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Key Messages

= The longstanding inequity in access to
supplemental medical oxygen therapy became
particularly critical in the face of the COVID-19
pandemic.

= Supplemental medical oxygen is an important
indicator of the success of the global pandemic
response, given that it is the single most
important medication for treating COVID-19.

= |mprovements in medical oxygen supply must be
prioritized to prevent unnecessary morbidity and
mortality.

= Expedited solutions must be balanced with locally
led and context-specific sustainability planning
that consider durable, meaningful change in
oxygen sourcing and supply infrastructures.
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Il INTRODUCTION

y the end of 2021, the World Health Organization

(WHO) had reported more than 6.2 million deaths
worldwide due to COVID-19." This is likely not an accu-
rate representation of the true attributable global death
toll, particularly in low- and middle-income countries
(LMICs). Even before the onset of COVID-19, lower
respiratory tract infections or pneumonia remained
the largest cause of death due to communicable dis-
eases worldwide.? Given that a fraction of these deaths
was likely preventable with adequate oxygen therapy,
there has been a longstanding but urgent need to as-
sess and radically alter the mechanisms for oxygen
supply. Thus, the goal of creating equitable, universal
access to the “single most important medicine” for treat-
ing COVID-19” has been at the core of the current crisis
response and will remain crucial to ultimately achieve the
Sustainable Development Goals.*

The preexisting deficit of medical oxygen in resource-
limited settings has been markedly compounded by the
COVID-19 pandemic.”® Together, oxygen-requiring pa-
thologies like pneumonia, chronic obstructive pulmonary
disease, pulmonary hypertension, asthma, and neonatal
respiratory syndrome account for 1.75 million deaths an-
nually in sub-Saharan Africa (SSA).” While needs have
varied across epidemiological waves, the WHO esti-
mates that approximately 15%-20% of patients with
COVID-19 illness require supplemental oxygen therapy.®
Furthermore, a 10-country retrospective analysis in
Africa showed that among COVID-19 patients in inten-
sive care units, 50% of patients died without supplemen-
tal oxygen.” Not accounting for treatment of other
oxygen-requiring conditions, the estimated daily need
for oxygen in the treatment of COVID-19 cases in LMICs
at the end of 2021 remained at more than 1 million oxy-
gen cylinders per day.'® Additionally, many LMICs in SSA
have also been disproportionately affected by inequity
in access to vaccines and basic medical supplies (e.g.,
face masks). Given that vaccines lower the risk of virus
progression and face masks, social distancing, and other
measures slow virus spread, these additional inequities
likely intensified the mismatch between oxygen capa-
city and demand in these contexts. Furthermore, a re-
cent United Nations Development Programme analysis
estimates that if low-income countries had the same
vaccination rates as high-income countries (HICs), their
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Currently, much of
the oxygen
provided at health
facilities in LMICs
is through the use
of cylinders and
concentrators due
to limitations in
LOX avdailability or
its prohibitive
costs.

GDP would have increased by US$16.27 billion in
2021, demonstrating the widening gap across de-
velopment areas."'

And so, adequacy of oxygen supply must also
be coupled with training regarding appropriate
oxygen use, adequate health care staffing, moni-
toring equipment, personal protective equipment,
vaccination, and other essential interventions
to meaningfully address the existing inequities
across contexts during the COVID-19 pandemic
and beyond. Yet, examination of oxygen supply
mechanisms and responses remains a critical indica-
tor for overall health system development.

B OXYGEN SUPPLY MECHANISMS

Official standards require medical grade oxygen to
be at least 82% oxygen, significantly more con-
centrated than the atmospheric partial pressure of
21%.'? This concentration of medical-grade oxy-
gen is created at many different scales and with
many different methods worldwide.

Currently, most HICs maintain ongoing oxy-
gen supplies through the use of massive commercial
air separation unit (ASU) plants that cryogenically
distill oxygen into its liquid form."> This liquid oxy-
gen (LOX) can then be stored and delivered by tank-
er to facilities for most oxygen needs. This supply is
often augmented by stores of oxygen cylinders at fa-
cilities as backup in case of tank failure.'*'> While
medical oxygen can be produced in large quantities
by this method, the system requires financial and in-
dustrial investment up-front, as well as sufficient in-
frastructure to transport the highly flammable
substance, store it in large tanks at health facilities,
and ultimately pipe it to end users within the facili-
ties. Demand for medical oxygen increased substan-
tially in HICs during the pandemic. In some regions
of Italy, consumption of oxygen increased by 3 times
during the pandemic.'”> However, partnerships be-
tween the commercial suppliers and medical au-
thorities in many HICs have been quick to respond
to this surge in demand with rapid installation of
new pipelines and storage tanks, as well as training
of military and private haulers to upscale delivery
personnel."®

Unsurprisingly, the density of LOX-producing
ASU plants in most LMICs is significantly lower.
In fact, a 2019 report cited that only 10 countries
comprised more than 80% of the total exports
of LOX worldwide.'” And although there are
50 cryogenic ASUs producing LOX in SSA, most
products are utilized in industries such as mining,
not health care, and requisite built infrastructure
for use in health care facilities remains lacking.”
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Additionally, transportation resources are limited
to get LOX from production sites to health care set-
tings, as this requires large trucks driving flamma-
ble material over poorly maintained roads. Some
LMICs import medical oxygen; however, high prices
have made this option prohibitive.'®

As such, dependence on this method of oxy-
gen supply is often not feasible, and pressure
swing adsorption (PSA) plants are the main alter-
native plant source. However, the scale of produc-
tion is smaller: ASUs can produce up to or even
more than 5,000 tons per day of oxygen while
PSAs and other non-cryogenic air separation
methods can typically only produce up to 500 tons
per day of oxygen.'” Like ASUs, these stand-alone
PSA plants create medical-grade oxygen that can be
piped directly to patient care areas or compressed
and stored in cylinders. Often located on-site at
larger health facilities or at strategic locations
when commercial, the PSA plants require sizeable
up-front financial investment, ongoing mainte-
nance, and a reliable, uninterrupted electrical pow-
er source. Traditionally larger and more complex,
PSA plants that are condensed, skid-mounted, and
easy to install have more recently become available
on the market.'” However, additional resources are
required to keep these plants functional, including
workforce capacity and support (including training
for both biomedical technicians and health care
workers), equipment (including spare parts), and
ongoing support with access to experts (e.g., for
complex repairs). Given that the WHO has estimat-
ed that only 28% of health facilities and 34% of
hospitals in SSA have access to reliable electricity,
facility-based PSA use may prove challenging in
certain contexts.*’

Currently, much of the oxygen provided at
health facilities in LMICs is through the use of
cylinders and concentrators due to limitations in
availability or prohibitive cost of LOX. Cylinders of
oxygen, compressed from either LOX or gas plants,
must be transported to end users from central produc-
tion plants. They are widely regarded as the lowest
initial capital cost option and thought to be easier to
use than concentrators. Additionally, these can be
used during power outages and have minimal main-
tenance. Though high oxygen flow rates, necessary
for the treatment of severe respiratory conditions,
can be achieved by the use of cylinders, the supply
is exhaustible and requires frequent refills.
Furthermore, transportation challenges and re-
stricted patient use (only 1 cylinder per patient,
ideally) may outweigh any initial savings.*'

In contrast, concentrators are sources of
medical-grade oxygen that can be used directly
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for end users as long as there is constant electricity
and maintenance with which to run them.
Concentrators are a mainstay for oxygen provision
in many LMICs, as well as for many emergency re-
sponse efforts, given that they are relatively cheap,
easy to transport/maintain, and require low to
moderate amounts of training to use.”' However,
concentrators do have noteworthy problems. First,
compared to conventional PSA plants producing
flow rates of 8-2,500 liters per minute of oxygen at
pressures of 50 psi, concentrators typically deliver
flow rates of 3—12 liters per minute of oxygen with
pressures of less than 19 psi.?? Therefore, the flow
rates and delivery pressures of concentrators are
often too low for treatment of severe disease, and
they are not scalable for the treatment of many
patients at once.'” A study of 11 health care facili-
ties in rural Kenya showed that facilities had a me-
dian of 7 power outages per week with a median
duration of 17 minutes, with the longest outage be-
ing more than 6 days.?” It was also estimated that
32% of patients had oxygen interruption on aver-
age of 11 minutes (interquartile range: 9-20), and
backup cylinders were only used in 28% of cases.”’
Beyond electrical interruptions, the efficacy of
concentrator use can be limited by improper or
unavailable maintenance. A recent publication
evaluated the oxygen equipment in southwest
Nigeria and found that of 57 concentrators, only
2 were “fit for use,” with most blowing room air
and not medical oxygen.**

B THE CURRENT STATE OF OXYGEN
SUPPLY IN SSA

More than 10 years ago, in the wake of the influ-
enza A (HIN1) pandemic, a survey of 12 countries
in SSA using the WHO Tool for Situation Analysis
to Assess Emergency and Essential Surgical Care
demonstrated that less than 50% of surveyed
facilities had uninterrupted access to oxygen
and less than 25% had a functioning oxygen
concentrator.?' These findings heralded the ur-
gent need for investment and attention in the
space to prepare for the next influenza-like
pandemic.?!

Although data on country-specific oxygen ca-
pacity and therapy delivery remains largely lack-
ing in LMICs, there are a few reports that shed
light on the current state. It is essential to note
that most of these reports only assessed if there
was oxygen available, not the quality of the oxy-
gen supply being utilized. Therefore, it is possible
that even these reports on availability overesti-
mate true measures of access. Unfortunately, the
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evidence suggests that the oxygen gap remains
particularly wide for LMICs in SSA.?

Service provision assessment responses from
the Democratic Republic of the Congo for
2016-2017, Senegal for 2014-2017, Malawi
for 2013-2014, and Tanzania for 2014-2015 found
that less than half of facilities (secondary-level facil-
ities, health centers, and clinics) had both continu-
ous power and available oxygen.?®?” Researchers
also noted that less than 7% of facilities responded
to surveys in these countries, raising concerns that
oxygen may be even more limited than suggested
in their findings.?® Similarly, the Ethiopia Federal
Ministry of Health reported in 2016 that only
62% of hospitals in the country had a sufficiently
equipped/filled oxygen cylinder or functional
concentrator available for consumption in the
inpatient pediatric department and only 14% had
staff properly trained to provide oxygen therapy.
Approximately 90% of health facilities assessed
had electrical power interruptions of 2 hours or
more in the week prior to assessment. Of the
hospitals providing oxygen therapy, more than
90% reported use of cylinders and/or concentra-
tors, while only 2% reported use of plant-
sourced oxygen.?®

A more recent 2021 PATH report primarily
conducted in Kinshasa, Democratic Republic of
the Congo, found that 40% of 93 surveyed facili-
ties—including tertiary-level hospitals, provincial
hospitals, general hospitals, and health centers—
still did not offer oxygen therapy.?” When investi-
gated further, these data also showed that 13 of
the 47 facilities with intensive care units did not
have oxygen therapy available.?’ This particular
finding underscores that even many facilities car-
ing for critically ill patients lack medical oxygen for
treatment.”®

B THE GLOBAL RESPONSE TO THE
OXYGEN CRISIS

In the wake of renewed attention to this long-
standing global emergency during the current
COVID-19 crisis, many large multinational orga-
nizations have integrated oxygen-specific planning
into their overall pandemic response strategies.
However, the success in implementation and ef-
fectiveness of these responses is yet to be fully
known.

In 2021, the COVID-19 Oxygen Emergency
Taskforce was created as a collaboration between
9 organizations, including the WHO, under the
broader umbrella of the Access to COVID-19 Tools
Accelerator Therapeutics Pillar. The task force

The evidence
suggests that the
oxygen gap
remdins
particularly wide
for LMICs in SSA.
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Many countries
have initiated
national oxygen
programs to
address the
ongoing oxygen
shortfall.

was established with the goal of “measuring acute
and longer-term oxygen needs in LMICs; connect-
ing countries to financing partners for their
assessed oxygen requirements; and supporting the
procurement and supply of oxygen, along with re-
lated products and services.”’® Additionally, sec-
ondary goals were to address “the need for
innovative market-shaping interventions” and ad-
vocacy efforts regarding oxygen access.’® The task
force selected 20 countries to target in initial efforts
by matching national needs with World Bank and
Global Fund financing.’® Under this task force, the
Clinton Health Access Initiative and Unitaid spear-
headed groundbreaking, cooperative memoranda
of understanding with 2 major global LOX manu-
facturers, Air Liquide and Linde, to increase access
to medical oxygen in LMICs.”! However, this
agreement is nonbinding, and the impact will re-
quire further investigation.

UNICEF describes its response as 3-pronged:
direct donations, oxygen system building, and in-
novation fast-tracking. Since the pandemic began,
UNICEF launched the Oxygen Therapy Project to
provide national governments with practical tools
for building systems with planning and procure-
ment guidance manuals, as well as technical sup-
port for installing equipment and training staff.'?
For example, in Sierra Leone, UNICEF deployed
biomedical engineers to complete a stalled instal-
lation of an oxygen plant in a strategic facility and
solicited PSA suppliers to install and maintain
3 more plants across the country.’? The project
is coupled with UNICEF’s preexisting SPRINT
(Scaling Pneumonia Response InnovaTions)
Project that began in 2018 but has been reempha-
sized during the pandemic. The SPRINT Project
provides country-level triaging tools to assess
capacity and bottlenecks in critical interventions
for treating respiratory illness. In countries like
Ghana and Senegal, where SPRINT had been
piloted before 2020, key pieces of the oxygen sup-
ply and procurement network had already been
addressed, allowing increased ability to withstand
the surges in demand.’” In addition, UNICEF has
organized several workgroups to accelerate the
development of technologies for use in low-
resource environments, such as handheld pulse
oximeters, more durable concentrators, and an
all-in-one PSA kit called an “Oxygen Plant in a
Box.”!?

Similarly, PATH had established a robust Oxygen
Delivery Toolkit before the onset of the COVID-19
pandemic but has since rapidly expanded its avail-
able resources. The toolkit includes overviews of
oxygen delivery business models, respiratory care
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procurement options, a list of sub-Saharan African
respiratory care equipment distributors, market
reports, training resources, and facility assessment
resources, as well as many global and country-
specific policies, protocols, and tools that can be
readily adapted.’*

Médecins Sans Frontieres (MSF) has approached
oxygen procurement in a targeted, context-specific
fashion true to their embedded response tactics in
over 700 health care facilities, 900 retirement and
nursing homes, and 200 sheltering facilities world-
wide.” For example, in the Democratic Republic of
the Congo, MSF has utilized novel approaches to
cylinder-based oxygen delivery at a large COVID-19
treatment facility in Kinshasa by creating a central
bank of cylinders that prevents time-intensive bed-
side tank changes and decreases the incidence of hyp-
oxemia in patients secondary to depleted oxygen
supplies going unnoticed.” Additionally, MSF has led
efforts to identify multiple suppliers of medical-grade
oxygen in the region to ensure continuous sourcing.”

Beyond macro-level response strategies, many
organizations have given direct donations to aug-
ment oxygen capacity immediately. For example,
UNICEF announced donations of over 20,000 con-
centrators, 42,000 accessories (pulse oximeters,
flow splitters, etc.), and 1 million consumables (na-
sal cannulas, tubing, etc.) across 94 countries be-
tween January 2020 and May 2021.'2 The United
Kingdom and WHO provided South Sudan with
160 oxygen concentrators, while also pledging to
build a new oxygen plant at a referral teaching facil-
ity.”> Similarly, the U.S. Agency for International
Development donated 4 oxygen plants and 28 oxy-
gen concentrators to Ghana.>®

Many countries have also initiated national
programs alongside the acceptance of directed
donations from international partners to ad-
dress the ongoing oxygen shortfall. In Nigeria,
for example, the national government pledged
US$16.9 million to build oxygen plants at 38 sites.
The government is also utilizing the Nigerian Air
Force to support oxygen transportation efforts in
the interim.>’

Other countries are benefiting from public-
private partnerships and localized efforts. Ethiopia’s
Ambhara Region Oxygen Centre, a joint effort be-
tween the Federal Ministry of Health, the Amhara
Regional Health Bureau, General Electric, and Assist
International, is now providing the region with reli-
able oxygen from 2 plants commissioned just before
the pandemic.’® In Kenya, Hewatele, a private com-
pany founded in 2014, seeks to lower the cost of oxy-
gen to health care facilities by investing in small
oxygen plants in rural areas.’” Since the pandemic
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began, Hewatele has promised a new US$15 million
investment to expand its “milkman” model of oxygen
delivery and to build a LOX plant.*®

B CHALLENGES

Despite these efforts, a variety of barriers have
hindered rapid upscaling of oxygen delivery in
LMICs to date. With such preexisting scarcity of
local oxygen production in LMICs in SSA, it is no
surprise that cost has dramatically risen during the
pandemic. Stein et al. describe the cost of oxygen
in SSA as prohibitive, noting that the cost of oxy-
gen typically used by 1 adult patient in 24 hours
can reach up to US$100 in Somalia.>” MSF has cit-
ed similar cost increases across other global re-
sponse contexts, noting that the private sector
controls most oxygen plants in countries where
they are working.? This pattern raises concern re-
garding oversight mechanisms to prevent price-
gouging in times of crisis in monopoly markets.

Although there are ongoing decentralization
efforts to increase oxygen access at the provincial
and district levels in many SSA countries, both
the funding mechanisms and actual installation
of oxygen plants can be slow. These delays are fur-
ther compounded in contexts where staff need ex-
tensive training to run and maintain plants, as
well as to transport the oxygen once produced.
Even once new plants are built, the relatively low
overall density of plants requires oxygen to be
transported longer distances than in most HICs.
Unfortunately, basic infrastructure such as road
maintenance, inconsistent fuel availability and
cost, and high rates of traffic accidents may pre-
vent rapid, safe, and reliable delivery.*'

While some direct donations of oxygen resources
have included disproportionate numbers of venti-
lators or other invasive devices, which demon-
strates a lack of understanding of the realities of
many resource-limited environments, most have
focused on shipments of oxygen concentrators.
However, oxygen concentrators often require
uninterrupted electricity to run, which isn't
always accessible, and may be further affected by
temperature and humidity. These response efforts
are also largely dependent on external donor
funding. While capital investments in equipment
and installation are critical, not all have included in-
tentional planning for the inevitable workforce and
logistical infrastructure needed for ultimate service
delivery. As a result, some critics are calling for im-
proved efforts to “align global-development-partner-
supported commodity procurement with country
realities to enable delivery of the highest value
interventions.”*?
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B CONCLUSION

With the acknowledgment that oxygen supply
cannot be the singular focus of the response to
meaningfully impact person-centered outcomes
in this pandemic and the next, it is a valuable indi-
cator for the success of the global response, given
the consensus that it is the single most important
medication for the treatment of COVID-19.

For too long, and as demonstrated in recent
Ebola virus disease outbreaks, valid criticism has
centered on the Global North’s focus on humani-
tarian efforts to prevent the spread of infectious
diseases at the expense of therapeutic interven-
tions and strengthening of health care systems.
The global community has a collective responsibil-
ity to support local and national partners whose
oxygen capabilities have been overwhelmed by
COVID-19 and other cascading crises in a timely,
effective, equitable, collaborative, and responsible
manner that strengthens local capacity.

As the pandemic lingers and parts of the world
begin to enter recovery phases in the disaster cy-
cle, long-term strategic response and recovery
must ensure meaningful change in oxygen sourc-
ing and supply infrastructures, such that medical
oxygen can continue to be reliably available for
all patients requiring it in the current crisis, at
baseline for a multitude of other conditions, and
in future disasters worldwide.**

All nations must prioritize these efforts to in-
crease oxygen availability, but these immediate
interventions must be balanced with sustainability
planning that is locally led and context- and
resource-specific. Equal emphasis on the accom-
panying training, technology, infrastructural, gov-
ernance, and financial investments will be needed
for full realization of universal accessibility to
medical oxygen. And so, while the global response
to oxygen provision during the COVID-19 pan-
demic has thus far proved insufficient, the global
call to action spurred by the pandemic must be
heeded to avoid repeating the inaction that fol-
lowed the HIN1 pandemic.

Author contributions: MR conceived, designed, and drafted the article.
SW contributed to critical revisions of the article. All named authors have
approved of the version to be published and have agreed to be
accountable for all aspects of the work.

Competing interests: None declared.

B REFERENCES

1. WHO Coronavirus (COVID-19) Dashboard. World Health
Organization; 2021. Accessed January 19, 2023. https://covid19.
who.int/

The global
community has

a collective
responsibility to
support local and
national partners
in timely, effective,
equitable,
collaborative, and
responsible
manner that
strengthens local
capacity for those
whose oxygen
capabilities

have been
overwhelmed.


https://covid19.who.int/
https://covid19.who.int/
http://www.ghspjournal.org

Oxygen Inequity in the COVID-19 Pandemic and Beyond

www.ghspjournal.org

. Global Health Estimates. World Health Organization; 2020.

Accessed January 19, 2023. htips:/ /www.who.int/data/global-
health-estimates

. Médecins Sans Frontiéres (MSF). Gasping for Air: The Deadly

Shortages in Medical Oxygen for COVID-19 Patients. MSF Briefing
Paper. MSF; 2021. Accessed January 19, 2023. https://www.msf.
org/sites/default/files/2021-05/Gasping%20for%20Air-The%
20deadly%20consequences%200f%200xygen%20shortages_
2021 pdf

. United Nations (UN). The Sustainable Development Goals Report

2021.UN; 2021. Accessed January 19, 2023. https://unstats.un.
org/sdgs/report/2021/

. Duke T, Wandi F, Jonathan M, et al. Improved oxygen systems for

childhood pneumonia: a multihospital effectiveness study in Papua
New Guinea. Lancet. 2008;372(9646):1328-1333. CrossRef.
Medline

. Lam F, Stegmuller A, Chou VB, Graham HR. Oxygen systems

strengthening as an intervention to prevent childhood deaths due to
pneumonia in low-resource seftings: systematic review, meta-
analysis and cost-effectiveness. BMJ Glob Health. 2021;6(12):
€007468. CrossRef. Medline

. Institute for Transformative Technologies (ITT), Oxygen Hub. Closing

the Medlical Oxygen Gap in Sub-Saharan Africa: A Case for a
Decentralized Hub-Spoke Network of Pressure Swing Adsorption
Plants. ITT/Oxygen Hub; 2021. Accessed January 19, 2023.
https:/ /oxygenhub.org/wp-content/uploads/2021/01/
ClosingO2GapinSSA.pdf

. World Hedlth Organization (WHO). Living Guidance for Clinical

Management of COVID-19. WHO; 2021. Accessed January 19,
2023. https:/ /www.who.int/publications/i/item/WHO-2019-
nCoV-clinical-2021-2

. Biccard BM, Gopalan PD, Miller M, et al; African COVID-19 Critical

Care Outcomes Study (ACCCOS) Investigators. Patient care and
clinical outcomes for patients with COVID-19 infection admitted to
Alfrican high-care or infensive care units (ACCCOS): a multicentre,
prospective, observational cohort study. Lancet. 2021;397
(10288):1885-1894. CrossRef. Medline

. COVID-10 Oxygen Needs Tracker. COVID-19 Respiratory Care

Response Coordination partnership; 2021. Accessed January 19,
2023. hitps:/ /www.path.org/programs/market-dynamics/covid-
19-oxygen-needs-fracker/

. Impact of vaccine inequity on economic recovery. United Nations

Development Programme. Updated February 2022. Accessed
January 19, 2023. hitps:/ /data.undp.org/vaccine-equity-archive/
impact-of-vaccine-inequity-on-economic-recovery-2022/

. Three ways UNICEF provides oxygen. UNICEF. May 19, 2021.

Accessed January 19, 2023. https:/ /www.unicef.org/supply/

stories/three-ways-unicef-provides-oxygen

. Smith L, Baker T, Demombynes G, Yadav P. COVID-19 and Oxygen:

Selecting Supply Options in LMICs That Balance Immediate Needs
with Long-Term Cost-Effectiveness. Center for Global Development;
2020. Accessed January 19, 2023. https://www.cgdev.org/sites/
default/files/Covid-19-and-Oxygen.pdf

. Suran M. Preparing hospitals’ medical oxygen delivery systems for a

respiratory “twindemic”. JAMA. 2022;327(5):411-413. CrossRef.
Medline

. Baiys M, Brodawka E, Korzeniewska A, Szczurowski J, Zaredbska K.

LCA and economic study on the local oxygen supply in Central
Europe during the COVID-19 pandemic. Sci Total Environ.
2021;786:147401. CrossRef. Medline

. Raquet J. Covid-19 versus oxygen supply — the status on supply and

demand. Gasworld. April 3, 2020. Accessed January 19, 2023.
https:/ /www.gasworld.com/covid-19-versus-oxygen-supply/
2018807.article

Global Health: Science and Practice 2023 | Volume 11 | Number 1

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Hussein M, Chughtai A. How is medical oxygen, vital for COVID-19

patients, produced? Al Jazeera. May 11, 2021, Accessed January 19,
2023. htips:/ /www.aliazeera.com/news/2021/5/11/covid-19-
why-how-and-when-is-medical-oxygen-used

. Davies M, Onwuzoo A, Mednick S. Fighting for breath: how the

medical oxygen industry is failing African hospitals. The Guardian.
August 10, 2020. Accessed January 19, 2023. https:/ /www.
theguardian.com/global-development/2020/aug/10/fighting-for-
breath-how-the-medical-oxygen-industry-is-failing-african-hospitals

. Air separation. Matheson: The Gas Professionals. Accessed

January 19, 2023. https://www.mathesongas.com/plants-
and-engineering/air-separation/

World Health Organization (WHO), World Bank. Access to Modern
Energy Services for Health Facilities in Resource-Constrained
Settings: A Review of Status, Significance, Challenges and
Measurement. WHO; 2014. Accessed January 19, 2023. https://
apps.who.int/iris/bitstream/handle/10665/156847/
9789241507646 _eng.pdf

Belle J, Cohen H, Shindo N, et al. Influenza preparedness in low-
resource seftings: a look at oxygen delivery in 12 African countries.

JInfect Dev Ciries. 2010;4(7):419-424. CrossRef. Medline

Knackstedt S, Rothkopf A, Obregon S, et al. Oxygen Generation and
Storage. PATH/Clinton Health Access Initiative; 2021. Accessed
January 19, 2023. https://www.path.org/resources/oxygen-
generation-and-storage/

Otiangala D, Agai NO, Olayo B, et al. Oxygen insecurity and mor-
tality in resource-constrained healthcare facilities in rural Kenya.

Pediatr Pulmonol. 2020;55(4):1043-1049. CrossRef. Medline

Bakare AA, Graham H, Ayede Al, et al. Providing oxygen to children
and newborns: a multi-faceted technical and clinical assessment of
oxygen access and oxygen use in secondary-level hospitals in south-
west Nigeria. Int Health. 2020;12(1):60-68. CrossRef. Medline

Kitutu FE, Rahman AE, Graham H, et al. Announcing the Lancet
Global Health Commission on medical oxygen security. Lancet Glob
Health. 2022;10(11):e1551-e1552. CrossRef. Medline

Mangipudi S, Leather A, Seedat A, Davies J. Oxygen availability in
sub-Saharan African countries: a call for data to inform service de-
livery. Lancet Glob Health. 2020,8(9):e1123-e1124. CrossRef.
Medline

Stein F, Perry M, Banda G, Woolhouse M, Mutapi F. Oxygen provi-
sion to fight COVID-19 in sub-Saharan Africa. BMJ Glob Health.
2020;5(6):e002786. CrossRef. Medline

Federal Democratic Republic of Ethiopia. Federal Ministry of Health
(FMOH). National Medical Oxygen and Pulse Oximetry Scale Up Road
Map (2016-2021/21). FMOH; 2016. Accessed January 19, 2023.
http://196.189.110.22/bitstream/handle/123456789/670/1.%
20National%20Medical%200xygen?%20and%20Pulse%200ximetry%
20Scale%20Up%20Road%20Map%20%282016-2021%29%20%
282%29.pdf

PATH. Assessment Report on the Availability of Oxygen and
Biomedical Equipment in Health Facilities, City Province of Kinshasa,
DRC, Facility Survey Report. PATH; 2021. Accessed January 19,
2023. https:/ /www.path.org/resources/assessment-report-
availability-oxygen-and-biomedical-equipment-health-facilities-
city-province-kinshasa-drc-facility-survey-report/

COVID-19 oxygen emergency impacting more than half a million
people in low- and middle-income countries every day, as demand
surges. World Health Organization. February 25, 2021. Accessed
January 19, 2023. https://www.who.int/news/item/25-02-2021-
covid-19-oxygen-emergency-impacting-more-than-half-a-million-
people-in-low—-and-middle-income-countries-every-day-as-
demand-surges

Unprecedented cooperation with global oxygen suppliers paves way
to increase access for low- and middle-income countries to address

COVID-19 crisis. Unitaid. June 15, 2021. Accessed January 19,


https://www.who.int/data/global-health-estimates
https://www.who.int/data/global-health-estimates
https://www.msf.org/sites/default/files/2021-05/Gasping%20for%20Air-The%20deadly%20consequences%20of%20oxygen%20shortages_2021.pdf
https://www.msf.org/sites/default/files/2021-05/Gasping%20for%20Air-The%20deadly%20consequences%20of%20oxygen%20shortages_2021.pdf
https://www.msf.org/sites/default/files/2021-05/Gasping%20for%20Air-The%20deadly%20consequences%20of%20oxygen%20shortages_2021.pdf
https://www.msf.org/sites/default/files/2021-05/Gasping%20for%20Air-The%20deadly%20consequences%20of%20oxygen%20shortages_2021.pdf
https://unstats.un.org/sdgs/report/2021/
https://unstats.un.org/sdgs/report/2021/
https://doi.org/10.1016/S0140-6736(08)61164-2
http://www.ncbi.nlm.nih.gov/pubmed/18708248
https://doi.org/10.1136/bmjgh-2021-007468
http://www.ncbi.nlm.nih.gov/pubmed/34930758
https://oxygenhub.org/wp-content/uploads/2021/01/ClosingO2GapinSSA.pdf
https://oxygenhub.org/wp-content/uploads/2021/01/ClosingO2GapinSSA.pdf
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2021-2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2021-2
https://doi.org/10.1016/S0140-6736(21)00441-4
http://www.ncbi.nlm.nih.gov/pubmed/34022988
https://www.path.org/programs/market-dynamics/covid-19-oxygen-needs-tracker/
https://www.path.org/programs/market-dynamics/covid-19-oxygen-needs-tracker/
https://data.undp.org/vaccine-equity-archive/impact-of-vaccine-inequity-on-economic-recovery-2022/
https://data.undp.org/vaccine-equity-archive/impact-of-vaccine-inequity-on-economic-recovery-2022/
https://www.unicef.org/supply/stories/three-ways-unicef-provides-oxygen
https://www.unicef.org/supply/stories/three-ways-unicef-provides-oxygen
https://www.cgdev.org/sites/default/files/Covid-19-and-Oxygen.pdf
https://www.cgdev.org/sites/default/files/Covid-19-and-Oxygen.pdf
https://doi.org/10.1001/jama.2021.23392
http://www.ncbi.nlm.nih.gov/pubmed/35019960
https://doi.org/10.1016/j.scitotenv.2021.147401
http://www.ncbi.nlm.nih.gov/pubmed/33964772
https://www.gasworld.com/covid-19-versus-oxygen-supply/2018807.article
https://www.gasworld.com/covid-19-versus-oxygen-supply/2018807.article
https://www.aljazeera.com/news/2021/5/11/covid-19-why-how-and-when-is-medical-oxygen-used
https://www.aljazeera.com/news/2021/5/11/covid-19-why-how-and-when-is-medical-oxygen-used
https://www.theguardian.com/global-development/2020/aug/10/fighting-for-breath-how-the-medical-oxygen-industry-is-failing-african-hospitals
https://www.theguardian.com/global-development/2020/aug/10/fighting-for-breath-how-the-medical-oxygen-industry-is-failing-african-hospitals
https://www.theguardian.com/global-development/2020/aug/10/fighting-for-breath-how-the-medical-oxygen-industry-is-failing-african-hospitals
https://www.mathesongas.com/plants-and-engineering/air-separation/
https://www.mathesongas.com/plants-and-engineering/air-separation/
https://apps.who.int/iris/bitstream/handle/10665/156847/9789241507646_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/156847/9789241507646_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/156847/9789241507646_eng.pdf
https://doi.org/10.3855/jidc.859
http://www.ncbi.nlm.nih.gov/pubmed/20818088
https://www.path.org/resources/oxygen-generation-and-storage/
https://www.path.org/resources/oxygen-generation-and-storage/
https://doi.org/10.1002/ppul.24679
http://www.ncbi.nlm.nih.gov/pubmed/32040889
https://doi.org/10.1093/inthealth/ihz009
http://www.ncbi.nlm.nih.gov/pubmed/30916340
https://doi.org/10.1016/S2214-109X(22)00407-7
http://www.ncbi.nlm.nih.gov/pubmed/36162427
https://doi.org/10.1016/S2214-109X(20)30298-9
http://www.ncbi.nlm.nih.gov/pubmed/32628909
https://doi.org/10.1136/bmjgh-2020-002786
http://www.ncbi.nlm.nih.gov/pubmed/32532759
http://196.189.110.22/bitstream/handle/123456789/670/1.%20National%20Medical%20Oxygen%20and%20Pulse%20Oximetry%20Scale%20Up%20Road%20Map%20%282016-2021%29%20%282%29.pdf
http://196.189.110.22/bitstream/handle/123456789/670/1.%20National%20Medical%20Oxygen%20and%20Pulse%20Oximetry%20Scale%20Up%20Road%20Map%20%282016-2021%29%20%282%29.pdf
http://196.189.110.22/bitstream/handle/123456789/670/1.%20National%20Medical%20Oxygen%20and%20Pulse%20Oximetry%20Scale%20Up%20Road%20Map%20%282016-2021%29%20%282%29.pdf
http://196.189.110.22/bitstream/handle/123456789/670/1.%20National%20Medical%20Oxygen%20and%20Pulse%20Oximetry%20Scale%20Up%20Road%20Map%20%282016-2021%29%20%282%29.pdf
https://www.path.org/resources/assessment-report-availability-oxygen-and-biomedical-equipment-health-facilities-city-province-kinshasa-drc-facility-survey-report/
https://www.path.org/resources/assessment-report-availability-oxygen-and-biomedical-equipment-health-facilities-city-province-kinshasa-drc-facility-survey-report/
https://www.path.org/resources/assessment-report-availability-oxygen-and-biomedical-equipment-health-facilities-city-province-kinshasa-drc-facility-survey-report/
https://www.who.int/news/item/25-02-2021-covid-19-oxygen-emergency-impacting-more-than-half-a-million-people-in-low--and-middle-income-countries-every-day-as-demand-surges
https://www.who.int/news/item/25-02-2021-covid-19-oxygen-emergency-impacting-more-than-half-a-million-people-in-low--and-middle-income-countries-every-day-as-demand-surges
https://www.who.int/news/item/25-02-2021-covid-19-oxygen-emergency-impacting-more-than-half-a-million-people-in-low--and-middle-income-countries-every-day-as-demand-surges
https://www.who.int/news/item/25-02-2021-covid-19-oxygen-emergency-impacting-more-than-half-a-million-people-in-low--and-middle-income-countries-every-day-as-demand-surges
http://www.ghspjournal.org

Oxygen Inequity in the COVID-19 Pandemic and Beyond

www.ghspjournal.org

32.

33.

34.

35.

36.

37.

2023. https://unitaid.org/news-blog/unprecedented-cooperation-
global-oxygen-suppliers-june-2021/#en

Oxygen and COVID-19: UNICEF's global, rapid and multi-faceted
approach. UNICEF. November 12, 2020. Accessed January 19,
2023. https://www.unicef.org/supply/stories/ oxygen-covid-19-
unicefs-global-rapid-and-multi-faceted-approach

SPRINT. UNICEF. Accessed January 19, 2023. https:/ /www.unicef.
org/innovation/productinnovation/SPRINT

Oxygen resources: COVID-19 and beyond. PATH. Accessed
January 19, 2023. https:/ /www.path.org/programs/market-
dynamics/covid-19-and-oxygen-resource-library/

WHO and UK hand over 160 oxygen concentrators to support the
Ministry of Health in the fight against COVID-19 in South Sudan.
World Health Organization Africa. July 3, 2020. Accessed January
19, 2023. htips:/ /www.afro.who.int/news/who-and-uk-hand-
over-160-oxygen-concentrators-support-ministry-health-fight-
against-covid-19

Weright A. US invests in oxygen as part of $345m global fight
against Covid-19. Gasworld. September 23, 2021. Accessed
January 19, 2023. https://www.gasworld.com/us-invests-in-
oxygen-as-part-of-345m-global-fight-against-covid-19/
2021789.article

Reuters. Nigeria approves $17m for nationwide oxygen plants amid
Covid-19 surge. CNN. January 22, 2021. Accessed January 19,
2023. https://www.cnn.com/2021/01/22/africa/nigeria-
oxygen-plants-covid-intl/index.html

38.

39.

40.

41

42.

43.

Kruger D. Breathing easier: two new oxygen plants are helping
COVID-19 patients in Ethiopia. General Electric. September 16,
2020. Accessed January 19, 2023. https://www.ge.com/news/
reports/breathing-easier-two-new-oxygen-plants-help-covid-19-
patients-ethiopia

Herbling D. How a ‘milkman model” supplies African hospitals with
cheaper oxygen. Bloomberg News. September 27, 2021. Accessed
January 19, 2023. https:/ /www.bloomberg.com/news/ articles/
2021-09-27 /kenyan-entrepreneur-supplies-african-hospitals-with-
cheaper-oxygen-during-covid

Miriri D, Njehia J. Kenyan oxygen maker to double production as
COVID-19 fuels demand. Reuters. August 12, 2021. Accessed
January 19, 2023. https:/ /www.reuters.com/world/africa/
kenyan-oxygen-maker-double-production-covid-19-fuels-demand-

2021-08-12

. COVID 19 and the oxygen bottleneck. Bull World Health Organ.

2020;98(9):586~587. CrossRef. Medline

Ismail S, Baker T, Baker P, Chalkidou K, Chi YL, Sullivan R.
Strengthening the basics: approaches to COVID-19 care in low-
resource seftings. Center for Global Development blog. April 8,
2020. Accessed January 19, 2023. htips://www.cgdev.org/blog/
strengthening-basics-approaches-covid-19-care-low-resource-
settings

Africa. COVID-19 Global Tracker. Reuters. Updated July 15, 2022.
Accessed January 19, 2023. https://graphics.reuters.com/world-
coronavirus-tracker-and-maps/regions/africa/

Peer Reviewed

Received: August 2, 2022; Accepted: January 17, 2023; First published online: February 10, 2023.

Cite this arficle as: Ross M, Wendel SK. Oxygen inequity in the COVID-19 pandemic and beyond. Glob Health Sci Pract. 2023;11(1):e2200360.
https://doi.org/10.9745/GHSP-D-22-00360

© Ross and Wendel. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 Infernational License (CC BY
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are properly cited. To view
a copy of the license, visit https://creativecommons.org/licenses/by/4.0/. When linking to this article, please use the following permanent link:
hitps://doi.org/10.9745/GHSP-D-22-00360

Global Health: Science and Practice 2023 | Volume 11 | Number 1


https://unitaid.org/news-blog/unprecedented-cooperation-global-oxygen-suppliers-june-2021/#en
https://unitaid.org/news-blog/unprecedented-cooperation-global-oxygen-suppliers-june-2021/#en
https://www.unicef.org/supply/stories/oxygen-covid-19-unicefs-global-rapid-and-multi-faceted-approach
https://www.unicef.org/supply/stories/oxygen-covid-19-unicefs-global-rapid-and-multi-faceted-approach
https://www.unicef.org/innovation/productinnovation/SPRINT
https://www.unicef.org/innovation/productinnovation/SPRINT
https://www.path.org/programs/market-dynamics/covid-19-and-oxygen-resource-library/
https://www.path.org/programs/market-dynamics/covid-19-and-oxygen-resource-library/
https://www.afro.who.int/news/who-and-uk-hand-over-160-oxygen-concentrators-support-ministry-health-fight-against-covid-19
https://www.afro.who.int/news/who-and-uk-hand-over-160-oxygen-concentrators-support-ministry-health-fight-against-covid-19
https://www.afro.who.int/news/who-and-uk-hand-over-160-oxygen-concentrators-support-ministry-health-fight-against-covid-19
https://www.gasworld.com/us-invests-in-oxygen-as-part-of-345m-global-fight-against-covid-19/2021789.article
https://www.gasworld.com/us-invests-in-oxygen-as-part-of-345m-global-fight-against-covid-19/2021789.article
https://www.gasworld.com/us-invests-in-oxygen-as-part-of-345m-global-fight-against-covid-19/2021789.article
https://www.cnn.com/2021/01/22/africa/nigeria-oxygen-plants-covid-intl/index.html
https://www.cnn.com/2021/01/22/africa/nigeria-oxygen-plants-covid-intl/index.html
https://www.ge.com/news/reports/breathing-easier-two-new-oxygen-plants-help-covid-19-patients-ethiopia
https://www.ge.com/news/reports/breathing-easier-two-new-oxygen-plants-help-covid-19-patients-ethiopia
https://www.ge.com/news/reports/breathing-easier-two-new-oxygen-plants-help-covid-19-patients-ethiopia
https://www.bloomberg.com/news/articles/2021-09-27/kenyan-entrepreneur-supplies-african-hospitals-with-cheaper-oxygen-during-covid
https://www.bloomberg.com/news/articles/2021-09-27/kenyan-entrepreneur-supplies-african-hospitals-with-cheaper-oxygen-during-covid
https://www.bloomberg.com/news/articles/2021-09-27/kenyan-entrepreneur-supplies-african-hospitals-with-cheaper-oxygen-during-covid
https://www.reuters.com/world/africa/kenyan-oxygen-maker-double-production-covid-19-fuels-demand-2021-08-12
https://www.reuters.com/world/africa/kenyan-oxygen-maker-double-production-covid-19-fuels-demand-2021-08-12
https://www.reuters.com/world/africa/kenyan-oxygen-maker-double-production-covid-19-fuels-demand-2021-08-12
https://doi.org/10.2471/BLT.20.020920
http://www.ncbi.nlm.nih.gov/pubmed/33012857
https://www.cgdev.org/blog/strengthening-basics-approaches-covid-19-care-low-resource-settings
https://www.cgdev.org/blog/strengthening-basics-approaches-covid-19-care-low-resource-settings
https://www.cgdev.org/blog/strengthening-basics-approaches-covid-19-care-low-resource-settings
https://graphics.reuters.com/world-coronavirus-tracker-and-maps/regions/africa/
https://graphics.reuters.com/world-coronavirus-tracker-and-maps/regions/africa/
https://doi.org/10.9745/GHSP-D-22-00360
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.9745/GHSP-D-22-00360
http://www.ghspjournal.org

