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The coronavirus disease 2019 (COVID‐19) pandemic has highlighted the practice of infectious diseases
biobanking, as well as existing challenges and opportunities. Thus, the future of infectious diseases biobanking
in the post‐pandemic era, shall not be an “entry‐level version” of its counterpart in non‐communicable diseases
and large population cohorts, but incorporate the lessons learned. Biobanks constitute a critical research infras-
tructure supported by harmonized practices through the implementation of international standards, and per-
ceived within the broader scope of healthcare's intersection with research. This perspective paper considers
the barriers in biobanking and standardization of practices, as well as the emerging opportunities in the field.
1. Introduction

Infectious diseases, such as coronavirus disease 2019 (COVID‐19),
may become major global health threats with far‐reaching conse-
quences. The COVID‐19 pandemic, within a short period of time, has
caused heavy damage to both global public health security and human
health [1]. Biological samples, such as blood and saliva samples, from
COVID‐19 positive patients are critical in understanding and research-
ing on the disease if accompanied by relevant clinical data; and,
because such associations between a pathogen and the development
of disease are often weak, samples may be needed in large quantities.
Thus, if more, well‐characterized, high‐quality samples are available
through biobanks, research will advance faster and improve upon
the delivery of healthcare. Therefore, biobanking becomes a key ele-
ment to the success of future treatments, relied upon standardized tis-
sue collection for improved scientific quality [2,3].

In the same manner, the harmonization of practices between differ-
ent biobanks will facilitate the sharing and comparative analyses of
such samples and foster regional and international collaborations
between researchers. This harmonization includes the data aspects,
as associated data would also need to be shared and/or be amenable
to comparisons. In addressing the need of biobank harmonization,
international agencies (e.g., the Organisation for Economic Coopera-
tion and Development [OECD], the International Agency for Research
on Cancer [IARC] and International Organization for Standardization
[ISO]) and professional infrastructures (e.g., the Biobanking and
Biomolecular resources Research Infrastructure [BBMRI] and the
International Society for Biological and Environmental Repositories
[ISBER]) have developed guidelines, standards, and best practices
for biobanking. These documents provide scientific, operational, ethi-
cal, and legal guidelines and requirements. They include the ISBER
Best Practices for Biorepositories (ISBER BP) (latest, 4th edition in
2018) [4], the OECD Guidance for Human Genetic Research Databases
(2006) [5], the IARC Common Minimum Technical Standards and Pro-
tocols for Biobanks Dedicated to Cancer Research (2017) (IARC CMTS)
[6], and the ISO standard 20387:2018‐Biotechnology‐Biobanking‐Gen
eral Requirements for Biobanking (ISO20387) [7]. While these docu-
ments do not specifically focus on infectious disease, rather the general
practice of biobanking, their implementation anticipates increasing
the level of professionalism in biobanking [8].

Using COVID‐19 as an example, this manuscript identifies the bar-
riers and opportunities for biobanking harmonization and describes
how to maximize and effectively use these limited and precious human
biological resources; and how to build a scientific, systematic, and
standardized biobank for infectious diseases. Thus, the aspects consid-
ered here, relate to scientific research for the prevention and control of
infectious diseases in general, and the associated biological security
aspects.
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2. Barriers in biobanking and standardization of practices

A barrier is defined as any factor that constitutes an obstacle in the
process of harmonizing practices in biobanking. Sharing is defined as
the biobanking process for supplying samples with or without data, or
only data to those requesting it [9]. Within biobanking, the discussion
has focused on the relevant international norms, namely the 2005
International Health Regulations (IHR) [10], the 2011 Pandemic Influ-
enza Preparedness (PIP) Framework [11], and the 2010 Nagoya Proto-
col on Access to Genetic Resources and the Fair and Equitable Sharing
of Benefits [12]. Yet, there remain important gaps in understanding
the full governance spectrum, including the conditions under which
sharing samples and/or is likely to become problematic. For example,
such challenges might include informal norms, for instance those
between scientists or networks of research institutions, and specific
agreements between organizations, e.g., material transfer agreements
(MTAs) or research contracts. Efforts attempting to address these bar-
riers are firstly the recently announced WHO BIOHub in Spiez,
(Switzerland) that will enable WHO Member States to share biomate-
rials in a safe mechanism [13] and also the work group within the
European, Middle Eastern and African Society for Biobanking and Bio-
preservation (ESBB).

Once the governance framework is established, then timely access
to pathogen samples and related data is a critical precondition in the
efforts to identify and understand pathogens, and subsequently to
develop appropriate medical countermeasures (e.g., diagnostics,
drugs, vaccines). In the case of infectious disease pathogens, a common
option is to be able to access the genomic sequence data as early as
possible, thereby diminishing the need for access to physical samples.
This has certainly been the case for the COVID‐19 pandemic, where
the sequence was published as early as was technically possible
[14], while the distribution of physical samples was curated through
established networks and supply infrastructures [15]. However, the
latter was successful in the case of pre‐existing formal and informal
collaborations. In some cases, the absence of trusted collaborations
led to slow, inefficient, and potentially detrimental barriers to access
pathogens, which may be difficult to overcome quickly in times of cri-
sis [16].

One of the challenges in implementing guidelines and standards
in infectious diseases biobanks is the multiplicity of already estab-
lished standard operating processes (SOPs). SOPs are mentioned
commonly in the published literature, with only legal issues being
cited more frequently [9]. The differences in procedures between
biobanks are described as a challenge, and in some cases, established
biobank's practices may be suboptimal, and therefore a barrier,
regardless of the differences with other banks. The variety of meth-
ods for the storage and processing of samples was mentioned as a
barrier, as preparation methods in different laboratories and coun-
tries may not be uniform, resulting to lack of compatibility [17]
and thus impacting the availability of samples for international pro-
jects. Having said that, the recent introduction of the new wave of
biobanking guidelines and ISO standard should address some of
these challenges, though none of the published biobank best prac-
tices and ISO standards contain any sections that are specific to
infectious diseases.

Lastly, biobanking of potentially infectious samples from patients,
animals or the environment need to be performed according to their
respective biosafety level requirements. There are four biosafety levels
that are implemented and defined by the Centers for Disease Control
and Prevention (CDC) [18]. Each biosafety level has specific contain-
ment controls, including practices, safety equipment, and facility safe-
guards to protect laboratory staff, the public and the environment from
exposure to infectious biohazards. These biosafety levels dictate the
type of operations that are allowed in a lab setting and play a signifi-
cant role in the design of the facility. As such, not all biobanking facil-
ities can afford the operational or institutional arrangements for all
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types of infectious disease agents, but a careful consideration needs
to take place.

3. Emerging opportunities

On the other hand, the creation of increasing numbers of infectious
disease biobanks that have harmonized practices, offers a number of
opportunities. In particular, the value of infectious diseases biobanks
relies on the availability, at a necessary scale, of high‐quality biospec-
imens and related data in order to respond to emerging biological
questions, and as exemplified by the clinical urgency of the current
COVID‐19 pandemic, making those samples available at a rapid pace.
The availability of high volumes of specimens is also expected to sup-
port high‐throughput ‐omics technologies, but such methods remain to
be validated by regulatory agencies [19] or to be harmonized as much
as possible in order to be impactful.

Furthermore, discussions regarding the financial viability of many
sample collections in the post‐COVID‐19 era, as well as the degree of
availability of those collections to industrial partners are ongoing
[20]. A major leap forward can be achieved if challenges relating to
staff training and retention, funding and scale (that were temporarily
addressed for the needs of the COVID‐19 pandemic response) can be
re‐considered post‐pandemic, as part of the building back better
healthcare agenda [21]. However, this would necessitate the synergis-
tic efforts of multiple stakeholders—as has been demonstrated during
the mobilization of resources and efforts for vertical programmes relat-
ing to Human Immunodeficiency Virus (HIV), Tuberculosis (TB), and
malaria, as well as regional translational infrastructures such as the
European Research Infrastructure on Highly Pathogenic Agents
(ERINHA), the European Virus Archive – Global (EVAg), the European
COVID‐19 Data Platform, and others. Such plans require a good under-
standing of the healthcare challenges, as well as the harmonization of
biobanking practices, so that any contribution to downstream research
can be inclusive of multiple facets (from diagnostic microbiology to
business models). Thus, it can become tailored to a successful imple-
mentation and linked to already existing and successful initiatives
[22].

4. Conclusion

The future of infectious diseases biobanking post‐COVID‐19, shall
not be an “entry‐level version” of its counterpart in non‐
communicable diseases and large population cohorts. Conversely, it
will have to become a purpose‐built, well‐conceived, cost‐effective
and efficient research infrastructure, primarily supported by harmo-
nized practices through the implementation of international standards,
and perceived within the broader scope of healthcare's intersection
with research (e.g., the European Health Data Space (EHDS) 1 ‐ health-
care and EHDS 2 ‐ secondary use). In this way, infectious disease bio-
banks will become ready to assume their place at the frontline of
infectious diseases research, understanding and potentially
surveillance.

Conflict of interest statement

The authors declare that there are no conflicts of interest. Where
authors are identified as personnel of the International Agency for
Research on Cancer/WHO, the authors alone are responsible for the
views expressed in this article and they do not necessarily represent
the decisions, policy or views of the International Agency for Research
on Cancer/WHO.

Author contributions

Balwir Matharoo‐Ball: Formal Analysis, Writing – Original Draft.
Mbayame Diop:Writing – Review & Editing, Writing – Original Draft.



B. Matharoo-Ball et al. Biosafety and Health xxx (2022) xxx–xxx
Zisis Kozlakidis: Conceptualization, Methodology, Supervision, Writ-
ing – Review & Editing.
References

[1] Q. Li, X. Guan, P. Wu, et al, Early transmission dynamics in Wuhan, China, of novel
coronavirus-infected pneumonia, N. Engl. J. Med. 382 (2020) 1199–1207, https://
doi.org/10.1056/NEJMoa2001316.

[2] M.K. Henderson, Z. Kozlakidis, J. Fachiroh, B. Wiafe Addai, X. Xu, S. Ezzat, H.
Wagner, M.M. Marques, B.K. Yadav, The responses of biobanks to COVID-19,
Biopreserv Biobank. 18 (6) (2020) 483–491, https://doi.org/10.1089/
bio.2020.29074.mkh.

[3] P.B. Medina, D.L. Garcia, I.H. Cheong, R.T.P. Lin, Z. Kozlakidis, Construction and
application of biobanks for infectious diseases: focus on SARS-CoV-2, Innov.
Digital Health Diagnost. Biomarkers 2 (2022) 40–47, https://doi.org/10.36401/
IDDB-21-06.

[4] L.D. Campbell, J.J. Astrin, Y. DeSouza, The,, et al, revision of the ISBER Best
Practices: Summary of changes and the editorial team’s development process,
Biopreserv. Biobank. 16 (2018) 3–6, https://doi.org/10.1089/bio.2018.0001.

[5] Organization for Economic Co-operation and Development (OECD), Creation and
governance of human genetic research databases, OECD Publishing, Paris, France,
2006, https://doi.org/10.1787/9789264028531-en.

[6] M. Mendy, R.T. Lawlor, J. Wright, C.P. Wild, Common minimum technical
standards and protocols for biobanks dedicated to cancer research, International
Agency for Research on Cancer, Lyon, 2017.

[7] K. Furuta, C.M. Alocca, B. Schacter, M.J. Bledsoe, N.C. Ramirez, Standardization
and innovation in paving a path to a better future: An update of activities in ISO/
TC276/WG2 Biobanks and Bioresources, Biopreserv. Biobank. 16 (2018) 23–27,
https://doi.org/10.1089/bio.2017.0117.

[8] D. Simeon-Dubach, Z. Kozlakidis, New standards and updated best practices will
give modern biobanking a boost in professionalism, Biopreserv. Biobank. 16 (1)
(2018) 1–2, https://doi.org/10.1089/bio.2017.0126.

[9] F. Colledge, B. Elger, H.C. Howard, A review of the barriers to sharing in
biobanking, Biopreserv. Biobank. 11 (6) (2013) 339–346, https://doi.org/
10.1089/bio.2013.0039.

[10] World Health Organization, International Health Regulations, 3rd ed. Geneva:
WHO Press, 2008. https://www.who.int/publications/i/item/9789241580496,
2005 (accessed 21 March 2022).

[11] World Health Organization, Pandemic influenza preparedness framework for the
sharing of influenza viruses and access to vaccines and other benefits. https://
3

apps.who.int/iris/bitstream/handle/10665/44796/9789241503082_eng.pdf,
2011 (accessed 21 March 2022).

[12] Secretariat of the Convention on Biological Diversity, The Nagoya Protocol on
Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising
from their Utilization (ABS) to the Convention on Biological Diversity. https://
www.cbd.int/abs/doc/protocol/nagoya-protocol-en.pdf, 2011 (accessed 21
March 2022).

[13] M. Rourke, M. Eccleston-Turner, S. Switzer, Sovereignty, sanctions, and data
sharing under international law, Science 375 (6582) (2022) 724–726, https://doi.
org/10.1126/science.abn5400.

[14] R. Lu, X. Zhao, J. Li, P. Niu, B. Yang, H. Wu, W. Wang, H. Song, B. Huang, N. Zhu,
Y. Bi, Genomic characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding, Lancet 395 (10224) (2020)
565–574, https://doi.org/10.1016/S0140-6736(20)30251-8.

[15] S. Sett, Ribeiro C dos Santos, C. Prat, G. Haringhuizen, T. Avšič, C. Batten, M.S.
Beato, H. Bourhy, A. Di Caro, R. Charrel, B. Coutard, Access and benefit-sharing by
the European Virus Archive in response to COVID-19, Lancet Microbe. 3 (4) (2021)
e316–e323, https://doi.org/10.1016/S2666-5247(21)00211-1.

[16] P. Hofman, Challenges and issues surrounding the use for translational research of
human samples obtained during the COVID-19 pandemic from lung cancer
patients, Transl. Lung Cancer Res. 9 (4) (2020) 1543–1553, https://doi.org/
10.21037/tlcr-20-594.

[17] E. Zika, D. Paci, A. Braun, S. Rijkers-Defrasne, M. Deschenes, I. Fortier, J. Laage-
Hellman, C.A. Scerri, D. Ibarreta, A European survey on biobanks: trends and
issues, Public Health Genom. 14 (2) (2011) 96–103, https://doi.org/10.1159/
000296278.

[18] L. Ta, L. Gosa, D.A. Nathanson, Biosafety and biohazards: understanding biosafety
levels and meeting safety requirements of a biobank, Methods Mol. Biol. 2019
(1897) 213–225, https://doi.org/10.1007/978-1-4939-8935-5_19.

[19] M. Asplund, K.R. Kjartansdóttir, S. Mollerup, L. Vinner, H. Fridholm, J.A. Herrera,
J. Friis-Nielsen, T.A. Hansen, R.H. Jensen, I.B. Nielsen, S.R. Richter,
Contaminating viral sequences in high-throughput sequencing viromics: a
linkage study of 700 sequencing libraries, Clin. Microbiol. Infect. 25 (10) (2019)
1277–1285, https://doi.org/10.1016/j.cmi.2019.04.028.

[20] O. Vandenberg, D. Martiny, O. Rochas, A. van Belkum, Z. Kozlakidis,
Considerations for diagnostic COVID-19 tests, Nat. Rev. Microbiol. 19 (3) (2021)
171–183, https://doi.org/10.1038/s41579-020-00461-z.

[21] A. Sagan, S. Thomas, M. McKee, M. Karanikolos, N. Azzopardi-Muscat, I. de la
Mata, J. Figueras, World Health Organization. COVID-19 and health systems
resilience: lessons going forwards, Eurohealth 26 (2) (2020) 20–24.

[22] Z. Kozlakidis, O. Vandenberg, J. Stelling, Clinical microbiology in low resource
settings, Front. Med. 7 (2020) 258, https://doi.org/10.3389/fmed.2020.00258.

https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1089/bio.2020.29074.mkh
https://doi.org/10.1089/bio.2020.29074.mkh
https://doi.org/10.36401/IDDB-21-06
https://doi.org/10.36401/IDDB-21-06
https://doi.org/10.1089/bio.2018.0001
https://doi.org/10.1787/9789264028531-en
http://refhub.elsevier.com/S2590-0536(22)00078-7/h0030
http://refhub.elsevier.com/S2590-0536(22)00078-7/h0030
http://refhub.elsevier.com/S2590-0536(22)00078-7/h0030
http://refhub.elsevier.com/S2590-0536(22)00078-7/h0030
https://doi.org/10.1089/bio.2017.0117
https://doi.org/10.1089/bio.2017.0126
https://doi.org/10.1089/bio.2013.0039
https://doi.org/10.1089/bio.2013.0039
https://www.who.int/publications/i/item/9789241580496
https://apps.who.int/iris/bitstream/handle/10665/44796/9789241503082_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/44796/9789241503082_eng.pdf
https://www.cbd.int/abs/doc/protocol/nagoya-protocol-en.pdf
https://www.cbd.int/abs/doc/protocol/nagoya-protocol-en.pdf
https://doi.org/10.1126/science.abn5400
https://doi.org/10.1126/science.abn5400
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1016/S2666-5247(21)00211-1
https://doi.org/10.21037/tlcr-20-594
https://doi.org/10.21037/tlcr-20-594
https://doi.org/10.1159/000296278
https://doi.org/10.1159/000296278
https://doi.org/10.1007/978-1-4939-8935-5_19
https://doi.org/10.1016/j.cmi.2019.04.028
https://doi.org/10.1038/s41579-020-00461-z
http://refhub.elsevier.com/S2590-0536(22)00078-7/h0105
http://refhub.elsevier.com/S2590-0536(22)00078-7/h0105
http://refhub.elsevier.com/S2590-0536(22)00078-7/h0105
http://refhub.elsevier.com/S2590-0536(22)00078-7/h0105
https://doi.org/10.3389/fmed.2020.00258

	Harmonizing the COVID-19 sample biobanks: Barriers and opportunities for standards, best practices and networks
	1 Introduction
	2 Barriers in biobanking and standardization of practices
	3 Emerging opportunities
	4 Conclusion
	Conflict of interest statement
	Author contributions
	References


