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The acute coronavirus disease-2019 (COVID-19) pandemic has had a significant impact on the incidence and prev-
alence of acute kidney injury and chronic kidney disease globally and in low-income settings. Chronic kidney dis-
ease increases the risk of developing COVID-19 and COVID-19 causes acute kidney injury directly or indirectly and
is associated with high mortality in severe cases. Outcomes of COVID-19−associated kidney disease were not
equitable globally owing to a lack of health infrastructure, challenges in diagnostic testing, and management of
COVID-19 in low-income settings. COVID-19 also significantly impacted kidney transplant rates and mortality
among kidney transplant recipients. Vaccine availability and uptake remains a significant challenge in low- and
lower-middle−income countries compared with high-income countries. In this review, we explore the inequities in
low- and lower-middle−income countries and highlight the progress made in the prevention, diagnosis, and man-
agement of patients with COVID-19 and kidney disease. We recommend further studies into the challenges, les-
sons learned, and progress made in the diagnosis, management, and treatment of patients with COVID-19−related
kidney diseases and suggest ways to improve the care and management of patients with COVID-19 and kidney dis-
ease.
Semin Nephrol 42:151318 � 2023 Elsevier Inc. All rights reserved. TaggedEnd
TaggedPKeywords: COVID-19, chronic kidney disease, acute kidney injury, low-income setting, vaccine equity TaggedEnd
S
evere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) causing coronavirus disease-2019
(COVID-19) has had a significant impact on the

burden and management of patients with kidney diseases
globally and in low- and lower-middle−income coun-
tries (LLMICs).1-5 COVID-19 increases the risk of pro-
teinuria, hematuria, tubulopathies, acute kidney injury
(AKI), and chronic kidney disease (CKD)5-7 AKI and
CKD is also associated with severe COVID-19
disease.2,4,8 When COVID-19 infection is complicated
by AKI, or in patients with underlying CKD or kidney
failure, is associated with increased mortality, especially
in low-income settings.3,9-12 The care and management
of patients on kidney replacement therapy (KRT) also
was affected significantly by the COVID-19 pandemic,
leading to missing dialysis sessions. Transplant
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programs were suspended, with uncertainties in immu-
nosuppression dosing among some kidney transplant
recipients (KTR), which was associated with increased
morbidity and mortality.13-17

TaggedPThe diagnosis and management of patients with
COVID-19−associated kidney disease has been greatly
affected as a result of the COVID-19 pandemic.18,19

Inequitable distribution of resources needed for the
screening, diagnosis, and optimal management of
COVID-19−associated kidney disease has been
highlighted, coupled with the looming vaccine inequity
in LLMICs, although high vaccine rollout was the most
effective remedy for the prevention of COVID-19 trans-
mission and the decrease in COVID-19 severity.20-22 TaggedEnd

TaggedPIn this review, we describe the impact of COVID-19
on kidney disease and the progress made in the care and
management of patients with COVID-19−associated
kidney disease and provide suggestions to improve the
diagnosis and management of COVID-19−associated
kidney disease in LLMICs. TaggedEnd
TAGGEDH1COVID-19 AND KIDNEY DISEASE TAGGEDEND

TaggedPThe effect of COVID-19 on the kidneys ranges from
asymptomatic proteinuria, hematuria, AKI, and progres-
sion to CKD and kidney failure.1-5 Kidney failure in
patients with underlying CKD and severe cases of AKI
in patients with severe COVID-19 may require KRT.9

SARS-CoV-2 can have a direct or indirect effect on
the kidneys. Directly, it can cause AKI by cytokine
storm, angiotensin 2 pathway activation, dysregulation
of the complement system, hypercoagulability,
1

http://crossmark.crossref.org/dialog/?doi=10.1016/j.semnephrol.2023.151318&domain=pdf
mailto:elliotktannor@yahoo.co.uk
https://doi.org/10.1016/j.semnephrol.2023.151318


TaggedEnd2 E.K. Tannor et al.
microangiopathy, and collapsing glomerulopathy.5-7

Indirectly, COVID-19 increases the risk of AKI through
hemodynamic instability, hypoxemia, sepsis, and expo-
sure to nephrotoxins.5 COVID-19 may lead to CKD as a
consequence of clinical or subclinical AKI, or as a result
of residual inflammation associated with SARS-CoV-2
infection.5 TaggedEnd

TaggedPThe pooled incidence of AKI was reported in a meta-
analysis to be 10% (95% CI, 7.0%-12.0%),23 with a
pooled prevalence of 17% (range, 0.5%-80.5%) among
hospitalized patients with COVID-19.24 The wide varia-
tions result from varying AKI definitions, differences in
gender, race, carrier status of APOL-1 risk alleles,
comorbidities, severity of COVID-19, and changes in
the virulence of SARS-CoV-2 with different mutations
over time.25TaggedEnd

TaggedPThe consensus report of the 25th Acute Disease Qual-
ity Initiative summarized all of these risk factors for
COVID-19 into three broad categories: demographic
risk factors, AKI risk factors before admission, and AKI
risk factors during hospitalization.5 We have expanded
the list of risk factors to include those relevant to low-
income settings (Fig. 1).1,3,12,26 Some medications, such
as vancomycin, aminoglycosides, and angiotensin-con-
verting enzyme inhibitor, also are associated with
AKI.27,28 COVID-associated AKI is associated with
increased mortality, especially in severe cases.12,29TaggedEnd

TaggedPProteinuria occurs in 24% to 84% of patients with
COVID-19 in the presence or absence of AKI, and it is a
predictor of mortality with or without AKI and/or micro-
scopic hematuria.30 Proteinuria also may suggest sub-
clinical kidney pathology or underlying comorbidities
such as diabetes mellitus and/or hypertension.31 The first
documented COVID-19−related glomerular diseases
TaggedEnd TaggedFigure

Figure 1. Risk factors for acute kidney injury in patients with c
tings. TaggedEnd
were case reports describing collapsing
glomerulopathy6,32,33 found mostly in Black patients
who were carriers with APOL1 risk alleles presenting
with nephrotic range proteinuria and AKI.25,32 Minimal
change glomerular injury, anti−glomerular basement
membrane glomerulonephritis, and membranous glomer-
ulonephritis all have been described in patients with
COVID-19 disease. Subnephrotic proteinuria is mainly
of tubular origin, predominantly resulting from 1-a
microglobulin.34,35 Proximal tubulopathy with acute
Fanconi syndrome also has been described and is associ-
ated with severe disease. Tubulopathy has been shown to
precede the onset of AKI and disappeared with kidney
recovery.36-38 TaggedEnd
TAGGEDH1INEQUITY AND PROGRESS IN THE SCREENING
AND DIAGNOSIS OF COVID-19 TAGGEDEND

TaggedPThe diagnostic polymerase chain reaction test is pre-
ferred to antigen testing for diagnosing SARS-CoV-2
infection,39 and intensified polymerase chain reaction
testing decreased the rate of transmission during the first
wave.40 The diagnosis and management of kidney dis-
ease at the onset of the COVID-19 pandemic was very
challenging, especially in LLMICs, given the inability to
perform rapid polymerase chain reaction testing as a
result of the lack of resourced laboratories and technical
staff.41 The International Society of Nephrology and the
Dialysis Outcome and Practice Pattern (ISN-DOPPS)
survey highlighted gross disparities in the testing for
COVID-19 during the pandemic.19 Diagnostic polymer-
ase chain reaction testing was reportedly unavailable or
of limited availability in low-income countries (LICs)
(72%) and lower-middle−income countries (LMICs)
oronavirus disease-2019 (COVID-19) in low-income set-
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(68%) compared with 20% in high-income countries at
the peak of the pandemic.41 Rates decreased during the
period of the ISN-DOPPS survey in November 2020 to
March 2021 from 68% to 21% in LMICs, but only mar-
ginally from 72% to 62% in LICs compared with the
peak of the pandemic in March 2022. The turnaround
time for receiving diagnostic test results also was
delayed.42 Same-day results were received in 60% in
high-income countries compared with 13% to 21% in
LLMICs according to respondents, whereby those
infected had a delayed diagnosis and a possibility of
impacting higher transmission rates. The low testing
rates supported the hypothesis that rates of COVID-19
and mortality in Africa were low owing to undertesting
and not from a low infection rate.43-45 TaggedEnd

TaggedPDuring the peak of the pandemic, a mandatory nega-
tive test was required before discharge of patients from
hospital, this criterion later was revised by the World
Health Organization (WHO) on May 27, 2020, in which
patients were considered to have recovered after 2 weeks
without symptoms. This new criterion was useful in
LLMICs because of challenges with frequent testing,46

as the previous criteria for discharge from isolation was
clinical recovery and two negative reverse-transcriptase
polymerase chain reaction results on sequential results
taken at least 24 hours apart.39 These changes were rec-
ommended by the WHO based on limited laboratory sup-
plies, equipment, and personnel in low-income settings. TaggedEnd

TaggedPTesting capacity and rapid results of diagnostic tests
improved through the pandemic as tests were made read-
ily available for the diagnosis of COVID-19 by some
governments. In the Philippines and Kenya, the cost for
testing was between $11 and $55 for diagnostic testing,
however, in India, Ghana, and Zambia, it was free in
public institutions. Even within a country, there was
wide variation of costs, leading to even more misinfor-
mation. Within the same country prices ranged from $0
to $91 in Kenya, $0 to $99 in Zambia, $0 to $104 in the
Philippines, and $0 to $14 in India, depending on
whether the facility is public or private. Stigmatization
and government- and/or employer-enforced isolation
after a positive test often discouraged people from avail-
ing themselves for testing even when the test was readily
available.44TaggedEnd

TaggedPRates of COVID-19 in Africa, for example, were
favorable in terms of infection and mortality rates com-
pared with the rest of the world. At the peak of the pan-
demic in August 2020, although Africa comprises
17.2% of the world’s population, it accounted for only
5% of COVID-19 cases and 3% of COVID-19−related
mortalities. Seeding effect, low testing capacity, low
population density, a more youthful population, expo-
sure to previous infections, and environmental condi-
tions were postulated as reasons for this phenomenon.43

LLMICs, however, have unique challenges owing to
poverty and low infrastructure, leading to poor
outcomes in severe cases.11,47 The gross inequities in
the screening and diagnosis of COVID-19 in kidney
failure patients on hemodialysis during the COVID-19
pandemic, however, were associated with higher
increased mortality.19 TaggedEnd
TAGGEDH1COVID-19 AND AKI IN LOW-INCOME SETTINGS TAGGEDEND

TaggedPGenerally, LLMICs face challenges in the diagnosis of
AKI as a result of a small nephrology workforce and an
absence of quality laboratory infrastructure and quality
histopathology even during nonpandemic times.48 The
pandemic widened the gap in care in LLMICs. Further-
more, the lack of adequate specialized medical/labora-
tory personnel, significant knowledge gaps among
primary health care providers, and suboptimal diagnostic
capacity limits the detection and optimization in man-
agement of AKI.49TaggedEnd

TaggedPAKI occurred in 5% to 15% of COVID-19 patients
and it is associated with increased mortality of up to
90%, especially in patients admitted into intensive care
units (ICUs) in China during the onset of the pandemic.50

A retrospective study in New York, however, showed
that 87.2% of most patients with AKI attained full recov-
ery of kidney function in the ICU.51 A recent study in
South Africa reported that AKI occurred in 33.9% of
patients admitted with COVID-19 and 24.3% were
admitted to the ICU.12 The risk of AKI during the pan-
demic was associated with the severity of COVID-19,
high comorbidity burden, underlying CKD, decreased
vaccination rate, high-risk carriers of APOL1, and
decreased access to specialized care.52 TaggedEnd

TaggedPPrerenal and acute tubular necrosis were the most
common causes of AKI indirectly, but collapsing glo-
merulopathy, also termed COVID-19−associated
nephropathy, was suggested to be caused directly by
SARS-CoV-2.6,53 There also have been reports of pauci-
immune crescentic necrotizing glomerulonephritis as a
result of COVID-19 vaccination.54 Such diagnosis
requires adequate nephropathology, which may be lack-
ing in most low-income settings. Where histopathology
is available, most countries in LLMICs use light micros-
copy without immunofluorescence and electron
microscopy.55TaggedEnd

TaggedPA recent introduction of the Extended Kidney Disease
Improving Global Outcome AKI criteria was adopted by
the ISN AKI 0by25 studies for COVID-19. The new def-
inition includes the decrease of serum creatinine of 26.5
mmol/L in 48 hours or a decrease of 1.5 times from base-
line in 7 days, which identified twice as many cases of
AKI compared with the traditional criteria (31.7% versus
16.8%).56 This classification has significant logistic chal-
lenges if implemented in LLMICs because it requires
frequent measurement of serum creatinine levels even in
stable cases, which is prohibitive owing to cost. TaggedEnd
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TaggedPOptimal management of AKI in the light of COVID-
19 is impossible without an adequate nephrology work-
force. The nephrologists per million population in high-
income countries is 28.5 compared with 2.4 per million
population in LMICs and 0.31 per million population in
LICs. This is a direct result of the dearth of training pro-
grams to train both physicians and nurses. Africa has 9
of the 10 countries with the lowest nephrology workforce
globally.57-59 There also are challenges in access to KRT
in low-income settings in Africa, leading to increased
mortality.60 There is inequity in the distribution of hemo-
dialysis services in most countries in low-income set-
tings, even within the same country.61 Patients pay out
of pocket for hemodialysis sessions in some countries
and mortality increases in the absence of KRT in some
low-income settings. TaggedEnd

TaggedPDuring the COVID-19 pandemic, patients with under-
lying CKD or AKI with COVID-19 were prevented from
accessing ICU care when needed owing to a perceived
poor prognosis during triaging.18,19 This resulted in
increased mortality from treatable causes of AKI in low-
income settings.19 Although the vaccination rollout
decreased the incidence and prevalence of COVID-19
and COVID-19−associated AKI worldwide, there has
not been any marked documented improvement in access
to KRT because only 7% of those on KRT live in
LLMICs.62TaggedEnd

TaggedPSome suggested solutions to improve AKI diagnosis
include engaging local and regional stakeholders in
health care financing, developing educational programs
and guidelines, training health care workers, providing
adequate health care resources, linking with regional
health care projects, and improving research opportuni-
ties in low-income settings.63TaggedEnd
TAGGEDH1COVID-19 AND CKD IN LOW-INCOME SETTINGS TAGGEDEND

TaggedPCKD increases the risk of AKI and AKI can lead to CKD
and progression to kidney failure in both hospitalized
and nonhospitalized patients with COVID-19.64,65

COVID-19 infection could be due to the presence of an
undiagnosed CKD prior to hospitalization.66 There is a
high global prevalence of CKD of 11%,67 which is even
higher in low-income continents such as Africa, with a
prevalence of 13.9% to 15.8%.68-70 TaggedEnd

TaggedPCOVID-19 survivors also may develop long-term kid-
ney issues.65 A Chinese study reported a 35% reduction
in estimated glomerular filtration rate 6 months after
COVID-19 hospitalization.66 Even without documented
evidence of AKI on admission, 13% of patients showed
a reduction in estimated glomerular filtration rate during
follow-up evaluation.71 Although many patients have
normalization of their creatinine level after AKI, the kid-
neys may not recover completely and increase the risk of
CKD over time.64 Progression of kidney disease in
COVID-19 likely is multifactorial and could be driven
by continuous inflammation, intrinsic tubular lesions, or
improper repair.65 In most patients with CKD in LICs,
progression to kidney failure requiring dialysis increases
mortality as a result of the absence of KRT and increased
cost associated with poor outcomes.61,72 The risk factors
associated with a worse outcome with CKD include
increasing age, diabetes mellitus, hypertension, the
unavailability of an adequate nephrology workforce, and
the absence of adequate diagnostic tools.8TaggedEnd
TAGGEDH1AWARENESS OF CKD IN LOW-INCOME SETTINGS TAGGEDEND

TaggedPThere has not been much progress made in increasing
awareness for the prevention and management of risk
factors for COVID-19−associated kidney disease in
low-income settings. Moreover, the incidence and preva-
lence of the noncommunicable diseases such as diabetes
and hypertension that can lead to kidney disease also are
increasing, and account for 80% of global deaths in
LLMICs.73 Governments must invest more in health to
decrease the burden of noncommunicable diseases and
conditions that impact kidney health. Public health inter-
ventions such as education, a healthy dietary lifestyle,
and exercise should be part of a national agenda to pre-
vent CKD. There has been poor governmental support in
this regard with few sustainable programs to decrease
the burden of kidney disease. Such public health inter-
ventions have been championed by individuals and some
nongovernmental organizations such as the ISN’s World
Kidney Day activities.74-76 Such initiatives should be
encouraged to decrease the kidney disease burden with
or without COVID-19. The reduction of the burden of
kidney disease in patients with COVID-19 is based on
the decrease in the transmission of SARS-CoV-2. This
calls for optimization of vaccinations around the globe,
with early detection and appropriate management of
cases to prevent AKI and CKD.77 TaggedEnd
TAGGEDH1INEQUITY IN KIDNEY FAILURE PATIENTS ON
CHRONIC HEMODIALYSIS WITH COVID-19 IN
LOW-INCOME SETTINGS TAGGEDEND

TaggedPPatients on chronic dialysis are at increased risk of
COVID-19 because of their decreased immune status,
frequent hospital visits for hemodialysis sessions, and
difficulty in maintaining social distancing during hemo-
dialysis sessions, especially in constrained spaces among
dialysis units from low-income settings.9,17,78,79 The
incidence of SARS-CoV-2 infection range from 1% to
19.9% in dialysis populations and had significant mortal-
ity of 10% to 41% during the peak of the
pandemic.17,24,80-84 In the peak of the pandemic, as a
result of lockdown measures, it was reported that
patients in LICs missed their dialysis sessions more fre-
quently than those in high-income countries. According
to the ISN-DOPPS survey, hemodialysis sessions
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Figure 2. Medical interventions such as intensive care unit (ICU) admission, mechanical ventilation, and dialysis while
hospitalized became more restricted or prohibited for chronic dialysis patients admitted to the hospital with coronavirus
disease-2019 (COVID-19), per World Bank income category.19TaggedEnd
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reportedly were missed in 66% to 67% in LLMICs com-
pared with 20% to 33% in upper-middle−income coun-
tries and high-income countries.19 Transportation to and
from hemodialysis units reportedly affected more
patients in LLMICs. However, this improved with easing
of lockdown restrictions anecdotally, but published evi-
dence is lacking. TaggedEnd

TaggedPThere were also major supply chain disruptions of
hemodialysis consumables in LICs during the pandemic.
Intensive care admission, mechanical ventilation, and
dialysis during hospitalization were more restricted or
prohibited in patients with kidney failure on chronic dial-
ysis in low-income settings compared with high-income
settings during the peak of the pandemic (Fig. 2).19 TaggedEnd

TaggedPPatients with kidney failure were at increased risk of
infection as a result of frequent center visits for hemodi-
alysis sessions. They also are particularly at increased
risk because of the decrease in immunity as a result of
kidney failure. Close proximity of patients during trans-
portation as well as long durations in close proximity
during hemodialysis sessions further increased their
risk.79TaggedEnd

TaggedPGuidelines were instituted by many societies85-88 to
help decrease the spread of infections in hemodialysis
units but this could not be strictly adhered to in most
low-income settings owing to poor testing and an
unavailability of resources for transmission prevention.
Some dialysis centers reportedly were turning away dys-
pneic patients for fear of COVID-19 transmission to
other patients because testing was not readily available,
but this improved when testing was made more readily
available. The vaccination rollout in patients with kidney
failure on dialysis also was filled with challenges regard-
ing uptake because of various myths about the vaccines,
but vaccine hesitancy has improved with time based on
better education.41,89TaggedEnd
TaggedPHealth care personnel preferred under poor conditions
and were exposed to infections as a result of the absence
of the required personal protective equipment. Diagnos-
tic polymerase chain reaction and rapid antigen testing
were not readily available for asymptomatic and symp-
tomatic testing of staff in most low-income settings
when required.19,90 Staff in hemodialysis units in low-
income settings were tested infrequently when asymp-
tomatic: 11% to 14% were tested compared with 28% in
high-income countries,19 which lead to stress, psycho-
logical problems, and stigmatization among health care
workers.91,92TaggedEnd
TAGGEDH1COVID-19 AND KIDNEY TRANSPLANTATION TAGGEDEND

TaggedPThe rapid evolution of the COVID-19 pandemic had a
two-fold effect on KTRs and programs. On one hand,
KTRs are more vulnerable to severe COVID-19−related
morbidity and mortality,93-95 there is a decrease in trans-
plant capacity and volume due to the need for more equi-
table distribution of scarce resources.96,97 The pandemic
exposed the pre-existing inequities and deficiencies in
health care worldwide,98 but countries with fewer resour-
ces suffered to a greater extent.19TaggedEnd
TAGGEDH1CLINICAL OUTCOMES OF COVID-19 IN KTRS TAGGEDEND

TaggedPThe presence of medical comorbidities (eg, hyperten-
sion, diabetes, cardiovascular disease) in KTRs makes it
difficult to assess the attributable impact of transplanta-
tion on morbidity and mortality. The mortality resulting
from COVID-19 remains high in KTRs, even after
adjustment for comorbidities.93-95,99 In a systematic
review of 74 studies (between March 2020 and January
2021) including 5,559 KTRs with COVID-19, the mor-
tality rate was 23% (95% CI, 21%-27%), which
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remained high after adjustment for age, sex, and comor-
bidities.100 However, when comparing 2,307 KTRs with
231,047 nontransplant controls who were propensity-
matched for age and comorbidities in a multicenter
study, there was no difference in the mortality rate,
although transplant recipients had higher rates of hospi-
talization and AKI.100TaggedEnd

TaggedPThe effect of immunosuppression on clinical out-
comes of COVID-19 remains obscure. The harmful
impact of COVID-19 is a result of the complex interplay
of direct viral injury and the host’s immune response,
with evidence that dysregulated and intense immune
responses cause severe disease.101 Because immunosup-
pressive drugs modulate host responses, the intensity or
type of immunosuppression potentially can affect the
severity of COVID-19. The adjustment of immunosup-
pression in KTRs with COVID-19 is complex and needs
to be tailored according to disease activity and risk of
graft rejection. Lymphopenia, which is a risk factor for
severe COVID-19, can be potentiated by antimetabo-
lites, which are recommended to be discontinued. Calci-
neurin inhibitors usually are continued because they
inhibit interleukin-6 and interleukin-1, which is instru-
mental in causing a dysregulated immune response lead-
ing to severe COVID-19. Specific drugs such as
mammalian target of rapamycin inhibitors have some
biological activity against SARS-CoV-2, but this needs
further evaluation.102 Other strategies for the manage-
ment of COVID-19 remain similar to the general popula-
tion. Remdesivir is reported to be safe in KTRs.103,104TaggedEnd

TaggedPCompared with nontransplant populations, KTRs are
at a higher risk of COVID-19−associated AKI (50%
higher risk; 95% CI, 44%-56% in a systematic review of
74 studies involving 5,559 KTRs) even after adjustment
for comorbidities.100 This can adversely affect long-term
graft outcomes. In a multicenter prospective study from
India evaluating KTRs with COVID-19−associated AKI,
complete graft recovery at 3 months was seen in 40.5%
of patients, with high rates of proteinuria (47%) and graft
failure (14.3%).105 This underscores kidney involvement
in long COVID-19 syndromes and the need for long-
term close monitoring in this high-risk population.TaggedEnd
TAGGEDH1EVIDENCE ON CLINICAL OUTCOMES FROM LOW-
RESOURCE SETTINGSTAGGEDEND

TaggedPEvidence on the clinical outcomes of patients with
COVID-19 with kidney disease in low-resource settings
is scarce. In a systematic review of 74 studies published
from March 2020 to January 2021, 86% of studies were
from North America and Europe, while 14% were from
Asia-Pacific and none were from Latin America and
Africa.100 They reported lower mortality rates in the
United States (estimated proportion of deaths, 18%; 95%
CI, 14%-23%) than in Asia-Pacific, but this difference
was not statistically significant.100 Initial reports from
India documented higher mortality rates (27%-30%) in
KTRs compared with the general population, with 100%
mortality in ventilated patients.15,106 A multicenter
cohort of 250 KTRs with COVID-19 from India reported
10% mortality, which is lower than that reported in high-
income countries.107 A large cohort from South East
Asia of 259 KTRs showed a change in the clinical spec-
trum of COVID-19 over subsequent pandemic waves.108

Improvement in clinical outcomes after the first wave of
the pandemic can be attributable to advances in health
care infrastructure and the success of vaccination pro-
grams; for example, India had more than 1 billion indi-
viduals vaccinated by May 15, 2022. In a head-to-head
comparison by a propensity score−matched cohort from
India there was no difference in mortality among solid-
organ transplant recipients with COVID-19 compared
with nontransplant patients.109 TaggedEnd

TaggedPIn a narrative review evaluating 6 studies from Latin
America, mortality from COVID-19 in KTRs ranged
from 14.3% to 35.4%; and from 25.5% to 40.9% in
KTRs hospitalized with COVID-19.110 Similarly, a
report from South Africa documented 20% mortality in
KTRs.111 TaggedEnd

TaggedPAnother malady that struck LLMICs (especially in
South East Asia) was COVID-19−associated mucormyco-
sis.112 In the largest multicenter cohort of COVID-19−
associated mucormycosis in KTRs (61 KTRs from 18 cen-
ters), the incidence of COVID-19−associatedmucormyco-
sis was 4.4% and the mortality rate was 26.2%.113 The
emergence of such opportunistic infections can further
strain the already overwhelmed health care resources.
Thus, there is a need for a high level of preparedness for
timely diagnosis and management of such emerging infec-
tions during the pandemic.TaggedEnd
TAGGEDH1DEVELOPMENT OF MANAGEMENT GUIDELINES
FROM LMICSTAGGEDEND

TaggedPThe COVID-19 pandemic was marked by the exponen-
tial growth of misinformation, alarming misbeliefs
against emerging therapies, and dilemmas in decision
making that hindered health care delivery. In India, the
National Organ and Tissue Transplant Organization, the
apex body governing transplantation, published guide-
lines on transplant-specific issues on COVID-19 early in
the pandemic.114 The Indian Society of Organ Trans-
plantation and Latin America formulated local guide-
lines on transplantation in donors and recipients
recovering from COVID-19.115,116 TaggedEnd
TAGGEDH1COLLATERAL DAMAGE TO TRANSPLANT
PROGRAM DEVELOPMENT TAGGEDEND

TaggedPAccording to the Global Observatory on Organ Donation
and Transplantation, all regions of the world suffered a
decrease in transplant volume.117 However, there was a
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stark difference in the speed with which the high-income
countries could rebuild their transplant volume and main-
tain their total number of transplants per year, unlike
LLMICs.97 In Latin America in 2020, for instance, there
was a 32% to 64% reduction in the number of trans-
plants, which was significantly higher than the global
average of 16% in high-income countries.97 The worst
hit was the deceased donor program, which is only in its
nascent stages in the developing world.118TaggedEnd

TaggedPA multicenter study from India reported a dramatic
impact on transplant programs in general, however, the
centers in the public sector were more affected compared
with private institutions.119 Most of these centers were
converted into dedicated COVID-19 centers, which was
the need of the hour. Thus, regulatory policies, health
care capacity, state of SARS-CoV-2 transmission, and
public awareness governed this collateral damage. The
long-term sequelae of delaying transplantation still is
unclear. Limited evidence has suggested that the risk of
hospitalization and mortality associated with COVID-19
is higher in patients on the waitlist compared with
KTRs.14 Studies from India have documented favorable
outcomes and stressed the importance of continuing
elective transplant procedures amid the pandemic if
health care facilities are not overwhelmed.120,121 Fur-
thermore, a study from India reported a serendipitous sil-
ver lining of reduced infections in liver transplants
performed amid the pandemic as a result of health policy
changes to control SARS-CoV-2 spread.122 This is espe-
cially vital for transplant programs from LLMICs, where
infections are the primary cause of death with a function-
ing graft. The pandemic taught the need for concerted
efforts at a global level to facilitate improved pandemic
preparedness so that transplant programs can be sustain-
able even in pandemics. TaggedEnd

TaggedEnd TaggedFigure

Figure 3. The number of people fully vaccinated per World B
rus disease-2019; SARS-CoV-2, severe acute respiratory syn
TAGGEDH1COVID-19 VACCINE EQUITY TAGGEDEND

TaggedPVaccination against SARS-CoV-2 remains the corner-
stone of preventing severe COVID-19 infection and its
complications among individuals with kidney disease
despite the decreased antibody responses observed
among these patients compared with the general
population.20,123 To maximize the benefits of COVID-19
vaccines globally, they should be produced in adequate
amounts, made affordable, distributed equitably so that
they are available where needed, and deployed effec-
tively at individual, country, and regional levels. This is
challenging, especially in the LLMICs of Asia, Africa,
and Latin America. TaggedEnd

TaggedPLow-income settings were disadvantaged signifi-
cantly in the vaccine rollout.124 In some countries such
as the United Arab Emirates where 99% of the citizens
have received one dose of the vaccine as of May 11,
2022, LMICs such as Ghana and Nigeria have 30.5%
and 13%, respectively.125 Although high-income coun-
tries and upper-middle−income countries have 74.9% to
77.9% of their population fully vaccinated, LLMICs
have 14.7% to 54.4% of their population fully vaccinated
as of June 4, 2022 (Fig. 3).126 There was a modest
improvement in vaccine rollout but this is far from opti-
mal. It was suggested that vaccine equity is necessary to
win the war on COVID-19 and patients on chronic dialy-
sis should be prioritized.79 LLMICs do not have the
same ability to purchase vaccines, do not have the tech-
nology and capacity to produce their own vaccines, and
lack the infrastructure to deploy these vaccines effi-
ciently. This has led to large disparities in COVID-19
vaccination, especially among patients with kidney dis-
ease, between high- and low-income countries through-
out the world.TaggedEnd
ank income status.127 Abbreviation: COVID-19, coronavi-
drome coronavirus 2. TaggedEnd
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TaggedPThe COVID Vaccine Global Access (COVAX) facil-
ity was created by the WHO in April 2021 to facilitate
the access of COVID-19 vaccines to both high- and low-
income countries equally.127 The key elements of this
program are that vaccination should proceed in stages,
and priority should be given to high-risk individuals
before proceeding to vaccinate others in the general pop-
ulation. All participating countries initially would
receive a stock of vaccines sufficient to vaccinate 20%
of the population. COVAX was helpful in initiating the
COVID vaccination programs, especially in some
LLMICs, by being able to procure and provide vaccines
at affordable prices. However, the amount of vaccines
provided through COVAX was inadequate to meet the
demand, resulting in most of the high-income countries
leaving the program and purchasing vaccines directly
from the manufacturers. This has resulted in vaccines
developed in the United States and Europe becoming
less available for the LLMICs in Asia, Africa, and Latin
America. Furthermore, the global inequity of vaccine
availability is compounded by certain high-income coun-
tries starting to administer booster doses of the COVID
vaccine despite the majority of the population in LICs
not yet having received a single dose.126 TaggedEnd

TaggedPThe presence of an infrastructure enabling efficient
distribution and administration of the vaccines is a key
requirement for the success of the COVID vaccination
program. Most of the LLMICs do not have formal vacci-
nation programs, lack data and records of individuals in
need of vaccination, and do not have storage and distri-
bution facilities to maintain the ultra-cold chains
required by some of the messenger RNA vaccines.128,129 TaggedEnd
TaggedH2Vaccine hesistance in LMICs TaggedEnd

TaggedPVaccine hesitancy has added to the challenge of the
COVID-19 vaccine deployment. Although vaccine

TaggedEnd TaggedFigure

Figure 4. Challenges encountered in coronavirus disease-20
according to income categories. The percentage frequencies
are the following major challenges encountered in delivering
your country?” If the response to the question on a particular
considered a major challenge. The total number of countries p
hesitancy is prevalent in both high- and low-income
countries alike, certain factors such as mistrust in the
allopathic medicines, suspicion of individuals from LICs
being used as guinea pigs, and low literacy rates may
influence vaccine hesitancy more in LLMICs. The result-
ing inefficient deployment of vaccines has led to vaccine
waste (eg, South Sudan and Malawi) or vaccine rede-
ployment to avoid vaccine waste (eg, the Democratic
Republic of Congo to Ghana and Madagascar) in some
of these countries.89 TaggedEnd

TaggedPA survey was conducted recently by ISN and
DOPPS to ascertain the availability, access, and prior-
itization of COVID-19 vaccines globally.77 This sur-
vey showed that at least one COVID vaccine was
available in almost all of the countries surveyed.
Patients with stage 4/5 CKD, dialysis, and KTR were
identified as a priority group for COVID-19 vaccina-
tion and were vaccinated during the first two phases
of the vaccination in 51%, 71%, and 62% of the
respondent countries. By August 2021, more than half
of the countries surveyed had a vaccination rate of
more than 50% for people with stage 4/5 CKD, dialy-
sis, and kidney transplants. However, there were sig-
nificant variations according to the region and World
Bank income categories. For example, all respondents
from Western Europe reported that more than 50% of
all kidney transplant recipients were vaccinated,
whereas in Africa and South East Asia, only a minor-
ity of respondents reported a more than 50% vaccina-
tion rate among KTRs. The most common barriers to
vaccination of kidney patients reported by respond-
ents were vaccine hesitancy (74%), vaccine shortages
(61%), and vaccine mass distribution challenges
(48%) (Fig. 4). TaggedEnd

TaggedPMore equitable distribution of COVID-19 vaccines is
the key to control the pandemic. According to a report
by the United Nations as of September 2021, slightly
19 (COVID-19) vaccines to patients with kidney disease
are based on responses by countries to: “How frequently
COVID-19 vaccines to patients with kidney disease in

challenge was either always, often, or sometimes, it was
er income group is indicated in parentheses.TaggedEnd
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more than 3% of people in LICs were vaccinated with at
least one dose, compared with 60.18% in high-income
countries.130 By March 2022, of the more than 10 billion
COVID-19 vaccines given out worldwide, only 1% had
been administered in high-income countries, highlight-
ing the widening global inequality of COVID-19 vacci-
nation.TaggedEnd

TaggedPWe need to do more work to overcome these increas-
ing inequalities in vaccination. Apart from strengthening
the existing frameworks, such as COVAX, the high-
income countries need to share their knowledge regard-
ing manufacturing COVID-19 vaccines with LICs, to set
up production facilities in these countries. TaggedEnd

TaggedPOne such initiative is the COVID-19 Technology
Access Pool, launched by the WHO in May 2020.131 It
provides a single platform for the developers of COVID-
19 vaccines, tests, devices, and medicines to share their
data, knowledge, and technologies with manufacturers.
Policy makers should engage with communities to
improve public confidence and trust by combating the
misinformation surrounding COVID-19 vaccination.
Organizations such as the United Nations Children’s
Fund, which already is involved with well-conducted
immunization programs in most of the LICs, could sup-
port the development of large-scale COVID-19 vaccina-
tion programs in these countries. TaggedEnd
TAGGEDH1CONCLUSIONS TAGGEDEND

TaggedPInequities in kidney care preceded the pandemic in
LLMICs, however, the COVID-19 pandemic widened
the gap even further and showed a clear need for a global
approach to care. Although LLMICs are improving in
the diagnosis and management of COVID-19, barriers
still remain. Efforts should be placed on improving the
capacity of LLMICs to increase kidney care in general
and vaccine equity to prevent transmission and decease
the burden of COVID-19 infection. TaggedEnd

TaggedPAdvocacy to improve the care and management of
kidney disease in LLMICs is needed for COVID-19
and beyond. The sequel of COVID-19 is still not clear
and could lead to an increased prevalence of CKD. Fur-
ther studies to assess the progress made to date in low-
income settings also will improve the care and manage-
ment of COVID-19−associated kidney disease. Pre-
paredness for future pandemics also is critical given the
mortality and morbidity burden among patients with
CKD. TaggedEnd
TAGGEDH1SUPPLEMENTARY MATERIAL TAGGEDEND

TaggedPSupplementary data associated with this article can be
found in the online version at https://doi.org/10.1016/j.
semnephrol.2023.151318.TaggedEnd
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