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Abstract

Objective

The aim of this study was to assess whether there has been a change in presentations of Biliary
Atresia (BA) in England and Wales during the first and second COVID-19 lockdowns (January
—June 2020 and 2021).

Design

This population study assessed all confirmed cases of BA, from January 2020 to December
2021 across the 3 UK paediatric liver centers originating from England and Wales. Data was
then compared to the incidence of confirmed BA cases from January — December 2017, 2018,
and 20109.

Results

During January — June 2020 and 2021, there were only 8 and 12 presenting cases of BA in
England and Wales, compared to 16, 13 and 18 for the same time periods in 2017, 2018 and
2019 respectively. This difference was significant in a two-sided t-test for 2020 (p = 0.035) but
not for 2021 (p = 0.385). There was no difference in the mean days to Kasai procedure in
January — June 2020 and 2021 compared to 2017-2019, however average time to Kasai after
the lockdown periods was significantly higher.

Conclusions

There was a significant reduction in the presenting cases of BA during the first COVID-19
lockdown, with an increased time for BA referrals after the pandemic lockdowns were lifted in

England and Wales.



What is known

e Biliary Atresia (BA) is a destructive inflammatory condition of unknown aetiology that
results in fibrosis and obliteration of the biliary tract in neonates

e It isthe commonest indication for liver transplantation in children worldwide

e Early referral and surgery with the Kasai procedure (at less than 60 days) substantially
improves long-term

e There are an average of 50 cases of BA in England and Wales every year

What is new

e There was a significant reduction in the number of presenting BA cases from January
— July 2020 during the COVID-19 pandemic.

e This may be associated with social distancing during the first COVID-19 lockdown

suggesting an environmental/viral aetiology



Introduction

Coronavirus disease 2019 (COVID-19) is a global pandemic affecting over 635 million people
worldwide (1). The United Kingdom (UK) is considered a hotspot for the disease, with 24
million confirmed cases and over 211,000 deaths within the country to date (12" November
2022) (1, 2).

Biliary Atresia (BA) is the commonest surgical cause of cholestasis in infancy, affecting 1 in
17000 live births in England and Wales (3, 4). The condition is caused by a destructive
inflammatory process of unknown aetiology that results in fibrosis and obliteration of the
biliary tract. Initial treatment of BA is surgical, with a Kasai portoenterostomy that aims to
restore the bile flow (5). However, if the procedure is not successful and/or liver fibrosis
progresses and cirrhosis starts to develop, liver transplantation (LTx) is necessary, and BA is
the main indication for liver transplantation in children worldwide. Of importance is that an
increased age at surgery has a progressive and sustained deleterious effect on the results of the
Kasai operation. It is well established that early diagnosis and surgical intervention is
associated with improved long-term outcomes and a reduced risk of subsequent LTx (6-8).
The UK has three paediatric liver centres that specialise in the management of BA: King’s
College Hospital (KCH), Birmingham Women’s & Children’s Hospital (BWCH) and Leeds
Children’s Hospital (LCH). Data from cases arising in England and Wales has been collected
within a national registry for over 20 years with an average of about 40 BA cases every year.
However, recent observations from clinicians within these centres have suggested a reduction
in the number of cases during the COVID-19 lockdowns (from January to June 2020, January

—June 2021) (9).



This is concerning given the deleterious association between late presentation of the condition
and the risk of LTx. We sought to define this observation by comparing the incidence of BA
to prior years.

Methods

Study population

Confirmed cases of BA were identified from January 2020 to December 2021 at the 3 UK
paediatric liver centers (KCH, BCH and LCH). This period covered the first and second
COVID-19 lockdowns in the UK (March 2020 — June 2020 and January 2021 — March 2021).
Data were then compared to the incidence of confirmed BA cases, as well as the time to Kasai
procedure during the same times periods in 2017, 2018 and 2019 as documented within the
Biliary Atresia National Registry (BANR) — an approved national registry database. Only
patients from England and Wales were included in this analysis, as data in the NBAR were
only collected for these regions. Cases of BA were grouped according to date of patient birth.

Outcome measures

The following data points were collected: all children diagnosed with BA in 2020 and 2021 by
month, the date of the child’s presentation, date of their Kasai procedure and details of the
child’s presentation.

Our primary outcome was the incidence of BA compared to the same periods in 2017 — 2019.
Our secondary outcome was age at Kasai procedure in 2020 and 2021 compared to 2017 —
2019.

Statistical Analysis

The number of BA cases presenting in January to June 2020 and 2021 were compared with the
number of cases presenting in January to June 2017, 2018, and 2019 using a chi-squared test
of proportions. A similar method was used for July — December 2020 and 2021 (compared to

the same time periods of July — December 2017, 2018, and 2019). Under the null hypothesis



that there was no difference between 2020/2021 and the other years, the proportion of all cases
presenting in 2020/2021 would be one quarter of the total number of cases.

The mean time to Kasai procedure for cases presenting in January to June 2020 and 2021 were
compared with the mean times to Kasai procedure in January to July 2017, 2018, and 2019
using a t-test.

All analyses were performed using Python Anaconda statistical software. A p value<0.050
was considered statistically significant in our analysis.

Ethical Approval

A Research Ethics Committee opinion was sought and in view of the report, it was determined
that a formal ethics review was not necessary. There was no funding for this study.

Results

Table 1 details the number of children presenting with BA in January - June 2020 and 2021
compared to 2017 - 2019. There were 8 and 12 presenting cases of BA across the 3 centers in
England and Wales for 2020 and 2021, compared to 16, 13 and 18 for 2017, 2018 and 2019
respectively. A chi-square test comparing the expected proportion of cases presenting in 2020
with the observed proportion was statistically significant: p = 0.035. No significant difference
was observed for January — June 2021 (p = 0.385). Furthermore, there was no significant
difference in total annual number of BA cases for the years with COVID lockdowns (2020 and
2021) compared to the preceding years.

We further assessed to see if there was a difference in the age of the children when the Kasai
procedure was performed. Table 2 details the average age at Kasai procedure for each of the
respective time periods. While the mean days to Kasai procedure was no different in January
— June 2020 and 2021 compared to 2017-2019 (59.8 and 46.2 vs. 53.7 days), time to kasai
(days) was longer in July — December (after the pandemic lockdowns) in both 2020 and 2021

compared to the same time periods in 2017 — 2019 (53.2 and 57.3 vs. 43.6, p = 0.005).



Discussion

Our observational study shows a significant reduction in the number of presenting BA cases
from January — June 2020 (coinciding with the 1% COVID-19 lockdown). A total of 8 BA cases
were observed, compared to an expected number of ~15 (taken from the average cases seen
during the same time periods in 2017, 2018 and 2019). While there was no significant increase
in the time to Kasai during the lockdown period, it was noted that following both the 1 and
2" COVID-19 lockdowns there was an increased time for BA infants to undergo a Kasai
procedure.

While correlations between the COVID lockdown and delays in new BA cases have been
reported amongst Dutch centres, we are the first study to have fully detailed, from a national
registry, the reduced presentation of BA during the COVID-19 pandemic (10). This is of
concern given the seriousness of the condition, with BA being the most common indication for
paediatric liver transplantation (11). Treatment is time-sensitive with a Kasai
portoenterostomy. If this is successful, the procedure transforms the outlook and delays the
need for urgent LTx for many years. Failure to treat the condition at all leads to progressive
liver fibrosis, cirrhosis, and failure, with poor survival, and historically, death occurring by 2
years in most cases (12).

There seem to be two potential hypotheses to explain these observations.

Firstly, was there simply a reduction in timely referrals of BA to the centres? The COVID-19
lockdown has caused significant changes in the organisation of NHS services; with
reconfiguration to manage surges in the acutely unwell adults. Subsequent media campaigns
have focused on the public to stay at home and prevent infection spread. As a result, some
observational reports have shown reduced presentations of children to both primary care and
the emergency department (13-16). This has resulted in subsequent changes to the NHS 111

algorithm (a triage helpline in the UK) and a campaign by the Royal College of Paediatrics and



Child Health to triage children with either red flag (high risk) or amber flag (intermediate risk)
symptoms for medical review. The effectiveness of this subsequent campaign is not known.
An observational study of seven UK paediatric emergency departments in the Lancet (Roland
et al.) aimed to identify the number of children with delayed presentations. The study further
subanalysed to determine the proportion of these delays that were due to hesitance of parents
in attending vs. the proportion that were due to advice from primary care staff or NHS 111
referrals (17). The authors reported that most patients (1262, 93.5%) did not have a delay in
their presentation. In 40 (3.0%) cases, parental delay was thought to be relevant, and in 11
(0.8%), advice from a health-care professional or NHS 111 was thought to have caused the
delay. No cause could be found in the remaining 36 (2.7%). Red-flag symptoms were reported
in 81 (6.0%) patients. Of these, only 2 (1.5%) were felt to have been delayed. These results
provide some reassurance that significant paediatric conditions are not being missed within the
COVID-19 lockdown. The extent to which this is due to the aforementioned changes to triage
guidelines is unknown.

We must further consider whether the recognition of BA by health professionals has been
impaired. BA presents with neonatal jaundice, often a prolongation of physiological jaundice.
Affected children can be identified by assessment of stool colour, with the characteristic pale
stools being present by 2 weeks and universal amongst cases by 1 month of age (18). It has
been well referenced in the literature that professionals do not recognize the pale stools of BA
reliably (19-21). With consultations having been reduced and shifted to being telephone and
virtual, the sensitivity of diagnosing BA may have been deleteriously affected, leading to the
reduced referrals of BA that we have observed.

Our second explanation for the reduced presentation of BA could be an actual reduction in its
incidence. The aetiology of BA is unknown, but genetic, developmental and environmental

factors may exist (22). One possible link is with perinatal viral infection, with potential



associations with rotavirus (23), reovirus (24), Epstein Barr Virus (EBV) (25) and
Cytomegalovirus (CMV) (22), Perinatal CMV associated BA has been identified in 10% of
BA cases in the UK, but a far higher proportion from Asian centres with a more delayed
presentation, increased liver fibrosis and a poorer outcome to surgery than isolated, non-CMV
BA (26, 27).

Observational evidence from the Royal College of General Practitioners has shown a reduction
in transmissible viral infections during the COVID-19 lockdown. In the week ending 6"
October 2020, cases of common cold were 1.5 per 100,000. This is in comparison to a rate of
92.5 per 100,000 during the same period last year. The incidence of non-COVID related
illnesses was similar, with a rate of 131 per 100,000 people, compared to 303 per 100,000 last
year (28). In sub-analyses, rates of infectious conditions such as chickenpox and viral
gastroenteritis have also fallen to significantly lower incidences. It could be considered this is
due to the protective measures e.g. social distancing, increased hygiene Such measures could
have further reduced the transmission of the implicated viruses in the pathogenesis of BA.
Associated with this hypothesis, from among children developing liver disease during the covid
period, there was an observed epidemic of adenovirus in children under 6, who also contracted
simultaneous other viruses including adenovirus associated virus AAV2. In this case, following
a period of reduced risk of exposure and without prior immunity, younger children received
viruses simultaneously at a critical time, perhaps developmentally leading to severe life-
threatening hepatitis. An analogous situation of population low exposure followed by intense
exposure may also apply for the agent(s) associated with BA, also limited by the early post-
natal period of developmental susceptibility (29, 30).

There are several limitations to this study. This is an observational study conducted across the
three liver centres in the UK and included BA cases from England and Wales only, with small

available study numbers. It would have been beneficial to extend our analysis to cases from



Scotland and Northern Ireland to assess if presentations of BA are also reduced within these
regions of the UK. Unfortunately, we do not have historical data for the number of BA cases
from these regions for 2017 — 2019. Furthermore, we could improve the analysis by gathering
supplementary variables, including the time to presentation, and whether there was any delay
in receiving community services during the COVID-19 lockdown. An important denominator
that is missing is the number of patients referred with neonatal conjugated hyperbilirubinemia.
By exploring this variable, we could gain further insight as to whether there has been a decrease
in referrals or a reduction in incidence of BA during this COVID-19 lockdown.

Overall, our observational study has demonstrated a significant reduction in the number of
presenting BA cases from January — June 2020 (coinciding with the first COVID-19
lockdown). Given the unknown aetiology of BA, and the deleterious association between
delayed BA presentation and outcomes, further investigations across international centres is
required to assess if this observation during the COVID-19 lockdowns has been replicated
across paediatric hepatology centres worldwide. Furthermore, as cases of COVID-19 reduce,
assessment to see whether there is a late surge in BA cases will help determine whether
lockdowns have affected the referrals or incidence of the condition.

Abbreviations

BA — Biliary Atresia
COVID-19 — Coronavirus disease 2019
Liver Transplantation - LTx

UK — United Kingdom

10



References

1. Europrean Centre for Disease Prevention and Control. COVID-19 situation update
worldwide, as of 12th November 2022.

2. Coronavirus (COVID-19) in the UK. gov.co.uk,.

3. Lakshminarayanan B, Davenport M. Biliary atresia: A comprehensive review. J
Autoimmun. 2016;73:1-9.

4. Livesey E, Cortina Borja M, Sharif K, Alizai N, McClean P, Kelly D, et al.
Epidemiology of biliary atresia in England and Wales (1999-2006). Arch Dis Child Fetal
Neonatal Ed. 2009;94(6):F451-5.

5. Wildhaber BE. Biliary atresia: 50 years after the first kasai. ISRN Surg.
2012;2012:132089.

6. Serinet MO, Wildhaber BE, Broue P, Lachaux A, Sarles J, Jacquemin E, et al. Impact
of age at Kasai operation on its results in late childhood and adolescence: a rational basis for
biliary atresia screening. Pediatrics. 2009;123(5):1280-6.

7. Govindarajan KK. Biliary atresia: Where do we stand now? World J Hepatol.
2016;8(36):1593-601.

8. Mukhopadhyay SG, Roy P, Chatterjee U, Datta C, Banerjee M, Banerjee S, et al. A
histopathological study of liver and biliary remnants in the long-term survivors (>10 years) of
cases of biliary atresia. Indian J Pathol Microbiol. 2014;57(3):380-5.

9. Williams R, Alexander G, Armstrong I, Baker A, Bhala N, Camps-Walsh G, et al.
Disease burden and costs from excess alcohol consumption, obesity, and viral hepatitis:
fourth report of the <em>Lancet</em> Standing Commission on Liver Disease in the UK.

The Lancet. 2018;391(10125):1097-107.

11



10. Nomden M, de Kleine RHJ, Bruggink JLM, Verkade HJ, Burgerhof JGM, Hulscher
JBF. Unusual Long Absence of Isolated Biliary Atresia in COVID Lockdown: Coincidence
or Association? J Pediatr Gastroenterol Nutr. 2022;74(1):e17-e8.

11. Cuenca AG, Kim HB, Vakili K. Pediatric liver transplantation. Semin Pediatr Surg.
2017;26(4):217-23.

12.  Shinkai M, Ohhama Y, Take H, Kitagawa N, Kudo H, Mochizuki K, et al. Long-term
outcome of children with biliary atresia who were not transplanted after the Kasai operation:
>20-year experience at a children's hospital. J Pediatr Gastroenterol Nutr. 2009;48(4):443-50.
13.  Thornton J. Covid-19: A&E visits in England fall by 25% in week after lockdown.
BMJ. 2020;369:m1401.

14.  Unit MaLCS. Changes in childhood A&E attendance patterns since the covid19
lockdown. July 2020.

15. Dann L, Fitzsimons J, Gorman KM, Hourihane J, Okafor I. Disappearing act:
COVID-19 and paediatric emergency department attendances. Arch Dis Child.
2020;105(8):810-1.

16.  Lazzerini M, Barbi E, Apicella A, Marchetti F, Cardinale F, Trobia G. Delayed access
or provision of care in Italy resulting from fear of COVID-19. Lancet Child Adolesc Health.
2020;4(5):e10-el.

17. Roland D, Harwood R, Bishop N, Hargreaves D, Patel S, Sinha I. Children's
emergency presentations during the COVID-19 pandemic. Lancet Child Adolesc Health.
2020;4(8):e32-e3.

18. McKiernan PJ. Prompt diagnosis of biliary atresia: education has not succeeded, time
to move to universal screening. Arch Dis Child. 2020;105(8):709-10.

19. Borgeat M, Korff S, Wildhaber BE. Newborn biliary atresia screening with the stool

colour card: a questionnaire survey of parents. BMJ Paediatr Open. 2018;2(1):e000269.

12



20. Schreiber RA, Butler A. Screening for biliary atresia: it's in the cards. Can Fam
Physician. 2017;63(6):424-5.

21. Schreiber RA. Newborn Screening for Biliary Atresia. JAMA. 2020;323(12):1137-8.
22.  Averbukh LD, Wu GY. Evidence for Viral Induction of Biliary Atresia: A Review. J
Clin Transl Hepatol. 2018;6(4):410-9.

23.  Wang W, Donnelly B, Bondoc A, Mohanty SK, McNeal M, Ward R, et al. The rhesus
rotavirus gene encoding VP4 is a major determinant in the pathogenesis of biliary atresia in
newborn mice. J Virol. 2011;85(17):9069-77.

24.  Saito T, Shinozaki K, Matsunaga T, Ogawa T, Etoh T, Muramatsu T, et al. Lack of
evidence for reovirus infection in tissues from patients with biliary atresia and congenital
dilatation of the bile duct. J Hepatol. 2004;40(2):203-11.

25. Kikuchi K, Miyakawa H, Abe K, Fujikawa H, Horiuchi T, Nagai K, et al. Vanishing
bile duct syndrome associated with chronic EBV infection. Dig Dis Sci. 2000;45(1):160-5.
26.  Samyn M, Davenport M, Jain V, Hadzic N, Joshi D, Heneghan M, et al. Young
People With Biliary Atresia Requiring Liver Transplantation: A Distinct Population
Requiring Specialist Care. Transplantation. 2019;103(4):e99-e107.

27.  Zani A, Quaglia A, Hadzic N, Zuckerman M, Davenport M. Cytomegalovirus-
associated biliary atresia: An aetiological and prognostic subgroup. J Pediatr Surg.
2015;50(10):1739-45.

28.  Royal College of General Practitioners. RSC Communicable and Respiratory Disease
Report for England. 2020.

29. Kelgeri C, Couper M, Gupte GL, Brant A, Patel M, Johansen L, et al. Clinical
Spectrum of Children with Acute Hepatitis of Unknown Cause. N Engl J Med.

2022;387(7):611-9.

13



30. Elsheikh R, Tien HT, Makram AM, Van NT, Le TTB, Vasanthakumaran T, et al.

Acute hepatitis of unknown origin in children: Behind the statistics. Hepatology. 2022,

14



Table 1: Number of presenting cases of BA from 2017 — 2021

Overall
Year Number of BA Cases p-Value
January —June
2017 16 0.064
2018 13
2019 18
2020* 8
20217 12
Annual (January — December)
2017 32 0.406
2018 26
2019 a4
2020 27
2021 32

BA, Biliary Atresia. *January — June 2020 1t COVID-19 lockdown in England and Wales, fJanuary — June 2021 2"
COVID-19 lockdown in England and Wales.
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Table 2: Comparison of time to Kasai before and after the COVID-19 lockdown periods

Time period 1 Time period 2 Mean Kasai Mean Kasai | p-value from
delay intime | delay in time t-test for a
period 1 period 2 difference
between
means
Jan-Jun 2017-2019 | Jan-Jun 2020 53.7 59.8 0.669
(Lockdown 1)
Jan-Jun 2017-2019 | Jan-Jun 2021 53.7 46.2 0.135
(Lockdown 2)
Jul-Dec 2017-2019 | Jul-Dec 2020 43.6 53.2 0.116
(Post-Lockdown 1)
Jul-Dec 2017-2019 | Jul-Dec 2021 43.6 57.3 0.001

(Post-Lockdown 2)

16






