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Abstract Geographical clusters are defined as the occurrence
of an unusual number of cases higher than expected in a given
geographical area in a certain period of time. The aim of this
study was to identify potential geographical clusters of specif-
ic selected congenital anomalies (CA) in Argentina. The cases
were ascertained from 703,325 births, examined in 133 ma-
ternity hospitals in the 24 provinces of Argentina. We used the
spatial scan statistic to determine areas of Argentina which
had statistically significant elevations of prevalence. Prenatal
diagnosis followed by referral of high-risk pregnancies to high
complexity hospitals in a hospital-based surveillance system
can create artifactual clusters. We assessed the referral bias by
evaluating the prevalence heterogeneity within each cluster.
Eight clusters of selected CAs with unusually high birth prev-
alence were identified: anencephaly, encephalocele, spina
bifida, diaphragmatic hernia, talipes equinovarus, omphalocele,
Cleft lip with or without cleft palate (CL/P), and Down syn-
drome. The clusters of Down syndrome and CL/P observed in
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this study match the previously reported clusters. These find-
ings support local targeted interventions to lower the prevalence
of the CAs and/or further research on the cause of each cluster.
The clusters of spina bifida, anencephaly, encephalocele,
omphalocele, congenital diaphragmatic hernia, and talipes
equinovarus may be influenced by prenatal diagnosis and refer-
ral to high complexity hospitals.
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Introduction

Congenital anomalies (CAs) are morphological or functional
alterations of prenatal etiology which are present from birth,
even if detected later in life. Major morphological CAs have a
significant effect on health and generally require medical or
surgical treatment (e.g., cleft lip and palate, gastroschisis,
spina bifida) (WHO 1996). In the last years in Argentina,
media reports alleged high prevalence and geographic clusters
of CAs, and postulated that these might be linked to exposure
to environmental pollutants (i.e., pesticides). Anecdotal evi-
dence from clinicians also suggests this possibility. We report
on the results of a study setup in response to public concern to
establish if there is a high prevalence of selected CAs in
Argentina or any geographic cluster within the country.
Geographical clusters are defined as the occurrence of an
unusual number of cases higher than expected in a given geo-
graphical area in a certain period of time. Many CAs can be
prevented, and identification of clusters may provide an
opportunity for targeted interventions designed to prevent
specific CAs. Examining the geographic distribution of birth
defects can also be useful in exploratory etiologic research.
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After the identification of a cluster, more specific research like
a case-control study can be conducted to further assess the
cause of the cluster. Specific studies of certain CAs may un-
cover possible environmental or genetic risk factors and
assist with the generation of hypotheses about underlying
causes of these conditions (Root et al. 2009). Previous
studies evaluated clusters of selected CAs in different coun-
tries: orofacial clefts in the USA and South America (Cech
et al. 2007; Poletta et al. 2007; Gili et al. 2015), gastroschisis
in the USA (Root et al. 2009, 2011), anophtalmia in the UK
(Dolk et al., 1998), sirenomelia in Colombia (Castilla et al.,
2008), anorectal atresia/stenosis in China (Yuan et al. 2009),
among others. The Latin-American Collaborative Study of
Congenital Malformations (ECLAMC; Castilla and Orioli
2004) has previously evaluated clusters of several CAs in
South American countries, including Argentina, using spatial
scan statistics (Poletta et al. 2007; Gili et al. 2015).

Argentina is located in southern South America. It is a
federal republic consisting of 24 jurisdictions or provinces.
From a historical and geographical criterion, Argentina can
be divided into five regions: Central (the most populous),
Cuyo (west), Northwest, Northeast, and Patagonia (south). It
has a population of 40,117,096 inhabitants, 89.4 % of whom
live in urban areas. The continental part has an area of
2,800,000 km?, with a low population density of 14.4 people
per square kilometer. Around 65 % of the population is con-
centrated in the central region provinces (INDEC 2010).

The aim of this study was to identify potential geographical
clusters of specific selected CAs in Argentina. This is the first
study with this aim that used data from the National Network
of Congenital Abnormalities Argentina (RENAC), formerly
known as National Registry of Congenital Anomalies
(Groisman et al. 2013), a national hospital-based surveillance
system.

Material

This observational descriptive study was performed with ma-
terial obtained by the RENAC surveillance system since 2009
until 2013. The cases were ascertained from 703,325 births,
examined in 133 maternity hospitals in the 24 provinces of
Argentina (Fig. 1). The CAs included were those with major
clinical impact and thought to be easily recognizable, consis-
tently and accurately diagnosed. The following CAs were in-
cluded anencephaly (ICD-10: Q00), spina bifida (ICD-10:
QO05), encephalocele (ICD-10: QO1), Cleft lip with or without
cleft palate (CL/P; ICD-10: Q36-Q37), cleft palate (CP; ICD-
10: Q35), esophageal atresia (ICD-10: Q39.0-Q39.1),
anorectal malformation (ICD-10: Q42), congenital diaphrag-
matic hernia (ICD-10: Q79.0), talipes equinovarus (ICD-10:
Q66.0), talipes calcaneovalgus (ICD-10: Q66.1), omphalocele
(ICD-10: Q79.2), gastroschisis (ICD-10: Q79.3), and Down
syndrome (ICD-10: Q90). Cases included live births and
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stillbirths, equal or over 500 g. All clinical presentations (iso-
lated and associated) were considered in the cluster analysis.
We excluded from the analysis CAs that would not normally
be identified in a standard physical examination and require
diagnostic procedures (i.e., echocardiogram for definitive di-
agnosis of congenital heart defects).

Methods

Birth prevalence of selected CAs was calculated considering
Poisson’s distribution, with a 95 % confidence interval. For the
geographic cluster analysis, we used the spatial scan statistic to
determine areas of Argentina which had statistically significant
elevations of prevalence (Kulldorff and Nagarwalla 1995;
Kulldorff et al. 1998). This analysis uses information of the
number of cases, number of total births, and the exact geo-
graphic location of each of the 133 RENAC’s maternity hos-
pitals (defined by their geographic coordinates) and then tests
several circular areas with different sizes and centered in each
geographic point. Starting from an initial radius of 0, the area
progressively enlarged by including more maternity hospitals
and detecting significantly higher than expected birth preva-
lence of each selected anomaly. The null hypothesis stated that
the birth prevalence for each selected anomaly was homoge-
neous in the whole RENAC population, and the alternative
hypothesis assumed a higher risk within a given area, as com-
pared with the birth prevalence observed outside that area. This
test used the maximum likelihood ratio test statistic to deter-
mine those areas with the smallest probability for the observed
unusual birth prevalence resulting from random sampling var-
iation. The P value was obtained through multiple simulations
by the Monte Carlo model of 9999 replications. The critical
value for significance was set at P < 0.05. The cluster regions
were not established “a priori”. The three restrictions intro-
duced in our analysis were the following: (1) the number of
births captured in a given area had to be more than 10,000
births to avoid birth prevalence variations due to a small num-
ber of births, (2) the diameter of the cluster area had to be less
than 150 km to avoid excessively large clusters, and (3) the
resulting areas did not overlap among them.

We examined the birth prevalence heterogeneity within
each cluster with Cochran’s Q test, at a significance level of
P <0.05. Heterogeneous clusters are more likely influenced
by referral bias because one or more of the high complexity
hospitals within the cluster could be responsible for the de-
tected prevalence increase in the cluster area.

Results

During the study period, RENAC covered 18.75 % of birth of
the country. Among 703,422 births included, 11,373 cases
with major CAs were detected. The birth prevalence of major
CAs was 1.62 (CI 95 % 1.59-1.65). We present the birth
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Fig. 1 The map of Argentina
with the location of hospitals
participating in the study
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Ref.: 01: Ciudad Auténoma de Buenos Aires, 02: Buenos Aires, 03: Catamarca, 04: Cérdoba, 05:
Corrientes, 06: Chaco, 07: Chubut, 08: Entre Rios, 09: Formosa, 10: Jujuy, 11: La Pampa, 12: La

Rioja, 13: Mendoza, 14: Misiones, 15: Neuquén, 16: Rio Negro, 17: Salta, 18: San Juan, 19: San

Luis, 20: Santa Cruz, 21: Santa Fé, 22: Santiago del Estero, 23: Tierra del Fuego, 24: Tucuman

prevalence of the 13 specific selected anomalies in Table 1.
Prenatal diagnosis was higher for encephalocele (74 %), an-
encephaly (71 %), omphalocele (71 %), and congenital dia-
phragmatic hernia (64 %).

Eight clusters of selected CAs with unusually high birth
prevalence were identified: anencephaly, encephalocele,
spina bifida, diaphragmatic hernia, talipes equinovarus,
omphalocele, CL/P, and Down syndrome (Table 2;
Fig. 2). From the eight identified clusters, six are located
in the Central region, in the metropolitan area of the City of
Buenos Aires. In this study, we included 317,531 births
from 67 hospitals of this area, covering 45 % of births of
the whole study.

Discussion
CAs prevalence fluctuates in populations over space and time,

which can create the appearance of clusters. CAs surveillance
systems can serve as important resources when investigating

Table 1  Birth prevalence of selected congenital anomalies per 10,000
births, RENAC Argentina, 20092013

Congenital anomaly Cases  Prevalence (CI 95 %)
Anencephaly 212 3.0(2.6-34)
Encephalocele 97 1.4 (1.1-1.7)
Spina bifida 389 5.5(5.0-6.1)
Diaphragmatic hernia 225 3.2 (2.8-3.6)
Talipes equinovarus 484 6.9 (6.3-7.5)
Talipes calcaneovalgus 89 1.3 (1.0-1.6)
Gastroschisis 600 8.5(7.9-9.2)
Omphalocele 167 2.4 (2.0-2.8)
Cleft lip with or without cleft palate 826 11.7 (11.0-12.6)
Cleft palate 220 3.1 (2.7-3.6)
Down syndrome 1220 17.3 (16.4-18.3)
Esophageal atresia 230 33 (2.9-3.7)
Anorectal malformation 231 3.3(2.9-3.7)
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Table 2 Identified clusters with unusually high birth prevalence in Argentina, 2009-2013
Congenital Centroid Radius (ii) Region Cities Hospitals Cases Births BP RR LHR P (xi) P value for
anomaly coordinates (i) (iii) @iv) W) (vi) (vii) (viii)  (ix) (x) heterogeneity
Cochran’s
O test
Diaphragmatic hernia 34.625181 S, 1.88 km Central 2 2 22 15,383 143 4.85 16.55 <0.001 0.435
58.555990 W region
Encephalocele 34.589078 S, 532 km Central 1 9 25 50,049 5.00 4.53 16.03 <0.001 0.006
58.400233 W region
Omphalocele 34.589078 S, 5.09 km Central 1 8 35 42,520 823 4.12 20.70 <0.001 <0.001
58.400233 W region
Spina bifida 34.895851 S, 3.80 km Central 1 2 22 10,859 20.26 3.82 1291 <0.001 <0.001
57.948282 W region
Anencephaly 34.589078 S, 5.09 km Central 1 8 109 42,520 25.63 2.89 41.07 <0.01 <0.001
58.400233 W region
Talipes equinovarus ~ 27.729279 S, 139.4km Northwest 3 68 52,112 13.05 2.04 12.55 <0.001 0.001
64.239497 W region
Cleft lip with or 24.772172 S, 81.16 km Northwest 2 77 41,305 18.64 1.65 7.62 <0.05 0.940
without cleft palate 65.414777 W region
Down syndrome 34.589078 S, 532 km Central 1 9 125 50,049 2498 1.49 8.03 <0.05 <0.001
58.400233 W region

(i) Location of the centroid by geographic coordinates; (ii) radius length; (iii) country region, (iv) number of included cities, (v) number of maternity
hospitals, (vi) ascertained cases; (vii) examined births in the cluster; (viii) BP: birth prevalence x 10,000 births; (ix) relative risk (RR); (x) logarithm
likelihood ratio value (log LHR); (xi) P value using the likelihood ratio test statistics

these occurrences because they continuously and systemati-
cally monitor CAs prevalence. Clusters’ search is part of the
RENAC routine of public health surveillance of CAs. Major
CAs are particularly well suited to this type of geographic
analyses because the lag time between exposure to environ-
mental and the development of the birth defect outcome is
relatively short. This situation minimizes the potential bias
introduced when study subjects move during the exposure
period and allows for stronger hypotheses about the area-
level factors that may cause the disease. Understanding the
geographic distribution of diseases with a long latency period
(e.g., cancer) may be less informative because study subjects
are much more likely to move several times between exposure
and diagnosis of the disease. Geographic variation of the prev-
alence may reflect joint contributions of environmental and
genetic factors to the occurrence of the selected birth defects
(Root et al. 2009).

The birth prevalence for major CAs was within expected
rates (1-3 %). Regarding the prevalence of the selected CAs in
the total sample (Table 1), we have previously reported a
higher prevalence of gastroschisis and CL/P in the RENAC
when compared with Eurocat (Groisman et al. 2013). The
higher prevalence of gastroschisis could be attributed to
higher prevalence of teenage pregnancy in Argentina
(United Nations, 2015) because young maternal age is a
well-known risk factor for gastroschisis (Rasmussen et al.
2008). The higher frequency of a CL/P could be explained by
the Amerindian component (Poletta et al. 2007; Gili et al. 2015)
and the lower socioeconomic level present in some regions of
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the country, risk factors previously associated with this anom-
aly (Pawluk et al. 2014).

For Down syndrome, spina bifida, anencephaly,
encephalocele, omphalocele, and talipes equinovarus, we
found heterogeneity within the clusters. Although we did not
find heterogeneity within the congenital diaphragmatic hernia
cluster, the hospitals in that cluster are well-known referral
centers for prenatally detected cases. Therefore, we consider
that these clusters could be influenced by referral bias due to
prenatal diagnosis and referral to one or more high complexity
hospitals within the clusters.

Regarding Down syndrome, advanced maternal age (greater
or equal than 35 years old) is a well-known risk factor for
aneuploidy (Meredith et al. 1978). The cluster we found
is located in the City of Buenos Aires and it could be
associated with a higher maternal age when comparing this
city with the rest of the country. The proportion of mothers
with age of 35 or more in the City of Buenos Aires is the
highest in the country (26.9 % in the City of Buenos Aires
versus 15.5 % in the rest of the country) (National Ministry
of Health 2014). The ECLAMC previously reported a higher
prevalence of Down syndrome located in the same region
(Campafia et al. 2010). The finding of this cluster could be
used to target educational interventions about advanced ma-
ternal age as a risk factor for aneuploidy and other adverse
reproductive outcomes.

Most cases with oral clefts have multifactorial origin, al-
though there are some genetic syndromes. Among the terato-
genic causes, it has been reported that the immunosuppressant
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Fig. 2 The map of Argentina with detail of the detected clusters

mycophenolate (CL/P), corticosteroids (CP), and lamotrigine
(CL/P and CP) are associated with oral clefts. There is strong
evidence of increased risk of oral clefts after prenatal exposure
to tobacco (Hackshaw et al. 2011). A cluster identified in
Texas showed suggestive evidence of an association between
elevated radiation levels in tap water and elevated cleft birth
prevalence rates (Cech et al. 2007). There is evidence that
periconceptional supplementation with multivitamins includ-
ing folic acid decreases the CL/P risk in the offspring (Johnson
and Little 2008). There are several reports of strong geograph-
ical differences: prevalence of CL/P is high in parts of Latin
America and Asia (China, Japan). The CL/P cluster found in
this study is located in the Northwest of Argentina, similar to
the previously reported by the ECLAMC (Poletta et al. 2007).
In that study, Amerindian ethnic background was found asso-
ciated to the higher risk. Another geographical analysis from
the ECLAMC in Argentina showed a higher prevalence of
CL/P in a cluster of low socio-economic level, which included
the same region (Pawluk et al. 2010). A case control study
from the ECLAMC also showed a higher risk of CL/P in

mothers with low socioeconomic level (Pawluk et al. 2014).
In brief, the Northwest region presents a population structure,
with a higher Amerindian component and socioeconomic dif-
ferences that could partly explain the high frequency ob-
served. We did not find heterogeneity in this cluster, which
could indicate a lower influence of the referral bias.

Two previous studies by the ECLAMC reported a cluster of
orofacial clefts in the Patagonia region (Poletta et al. 2007,
Campania et al. 2010), the southern region of Argentina. This
cluster was not found in our study. The reason could be that
the cluster reported by ECLAMC included part of Chile, the
neighboring country, and have an overrepresentation of the
western area of Patagonia (the Andes area); while RENAC
only includes Argentina and hospitals both from the western
and eastern Patagonia. Another explanation could be that the
number of births from the Patagonia region in the study period
was low, and it may require more births under surveillance to
find that cluster.

The prevalence of neural tube defects (NTD) varies de-
pending on geographic region. A high prevalence of NTD is
described in Mexico, Ireland, Wales, Egypt, and Lebanon
(Gorlin et al. 2001). Hispanics consistently had a higher prev-
alence of NTD compared with the other racial/ethnic groups.
Different risk factors have been identified for the occurrence
of NTD, such as maternal obesity, pregestational diabetes,
anticonvulsants, low socioeconomic status, multiple births,
female sex and, especially, low folic acid intake (Rimoin D
et al. 2006). The intake of periconceptional folic acid is a well-
known protective factor for NTD. In Argentina, folic acid
fortification of wheat flour is compulsory by a national law
since 2002 with a dose of 2.2 mg/kg. The ECLAMC previous-
ly reported a higher prevalence of spina bifida located in the
same region (Campafia et al. 2010). The finding of the spina
bifida and encephalocele cluster in Argentina could be used to
develop further research, looking for risk factors at the individ-
ual level. Also, it is useful to target interventions for the pop-
ulation of that cluster such as providing nutrition education to
women of childbearing age that could result in increased die-
tary folate consumption and greater compliance with vitamin
supplementation (Gordon et al. 2003).

The cluster of anencephaly is located in the City of Buenos
Aires, the capital city of Argentina, which include hospitals
with more infrastructure and technology than the rest of coun-
try to receive high-risk pregnancies. Also, for anencephaly,
there is a special situation in the City of Buenos Aires because
there is a local law that allows elective termination of preg-
nancy of prenatally detected cases with lethal birth defects
from 24 gestational weeks. This probably increases referral
of prenatally detected cases of anencephaly to the hospitals
of this city (Law number 1044, 2003).

Regarding talipes equinovarus, the etiology is poorly un-
derstood, generally considered to be multifactorial. The prev-
alence reported by different surveillance systems varies
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considerably (ICBDSR 2012). There is evidence for envi-
ronmental contribution of smoking (Werler et al. 2015).
One of the provinces (Tucuman) partially included in this
cluster has a greater than average prevalence of smoking
and could benefit with interventions targeted to tobacco
control (National Ministry of Health 2011).

Congenital diaphragmatic hernia is defined by the presence
of an orifice in the diaphragm, more often the left and pos-
terolateral that permits the herniation of abdominal contents
into the thorax. The causes of congenital diaphragmatic hernia
are largely unknown. Most cases are isolated, but associated
malformations are often observed, sometimes as components
of genetic syndromes. Omphalocele is frequently associat-
ed with aneuploidy (30 %), with two-thirds of cases, there
are other structural anomalies. Among the CAs analyzed,
omphalocele had a low frequency. The random variation of
low-frequency anomalies could generate an artifactual
cluster. Besides the likely influence of the referral bias
and the random variation of low frequency anomalies, we
could not find a clear explanation for the congenital dia-
phragmatic hernia and the omphalocele clusters.

Limitations

One limitation of this study is that it tested for unusual
patterns within circles, though these patterns may not be
circular in nature. We are not able with this test to deter-
mine the exact boundaries of the area where the unusual
rates occurred.

Since this is an ecological analysis, we cannot say that the
whole population living within the cluster area has the same
risk for giving birth to an infant with the selected CA. Women
have varying levels of risk, which depend on their individual
characteristics, behaviors, and family histories. However, the
presence of the cluster suggests that a risk factor, of environ-
mental or genetic origin, may exist in that area. We cannot rule
out the possibility that some of the spatial variation detected
was due to residual spatial confounding. Spatial confounding
occurs when there is an uneven spatial distribution of an un-
controlled risk factor.

Biased case ascertainment is always a concern in hospital-
based settings when compared with population-based data-
bases. However, in this study, we compared the prenatal diag-
nosis inside the cluster with the outside to identify those clus-
ters influenced by referral bias. Since RENAC is a hospital-
based system, the prevalence was calculated using data from
the number of cases (numerator) and births (denominator) in
the included hospitals. We lack information about the resi-
dence of the mothers of the denominator. Therefore, it is not
possible to analyze the data according to maternal residence
during pregnancy, which would be more related to environ-
mental exposures.
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Although RENAC now covers 42.4 % of births in the coun-
try, the coverage during the study period was lower. This lower
coverage could influence the results of the study, generating
artifactual clusters or preventing detection of real clusters.

Strengths

We used a spatial scan statistic because it does not require a
priori knowledge of the geographic location or size of a cluster
before conducting the analysis, thereby ameliorating the prob-
lem of pre-selection bias.

The analysis included 703,325 births, which makes it a
suitable sample for the use of spatial statistics in searching
for endemic geographic regions. Data were collected with-
out knowledge of the working hypothesis, which was ap-
plied to material stored in the RENAC data base. The
RENAC combines two strengths: high quality of diagnosis
made by neonatologist following standardized procedures
and high coverage.

Maps used in conjunction with statistical tests for cluster-
ing can be useful to health researchers for focusing attention
on areas for further investigation. These types of maps are
useful for showing general patterns of disease and to generate
hypotheses regarding the role of environmental, genetic, or
lifestyle factors in the etiology of a disease.

Conclusion

The clusters of Down syndrome and CL/P observed in this
study match the previously reported clusters by the ECLAMC
with a different sample and time period (Poletta et al. 2007,
Campafia et al. 2010). These findings support local targeted
interventions to lower the prevalence of the CAs and/or further
research on the cause of each cluster. The clusters of spina
bifida, anencephaly, encephalocele, omphalocele, congenital di-
aphragmatic hernia, and talipes equinovarus may be influenced
by prenatal diagnosis and referral to high complexity hospitals.
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