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Members of the Developing Countries Vaccine Manufacturers’ Network (DCVMN) have been actively
engaged in the development of COVID-19 vaccine candidates. According to the WHO COVID-19 vaccine
landscape updated on 29 December 2020, 18 member manufacturers had vaccines in preclinical or clin-
ical trials, including three members with candidates in Phase III trials. Once successful candidates have
been identified there will be a need for large scale vaccine manufacturing and supply, in which
DCVMN member manufacturers can play a key role. In an internal survey in 2019, DCVMN members
reported the capability to supply over 3.5 billion vaccine doses annually, and the provision of over 50 dis-
tinct vaccines to 170 countries. To describe the capabilities of DCVMN member manufacturers more pre-
cisely, a 121-question survey was circulated to 41 Network members. The survey assessed the
manufacturers’ capabilities in utilizing various technology platforms, cell cultures and filling technolo-
gies, in addition to their capacities for manufacturing drug products. The survey also evaluated manufac-
turers’ preparedness to dedicate existing capacities to COVID-19 vaccine production. Results revealed
that sampled manufacturers have strong capabilities for manufacturing vaccines based on recombinant
technologies, particularly with mammalian cells, and microbial and yeast expression systems.
Capabilities in utilizing cell cultures were distributed across multiple cell types, however manufacturing
capacities with Vero and CHO cells were prominent. Formulating and filling findings illustrated further
large-scale capabilities of Network members. Sampled manufacturers reported that over 50% of their
capacity for vaccine manufacturing could be dedicated to COVID-19 vaccine production.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

On March 11th 2020, the World Health Organisation (WHO)
declared the COVID-19 disease a pandemic [1]. At the end of
2020, over 85 million cases of COVID-19 had been diagnosed and
over 1.8 million people had died [2]. The pandemic has led to a
rapid international public health response to manage the spread
of disease, with many nations imposing social distancing or lock-
down, wearing of masks and travel restrictions [3]. The impact
on the global economy and on social well-being has been signifi-
cant [4]. Global leaders and experts have been tasked with finding
an optimal balance between managing the health impact of
COVID-19 and the economic and social implications.

Scientists have cautioned that a COVID-19 vaccine may not be a
‘silver bullet’ to end the pandemic [5,6], yet, historically, vaccina-
tion has been one of the most successful interventions in health
[7]. On January 10th 2020, the genetic sequence of the coronavirus
that causes COVID-19 was published [8], initiating the global race
to develop a vaccine [9]. The first COVID-19 vaccine candidate
entered clinical trials on March 16th 2020 [10]. An unprecedented
level of vaccine development is taking place. The December 29th
update of the 2020 WHO landscape of vaccine candidates listed
60 COVID-19 vaccine candidates in clinical evaluation and another
172 candidates in pre-clinical evaluation [11]. Across the 60 candi-
dates in clinical trials eight unique vaccine technology platforms
are utilized, including both traditional technologies for inactivated
and protein subunit vaccines and next-generation nucleic acid
technologies [9]. Many different organisations are developing
COVID-19 vaccine candidates: non-profit organisations, public
institutes, academic institutes, multi-national corporations,
biotechnology firms and manufacturers from developing countries
[9]. This report focuses on manufacturers from developing coun-
tries who are members of the Developing Countries Vaccine Man-
ufacturers’ Network (DCVMN).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2021.07.044&domain=pdf
https://doi.org/10.1016/j.vaccine.2021.07.044
mailto:b.hayman@dcvmn.net
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The DCVMN is a public health-driven, international alliance of
41 vaccine manufacturers from 14 countries and territories
engaged in vaccine research, development, manufacturing and
supply for local and global use. DCVMN members have been
actively engaged in COVID-19 vaccine development [12]. By the
end of 2020, 9 DCVMN manufacturers had candidates in clinical
trials, including three members with candidates in Phase III. An
additional nine member manufacturers had candidates in pre-
clinical evaluation [11]. Complementing these research and devel-
opment successes, DCVMN member manufacturers have strengths
in production of high-quality vaccines in large volumes. An inter-
nal DCVMN survey previously revealed that 37 member manufac-
turers had the capacity to supply over 3.5 billion vaccine doses
annually [12]. This included multivalent vaccines and represents
even higher capacity to make individual antigens [12]. Vaccines
against 50 distinct diseases across almost 200 products were sup-
plied to over 170 countries [13]. Furthermore, 13 member manu-
facturers had vaccine products pre-qualified by WHO, making
those products eligible for procurement by UN agencies.

The COVID-19 pandemic has generated unprecedented public
health collaboration between multiple stakeholders. A key exam-
ple is the COVAX facility. Led by Gavi, CEPI and WHO, it is ‘‘a global
risk-sharing mechanism for pooled procurement and equitable dis-
tribution of COVID-19 vaccines” [14]. This instrumental global col-
laboration aims to accelerate the development and production of
COVID-19 vaccines with the goal of delivering two billion doses
of safe, effective vaccines by the end of 2021 to control the acute
phase of the pandemic [14]. Furthermore, the need for accelerated
vaccine development and rapid production has seen an increase in
partnerships between developers, manufacturers, and other key
stakeholders, with organisations each leveraging their respective
resources and capabilities [15].

This project aimed to identify specific capabilities and capaci-
ties of DCVMN member manufacturers and to assess how much
of their existing capacity can potentially be dedicated to COVID-
19 vaccine production. In publishing the joint capabilities of
DCVMN manufacturers in a public domain, this study draws atten-
tion to the vital role such manufacturers can have in the produc-
tion and distribution of COVID-19 vaccines to make a difference
in the course of the pandemic. Funding from international stake-
holders and partnerships between vaccine developers and manu-
facturers will be critical for accelerating supply of COVID-19
vaccines.
2. Method

To quantify the manufacturing capabilities of DCVMNmembers,
a 121-question survey (Annex 1) was circulated to 41 Network
manufacturers. Objective questions were used to ascertain both
capabilities and capacities and estimate how much of current
capacity could be dedicated to COVID-19 vaccine production. The
survey focused on four key segments: (1) technology platforms
(2) cell cultures (3) drug product capacities and (4) filling technolo-
gies. For each of these, manufacturers were asked whether they
used a specific technology or platform. For each one used, they
were asked to share production volume, total number of manufac-
turing lines (and the number of which could be dedicated to
COVID-19 vaccine production), and also the percentage of capacity
that could be dedicated to COVID-19 vaccine production.
1 Plastic tubes are often referred to as plastic vials.
2 WHO Other = WHO Africa, WHO Europe, and WHO Eastern Mediterranean
2.1. Technology platforms

Six specific technology platforms were considered: purified
plasmid DNA, purified RNA by in-vitro transcription, lipid nanopar-
ticle formulations of mRNA, vaccines based on recombinant tech-
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nologies using mammalian cells (e.g., Vero, Chinese Hamster
Ovary (CHO) cells), vaccines based on recombinant technologies
using non-mammalian cells (e.g., insect cells, Primary Chick
Embryo Cells (PCEC)), and vaccines based on microbial or yeast
expression systems (e.g., Escherichia coli, Pichia pastoris). In analys-
ing the results, the data points for purified RNA by in-vitro tran-
scription and lipid nanoparticle formulations of mRNA were
merged into the category RNA vaccine technologies.

To understand future capabilities, manufacturers were asked to
share all technology platforms which they are currently imple-
menting or plan to implement in the next 5 years.

2.2. Cell culture

Capabilities related to ten specific cell cultures were consid-
ered: Vero, Chinese Hamster Ovary (CHO), Human Diploid, Baby
Hamster Kidney (BHK), Human Embryonic Kidney (HEK-293),
Madin-Darby Canine Kidney (MDCK), Primary Chick Embryo
(PCEC), Pichia pastoris, Saccharomyces cerevisiae and Escherichia coli.

2.3. Drug product capacities

Total formulating capacity (L/day) was sought. Number of man-
ufacturing lines was determined by how many manufacturing
tanks were available for the following scales: 0-500L, 500-1000L,
1000-1500L, 1500-2000L, > 2000L.

Additionally, manufacturers were asked to identify which adju-
vants they currently utilize.

2.4. Filling technologies

The survey focused on five specific filling technologies: glass
vials, plastic tubes1, blow-fill-seal (BFS), pre-filled syringes (PFS),
and ampoules. Filling technologies were assessed by filled units
per minute.

The survey was designed to be anonymous, however in a final
segment, respondents were invited to share which organisation
they represent and in which country their organisation is primarily
based. Both questions were optional.

The survey was designed by Mr. Sai Prasad and Mr. Apoorv
Kumar of Bharat Biotech International, in consultation with the
DCVMN Secretariat. After the survey was drafted, the circulation,
collection of data and analysis was completed by the DCVMN Sec-
retariat. All 41 Network members were invited by the DCVMN Sec-
retariat, by email, to complete the online survey. The final response
was received on October 15th 2020. Overall, 26 member manufac-
turers responded to the survey resulting in a response rate of just
over 63%. Two additional manufacturers stated that they could not
complete the survey due to legal restrictions. The data was then
analysed to produce the findings of this report.

3. Results

Data was aggregated based on the WHO Regions, grouped as
WHO Western Pacific (11 manufacturers), WHO South-East Asia
(9 manufacturers), WHO Americas (3 manufacturers) and WHO
Other (3 manufacturers)2.

3.1. Technology platforms

Among the sampled DCVMN members, recombinant technolo-
gies using mammalian cells were the most utilized platform with



Table 1
Number of sampled DCVMN member manufacturers utilizing each vaccine manu-
facturing technology. Manufacturing technologies are divided into three categories:
technology platforms, cell cultures, filling technologies.

Assessed manufacturing capabilities Number of manufacturers using
technology

Technology Platforms
Recombinant Technologies using

mammalian cells
14

Microbial or Yeast Expression Systems 11
Recombinant Technologies using non-

mammalian cells
7

RNA Vaccine Technologies 2
Purified Plasmid DNA 1
Cell Cultures
Vero 14
CHO 8
E. coli 8
HEK-293 5
P. pastoris 4
Human Diploid 3
MDCK 2
Primary chick embryo 2
BHK 1
S. cerevisiae 1
Filling Technologies
Glass Vials 23
Pre-filled syringe 14
Ampoules 9
Plastic Tubes 2
Blow-fill-seal 1
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14 members having manufacturing capabilities with this technol-
ogy (Table 1). The next most frequently used technologies were
microbial and yeast expression systems that were employed by
11 manufacturers, followed by recombinant technologies using
non-mammalian cells (7 manufacturers). Less common were
nucleic acid technology platforms. Only two manufacturers utilize
RNA vaccine technologies, and one manufacturer utilizes purified
plasmid DNA (Table 1).

The largest production volume was for recombinant technolo-
gies using mammalians cells, with a present capacity of 22,505
Litres, approximately 65% of which is based in the WHO Western
Pacific Region (Fig. 1A). The Western Pacific Region also has strong
manufacturing capacity using microbial or yeast expression sys-
tems, with 57% of the total production volume of 10,370 Litres
manufactured in this region. Sampled manufacturers from the
WHO South-East Asia Region were responsible for almost 59% of
the production volume of vaccines based on recombinant tech-
nologies using non-mammalian cells (Fig. 1A).

The sampled manufacturers are prepared to dedicate consider-
able capacity to the production of COVID-19 vaccine candidates.
The sampled manufacturers produced vaccines based on recombi-
nant expression systems using mammalian cells on 24 manufac-
turing lines, of which 15 could be dedicated to COVID-19 vaccine
production (62.5%). For microbial or yeast expression systems, 9
of 27 (33.3%) manufacturing lines could be dedicated, while 9
out of 10 (90%) of manufacturing lines used to produce vaccines
based on recombinant technologies using non-mammalian cells
could be available for COVID-19 vaccine manufacturing (Fig. 1B).
Only one manufacturing line was reported in this survey for each
of RNA vaccine technologies3 and purified plasmid DNA platforms,
but both could be dedicated to COVID-19 vaccine manufacturing.
Overall, approximately 53.4% of manufacturing lines utilized by the
sampled manufacturers could be dedicated to COVID-19 vaccine
production.
3 Two manufacturers indicated they utilized RNA vaccine technology; however,
one manufacturer did not share information specific to manufacturing lines.
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This study also explored future capabilities of DCVMN member
manufacturers. Results showed that manufacturers are imple-
menting modern technology platforms. More than any other tech-
nology, manufacturers are implementing purified plasmid DNA
and RNA vaccine technologies (Fig. 1C).

3.2. Cell cultures

Vero cells were reported as the most widely utilized cell cul-
ture with 14 of the sampled manufacturers currently using this
technology (Table 1). Another mammalian cell line, Chinese
Hamster Ovary (CHO) cells and the bacterium Escherichia coli
(E. coli) were the next most common, used by eight manufactur-
ers each. Five manufacturers indicated they utilize Human
Embryonic Kidney (HEK-293) and four utilized Pichia pastoris
(P. pastoris) cells.

To further quantifymanufacturers’ capabilities, the total bioreac-
tor volume (in litres) for each cell culture technology was sought
(Fig. 2A). Together, the 26 sampledmanufacturers have a bioreactor
volume of over 18,000 L for CHO cells, with approximately 81% of
this capacity coming from the WHO Western Pacific Region. The
next largest capacitywas for Vero cells, with over 11,000 L, followed
by HEK-293 cells, for which the aggregate bioreactor volume was
10,105 L and is predominantly based in theWHOAmericas andWes-
tern Pacific Regions (each region responsible for ~ 40% of the total
volume).

As for technology platforms, the sampled manufacturers
reported being prepared to dedicate a substantial amount of
their cell culture manufacturing capabilities to COVID-19 vaccine
production. Of the 20 manufacturing lines that use Vero cells,
twelve could be dedicated to COVID-19 vaccine manufacturing
(60%), while of the ten manufacturing lines using CHO cells,
seven can be allocated to COVID-19 vaccines (70%). Furthermore,
all of the sampled manufacturers’ capacity to produce vaccines
using HEK-293 cells and over 85% of the E. coli manufacturing
lines could be dedicated (Fig. 2B). Overall, the sampled manufac-
turers reported having 59 manufacturing lines equating to
almost 50,000 L of bioreactor volume. Approximately 61% of
the manufacturing lines could be dedicated to COVID-19 vaccine
production.

3.3. Drug product capabilities

In total, the sampled manufacturers reported having the
capacity to formulate almost 18,000 L per day with approxi-
mately 48% of these capacities based in the WHO Western Paci-
fic (Fig. 3A). The total formulating capacity was distributed
across 109 manufacturing tanks which varied in size from 50
to 2000 L. A more in-depth analysis of the available formulating
tanks is shown on Fig. 3B. In aggregate, approximately 50% of
these manufacturing tanks could be dedicated to COVID-19 vac-
cine production.

On use of adjuvants, 19 of the sampled manufacturers used
Alum while 3 formulated with MF59. Other adjuvants such as
AS03, AS03B, 002C and CpG 1018 were each only used by one
manufacturer.

3.4. Filling capabilities

Results indicate that sampled manufacturers have strong filling
capabilities. Glass vials were the most utilized container, used by
23 manufacturers, followed by pre-filled syringes (14 manufactur-
ers) and ampoules (9 manufacturers). Two manufacturers used
plastic tubes while blow-fill-seal technology was only utilized by
one manufacturer (Table 1).
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Fig. 1. A. Total production volume (measured in Litres) for each of the specified vaccine technology platforms. Production volumes were quantified in each WHO region.
Note: not all manufacturers who indicated they utilize the platform technology shared their specific production volume, and in some cases shared data in different units. Any
responses to this question that were not in correct units were omitted from the final output. The breakdown of the omitted data for each platform technology is: RNA Vaccine
Technologies: one manufacturer indicated a production volume of 50–100 million doses. Recombinant technologies using mammalian cells: two manufacturers did not share
total production volumes, one manufacturer indicated that T-flasks and a cell factory were used in their production process. Microbial or Yeast expression systems: one
manufacturer did not indicate total production volume In instances in which total production volume was provided as a range e.g. 1000–1500 Litres, the lower value was
always used in the final output. Fig. 1B. Total number of manufacturing lines and the percentage of which could dedicated to COVID-19 vaccine manufacturing. Across
all platform technologies sampled manufacturers have 63 manufacturing lines of which 35 can presently be dedicated to COVID-19 vaccines (55.6%). Note: two
manufacturers indicated that their manufacturing lines would be dedicated to COVID-19 vaccine production based on market requirements. The final output includes these as
being available for COVID-19 vaccine production. Fig. 1C. Number of sampled DCVMN members current implementing or planning to implement the technology
platform in the next 5 years. There was also the option ‘other’ for which one manufacturing indicated pneumococcal conjugate vaccines (PCV).

Fig. 2. A.Total bioreactor volume (measured in Litres) for each of the specified cell cultures. Bioreactor volumes were quantified in each WHO region. Note: not all
manufacturers who indicated they utilize the cell culture shared their specific bioreactor volume, and in some cases shared data in different units. Any responses to this
question that were not in correct units were omitted from the final output. Fig. 2B. Total number of manufacturing lines and the percentage of which could be dedicated
to COVID-19 vaccine manufacturing. Across all cell cultures sampled manufacturers have 59 manufacturing lines of which 36 can presently be dedicated to COVID-19
vaccines (61%). Note: two manufacturers indicated that their manufacturing lines would be dedicated to COVID-19 vaccine production based on market requirements. The
final output includes these as being available for COVID-19 vaccine production.

3
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Fig. 3. A. Geographical breakdown of total formulating capacity measured in litres per day. 22 of the 26 sampled manufacturers indicated capabilities for vaccine
formulation. Total formulating capacity of the 22 manufacturers was estimated to be between 17,940 – 18,795 L/day. For the output the lower estimate was used. Total
formulating capacity was broken into WHO regions: Western Pacific (48%), South-East Asia (37%), Americas (14%), Other (1%). Fig. 3B. Total number of formulating tanks
and the percentage of which could be dedicated to COVID-19 vaccine manufacturing. Sampled manufacturers have 109 formulating tanks of which 55 can presently be
dedicated to COVID-19 vaccines (50%). Note: one manufacturer indicated that their formulating tanks would be dedicated to COVID-19 vaccine production based on market
requirements. Final output includes these as being available for COVID-19 vaccine production.
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Capabilities in using each filling technology were assessed by
total filling capacity measured in filled units per minute4. Capa-
bilities using glass vials was greatest, with the sampled manufac-
turers able to fill over 8600 per minute. Glass vials were followed
by pre-filled syringes, at a capacity of 4000 vials per minute. For
both filling technologies, approximately 73% of the current capac-
ity resides in the WHO Western Pacific region. Sampled manufac-
turers have the capacity to fill over 2320 ampoules per minute
(Fig. 4A).

Manufacturers are prepared to allocate a high percentage of
their filling capacity to COVID-19 vaccine production. Glass vials
were utilized across 51 manufacturing lines, and almost two-
thirds could be dedicated to COVID-19 vaccines (62.7%). Results
revealed manufacturing lines for pre-filled syringes and ampoules
could also be dedicated at high rates (44.4% and 60% respectively).
Further, plastic tubes, a filling technology for which, on aggregate,
manufacturers can fill 405 tubes per minute, can be fully leveraged
for COVID-19 vaccine production (Fig. 4B). Overall, 75 manufactur-
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ing lines were listed across five key filling technologies, with 60% of
capacity able to be dedicated to COVID-19 vaccine production.
4. Discussion

This study has quantified the capabilities DCVMN members
across key areas of manufacturing, namely: technology platforms,
cell cultures, formulation, and filling capabilities.

Vaccines are manufactured using a wide range of technology
inputs, with the level of technological input and expertise required
to produce safe and efficacious vaccines varying [16]. Results
revealed the sampled manufacturers have significant capacity to
produce vaccines based on recombinant technologies (particularly
using mammalian cells). This is significant as 16 recombinant pro-
tein COVID-19 vaccine candidates are in clinical evaluation and as
vaccines based on this technology have a strong history of trigger-
ing safe and robust immune responses in addition to being well
suited for storage and transportation [17].



Fig. 4. A. Filling capacity (measured in tubes or vials per minute) for each of the specified filling technologies. Capacities were quantified in each WHO region. Note: not
all manufacturers who indicated they utilize the filling technology shared their specific capacity. Any responses to this question that were not in correct units were omitted
from the final output. The breakdown of the omitted data for each filling technology is: Glass vials: one manufacturer did not indicate filling capacity. In instances in which
filling capacity was provided as a range e.g. 100–200 vials/minute, the lower value was always used in the final output. Fig. 4B. Total number of manufacturing lines and
the percentage of which could be dedicated to COVID-19 vaccine manufacturing. Across all filling technologies sampled manufacturers have 85 manufacturing lines of
which 49 could be dedicated to COVID-19 vaccines (57.6%). Note: four manufacturers indicated that their manufacturing lines would be dedicated to COVID-19 vaccine
production based on market requirements. Final output includes these manufacturing lines as being available for COVID-19 vaccine production.
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Furthermore, assessing DCVMN member manufacturers’ capa-
bilities in development highlighted a motivation to implement
nucleic acid-based technologies, a finding that is very relevant to
the current COVID-19 vaccine landscape [11]. Nucleic acid vaccines
can be rapidly adapted when a new virus emerges, as development
can be based on sequence information alone, which has resulted in
nucleic acid vaccines being the first COVID-19 vaccines to enter
and, in the United States, to complete clinical trials [18,19,20].
The first two candidates to achieve authorization for use in the
United States were vaccines based on lipid nanoparticle formula-
tions of mRNA [19,20].

Capabilities in utilizing cell cultures were distributed across
multiple cell types. Although manufacturing capacities with Vero
and CHO cells dominated, sampled manufacturers indicated they
also utilize HEK-293 cells in large volumes. These cells are widely
used to propagate adenovirus vaccine vectors and produce high
yields [21,22]. P. pastoris cell technologies which provide key ben-
efits of rapid expression times and small culture volumes [23], are
utilized by four sampled manufacturers.
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Manufacturers have strong formulating capacities in three geo-
graphical regions which can support the global production of
COVID-19 vaccines. Filling capabilities were illustrated across five
main technologies, with glass vials leading both utilization and
total capacity.

DCVMN member manufacturers’ capabilities and large manu-
facturing capacities are both significant assets for the production
of COVID-19 vaccine candidates. Firstly, in terms of capabilities,
the 60 candidates currently in clinical trials utilize eight different
technology platforms [11] – each requiring different expertise
and facilities [9]. With manufacturers having a broad range of
capabilities they are positioned to scale up production of many
of the candidates, particularly those based on recombinant protein
technologies. Given the importance of rapid production and distri-
bution of successful candidates, partnerships are already in place
between developers and manufacturers, including those from
developing countries. Key examples include AstraZeneca entering
a licensing agreement with the Serum Institute of India to supply
one billion doses of Oxford University’s non-replicating viral vector
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COVID-19 vaccine candidate to low- and middle-income countries
[24]. Biological E (India) has entered an agreement with Johnson &
Johnson (J&J) to manufacture their COVID-19 vaccine candidate.
The collaboration will involve J&J providing a technology transfer
to Biological E to produce the vaccine [25]. The importance of col-
laboration in developing, manufacturing, and distributing COVID-
19 vaccines is well illustrated by the collaboration between three
DCVMN members: Sinovac of China, Instituto Butantan of Brazil,
and PT BioFarma of Indonesia. Sinovac’s inactivated COVID-19 vac-
cine candidate (Vero cell-based) is undergoing Phase III trials in
both Brazil and Indonesia, conducted by Instituto Butantan and
PT BioFarma, respectively. Furthermore, Sinovac will supply vac-
cine bulk to both organisations, allowing them to produce the vac-
cine locally. Brazil, China, and Indonesia account for approximately
24% of the world’s population [26].

Secondly, large-scale manufacturing capacity will be required
to gain immunization coverage globally. The COVAX facility aims
to supply two billion doses by the end of 2021. This is to protect
those who are most vulnerable, including frontline health care
workers [14]. To protect all people from the impact of COVID-19,
vaccines must be widely administered [27]. DCVMNmember man-
ufacturers are well positioned for global production and supply.
These manufacturers are located in 14 countries and territories
in which over 54% of the world’s population reside. They currently
supply vaccines to over 170 countries, have GMP- certified facili-
ties and comply with international supply requirements [12]. The
sampled manufacturers report that they can dedicate between 55
and 65% of their manufacturing capacity across technology plat-
forms, cell cultures, formulation, and filling to COVID-19 vaccine
production. Given that DCVMN members reported manufacturing
capacity is over 3.5 billion doses annually, this represents a signif-
icant opportunity for making a difference in the production and
supply of COVID-19 vaccines globally.

The capabilities and capacity of DCVMN manufacturers con-
tinue to be of paramount importance in supplying ‘traditional’ vac-
cines globally to ensure that ongoing requirements of national
immunization programs are met [28].
5. Conclusion

The findings of this report indicate the role DCVMN member
manufacturers can have in the global supply of COVID-19 vaccines.
By the end of 2020, 9 DCVMN manufacturers had vaccine candi-
dates in clinical trials. Beyond vaccine development, the existing
capabilities of manufacturers will be crucial for the large-scale pro-
duction and distribution of successful candidates. This report sum-
marizes the capabilities of a sample of manufacturers across
varying technology platforms, cell culture, formulation, and filling
technologies. Results revealed both a diverse range of capabilities
and a large production capacity. The manufacturers report that
they are able to dedicate a large proportion of their manufacturing
capacities to the production of COVID-19 vaccines. Transparent
partnerships and collaborations for collective action will be essen-
tial to effectively and efficiently produce and supply vaccines glob-
ally. By quantifying the manufacturing capacities this report
confirms that vaccine manufacturers from developing countries
are well positioned to make a difference.
Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.
5160
Acknowledgements

We would like to thank the DCVMN member manufacturers for
taking time to complete the survey. We thank Dr. Sonia Pagliusi,
DCVMN Executive Secretary, for her guidance during this project.
We thank Mr. Sai Prasad, current DCVMN President, and Mr.
Apoorv Kumar, both of Bharat Biotech International Limited for
their contributions to the formulation design of the survey which
this report is based on.
Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2021.07.044.
References

[1] World Health Organization Director-General’s opening remarks at the media
briefing on COVID-19 - 11 March 2020. Available at https://www.who.int/dg/
speeches/detail/who-director-general-s-opening-remarks-at-the-media-
briefing-on-covid-19—11-march-2020. [Accessed 8th January 2021].

[2] COVID-19 Corona virus Pandemic cases, Worldometer. Available at https://
www.worldometers.info/coronavirus/ [Accessed 2nd January 2021]

[3] Tabari P, Amini M, Moghadami M, Moosavi M. International Public Health
Responses to COVID-19 Outbreak: A rapid Review. Iran J Med Sci 2020. https://
doi.org/10.30476/ijms.2020.85810.1537.

[4] Nicola M, Alsafi Z, Sohrabi C, Kerwan A, Al-Jabir A, Iosifidis C, et al. The socio-
economic implications of the coronavirus pandemic (COVID-19): A review. Int
J Surg 2020;78:185–93. https://doi.org/10.1016/j.ijsu.2020.04.018.

[5] BBC News. Coronavirus: WHO warns of ‘no silver bullet’ amid vaccine search.
News article. 3rd August 2020. Available at https://www.bbc.com/
news/world-53643455 [Accessed 8th January 2021]

[6] CNBC. Merck CEO says Covid vaccine won’t be a ‘silver bullet,’ predicts mask
use for the ‘foreseeable future’. News article. 29th October 2020. Available at
https://www.cnbc.com/2020/10/29/covid-merck-ceo-says-vaccine-wont-be-
a-silver-bullet-predicts-mask-use-for-the-forseable-future.html. [Accessed
8th January 2021].

[7] Greenwood B. The contribution of vaccination to global health: past, present
and future. Philos Trans R Soc Lond B Biol Sci 2014;369(1645):20130433.
https://doi.org/10.1098/rstb.2013.0433.

[8] European Centre for Disease Prevention and Control. Timeline of ECDC’s
response to COVID-19. Available at https://www.ecdc.europa.eu/en/covid-
19/timeline-ecdc-response. [Accessed 8th January 2021].

[9] Thanh Le T, Andreadakis Z, Kumar A, Gómez Román R, Tollefsen S, Saville M,
et al. The COVID-19 vaccine development landscape. Nat Rev Drug Discovery
2020;19(5):305–6. https://doi.org/10.1038/d41573-020-00073-5.

[10] Jackson LA, Anderson EJ, Rouphael NG, Roberts PC, Makhene M, Coler RN, et al.
An mRNA Vaccine against SARS-CoV-2 – Preliminary Report. N Engl J Med
2020;383(20):1920–31. https://doi.org/10.1056/NEJMoa2022483.

[11] World Health Organization. Draft landscape of COVID-19 candidate vaccines.
Available at https://www.who.int/publications/m/item/draft-landscape-of-
covid-19-candidate-vaccines. [Accessed 4th January 2021].

[12] Pagliusi S, Jarrett S, Hayman B, Kreysa U, Prasad SD, Reers M, et al. Emerging
manufacturers engagements in the COVID-19 vaccine research, development
and supply. Vaccine 2020;38(34):5418–23. https://doi.org/10.1016/
j.vaccine.2020.06.022.

[13] Hayman B, Pagliusi S. Emerging vaccine manufacturers are innovating for the
next decade. Vaccine X 2020;5:100066. https://doi.org/10.1016/j.
jvacx.2020.100066.

[14] Berkley S., 2020. COVAX explained. News Article. 3rd September 2020.
Available at https://www.gavi.org/vaccineswork/covax-explained [Accessed
8th January 2021].

[15] World Health Organisation. 172 countries and multiple candidate vaccines
engaged in COVID-19 vaccine Global Access Facility. Press release. 24th August
2020. Available at https://www.who.int/news/item/24-08-2020-172-
countries-and-multiple-candidate-vaccines-engaged-in-covid-19-vaccine-
global-access-facility. [Accessed 8th January 2021].

[16] Gomez PL, Robinson JM. Plotkin’s Vaccines. Elsevier; 2018. 10.1016/B978-0-
323-35761-6.00005-5.

[17] Pollet J, ChenW-H, Strych U. Recombinant protein vaccines, a proven approach
against coronavirus pandemics. Adv Drug Deliv Rev 2021;170:71–82. https://
doi.org/10.1016/j.addr.2021.01.001.

[18] Riel D., Wit E., 2020. Next-generation vaccine platforms for COVID-19. Nat.
Mater. DOI: https://doi.org/10.1038/s41563-020-0746-0.

[19] U.S. Food and Drug Administration. FDA Takes Key Action in Fight Against
COVID-19 By Issuing Emergency Use Authorization for First COVID-19
Vaccine. Press release. 11th December 2020. Available at https://www.
fda.gov/news-events/press-announcements/fda-takes-key-action-fight-

https://doi.org/10.1016/j.vaccine.2021.07.044
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://doi.org/10.30476/ijms.2020.85810.1537
https://doi.org/10.30476/ijms.2020.85810.1537
https://doi.org/10.1016/j.ijsu.2020.04.018
https://www.bbc.com/news/world-53643455
https://www.bbc.com/news/world-53643455
https://www.cnbc.com/2020/10/29/covid-merck-ceo-says-vaccine-wont-be-a-silver-bullet-predicts-mask-use-for-the-forseable-future.html
https://www.cnbc.com/2020/10/29/covid-merck-ceo-says-vaccine-wont-be-a-silver-bullet-predicts-mask-use-for-the-forseable-future.html
https://doi.org/10.1098/rstb.2013.0433
https://www.ecdc.europa.eu/en/covid-19/timeline-ecdc-response
https://www.ecdc.europa.eu/en/covid-19/timeline-ecdc-response
https://doi.org/10.1038/d41573-020-00073-5
https://doi.org/10.1056/NEJMoa2022483
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://doi.org/10.1016/j.vaccine.2020.06.022
https://doi.org/10.1016/j.vaccine.2020.06.022
https://doi.org/10.1016/j.jvacx.2020.100066
https://doi.org/10.1016/j.jvacx.2020.100066
https://www.gavi.org/vaccineswork/covax-explained
https://www.who.int/news/item/24-08-2020-172-countries-and-multiple-candidate-vaccines-engaged-in-covid-19-vaccine-global-access-facility
https://www.who.int/news/item/24-08-2020-172-countries-and-multiple-candidate-vaccines-engaged-in-covid-19-vaccine-global-access-facility
https://www.who.int/news/item/24-08-2020-172-countries-and-multiple-candidate-vaccines-engaged-in-covid-19-vaccine-global-access-facility
http://refhub.elsevier.com/S0264-410X(21)00922-1/h0080
http://refhub.elsevier.com/S0264-410X(21)00922-1/h0080
https://doi.org/10.1016/j.addr.2021.01.001
https://doi.org/10.1016/j.addr.2021.01.001


B. Hayman and M. Dennehy Vaccine 39 (2021) 5153–5161
against-covid-19-issuing-emergency-use-authorization-first-covid-19#:
~:text=Today%2C%20the%20U.S.%20Food%20and,years%20of%20age%20and%
20older [Accessed 8th January 2021]

[20] U.S. Food and Drug Administration. FDA Takes Additional Action in Fight
Against COVID-19 By Issuing Emergency Use Authorization for Second COVID-
19 Vaccine. Press release. 18th December 2020. Available at https://www.
fda.gov/news-events/press-announcements/fda-takes-additional-action-
fight-against-covid-19-issuing-emergency-use-authorization-second-covid.
[Accessed 8th January 2021].

[21] Afkhami Sam, Yao Yushi, Xing Zhou. Methods and clinical development of
adenovirus-vectored vaccines against mucosal pathogens. Mol Ther Methods
Clin Dev 2016;3:16030. https://doi.org/10.1038/mtm.2016.30.

[22] Kovesdi I, Hedley SJ. Adenoviral Producer Cells. Viruses 2010;2(8):1681–703.
https://doi.org/10.3390/v2081681.

[23] Byrne B. Pichia pastoris as an expression host for membrane protein structural
biology. Curr Opin Struct Biol 2015;32:9–17. https://doi.org/10.1016/j.
sbi.2015.01.005.

[24] AstraZeneca. AstraZeneca takes next steps towards broad and equitable access
to Oxford University’s COVID-19 vaccine. Press release. 4th June 2020.
5161
Available at https://www.astrazeneca.com/media-centre/press-releases/
2020/astrazeneca-takes-next-steps-towards-broad-and-equitable-access-to-
oxford-universitys-covid-19-vaccine.html [Accessed 8th January 2021].

[25] Biological E. Limited. Biological E. Limited Signs an Agreement with Johnson &
Johnson for Technology Transfer of Their COVID-19 Vaccine Candidate. Press
release. 13th August 2020. Available at https://www.biologicale.com/news.
html [Accessed 8th January 2021].

[26] ] Meng W., 2020. Cross-continent Vaccine Collaboration against COVID-19.
Presentation at the DCVMN Annual General Meeting (Virtual). Available at
https://dcvmn.net/IMG/pdf/d3-5_cross-continent_vaccine_collaboration_
against_covid-19_sinovac_weining_meng.pdf. [Accessed 8th January 2021].

[27] Gavi, the Vaccine Alliance. Why is no one safe until everyone is safe during a
pandemic. News article. 17th August 2020, updated 14th September 2020.
Available at https://www.gavi.org/vaccineswork/why-no-one-safe-until-
everyone-safe-during-pandemic. [Accessed 8th January 2021].

[28] Pagliusi et al. Two decades of vaccine innovations for global public good:
Report of the Developing Countries’ Vaccine Manufacturers Network 20th
meeting, 21-23 october 2019, Rio de Janeiro, Brazil. Vaccine 2020. , https://doi.
org/10.1016/j.vaccine.2020.05.062.

https://www.fda.gov/news-events/press-announcements/fda-takes-additional-action-fight-against-covid-19-issuing-emergency-use-authorization-second-covid
https://www.fda.gov/news-events/press-announcements/fda-takes-additional-action-fight-against-covid-19-issuing-emergency-use-authorization-second-covid
https://www.fda.gov/news-events/press-announcements/fda-takes-additional-action-fight-against-covid-19-issuing-emergency-use-authorization-second-covid
https://doi.org/10.1038/mtm.2016.30
https://doi.org/10.3390/v2081681
https://doi.org/10.1016/j.sbi.2015.01.005
https://doi.org/10.1016/j.sbi.2015.01.005
https://www.astrazeneca.com/media-centre/press-releases/2020/astrazeneca-takes-next-steps-towards-broad-and-equitable-access-to-oxford-universitys-covid-19-vaccine.html
https://www.astrazeneca.com/media-centre/press-releases/2020/astrazeneca-takes-next-steps-towards-broad-and-equitable-access-to-oxford-universitys-covid-19-vaccine.html
https://www.astrazeneca.com/media-centre/press-releases/2020/astrazeneca-takes-next-steps-towards-broad-and-equitable-access-to-oxford-universitys-covid-19-vaccine.html
https://www.biologicale.com/news.html
https://www.biologicale.com/news.html
https://dcvmn.net/IMG/pdf/d3-5_cross-continent_vaccine_collaboration_against_covid-19_sinovac_weining_meng.pdf
https://dcvmn.net/IMG/pdf/d3-5_cross-continent_vaccine_collaboration_against_covid-19_sinovac_weining_meng.pdf
https://www.gavi.org/vaccineswork/why-no-one-safe-until-everyone-safe-during-pandemic
https://www.gavi.org/vaccineswork/why-no-one-safe-until-everyone-safe-during-pandemic
https://doi.org/10.1016/j.vaccine.2020.05.062
https://doi.org/10.1016/j.vaccine.2020.05.062

