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A Higher Incidence of Isolated Biliary Atresia in Rural

Areas: Results From an Epidemiological Study in

The Netherlands
�Mark Nomden, �Daan B.E. van Wessel, ySolomon Ioannou, zHenkjan J. Verkade,

§Ruben H. de Kleine, yBehrooz Z. Alizadeh, �Janneke L.M. Bruggink, and �Jan B.F. Hulscher

ABSTRACT

Objectives: Environmental factors may be involved in the pathogenesis of

biliary atresia (BA). This epidemiological study aimed to analyze the

relationships between the incidence of BA, the incidence of confirmed viral

or bacterial infections and population density, and geographical and tempo-

ral clustering of BA in the Netherlands.

Study Design: Correlations between the monthly incidence of BA and the

number of confirmed infections were assessed. BA incidence per province

was calculated and compared to the province with highest population

density. Birthplaces were classified as rural or urban. Temporal

clustering of month of birth and month of conception were analyzed. We

performed analyses for isolated BA (IBA) and syndromic BA (SBA)

separately. Chi2, logistic regression, and Walter and Elwood test were used.

Results: A total of 262 IBA and 49 SBA patients, born between 1987 and 2018,

were included. IBA incidence correlated to the number of confirmed infections

of, for example, Chlamydia trachomatis (R¼ 0.14; P¼ 0.02) and adenovirus

(R¼ 0.22; P¼ 0.005). We observed a higher incidence of IBA (0.75/10,000;

odds ratio [OR]¼ 1.86; P¼ 0.04) and SBA (0.27/10,000; OR¼ 6.91;

P¼ 0.001) in Groningen and a higher incidence of SBA in Gelderland (0.13/

10,000; OR¼ 3.35; P¼ 0.03). IBA incidence was 68% higher in rural (0.67/

10,000) versus urban areas (0.40/10,000) (P¼ 0.02). The estimated month of

conception of patients with SBA clustered in November (85% increase

compared to average SBA incidence [0.09/10,000; P¼ 0.04]).

Conclusions: IBA incidence correlated weakly with national confirmed

infections. IBA and SBA incidence varied geographically in the

Netherlands. IBA incidence was higher in rural than in urban areas, which

may be explained decreased exposure to pathogens. Our results provide

support for a role of environmental factors in the pathogenesis of IBA.

Key Words: cholangiopathy, clustering, infections, seasonality, urbanicity

(JPGN 2021;72: 202–209)

What Is Known

� Environmental factors, such as viral infections, have
been associated in the pathogenesis of isolated
biliary atresia.

� Studies investigating geographical and temporal
clustering have yielded varying results.

What Is New

� The incidence of isolated biliary atresia correlated
with pathogens, for example, adenovirus and Chla-
mydia trachomatis.

� Geographical clustering of isolated and syndromic
biliary atresia was observed in 1 and 2 provinces in
the Netherlands, respectively.

� The incidence of isolated biliary atresia was signifi-
cantly higher in rural areas compared to urban areas.

� Temporal clustering of isolated biliary atresia was
not observed.

B iliary atresia (BA) is a rare cholangiopathy of infancy,
characterized by cholestasis and pale stools in the first weeks

of life. Its incidence varies from approximately 1:8000 newborns in
Asian countries to 1:20,000 in European countries (1,2). BA exists
in an isolated BA (IBA) and syndromic BA (SBA) form, accounting
for approximately 80% and 20% of cases, respectively. IBA is
characterized by obliteration of the intra- and extrahepatic bile
ducts. SBA is, in addition to the obliteration of the intra- and
extrahepatic bile ducts, characterized by congenital malformations
such as polysplenia, situs inversus and malrotation (1,3,4). The
cause of either IBA or SBA is unknown. Mutations in specific genes
have been associated with both IBA and SBA, such as the intercel-
lular adhesion molecule-1 in IBA and polycystic kidney disease 1
like 1 gene, a gene associated with embryonic laterality, in SBA
(5,6). They play a role in inflammation and determination of the
left-right axis in embryonic development, respectively. A large
cohort is still required to confirm the involvement of these genes in
the pathophysiology of BA. A popular hypothesis for IBA describes
an infectious insult as an initiator of bile duct injury (1,5,7).
Subsequently, an exaggerated immune response results in bile duct
obliteration (5). Rotavirus (RV) (8,9), reovirus (10), and cytomeg-
alovirus (11,12) have been proposed as the inducing pathogens.
Moreover, rhesus RV has successfully been used to generate
experimental BA in animal models, supporting the hypothesis of
an infectious insult as the initiator of the exaggerated immune
response (13,14). SBA, on the contrary, is thought to be caused by a
developmental error, rather than due to an environmental insult (1).
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This is supported by the observed laterality defects in SBA, such as
situs inversus or intestinal malrotation (3).

If the origin of IBA would indeed be (partially) attributable to
an environmental or infectious insult during pregnancy or in the
perinatal period, one could expect differences in geographical
distribution and in the distribution over the months in a year of
the incidence of IBA, while this is not expected in SBA, due to its
developmental origin. Studies conducted in cohorts in which
patients with IBA and SBA had been combined provide conflicting
results with regard to geographical and seasonal clustering (15–21).
Moreover, supporting data regarding environmental factors, such as
bacterial and viral infections in the environment or population
density, are lacking in the majority of these studies. The current
study aimed first to analyze the relationships between the incidence
of IBA and SBA and national counts of confirmed bacterial and
viral infections in the Netherlands. Secondly, we aimed to assess
whether geographical and/or temporal clustering of IBA and SBA
exists. These data could strengthen or weaken the hypothesized
involvement of an environmental factor in the pathogenesis of IBA
and SBA.

PATIENTS AND METHODS

Study Design and Patient Inclusion
This nationwide, ecological cohort study was performed in

accordance with the guidelines of the Medical Ethical Committee of
the University Medical Centre Groningen (2017/056). For this
study, we used the Netherlands Study Group on Biliary Atresia
Registry (NeSBAR) database, which contains demographic data,
perioperative data, and long-term follow-up data of all patients with
confirmed BA in the Netherlands since 1987. We selected all
patients with BA born between January 1987 and
December 2018. We classified patients as having SBA when one
of the associated congenital malformations was present, for exam-
ple, polysplenia, situs inversus, and intestinal malrotation (1,3).
Patients were excluded if their place of birth was outside the
Netherlands (n¼ 7) or in case of missing data (n¼ 7). We per-
formed analyses for IBA and SBA separately. We calculated the
incidence of IBA and SBA by dividing the number of BA cases
within the respective period of time by the number of live births in
the same time span, expressed as cases per 10,000 live births.

Pregnancy

Based on the theory that IBA originates in the gestational
period (22), we assessed the relationship between the month of
conception, or the month of bile duct formation on the one hand, and
number of confirmed viral or bacterial infections on the other hand.
We estimated the month of conception per BA patient by subtracting
their gestational age from their date of birth. We calculated the
estimated number of conceptions of BA children per month per total
number of live births. This was termed the ‘‘incidence of conception
of BA patients.’’ Because the intra- and extrahepatic bile ducts start
to develop between 4 and 8 weeks of life in the human embryo (3),
we estimated the month during which bile duct formation took
place. This was calculated by adding 6 weeks to the date of
estimated conception (which was calculated as stated previously).
We made an estimation of the number of active pregnancies in
which bile duct formation was taking place. An incidence of the
formation of bile ducts in BA children was calculated by dividing
the number of BA pregnancies by the estimated total number of
pregnancies during each month. We expressed the incidence as
number of BA patients per 10,000 pregnancies. This incidence was
used to assess if there was a correlation between the number of

confirmed infections and the formation of bile ducts in patients
with BA.

Confirmed Viral and Bacterial Infections in
Relation to the Incidence of Biliary Atresia and
Active Biliary Atresia Pregnancies

We acquired the weekly number of new confirmed viral and
bacterial infections in the Netherlands from the National Institute of
Public Health and the Environment (RIVM). Twenty-one laborato-
ries in the Netherlands report the number of new confirmed viral
and bacterial infections per week to the RIVM. These data give
reliable information about the national abundance of viruses and
bacteria and can be used to assess national trends of infections in the
Netherlands (23). The RIVM can use these data to monitor the
abundance of infections in the environment to be able to take
protective measures for public health when needed. We now applied
these data for the first time to address a potential correlation with the
incidence of a rare disease, in this case the incidence of IBA and
SBA. We estimated the number of reproductive women per year
based on the number of women at risk of acquiring periconceptual
or perinatal infections of 20 to 50 years of age from the central
bureau of statistics (CBS). We calculated the number of bacterial
and viral infections per month per reproductive women by dividing
the number of infections per separate pathogen in a particular month
by the number of reproductive women per year. We analyzed the
relationship between the incidences of IBA and SBA to the calcu-
lated infections per 10,000 reproductive women.

Geographical Clustering

We obtained the number of live births per province per year
from the CBS. The incidence of IBA and SBA per province per year
was calculated by dividing the number of BA cases per year by the
number of live births per year, per province (expressed as the
number of BA cases per 10,000 live births per year, per province).
Because a high population density is associated with an increased
risk of acquiring an infection (24), we chose the province with the
highest population density (ie, South Holland) as a reference. To
associate the incidence of BA with population density, we retrieved
the degree of urbanicity per municipality from 1997 until 2019 from
the CBS. The degree of urbanicity is based on the average area
address density per municipality. The degree of urbanicity is
categorized into 5 groups by the CBS: ‘‘no urbanicity’’
(<500 addresses/km2), ‘‘low urbanicity’’ (500–1000 addresses/
km2), ‘‘moderate urbanicity’’ (1000–1500 addresses/km2), ‘‘high
urbanicity’’ (1500–2500 addresses/km2), and ‘‘very high urbani-
city’’ (>2500 addresses/km2) (25). We allocated patients in 1 of
these 5 urbanicity groups, according to the address density of the
residential zip code at time of birth. We calculated BA incidences
per urbanicity group. We included patients born between 1997 and
2018 in this analysis, since data regarding the number of live births
per municipality were only available from 1997 onwards. To
compare the incidence IBA or SBA between ‘‘extreme’’ rural
and ‘‘extreme’’ urban areas, we compared the group of ‘‘no
urbanicity’’ with the group of ‘‘high urbanicity’’ and ‘‘very high
urbanicity’’ combined, respectively. We disregarded the 2 groups of
low and moderate urbanicity, because these groups could not be
categorized as truly rural or truly urban as per definition by the CBS
(26). Moreover, by excluding these 2 groups we correct for changes
in urbanicity over a long period of time. Rural areas became more
rural over time while urban areas became more urban over the time
of the study (26).
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Temporal Clustering

We calculated the accumulated monthly incidence of IBA
and SBA by dividing the total number of IBA and SBA cases per
respective month within the study period by the total number of live
births per respective month in the study period. We expressed the
accumulated monthly incidence of each subtype as cases per 10,000
live births per month. Patients included in this analysis were born
between January 1995 and December 2018, because data regarding
live births per month were available from 1995 onwards.

Statistics

All variables are expressed as number of BA cases per 10,000
live births (incidence/10,000). To assess the correlation between BA
incidence and number of confirmed infections per 10,000 repro-
ductive women, we used Spearman or Pearson correlations as
appropriate. We used logistic regression analysis to assess spatial
clustering per province and this was expressed as odds ratios (ORs).
The Chi2 test was used to compare clustering between urbanicity
groups and between ‘‘truly rural’’ and ‘‘truly urban’’ areas. We used
Walter and Elwood (27) test of seasonality to assess temporal
clustering. In case of missing data, patients were excluded from
the respective analysis. The number of patients within each analysis
was provided. We considered a P value <0.05 statistically signifi-
cant. In the correlation analysis, we chose not to correct the
statistical significance level for multiple testing due to the explor-
ative nature of this study and thereby prevent type II statistical
errors. All analyses were performed using IBM SPSS Statistics 23.0
(Armonk, NY) and R statistical package 3.5.3. We constructed
figures using Prism 7.02 (GraphPad Software, La Jolla, CA).

RESULTS
Between January 1987 and December 2018, 311 patients

(139 boys, 45%) with BA were born. Out of 311 patients 262 (84%)
had IBA (118 boys, 45%) and 49/311 (16%) SBA (21 boys, 43%).
There were 6.017.136 live births in the Netherlands during the study
period. Therefore, the incidence of BA was 0.52 of 10,000 live
births (1/19,231).

The Relationship Between Biliary Atresia
Incidence and Confirmed Viral or Bacterial
Infections

The monthly incidence of IBA correlated weakly, yet sig-
nificantly to pathogens such as adenovirus, Chlamydia trachomatis,
Coxiella, hepatitis E virus (HEV), influenza A and B virus, rhino-
virus, Rickettsia virus, and Sapovirus (R coefficient between 0.12
and 0.24; P values between 0.004 and 0.047, Supplementary
Table 1, http://links.lww.comd/MPG/B950). We observed weak,
yet statistically significant correlations between the month of
conception of IBA children and, Chlamydia, dengue virus, HEV,
Norovirus, and untyped parainfluenza virus (R coefficient between
�0.18 and 0.17; P values between 0.02 and 0.04,
Table Supplementary Table 1, http://links.lww.com/MPG/B950).
The incidence of the conception of patients with SBA correlated
negatively with Sapovirus (R¼�0.34, P¼ 0.002). The month of
approximate bile duct formation in patients with IBA correlated
weakly, yet significantly with, among others, adenovirus; C pneu-
moniae; HEV Norovirus; and parainfluenza type 2, type 3, and
untyped parainfluenza virus (R coefficient between�0.18 and 0.16;
P values between 0.003 and 0.05, Supplementary Table 1, http://
links.lww.com/MPG/B950). The month of approximate bile duct

formation in patients with SBA correlated significantly with
untyped Chlamydia (R¼ 0.121, P¼ 0.04) and Sapovirus
(R¼�0.29; P¼ 0.009). We did not observe significant correlations
between the incidences of IBA or SBA and RV.

The Relationship Between Biliary Atresia
Incidence, Geographical Location, and
Population Density

The incidence of IBA and SBA was compared between the
12 provinces of the Netherlands. Of these, the province of South
Holland has the highest population density and was therefore used
as reference. A map of the Dutch provinces and incidence of BA is
shown in supplementary Figure 1, http://links.lww.com/MPG/B947.
We observed a higher incidence of IBA in the province of Gronin-
gen (0.75/10,000 live births, OR: 1.86, P¼ 0.04, Table 1). The
incidence of SBA in the provinces of Groningen (0.27/10,000 live
births, OR: 6.91, P¼ 0.002) and Gelderland (0.13/10,000 live
births, OR: 3.35, P¼ 0.03) was significantly higher compared to
the province of South Holland.

Supplementary Figure 2, http://links.lww.com/MPG/B948
depicts the incidence of BA per urbanicity group (ie, 5 groups
based on the average address density per municipality). In total, we
included 202 patient with BA in this analysis (IBA n¼ 164 and SBA
n¼ 38) because data from the CBS regarding urbanicity were
available from 1997 onwards. We observed an overall significant
difference in the incidence of IBA of the 5 urbanicity groups
(P¼ 0.02, Supplementary Fig. 2, http://links.lww.com/MPG/
B948). The highest incidence of IBA was observed in the group
of ‘‘no urbanicity’’ (0.67/10,000 live births), whereas the lowest
incidence of IBA was observed in the group of ‘‘low urbanicity’’
(0.27/10,000 live births). We did not observe a significant differ-
ence in the incidence of SBA within the same groups (P¼ 0.08).
The highest incidence of SBA was found in the group of ‘‘no
urbanicity’’ (0.13/10,000 live births), whereas the lowest incidence
was observed in the group of ‘‘high urbanicity’’ (0.03/10,000 live
births).

To scrutinize where the exact differences originated from, we
compared incidences of IBA and SBA between the extremes of
urbanicity: that is, the group of ‘‘no urbanicity’’ versus the ‘‘high’’
and ‘‘very high urbanicity’’ groups (definitions detailed in Meth-
ods).The incidence of IBA in truly rural (0.67/10,000 live births)
areas was significantly higher compared to truly urban areas (0.40/
10,000 live births) (OR¼ 1.65, P¼ 0.02, Fig. 1). The incidence of
SBA was higher in truly rural areas (0.13/10,000 live births) than in
urban areas (0.06/10,000 live births) (OR¼ 2.07; P¼ 0.13, Fig. 1).
An overview of the geographical location of BA cases is shown in
Figure 2.

Temporal Clustering in Isolated Biliary Atresia
Was Not Observed, Yet the Month in Which
Patients With Syndromic Biliary Atresia Were
Conceived Was Highest in November

To assess temporal clustering of IBA and SBA, we used
Walter and Elwood test of seasonality which is used to test the
seasonality of a binary outcome with a variable population at risk
(28). There was no significant difference in incidence per month for
IBA (supplementary Fig. 3, http://links.lww.com/MPG/B949).
Patients with SBA were most often conceived in November
(0.16/10,000, Fig. 3). The incidence was 85% higher in November
as compared to the average incidence of SBA (0.09/10,000 live
births). We observed significant seasonality as measured by the
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Walter and Elwood test (P¼ 0.04), although with a moderate
goodness of fit test (P¼ 0.43), indicating that seasonality
is unlikely.

DISCUSSION
The aim of this study was to assess the possible relationships

between the incidence of IBA and SBA and number of confirmed

viral and bacterial infections in the Netherlands. In addition, we
aimed to assess whether the incidence of IBA and SBA were
geographically and temporal clustered in the Netherlands, to pro-
vide insights in the possible role of environmental factors in the
pathogenesis of IBA. The present study indicated that the incidence
of IBA and SBA was only weakly correlated with, for example,
adenovirus and C trachomatis. We observed an increased incidence
of IBA and SBA in 2 provinces of the Netherlands. Moreover, the
incidence of IBA was significantly higher in rural areas compared to
urban areas.

Incidence of Biliary Atresia and Confirmed
Number of Confirmed Viral or Bacterial
Infections

Several studies have described an association between BA
and RV (8,9,29), but our present data did not confirm this associa-
tion. An explanation for this finding may be that different RV
strains induce experimental BA with varying efficacy, which
suggests that strain type may be important (30,31) in its pathoge-
nicity. This is illustrated by Danial et al (32), who observed
declining rates of RV-A infections after vaccination against RV-
A, whereas the prevalence of BA increased. In the absence of RV-A,
other RV strains may become relatively more abundant and poten-
tially cause a rise in BA incidence. In Taiwan a vaccine was used
that protected against RV-A and partly against RV type C (33). Lin
et al (33) observed that the incidence of BA decreased with
increasing vaccination rates, although their results were borderline
significant.

In this study, we observed significant associations between
the incidence of IBA and confirmed number of infections
of adenovirus, HEV, C trachomatis, and dengue virus, among

TABLE 1. Incidence of isolated biliary atresia (n¼252) and syndromic biliary atresia (n¼49) per province in the Netherlands

Province

Incidence IBA

Expressed per 10,000 live births

OR IBA (95% CI)

relative to South Holland

Incidence SBA

Expressed per 10,000 live births

OR SBA (95% CI)

relative to South Holland

South Holland 0.40 (52/1,290,319) 1.00 0.04 (5/1,290,319) 1.00

Friesland 0.49 (11/222,810) 1.23 (0.64–2.35) 0.09 (2/222,810) 2.32 (0.45–11.94)

P¼ 0.54 P¼ 0.32

Drenthe 0.38 (6/156,295) 0.95 (0.41–2.22) 0.06 (1/156,295) 1.65 (0.19–14.13)

P¼ 0.91 P¼ 0.65

Overijssel 0.41 (17/413,563) 1.02 (0.59–1.76) 0.10 (4/413,563) 2.50 (0.67–9.30)

P¼ 0.94 P¼ 0.17

Flevoland 0.27 (4/146,103) 0.68 (0.25–1.89) 0.07 (1/146,103) 1.77 (0.21–15.12)

P¼ 0.46 P¼ 0.60

Gelderland 0.45 (31/693,211) 1.11 (0.71–1.73) 0.13 (9/693,211) 3.35 (1.12–10.00)

P¼ 0.65 P¼ 0.03

Utrecht 0.57 (26/459,888) 1.46 (0.92–2.32) 0.02 (1/459,888) 0.56 (0.07–4.80)

P¼ 0.11 P¼ 0.60

North Holland 0.41 (39/961,542) 0.98 (0.64–1.49) 0.09 (9/961,542) 2.15 (0.70–6.56)

P¼ 0.93 P¼ 0.18

Groningen 0.75 (14/186,689) 1.86 (1.03–3.36) 0.27 (5/186,689) 6.91 (2.00–23.87)

P¼ 0.04 P¼ 0.002

Zeeland 0.64 (8/125,256) 1.59 (0.75–3.34) 0 (0/125,256) 0.00

P¼ 0.23 P¼ 0.94

North Brabant 0.42 (35/834,182) 1.03 (0.68–1.60) 0.11 (9/834,182) 2.78 (0.93–8.31)

P¼ 0.85 P¼ 0.07

Limburg 0.26 (9/339,979) 0.68 (0.32–1.33) 0.09 (3/339,979) 3.04 (0.82–11.31)

P¼ 0.24 P¼ 0.10

Incidence is expressed as cases per 10,000 live births. ORs are calculated relative to the province of South Holland.
CI ¼ confidence interval; IBA ¼ isolated biliary atresia; OR ¼ odds ratio; SBA ¼ syndromic biliary atresia.

FIGURE 1. The incidence of isolated BA (IBA, n¼115) and syndromic

BA (SBA, n¼19) per 10,000 live births in rural (dotted bars) and urban

areas (dashed bars). Definitions: rural: group of no urbanicity

(<500 addresses/km2; urban: group of high urbancity (1500–
2500addresses/km2) and very high urbancity (>2500addresses/km2)

combined. IBA¼ isolated biliary atresia; SBA¼ syndromic biliary atresia.
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others. DNA and RNA of these hepatotropic viruses has been
demonstrated in liver biopsies of patients with BA taken during
Kasai portoenterostomy (11,34), yet this may have been acquired
after BA developed. Further study into these pathogens might
therefore be warranted. C trachomatis has not been routinely
associated with BA. In a study by Ponsioen et al (35), higher
serum levels of Chlamydia-specific antibodies were observed in

patients with BA compared to children with primary sclerosing
cholangitis or other cholestatic diseases. C trachomatis may
inflict autoimmune-mediated injury by molecular mimicry of
the human heat shock protein-60, as demonstrated in pelvic
inflammatory disease (36). A correlation between the incidence
of IBA in the month of conception and dengue virus was observed
in our study. An epidemiological study in Taiwan reported an

FIGURE 2. The geographical location of overall BA cases in the Netherlands. Dots represent the location of cases. A bigger dot size represents
multiple cases of BA within the same zip code (min: 1 case, max: 4 cases). Different colors represent rural (green) and urban (red) areas. Areas

neither truly rural nor truly urban are represented in blue. The map of the Netherlands is divided into 3 digit zip code areas. No distinction between

isolated BA and syndromic BA was made.
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increase in the incidence of BA during a dengue virus epidemic
(37). Although dengue virus is prevalent in tropical regions and
not often seen in colder regions, such as Northern Europe, the
relation between dengue virus and BA may only be of interest
from a pathologic point of view.

The innate immune responses elicited by these pathogens
have been investigated by several studies, which showed that toll-
like-receptors (TLRs), such as TLR4 and TLR2 were activated by
adenovirus, C trachomatis, dengue virus, and HEV (38–41).
Moreover, IBA is characterized by a T-helper (Th) 1 cellular
response (5). Via activation of TLR4 and TLR2, adenovirus, C
trachomatis, dengue virus, and HEV are also able to elicit a Th1-
dominant inflammation and may thus play a role in the pathogene-
sis of IBA.

Our study also showed that there were negative correlations
between the incidence of BA and the incidence of certain bacterial
or viral infection, such as Sapovirus. This further supports that there
is an association with an environmental factor and the incidence of
BA. A negative correlation would indicate a protective effect of an
infection with that specific pathogen or can be due to an unidenti-
fied common factor that affects both the incidence of that specific
pathogen and the incidence of BA.

Geographical Clustering

Our data indicate that the incidence of IBA is higher in rural
areas. In agreement with our study, Strickland and Shannon (18)
and Fischler et al (42) observed a higher incidence of BA in rural
compared to urban areas. On the contrary, Chardot et al (15) failed
to observe a relationship between the BA incidence and population
density. They however, calculated population density per province
instead of per municipality or zip code. We hypothesized that, if
IBA is indeed caused by an environmental factor such as an
infectious insult, we would observe higher incidences of IBA in
urban areas, since one’s risk of acquiring an infection is generally
higher in densely populated areas (24). Our findings may be
explained by the ‘‘hygiene theory’’ or ‘‘microflora hypothesis’’
(43,44). These theories state that high sanitary standards limit
exposure to microorganisms, which is required to establish a rich
and balanced gut microbiota (ie, the collection of bacteria, viruses,
fungi, and archaea in the gut). The exposure to microorganisms may

be lower in rural areas due to low population density. Whether or
not the gut microbiota indeed play a role in the pathogenesis of BA
needs to be established in future studies, yet 1 study already
established a difference in the microbiome composition of healthy
and BA infants (45). Moreover, in other (adult) cholestatic liver
diseases it seems that a disrupted microbiome may initiate or
aggravate liver injury (46,47).In these diseases, for example in
primary sclerosing cholangitis, it has been shown that bacterial
translocation leads to TLR4 activation and a subsequent Th1
dominant biliary inflammation. This supports the hypothesis that
a Th1-dominant response can be elicited in BA by activation of
a TLR.

Temporal Clustering

Temporal clustering of IBA was not observed. This is in
accordance with most European and Northern American studies
(15,16,19,21,42). In Korea and Texas state (USA), the BA inci-
dence was, however, higher in the summer months (18,48). On the
contrary, Yoon et al (20) and Caton et al (17) observed a higher
incidence of BA in the winter months, which is consistent with a
viral etiology of RV, for example. These studies further support
that an environmental factor may be at play in the etiology of IBA
(17,18,20,48). The fact that we were unable to replicate these
results may be due to factors such as a difference in ethnicity, which
can lead to different susceptibility or reaction to viruses for
example (49,50). Moreover, it may be that more than 1 pathogen
is involved in the pathogenesis of IBA, which affects temporal
distribution of IBA cases.

Surprisingly, our study showed that patients with SBA were
most often conceived in November: an almost 2-fold increase of
incidence occurred as compared to the average incidence of SBA.
It is thought that SBA is caused by a developmental error during the
fetal period, rather than due involvement of an infectious or
environmental factor (1). Chlamydia was, however, associated
with SBA in the month of approximate bile duct formation.
Existing literature (2,4) describes complications during the preg-
nancy of SBA children that could play a role in the pathogenesis,
yet this includes endocrine (eg, maternal diabetes) rather than
infectious complications. It may be that clustering of SBA is
coincidental, related to the still relatively small SBA cohort. This
is further supported a moderate goodness of fit test, indicating that
the results of the W&E test of seasonality should be interpreted
with caution.

We are aware of the limitations of our study. Unfortunately,
number of confirmed infections regarding viruses that have
previously been associated with BA (ie, cytomegalovirus and
reovirus) were not available from the national institute for Public
Health and the Environment (RIVM). We lacked information
regarding, for example, RV and adenovirus subtypes. Also, the
reported pathogen counts were national counts, rather than counts
per province or per municipality. Our correlation coefficients
between the incidence of BA and the number of confirmed viral
and bacterial infections were relatively low, which might have
been caused by the rarity of BA. During the study period, we did
not observe BA in the majority of individual months, which led us
to include a significant proportion of ‘‘0’’ values in our calcula-
tions. The observed correlation coefficients may therefore be
underestimations. According to the CBS, the peripheral (ie, rural)
parts of municipalities have a shortage of young adults and births,
whereas the opposite is true for urban areas (26). This results in an
overestimation of the number of births in the rural parts and an
underestimation of the number of births in the urban parts of the
respective municipality. Therefore, the incidence of BA is likely

FIGURE 3. The incidence of isolated BA (IBA, n¼176, squares) and
syndromic BA (SBA, n¼37, triangles) per month of conception per

10,000 pregnancies. IBA ¼ isolated biliary atresia; SBA ¼ syndromic

biliary atresia
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under- and overestimated for rural and urban areas, respectively.
Hence, the differences between BA incidence in rural and urban
areas may actually have been underestimated. Ethnicity is impli-
cated in the incidence of BA (1) and analyzing ethnicity in our
patient cohort would have been a useful addition in interpreting
this data. Unfortunately, ethnicity data had not been collected in
the NeSBAR database. Despite these limitations, our study was
the first to study the association between the incidence of BA and
national counts of confirmed infections. Temporal clustering of
BA cases was analyzed at multiple time points during pregnancy
of BA children.

In conclusion, our study found an association between the
incidence of BA and national number of confirmed viral or
bacterial infections, such as C trachomatis and dengue virus.
The incidence of IBA was higher in rural areas as opposed to
urban areas. Temporal clustering of IBA was not observed, yet the
month of conception of patients with SBA clustered in time. Our
findings provide support for the hypothesis that 1 (or more)
environmental factor(s) may be involved in the pathogenesis
of IBA.
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