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Abstract

There is broad consensus that the global response to the Covid-19 pandemic was inade-

quate, leading to unacceptable levels of avoidable morbidity and mortality. Three strategic

missteps led to the lack of equitable vaccine access: The heavy reliance on commercial vac-

cine manufacturers in high-income countries (HICs) versus low- and middle-income coun-

tries (LMICs); the emergence of vaccine nationalism restricting and delaying the supply of

vaccines to LMICs; and an inadequate support or recognition for LMIC national regulatory

authorities. To avoid these inequities in a future pandemic, we focus on three successful

vaccine development and technology transfer case studies–the Hepatitis B vaccine pro-

duced in South Korea in the 1980s; the Meningitis A vaccine for Africa led by Program for

Appropriate Technologies in Health (PATH) and the World Health Organization (WHO) in

the 2000s; and a recombinant SARS CoV-2 protein-based vaccine technology from the

Texas Children’s Hospital transferred to India and to Indonesia. In addition to expanding

support for academic or non-profit product development partnerships, our analysis finds that

an essential step is the strengthening of selected LMIC regulatory systems to become Strin-

gent Regulatory Authorities (SRAs), together with a re-prioritization of the WHO Prequalifi-

cation (PQ) system to ensure early vaccine availability in LMICs especially during

pandemics. Advancing LMIC National Regulatory Authorities (NRAs) to Stringent Regula-

tory Authorities (SRAs) status will require substantial resources, but the benefits for future

pandemic control and for health in LMIC would be immense. We call on the WHO, United

Nation (UN) agencies and SRAs, to collaborate and implement a comprehensive roadmap

to support LMIC regulators to achieve stringent status by 2030.

Introduction

There is a broad consensus that the global response to the Covid-19 pandemic was inadequate

and led to unacceptable levels of avoidable morbidity and mortality especially in lower- and

middle-income countries (LMICs) [1].
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This failure and pandemic response shortfalls had many, complex and not well understood

causes. A leading cause was the rapid spread of the pandemic, which made it necessary, at an

extraordinarily fast pace, to expand, improve and/or create global monitoring systems, health

and economic impact analyses, new vaccines, diagnostics and other technologies, vaccine and

diagnostics procurement mechanisms, supply-chain and global distribution strategies, flexible

drug and vaccine regulatory systems, and public health disease control practices, as well as to

implement related policies, systems and capabilities.

But perhaps the greatest shortfalls were associated with the supply of needed vaccines, diag-

nostics, and other essential technologies for people in LMICs [2]. One of the barriers to access

of vaccines in developing countries was vaccine nationalism [3]. High-income countries

(HICs), particularly the United States and member states of the European Union restricted the

export of vaccines until they felt their own populations had received a sufficient supply. Even

some LMICs such as India restricted exports [4]. Therefore, to address future pandemics more

effectively, it will be necessary to have a different strategy for the research, development, manu-

facture, regulatory control, procurement, and distribution of vaccines.

Vaccine development models in High-Income Countries (HICs)

The pandemic also led to some notable successes. In the United States, for instance, Operation

Warp Speed (OWS), collaborations among the United States (US) Departments of Health and

Human Services (HHS) and Defense (DOD), helped vaccine companies accelerate the devel-

opment, testing and authorization of several new and effective vaccines for human use [1].

The OWS model consisted of providing very significant incentive funding to private phar-

maceutical firms in HICs to develop and manufacture new COVID-19 vaccines. For example,

the US Government was estimated to have spent $30 billion on its COVID-19 vaccine pro-

gram, including approximately $25 billion for either the development or advanced purchase of

mRNA vaccines from Pfizer and Moderna [5]. To induce the companies to participate in

OWS, the US Government granted the companies specific ownership and/or control of related

intellectual property rights (IPR) associated with their research and development (R&D)

efforts, thus effectively creating company monopolies. These policies resulted in the companies

obtaining extraordinary profits that enriched shareholders and company executives but did lit-

tle to help people in LMICs [6].

There were many manufacturers in developing countries ready and willing to co-develop

and produce the OWS-supported vaccines but were precluded by OWS and/or limited by HIC

company policies [7]. Globally, the Coalition for Epidemic Preparedness and Innovations

(CEPI) also played a role, contributing towards the acceleration of the development of vaccines

and other biologic countermeasures against COVID-19, but early in the pandemic many of

the manufacturers in developing countries were also not prioritized, focusing instead on sup-

port for HIC vaccine producers, including AstraZeneca, Inovio, Curevax, Novavax, Institut

Pasteur, and others [8]. Another global effort, COVAX, the vaccine deployment pillar of the

Access to COVID-19 Tools (ACT) Accelerator, was also created to help address the vaccine

needs of LMICs, but it was unable to meet several key global targets and goals [9].

Most recently, Torreele et al. [10] have called for “transformational change” to ensure a

more equitable situation for addressing the next pandemic and meeting the needs of LMICs.

They state in part, “A transformative approach requires a fundamental change in why, how,

where and by whom these technologies are developed and produced, and about who has access

to this knowledge and know-how. The existing approach to R&D, manufacturing and access

to and delivery of essential epidemic countermeasures is deeply inequitable, especially for peo-

ple in LMICs, and for vulnerable populations worldwide.” They recommend the support of
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networked capabilities in LMICs that “have the guaranteed freedom to operate around tech-

nology platforms for vaccines. . .including with regard to IPR and technological know-how,

and be financed adequately. . .”

We largely agree that expanding efforts to build capacity and to support vaccine research

and development in LMICs is crucial, but also identify several additional key elements to

ensure equitable vaccine access for future pandemics. The ultimate goal is to reduce the reli-

ance of LMICs on HICs for technology to address their public health concerns.

To explain such factors. we discuss here three historical case studies and approaches to

highlight how such change can successfully be implemented. First, the Hepatitis B vaccine

developed by virologist Alfred Prince at the New York Blood Center (NYBC) and produced in

South Korea in the 1980s; second, the Meningitis A vaccine for Africa led by Program for

Appropriate Technologies in Health (PATH) and World Health Organization (WHO) in the

2000s; and third, the recombinant SARS CoV-2 protein-based vaccine technology from Texas

Children’s Hospital Center for Vaccine Development at Baylor College of Medicine trans-

ferred to India and to Indonesia.

All these programs (see Table 1) emphasize how innovative technological and collaborative

solutions with LMICs can overcome barriers erected by vaccine development models used in

HICs and contribute significantly to improving global vaccine access.

This paper addresses issues once a vaccine candidate has been identified and is ready for

industrial manufacturing, clinical testing, authorization and distribution. Support for vaccine

research especially in developing countries continues to be a crucial need, but that is not the

focus of this paper. Instead, we find common ground in the need to improve regulatory sup-

port for LMIC national regulatory authorities (NRAs) and an urgency to afford them a status

similar to those HIC NRAs identified as “stringent” by the WHO.

Historical perspectives: From smallpox and rabies vaccines to

Hepatitis B and Meningococcal A vaccines

The successes in technology transfer from Texas to LMICs build on several historical cases of a

vaccine having been developed by a non-profit organization without patent protection and

subsequently transferred to developing country manufactures for scale up, testing and distri-

bution and with a goal of reaching the poor in LMICs.

The first case is the manufacture of smallpox vaccine originally developed by Jenner in

1796. For the smallpox eradication program of the 1960s and 1970s, a modified version of the

original vaccine was manufactured by numerous facilities in LMICs, and they received exten-

sive support and technical assistance from the Smallpox Eradication Program at WHO [11].

A second case is the development of rabies vaccines by Louis Pasteur in 1885 and the subse-

quent establishment of the Pasteur Institute in Paris with the objective of transferring its pro-

duction technology to other Pasteur Institutes around the world [12].

Table 1. Innovative technological and collaborative case studies leading to vaccine global access.

Vaccine Case Study Country

Partnership

Technology Platform Global Access Framework Regulatory Framework

Hepatitis B Vaccine US, South Korea Hepatitis antigens derived from human

plasma

World-wide exclusive license WHO-Pre Qualification

(PQ)

Meningococcus A

Vaccine

US, India Conjugate No patent, Low cost WHO-PQ

COVID-19 Vaccine US, India,

Indonesia

Recombinant Protein Open-access, Non-exclusive licenses, No Patent,

Low cost

India NRA, Indonesia

https://doi.org/10.1371/journal.pgph.0002482.t001
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In addition to the absence of any patent restrictions, a key reason why these two vaccines

could be developed and distributed rapidly throughout the world was the absence, at the time

of their invention, of regulatory frameworks managed by national governments that could

review vaccine safety and efficacy and provide licenses for their production. WHO subse-

quently addressed the regulation of smallpox vaccine for the Eradication Program [11].

As regulatory requirements began to strengthen, first in the US and later in Europe and

other developed countries from the 1950s on, fewer and fewer vaccine producers had access to

the enormous resources necessary to build production facilities that met Good Manufacturing

Practices (GMP) standards and to conduct the required development process especially clinical

trials. In addition, countries struggled establishing and maintaining national regulatory systems.

Nevertheless, in modern times, there are two examples of transfer of vaccine production

directly to developing country manufacturers. These are the development of a Hepatitis B vac-

cine by Alfred Prince and his laboratory at the NYBC and the work of the Meningitis Vaccine

Project at PATH and WHO.

The Hepatitis B vaccine

Dr. Alfred Prince was a leading figure in hepatitis B research and was responsible for identify-

ing the hepatitis surface antigen as a marker of hepatitis B infection [13]. He surmised that a

vaccine consisting of this antigen would be effective against hepatitis B virus infection. His lab-

oratory developed a preparation method that consisted of “flash heating” plasma from people

actively infected with hepatitis B virus. The flash heating killed the virus but left the hepatitis B

surface antigen undamaged and immunogenic [14]. Prince was concerned about the high

prices charged by commercial vaccine producer such as Merk and Merieux precluding use in

LMICs. He wanted his vaccine to be cheap and available to the poor. In 1984, the New York

Blood Center granted a world-wide exclusive license for manufacture of the vaccine to Cheil

Sugar in South Korea. At this time, South Korea was very much a developing country with a

per capita income of around $2500. In 1986, Prince with James Maynard and Richard Maho-

ney at PATH formed the International Task Force for Hepatitis B Immunization. With sup-

port from the James S. McDonnell Foundation, the Task Force succeeded in procuring the

Cheil vaccine at $1 per dose and facilitated its introduction in several developing countries

including Thailand [15]. A particular challenge in introducing the Cheil vaccine in developing

countries was that it had regulatory approval only in South Korea. LMICs preferred that the

vaccine be approved by a stringent regulatory authority (SRA) as designated by WHO or have

the endorsement of WHO [16]. It was not financially feasible for Cheil to obtain regulatory

approval by an Stringent Regulatory Agency (SRA) in the US or Europe. The developing coun-

tries that agreed to use the Cheil vaccine without stringent regulatory approval or the Strategic

Advisory Group of Experts on Immunization (SAGE) endorsement did so on the basis that

the use would be in highly controlled model immunization programs where surveillance for

safety and efficacy (pharmacovigilance) would be rigorously conducted. The Task Force also

worked with WHO staff to get hepatitis B vaccines on the SAGE agenda. SAGE endorsed hepa-

titis B immunization in 1992. It is noteworthy that although the NYBC had patents on this vac-

cine and licensed these patents to Cheil, the license did not prevent Cheil from offering the

vaccine to LMICs at a very low price. The programs of the Task Force provided a platform on

which later efforts by GAVI, the Vaccine Alliance, successfully introduced hepatitis B vaccine

(as the tetravalent DPT-HBV) to many LMICs. In all, from the time of first development of

Prince’s vaccine to wide availability in LMICs over two decades elapsed. This time lag could

have been greatly shortened if the South Korean NRA had been assigned stringent status and

was a designated SRA.
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The Meningococcal A vaccine

The Meningitis Vaccine Project (MVP) was an extraordinarily successful partnership between

PATH and the WHO to develop, license, introduce and distribute conjugate meningococcal

vaccines [17–19]. The project set a goal of a vaccine that would cost US $0.40 so that it could

be affordable. After finding no European or U.S. manufacturers willing to make such a price

commitment, MVP established a collaboration with the Serum Institute of India (SII), an

LMIC vaccine producer in Pune, India. A safe and effective non-proprietary vaccine, i.e. no

patents, with the desired price, was developed by SII and led to the almost total control of men-

ingitis A in the meningitis belt of Africa. The success of this program was due in large part to

its close association with WHO, which ensured that at every step of the way, the vaccine devel-

opment and eventual manufacture met regulatory requirements including obtaining WHO

Prequalification (PQ) [17]. Another key to the success of this program was a visionary ten-year

funding commitment by the Bill & Melinda Gates Foundation, and the PATH leadership,

including F. Marc LaForce. The MVP was a very successful initiative for a known infectious

agent. From the completion of clinical trials of this vaccine to its availability for use in the

Africa Meningitis Belt only a few years passed even though India did not have a SRA. This was

largely because the regulatory barriers were addressed fully during the course of vaccine

development.

It is impossible to know enough about a future pandemic infectious agent to launch a spe-

cifically targeted program similar to MVP or the Hepatitis B Task Force, but that was the origi-

nal intent when CEPI was formed and launched various initiatives [20].

A valuable COVID-19 vaccine development model–technological

transfer from a hybrid academia- and hospital-based vaccine R&D

center to an LMIC vaccine developer

Texas Children’s Hospital Center for Vaccine Development (Texas Children’s CVD) at Baylor

College of Medicine successfully developed a COVID-19 vaccine technology that is now pro-

duced by two LMIC manufacturers [21].

This is the one of the most widely distributed COVID-19 vaccine technology developed,

produced, and sold at low cost using a framework that specifically addressed, first and fore-

most, the public health needs in LMICs. We believe this program is an excellent illustration of

the type of initiative recommended by Torreele [10].

This COVID-19 vaccine development framework was carried out by Texas Children’s CVD

with Biological E in Hyderabad, India and, in parallel, with PT BioFarma in Bandung, Indone-

sia. These vaccine producers took the seed stocks for the production of the vaccine candidate

(the SARS CoV-2 receptor binding domain (RBD)), which was engineered and developed in

Texas and scaled up the manufacturing process for its commercial production while at the

same time shepherding the vaccine evaluation through rigorous pre-clinical and clinical devel-

opment stages and summarized in Hotez et.al., 2023 [21].

These recombinant RBD protein-based vaccines received regulatory approval by each

country’s NRAs. The vaccines (CORBEVAXTM in India available at ~US $3.00 per dose [22]

and INDOVACTM in Indonesia), were produced using a well-established technology: a yeast-

based expression system for the production of recombinant proteins such as the platform used

for the production of the world’s most widely used hepatitis B vaccine [21].

There are several elements that distinguish this vaccine development framework program

used by Texas Children’s CVD: 1) their prior coronavirus (Severe Acute Respiratory Syn-

drome (SARS) and Middle Eastern respiratory syndrome (MERS)) vaccine R&D experience;

2) the comprehensive regulatory-enabling R&D steps followed, which led to a smooth but
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robust technology transfer to the manufacturers; 3) the deliberate selection of the vaccine tech-

nology platform focusing on microbial fermentation in yeast with a track record of producing

the largest number of doses, leading to highly safe, effective, and low cost vaccines and, 4) the

decision not to patent or protect the engineered COVID-19 vaccine technology, which enabled

an easier transfer directly to the developing country manufacturers contributing towards the

goal to co-develop a COVID-19 vaccine that would meet the needs of the poor not only in

India and Indonesia but with the potential to extend its reach in other LMICs [21].

Since 2011, Texas Children’s CVD had been developing and testing recombinant protein

vaccines comprised of the receptor binding domain of coronaviruses that cause both SARS

and MERS [21]. These vaccine prototypes elicited high levels of both virus neutralizing anti-

bodies and cellular immune responses and were protective in virus challenge models [23–25].

When the COVID-19 genome was made available in January 2020, Texas Children’s CVD

coronavirus vaccine program pivoted to this new virus, and a prototype vaccine was developed

and successfully tested including in a non-human primate virus challenge model [26]. Each

step in the vaccine development process was published in the open access biomedical literature

available on the PubMed National Library of Medicine database [27–31]. Baylor College of

Medicine then non-exclusively licensed the vaccine technology on favorable terms and without

patent protection to several LMIC vaccine producers.

Amongst these, as mentioned above, two producers, one based in India (Biological E) and

in Indonesia (BioFarma) advanced rapidly the scale-up and testing of their vaccines rapidly.

Both were selected on the basis of mutual interest and due diligence in terms of past track rec-

ords and successes in producing yeast-based recombinant vaccines at large scale, with accept-

able quality and affordable prices. Ultimately, these actions led to the production and delivery

of CORBEVAXTM for India and INDOVACTM the halal-certified vaccine for Indonesia, even

though neither vaccine programs received OWS support and overall, minimal support from

CEPI and/or the group of 7 (G7) nations or their financial instruments.

The Texas-based COVID-19 vaccine program linked to developing country vaccine pro-

ducers, provide a proof-of-concept that it is possible in the modern age to produce safe and

effective vaccines for pandemic threats even in the absence of major G7 support or the involve-

ment of large pharmaceutical firms based in the US or Europe. However, it was also limited in

its impact to a great extent by regulatory difficulties. For example, in the case of CORBE-

VAXTM, while the vaccine was approved by the Drug Controller of India, the national regula-

tory of authority of India is not considered a SRA. Therefore, in order for other international

agencies and LMICs to purchase the vaccine, the manufacturer had to initiate a process to

obtain WHO PQ; (PQ is a WHO program involving an assessment process used by the United

Nations (UN) and other procurement agencies to make decisions about procuring specific

products. It involves assessment of both production facilities and NRAs). More than one year

after CORBEVAXTM emergency authorization in India and when it first went into pediatric

arms, this vaccine has not yet received WHO PQ [32]. A similar situation is happening with

INDOVACTM in Indonesia [33].

Since their approvals, many other LMICs expressed interest in authorizing and acquiring

CORBEVAXTM or INDOVACTM. However, it is likely that the absence of WHO PQ for these

2 vaccines created a regulatory barrier for LMICs to acquire and import these vaccines. Despite

these challenges, these two vaccines have been amply administered in India and Indonesia.

Currently, CORBEVAXTM is continues to be used as a booster vaccine in individuals previ-

ously vaccinated with COVAXINTM and COVISHIELDTM, and INDOVACTM continues to be

used as a booster vaccine in individuals previously vaccinated with Pfizer mRNA vaccines.

The Texas Children’s CVD vaccine technology continues to be a critical tool in the race to

outpace new variants of COVID-19. Ahead of the May 18, 2023, WHO COVID Vaccine
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Composition Advisory Group announcement, which was followed by the June 15, 2023,

FDA’s Vaccine and Related Biological Products Advisory Committee (VRBPAC), Texas Chil-

dren’s CVD was already working towards the development of a new monovalent (single strain)

vaccine prototype against the XBB strain [34, 35]. A new monovalent COVID-19 vaccine is an

ideal strategic option for supporting the global immunization infrastructure. The omicron spe-

cific (XBB) recombinant protein booster is in development by Biological E but the path for

WHO PQ remains uncertain for this vaccine as well.

The global regulatory framework

The continuing evolution and increasing sophistication of regulatory regimes for assessment

of the safety and efficacy of vaccines and for assessing the capability of production facilities to

produce vaccines that meet accepted standards has resulted in a bifurcated world.

WHO has recently initiated a new framework for evaluating and publicly designating regu-

latory authorities as WHO Listed Authorities (WLA) [36]. This initiative seeks “to develop a

transparent and evidence-based pathway for regulatory authorities operating at an advanced

level of performance to be globally recognized, thereby replacing the procurement-oriented

concept of stringent regulatory authorities. Of the 56 countries included in the WHO Listed

Authorities (WLAs) in 2022 to have SRA designation, none are in LMICs [37]

Obtaining PQ from WHO is a complicated, time-consuming, and costly process. The par-

tial list of the steps a manufacturer must take [38, 39] are shown in Table 2. Once these steps

are completed, WHO may inform relevant UN agencies that the vaccine is suitable for

procurement.

Discussion

The Prince Hepatitis B vaccine, the PATH/WHO Meningitis A vaccine, and the COVID vac-

cine technology developed at Texas Children’s CVD with LMIC manufacturers provide

important lessons for the development of future vaccines including for pandemic infections

Table 2. Partial list of steps a manufacturer takes to obtain WHO-PQ.

Manufacturer Initial Submission Steps Submission after WHO Programmatic Suitability of

Vaccine Candidates for WHO Prequalification

Standing Committee Review

Show the vaccine meets mandatory characteristics for

programmatic suitability as defined by WHO

Submit vaccine samples for testing by WHO-contracted

laboratories

Obtain marketing authorization from its NRA Undergo a site audit conducted by WHO experts (may

include recommendations for improvements at the NRA)

Submit a Product Summary File including:

• Personnel details

• premises and equipment

• vaccine composition, presentations and schedules

• production, quality control and stability

• clinical experience

• production and distribution data

• update on regulatory actions

An application letter providing details of country and

sites of manufacture, licensing status and the

presentations put forward to United Nations agencies

for procurement

Demonstrate the vaccine is in compliance with the

mandatory programmatic characteristics as defined by

WHO

https://doi.org/10.1371/journal.pgph.0002482.t002
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that would prioritize manufacture and delivery meeting the needs of the populations in

LMICs.

The models lead to the identification of the following key elements:

1. Implementation by product development partnerships led by either an academic-based

(e.g., Texas Children’s CVD) or a non-profit organization (e.g., PATH, NYBC) that delivers

expertise and resources.

2. Technology transfer directly to developing country vaccine manufacturers in a non-propri-

etary manner that allows the licensee to offer the vaccine at a very low price affordable by

LMICs.

3. In parallel or in advance of elements 1 & 2, the need for the strengthening of national and

international regulatory systems to accelerate approval of the vaccine for human use both

in the country of manufacture and in other developing countries.

In all three cases, the most significant rate-limiting step was the type of national regulatory

framework available for each manufacturer and the hurdles of obtaining PQ from WHO

because India, Indonesia and South Korea did not have SRAs. In the case of the Meningitis A

vaccine, this barrier was addressed by including WHO in the program. HIC manufacturers,

on the other hand, do not have to contend with PQ because their NRAs are SRAs. WHO pro-

cedures allow for PQ to be granted automatically to producers in countries with SRAs [39].

The diagram illustrates (Fig 1) the vaccine development process including the additional

regulatory hurdles faced by LMIC producers needed to receive both domestic and interna-

tional approval of their vaccines compared to producers in countries with SRAs. LMIC pro-

ducers are capable of undertaking all activities at the same speed as HIC producers, except

they have to obtain PQ which results in extensive delays in undertaking export. If this barrier

Fig 1. Vaccine development process for High-Income Countries (HICs) versus Low- and Middle-Income Countries (LMICs). Created with BioRender.

com.

https://doi.org/10.1371/journal.pgph.0002482.g001
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is not addressed by implementing the recommendation made here, it is likely that LMICs will

face the same delay in obtaining vaccine supplies in future pandemics as they did with the

Covid-19 pandemic.

Thus, we recommend that high priority should be accorded to a two-pronged approach: 1)

Recognizing the importance of academic or non-profit product development partnerships in

promoting innovation to produce vaccines in collaboration with LMIC vaccine producers, and

2) improving NRAs in vaccine producing LMICs to the level of SRAs so that their products may

be expeditiously available for international distribution. We recommend steps to expedite the

work of LMIC vaccine producers and prioritize their efforts to produce and distribute safe and

effective low-cost vaccines. These would include both vaccines for pandemic threats and

neglected tropical diseases. The urgency for G7 or G20 nations to support capacity building for

these vaccine producers has been detailed previously in reports from a Lancet Commission on

COVID-19 [40] and other convening entities. Here, however, we emphasize the prioritization

for improving NRAs in vaccine producing LMICs to the level of SRAs so that their products

may be expeditiously available for international distribution. This will require participation of

not only the LMIC vaccine producers and their NRAs and other government entities, but also

strategic and focused assistance from NRAs currently designated as stringent, together with the

WHO and possibly other UN agencies and CEPI, and GAVI, the Vaccine Alliance.

In both 2012 and 2020, the National Academy of Medicine (and its forerunner the Institute

of Medicine) looked at ongoing efforts to strengthen food and drug regulatory systems abroad

[41, 42]. This detailed assessment and report provides a set of recommendations for further

action by WHO, donors, financial institutions, and U.S. agencies (NIH, FDA, USAID) to dedi-

cate resources to helping improve the performance of NRAs and LMIC manufacturers. In

addition, it calls on national governments to provide greater support including capacity build-

ing to NRAs.

Moreover, an excellent and comprehensive framework for enhancing the regulatory system

has been proposed by McGoldrick, et al. [41]. PAHO is leading the Pan American Network for

Drug Regulatory Harmonization [43]. The African Medicines Regulatory Harmonization

(AMRH) program has been working since 2009 to increase cooperation among regulatory

agencies on the continent [44].

However, these initiatives are primarily concerned with harmonization of regulatory sys-

tems among countries so as to reduce the burden of making multiple and varying submissions

to a large number (~100) of regulatory agencies. While this is a valuable goal, we believe that

an additional and essential step is the upgrading of a select number of NRAs in vaccine pro-

ducing LMICs to SRA status.

We therefore call on the WHO and other UN agencies, as well as the current SRAs to issue

a comprehensive roadmap for advancing several LMIC SRAs to achieve stringent status by

2030. This could include the designation of at least one SRA each on the African Continent

(the newly formed African Medicines Agency (AMA) is being formed for this purpose) [45] in

South Asia, and in the Latin American and Caribbean region.

It is interesting to consider what would have happened with the COVID-19 pandemic, if

India, Indonesia, and several other LMICs had SRAs. Licensure in those countries would have

immediately allowed for export to all other countries in the world, especially LMICs. For

instance, Biological E has the capacity to produce at least one hundred million of doses per

month of a billion doses per year of CORBEVAXTM. The prices would have been much less

than those paid by COVAX and, in many cases, the countries themselves.

In addition to initiatives to help LMICs establish SRAs, an interim step could be to forge

regional initiatives in which NRAs would agree to work together to review and approve new

vaccines. This strategy promises to greatly reduce the time and cost of obtaining regulatory
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approval in multiple developing countries. This approach was being successfully implemented

for the Sanofi dengue vaccine by the Dengue Vaccine Initiative (DVI) of the International Vac-

cine Institute in coordination with WHO [46]. This approach was not fully implemented fol-

lowing the difficulties encountered with the Sanofi vaccine in the Philippines and Brazil. The

AMA will potentially help meet this need.

Another option that is being seriously considered in Africa is the establishment of new or

expanded production facilities in LMICs. While this approach could overcome the problem of

vaccine nationalism, at least for the African countries where this new production capacity is

created, it would face major hurdles including reaching the economies of scale currently

achieved by many LMIC producers such as the Serum Institute of India [47].

Conclusions

The vaccine development strategy of the COVID-19 pandemic in which vast resources were

allocated mostly to HIC producers to take over and finalize the development of vaccines that

had initially been developed largely in academia and government was a failure in terms of

meeting the needs of people in LMICs. Vaccine nationalism and the inertia of the global health

enterprise greatly impeded LMIC access to needed vaccines. Therefore, a major overhaul of

the global pandemic response ecosystem such as proposed by Torreele [10] will be necessary.

Ensuring that people in LMICs can receive vaccines rapidly after the outbreak of a pan-

demic will depend in large part on the availability of vaccine producers in LMICs. The greatest

barrier to LMIC producers being able to supply other LMICs is the necessity to meet regula-

tory requirements and, especially, to obtain WHO PQ. The highest priority should be capacity

building and strengthening support to selected LMIC NRAs to help them become SRAs. In the

meantime, additional assistance should be provided to LMIC manufacturers so they can expe-

ditiously obtain PQ. WHO has recognized this need and is prepared to provide technical assis-

tance to LMIC manufacturers [48]. However, this program has limited funding.

A second barrier is the lack of recognition for academic-based and non-profit product

development partnerships as innovators that can work hand-in-glove with LMIC vaccine pro-

ducers. The three examples here provide essential case studies.

Pandemic vaccine development considerations could be seen as the justification for a broad

program to enhance LMIC NRAs to SRAs [49]. Implementing such a program would be a nec-

essary step for LMICs to achieve greater self-sufficiency in developing, approving, supplying

and monitoring needed vaccines, drugs and devices for their populations and especially for the

diseases that are important in their countries. In turn, to maintain SRA status within an LMIC,

would require considerable resources and time and should be seen as necessary for improving

health in LMICs in addition to ensuring a more effective response to future pandemics [50].

Furthermore, the existence of SRAs in vaccine producing LMICs and, in the meantime, of a

robust rapidly acting WHO PQ system that gives priority to LMIC producers will facilitate

and encourage vaccine developers, especially those in academia or the non-profit world, to pri-

oritize the transfer of their vaccine to LMIC producers.

Our recommendations address one of the major issues that impeded an effective response

to the COVID-19 pandemic, the urgency to strengthen regulatory systems in LMICs to

become SRAs, together with a re-prioritization of the WHO Prequalification (PQ) system to

ensure rapid actions for LMICs especially during pandemics. To address these hurdles, we call

on the WHO, UN agencies and SRAs, to collaborate and implement a comprehensive road-

map to support LMIC regulators, including the AMA, to achieve stringent status by 2030. The

designation of LMIC-based SRAs will empower local vaccine innovations and facilitate vaccine

development with regionally appropriate frameworks leading to accessible vaccines.
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19. Jódar L, LaForce FM, Ceccarini C, Aguado T, Granoff DM. Meningococcal conjugate vaccine for Africa:

A model for development of new vaccines for the poorest countries. Lancet. 2003. https://doi.org/10.

1016/S0140-6736(03)13494-0 PMID: 12788589

20. Usher AD. CEPI launches 100-day vaccine “moonshot.” Lancet. 2022;399. https://doi.org/10.1016/

S0140-6736(22)00513-X PMID: 35305730

21. Hotez PJ, Adhikari R, Chen WH, Chen YL, Gillespie P, Islam NY, et al. From concept to delivery: a

yeast-expressed recombinant protein-based COVID-19 vaccine technology suitable for global access.

2023; 22: 495–500. https://doi.org/10.1080/14760584.2023.2217917 PMID: 37252854

22. Vaccine cost: Corbevax vaccine to cost Rs 990 in market, Rs 145 for government. In: The Economic

Times [Internet]. 2022 [cited 12 Jul 2023]. Available: https://economictimes.indiatimes.com/industry/

healthcare/biotech/pharmaceuticals/corbevax-vaccine-to-cost-rs-990-in-market-rs-145-for-

government/articleshow/90274581.cms

23. Chen WH, Chag SM, Poongavanam M V., Biter AB, Ewere EA, Rezende W, et al. Optimization of the

Production Process and Characterization of the Yeast-Expressed SARS-CoV Recombinant Receptor-

Binding Domain (RBD219-N1), a SARS Vaccine Candidate. J Pharm Sci. 2017; 106: 1961–1970.

https://doi.org/10.1016/j.xphs.2017.04.037 PMID: 28456726

24. Chen WH, Tao X, Agrawal AS, Algaissi A, Peng BH, Pollet J, et al. Yeast-expressed SARS-CoV recom-

binant receptor-binding domain (RBD219-N1) formulated with aluminum hydroxide induces protective

immunity and reduces immune enhancement. Vaccine. 2020; 38: 7533–7541. https://doi.org/10.1016/j.

vaccine.2020.09.061 PMID: 33039209

25. Chen WH, Du L, Chag SM, Ma C, Tricoche N, Tao X, et al. Yeast-expressed recombinant protein of the

receptor-binding domain in SARS-CoV spike protein with deglycosylated forms as a SARS vaccine can-

didate. Hum Vaccin Immunother. 2014; 10: 648. https://doi.org/10.4161/hv.27464 PMID: 24355931

26. Pino M, Abid T, Ribeiro SP, Edara VV, Floyd K, Smith JC, et al. A yeast-expressed RBD-based SARS-

CoV-2 vaccine formulated with 3M-052-alum adjuvant promotes protective efficacy in non-human pri-

mates. Sci Immunol. 2021;6. https://doi.org/10.1126/sciimmunol.abh3634 PMID: 34266981

27. Lee J, Liu Z, Chen WH, Wei J, Kundu R, Adhikari R, et al. Process development and scale-up optimiza-

tion of the SARS-CoV-2 receptor binding domain–based vaccine candidate, RBD219-N1C1. Appl

Microbiol Biotechnol. 2021;105. https://doi.org/10.1007/s00253-021-11281-3 PMID: 33959781

28. Pollet J, Chen WH, Versteeg L, Keegan B, Zhan B, Wei J, et al. SARS-CoV-2 RBD219-N1C1: A yeast-

expressed SARS-CoV-2 recombinant receptor-binding domain candidate vaccine stimulates virus neu-

tralizing antibodies and T-cell immunity in mice. Hum Vaccin Immunother. 2021; 17: 2356–2366.

https://doi.org/10.1080/21645515.2021.1901545/SUPPL_FILE/KHVI_A_1901545_SM2059.DOCX

29. Chen WH, Pollet J, Strych U, Lee J, Liu Z, Kundu RT, et al. Yeast-expressed recombinant SARS-CoV-2

receptor binding domain RBD203-N1 as a COVID-19 protein vaccine candidate. Protein Expr Purif.

2022; 190: 106003. https://doi.org/10.1016/j.pep.2021.106003 PMID: 34688919

30. Pollet J, Strych U, Chen W-H, Versteeg L, Keegan B, Zhan B, et al. Receptor-binding domain recombi-

nant protein on alum-CpG induces broad protection against SARS-CoV-2 variants of concern. bioRxiv.

2022 [cited 4 Jul 2023]. https://doi.org/10.1101/2021.07.06.451353 PMID: 34268512

31. Chen WH, Wei J, Kundu RT, Adhikari R, Liu Z, Lee J, et al. Genetic modification to design a stable

yeast-expressed recombinant SARS-CoV-2 receptor binding domain as a COVID-19 vaccine candi-

date. Biochimica et Biophysica Acta (BBA)—General Subjects. 2021; 1865: 129893. https://doi.org/10.

1016/j.bbagen.2021.129893 PMID: 33731300

32. World Health Organization. Status of COVID-19 Vaccines within WHO EUL/PQ evaluation process

Manufacturer / WHO EUL holder Name of Vaccine NRA of Record Platform EOI accepted Pre-submis-

sion meeting held Dossier accepted for review* Status of assessment** Decision date***. 2023. Avail-

able: https://extranet.who.int/pqweb/sites/default/files/documents/Status_COVID_VAX_29May2023.

pdf

33. Biofarma. IndoVac Can Be Used by the Elderly for the Second Booster of the Covid-19 Vaccine. 2022

[cited 13 Jul 2023]. Available: https://www.biofarma.co.id/en/latest-news/detail/indovac-can-be-used-

by-the-elderly-for-the-second-booster-of-the-covid19-vaccine-

34. Updated COVID-19 Vaccines for Use in the United States Beginning in Fall 2023. In: United States

Food and Drug Administration [Internet]. 2023 [cited 13 Jul 2023]. Available: https://www.fda.gov/

vaccines-blood-biologics/updated-covid-19-vaccines-use-united-states-beginning-fall-2023

35. World Health Organization. Statement on the antigen composition of COVID-19 vaccines. 23 May 2023

[cited 12 Jul 2023]. Available: https://www.who.int/news/item/18-05-2023-statement-on-the-antigen-

composition-of-covid-19-vaccines

36. World Health Organization. WHO-Listed Authority (WLA). 2023 [cited 19 Sep 2023]. Available: https://

www.who.int/initiatives/who-listed-authority-reg-authorities

PLOS GLOBAL PUBLIC HEALTH Global regulatory reforms to promote equitable vaccine access in the next pandemic

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002482 October 18, 2023 12 / 13

https://doi.org/10.1016/S0140-6736%2803%2913494-0
https://doi.org/10.1016/S0140-6736%2803%2913494-0
http://www.ncbi.nlm.nih.gov/pubmed/12788589
https://doi.org/10.1016/S0140-6736%2822%2900513-X
https://doi.org/10.1016/S0140-6736%2822%2900513-X
http://www.ncbi.nlm.nih.gov/pubmed/35305730
https://doi.org/10.1080/14760584.2023.2217917
http://www.ncbi.nlm.nih.gov/pubmed/37252854
https://economictimes.indiatimes.com/industry/healthcare/biotech/pharmaceuticals/corbevax-vaccine-to-cost-rs-990-in-market-rs-145-for-government/articleshow/90274581.cms
https://economictimes.indiatimes.com/industry/healthcare/biotech/pharmaceuticals/corbevax-vaccine-to-cost-rs-990-in-market-rs-145-for-government/articleshow/90274581.cms
https://economictimes.indiatimes.com/industry/healthcare/biotech/pharmaceuticals/corbevax-vaccine-to-cost-rs-990-in-market-rs-145-for-government/articleshow/90274581.cms
https://doi.org/10.1016/j.xphs.2017.04.037
http://www.ncbi.nlm.nih.gov/pubmed/28456726
https://doi.org/10.1016/j.vaccine.2020.09.061
https://doi.org/10.1016/j.vaccine.2020.09.061
http://www.ncbi.nlm.nih.gov/pubmed/33039209
https://doi.org/10.4161/hv.27464
http://www.ncbi.nlm.nih.gov/pubmed/24355931
https://doi.org/10.1126/sciimmunol.abh3634
http://www.ncbi.nlm.nih.gov/pubmed/34266981
https://doi.org/10.1007/s00253-021-11281-3
http://www.ncbi.nlm.nih.gov/pubmed/33959781
https://doi.org/10.1080/21645515.2021.1901545/SUPPL_FILE/KHVI_A_1901545_SM2059.DOCX
https://doi.org/10.1016/j.pep.2021.106003
http://www.ncbi.nlm.nih.gov/pubmed/34688919
https://doi.org/10.1101/2021.07.06.451353
http://www.ncbi.nlm.nih.gov/pubmed/34268512
https://doi.org/10.1016/j.bbagen.2021.129893
https://doi.org/10.1016/j.bbagen.2021.129893
http://www.ncbi.nlm.nih.gov/pubmed/33731300
https://extranet.who.int/pqweb/sites/default/files/documents/Status_COVID_VAX_29May2023.pdf
https://extranet.who.int/pqweb/sites/default/files/documents/Status_COVID_VAX_29May2023.pdf
https://www.biofarma.co.id/en/latest-news/detail/indovac-can-be-used-by-the-elderly-for-the-second-booster-of-the-covid19-vaccine-
https://www.biofarma.co.id/en/latest-news/detail/indovac-can-be-used-by-the-elderly-for-the-second-booster-of-the-covid19-vaccine-
https://www.fda.gov/vaccines-blood-biologics/updated-covid-19-vaccines-use-united-states-beginning-fall-2023
https://www.fda.gov/vaccines-blood-biologics/updated-covid-19-vaccines-use-united-states-beginning-fall-2023
https://www.who.int/news/item/18-05-2023-statement-on-the-antigen-composition-of-covid-19-vaccines
https://www.who.int/news/item/18-05-2023-statement-on-the-antigen-composition-of-covid-19-vaccines
https://www.who.int/initiatives/who-listed-authority-reg-authorities
https://www.who.int/initiatives/who-listed-authority-reg-authorities
https://doi.org/10.1371/journal.pgph.0002482


37. World Health Organization. List of transitional WLAs (in alphabetical order). 2022. Available: https://

www.who.int/initiatives/who-listed-authority-reg-authorities

38. Howard KW, Wright CN. Operation Warp Speed: Accelerated Covid-19 Vaccine Development Status

and Efforts to Address Manufacturing Challenges. 2021.

39. WHO Expert Committee on Biological Standardization. Annex 6: Procedure for assessing the accept-

ability, in principle, of vaccines for purchase by United Nations agencies. In: WHO Technical Report

Series No. 978. 2013.

40. Sachs JD, Karim SSA, Aknin L, Allen J, Brosbøl K, Colombo F, et al. The Lancet Commission on les-

sons for the future from the COVID-19 pandemic. Lancet. 2022; 400: 1224–1280. https://doi.org/10.

1016/S0140-6736(22)01585-9 PMID: 36115368

41. McGoldrick M, Gastineau T, Wilkinson D, Campa C, De Clercq N, Mallia-Milanes A, et al. How to accel-

erate the supply of vaccines to all populations worldwide? Part I: Initial industry lessons learned and

practical overarching proposals leveraging the COVID-19 situation. Vaccine. 2022. https://doi.org/10.

1016/j.vaccine.2021.11.098 PMID: 35180993

42. Stronger Food and Drug Regulatory Systems Abroad. In: National Academies [Internet]. 2023 [cited 12

Jul 2023]. Available: https://www.nationalacademies.org/our-work/stronger-food-and-drug-regulatory-

systems-abroad

43. The Pan American Network for Drug Regulatory Harmonization (PANDRH)—PAHO/WHO | Pan Ameri-

can Health Organization. [cited 18 Jul 2023]. Available: https://www.paho.org/en/pan-american-

network-drug-regulatory-harmonization-pandrh

44. Nolen S. Can Africa Get Close to Vaccine Independence? Here’s What It Will Take. In: New York Times

[Internet]. 2023 [cited 12 Jul 2023]. Available: https://www.nytimes.com/2023/04/25/health/africa-

vaccine-independence.html
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