
Recent years have seen unprecedented investment in re-
search and development for countermeasures for high-threat 
pathogens, including specific and ambitious objectives for 
development of diagnostics, therapeutics, and vaccines. The 
inadequate availability of biological reference materials for 
these pathogens poses a genuine obstacle in pursuit of these 
objectives, and the lack of a comprehensive and equitable 
framework for developing reference materials is a weakness. 
We outline the need for internationally standardized biologi-
cal materials for high-threat pathogens as a core element of 
global health security. We also outline the key components of 
a framework for addressing this deficiency.

The availability of biological reference materials, in-
cluding antigens, antibodies, and nucleic acids, is es-

sential for development of vaccines, biotherapeutics, and 
diagnostics (1). Complex macromolecules, such as immu-
noglobulins, or genetic material often cannot be adequate-
ly characterized by chemical or physical means alone, and 
reference preparations are necessary to enable consisten-
cy and comparison across assays. Immunoassays such as 
ELISAs or molecular methods such as quantitative PCR 
can be used to quantify biological materials, but these as-
says are subject to inherent variability between test in-
stances and different laboratories, and require the use of 
reference preparations to generate a quantitative output 
(2). Furthermore, a key asset in research progress is the 
ability to compare results between studies and across dif-
ferent institutions. International reference preparations 
(IRPs) are internationally agreed upon reference materials 
that enable consistency and comparison between different 
studies and laboratories. Use of IRPs also ensures consis-
tency of production and quality of biological medicinal 
products and is essential for establishment of appropriate 
clinical dosing.

History of Biological Standardization
The concept of biological standardization and the use of 
biological reference materials has existed since the turn of 
the 20th century after simultaneous discovery of diphthe-
ria antitoxin by von Behring and Roux (3,4). Attempts to 
recreate production of antitoxin in horses were successful 
in France, but yielded an ineffective product in England. 
This failure was attributed to weak serum and led Ehrlich to 
propose use of a standard antitoxin preparation, measured 
in units, with which to calibrate future batches and ensure 
potency (5). This concept was applied by Dale in the 1920s 
to other biological products, such as insulin, but the need 
for international oversight was recognized (6).

In the 1920s, the League of Nations initiated the 
provision of IRPs under the Commission on Biological 
Standardization, and biological standardization was sub-
sequently incorporated into the constitution of the World 
Health Organization (WHO) upon its creation in 1946 (7). 
Since 1947, the provision of WHO reference materials has 
played a vital role in the translation of laboratory science 
into worldwide clinical practice and has been delivered 
through the WHO Expert Committee on Biological Stan-
dardization, WHO collaborating centers, and various state 
and nonstate partners. The Expert Committee on Biological 
Standardization meets annually to establish detailed rec-
ommendations and guidelines for manufacturing, licens-
ing, and control of complex biological materials, including 
blood products, vaccines, and related in vitro diagnostic 
tests, and to maintain a catalog of IRPs to be distributed 
globally as required. These WHO IRPs, composed of inter-
national reference standards and other reference materials 
(Table 1), provide a common set of reagents that are used to 
ensure the quality of biological assays and medicines glob-
ally. These IRPs are considered to be the standard against 
which regional, national, and international laboratories and 
manufacturers should calibrate their own working stan-
dards. Reference materials only become WHO-endorsed 
IRPs after extensive collaborative studies involving mul-
tiple laboratories internationally. This process enables ma-
terials to be ascribed defined units of biological activity, 
most commonly international units.
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Although several hundred centers contribute to WHO 
collaborative studies, only 3 centers produce and hold 
IRPs. These centers are the National Institute for Biological 
Standards and Control in England, the Center for Biolog-
ics Evaluation and Research in the United States, and the 
Paul-Ehrlich Institute in Germany. The role of these insti-
tutions is to produce, store, and distribute IRPs and differs 
from those that distribute repository materials, such as the 
US Centers for Disease Control and Prevention, the Inter-
national Reagent Resource, and the National Institute of 
Allergy and Infectious Diseases Biodefense and Emerging 
Infections research resources repository.

Utility of IRPs for WHO Research  
and Development Blueprint Diseases
In the aftermath of the 2014 West Africa Ebola virus dis-
ease (EVD) outbreak, there has been considerable focus on 
expediting research and development to ensure we are bet-
ter prepared for future disease outbreaks. In 2015, WHO 
launched the Research and Development Blueprint for Ac-
tion to Prevent Epidemics, a global strategy and prepared-
ness plan that seeks to build upon the successes and ad-
dress the gaps identified during the 2014 EVD outbreak by 
focusing on severe, emerging diseases with the potential to 
create a public health emergency and for which inadequate 
treatment and preventive options are currently available 
(8,9). The blueprint is organized such that operations fall 
into 4 clusters of activities: 1) improving coordination, 2) 
accelerating research and development processes, 3) devel-
oping norms and standards, and 4) streamlining operational 
research and development response during outbreaks. Fur-
thermore, the second cluster, which focused on accelerat-
ing research and development processes, is subdivided into 
3 distinct areas of work: 1) assessing epidemic threats and 
defining priority pathogens; 2) developing research and de-
velopment roadmaps to accelerate evaluation of diagnos-
tics, therapeutics, and vaccines; and 3) outlining appropri-
ate regulatory and ethical pathways.

Central to the research and development blueprint is a 
list of priority diseases, first published in November 2015, 
with subsequent revision through a tailored prioritization 
method in 2017 and 2018 (Table 2) (10,11). For each prior-
ity disease on the list, a research and development roadmap 

is to be produced that encompasses diagnostics, vaccines, 
and therapeutics. The first research and development road-
map to have been developed and published is for Middle 
East respiratory syndrome coronavirus (MERS-CoV) (12), 
which serves to inform the roadmap generation process 
for other diseases on the priority pathogen list. Within the 
MERS-CoV roadmap, development of reference reagents 
has been identified as a priority, but the major operational 
and ethical issues associated with sourcing and obtaining 
bulk starting material for such reagents have not been dis-
cussed. An allied initiative is the Coalition for Epidemic 
Preparedness and Innovation (CEPI), whose aim is to ac-
celerate development of vaccines for high-threat pathogens 
(13). The necessity for reference materials in development 
and evaluation of new diagnostics, vaccines, and biothera-
peutics has been recognized by CEPI by the formation of a 
Working Group on Standards and Assays, but they are not 
explicitly considered in the WHO research and develop-
ment blueprint.

Before the 2014 EVD epidemic, no IRPs existed for 
any diseases on the research and development bueprint. 
Expedited development led to production of an interim 
Ebola antibody reference reagent in October 2015, and the 
first international standard was endorsed in October 2017 
(14,15). Although this accelerated production represents 
an impressive collaborative feat, the lack of availability of 
PCR, antigen, and antibody IRPs at the start of this EVD 
outbreak, and for subsequent outbreaks of infection with 
MERS-CoV and Zika virus, likely hampered development 
of accurate diagnostics and vaccines (16). In addition, the 
exceptional circumstances and unprecedented duration of 
the 2014 EVD epidemic enabled a major proportion of IRP 
development to occur while the outbreak was ongoing.

Development of IRPs from sample acquisition to 
WHO endorsement usually takes 2–3 years, which is con-
siderably longer than most outbreaks of diseases on the re-
search and development blueprint. The availability of IRPs 
for often rare and sporadic diseases with epidemic poten-
tial before, or soon after, occurrence of outbreaks would 
facilitate diagnostics and research activities, such as sero-
epidemiologic studies and immunogenicity assessment of 
experimental vaccines. At the present time, with the excep-
tion of Zaire Ebolavirus antibody, antigen, and nucleic acid 

206	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 2, February 2019

 
Table 1. Types of WHO reference preparations for epidemic infectious diseases* 
Types of reference material Characteristic 
International standards Extensively characterized following international collaborative studies enable activity of biological 

preparations to be expressed in the same way globally, most commonly in international units 
International reference reagents Less extensively characterized than international standards. Not assigned international units. 

Reference reagents are interim and not intended to be replaced when they expire or are depleted. 
International reference panels Group of reference materials established to collectively aid evaluation of assays or diagnostic 

tests. Comply with requirements for WHO reference standards/reagents. 
Working or secondary standard Reference standards established by regional or national authorities, or by other laboratories, that 

are calibrated against, and traceable to, the primary WHO materials and are intended for use in 
routine tests. 

*WHO, World Health Organization. 
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IRPs and a WHO-endorsed Zika virus RNA and antibody 
standards, no IRPs exist for any other disease on the re-
search and development blueprint. The availability of IRPs 
for these diseases would facilitate development of essential 
tools in epidemic preparedness, including diagnostics, vac-
cines, and therapeutics.

Diagnostics
Accurate and accessible diagnostic tools are vital in limit-
ing the public health effect of disease outbreaks, in addition 
to providing reliable data for clinical and epidemiologic 
studies. A coordinated diagnostic product development ef-
fort for epidemic disease threats has been initiated by the 
Foundation for Innovative New Diagnostics under the aus-
pices of CEPI (17). This initiative seeks to build on col-
laborations with key diagnostic partners to enable adequate 
provision of diagnostic capabilities during outbreaks. WHO 
states that IRPs are major resources for ensuring the reli-
ability of in vitro biological diagnostic procedures used for 
diagnosis of diseases (18). The recent epidemics caused by 
MERS-CoV, Ebola virus, and Zika virus have highlighted 
complexities in prompt development of sensitive and spe-
cific assays, particularly those that would be accessible in 
resource constrained settings (19–21). Availability of inter-
national reference standards that encompass genetic mate-
rial, antigens, and antibodies would enable harmonization 
and calibration of tests. These standards would facilitate 
development and validation of diagnostic assays, which in-
clude nucleic acid amplification tests, serologic assays, and 
antigen-based point-of-care tests. 

Development of Vaccines and Therapeutics
No vaccine or therapeutic is currently licensed by regula-
tors in Europe or the United States for use for any disease 

on the research and development blueprint. On August 8, 
2014, WHO declared the Ebola outbreak in West Africa to 
be a public health emergency of international concern. This 
declaration led to subsequent concerted efforts from the 
international scientific community to accelerate develop-
ment of Ebola vaccines, with funding, regulatory and ethi-
cal review, expert advice, and manufacturing support be-
ing initiated at extraordinary speed (22). Although vaccine 
development was considered to be a relatively successful 
component of the Ebola research and development efforts, 
and the recombinant vesicular stomatitis virus–Zaire Ebola 
virus showed high efficacy in a ring vaccination trial (23), 
this development came too late to have any major effect on 
the course of the West Africa epidemic. Other candidate 
vaccines also underwent clinical evaluation, and encourag-
ing safety and immunogenicity data were generated from 
phase 1 and 2 trials of several candidates. However, stud-
ies were performed by different groups with a variety of 
immunogenicity assays and reference reagents being used, 
making comparison of immunogenicity results complicat-
ed (24–28). A set of biological standards that are common 
to all assays would enable calibration and harmonization 
of assay data between trials, and could prove vital in de-
termining correlates of protection and clinical outcomes. 
These standards would also enable better selection of can-
didate vaccines to transition from the preclinical stage to 
clinical evaluation.

There has been considerable interest in biological 
therapies for emerging epidemic threats (29). Convales-
cent-phase plasma and monoclonal antibodies have been 
evaluated as treatment for Ebola (30,31) and have been 
considered as therapies for Zika virus (32) and MERS-CoV 
(33,34), forming a key focus of the MERS-CoV research 
and development blueprint roadmap (12). Availability of 
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Table 2. Revised list of World Health Organization priority diseases, February 2018* 

Disease or pathogen 
Current development status of international reference 

preparations 
Crimean-Congo hemorrhagic fever None available. Source material required. 
Ebola virus disease and Marburg virus disease Ebola virus antibody and NA IRPs available. VP40 

antigen in development. No other filovirus IRPs 
available. Source material required. 

Lassa fever None available. Source material required. 
MERS-CoV and SARS Antibody and NA IRPs in development for MERS-

CoV. Additional source material required. 
Nipah virus and related henipavirus diseases None available. Source material required. 
Rift Valley fever None available. Source material required. 
Zika NA and antibody IRPs available. 
Disease X† Not applicable. 
Diseases or pathogens considered for inclusion on priority pathogen list and under annual review 
 Arenavirus hemorrhagic fevers other than Lassa fever None available. Source material required. 
 Chikungunya None available. 
 Highly pathogenic coronavirus diseases other than MERS-CoV and SARS None available. Source material required. 
 Emergent nonpolio enteroviruses (including EV71, D68) EV71 antibody IRP available. No other nonpolio 

enterovirus IRPs available. Source material required. 
 Severe fever with thrombocytopenia syndrome None available. Source material required. 
*EV, enterovirus; IRP, international reference preparation; MERS-CoV, Middle East respiratory syndrome coronavirus; NA, nucleic acid; SARS, severe 
acute respiratory syndrome; VP, virus protein. 
†Any disease identified before the next review by using the blueprint decision instrument will be included in the list. 
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IRPs would enable characterization of the potency, purity, 
and identity of complex biological materials, such as an-
tibodies, which would facilitate not only research of im-
munotherapies but also the standardization of preparations 
postlicensure.

Challenges in Development of Standards for 
Research and Development Blueprint Diseases
Antigen and nucleic acid reference materials can be synthe-
sized through recombinant techniques as long as necessary 
genomic sequence data are available (35–37), but for some 
newly emerging pathogens, acquisition of live pathogens 
might be required. Simple blood draws can complicate field 
operations in the midst of an epidemic, and logistical is-
sues regarding processing and storage of acute, potentially 
infectious samples can also present many obstacles. How-
ever, the ideal starting material for production of antibody-
based reference preparations is serum or plasma from con-
valescent-phase patients.

Novel methods for generating fully human immu-
noglobulin for use as reference materials have been ex-
plored when human plasma is not readily available, such 
as inoculation of transchromosomal cattle and subsequent 
isolation of antibodies (35,38,39). However, this technol-
ogy is still relatively new, and convalescent-phase serum 
is considered superior because it will most closely repre-
sent a clinical sample and has a polyclonal range of anti-
body specificities that can be further optimized by pooling 
samples. Although many previous clinical studies of the 
research and development blueprint priority diseases have 
resulted in collection and storage of plasma from conva-
lescent patients, several obstacles would largely preclude 
these samples being repurposed to generate reference ma-
terials. These issues include sample volume, receipt of ap-
propriate consent, appropriate records, documentation of 
sample provenance, and willingness of researchers to share 
samples. A more suitable alternative to repurposing old 
samples would be to initiate clinical studies with objectives 
that include acquisition of blood samples for production 
of reference materials for each of the research and devel-
opment blueprint priority diseases. However, such studies 
would have several challenges.

Challenge in Identifying Suitable Patients  
to Donate Material
Many pathogens on the WHO priority pathogens list cause 
outbreaks that are difficult to anticipate temporally and 
geographically, and outbreaks are often limited in numbers 
of cases and duration. These factors complicate prospective 
acquisition of appropriate clinical samples for development 
of reference materials. In addition, these pathogens most 
commonly cause outbreaks in resource-constrained envi-
ronments, where poor healthcare infrastructure, limited 

diagnostic capability, and suboptimal disease reporting 
systems would limit retrospective identification of suitable 
patients (40). For development of Ebola antibody IRPs, 
plasma was obtained either from recovered EVD patients 
in Sierra Leone who were enrolled in a convalescent-phase 
plasma trial or as donations from countries not directly in-
volved in the outbreak (Italy, Norway, the United King-
dom, and the United States) (14,15). However, it would be 
inappropriate to use this example as a model for sample 
acquisition because it required occurrence of a large and 
devastating outbreak for a concerted international response 
to be successful.

Focused efforts to obtain material for the generation 
of IRPs should be made for high-threat epidemic diseases, 
and methods to identify and sample patients from previ-
ous outbreaks should be explored. In addition, prepara-
tion for promptly identifying and sampling patients pro-
spectively given a diagnosis in future outbreaks should 
be made. This preparation would optimize the likelihood 
of obtaining high-quality samples for rare and sporadic 
disease pathogens, such as Nipah virus or Rift Valley fe-
ver virus, but would require a systematic and coordinated 
approach that brings together local investigators with in-
ternational partners in a transparent and equitable frame-
work. Global initiatives, such as the International Severe 
Acute Respiratory and Emerging Infections Consortium, 
exist to facilitate the rapid response to emerging infec-
tious disease and epidemic threats by aiding the sharing of 
clinical research tools, such as open-access clinical study 
protocols. Initiatives such as this consortium would be 
well placed to bring together international partners and 
coordinate a collaborative framework to outline processes 
for acquisition of samples for generation of reference ma-
terials. Preemptive identification of study sites and prepa-
ration of study documents, including template protocols 
and clinical agreements detailing methods for identifying 
and recruiting potential donors, sample collection, and 
processing, and roles and responsibilities would optimize 
the likelihood of success in this regard.

Ethics Considerations
In situations in which access to existing samples and ap-
propriate consent for use in reference preparations are 
unavailable, the process of acquiring new samples for de-
velopment of reference materials should be registered as 
a unique study for each prioritized epidemic disease. This 
process would require ethics approval being sought through 
appropriate channels, thus enabling appropriate scrutiny by 
relevant ethics and regulatory bodies in countries coordi-
nating activities in disease-endemic countries where sam-
ples are to be collected, and in the countries of international 
partners. These studies would involve minimal risk to par-
ticipants because they would not involve administration of 
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an investigational medicinal product and in most instances, 
only a single venesection would be required.

Consent
Serum, plasma, and plasma-derived products contain in-
sufficient genetic material to be universally considered as 
human tissue under legislation. However, they must be 
considered human biological material. Therefore, informed 
consent is an indispensable requirement for donations. The 
donor should receive information concerning all aspects of 
the study, with emphasis placed on the fact that participa-
tion is entirely voluntary. The intended use of the blood 
components for the generation, storage, and international 
distribution of reference materials must be explained, in 
addition to the potential beneficiaries and the procedures 
involved. Appropriate measures should also be taken to 
ensure protection of personal data and confidentiality, and 
these issues must be explained to the donor. Such informa-
tion should be contained in a detailed participant informa-
tion sheet that should be provided to the donor in advance 
of providing consent. Consent processes should consist 
of all participants signing and dating an informed consent 
form before any study-specific procedures are performed. 
A collaborative international framework could include 
template participant information sheets and informed con-
sent forms that could be readily adapted for disease-and 
country-specific studies when appropriate.

Ownership and Equitable Benefit Sharing
Sharing of biological materials is a necessity for rapid re-
search progress, but recent experiences during epidemics 
have highlighted that concerted efforts to establish accept-
able processes for obtaining and sharing reference materi-
als are needed. At the present time, only a small number 
of institutions manufacture and provide reference materi-
als to WHO for use as IRPs. Therefore, export of samples 
to these institutions is an essential step in the production 
of IRPs for epidemic diseases. Initiatives exist to facili-
tate sharing of benefits arising from the use of, and access 
to, human and nonhuman genetic material. An example 
of such an initiative is the Pandemic Influenza Prepared-
ness (PIP) framework launched by WHO in 2011. The PIP 
framework seeks to address concerns of low- and middle-
income countries that sharing of influenza virus specimens 
with WHO was not matched with assurances that benefits 
derived from such sharing would be equitably distributed 
(41). Concerns about inequitable sharing of benefits were 
further exacerbated during the 2009 influenza A(H1N1) 
pandemic because of unequal access to vaccines (42). De-
spite the example set by the PIP framework, more recent 
epidemics of other infectious diseases have continued to 
raise issues with regard to sample sharing. For example, 
local export restrictions in Brazil prevented sharing of 

well-characterized samples during the recent Zika virus 
epidemic, thereby presenting an obstacle to rapid develop-
ment and assessment of diagnostics (43,44).

Further generalized guidance on fair and equitable 
sharing of benefits arising out of use of genetic biological 
resources is in the Nagoya Protocol (45). This protocol is a 
supplementary agreement to the Convention on Biological 
Diversity and contains detailed guidance divided into the 
following objectives: access obligations, benefit sharing 
obligations, and compliance obligations. No similar guid-
ance exists for plasma-derived products, such as antibody 
reference materials. However, many facets of the Nagoya 
Protocol would remain pertinent to plasma-derived prod-
ucts and could be adapted to inform procedures.

Acceptance that human-derived products should not 
be an object of commercialization or source of profit is en-
shrined in several key documents (46,47) that would con-
tinue to apply to development of IRPs. WHO distributes 
IRPs either free of charge to National Control Laborato-
ries or with small handling charges and shipping costs to 
other organizations. Negotiations between relevant parties 
and preemptive interaction between researchers and donor 
country authorities could lead to clearly defined, mutually 
agreed upon processes for acquisition and export of sam-
ples. These processes could subsequently be specified in 
legally binding clinical study agreements, and thus ensure 
compliance with principles of equitable benefit sharing and 
provide solutions to complex issues, such as intellectual 
property, product ownership, and access rights to IRPs.

Operational Considerations
Most diseases on the research and development blueprint 
priority disease list are caused by category A pathogens, 
and handling of potentially infectious materials often re-
quires Biosafety Level 4 laboratories. In recent years, the 
threat of bioterrorism has resulted in strict rules and require-
ments, such as US Federal Select Agent regulations, which 
can result in increased cost, limited research, and reduced 
collaboration between institutions (48). However, there is 
an encouraging increase in the number of Biosafety Level 
4 laboratories globally, and initiatives now exist that seek 
to harmonize practices and facilitate collaboration between 
laboratories with the ultimate goal of positively contribut-
ing to global health (49,50). The safe acquisition, process-
ing, exporting, and importing of samples from recovered 
emerging high-threat disease patients would require careful 
planning. Requirements would be based on natural history 
of a specific disease, study site, and patient characteristics, 
such as period of convalescence since the acute illness. Li-
aison with national authorities in donor and recipient coun-
tries with regard to exportation and importation regulations 
and requirements would be necessary. In addition, most of 
these diseases occur primarily in low- and middle-income 
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countries  and often in remote or rural settings, where ac-
cess to accurate medical records and diagnostic tools will 
be limited. Clear specifications regarding method of diag-
nosis, patient clinical details and disease course, sample 
collection date, and storage details would be required.

Conclusions
Biological IRPs for infectious diseases with epidemic po-
tential are a major global asset that will support timely 
and efficient development of vaccines, therapeutics, and 
diagnostics. A critical barrier to development of reference 
materials for epidemic infections is acquisition of suitable 
source material. We have highlighted a series of key issues 
that need to be addressed systematically in a framework 
that is acceptable to all parties. Work should begin to de-
velop and agree to such a framework and to generate IRPs 
for these diseases so that drugs, diagnostics, and vaccines 
are available for future outbreaks.
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