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INTRODUCTION
Manufacturing capacity challenges with 
COVID- 19 vaccines have recently hit the 
headlines,1 however, capacity deficits have 
been a limiting factor across commodities 
since the pandemic began. During the first 
half of 2020, a huge surge in demand for 
personal protective equipment led to acute 
supply restrictions,2 and shortages of reagents 
used in molecular diagnostics, such as RNA 
extraction kits and lysis buffers, severely 
limited testing capacities.3

Capacity limitations to the manufacture of 
COVID- 19 rapid diagnostic tests (RDTs) have 
also caused supply constraints. The speed 
at which COVID- 19 RDTs were developed 
and the subsequent surge in use of antigen 
RDTs in public health settings have necessi-
tated extensive effort and investment to meet 
volume demands. As RDT manufacture can 
be switched from one disease to another with 
relative ease (although with a trade- off in effi-
ciency), the resulting increase in RDT manu-
facturing capacity should enable a more rapid 
response to future threats. However, concerns 
have been raised that this capacity could be 
lost once the COVID- 19 pandemic is over.

IMPORTANCE OF RDT MANUFACTURING CAPACITY
Diagnostics are an essential part of sustain-
able, resilient health systems and pandemic 
preparedness plans.4 For optimal impact, 
testing needs to be widespread. As the cost and 
complexity of molecular tests prohibits their 
use in many areas, RDTs—which are inexpen-
sive, simple to use and can be performed at 
the point of care—are crucial to the success 
of outbreak responses.

In an outbreak situation, RDTs need to be 
produced and distributed quickly in huge 
volumes, which requires manufacturing 
capacity to be in place before the outbreak 
begins. Unfortunately, prior to COVID- 19, 

this was not the case, thus manufacturers 
found themselves rushing to fill a capacity 
gap.

CHALLENGES TO MANUFACTURING CAPACITY 
SCALE-UP
To explore the challenges to scale up of 
production capacity to meet the huge demand 
for COVID- 19 RDTs, FIND, the global alliance 
for diagnostics, sent a written questionnaire 
to 29 manufacturers of COVID- 19 RDTs, 
including the 20 companies with current 
highest production capacity (based on volume 
produced between August 2020 and January 
2021). In total, 17 manufacturers responded. 
Although the sample is not fully representa-
tive of all RDT manufacturers, it includes 13 
manufacturers from South Korea and China, 
the most active countries in production of 
COVID- 19 RDTs, and those with and without 
stringent regulatory authority approvals for 
their products.

Summary box

 ► Manufacturing capacity for COVID- 19 antigen rapid 
diagnostic tests is estimated to have increased by 
200% since the pandemic began, with further in-
creases anticipated over the coming year.

 ► Manufacturers reported numerous challenges to 
scale up, including need for improved manufacturing 
techniques, new equipment and plants, difficulties 
forecasting demand and supply shortages of raw 
materials.

 ► As supply will exceed demand after the pandemic is 
over, strategies to preserve sufficient production ca-
pacity for future pandemics must be implemented.

 ► Proposed strategies include expansion of local man-
ufacturing capacity for tests and/or their compo-
nents, creation of sustainable demand, incentives to 
maintain dormant equipment, investment in surveil-
lance and stockpiling, and diversification of supply 
chains for critical components.
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Respondents noted that production lines for existing 
RDTs were inefficient and production equipment was 
insufficient to meet the high demand. New automated 
assembly lines and improved manufacturing techniques 
had to be developed, new machinery and production 
plants purchased, and new staff recruited and trained. 
Manufacturers also reported difficulties in forecasting 
demand for COVID- 19 RDTs, leading to uncertainty 
over how much could be realistically invested in scale- up 
activities.

Supply of raw materials and kit materials common to 
many RDTs, such as nitrocellulose membranes, sterile 
swabs, plastic cassettes and test reagents, was a limiting 
factor in 2020 when RDTs were first developed, due to 
the small number of suppliers and to long and fragile 
international supply chains. These issues have to some 
extent been addressed, as suppliers have implemented 
their own scale- up initiatives, but six of the survey respon-
dents reported concerns around increasing prices of 
certain raw materials and the ongoing impact of this on 
COVID- 19 RDT production capacity.

MAGNITUDE OF MANUFACTURING CAPACITY INCREASES
Despite the challenges to scale up, COVID- 19 RDT 
manufacturers have been able to substantially increase 
production capacity since the pandemic began. Based 
on the survey responses, overall production capacity is 
estimated to have doubled in 7 months, from 482 million 
tests per month in October 2020 to 1006 million in April 
2021 (figure 1). RDTs with WHO Emergency Use Listing 
(EUL) or RDTs under WHO EUL assessment represent 
approximately 50% of the total shown for antigen RDTs.

The increase in manufacturing capacity was primarily 
driven by antigen RDTs, for which capacity increased by 
200%, and was accompanied by a 30% decrease in the 
average price per test, according to eight manufacturers 
who provided cost details. Manufacturers predict further 
growth over the next year, reaching a potential 1.9 billion 
tests per month in 2022.

HOW MANUFACTURING CAPACITY INCREASES COULD BE LOST
Due to the increase in production capacity for RDTs, 
supply is predicted to exceed demand after the acute 
spike of COVID- 19 is over. Without economic incentives 
to keep the additional manufacturing equipment and 
plants running and staff employed, many of the gains 
made during COVID- 19 are likely to be lost. Feedback 
from manufacturers suggests that while new production 
plants may not be decommissioned post- pandemic, it will 
not be financially viable to maintain the human resources 
required to keep these additional plants running.

Furthermore, the rapid increase in RDT production 
volume has caused manufacturing capacity for RDTs to 
become geographically concentrated, as capacity building 
occurred in silos without coordination across manufac-
turers. As such, sustainability of production capacity post- 
pandemic may be low, while fragility, in terms of potential 
impact of outbreaks and subsequent border closures in 
the countries where manufacturers are based, is high.

STRATEGIES TO PRESERVE MANUFACTURING CAPACITY
While post- COVID- 19 capacity may be surplus to 
requirements, we must ensure that sufficient capacity is 
preserved to strengthen pandemic preparedness for the 
future. Creation of sustainable demand will be a central 
part of any strategy (figure 2). Establishing volume guar-
antees (ie, minimal viable volumes to break even) post- 
pandemic, by building demand for RDTs for surveillance 
of other diseases with pandemic potential, would provide 
incentive to maintain some of the capacity increases 
developed for COVID- 19 RDTs. However, any demand- 
building efforts must incorporate a quality element, as 
low- quality RDTs can have a negative impact on disease 
management and public confidence.

Provision of funding to stockpile RDTs during non- 
pandemic periods, using surveillance needs to rotate 
stockpiles, would add to this incentive. But this would 
require substantial investment in research and develop-
ment. Currently, there are no diagnostics available for 
60% of the WHO R&D Blueprint diseases.4 Use of surplus 
capacity to improve availability of RDTs for primary care 
screening programmes, such as human papillomavirus 
testing for women’s health, may help to fill the gap.

Governments should work with RDT manufacturers to 
find incentives to maintain dormant equipment during 
non- pandemic periods, for example, via subsidies to 
produce RDTs for diseases of regional public health 
significance. The international Pandemic Preparedness 
Partnership has set a target for deployment of vaccines 
within 100 days of future infectious disease outbreaks.5 
Maintenance of RDT manufacturing equipment would 
help to attain the same targets for diagnostics. Develop-
ment of flexible, innovative and sustainable manufac-
turing equipment and processes could also support rapid 
switching of manufacturing lines to emergency mass 
production during outbreaks.

Figure 1 Estimated increase in combined COVID- 19 RDT 
production capacity from 17 manufacturers (predicted 
number of tests per month if facilities are run at maximum 
(millions)). RDTs, rapid diagnostic tests.
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RDT manufacturing capacity should be diversified, 
through expansion of local manufacturing capacities 
to improve sustainability of production capacity and to 
maintain distributed capacity across regions. Building 
out of manufacturing hubs for RDTs and/or their less 
complex components in low/middle- income countries 
is recommended to create affordability and local owner-
ship, particularly as shipping costs for finished products 
or import of raw materials can impact overall RDT costs.

Finally, diversification of supply chains for non- 
specialised critical components such as the plastic 
cassette, sterile swabs and nitrocellulose membrane will 
be important to prevent the bottlenecks caused by raw 
material shortages seen during the current pandemic, 
and to introduce competition to ensure that the price of 
raw materials is not prohibitively high.

CONCLUSIONS
Failure to preserve sufficient RDT production capacity 
after the COVID- 19 pandemic will lead to a repetition of 
the scale- up activities undertaken to address COVID- 19 
for future outbreaks. Preservation will protect the signif-
icant financial investments that have already been made, 
and potentially allow unit cost of tests for future outbreaks 
to be reduced, as manufacturers will not need to invest 
heavily in scale- up.

The strategies proposed were developed with RDTs in 
mind, however, there is some degree of extrapolation to 
molecular tests, which can also be impacted by shortages 
of materials such as swabs and reagents. Some learning 
may also be applicable to vaccines, therapeutics and 
other commodities.

Preservation of manufacturing capacity is just one 
component of an overall strategy to improve diagnostic 
pandemic preparedness. In order to rapidly develop and 
deploy new RDTs for future outbreaks, manufacturers 

will also require support with other elements of the 
development process such as clinical validation of new 
tests and navigation of complex country- level registration 
procedures.

The impact of low manufacturing capacity for diagnos-
tics in outbreak situations was predicted long before the 
emergence of COVID- 19,4 but it took a global pandemic 
to generate the changes needed. We must capitalise on 
the improvements brought about by the response to 
COVID- 19 to ensure that the progress we have made is 
not squandered.
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Figure 2 Strategies to preserve diagnostic manufacturing 
capacity.
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