Hepatology

Baishideng Publishing Group Inc



# World Journal of
Hepatology

Contents Monthly Volume 12 Number 10 October 27, 2020
REVIEW
693 Neoadjuvant treatment strategies for intrahepatic cholangiocarcinoma

Akateh C, Ejaz AM, Pawlik TM, Cloyd JM

709 Metabolic syndrome and liver disease in the era of bariatric surgery: What you need to know!

Ziogas 1A, Zapsalis K, Giannis D, Tsoulfas G

722 Combined liver-kidney transplantation for rare diseases

Knotek M, Novak R, Jaklin-Kelez A, Mrzljak A

MINIREVIEWS

738 Hepatocellular carcinoma Liver Imaging Reporting and Data Systems treatment response assessment:
Lessons learned and future directions

Aslam A, Do RKG, Kambadakone A, Spieler B, Miller FH, Gabr AM, Charalel RA, Kim CY, Madoff DC, Mendiratta-Lala M

754 Tumor necrosis family receptor superfamily member 9/tumor necrosis factor receptor-associated factor 1
pathway on hepatitis C viral persistence and natural history

Peria-Asensio J, Sanz-de-Villalobos E, Miquel J, Larrubia JR

766 Apatinib as an alternative therapy for advanced hepatocellular carcinoma

Zhang XH, Cao MQ, Li XX, Zhang T

ORIGINAL ARTICLE

Basic Study

775 Hepatitis B virus detected in paper currencies in a densely populated city of India: A plausible source of
horizontal transmission?

Das P, Supekar R, Chatterjee R, Roy S, Ghosh A, Biswas S

Case Control Study
792 PNPLA3 and TM6SF2 polymorphisms in Brazilian patients with nonalcoholic fatty liver disease

Lisboa QC, Nardelli MJ, Pereira PA, Miranda DM, Ribeiro SN, Costa RSN, Versiani CA, Vidigal PVT, Ferrari TCA, Couto
CA

Retrospective Cohort Study

807 Impact of sarcopenia on mortality in patients undergoing liver re-transplantation

Dhaliwal A, Larson D, Hiat M, Muinov LM, Harrison WL, Sayles H, Sempokuya T, Olivera MA, Rochling FA, McCashland
™

WJH | https://www.wjgnet.com I October 27,2020 | Volume12 | Issuel0 |

Jaishideng®



World Journal of Hepatology

Contents
Monthly Volume 12 Number 10 October 27, 2020

Retrospective Study
816 Increased incidence of and microbiologic changes in pyogenic liver abscesses in the Mexican population

Pérez-Escobar J, Ramirez-Quesada W, Calle-Rodas DA, Chi-Cervera LA, Navarro-Alvarez N, Aquino-Matus J, Ramirez-
Hinojosa JP, Moctezuma-Velazquez C, Torre A

Observational Study

829 Malnutrition and non-compliance to nutritional recommendations in patients with cirrhosis are associated
with a lower survival

Crisan D, Procopet B, Epure A, Stefanescu H, Suciu A, Fodor A, Mois E, Craciun R, Crisan N

841 Effect of treating chronic hepatitis C with direct-acting antivirals on extrahepatic cutaneous manifestations

El Kassas M, Hegazy OM, Salah EM

850 Novel markers of endothelial dysfunction in hepatitis C virus-related cirrhosis: More than a mere
prediction of esophageal varices

Hanafy AS, Basha MAK, Wadea FM

CASE REPORT

863 Kratom induced severe cholestatic liver injury histologically mimicking primary biliary cholangitis: A case
report

Gandhi D, Ahuja K, Quade A, Batts KP, Patel L

870 Severe COVID-19 after liver transplantation, surviving the pitfalls of learning on-the-go: Three case reports

Alconchel F, Cascales-Campos PA, Pons JA, Martinez M, Valiente-Campos J, Gajownik U, Ortiz ML, Martinez-Alarcon L,
Parrilla P, Robles R, Sanchez-Bueno F, Moreno S, Ramirez P

LETTER TO THE EDITOR

880 Role of platelet-albumin-bilirubin score in predicting re-bleeding after band ligation for acute variceal
hemorrhage

Faisal MS, Singh T, Amin H, Modaresi Esfeh J

Gishidengs WIH | https://www.wjgnet.com I October 27,2020 | Volume12 | Issue10 |



World Journal of Hepatology

Contents
Monthly Volume 12 Number 10 October 27, 2020

ABOUT COVER

Editorial board member of World Journal of Hepatology, Dr. Fernando Oscar Bessone is Professor of
Gastroenterology and Chief of the Gastroenterology and Hepatology Department at the Hospital Provincial del
Centenario, University of Rosario School of Medicine (Brazil). Dr. Bessone completed postgraduate training in
Clinical Hepatology, Liver Pathology (Hospital de Clinicas, San Pablo, Brazil), Pediatric Hepatology (Hospital da
Crianga, San Pablo, Brazil), and Liver Transplantation and Clinical Hepatology (Hospital Clinic y Provincial de
Barcelona, Spain). He has served as Principal Investigator or Co-Investigator in more than 50 clinical trials, and is
currently the Coordinator of the Latin American Registry of Hepatotoxicity. He authored more than 70 articles, 30
book chapters, and more than 140 papers presented at scientific meetings. In addition, he serves as an editorial
board member for several international hepatology-related journals. (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World | Hepatol) is to provide scholars and readers from
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal
Database (CST]), and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ii-I; Wang, Production Department Director: Yun-Xiagjian Wu; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL
World Journal of Hepatology

ISSN
ISSN 1948-5182 (online)

LAUNCH DATE
October 31, 2009

FREQUENCY
Monthly

EDITORS-IN-CHIEF
Nikolaos T Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang

EDITORIAL BOARD MEMBERS

https:/ /www.wjgnet.com/1948-5182/editorialboard.htm

PUBLICATION DATE
October 27, 2020

COPYRIGHT
© 2020 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wignet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https://www.wjgnet.com/bpg/Gerlnfo/287
<3 S /

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wijgnet.com/bpg/gerinfo/240

PUBLICATION ETHICS

https://www.wjgnet.com/bpg/Gerlnfo/288
te) t=l

PUBLICATION MISCONDUCT

https:/ /www.wijgnet.com/bpg/getinfo/208

ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/bpg/getinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJH | https://www.wjgnet.com I

October 27,2020 | Volume12 | Issue10 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

#

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4254/wijh.v12.i10.775

World Journal of
Hepatology

World | Hepatol 2020 October 27; 12(10): 775-791

ISSN 1948-5182 (online)

Basic Study

ORIGINAL ARTICLE

Hepatitis B virus detected in paper currencies in a densely populated
city of India: A plausible source of horizontal transmission?

Palashpriya Das, Ruchi Supekar, Ritika Chatterjee, Subrata Roy, Anisa Ghosh, Subhajit Biswas

ORCID number: Palashpriya Das
0000-0002-6834-8105; Ruchi Supekar
0000-0002-1285-6821; Ritika
Chatterjee 0000-0003-3432-9245;
Subrata Roy 0000-0002-3031-6116;
Anisa Ghosh 0000-0002-3208-0071;
Subhajit Biswas 0000-0002-9001-
7150.

Author contributions: Biswas S and
Das P conceptualized, designed
and executed the present work and
wrote the manuscript; Supekar R
contributed substantially to the
virology experiments and in
writing of the manuscript;
Chatterjee R, Roy S and Ghosh A
took part in collecting the samples
for this study and also conducted
experiments; Das P and Supekar R
contributed equally and are joint
first authors; all authors have read

and approved the final manuscript.

Supported by Institutional Grant
by Council of Scientific and
Industrial Research-Indian
Institute of Chemical Biology,
Kolkata, No. MLP-118

Institutional review board
statement: The study was
reviewed and approved by the
Council of Scientific and Industrial
Research-Indian Institute of
Chemical Biology Institutional
Ethical Committee on Human
Subjects and Council of Scientific
and Industrial Research-Indian

Jaishideng®

WJH | https://www.wjgnet.com

Palashpriya Das, Ruchi Supekar, Ritika Chatterjee, Subrata Roy, Anisa Ghosh, Infectious Diseases
and Immunology Division, Council of Scientific and Industrial Research-Indian Institute of
Chemical Biology, Kolkata PIN-700032, West Bengal, India

Subhajit Biswas, Infectious Diseases & Immunology Division, Indian Institute of Chemical
Biology (Council of Scientific and Industrial Research), Kolkata 700032, West Bengal, India

Corresponding author: Subhajit Biswas, DVSc, PhD, Associate Professor, Senior Researcher,
Infectious Diseases & Immunology Division, Indian Institute of Chemical Biology (Council of
Scientific and Industrial Research), 4 Raja S.C. Mullick Road, Jadavpur, Kolkata 700032, West
Bengal, India. subhajit.biswas@iicb.res.in

Abstract

BACKGROUND

The recent rise in the incidence of hepatitis B virus (HBV) infections in a densely
populated city of eastern India (“mixing vessel” of people of varied socio-
economic and immune status) prompted this study. Applying saliva on fingers for
enumerating bank notes is a common practice in the Indian subcontinent. Paper
notes may be a potential source of “horizontal” transmission of this virus,
especially if there are cuts/bruises on the oral mucous membrane or skin.

AIM
To investigate whether paper currencies could be a plausible mode of horizontal
transmission of HBV infection.

METHODS

Polymerase chain reactions (PCR) followed by nucleotide sequencing was done
for the detection of HBV. Hepatitis B virus surface antigen enzyme-linked
immunosorbent assay(HBsAg ELISA) was performed on all HBV
deoxyribonucleic acid-positive samples to check the detectability of the virus.
Atomic force microscopy (AFM) was carried out for visual confirmation of HBV
particles in ultracentrifuged /immunoprecipitated samples from currency paper
washings.

RESULTS

HBV-specific PCRs on pellets obtained after ultracentrifugation/
immunoprecipitation of the currency paper washings detected potentially
intact/viable HBV (genotype D2) in 7.14% of samples (n = 70). AFM gave the
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visual confirmation of HBV particles in ultracentrifuged/immunoprecipitated
samples from currency paper washings. However, HBV isolates from the currency
notes could not be detected by HBsAg ELISA.

CONCLUSION

It is a common practice in the Indian subcontinent to count paper currencies by
applying saliva on fingertips. Paper notes may be a potential source of
“horizontal” transmission of this virus, especially if there are cuts/bruises on the
oral mucous membrane or skin, but it was practically not possible to demonstrate
experimentally such transmission. Detection of potentially intact/viable and
“occult” HBV from currency poses potential risk of silent transmission of this
virus among the general population.

Key Words: Hepatitis B virus; Contamination; Paper currencies; Occult hepatitis B virus;
Hepatitis B virus surface antigen enzyme-linked immunosorbent assay; Horizontal
transmission

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The recent upsurge in hepatitis B virus (HBV) infections in eastern India
prompted the search for this virus in low denomination paper notes in this region.
Applying saliva on finger tips for enumerating currency notes is a common practice.
Thus, paper currencies may be a potential source of “horizontal” HBV transmission,
especially if there are cuts/bruises on the oral mucous membrane or skin. We
discovered that intact HBV particles are present in about 7.14% of the currencies.
Molecular analysis and immunoassays suggested that the circulating HBV are “occult”
in nature, hence capable of “silent transmission” in the general population.

Citation: Das P, Supekar R, Chatterjee R, Roy S, Ghosh A, Biswas S. Hepatitis B virus detected
in paper currencies in a densely populated city of India: A plausible source of horizontal
transmission? World J Hepatol 2020; 12(10): 775-791

URL: https://www.wjgnet.com/1948-5182/full/v12/i110/775.htm

DOI: https://dx.doi.org/10.4254/wjh.v12.i10.775

INTRODUCTION

Transaction of paper currency occurs rampantly in exchange of goods and other
services. Chances of microbial contamination in the currencies of lower denominations
are higher as they are more widespread and exchanged frequently among people
irrespective of socio-economic status within a population!!. While enumerating paper
money, people often apply saliva on fingers, a potential means of contaminating the
currency notes as well as exposure to microbes already present on the currency notes.

In developing and densely populated countries like India, where people are of
diverse immune and hygiene status, handling of currency may lead to transfer of
different kinds of microorganisms. Paper currency may be contaminated with droplets
from sneezing or coughing and even by touching with contaminated hands!.
Microbes may also be introduced into the paper notes due to unhygienic habits like
keeping currency notes in socks, shoes and pockets, putting them under the carpet or
rugs and squeezing them in the handl. Storing these notes in polythene, cotton or
leather bags in humid and dark conditions favor the growth of microorganisms on
them!".

Cases of currency contamination with pathogenic microbes have been reported
from many countries like Bangladesh, Ghana, Nigeria, United States, Myanmar, Egypt,
Nepal and Pakistan®.

Rhinovirus, rotavirus and influenza virus have been detected on currency notes and
coins®, but till date there had been no reports on detection of hepatitis B virus (HBV)
in currency sample. Hepatitis viruses may cause acute or chronic liver disease. The
latter condition often leads to cirrhosis and may eventually culminate in liver cancer.
Hepatitis viruses may be transmitted via the fecal-oral route (hepatitis A and E) or via
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blood (hepatitis B, C and D).

The recent unusual rise in HBV infection in Indial” prompted the search for HBV in
currency notes as they are in circulation among people of varied immune status and
may serve as a potential medium of HBV transmission.

MATERIALS AND METHODS

Sample collection and subsequent processing

Paper currency samples, seventy in number, of a single denomination (INR 10) were
used for the present study. They were collected during 2016-2017 from hospitals,
grocery stores, fish-meat markets and public transport. Five of each such places were
chosen; currency samples were collected in duplicate or more, stored in sterile zip lock
packs and quickly transported to the laboratory for further processing (Table 1). Two
currency samples fresh from the mint, which were not yet into circulation, and two
used samples that have been autoclaved were also included in the present study as
negative controls. Surfaces of each of the samples were thoroughly washed with 5 mL
1 x phosphate buffered saline (PBS) buffer and each washed solution was stored at 4
°C until used. For the screening of HBV, washed out solutions were ultra-centrifuged
at 64000 g for 90 min at 4 °C. The resultant pellets were supposed to contain all intact
microbes (bacteria, viruses, etc.) present in the currency washings, and all extraneous
and lighter materials like free nucleic acids should be in the supernatant. The
precipitate for each sample, collected at the bottom of the ultracentrifuge tube, was
washed thoroughly, resuspended in 1 x PBS buffer and collected in a fresh tube.

None of the treatments to which the paper currency samples were subjected
amounted to purposeful act of destroying, willful defacing, disfiguring or mutilation
or any other kind of violation of currency handling procedures laid down by the
Government of India. Washing of the samples with 1 x PBS buffer did not destroy the
currency samples and were still suitable for re-use after washing and subsequent
drying in air.

Deoxyribonucleic acid extraction from the test currency samples

Total nucleic acid was extracted from the 1 x PBS buffer wash of the currency samples
using High Pure Viral Nucleic acid kit (Roche, Mannheim, Germany). Extracted DNA
was quantified by means of Nanodrop spectrophotometer (Thermo Scientific,
Waltham, MA, United States).

Primer selection, polymerase chain reaction amplification and sequencing

Two sets of primers specific to HBV S gene were used for HBV detection”. To amplify
HBV S gene, the first round polymerase chain reaction (PCR) was performed with
SPL-3 and SPL-2 primers while the nested PCR was performed using the second set of
internal primers SPL-4 and SPL-5 (Table 2). The cycling conditions for the first round
PCR comprised initial denaturation at 95 °C (5 min) for one cycle followed by 30 cycles
of heating at 95 °C (40 s), primer annealing at 55 °C (1.5 min) and extension for 2 min
at 72 °C. The final extension was done at 72 °C (10 min) for one cycle followed by hold
at 4 °C. The first round PCR product was diluted ten-fold and subjected to the second
round nested PCR with SPL-4 & SPL-5 primers. This PCR was programmed as
follows: Initial denaturation at 95 °C (10 min) for one cycle followed by 30 cycles of
heating at 94 °C (1 min), primer annealing at 55 °C (1 min) and extension at 72 °C (1.5
min). The final extension was carried out at 72 °C for one cycle (10 min).

PCR products were resolved by 1% agarose gel electrophoresis. Bands were
observed under ultraviolet light (Carestream Gel Logic 212 Pro, Rochester, NY, United
States), and the gel images were recorded. PCR bands of correct size were gel-purified
(Qiagen Gel Extraction Kit, Hilden, Germany), eluted in nuclease-free water and
subjected to bi-directional DNA sequencing using the same primers used for PCR
amplification. All PCRs contained GoTaq® Green Master Mix (M7122, Promega,
Madison, WI, United States), 0.2-0.4 uM forward and reverse primers and 100-300 ng
DNA.

Nucleotide (nt) sequences, confirmed by bi-directional sequencing of the PCR
products were subjected to National Center for Biotechnology Information-Basic Local
Alignment Search Tool (BLAST) for determining genetic matches with sequences
available in the database. They were then aligned using MEGAX with other closely
related sequences identified from the BLAST search. A phylogenetic tree was
generated by the Neighbor-Joining method with Bootstrap test (2000 replicates) using
MEGAX on 510 nt of S gene (pertaining to nt positions 326-835 as in HBV34 genotype
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Table 1 Sites of sample collection

Distance from

. Detailed description of Number of currency  Number of samples
Types of locations of . . , s
. the actual sites of Co-ordinates central Kolkata’  samples collected (n that are hepatitis B
sample collection llecti =70 . it
collection (in Km) =70) virus-positive
Hospitals Nil Ratan Sircar Medical 22.5638° N, 88.3690° 2.6 2 1 HBV-positive (S5)
College and Hospital E
SSKM Hospital 22.5396° N, 88.3439° 4.8 2 -
B
Chittaranjan National 22.5254° N, 88.3465° 3.7 2 -
Cancer Institute (CNCI) E
Calcutta National Medical 22.5467° N, 88.3704° 4.5 B 1HBV-positive (S8)
College and Hospital E
(CNMC)
KPC Medical College and 22.4956° N, 88.3706° 9.3 4 -
Hospital E
Public transport routes ~ 230°(Kamarhati to Alipore 22.6847° N, 88.3706° 13.4-5.1 4 -
(bus): First stop and last Zoo) E-22.5248° N,
stop 88.3312° E
47B (Lake town to Super 22.6070° N, 88.4028°  19.4-7.5 5 -
Market, Prince Anwar Shah  E-22.5015° N,
Road) 88.3617° E
3C/1 (Anandapur to 22.5148° N, 88.4098°  11.5-19.7 5 -
Nagerbazar) E-22.6218° N,
88.4180° E
45 (Dumdum to 22.6471° N, 88.4317°  22.8-11.4 5 -
Baishnabghata) E-22.4729° N,
88.3764° E
S9 (Jadavpur to 22.4956° N, 88.3706°  8.8-13.5 5 1 HBV-positive (S6)
Karunamoyee) E-22.5851° N,
88.4222°E
Grocery shop Shyam Bazar 22.5982° N, 88.3687° 6.2 3 -
E
Big Bazaar, Ganguli Bagan ~ 22.4800° N, 88.3757°  18.2 3 =
E
South City Mall 22.5015° N, 88.3617° 7.5 4 -
15
Dunlop 22.6519° N, 88.3786°  12.4 4 -
E
Gariahat 22.5170° N, 88.3658° 6.7 4 -
E
Fish-meat market Howrah 22.5958° N, 88.2636° 6.1 2 1 HBV-positive (S7)
E
Baguihati 22.6107° N, 88.4271° 18.3 4 -
E
Hazra 22.5228° N, 88.3500° 4.3 4 -
E
Jadavpur 22.4956° N, 88.3706° 8.8 2 1 HBV-positive (S9)
E
Gariahat 22.5170° N, 88.3658° 6.7 B -
E

The Indian Museum (22.5579°N, 88.3511°E) is taken as landmark for central Kolkata.
The number indicates the officially designated bus route number. HBV: Hepatitis B virus.
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D2 isolate, accession number KC875340, West Bengal, India) in order to characterize
the HBV isolates from the currency samples and study their genetic distances with
other closely related HBV strains!l.

Quantitative Real time PCR and hepatitis B virus surface antigen detection through

enzyme-linked immunosorbent assay

Quantitative real-time PCR was performed on the HBV-positive DNA samples to
determine the HBV DNA copy number in the currency samples. A pcDNA3.1 (+)
plasmid construct (Invitrogen, Carlsbad, CA, United States) containing the HBVRT-F
and HBVRT-R (Table 2) product of HBV genotype D “S” gene cloned into it, was used
as the standard for the real-time PCR. Serial dilutions of this recombinant plasmid
were used as known standards to calculate the HBV DNA copy number of the
currency samples tested. A 98 bp fragment of the “S” gene (pertaining to nt position
379 to 476 as in HBV isolate KC875340) was amplified using the primers HBVRT-F (nt
position 379 to 398) and HBVRT-R (nt position 456 to 476). The DNA copy number of
each PCR product was determined from its DNA concentration. Four replicates were
run for each standard and sample. The real-time PCR mix for each sample contained
10 pL of Luna Universal qPCR Master Mix (New England BioLabs, Ipswich, MA,
United States), 1 uL of a mix of primers (10 puM each), 1 pL of sample (< 100 ng DNA)
or 2.5 pL of standard and nuclease-free water to a final volume of 20 pL. The thermal
cycling conditions in the Quant Studio 5 (Applied Biosystem, Foster City, CA, United
States) consisted of initial hold at 95 °C (1 min), followed by 40 cycles of 15 s at 95 °C
and 30 s at 58 °C. Fluorescence was monitored during the 55 °C annealing phase.
Formation of bands of expected size was further confirmed by agarose gel
electrophoresis of the pooled replicates per sample after completion of real-time PCR
run.

In order to rule out that the laboratory reagents or equipment were not
contaminated with HBV, control nested PCRs were performed with two sets of
primers: SPL-3 and SPL-2 as first round primers and SPL-4 and SPL-5 as second round
primers, as described previously. Ultracentrifuged pellet suspensions from 25
representative currency samples, including all HBV DNA-positive and remaining
HBV DNA-negative samples were tested for the presence of the antigen marker of
HBV [i.e., hepatitis B virus surface antigen (HBsAg) through enzyme-linked
immunosorbent assay (ELISA)]. The assay was performed using the Monolisa HBsAg
Ultra kit (Hercules, CA, Bio-Rad) following manufacturer’s instructions. The samples
were tested in duplicates, diluted in the ratio of 1:5 in the supplied sample diluent.

Atomic Force Microscopy of ultracentrifuged pellet suspensions
HBV DNA-positive samples that had higher HBV DNA copy number were selected
and subjected to atomic force microscopy (AFM) to gather visual evidence for the
presence of approximately 42 nm HBV particles (Dane particles).

For this, two representative HBV DNA-positive ultracentrifuged samples and one
HBV DNA-negative ultracentrifuged sample (as negative control) were selected. All
three samples were put through an identical procedure for AFM sample preparation.
Furthermore, immunoprecipitation was performed on the above mentioned three
samples. Immunoprecipitation technique was adopted to trap selectively the HBV
particles from the ultracentrifuged pellet and to enrich the particles in the available
volume for more authentic imaging. For this, Inmunoprecipitation Kit-Dynabeads™
Protein G (Invitrogen) was used and the assay was performed following the standard
protocol suggested by the manufacturer of the kit. Monoclonal anti-HBV antigen
HBsAg (Cat No. SAB4700767, Sigma-Aldrich, St Louis, MO, United States) was used as
the trapping antibody for immunoprecipitating the target antigen (i.e. HBsAg on HBV
virion surface).

The final eluate (antigen-antibody complexes) obtained was treated with 0.2%
Triton X-100 in the ratio 1:1 for 30 min followed by pulse sonication to disrupt the
virus-antibody complexes. The solution was then centrifuged at 13000 rpm for 5 min at
4 °C. The supernatant was carefully transferred to a fresh centrifuge tube. Both,
immunoprecipitated and non-immunoprecipitated samples were diluted in nuclease
free water as required, and 5 pL of each diluted sample was applied on freshly cleaved
muscovite Ruby mica sheet (ASTM V1 grade) and allowed to air dry. Once the sample
was fixed, the mica sheet was put through AFM.

Acoustic-AC mode AFM was performed by means of a Pico plus 5500 AFM (Agilent
Technologies, Santa Clara, CA, United States) with a piezo scanner with maximum
range of 9 um. Images were processed by flattening, using Pico view 1.4 version
software (Agilent Technologies). Image manipulation was done through Pico Image
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Table 2 Oligonucleotide primers used for amplifying target genes in hepatitis B virus

Name Sequence 5'-3’ Amplicon size (bp) Reference
SPL-3-F GCGCGCGCTAGCACCATGGGGARCAYCRYATCRGGA 1652 w

SPL-2-R GCCTTTGCAAGCTTCASACCAATTTATGCCTAC

SPL-4-F ACCACAGAGTCTAGACTYGTGGT 1277

SPL-5-R GGTCGGAACRRCAGRCGRAGAAG

HBVRT-F GTGTCTGCGGCGTTTTATCA 98 This study
HBVRT-R GACAAACGGGCAACATACCTT

Jaishideng®

Advanced version software (Agilent Technologies).

RESULTS

Molecular confirmation of presence of HBV in the currency samples

HBYV “S” gene-specific PCRs on these DNA samples revealed the presence of HBV in
five out of 70 samples screened (7.14%). PCR products of expected size (i.e. 1652 bp for
SPL-3-2 and/or 1277 bp for SPL-4-5) were observed in all HBV-positive samples
(Figure 1).

The second round 1277 bp bands, obtained in optimum concentration and purity,
upon bi-directional sequencing (using SPL-4 and SPL-5 primers) confirmed that the
observed PCR products were indeed part of the “S” gene of HBV (Figure 2).

All the HBV isolates from the currency samples were of genotype D2, as evident
from their close clustering with other genotype D2 strains in the phylogenetic tree
(Figure 3). Only partial S and Pol protein open reading frames were retrievable from
the nucleotide sequences obtained for the five HBV-positive samples (GenBank
accession numbers: S5: MN158164; S6: MN158165; S7: MN158166; S8: MN158167; S9:
MN158168).

It was estimated from quantitative real-time PCR results that the number of HBV
copies ranged from (6-10) x 10® for sample S5; (2-3) x 10° for S6 and S7; (3-4) x 10° for
S8 and (3-6) x 10° for S9. The above copy numbers were estimates of total number of
HBYV copies present in the entire 5 mL washing from each paper currency sample.

Laboratory reagents (e.g., water for PCR, PCR mix and primers) or equipment (e.g.,
PCR machines and centrifuges) showed no evidence of HBV-contamination. This was
proved by the absence of any visible band in case of control PCRs (water control;
primers control) with SPL-3-2 and SPL-4-5 nested PCRs (Figure 1).

All the HBV positive and negative samples tested were found to be negative for
HBsAg by ELISA, suggesting that the genotype D2 HBV strains present in the
ultracentrifuged pellets were not detectable by Monolisa ELISA. The ELISA
performed, passed the qualitative test criteria as per the manufacturer’s guidelines.
The assay tested each sample in duplicate, and the mean of sample-to-cut off ratio
(S/CO) was considered to arrive at the results (data not shown).

Visual confirmation of HBV contamination of currency samples by AFM

When the diluted (1:100) non-immunoprecipitated ultracentrifuged HBV DNA-
positive samples were imaged through AFM, clusters of HBV virion-like particles
were visible (Figure 4). The diameter of the virus-like particles ranged from 40 to 60
nm (Figure 4).

The HBV DNA- negative sample displayed globular clumps, comprising of globule-
like structures much smaller than HBV particles (Figure 5). The topographical
demarcation for both the HBV DNA-positive (Figure 4D) and negative samples
(Figure 5C) is clearly evident from the images.

AFM imaging of the Triton X-100-treated immunoprecipitated HBV DNA positive-
sample validated the aforementioned results (Figure 6). Triton X-100 treatment
followed by sonication led to the disruption of the virion clusters into individual
particles. Complete/partial disintegration of virus envelope attached to the
immunoprecipitating antibody exposed the icosahedral core particle of HBV
(Figure 6A, D). The size of the individual virion particle observed was approximately
42 nm in accordance to the diameter of HBV and the number of particles observed
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. 1277 bp
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» -

Figure 1 Representative gel electrophoresis on 1.5% agarose gels depicting hepatitis B virus “S” gene-specific polymerase chain
reaction products and relevant controls. This proves that none of the lab reagents/equipment were contaminated with hepatitis B virus: Negative control with
nuclease-free water used for sample polymerase chain reactions (PCR (C1), negative control for primers SPL-3 & SPL-2, using fresh nuclease-free water (C2),
nested SPL-4-5 PCR product with C1 (C1’), SPL-4-5 nested PCR product with C2 (C2’), first round PCR with SPL-3-2 primers yielding 1652 bp band (S5 and S6),
SPL-3-2 PCR yielding no bands (S7-S10); second round nested PCRs with SPL-4-5 primers with S5-9 yielding 1277 bp band (S5'-S9’), SPL-4-5 nested PCR vyielding
no band (S10’) and a well left blank (i.e. loaded with no sample) (B). M is the molecular weight marker.

corroborated with the high copy number of HBV DNA found in the samples.

In contrast, the HBV DNA- negative sample, which showed globular structures
previously (Figure 5), after being subjected to immunoprecipitation and subsequent
Triton X-100 treatment, displayed a clear/vacant field with no globular structures or
HBV-like particles visible using AFM (Figure 7A). Even at higher magnification, no
such particles could be captured by AFM (Figure 7B).

DISCUSSION

To the best of our knowledge, the present study is the first to detect potentially viable
HBV from circulating paper currency samples collected from various parts of Kolkata,
a metropolitan city in eastern India. Sequences of the HBV-specific PCR products upon
BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 15" February
2020) and phylogenetic analysis closely matched with recently circulating strains of
HBV genotype D2 previously isolated from eastern Asia including Kolkatal'*'"l.
Although the potential role of currency in virus transmission is generally thought to
be limited!"?, it could still play a role in the spread of communicable viral diseases!'”l.
HBYV, the causative agent of a highly infectious and acute/chronic liver disease, has
been reported to retain infectivity when stored at approximately 30 °C for at least 6 mo
and withstand drying on a surface for around 7 d when present in blood!"’l. It can also
remain infectious and survive in environmental surfaces for about a week!".. This
information coupled with the observation of intact and potentially viable HBV on
paper currencies from Kolkata area in the present study demands attention because
people of this region are of varied immune status and often apply saliva on fingertips
to count the paper money. If these people have oral lesions (e.g., mouth ulcers) or
broken skin surfaces, it is quite probable that HBV particles on the infected currencies
may be transmitted into the human subjects. Concurrent handling of paper currency
and household materials may also set the stage for transmission of HBV among
different family members®. This was further strengthened by reports from India
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Figure 2 Hepatitis B virus S protein (partial) multiple sequence alignment of the test samples (S5-S9) with hepatitis B virus D2 sequences
retrieved from GenBank. The retrieved sequences are identified by their GenBank accession numbers on the figure. Gene sequences pertaining to nucleotide
positions 155 to 835 (coding for the full S protein) as in hepatitis B virus 34 genotype D2 isolate (accession number KC875340) are used for comparing with the test

samples.
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Figure 3 Phylogenetic analysis of the hepatitis B virus S gene (partial) of the hepatitis B virus isolates from the currency notes relative to
several other hepatitis B virus isolates of genotype D. The analysis was based on variability in 510 nucleotides (nt), pertaining to nt positions 326-835 as in
in hepatitis B virus 34 genotype D2 isolate, accession number KC875340, West Bengal, India. Hepatitis B virus sequences and their place of origin, retrieved from
GenBank for comparing with hepatitis B virus sequences in the present study, are identified by their GenBank accession numbers. The numbers shown next to the

branches of the phylogenetic tree represent the percentage of replicate trees in which the associated taxa grouped together in the bootstrap test (2000 replicates).
The scale bar indicates genetic distance in terms of nucleotide substitution/site/year.
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indicating that intra-familial horizontal transmission played a more important role in
the spread of HBV infection than the sexual mode of HBV transmission®"*.

The HBV sequences, identified in the present study, closely matched with HBV
genotype D2, widely prevalent in various countries including India"*'?. All these
isolates carried S protein mutations previously reported to impair immune-detection
and this explains why these isolates were HBsAg-negative by the enzyme
immunoassayl.

Our findings corroborate well with the fact that HBV genotype D2 is most prevalent
in India including Kolkata*1. In fact, the HBV S protein sequences retrieved from the
currency samples closely matched at the amino acid level (Figure 2) and nucleotide
level (Figure 3) with the HBV sequences, surprisingly detected in blood of Pityriasis
rosea skin disease patients from Kolkata during 2016, who were screened for HBV in
another study in our laboratory. More than 50% of these samples were occult HBV
infection (OBI) and carried at least one OBI-signature S protein mutation!.

HBV spread is silent as most of these infections are going undiagnosed as ELISAs
are still the mainstay of virus diagnosis in developing countries like India, and the
HBV strains in question are mostly “occult” in nature (i.e. not easily detectable by
HBsAg-detection ELISAs).

The HBV DNA copy numbers observed in the five HBV-positive currency samples
were higher than the 50% minimum infectious dose of even OBI DNA, which had been
estimated at 1049 (117-3441) copies™. However, the SYBR-green qPCR method used
for the HBV DNA quantification is prone to overestimation of the copy numbers as
SYBR-green binds to nonspecific double stranded DNA sequences (e.g., primer dimers)
besides the target sequence, producing false positive signals”*1. In order to cross-
check the calculated HBV DNA copy numbers present in entire 5 mL washings from
each banknote, the numbers were back-calculated from the number of particles visible
in AFM images (Figure 6). This was done with the assumption that HBV particles were
evenly distributed in the circular area over which the spherical drop of the sample
adsorbed on the mica sheet. The numbers came to be of the order of 10° copy numbers
(total 5 mL washings from the concerned banknotes), which corroborated with PCR-
estimated copy number for the said isolates. Conclusively, the HBV particles present
on the currency notes were higher than 50% minimum HBV infectious dose, thereby
posing the contaminated currencies as an effective source of HBV transmission.

It was also interesting to observe, in this context, that human saliva, often used for
enumerating paper currencies in India, can have significantly high level of HBV
contamination even to the level of 107/ mL virus titre®"!. Furthermore, human saliva is
often implicated in horizontal mode of HBV transmission besides the common and
major routes of HBV transmission, namely, sexual contact, parenteral drug use,
transfusion and vertical transmission”"*.

The HBV genotype D2 strains detected in the currency notes carried several
mutations (the trio of T118V/A128V double mutation and P127T mutation; M133I)
known to impair immunological detection™. We were, indeed, unable to detect S
antigen with a method (Bio-Rad's Monolisa ELISA) that is known to use an array of
different monoclonal antibodies to reduce the number of S protein mutants that are
not detected. Still, it was possible to concentrate these “occult” viruses for microscopy
using the monoclonal antibody (SAB4700767), due to the fact that the S protein
mutations in these viruses possibly did not affect the binding site of the said Mab. The
result of the phylogenetic analysis is not surprising since the HBV genotype and
lineage detected is the same that was circulating in the city, and this observation, in
fact, supports our finding.

One limitation of our study is that although we think that the popular habit of using
saliva in counting paper notes may be related to spread of HBV, we could not rule out
several other routes of transmission that could also contribute to the surge of HBV
infections in Kolkata in recent years. These include practices such as tattooing,
piercing, drugs abuse, sex workers, unregistered medical practices,
manicure/ pedicure, ritual practices involving needles, knife and other sharp elements
and so on”".

Still, it appears that use of saliva in counting currency is a more predominant and
generalized habit in the overall Indian population than the aforesaid other practices
that expose the population to the risk of HBV transmission. However, many of these
factors remain unknown due to the lack of reliable model for virus propagation and
experimental infections. Some of these factors include evaluation of infectious dose of
the virus by this route, the stability of the virus, the probability of counting money
each day (time of exposition) and so on.

We could not demonstrate the “infectivity” of the HBV DNA-positive samples and
it was also not feasible to demonstrate experimentally the transmission of HBV via
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Figure 4 Atomic force microscopy images of hepatitis B virus-positive sample S8. A: Wider field of view for the sample; B: Magnified view of the
encircled area marked in Figure 4A; The encircled area illustrates representative cluster of virion particles. The arrow points to a single particle in the cluster; C:
Magnified view of encircled area shown in Figure 4B in two different contrasts. The arrows show the individual intact virion particle of approximately 42 nm diameter;
D: Three-dimensional (3D) view of the individual clusters seen in Figure 4C.
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paper notes. However, detection of intact virions in considerable amount on heavily
used currency notes sets up the scenario that if people do contract HBV from the
currency samples, they are likely to develop hepatitis B, which is difficult to diagnose
by routine ELISA. Thus, there is increased risk of silent spread of the infection in the
susceptible population.

Presently, the severe acute respiratory syndrome coronavirus 2 (SARS CoV-2), first
reported from Wuhan, China in 2019, has emerged as a pandemic and a major health
concern worldwidel™.. It has been stated that there is a high risk of transmission of this
virus by touching contaminated dry inanimate surfaces like paper, wood, plastic,
metal, steel, glass, ceramic, Teflon and so on. It has been already reported that the
various strains of SARS CoV like P9 or GVU6109 can persist on the paper surfaces for
24 h to 5 d at room temperature”l. Thus, the handling of contaminated paper
currencies and enumerating them using saliva can pose a substantial risk of
transmission of not only hepatitis B virus, as described in this study, but also SARS
CoV-2, thereby contributing to its currently observed rapid spread in densely
populated countries like India.

To put into perspective the role of paper currency (with HBV contamination) in
virus transmission, we propose a model as follows: Infected saliva to finger to paper
notes and then contaminated notes to finger to saliva of susceptible human, supposing
that many people count the money in this way.

CONCLUSION

In summary, the presence of highly infectious HBV in commonly circulating currency
notes in a populous region, as detected in this study, imposes possible risk of
transmission of this pathogen among the general population. This, however, needs
further experimental validation as already discussed above. This phenomenon might
be contributing to the increasing incidence of HBV infections among the population
besides other routes of exposure. Hence, people should be made aware about the
unhygienic practices leading to microbial contamination of currencies to reduce the
risk of transmission of infectious microbes through currency route.
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Figure 5 Atomic force microscopy images of a hepatitis B virus-negative sample. A: Wide field of view of clumps of globular structures that look
different from that seen in Figure 4A. These clumps share no resemblance with the structure of hepatitis B virus particles; B: Magnified view of the encircled region in

Figure 5A in two different contrasts; C: 3D view of the clumps.
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Figure 6 Atomic force microscopy images of sample S8 after immunoprecipitation and Triton X treatment. A and B: Typical icosahedral
particles, plausibly hepatitis B virus core particles. Triton X-100 treatment followed by sonication led to partial/complete disintegration of virus envelope, thus exposing
the core particles; D and E: Magnified images of the region encircled in Figure 6A and B, respectively. The arrows mark the icosahedral hepatitis B virus core
particles; C and F: 3D images of the hepatitis B virus core particles seen in Figure 6B and E, respectively.
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Figure 7 Atomic force microscopy images of hepatitis B virus-deoxyribonucleic acid negative sample, $12 after inmunoprecipitation and
Triton X treatment. A: Clear field with no previously observed globular structures. Triton X treatment led to the disruption of clumps seen in Figure 5A and was
removed during the washing steps; B: Magnified view of the encircled area in Figure 7A, which shows no hepatitis B virus-like particles even at higher magnification.
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ARTICLE HIGHLIGHTS

Research background

The recent rise in the incidence of hepatitis B virus (HBV) infections in a densely
populated city of eastern India prompted the search. Paper currency is widely used as
a mode of transaction for various goods and services irrespective of socio-economic
status among the population. Therefore, the chances of microbial contamination
specifically in the currencies of lower denominations are higher. The common practice
of enumerating currency notes using saliva in Indian subcontinent may be a potential
source of horizontal transmission of HBV, especially if there are cuts/bruises on the
oral mucous membrane or skin.

Research motivation

The increasing number of cases of HBV infections in eastern India served as the
impetus to investigate possible presence of this virus in low denomination paper notes
in a densely populated city of India such as Kolkata.

Research objectives

To investigate whether paper currency can serve as a plausible mode of horizontal
transmission of HBV infection in areas of high population density.

Research methods

HBYV was detected by performing polymerase chain reactions (PCRs) on nucleic acids
extracted from ultracentrifuged washings from paper currencies, followed by
nucleotide sequencing for the confirmation of the presence of the virus. Hepatitis B
virus surface antigen-enzyme-linked immunosorbent assay (HBsAg-ELISA) was
carried on HBV DNA-positive samples to check for the detectability of HBV surface
antigen. Atomic force microscopy (AFM) was used for visual confirmation of HBV
particles in ultracentrifuged/immunoprecipitated samples from currency paper
washings.
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Research results

Out of all the currency notes screened (n = 70), 7.14% of the samples were found to be
contaminated with potentially intact/viable HBV of genotype D2. Atomic force
microscopy provided visual confirmation of HBV particles in
ultracentrifuged/immunoprecipitated samples from currency paper washings.
However, HBV isolates from the currency notes failed to be detected by hepatitis B
surface antigen ELISA. Molecular analysis and enzyme immunoassays suggested that
the circulating HBV are “occult” in nature (i.e. ELISA-negative but DNA-positive).

Research conclusions

Applying saliva on fingers for counting bank notes is a common practice in the Indian
subcontinent and many other countries of the world. Paper notes may be a source of
“horizontal” transmission of HBV as well as other environmentally stable infectious
viruses like severe acute respiratory syndrome coronavirus 2, especially if there are
cuts/bruises on the oral mucous membrane or skin. However, it was practically not
possible to demonstrate experimentally such transmission. Detection of potentially
intact/viable and “occult” HBV on currency notes and in considerable numbers poses
potential risk of silent transmission of this virus in densely populated cities like
Kolkata.

Research perspectives

Heavily used paper currency may play a potential role in transmission of infectious
viruses like HBV. The present study puts forward a model of horizontal HBV
transmission from infected saliva to finger to paper currencies and then from
contaminated bank notes to finger to saliva of susceptible humans, especially in places
where people have the habit of using saliva for counting bank notes.
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