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Pandemics change the dynamics of value chains in fundamental ways, and particularly of 
those producing the medical devices needed to fight them. This paper shows that the 
rationale for organization of the production of these devices differs from that of most 
other products. Varying trade-offs between the benefits of global integration and the 
imperatives of secured and speedy supply favor different production modes. Value chains 
of different geographic scales – local, regional and global – are suitable for different 
medical devices. A model developed based on these variations could assist policymakers 
in designing differentiated policies towards different medical devices. As well, the model 
provides insights that could aid supply chain managers and academics rethinking the 
determinants of supply chain structures across industries. 

Pandemics abruptly change value chain dynamics, as the 
COVID-19 outbreak and its aftermath have shown. While 
this effect is notable across industries, it is particularly ap-
parent in relation to the medical devices1 needed to treat 
pandemics’ causes and arrest their spread. This article ex-
amines the challenges that pandemics pose to the produc-
tion and supply of medical devices and their implications 
for the organization of their production. The experience of 
COVID-19 is employed to illustrate how abilities to scale 
production rapidly and secure speedy supply have come to 
replace cost, skills and resource availability considerations 
that prevail elsewhere. An understanding of these dynam-
ics is important to government policymakers, supply chain 
managers and academics who study supply chains. 

These constituencies need to recognize the distinction 
among types of medical devices that represent varying 
trade-offs between the benefits of globally-dispersed pro-
duction and the imperatives of secured supply and speed of 
delivery. This distinction requires differentiated responses 
towards different types of medical devices. It offers ratio-
nale for protectionist policies designed to ensure self-suffi-
ciency of certain devices, including when they require eco-
nomically sub-optimal arrangements, and the initiation of 
global and regional collaborations to secure reliable supply 
of others. An important role is assigned also for interna-

tional organizations such as the World Health Organization 
(WHO) and the World Trade Organization (WTO) to cen-
trally administer mismatches between supply and demand 
for medical devices on a global scale during pandemics. 

PANDEMICS AND THE FUNDAMENTALS OF 
MEDICAL DEVICE VALUE CHAINS 

Globally-integrated production is driven by two economic 
forces, related to the actual production of products and ser-
vices and to their supply to markets. Country differences 
in costs, skills and resource availability offer economic ra-
tionale for spreading production globally to take advantage 
of these differences. Low trade costs make it economically 
feasible to link separate parts of production via trade and 
secure efficient and low-cost supply to markets that may 
reside far away from the location of the production (Bald-
win, 2016). Prior to the onset of COVID-19, the production 
and supply of medical devices were largely based on these 
principles (Gereffi, 2020), as analyses of trade data of these 
products show.2 Pandemic outbreaks challenge the logics of 
both global integration of the production and that of the 
supply. 

On the production side, production capacity becomes a 
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Definitions of the medical devices sector vary considerably across countries. In this article, I follow the definition of the WHO 
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sector includes diagnostic and therapeutic equipment used for treatment of disease, development of drugs, and clinical trials. These 
range from low-tech PPE equipment to sophisticated diagnostic equipment, patented drugs and immunological products. For a related 
examination of decentralizing clinical trials during the pandemic, see Dunlap et al. (2020). 
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major determinant of the organization of production. Pan-
demics are rare events – a hundred years elapsed since the 
last global pandemic, the Spanish Flu – and are often un-
predictable. When they occur, they push demand to levels 
that have no relation to those of ordinary times, and pose 
major challenges to production capacity. These conditions 
assign outmost significance for flexibility and ability to 
rapidly scale up production (Perez-Batres & Treviño, 2020). 
Cyclical fluctuations of demand, caused for example by 
weather conditions, natural disasters, etc., are apparent in 
many industries, but the extent of cyclicality and its abrupt 
nature in medical devices needed to deal with pandemics 
tend to be more substantial than in other industries. In-
deed, credit rating agencies treat medical devices as one 
of the most vulnerable sectors to disruptions (albeit with 
considerable variability within the sector). These dynamics 
also change the economics of inventory and the balance be-
tween the cost and benefit of holding inventory. 

Moreover, cost of production, a major driver of globally-
integrated production, is of lesser importance in relation to 
medical devices, notably during times of pandemics. Price 
elasticity is very high when human lives are at stake and the 
availability of substitutions is limited, diminishing pressure 
to cut costs and reduce prices. Yet another distinctive fea-
ture of medical devices is risk of intellectual property right 
(IPR) violations and concerns regarding fraudulent prod-
ucts. Risk of IPR violations dictates the organization of pro-
duction across industries, but it is more critical in relation 
to medical devices. Fake N95 masks exported from China 
and other locations after the outbreak of COVID-19 threat-
ened millions of frontline workers lives. 

In addition, the life cycle of the virus from its initial ap-
pearance through penetration, replication and full release 
unfolds at different times and rates around the world, which 
leads to variations in demand for medical devices across 
countries. Variations in prevalence rates of the virus also 
affect local demand. Country differences in immunity have 
been documented extensively, and were apparent in earlier 
epidemics, for instance Ebola and AIDS.3 These variations 
create mis-matches between production capacity and de-
mand. 

For instance, due to the country’s early COVID-19 out-
break, China experienced surging local demand that ex-
ceeded local production capacity. Chinese Daigou bought 
medical supplies in Australia and sold them in China.4 The 
US exported masks and ventilators to China during this 
period (Zhang, Mansfield, & Pulver, 2020).5 By the time 
COVID-19 hit the US and Europe, China had started to show 
signs of recovery that reduced local demand and freed pro-
duction capacity for exports. Life-cycle considerations af-
fect production of other products as well, for instance high-
tech products in which technology life-cycles dictate 

production dynamics, but these influences are much accel-
erated in relation to medical devices where cyclicality of de-
mand relates to saving people’s lives. 

Pandemics affect the rationale for the organization of 
production also via their impact on supply and distribution. 
Speedy and secured supply assume levels of importance 
that by far exceed that of other products. Speed to market 
has become an important competitive imperative across in-
dustries. The emergence of the so-called ‘fast fashion’ is a 
case in point. However, speed of supply of medical devices is 
not about filling up stores’ shelves with ever-changing fash-
ion merchandise but rather a matter of saving lives of pa-
tients dying due to shortage of equipment. 

In parallel, however, global pandemics slow down the 
movement of intermediaries and final products across 
countries. Following the outbreak of COVID-19, fragmented 
sources of supplies connected to each other via trade were 
abruptly interrupted by logistic difficulties as factories con-
fronted irregularities of labor and supply, port closures, and 
customs slowdowns (Perez-Batres & Treviño, 2020). More-
over, pandemics trigger protectionist measures and trade 
restrictions that further slow down the pace of moving 
products and services across countries. An UNCTAD analy-
sis of policy measures introduced around the world during 
the second half of 2020 shows the highest increase of pro-
tectionist measures in two decades (UNCTAD, 2021). The 
adoption of different policy responses and safety standards 
towards medical devices caused additional delays. Restric-
tions on cross-border transactions on grounds such as en-
vironmental regulations and safety standards prevail across 
industries, but they tend to be particularly apparent in re-
lation to medical devices, notably during pandemics (al-
though in some cases, severe shortage of supply served as 
a countervailing force for regulatory scrutiny). Table 1 pre-
sents a summary of determinants of the organization of 
production of medical devices compared to other low-
skilled, labor-intensive industries and human- and physi-
cal-capital-intensive ones. These categories refer to large 
and heterogenous groups of industries and sub-sectors 
whose dynamics may vary in relation to specific dimensions 
in Table 1. For instance, capital-intensive products include 
products whose value relative to transportation cost varies, 
ranging from mobile phones where transportation costs are 
negligible to cars where they are substantial. Further, des-
ignation of level of importance might involve subjective 
judgement. Notwithstanding these reservations, the table 
highlights the distinction of medical devices in relation to 
other product categories and the need for special attention 
to the organization of the production of this sector. 

See the WHO’s Global Burden of Disease Project: http://www.healthdata.org/gbd. 

Daigou purchase commodities outside China for sales in China. I thank an anonymous referee for sharing this story. 

In addition to market-driven dynamics to level out demand/supply differences, US exports were driven also by political considerations. 
This draws attention to the consequences of government involvement in the fight against pandemics, where political considerations in-
terfere with economic ones. I thank an anonymous referee for raising this point. 
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Table 1. Determinants of Organization of Production: Medical Devices versus Other Industries 

Determinants of: 

Level of Importance 

Medical Devices 

Other Industries 

Labor-intensive industries Capital-intensive industries 

Global Integration of the Production 

Cost differential low high moderate 

Skills differential high/moderate high high 

Resource differential moderate high moderate 

Regulatory restrictions high low moderate 

IPR violations critical moderate high/critical 

Product life cycle critical low moderate/high 

Flexibility of scaling production critical moderate moderate 

Delivery and Supply 

Transportation costs low/moderate high low/moderate/high 

Transportation speed/distance critical moderate moderate 

 Trade barriers high low moderate 

MEDICAL DEVICES ARE NOT ALL ALIKE 

The idiosyncrasies of medical devices outlined in Table 1 
manifest in different ways and to varying degrees in relation 
to different devices. As noted (footnote 1), the medical de-
vice sector is highly heterogenous in terms of factor in-
tensity, intellectual property content,6 trade cost and reg-
ulatory demands.7 These differences affect both the 
advantages of global integration of the production and the 
importance of efficient supply and timely delivery, and fa-
vor production arrangements on different geographic scales 
– whether local, regional or global (Figure 1). 

Quadrant-1 medical devices, such as advanced diagnostic 
equipment, are characterized by low advantages of global 
integration, a result of factors such as low-price elasticity, 
specialized production and high skills. Cost saving via 
global integration is likely to be small, because the high 
skills intensity confines the production to high-cost coun-
tries. These factors combine with high importance of effi-
cient supply, for instance, due to high transportation costs. 
Such combination favors local value chains, supplemented 
by inventory to safeguard against unexpected supply short-
ages due to short-term constraints on production capacity. 

In quadrant-2 devices, skills, costs and resources vary a 
great deal across countries, and price is an important com-
petitive factor, making integrated production highly advan-
tageous. Examples of such medical devices include various 
appliances employed in laboratory and medical surgeries. 
The need for efficient and speedy supply, however, requires 

Figure 1. Production Arrangement of Medical 
Devices (Developed country perspective) 

geographic proximity among producing countries and be-
tween them and markets. This combination is best supplied 
via regional value chains, ideally among countries con-
nected by regional trade agreements that reduce border-
crossing obstacles. 

Low advantages of global integration, a result of issues 
such as risk of IPR violation, combined with lesser impor-
tance of speedy delivery, a result of issues such as low-
cost inventory, characterize quadrant-3 devices. Such cir-
cumstances favor local value chains, perhaps with selective 
global value chains to secure supply in case of unexpected 
short-term shortages. Drugs – both generic and patented – 

These differences are notable in patent variations within the sector: http://www.samed.org.za/DynamicData/LibraryDownloads/56.pdf 

Most countries distinguish among different medical devices for the purpose of regulatory scrutiny. See the US classification 
https://www.fda.gov/about-fda/cdrh-transparency/overview-medical-device-classification-and-reclassification and ISO classification for 
regulatory intervention https://www.iso.org/iso-13485-medical-devices.html 
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offer an example of such products. 
Medical devices in quadrant-4, such as PPE, sanitizers, 

gloves and the likes, are suitable for globally-integrated 
production, in which value chains are based on country dif-
ferences in costs, skills and resources, and low-cost trade 
enables efficient supply to markets. These devices are often 
low-skill, labor-intensive products, making the cost saving 
of global production substantial.8 Low product-specificity 
and multiple sources of supply for these devices enable se-
cure, efficient and speedy supply. Low switching costs 
among multiple sources of supply could be employed to 
evoke threat of exit as an at least partial guard against 
fraudulence. The simplicity of the devices eases the identi-
fication of such occurrences. 

The unpredictable nature of pandemics entails that out-
breaks might cause temporary shortages of supply domes-
tically and globally. These might challenge the underlying 
logic of Figure 1 and necessitate some short-term devia-
tions from this logic. Rare and exceptional events like global 
pandemics are guided by different dynamics than those that 
prevail in ordinary times and might require exceptional re-
sponses (Perez-Batres & Treviño, 2020). 

Two responses, on their own or combined, can be em-
ployed under such circumstances. One is inventory, proba-
bly managed by governments as the constituency that has 
the resources to handle inventory that may lay idle for years 
and decades. This approach is pursued by many govern-
ments in relation to defense equipment, and appears ad-
equate for medical devices as well. The other alternative 
is temporary shifts of resources and production capacity 
from other industries to medical devices. The US implo-
ration of the Defense Production Act to demand car compa-
nies to produce ventilators during the COVID-19 outbreak, 
or the Australian government’s boost for 3D-printing com-
panies to produce face shields, and to alcohol producers to 
switch production to hand sanitizers are cases in point.9 

Such changes may also occur without government interven-
tion, when companies voluntarily shift production capac-
ity to products needed to fight pandemics. New Balance’s 
transformation of its production from shoes to PPE sug-
gests an example. Although in violation of the logic that un-
derlies Figure 1, these arrangements might be necessary to 
meet short-term shortages. 

ROLE FOR POLICYMAKERS 

The rationale for policy intervention in the production and 
supply of medical devices needed to fight pandemics is 
stronger than in most other sectors. The logic for the orga-
nization of production of medical devices does not always 
coincide with economic considerations and may impose 
some trade-offs between the two. Such situations disincen-

tivize private investment and require government involve-
ment. Moreover, the production of many medical devices 
involves high-risk investments whose returns are uncertain. 
The economics of inventory and the need to have a standby 
manufacturing capacity to meet unpredictable demand also 
call for government involvement. Furthermore, the scale 
needed to fight global pandemics exceeds the capacity of 
private actors, including the largest and most powerful of 
them, and requires policy intervention. 

Two constituencies have a role to play in securing the 
effectiveness of production and supply of medical devices: 
national governments and international organizations. 
Governments around the world have been playing major 
roles in the provision of medical devices during the 
COVID-19 pandemic. The global nature of pandemics re-
quires a centralized approach to the fight against them and 
calls for the involvement of international organizations as 
well. By virtue of their different mandates and sources of 
power, these constituencies have different mechanisms to 
affect the production and supply of medical devices (Table 
2). 

Policy responses to COVID-19 at the national level in 
most countries reflected strong inclinations towards self-
sufficiency and increased local production capacity across 
all medical devices (Bazel-Shoham & Shoham, 2020). Many 
governments also banned exports of these devices (ITC, 
2020; The Economist, 2020). The effectiveness of these ef-
forts in securing the supply of medical devices under the 
best economic terms, however, is not apparent. Rather, 
there is a need for differentiated policy response, in line 
with the principles summarized in Figure 1. Such responses 
range between the introduction of protectionist measures 
to develop local production capacity and increased integra-
tion in order to secure external supply. The choice between 
the two reflects the tradeoffs between the advantages of 
global integration and the importance of speed and effi-
ciency of supply. 

Thus, beyond the need to offer urgent remedies for 
short-term shortages, protectionist policies are adequate 
only for quadrant-1 and some quadrant-3 devices where the 
need to secure speedy and reliable supply exceeds the bene-
fits of global integration (Figure 1). Governments may sup-
port local producers of these devices and, as appropriate, 
protect them from import competition. They may also form 
public-private partnerships for the production and supply 
of these medical devices. These partnerships have partic-
ular appeal in that they lessen governments’ inefficiencies 
and enable private players to leverage their advantages in a 
manner that would not be feasible on their own (Kivleniece 
& Quelin, 2012). 

The economic case for self-sufficiency in other devices, 
as those in quadrants 2, 4, and some quadrant-3, is weak 

The classification of medical devices as low-skill, low-tech products is at times misleading. For instance, sophisticated, high-tech filters 
are used in the production of certain types of facemasks, which are often referred to as low-tech devices. Distortions might originate also 
due to the level of aggregation. For instance, standard facemasks that the general public wears and sophisticated ones used by healthcare 
workers are in the same category. 

I thank an anonymous referee for this insightful point. 

8 

9 

Global Pandemics and the Economics of Value Chains: COVID-19 and the Production of Medical Devices

AIB Insights 4



Table 2. Production Arrangements of Medical Devices: Role for Policy 

Constituencies: Policy tools Illustration 

National governments 

Differentiated policy approach: 
protectionism versus openness 

From self-sufficiency and development 
of local capacity to deep global 
integration to ensure global supply 

Differentiated policy approach: 
geographic scale of supply chains 

Incentives to firms for desired 
geographical scale of supply chains 

International Organizations 

Central administration of production; 
removal of supply/demand mismatches 
on a global level 

WHO: centralized forum to identify 
mismatches and orchestrate 
agreements to level them out 

Removal of trade barriers in medical 
devices 

WTO: special status for medical devices 
in trade policy and global trade 
agreements 

or nonexistent (McKinsey & Company, 2020). The Pharma-
ceutical Researcher and Manufacturers of America has ar-
gued that reconfiguration of globally-dispersed pharmaceu-
ticals induced by government pressure and incentives to 
localize value chains, may disrupt, rather than secure, med-
ical supplies (Longo, 2020). In relation to such devices, gov-
ernments should employ unilateral and multilateral trade 
agreements to secure supply via global (quadrant-4) and re-
gional (quadrant-2) value chains. The critical importance of 
speedy and reliable supply assigns heightened importance 
to trade agreements that affect the costs and speed of cross-
ing borders. Government trade policies shape firms’ pref-
erences towards local, regional or global value-chains, and 
these policies should be employed to incentivize firms to 
make choices that are aligned with the rationale of Figure 1. 

In addition to national governments, there is also an 
important role for international organizations. Cyclical de-
mand for medical devices that sprung up at different times 
in different countries, and the strong imperative of speed 
to market, assign critical roles for international organiza-
tions in pulling capabilities from around the world to re-
spond to global pandemics. The WHO is the apparent con-
tender for centrally administrating production and supply 
that would level out mismatches between supply and de-
mand on a global scale. The WHO, perhaps in collaboration 
with the WTO, should also oversee the introduction of lib-
eral trade policies to eliminate these mismatches, and as-
sign medical devices special status in trade agreements that 
is aligned with their distinctive attributes (Table 1). 

The nuanced approach advanced in this paper towards 
the organization of production offers tools for thinking 
about this issue in other sectors and industries, notably 
those characterized by cyclical and unpredicted demand 
that must be fulfilled instantly, for instance, the defense 

sector. It also calls for re-thinking of the comparative ad-
vantages that affect the organization of production and 
structure of value chains to include countries’ geographic 
locations in relation to markets and flexibility of production 
capacity, as they relate to industrial structure and the na-
ture of labor markets across countries. 
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