalence of ARM as the total num-
ber of cases with ARM (summing up live births, still-
births, and ETOPFA) divided by the total births
(summing up live births and stillbirths) for each partici-
pating program for the duration they contributed data.
The overall total prevalence of ARM, per 10,000 total
births, was estimated by combining data from all partici-
pating programs across all years where data were avail-
able. The 95% confidence interval (CI) for prevalence was
estimated using the Poisson approximation of the bino-
mial distribution. We calculated the proportion of live
births, stillbirths, and ETOPFA cases with ARM, and
their 95% CI, using the Poisson approximation of the
binomial distribution.

2.4.2 | Prevalence trend analysis

Trends in annual prevalence of ARM were examined by
total, live births, stillbirths, ETOPFA, and by isolated,
multiple, and syndromic case status. Random variation
in prevalence trends was smoothed by combining data
through overlapping sequence of three consecutive years.
Poisson regression was used to quantify time trends in
prevalence of ARM. Prevalence trend analysis was exam-
ined from 2001 to 2012 when most programs contributed
data. Trend analyses for isolated, multiple, and syndro-
mic ARM cases were restricted to programs that had
information on case status.

2.4.3 | Mortality analysis

Mortality risk was estimated as a probability measure.
We examined the number of deaths among ARM cases
divided by total number of live-born ARM cases. Mortal-
ity proportion was calculated by age group: Day 1/Day 2-
6/Day 7-27/Day 28-364/year 1-4/year >5. We also calcu-
lated mortality during the first week of life for deaths on
Day 1 and Day 2-6 after birth, stratified by isolated, mul-
tiple, and syndromic case status from 18 of the 24 pro-
grams where information on case classification by co-
occurring birth defects was available.

Ethics approval was provided by each surveillance
program locally. Since our study had access to only the
aggregated number of anorectal cases and total number
of all live births in the surveillance area of each partici-
pating program, with no personal identifiers, a separate
ethics approval was waived.
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TABLE 1

Prenatal screening

services

Yes

Type of

ETOPFA allowed

Yes

program Coverage Ascertainment period Stillbirth definition

Country-program

20 weeks

State- 2 years

Population-based

USA-Utah

wide

Abbreviations: ECEMC, Registry of the Spanish Collaborative Study of Congenital Malformations; ECLAMC, Latin American Collaborative Study of Congenital Malformations; ETOPFA, Elective Termination of

Pregnancy for Fetal Anomalies; MCAR, Malta Congenital Anomalies Registry; OMNI-Net, Ukraine Birth Defects Prevention Program; RENAC, National Network of Congenital Anomalies of Argentina; RYVEMCE,

Soroka Medical Center; TROCA, Tabriz Registry of Congenital Anomalies; USA, United States of America.

Mexican Registry and Epidemiological Surveillance of External Congenital Malformations; SMC

*Referral area of one hospital.
bSeveral regions in South America (Argentina, Brazil, Uruguay, Bolivia, Chile, Ecuador, Peru, Colombia, and Venezuela).

“Except for anencephaly.

9Data from all regions in Spain in the study period, currently covering around 18% of total births in the country.

°If gestational age of death is not determined (since 1980).

'ETOPFA was ascertained from prenatal diagnostic sites beginning in 1994, prior to that they were only ascertained from hospital records.

S WILEY-_L_*

~  Prevention

3 | RESULTS

A total of 24 programs from 18 countries contributed data
for the current study. Overall period of surveillance
spanned from 1974 to 2014, which varied by individual
programs. Sixteen programs were population-based and
eight were hospital-based. Among the 16 population-
based programs, four had national, nine regional, and
three had state-wide (United States) coverage. Among
the eight hospital-based programs, two had national cov-
erage and the remaining tracked births regionally
(including South America-ECLAMC program which sur-
veyed several regions in Argentina, Brazil, Uruguay,
Bolivia, Chile, Ecuador, Peru, Colombia, Venezuela).
Many of the programs operated in regions where
ETOPFA was allowed; some programs lacked surveil-
lance techniques to track ETOPFA cases in these regions
(Table 1).

Twenty of the 24 participating programs followed
the newborn until they were discharged from the mater-
nity or birth hospital. Eleven programs were able to link
to death certificates up to a specific age in some pro-
grams or up until death in others. Maximum follow-up
lasted up to the first week of life in most programs;
12 programs tracked cases beyond 5years of age
(Table 2).

3.1 | Prevalence of ARM

A total of 9,438 cases of ARM were recorded during the
study period between 1974 and 2014 in all 24 programs
contributing to the study. Of these 9,438 cases, 8,583
(90.9%) were live births, 429 (4.6%) were stillbirths, and
426 (4.5%) were ETOPFA. There were 28,977,421 live
births and stillbirths during the same period, serving as
our total births denominator value for all contributing
programs.

We estimated the pooled total prevalence of ARM
during the study period (1974-2014) to be 3.26 per 10,000
total births (95% CI = 3.19, 3.32). The pooled total preva-
lence of ARM in 14 out of 24 programs where ETOPFA
are registered was estimated to be 2.99 per 10,000 total
births (95% CI = 2.91, 3.07). Iran-TROCA (9.24 per
10,000 total births), South America-ECLAMC (5.60 per
10,000 total births), and Argentina-RENAC (5.07 per
10,000 total births) had the highest estimates of total
prevalence of ARM (Table 2). The total pooled prevalence
of ARM during the period 2001-2012 when most pro-
grams provided data was estimated to be 3.32 per 10,000
total births (95% CI = 3.23, 3.41) (data not shown), simi-
lar to that estimated during the complete study period
(1974-2014).
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Over 90% of all cases were recorded as live births in
programs where ETOPFA was not allowed (i.e., Latin
American countries). Programs from Colombia-Bogota,
Malta, and Mexico-RYVEMCE reported a relatively high
proportion (>10%) of stillborn cases of ARM compared to
other programs. ETOPFA was more common in some
European programs, with about 30% of all ARM cases
resulting in ETOPFA (Table 2).

3.2 | Time trends in prevalence of ARM
We examined temporal trends in the prevalence of
ARM for selected years (2001-2012) when most pro-
grams provided data. Eighteen programs recorded data
on case status, classifying cases into isolated, multiple,
and syndromic. In these 18 programs, there were no
significant temporal changes in the total prevalence of
all (p = .6859) and isolated (p = .8474) cases; how-
ever, total prevalence of multiple (p = .0004) and syn-
dromic (p = .0030) cases significantly decreased
among programs from 2001 to 2012. Prevalence trend
graphs for total, isolated, multiple, and syndromic
ARM cases from 18 programs that had data on cases
status are presented in Figure 1. Additionally, for the
period 2001-2012, there were no significant temporal
trends for prevalence estimates restricted to live births
alone (p = .9448) or to cases that were ETOPFA
(p = .4908), but there was a significant decrease in the
prevalence of ARM among stillborn cases (p = .0011)
(Figure 1).

—
Q

Rl
-

Prevalence per 10,000 total births
>
]

b A A — ey — e —— e — A A A

0
2001_03 2002_04 2003_05 2004_06 2005_07 2006_08 2007_09 2008_10 2009_11 2010_12
Year

Total Anorectal Malformation Cases

& Isolated « |solated Ancrectal Malformation Cases
O Multiple  ssee=- Multiple Anorectal Malformation Cases

A Syndromic == — Syndromic Anorectal Malformation Cases

O Total

B

Mortality in ARM

S W] LEY|l ’

~  Prevention

33 |

Pooled live birth prevalence of ARM from all programs
during the study period (1974-2014) was 2.96 per 10,000
births, which equaled to 8,583 (91% of all cases) liveborn
cases of ARM. Among programs that had data for specific
follow-up times up to age 1 year, age-specific distribution
of deaths showed the first week mortality proportion of
12.5%, including 654 (7.6%) that died on the day of birth,
and 418 (4.9%) that died between Days 2—6 after birth
(which includes Argentina for deaths occurring any time
before Day 6). Further, 137 (2.0%) died between Days 7-
27, and 197 (3.1%) between Days 28-364 of age. Among
programs that followed cases beyond 1 year of age,
pooled data showed a lower proportion of death at 1-
4 years of age (n = 46; 0.9%) and > 5years of age
(n = 27, 0.6%). There were an additional 26 deaths (0.4%)
where the age at death was unknown (Table 3).

Most programs had information on death during the
first week of life, and about two thirds of all deaths that
occurred during the first week of life occurred on the first
day of life. Argentina-RENAC, Mexico-RYVEMCE, and
South America-ECLAMC reported a higher proportion of
deaths in the first week of life compared to other pro-
grams (Table 3). Only 13 programs reported mortality
among cases after the first year of life, and these pro-
grams were from Europe and North America. Informa-
tion on mortality after the first week of life was largely
unavailable for Latin American countries participating in
the study. A small proportion of deaths (<1%) were
reported from North American registries at ages 5 years
and above.
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FIGURE 1
(a), and by live birth, stillbirth, and elective termination of pregnancy for fetal anomalies (b) from 18 programs that contributed data to the
trend analysis, International Clearinghouse for Birth Defects Surveillance and Research (ICBDSR), 2001-2012. ETOPFA = Elective
Termination of Pregnancy for Fetal Anomalies.

Three year rolling average prevalence trends of total, isolated, multiple, and syndromic anorectal malformation (ARM) cases
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Of the 24 programs that participated in our study,
only 18 had case status information for isolated, multiple,
and syndromic cases. We examined mortality by case sta-
tus in these 18 programs (Table 4). First week mortality
among isolated cases was 3.2%. Mortality during the first
week of life was much higher among multiple (28.3%)
and syndromic cases (18.2%) compared to isolated cases
(Table 4).

4 | DISCUSSION

We conducted a large descriptive epidemiological study
of ARM examining prevalence and its trends and mortal-
ity over a long span of time. Pooled data from 24 member
programs of ICBDSR located in 18 countries provided a
high volume of cases for this relatively rare birth defect.
The total prevalence of ARM births between 1974 and
2014 was within the reported range published in previous
studies, at 3.26 per 10,000 total births. Prevalence and the
proportion of cases resulting in stillbirths or ETOPFA
varied among programs. Total prevalence and the propor-
tion of cases resulting in stillbirths was higher in Latin
American programs. ETOPFA was more common among
European programs. While we did not notice a significant
change in the direction of prevalence for all cases and iso-
lated cases, our findings showed a decrease in prevalence
of multiple and syndromic cases, and stillborn cases,
between 2001 and 2012. Many infants with ARM died in
childhood, and among all cases, syndromic cases contrib-
uted to a higher proportion of all deaths within the first
week of life.

Pooled data from EUROCAT network's full member
registries (includes only European countries) for births
from 1980 to 2018 recorded the total prevalence of ARM
to be 3.3 per 10,000 births (95% CI = 3.2, 3.4); the major-
ity of these cases were live births (EUROCAT- European
Surviellance of Congenital Anomalies, 2021). Another
EUROCAT study, for births from 1980 to 1994, reported
the total prevalence to be 3.1 per 10,000 births
(Cuschieri, 2001). ICBDSR and EUROCAT networks are
both large data repositories on birth defects, informed by
birth defects programs in multiple countries, and some of
these programs are common between the two networks
(including Czech Republic, France-Paris, Germany-
Saxony Anhalt, Italy-Tuscany, Malta-MCAR, Northern
Netherlands, Spain-ECEMC, Sweden, Ukraine-OMNI-
Net, United Kingdom-Wales). However, our analysis does
not overlap completely with previous EUROCAT publica-
tions as ICBDSR also includes additional programs that
are not members of the EUROCAT network and includes
several programs operating outside the European Union.
Specifically, our prevalence analysis presents data from

multiple nonEUROCAT programs from Europe and
other  continents, including  Argentina-RENAC,
Colombia-Bogotd, Colombia-Cali, Iran-TROCA, Israel-
SMC, Mexico-Nuevo Leon, Mexico-RYVEMCE, Slovak
Republic, South America-ECLAMC, and USA-Arkansas,
USA-Atlanta, USA-Texas and USA-Utah.

Morris et al. (2018) analyzed temporal trends in the
prevalence of ARM and stenosis using data from the
EUROCAT network and reported a significant increase
in prevalence of cases between 2003 and 2012 (Morris
et al., 2018). We did not observe an increasing trend
between years 2001 and 2012 and speculate that this
could be due to the differences in population characteris-
tics and ETOPFA policies in programs contributing to
EUROCAT and ICBDSR networks. Lowry et al. (2007)
examined prevalence trends in ARM using data from the
Alberta Congenital Anomaly Surveillance System for
births occurring over a 15-year period (1990-2004) and
found a nonsignificant increase in prevalence of multiple
case sub-types (Lowry et al., 2007). We noted a decrease
in prevalence of multiple case sub-types for the period
between 2001 and 2012 in our overall pooled dataset.
None of the previous studies examined prevalence trends
by case status. Nevertheless, improved genetic testing
may have contributed to an improved diagnosis of syn-
dromic cases.

Few studies have examined stillbirths and mortality
among infants born with ARM. Stillbirths are difficult to
track in pregnancies affected by ARM as prenatal screen-
ing is not very sensitive and thus most cases are identified
postnatally (Heinke et al.,, 2020). EUROCAT study
reported a stillbirth prevalence of 0.06 per 10,000 births
among ARM cases born between 2000 and 2018
(EUROCAT- European Surviellance of Congenital
Anomalies, 2021). A smaller hospital-based study con-
ducted in Norway studied 69 fetuses diagnosed prenatally
with imperforate anus and documented that two of them
resulted in stillbirths and 12 died after birth; babies that
died had one or more additional anomalies and most of
these deaths occurred either within the first 1-2 days
after birth (50%) or > 2 days to 5 months of age (41%)
(Brantberg et al., 2006). Nembhard, Waller, Sever, and
Canfield (2001) used population-based birth defects regis-
try data from Texas for births between 1995 and 1997 and
reported the survival probability among infants with atre-
sia or stenosis of large intestine, rectum or anus at day
<1, days <7, and days <28 after birth to be 90.4%, 83.8%,
and 82%, respectively (Nembhard et al., 2001). An Italian
population-based study reported a 10-year survival proba-
bility of 100% for isolated cases, but survival probability
was lower in nonisolated cases, especially for cases born
before year 2000 (Cassina et al., 2019). Our findings agree
with the results reported by some but not all of the
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aforementioned studies due to differences in surveillance
methods and population characteristics.

It is suggested that low anomaly forms with a fistula
to the perineum of ARM cases are often undiagnosed
(Aldeiri et al., 2019; Amerstorfer et al.,, 2022; Jonker,
Trzpis, & PMA, 2017). Our study may have also missed
this special cases of ARM that were diagnosed after the
surveillance follow-up ended, especially in programs that
could not track birth defects among babies after they
were discharged from the maternity hospital. Some of the
differences in prevalence estimates between programs in
our study may be due to this lengthy tracking limitation.
Discrepancies in our findings and other study findings
could also be explained by the types of follow-up
employed in each of the studies. Further, it is well-
documented that ARM cases undergo surgery early in life
and the prognosis and life expectancy depends on early
treatment, clinical complexity, and presence of multiple
malformations  (Hartford, Brisighelli, Gabler, &
Westgarth-Taylor, 2022; Herman & Teitelbaum, 2012;
Singh & Mehra, 2022). We were unable to examine the
role of early surgery on mortality outcomes in the current
study as it was beyond the scope of our data. Future stud-
ies could examine the impact of early surgery on survival
probabilities at different ages among individuals affected
by ARM.

Information on first week mortality among infants
born with ARM was available for most of the programs
participating in the current study. We observed that Latin
American programs had a higher first week mortality
among cases compared to European and North American
programs participating in the study. This difference could
be explored further to understand the role of prenatal
screening, ETOPFA policies, and availability and access
to clinical care as they can significantly influence mortal-
ity outcomes. Causes of mortality observed among multi-
ple or syndromic ARM cases could also be further
explored.

Our study has several strengths. We examined a large
number of ARM cases, including all pregnancy outcomes
over a 30-year period in some programs. Total cases
represented live births, stillbirths, and ETOPFA. We
examined age-specific mortality. We also examined mor-
tality by isolated, multiple, and syndromic case status.
Case status for ARM and other birth defects is deter-
mined and confirmed by trained surveillance personnel,
increasing case specificity. Cases were tracked through
multiple data sources thus increasing both internal and
external validity of our findings. Data linkages between
the birth defects surveillance systems and death certifi-
cates or other administrative data sources were possible
for a majority of the participating programs until at least
1 week after birth and in some programs until 5 years
of age.

There are several limitations with the study. Surveil-
lance periods varied between programs. Participating
programs provided data as an aggregate number of cases,
live births, stillbirths, and ETOPFA, negatively impacting
our ability to explore individual characteristics for analyt-
ical epidemiological studies. The definition of stillbirth
varied by program, which may have introduced an
undercount of cases in programs tracking stillbirths at
later gestational ages. The quality of mortality data
obtained from death certificates and administrative
sources may vary by program and could not be validated.
Linkages between programs and vital records may not be
complete, potentially resulting in an undercount of mor-
tality. It is likely that some deaths were missed due to
out-migration. It was not feasible to track mortality
beyond 5 years of age in most programs.

In conclusion, there is variability in the total preva-
lence of ARM in the programs we examined, indicating
modifiable risk factors. Early life mortality is a concern,
especially among multiple and syndromic cases. Our
findings contribute to the knowledge of descriptive epide-
miology of ARM by isolated, multiple, and syndromic
cases. This information can be helpful to clinicians and
stakeholders to plan needed clinical services. Consider-
ations for surveillance attributes of participating pro-
grams may be helpful when interpreting the findings.
Utilizing individual-level data and exploring factors
influencing total prevalence and early life mortality
among individuals with ARM could help inform future
studies.
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