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Blanche Ln, South Mimms, Potters Bar, UK; cTwincore Centre for Experimental and Clinical Infection Research GmbH, Hannover, Germany

ABSTRACT
Introduction: Standardization is important across the life cycle of medicinal products, supporting the
diagnosis, treatment, and prevention of a wide range of diseases. For rare diseases, standardization is
even more important, as patient groups are small, presenting significant challenges in the design,
conduct, analysis, and interpretation of clinical studies. It is here that standardization institutions,
including the UK’s National Institute for Biological Standards and Control (NIBSC), can have a key role.
Areas covered: A considerable proportion of NIBSC’s work supports the better understanding, diag-
nosis, treatment, and prevention of rare diseases. NIBSC is also part of the UK’s Medicines and Health
care products Regulatory Agency (MHRA), creating an agency that is uniquely placed to combine
scientific and regulatory expertize for the benefit of public health. This review provides an overview
of NIBSC’s work in rare diseases and highlights the positive impact of the work of standardization
institutions in this field.
Expert opinion: Standardization in product development is key for patients with rare diseases. The
work of standardization institutions is increasingly being recognized as crucial for supporting scientific
and clinical advancements, and early and collaborative interactions can provide drug developers with
the necessary expertize, when standards matter most.
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1. Introduction

In the 1920s, a major challenge in the treatment of diabetes
was how to compare the amount of the active substance
insulin present in different batches of partially purified pan-
creas homogenate. Measurement is critical, as too much or
too little insulin can cause coma and death of diabetic
patients. Pharmaceutical insulin is now quantified by mass
spectrometry, but for many biological medicines or ‘biolo-
gics’, measuring and assigning a biological activity to these
often-complex materials remains a challenging task [1,2]

The National Institute for Biological Standards and
Control (NIBSC) was established in the UK in 1972, to
formalize, as statutory functions, activities previously over-
seen by the Medical Research Council [3]. NIBSC merged
with the UK’s Medicines and Healthcare products
Regulatory Agency [4] in 2013 in order to formalize our
long-standing interactions and combine scientific and reg-
ulatory expertize for the benefit of public health. Despite
its name, the work of NIBSC is not just of national impor-
tance but rather has global relevance, ensuring the safety
and quality of biologics, including therapeutic products,
diagnostics and vaccines, worldwide. Biologics include
monoclonal antibodies, clotting factors, immunoglobulins,
hormones and growth factors. Biological materials that,
due to their complexity, cannot be measured by the

same physicochemical methods used for other drugs (e.g.
small molecules), and thus require assessment via
a bioassay.

NIBSC scientists formulate both written and physical
standards – reference materials that can be used to quantify
the amount of a biological substance in a given sample. In
addition, they perform independent control testing to
assure the safety and potency of medicinal products, and
perform research to enable and enhance these activities.
Biological standards have myriad of applications – positive
controls in biological assays (e.g. nucleic acid-based tests
and antibody assays), harmonization of data across assays,
and are of value in diagnostic, therapeutic, and vaccine
development [5]. NIBSC also provides scientific advice to
others in the field, including manufacturers of biologics,
academics and governmental bodies, and works closely
with the World Health Organization’s Expert Committee on
Biological Standardization (ECBS), as well as with other
international partners. These collaborative activities have
led to the development of over 90% of all WHO
International Standards (IS) and help to define the interna-
tional unit of biologics globally.

The availability of materials to help harmonize data, stan-
dardize assays, and develop medicinal products is of obvious
value. For rare diseases, this is even more important, as patient
groups are often small (for example, for orphan designation,
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rare diseases are defined as conditions not affecting more
than 5 in 10,000 people in Europe), presenting a significant
challenge in the design, conduct, analysis, and interpretation
of clinical studies [6]

A considerable proportion of NIBSC’s work supports the
understanding, diagnosis, and treatment of a wide range
of rare diseases (see Figure 1 and Figure 2). The reasons for
this are varied: the availability of effective vaccines might
mean that once common diseases are now extremely infre-
quent; diseases that are rare in Europe and North America
remain major health issues in other regions; therapeutics
for rare diseases are often biologics and thus attract the
interest of a biologics standards Institute.

NIBSC is part of the MHRA and together we combine
our scientific and regulatory expertize for the benefit of

public health. Medicine regulators and standardization
institutions have complementary roles, and areas of
synergy can be clearly identified. These include the provi-
sion of scientific and regulatory expertize, having the abil-
ity to influence the development of science-led regulation
and innovation, and having an integrated approach to
pharmacovigilance (e.g. through establishing complete
profiles of antigens in batches of vaccines). NIBSC and
MHRA also work closely to investigate and manage risks
arising from medicines used in rare diseases (e.g. testing of
the quality of licensed or investigational products when
serious adverse drug reactions are observed or testing of
counterfeit seized mAbs). Medicine regulators’ Innovation
Offices provide regulatory advice and guidance, and in the
UK expertize from both the medicines regulator (MHRA)
and standardization institute (NIBSC) can be requested
simulanteously. In addition, in the UK the Regulatory
Advice Service for Regenerative Medicines (RASRM), pro-
vides a one Stop Shop for research and development
professionals, offering a single point of access to joined-
up regulatory information, advice and guidance from the
Health Research Authority (HRA), the Human Fertilization
and Embryology Authority (HFEA), the Human Tissue
Authority (HTA), and National Institute for Health and
Care Excellence (NICE), and specialists across MHRA,
Clinical Practice Research Datalink (CPRD) and NIBSC.

This review provides an overview of the work at NIBSC with an
emphasis on rare diseases and highlights the importance of stan-
dardization institutions, and the positive impact of their work in
this field. Broad areas of diagnosis and surveillance, therapeutics,
and prophylaxis will be discussed, and examplars of NIBSC con-
tribution to infectious and genetic diseases will be provided.

Article highlights

● Patients with rare diseases expect high-quality medicines and timely
diagnosis and approvals of new medicinal products.

● Standardization is important across the life cycle of medicinal pro-
ducts, but especially for products developed for rare diseases.

● A considerable proportion of standardization agencies work supports
the better understanding, diagnosis, treatment, and prevention of
rare diseases.

● Standardization agencies around the globe have a clear role, filling
a gap in research and medicine evaluation that might otherwise be
neglected.

● Drug developers can seek scientific advice from medicine regulatory
authorities on a wide range of topics, driving efficiencies in medicine
development programs.

This box summarizes key points contained in the article.

Diagnosis

• Reference materials 

• New assays and reagents

Prevention

• Testing of preventative vaccines on a global 
scale

• Research to develop better vaccines, 

Treatment

• Reference materials

• Batch release testing 

• Input into medicines assessment, 
development of policies and guidance

• Biosimilar medicines

• Next generation medicines:

• Vaccines

• Advanced therapies

Safety

• Responding to emergencies involving 
biological medicines and developing safety 
assays 

• Independent batch release testing of 
biological medicines

• Testing of counterfeit medicines

• Expert advice in case of a clinical trial 
incident with a biological medicine

Quality and potency of 
biological medicines/ 
response to treatment

Figure 1. Contribution that standardization institutions can make to the care of patients with rare diseases.
Standardization institutions contribute to the accurate diagnosis, and appropriate and safe treatment of patients with rare diseases, as well as to the prevention of these diseases. This is
possible by the provision of reference materials and assays, performing independent control testing to assure the safety and potency of medicinal products, and undertaking research to
enable these activities.

306 D. J. O’CONNOR ET AL.



2. Diagnostics and surveillance

The low frequency of rare diseases can result in delays and chal-
lenges in diagnosis, and the study of low prevalence conditions
often requires the collection of data across geographically diverse
populations. A patient, whether or not their disease is rare,
requires first and foremost, an accurate and timely diagnosis, so
that their condition can bemanaged appropriately. The time from
first symptoms to formal diagnosis can be prolonged for patients
with a rare disease, as there may be a lack of awareness of the
condition due to its scarcity. Variability between diagnostic tests,
in terms of their specificity, sensitivity, and accuracy, can be
a major challenge, as can the variation between results obtained
using the same test but in different laboratories; standardization is
therefore critical. Through research and the development of stan-
dards, NIBSC contributes to the development and implementation
of diagnostic kits, assays, and secondary standards to harmonize
and improve the accuracy of diagnostic testing.

Mass and molarity are not appropriate for assigning
potency to biological medicines due to their complexity
[1,2]. Biological assays are therefore used to assign a unit
of measurement, which is specific to the material being
evaluated. Primary standards, such as the WHO IS that
NIBSC produce, typically have an International Units (IU)
assignment and are used to calibrate and ensure consis-
tent, accurate reporting within labs and between labs,
especially critical for quantitative diagnostic assays. These
standards are also valuable in non-quantitative assays,
since sensitivity and reproducibility can be determined.

2.1. Enterovirus environmental surveillance of poliovirus
and other enteroviruses

The global polio eradication initiative (GPEI), launched in 1988, is
one of the most ambitious and complex public health programs
ever attempted [7]. Although complete eradication was not

achieved by the year 2000 as projected, theGPEI has been success-
ful in reducing the number of cases bymore than 99% since it was
launched [8]. Challenges remain in Pakistan and Afghanistan
where wild poliovirus is still circulating and in some areas of
Africa and Asia where outbreaks due to vaccine-derived poliovirus
(VDPV) are ongoing [9]. The genetic instability of the live-
attenuated oral polio vaccine (OPV) used in the program means
that VDPVs can arise and transmit in areas of poor immunity
causing outbreaks and can replicate for long periods of time in
immunodeficient patients resulting in the release of virulent
viruses into the environment [10]. The longest known VDPV
excreter who has been excreting type 2 poliovirus for more than
30 years was described by our polio laboratory at NIBSC [11].

Due to the success of the GPEI in interrupting poliovirus
circulation in most regions, poliomyelitis has become a very
rare disease in many countries. This has brought new chal-
lenges in terms of maintaining capacity for immunization,
clinical diagnosis, and surveillance systems to ensure the
polio-free status can be sustained and demonstrated. Indeed,
the endgame of the GPEI requires new improved approaches
in terms of immunization and surveillance systems, as well as
the containment of poliovirus serotypes as they become era-
dicated. As a WHO Collaborating Center for Polio Reference
and Research, NIBSC has played a key role in the GPEI since its
launch. This contribution helps to ensure the high quality of
polio vaccines used in the programme through the establish-
ment of standards and batch release testing, as well as to the
development of a global laboratory network to support effi-
cient and sensitive surveillance systems that help monitoring
poliovirus circulation, which is essential for designing optimal
public health interventions to progress eradication.

The main challenge for the endgame will be to establish
rapid direct detection of molecular methods for poliovirus to
replace current systems requiring long and complex cell cul-
ture algorithms. In addition, there will be a need to expand
environmental surveillance that has been shown to be very

Surveillance

Genetic testing (intron 22 

standard)

FVIII activity testing –

assay standards

Diagnosis

FVIII activity (chromogenic, 

OSCA)

Reference materials for assays

Standards for calibrating local 

plasma pools

FVIII:C and FVIII:Ag

Therapeutics

NIBSC: 

• International Standards for potency assignment

• Validation of drug potency and safety

Regulator/MHRA: 

• Licensing of medicinal products for HA

• Clinical trial authorisation to assess efficacy/safety of treatments

• Post marketing surveillance: adverse event monitoring, requirements for inhibitor 

formation monitoring and post authorisation studies

• Early Access to Medicines Scheme (EAMS) for promising new medicines

Prophylaxis

Materials for FVIII 

activity assays

Figure 2. Contribution that NIBSC and the MHRA can make to the care of a patient with Hemophilia A (HA).
This schematic shows the potential impact of NIBSC’s and the MHRA’s work on the treatment, surveillance, diagnosis and prophylaxis of a patient with a rare disease, using HA as an example.
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sensitive in detecting poliovirus circulation in the population
even in the absence of paralytic cases, as we have shown in
Israel in collaborative research led by the Israel National Polio
Laboratory in Tel Aviv [12,13]. NIBSC as part of the WHO Small
Working Group for polio diagnosis and in collaboration with
Imperial College in London (UK), supported by the Bill and
Melinda Gates Foundation (BMGF), is actively pursuing these
aims. We have recently developed methods that can detect
and identify not only poliovirus but also human enteroviruses
directly from cell cultures, stool extracts and sewage concen-
trates using novel Next Generation Sequencing (NGS)
approaches [11,14–19]. This allows us to identify multiple
enterovirus serotypes in sewage samples and hence in the
human population, including some of public health relevance
such as poliovirus, EV-D68, and EV-A71, as well as novel ser-
otypes with potential to cause outbreaks such as EV-C104, EV-
C105 and EV-C109.

Using our newly established methods, NIBSC have recently
reported an upsurge of EV-D68 detection in wastewater sam-
ples from the UK between August and October 2018 [20] in
agreement with recent reports of increased EV-D68 detection
and the likely association of EV-D68 infection with polio-like
cases of acute flaccid myelitis in the UK [21], following similar
reports in the USA [22]. Similarly, we have recently identified
a new EV-A71 genogroup circulating endemically in Pakistan
showing high prevalence and genetic diversity following the
analysis of sewage samples collected throughout the coun-
try [23].

2.2. Emerging virus diagnosis

Emerging infectious diseases often lack validated diagnostic
kits that would allow for an expedited diagnosis and rapid
containment of epidemics. In outbreak situations, such as for
Ebola, Lassa, Nipah and others, it is vital that infected indivi-
duals are promptly identified and appropriately treated and
cared for [24]. The Emerging Viruses group at NIBSC has
experience in producing reference materials and WHO
International Standards for high containment viruses, which
require specialized and high-cost containment laboratory facil-
ities. NIBSC has developed procedures to enable the safe
production and distribution of International Standards that
precludes the need for high containment laboratories. This
was achieved through the use of lentiviral vectors to package
the nucleic acid of the target genes for nucleic acid amplifica-
tion-based technology (NAT) assays [25]. This is a completely
synthetic approach and avoids the need for handling and
culture of wild type viruses. The process is relatively quick
(less than 3 months after the viral sequences are available)
and therefore allows for the production of reference materials
that are contemporaneous to the outbreak [26]. The distribu-
tion of these materials to diagnostic labs in the outbreak areas
sidestep biosafety issues that would otherwise trigger the
need for international permits. NIBSC has successfully pro-
duced WHO reference reagents for Ebola virus [27] and CE
marked (Conformité Européenne, European Conformatity) work-
ing reagent for Zika virus [28] and is currently working on
standards for Lassa, Marburg, Sudan, Nipah, MERS, and
Crimean-Congo hemorrhagic fever viruses. These rare diseases

have high morbidity and case fatality rates, with the potential
of epidemics, and have been identified in the priority list of
several organizations including the WHO, the UK Vaccine
Network (UKVN) and the Coalition for Epidemic Preparedness
Innovations (CEPI).

2.3. Hemophilia A (HA) diagnosis

Congenital hemophilia A is a rare sex-linked bleeding disorder
affecting around 1 in 5000 males. The extent of the Factor VIII
(FVIII) deficit dictates disease severity; patients with endogen-
ous FVIII activity <1% of normal have severe hemophilia A,
moderate hemophilia A levels are between 1% and 5%, and
mild hemophilia A is ~5–40% of normal.

In order to assess FVIII activity, clinical labs will use either
a chromogenic assay (indirect assessment of FVIII activity via
the generation of a chromogenic product by activated FXa,
which is a FVIII-dependent process) or the one-stage clotting
assay (OSCA) (see Figure 2), which can be measured as
a decrease in the mobility of an object through clot material,
or by light absorption. Laboratories will compare FXa activity
(chromogenic assay) or clotting time (OSCA) in their patient
(‘test’) sample and look for any decrease in FVIII activity com-
pared to the healthy control (100%). The activity of FVIII in the
local plasma pool should be calibrated to a reference material
to ensure that it is a valid control and can accurately quantify
FVIII activity. The specific FVIII activity of the local plasma pool
can be determined by comparing it to a reference material
with defined FVIII activity (‘potency’). It is recommended by kit
manufacturers that a standard curve is carried out for each kit
using normal human plasma that has been calibrated to the IS.
It is important to regularly check the activity of the local pool
to ensure there is no decline in activity over time that would
adversely affect the FVIII activity assessment, and to account
for population variation in FVIII activity. Clinical labs will also
often carry out routine maintenance and checks on their
blood analyzers to ensure data are reliable and reproducible.
Again, this is often done using an in-house reference material
whose potency assignment is traceable back to the IS, pro-
duced by the NIBSC. Alternatively, labs can use reference
reagents from manufacturers, often supplied by the company
that supplies the hospital with the blood analyzers it uses.
Ideally, the activity of this reference reagent is traceable to an
official standard, but this is not always the case.

Most hemophilia A patients are treated with exogenous
FVIII with the aim of keeping their FVIII levels above 1% of
normal [29]. The level of circulating FVIII activity guides the
dosing regimen of replacement FVIII products (for NIBSC con-
tribution to product testing see the following section), whose
turnover and clearance in vivo can vary from patient to patient
and must be closely monitored. A serious and fairly common
(~30%) complication for patients with severe hemophilia trea-
ted with FVIII replacement therapy is the development of
antibodies that neutralize FVIII activity (often referred to as
‘inhibitors’) [30,31]. It is vital that this is diagnosed as soon as
possible so that appropriate action can be taken to rectify FVIII
levels in these patients. Antibody neutralizing activity is deter-
mined by the Bethesda assay, a clinical assay in which plasma
from a suspected ‘inhibitor’ patient is incubated with normal
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plasma [32]. If the activity in the normal plasma (assigned unit
activity based on calibration with an FVIII standard traceable
back to the WHO International Standard 07/350) decreases
following the addition of the patient plasma compared to
the control, this indicates the presence of an FVIII-
neutralizing antibody. While this assay is able to identify the
presence of FVIII-neutralizing antibodies, it is notoriously error
prone and lacks sensitivity [33,34]. The availability of an FVIII-
neutralizing antibody reference material would help in this
regard and NIBSC is currently in the process of develop-
ing one.

2.4. Human genomics

For more than a decade, NIBSC has been establishing refer-
ence materials for human genomic diagnostics, initiated with
the WHO international standards for genomic variants asso-
ciated with Factor V Leiden thrombophilia, Hemophilia
A (Factor VIII intron 22 inversion), and Prothrombin (Factor II
G20210A), all rare inherited hematological disorders. Such
materials allow for the verification of a diagnostic assay’s
ability to determine the presence or absence of a genetic
marker, and for the patient to have an accurate diagnosis for
treatment or health monitoring determination. Similar stan-
dards have since been developed for other disease areas,
including Fragile X, Prader Willi, and Angelman syndromes.
Although effective treatments may not yet be available for
such disorders, genetic diagnosis allows for earlier clinical
intervention, clinical research and drug development, and
the possibility for prenatal screening for subsequent pregnan-
cies for the parents of an affected child. Naturally, there are
many more inherited disorders for which genetic diagnosis is
usually performed, and thus the scope for further specific
reference materials remains. So far, NIBSC has utilized patient-
derived cell lines, principally lymphoblastoids, to generate
(usually genomic DNA) reference materials. Sourcing such
materials is challenging, especially for rare diseases, due to
the scarcity of patients and the ethical challenges of obtaining
appropriate consent to use the donation for the establishment
of reference materials for subsequent distribution to third
parties. Biobanks, such as the European Collection of Cell
Cultures (ECACC), are a useful source of cells or tissues from
rare disease patients, and NIBSC works collaboratively to
ensure mutual commercial and scientific benefit with such
organizations in the research and development of reference
materials.

Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR) genome engineering enables the generation of cell
lines containing any genomic variant, negating the need to
access rare patient samples, and widens the potential for
future reference materials. Meanwhile, NGS approaches are
facilitating easier linking of phenotype to genotype for rare
genetic diseases, as evidenced by the Genomics England
100,000 genomes project and the routine commissioning of
whole genome sequencing for diagnostic purposes across the
UK National Health Service [35]. Such exciting approaches will
continue to generate volumes of data, which through carefully
harmonized diagnostic approaches, and the use of

appropriate standards, should provide more patients with an
accurate diagnosis.

The detection of cancer genomic markers in the circulatory
system gives great potential for the use of ‘liquid biopsy’ in
the early detection of disease, with tumors shedding fragmen-
ted DNA (circulating tumor DNA; ctDNA), extracellular vesicles,
and cells (circulating tumor cells) into the bloodstream [36].
Detection of such markers allows for an early and ongoing,
non-invasive, cost-effective approach toward more routine
screening for cancer and monitoring of disease recurrence
especially in difficult to access tumor sites. However, chal-
lenges lie in the harmonization of genomic testing via liquid
biopsy, the establishment of concordance between solid
tumor and liquid biopsy results, and the establishment of
adequate assay sensitivity since these markers are present at
very low frequency. An increasing number of molecular assays
are available for the detection of ctDNA markers, indicating
the speed at which ctDNA-based testing is evolving [37].
NIBSC is currently working to co-develop standards for
ctDNA and genomic DNA in its recently established non-
invasive biomarkers program, focussing initially on EGFR var-
iants. There is clinical interest in these variants due to their
prevalence in non-small cell lung cancer and their association
with predicted response to therapeutic tyrosine kinase inhibi-
tors, but this technology is also applicable to rarer cancers
[38,39]. Such standards will allow the harmonization of mea-
surement between assays independent of the sample type
(liquid or solid tumor biopsy), facilitating the application of
ctDNA in clinical practice.

3. Therapeutics and monitoring

All medicines should meet applicable standards of quality,
safety, and efficacy. NIBSC’s reference materials have multiple
uses in terms of guiding therapeutic decisions: helping to
identify the right therapy, evaluating the initial therapeutic
response and identifying the development of treatment resis-
tance. The inclusion of reference materials in clinical trial set-
tings also permits calibration and harmonization across assay
platforms and between distinct clinical trial sites. In addition to
developing reference materials, NIBSC scientists carry out
research to improve understanding of disease mechanisms,
drug responses, and side effects, supporting the development
of new approaches to therapy, including cell and gene
therapies.

3.1. Biosimilar medicines

Since their introduction in the 1990s, monoclonal antibody
(mAb) therapies have revolutionized the treatment of many
diseases [40]. Often described as ‘magic bullets’ due to their
high selectivity and specificity for their targets, they are gen-
erally well tolerated and have found great utility in the treat-
ment of rare diseases with many being granted orphan status
in both the USA and Europe, with a recent review identifying
24 already licenced mAbs with orphan status [41]. However,
being complex proteins, they are costly to develop and man-
ufacture. Licensed mAbs are now starting to come out of their
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intellectual property protection periods resulting in intense
interest and the development of biosimilar mAb products.

Biosimilar medicines (including mAbs) are biological medi-
cines that are highly similar to another already approved
biological medicine (the ‘reference medicine’). Without stan-
dardization, these products might vary relative to each other
with regards to their critical quality attributes. The WHO recog-
nized this and in collaboration with NIBSC began the devel-
opment of international potency standards that can be used
to harmonize the potency of biosimilar mAbs worldwide. In
2017, NIBSC developed the first WHO IS for rituximab [42],
(a mAb targeting CD20 used to treat haematological malig-
ancies but also with an orphan designation in Europe for solid
organ transplantation), enabling bioactivity between products
to be compared in terms of international units. NIBSC is cur-
rently developing other mAb IS, and these monitoring tools
will help promote the global harmonization of biosimilar
potency contributing to wider patient access.

3.2. Cell and gene therapies

Progress with cell and gene based therapies is rapidly evol-
ving. Gene therapies are designed to edit, correct or replace
faulty genes, many of which are associated with rare diseases.
Recent examples include Strimvelis (autologous CD34+
enriched cell fraction that contains CD34+ cells transduced
with retroviral vector that encodes for the human adenosine
deaminase cDNA sequence [ADA] for the treatment of ADA-
SCID [severe combined immunodeficiency]), and Luxturna
(voretigene neparvovec) for inherited retinal dystrophy.
Significant challenges in developing gene therapy for a rare
disease arises from its small patient population and often, its
occurrence in pediatric patients and the complicated geno-
and phenotypes of the disease. Internationally recognized
physical standard can be designed to provide a powerful
‘constant-entity’ enabling a direct comparison of cross-assay,
cross-trial and cross-patient results. The 1st WHO IS at NIBSC
for the integration analysis of lentivirus-based gene therapy is
a good example for such purpose [43].

3.3. Human genomics in personalized medicine

Another priority for standardization institutions is the devel-
opment of standards for cancer genomics, with the presence
of a genetic marker linked to the initiation of a specific therapy
or personalized medicine. Companion diagnostics are increas-
ingly required to select the appropriate patients for
a therapeutic product; many of these are molecular tests for
a specific genetic marker. Long-term monitoring of the patient
is also usually required, in the evaluation of initial therapeutic
response, the emergence of any therapeutic resistance and
ultimately remission status. Such testing often requires the
quantification of the genetic marker, and thus the availability
of standards for consistent, accurate, and sensitive reporting,
which should be independent of assay, laboratory, or
geography.

By way of example, NIBSC established the WHO 1st
International Genetic Reference Panel for the quantification

of BCR-ABL1 translocation in 2009 [44]. This has greatly facili-
tated the global harmonization of BCR-ABL1 measurement of
therapeutic response in chronic myeloid leukemia patients,
with accurate, sensitive reporting on the international scale,
including in aligning commercial diagnostic PCR-based kits,
supporting the production of calibrated secondary standards,
and underpinning the evaluation and establishment of emer-
ging technologies for BCR-ABL1 diagnostics, such as digital
PCR and NGS. Similarly, NIBSC has produced quantitative
WHO standards for JAK2 V617F [45], and KRAS codons 12
and 13 mutations [46], and is currently working on standards
for cancer genome-wide standards for multiple further geno-
mic markers associated with therapeutic response.

4. Prophylaxis

Prophylaxis can prevent or delay the onset of a disease, but it
can also be used as a strategy to minimize disease progress or
severity. In disease prevention, NIBSC scientists contribute to
the development of safe and effective vaccines in a number of
ways: by carrying out independent control testing of vaccines
to assess their potency and safety, we help to ensure the
delivery of effective vaccines; in addition, NIBSC’s reference
materials can be used to support preclinical vaccine develop-
ment, so that data from non-clinical work determining protec-
tive titers can be bridged to clinical trials; we also perform
research leading to novel approaches to develop safer
vaccines.

4.1. Emerging viruses

NIBSC has developed WHO IS for antibody against Ebola [47]
and Zika viruses [48] to calibrate and harmonize assays to
measure humoral immune responses and thereby the efficacy
or potency for respective vaccine candidates that are currently
in development. These typically comprise pools of sera/plasma
from convalescent patients and therefore require assurances
over viral safety so that they are risk free and have wide utility
in a range of laboratory settings. Most of the emerging viruses
are classified as high hazard group 3 and 4 and as such need
to be handled in relevant high containment laboratories. To
overcome this and provide assurance on biosafety, the sera/
plasma is treated with solvent/detergent using a validated
method. As described in the WHO collaborative study to
assess the suitability of an interim standard for antibodies to
Ebola, virus inactivation was confirmed by spiking samples
with HIV-1 after solvent detergent treatment and demonstra-
tion of non-recovery of the virus by subsequent culture on
permissive cell lines. This has facilitated our capacity to be
able to respond and produce antibody standards for the
international community without limiting their use to high
containment facilities.

The emerging viruses group has a program of work to
produce standards for diseases that are likely to be declared
a Public Health Emergency of International Concern (PHEIC) by
the WHO and identified through its R&D Blueprint. These
include mostly RNA viruses with high case fatality rates, such
as Lassa fever, Nipah virus and Middle East Respiratory
Syndrome (MERS) coronavirus for which there is an active
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program funded by the CEPI to produce vaccines for these
diseases. Through these activities, we have developed an
international presence with links to key stakeholders who
can support us in our work to produce standards. We have
proposed that a framework [24] is implemented to address the
need to produce standards in a timely and efficient manner for
an emerging PHEIC.

4.2. Poliovirus and other enteroviruses

NIBSC plays an important role in the batch release of poliovirus
vaccines in the UK as well as in their testing for the
Prequalification of Medicines Programme (PQP) of the United
Nations program managed by WHO. NIBSC is part of
a consortium (including the Centers for Disease Control, the
University of California, San Fransisco and the US Food and
Drug Administration), that is supported by the BMGF and
Program for Appropriate Technology in Health (PATH). The
consortium is developing new live-attenuated oral PVs (nOPVs)
that due to their improved genetic stability will not result in
VDPV circulation [49]. Clinical studies using type 2 nOPV candi-
dates are ongoing which will be soon followed by those for type
1 and 3 nOPV products.

Following eradication of wild type 2 poliovirus and the
global switch from live trivalent OPV to live bivalent OPV in
April 2016, there is a need for universal use of inactivated
polio vaccine (IPV) to ensure immune protection against type
2 poliovirus. The WHO, in collaboration with other institutions,
including NIBSC, and supported by BMGF and PATH are mak-
ing concentrated efforts to establish the production of safer
IPV based on Sabin OPV strains rather than wild type polio-
viruses in various countries to make sure the demand for IPV is
satisfied. NIBSC has long contributed to research and standar-
dization projects in this area [50–53]. We developed a novel
high-resolution identity test for IPV products based on NGS
[54] and we have recently led a collaborative study to estab-
lish the first International Standard for Sabin-IPV which pro-
vides a major contribution to these efforts [55]. Furthermore,
hyper-attenuated S19 poliovirus strains unable to replicate in
humans have been developed at NIBSC [56] and will be used
as seeds for IPV production [57] as well as reagents for essen-
tial assays requiring the use of live poliovirus that will now be
possible to carry out at lower containment levels, such as
neutralization assays for seroprevalence studies or character-
ization of immunoglobulin preparations for medical use [58].
In addition, NIBSC in collaboration with the Universities of
Leeds and Oxford and the John Innes Center (JIC) in the UK
has made considerable progress in the research and develop-
ment of non-infectious vaccine-like particles to be used as
vaccines in the post-eradication era [53,59].

NIBSC is leading projects to establish reference standards
and methods to help the standardization and quality control
of new vaccines and serology studies for emerging non-polio
enteroviruses. The first WHO IS for anti-EV71 serum was estab-
lished in 2017 in collaboration with the National Institute for
Food and Drug Control (NIFDC), China [60] and a collaborative
study to establish the first IS for EV71 inactivated vaccines is in
its advanced stages. Preparations for similar projects for EV-
D68 are ongoing.

5. Conclusions

Patients with rare diseases expect high-quality medicines and
timely approvals. In order to facilitate this, drug developers
can seek scientific advice from medicine regulatory authorities
on a wide range of topics, from expertize in manufacturing
challenges, to non-clinical requirements, to designing clinical
trials, and in particular for driving efficiencies in a product’s
development. Standardization agencies, through their contri-
bution to the understanding, diagnosis, treatment, and pre-
vention of rare diseases, support patient access to the right
medicines, and accurate diagnosis and monitoring of their
disease. In addition, active research links to the discovery of
new medicines and therapeutic approaches for future
patients, as well as to more accurate and rapid diagnosis.
The importance of rare diseases to standardization agencies
has been highlighted in this review, clearly demonstrating the
public health impact of this work.

6. Expert opinion

Standardization has an indispensable role in rare diseases. The
establishment of standards and reference materials, control
testing of medicinal products, and research, has a significant
global impact on the surveillance, accurate diagnosis, and
treatment of a wide range of rare diseases. In this way, stan-
dardization agencies around the globe have a clear role, filling
a gap in research and medicine evaluation that might other-
wise be neglected.

Standardization agencies occupy a unique position at the
interface between public health and fundamental research
and development, and they need to continuously redefine
their remits as science and products develop, and public
health needs evolve. In the UK, examples include the expan-
sion of NIBSC standard portfolio for biosimilars, diagnostics,
advanced gene, and cell therapies and for environmental
surveillance of new and re-emerging viruses. The advance-
ment of standardization will help optimize the development
of novel diagnostics and therapeutics for rare disease and will
enable comparison of results across studies and across clinical
practices, thus providing consistency and confidence in the
public health service.

The availability of reference materials and standards har-
monizes research and supports research reproducibility and
integrity. One area currently not capitalizing on the availability
of these reagents is in basic and translational science. The use
of these materials allows groups all over the world to standar-
dize reagents from any supplier against a common material; as
many drug discovery programs are designed around pub-
lished observations it is essential that the data is as accurate
as possible to avoid wasting time and money, which drives up
the cost of medicines and restricts their accessibility and
availability. As well as providing materials for the research
community as it moves and evolves, we must do the same
for biomedicines, providing standards to validate new manu-
facturing protocols and technologies, new standards for rapid
response to emerging health crises, novel therapeutics, new
therapeutic areas (microbiome, advanced therapies, and bio-
similars), and gene therapies. We encourage discussions with
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the scientific community to enable us to provide the materials
it needs to carry out research to the highest quality and
reliability.

Any progress in the field of rare diseases principally
depends on collaboration between different specialists,
and agencies responsible for biological standardization
must also follow this paradigm. Sharing information and
collaborating between experts, such as clinicians, veterinar-
ians, and pharmacists in the field, and academic research-
ers, manufacturers, and regulators in multidisciplinary
teams at a national and international level is key. In the
UK, NIBSC has a wide network of collaborations both
nationally and internationally and along with the MHRA is
a partner organization for the planning and delivery of the
UK Strategy for Rare Diseases. Industry too can benefit from
an enhanced interaction between NIBSC and the regulator,
leading to the provision of scientific advice in all aspects of
manufacturing, diagnostics, non-clinical and clinical require-
ments, and solutions to frequently encountered challenges.

The world of rare diseases is far from small and it is
expanding. Rare diseases are increasingly being addressed in
public health strategies and are attracting the interest of
industry and academia in developing novel treatments and
diagnostics. Along with the regulator, NIBSC remains com-
mitted to screening the rare diseases’ landscape and perform-
ing research to proactively set standards in areas of high
unmet needs for patients and areas where existing and future
technologies, collaborations, and partnerships will allow
a significant benefit for patients. For example, greater global
access to next-generation sequencing will likely drive the
move from single-analyte-based diagnostics to genome-wide
analysis, and thus greater genotype-phenotype correlation,
especially for rare diseases.

Science, technology, globalization and climate change con-
stantly modify the rare diseases landscape: common diseases
can become rare, whilst other diseases re-emerge or new rare
diseases appear. Standardization agencies have a duty to keep
up-to-date with such changes and to foresee the resultant
needs, to ensure that the required standards are available in
the future for any possible scenario, and to continue to com-
monly set the biological standards in rare diseases.
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