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Abstract
The COVID-19 pandemic has blurred the traditional distinction between commu-

nicable diseases (CD) and noncommunicable diseases (NCDs). The manifestations
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of COVID-19 range from an asymptomatic carrier state to fatal multiorgan failure.
While initial reports did not report significant effects on the kidneys, it is now well
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bular function defects) in COVID-19 is common and it is also associated with poorer

. . . i outcomes. At the same time, care for patients with existing chronic kidney disease
Blmemauonal .SOClety of Nephrology, (CKD) has suffered during this pandemic and those with CKD are considered to have
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higher risk for severity of COVID-19 symptoms. Widespread lockdowns have af-
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fected the delivery of health care to patients with CKD, including those on dialysis or
on transplant wait-lists. The pandemic has reinforced the need for accessible home-
based therapies and highlighted the value of teleconsultation and remote monitoring
technologies. COVID-19 has revealed the poor emergency preparedness by health
systems around the world. It has underscored glaring inequities in availability of di-

This article is part of the Global Voices

for Prevention of Noncommunicable agnostic tests and essential medications, including that for dialysis. In response, there

Diseases Special Collection has been increasing recognition of the necessity of universal health coverage and in
prioritizing vaccine distribution to serve the most vulnerable, including those with
kidney failure. The COVID-19 pandemic has also reaffirmed the role of the environ-
ment and eco-systems contributing to both CDs and NCDs. Attention to universal
health coverage through a One Health approach is needed to prevent global health

crises and prevent further kidney dysfunction and failure.
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1 | INTRODUCTION known for centuries,! noncommunicable diseases (NCDs)
have gained prominence and taken over as the main causes
of mortality and morbidity over the last 50 years. Amongst
all NCDs, the contribution of chronic kidney disease (CKD)

to the increasing global morbidity and mortality has been

Traditionally, diseases have been categorized as communica-
ble and noncommunicable. While the recognition of health
impacts of infectious/communicable diseases (CDs) has been
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recognized relatively recently. The risk factors of CKD in-
clude other NCDs like diabetes and hypertension, as well as
infections and environmental factors. The interaction between
these factors is becoming increasingly blurred by climate
change and loss of biodiversity which have been implicated
in the recent spate of pandemics including COVID-19.

The long-term effects of COVID-19 on various organ
systems including kidneys are starting to be recognized. The
association between the presence of NCDs (e.g., diabetes,
hypertension, coronary heart disease, respiratory disease,
cancer, and obesity) with increased risk of developing severe
disease and dying was noticed relatively early in the course
of the pandemic. However, the toll that COVID-19 took on
the routine care of patients with pre-existing conditions, in-
cluding those with kidney disease was not understood im-
mediately. The complete short- and long-term impacts of
COVID-19 on health will take more time to be understood
fully.

This manuscript begins by examining the interdepen-
dence of CDs and NCD. Then it provides an assessment of
CKD prior to COVID-19. Next, it reviews the clinical evi-
dence of the effects of COVID-19 on worsening preexisting
kidney conditions and creating new ones. Then it examines
challenges of delivery of in-person and remote care, inequity
in access to diagnostic tests and therapeutics, and pharma-
copolitics. It concludes with lessons for strengthening kid-
ney care through One Health and Universal Health Coverage
(UHC) programs.

2 | COMMUNICABLE AND
NONCOMMUNICABLE DISEASES

The World Health Organization (WHO) Global Health
Observatory (GHO) provides global trends of mortality and
morbidity through the Global Burden of Disease (GBD) pro-
ject, which examined disease prevalence from 1990 to 2017
across 195 countries. The GHO shows that the share of global
deaths due to NCDs increased from 60% in 2000 to 71% in
2016,2 while those due to infectious diseases came down
from ~30% to ~20% over the same period.” The growing im-
pact and awareness of NCDs are reflected in the evolution of
the Millennium Development Goals (MDGs) 2000-2015 that
did not mention NCDs to the Sustainable Development Goals
(SDGs) of 2015-2030 by the WHO and United Nations (UN)
which has a specific indicator related to NCDs.*

Itis becoming increasingly evident that the CDs and NCDs
are intricately intertwined. NCDs can increase predisposition
to infections, worsen the severity of CDs, and increase mor-
tality risk. Particularly devastating is the effect of epidemics
and pandemics through their superimposed and overwhelm-
ing additional morbidity and mortality burden on those with
pre-existing NCDs. The reverse relationship where CDs can

lead to or worsen NCDs also exists. Several observations sup-
port this view: The hepatitis and human papilloma viruses are
causally linked to cancer, streptococcus, hepatitis and human
immunodeficiency virus infections are implicated in kidney
disease, hepatitis in liver disease and so forth.

3 | PRE-COVID STATE

OF AVAILABILITY AND
ACCESSIBILITY OF HEALTH CARE
FOR CKD

CKD is characterized by progressive loss of kidney function,
from the stage of kidney damage with normal function to the
stage of kidney failure that requires treatment by dialysis or
transplantation. Other major consequences of CKD include
heightened risk for cardiovascular disease and infections.’

According to GBD estimates from 2017, CKD affects an
estimated 700 million people (9.1% of the population) around
the world and is the 12th leading cause of death globally.5
Over 2.6 million people around the world with advanced kid-
ney disease were on kidney replacement therapy (KRT) in
2010 in the form of hemodialysis (HD), peritoneal dialysis
(PD), and kidney transplantation (KT). Of greater concern is
the fact that at least 2.3 million people died the same year be-
cause they could not access KRT with the largest number of
people not receiving KRT belonging to low-income countries
in Asia and Africa.®

The current models of healthcare delivery for patients
with CKD, in particular those with advanced stages of the
disease, are centered around hospitals, with nephrologists
being the main care providers. It has been clear for some time,
however, that much of the evaluation and care in early stages
of the disease can be effectively delivered in the community
by non-physician health worker teams. Patients need to reach
out to health facilities only for specialist decisions and ther-
apies, especially as the disease progresses. The penetration
of patient centered home-based modalities of KRT, such as
PD or home HD is relatively poor in the developing world.
Recognizing the need to promote cheaper, patient friendly
modalities, several countries (Hong Kong, Mexico, Thailand,
Indonesia and parts of China) have put in place policies that
prioritize home-based therapies.

The deficiencies and inequities in kidney care worldwide
have been widely documented. The Global Kidney Health
Atlas (GKHA) project, a multinational, cross-sectional sur-
vey as part of its Closing the Gap initiative of the International
Society of Nephrology (ISN) periodically assesses capacity
for kidney care around the world.” GKHA data from 2019 re-
veal that over 90% of people ESKD in low and lower-middle
income countries are not receiving KRT. In the GKHA 2017
survey, low- and middle-income countries (LMICs) reported
most of the cost for medication for dialysis and transplant
coming entirely out of pocket of patients7. The resultant



DIVYAVEER anp JHA

catastrophic out of pocket expenditure often leads in severe
financial crisis and premature interruption in care.® Across
LMICs, about 188 million people experience catastrophic
health expenditure annually as a result of kidney diseases, the
greatest of any disease group.9

4 | COVID-19 AND KIDNEYS

Infection with COVID-19 can range from an asymptomatic
carrier state to a fatal multiorgan failure. Although respira-
tory tract is the main organ system involved, the systemic
nature of the disease is reflected by a severe generalized in-
flammatory state and involvement of other organs.

Initial reports did not identify the kidney involvement in
COVID-19 or notice the impact of pre-existing kidney dis-
ease on COVID-19 and its outcomes. Subsequent studies,
however, established a high frequency of kidney involvement
— manifesting as urinary abnormalities and acute kidney in-
jury (AKI). Further, pre-existing CKD was associated with a
high risk of death due to COVID-19.'” Amongst the Medicare
beneficiaries, those receiving care for ESKD had a 3.5 times
increased risk of death compared to non ESKD beneficiaries.
Other studies have shown a 25% case fatality rate amongst
patients on maintenance dialysis or kidney transplant recipi-
ents who developed COVID-19.'"12

The incidence of AKI in COVID-19 has been variable.
After the first report from Wuhan in which AKI was not re-
ported amongst 116 hospitalized patients,13 observational
studies reported an incidence of 15% to 20%.'* As the pan-
demic spread across continents and more data was available,
evidence emerged of a higher incidence of AKI, up to 50%
amongst critically ill patients. The presence of any degree
of acute kidney injury increased the risk of death due to
COVID-19.""" An interesting phenomenon was the real-
time dissemination of information through non-conventional
channels — such as social media. It was through Twitter that
reports of the high incidence of AKI overwhelming available
resources for kidney replacement therapy were first shared,
even in high income countries.'®'®

The pathogenesis of COVID-19 disease involves binding
of the corona virus to a partner or receptor on surface of cells
called angiotensin converting enzyme 2 receptor (ACE2R),
which is commonly expressed in respiratory organs, heart,
intestines and kidneys. 1 While lungs are the most profoundly
affected, the virus directly enters many other organs includ-
ing the heart and kidneys.zo’21 Cardiac dysfunction secondary
to COVID-19 disease can also predispose to kidney injury.22
The virus also leads to a dysregulation in the function of cells
of the immunological system which leads to a sudden release
in a variety of molecules called cytokines. Another common
abnormality is the overactivity of coagulation pathways,
leading to development of blood clots in many organs.** The
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kidney injury in severe COVID-19 morphologically resem-
bles that found in other infectious disease states. Other pos-
sible mechanisms contributing to AKI include drug induced
kidney damage, hypoxia, rhabdomyolysis, microangiopathy,
hemophagocytosis, and secondary infections.”* A direct role
of the virus in the genesis of kidney injury has been suggested.
In an autopsy series of 26 COVID-19 patients, virus particles
were demonstrated in kidneys on electron microscopy, par-
ticularly in renal tubular epithelium and podocytes.25 Other
studies have found viral RNA and proteins in kidney tissue
and cells using more sophisticated techniques.lg’19

5 | CHALLENGES

5.1 | Delivery of in-person and remote care
during COVID-19

Comprehensive management of COVID-19 and kidney
disease requires access to multiple aspects of health care
including, functioning health care facilities, availability of
specialized healthcare personnel and access to essential med-
ications and diagnostic tests. COVID-19 has presented daunt-
ing challenges for care of people with pre-existing kidney
disease, especially those who need specialized care such as
dialysis or kidney transplantation. In the face of large-scale
lockdowns due to COVID-19 pandemic, access to health
care was severely disrupted worldwide. A number of factors
contributed to temporary closure and isolation of health care
facilities detected with COVID-19 cases, conversion of exist-
ing health care facilities into dedicated COVID care centers,
and widespread suspension of non-emergency procedures
and outdoor consultations. The magnitude of morbidity and
mortality due to lack of availability of timely health care for
other diseases is yet to be truly established. Several reports
have documented the rise in non-COVID deaths during the
pandemic, and the WHO has flagged this as an important
issue.”® The effect of the pandemic on patients on mainte-
nance dialysis in India showed that in the first 3 weeks of the
lockdown, about 30% missed at least one session of dialy-
sis and about 3% needed emergency dialysis.27 Shortage of
supplies such as personal protective equipment and dialysis
consumables due to suboptimal production capacity and in-
terruption of supply chains contributed to care disruption, at
least in the early stages. Outpatient care was also severely
affected, with about 92% reduction in attendance during the
nationwide lockdown.?’

The pandemic has highlighted the advantages of home-
based and remote care. Home-based care like PD is more sus-
tainable in geographically far-flung areas and during natural
calamities.”® These therapies also keep the patients safe from
infection, limit the stress on facilities and protect healthcare
workers. As a consequence of the unprecedented stalling of
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health care services, telemedicine use rose.””3! Telemedicine
is beneficial beyond maintenance of social distancing and a
way to get medical advice but also cuts down travel expenses,
reduces the time spent in travelling and waiting for consulta-
tions and the loss of workdays. In resource-limited countries
with significant rural populations, the impact of telemedicine
in improving the access and quality of delivered health care
to people with chronic conditions, such as CKD, can be par-
ticularly significant. Remote technologies also allow efficient
pooling of services and utilization of scarce human capital
with training in niche areas, such as dieticians, social workers,
psychologists, counsellors, etc.” The extent to which telemed-
icine can replace in-person consultations remains to be estab-
lished, however.

5.2 | Inequity in access to diagnostic tests
COVID has highlighted the unavailability of reliable diagnos-
tic tests in developing countries, both for COVID—19,33’34 as
well as other diseases including kidney diseases. The GKHA
has documented that serum creatinine testing and estimated
glomerular filtration rate (eGFR), two diagnostic tests to
determine the progression of CKD, were available in only
33% and 50% and 0% and 20% of in primary care settings
in low- and lower middle-income countries, respectively.35
These issues translate into delayed diagnosis, loss of oppor-
tunity to reduce or prevent disease progression, late referrals
to nephrologists, and eventually worse outcomes. Even when
they are available, testing methodologies are often not stand-
ardized. For example, creatinine testing using measurement
procedures traceable to international reference materials and
procedures are not universally available. The availability of
other more specialized testing for CKD, including kidney ul-
trasound and biopsies, is even more limited.

5.3 | Inequity in

availability of therapeutic options

The time taken for a newly discovered effective medicine
(drug, technology or vaccine) to become available to all
people in need is long and tedious. This gargantuan task
requires global strategy, strong political will, and interna-
tional collaboration and COOpCI‘atiOH,36 as exemplified by
eradication of diseases like poliomyelitis37 and smallpox.3 8
Yet, a time lag exists for these measures to reach every
individual who might benefit from them. As of now, thera-
peutic drugs for COVID-19, such as Remdesivir, have been
available in only a few countries. Multiple reports have
highlighted the stir created by a lack of transparency in
distribution and accessibility of the drug.***® Vaccines for
protection against Coronavirus infection have just become
available at the time of writing, but the extent to which

they will be accesseible for people in different countries
remains to be seen.

Medication availability for kidney disease is grim in par-
ticular. COVID-19 highlighted several of the fault lines — for
example, interruption in supply chains affected the availabil-
ity of heparin, which is essential for HD. This shortage of
heparin was exploited by the suppliers by inflating its price.

5.4 | Pharmacopolitics

Pharmacopolitics refers to the interactions between the phar-
maceutical industry, government, regulatory bodies, health
professionals, and the public. Priority setting in healthcare,
including pharmaceuticals, is inherently political. Although
primarily the domain of governments and health profession-
als, health policy priorities can be influenced by values and
preferences of the societies, increasingly affected by new
sources of information such as social media and the impact of
the private healthcare industry, especially the pharmaceutical
companies. It is a challenge to find a balance between the
competing claims of profit for the pharmaceutical industry
and the wider public interest.*!

Long before from the current pandemic, pharmacopolitics
affected the care of patients with kidney diseases. Examples
include access to technology-intensive and expensive thera-
pies like dialysis and transplantation, the differential use of
HD and PD around the world, and access to new lifesaving
therapeutic agents. Several health economic studies have es-
tablished the advantages to health systems as well as patients
associated with PD, including its overall cost-effectiveness
and positive impact on patient associated outcomes.*? Despite
this, PD remains underutilized in large parts of the develop-
ing world where it is likely to provide most value for money.
At least some of the effect can be attributed to the impact of
for-profit HD industry and nephrologist preference, driven by
a differential reimbursement system.43 Moreover, the global
PD market is monopolistic with a couple of manufacturers
being able to control pricing and distribution network of
fluid bags. Costs in LMICs are elevated due to import and
transport tariffs, which are passed on to patients. The impor-
tance of local manufacturing in making PD cheaper and more
accessible has been repeatedly stressed,* yet few countries
have taken serious steps in that direction.

Advances in modern medicine are contributing to the
ever-widening therapeutic apartheid. This is particularly
applicable to the ever-expanding list of biological agents,
many already in the market already and others in trials
for several renal indications. Some companies have cho-
sen not to market their products drugs in poor economies
(e.g., eculizumab), perhaps under the fear that the drugs
may be reverse engineered or exported back to high income
country markets. As these treatment options enter clinical
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practice guidelines, the disparity in the ability to access best
evidence-based care becomes institutionalized. The generic
drug industry levels the playing field to some extent by
making medicines available at a lower price, but there are
legitimate issues around the quality of products that might
actually end up harming the populations that use them.*

Global organizations, like the WHO, have recognized the
need for medicines that satisfy the priority health care needs
of the population to be available at all times in adequate
amounts, in the appropriate dosage forms, with assured qual-
ity and adequate information, and at a price the individual
and the communities can afford.* However, national regu-
lations, quality control, allocation of funds, and government
commitments (or lack thereof) are major determinants of
equity around availability of medicines. On the other hand,
global pharmaceutical market strategies, competition, quan-
tity and quality of raw material, maintaining chain of sup-
plies with changing rules and regulations and profitability
produce supply-side (:hallenges.47’48 The well-documented
shortage in supply and poor access to essential medicines
disproportionately affects the vulnerable population in the
developed countries.* In practical terms, inter-governmental
organizations like WHO, act as brokers to ensure LMICs do
not receive inferior quality. Through the SDGs, they aim to
mitigate the influence of pharmaceutical giants, recognize
and correct misaligned profit and public good incentives,
and establish norms for country-level health expenditures to
promote equity and access to essential medications, includ-
ing those for NCDs.

FIGURE 1
health in the context of human diseases.
The communicable (CD), e.g., Covid-19
and non-communicable diseases (NCDs),

The concept of planetary

e.g., Kidney disease are interlinked either
by one predisposing/leading to another and/
or one influencing the severity of another.
Afflictions with both CDs and NCDs are
caused or are modified by environment.
Non-human ecosystems affect the
environment and CDs. All the entities that
affect human health fall under the purview
of planetary health. Alterations in any or
both the ecosystems and environment is
likely to affect both NCDs and CDs

Ecosystems
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Lastly, as COVID-19 vaccines are now already in circula-
tion in some countries and many more in development, phar-
macopolitics are permeating vaccine approval and distribution
strategies. Developing rigorous quality control measures,
transparent and equitable eligibility criteria for prioritiza-
tion, and efficient network for implementation are critical.
Most LMICs do not have mechanisms for adult vaccinations.
Healthcare systems and societies will need to make just and
equitable policies to ensure availability, and most importantly,
prioritize who will be first in line. Dialysis patients have been
shown to be at higher risk of getting SARS-CoV2 infection
and have a higher death risk when they develop COVID-19.
Given their vulnerability, dialysis patients should be priori-
tized for COVID-19 vaccines over other high-risk groups,
such as those with obesity, heart disease, diabetes, earlier
stages of CKD or smokers,50 as should healthcare workers
managing these patients, such as staff in dialysis units.

6 | LESSONS FOR THE FUTURE
OF KIDNEY HEALTH

6.1 | One health

Sustainable development must consider health holistically,
with due consideration to environment and all ecosystems
(Figure 1).'2 The interaction between COVID-19 and kid-
ney diseases presents strong evidence that CDs and NCDs are
closely interlinked. COVID-19 has highlighted the dangers

Planetary
health

Non-
human

Communicable
Diseases

Non-
Communicable
Diseases




DIVYAVEER anp JHA

il—WI]_EY FASEB:ioAdvances —

caused by environmental degradation, with increasing en-
croachment by humans on spaces occupied by non-humans.>
The RNA sequencing of the current SARS Coronavirus has
revealed that it is strikingly similar to the strain found in bats,
providing strong support to its zoonotic origin. Air pollu-
tion, which been associated with increased transmission of
COVID-19,* is also emerging as a causative or a strong con-
tributory factor in disease progression of CKD.>?% Overall,
this strong evidence suggests that abnormalities in kidney
health may be an early warning in identifying the impact
of changes in the planetary health on overall human health.
Finally, the social and economic consequences of the pan-
3758 are likely to further impact the availability and al-
location of resources for healthcare, setting up a vicious cycle.

demic

6.2 | Universal Health Coverage (UHC)

The necessity of UHC is greater than ever. SDG target 3.8
specifically aims to “by 2030, achieve [UHC], including fi-
nancial risk protection, access to quality essential health care
services, and access to safe, effective, quality, and afford-
able essential medicines and vaccines for all.” The estimated
cumulative financial costs of the COVID-19 pandemic was
estimated at more than $16 trillion in USA.% Paying for care
of COVID-19 for people with kidney disease in LMICs has
not received sufficient attention. The out-of-pocket expendi-
ture for dialysis doubled almost overnight, as many facilities
passed on the added costs, such as those for PPEs, directly
to patients. This has highlighted the importance of resilient
health systems in dealing with the myriad consequences of a
pandemic like COVID-19.

7 | CONCLUSION

COVID-19 has invoked an unprecedented global health care
crisis. From a clinician's perspective, the SARS-CoV2 infec-
tion is associated with kidney dysfunction, which in turn in-
creases the risk of death. From the public health perspective,
the pandemic has affected health care globally, particularly
for people with pre-existing kidney disease. The pandemic
has emphasized the need to move away from physician and
health care facility-based models of health care delivery.
There is an urgent need to strengthen primary health care, fo-
cusing on patient friendly home-based therapies and utilizing
the potential of teleconsultations to improve outreach. CKD
patients — especially those on dialysis — and dialysis care pro-
viders should be prioritized, but this will require advocacy
from the kidney health community. The current crisis pro-
vides an impetus for planning and strategizing towards UHC
while integrating it with the wellness of the environment and
non-human ecosystems of the planet.
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