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Abstract

Purpose The COVID-19 pandemic may have an impact on the long-term kidney function of survivors. The clinical relevance
is not clear.

Methods This review summarises the currently published data.

Results There is a bidirectional relationship between chronic kidney disease and COVID-19 disease. Chronic kidney diseases
due to primary kidney disease or chronic conditions affecting kidneys increase the susceptibility to COVID-19 infection, the
risks for progression and critical COVID-19 disease (with acute or acute-on-chronic kidney damage), and death. Patients
who have survived COVID-19 face an increased risk of worse kidney outcomes in the post-acute phase of the disease. Of
clinical significance, COVID-19 may predispose surviving patients to chronic kidney disease, independently of clinically
apparent acute kidney injury (AKI). The increased risk of post-acute renal dysfunction of COVID-19 patients can be graded
according to the severity of the acute infection (non-hospitalised, hospitalised or ICU patients). The burden of chronic kidney
disease developing after COVID-19 is currently unknown.

Conclusion Post-acute COVID-19 care should include close attention to kidney function. Future prospective large-scale
studies are needed with long and complete follow-up periods, assessing kidney function using novel markers of kidney

function/damage, urinalysis and biopsy studies.
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Introduction

Post-COVID-19 conditions are defined as a heterogene-
ous clinical syndrome of new onset, returning or ongoing
symptoms after COVID-19. According to the WHO defini-
tion, they “occur in individuals with a history of a probable
or confirmed COVID-19 infection, usually 3 months from
the onset, with symptoms lasting at least 2 months, which
cannot be explained by an alternative diagnosis” [1]. Post-
COVID-19 conditions include a broad spectrum of health
problems such as (a) long-COVID-19, which consists of a
wide range of symptoms that can last weeks or months; (b)
multi-organ effects of COVID-19, affecting predominantly
cardiovascular, pulmonary, renal and neuropsychiatric organ
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systems; and (c) effects of COVID-19 treatment/ hospitalisa-
tion (post-intensive care syndrome). Post-COVID-19 con-
ditions are found more often in patients who had critical
COVID-19 or in people not vaccinated against COVID-19
[2].

About 10 to 20% of people infected by the COVID-19
virus experience post-COVID-19 conditions. Longitu-
dinal studies indicate that 80-85% of patients with post-
COVID-19 report persistence of symptoms after 12 months
of follow-up [3, 4]. Given that post-COVID syndrome is
relatively new, its natural history and the range of effects are
not fully understood.

The objective of this narrative review is to summarise
evidence on the interplay between chronic kidney disease
(CKD) and COVID-19, both during active COVID-19 infec-
tion as well as post-COVID-19. Furthermore, it focusses on
potential synergistic effects of the interplay between the two
diseases and major common pathways.
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Chronic kidney disease and COVID-19

A systematic review and meta-analysis synthesising the
incidence and outcomes of COVID-19 patients with CKD
from 348 studies suggested that COVID-19 disproportion-
ally affected people with CKD. The incidence of COVID-
19 was higher in patients receiving maintenance dialysis
than in those with CKD not requiring kidney replacement
therapy or those who had received kidney or pancreas/
kidney transplants [5]. Patients with CKD were at higher
risk than patients with congestive heart failure or type 2
diabetes mellitus [6, 7].

However, reported incidence rates of COVID-19 differ
considerably between studies. Some studies included all
patients who were diagnosed with COVID-19, whereas
others included only those who were hospitalised. Hos-
pitalised patient cohorts had different risk factor profiles
than general population cohorts. The criteria used to iden-
tify infected patients differed between studies (clinical sus-
picion vs. PCR test on a nasopharyngeal swab). Finally,
there were considerable variations in reporting kidney
function parameters and in the methods used for assessing
kidney function. Nevertheless, numerous cohort studies
found a higher prevalence of CKD in hospitalised COVID-
19 patients, compared with the general population.

CKD may increase the risk of COVID-19 both directly
(susceptibility) and indirectly (exposure related to receiv-
ing medical care outside the home, such as dialysis).
Known susceptibility factors include altered immune cell
function in the pre-/uremic state, loss of antibodies and
complement through damaged glomeruli, systemic inflam-
mation and immunosuppressive medications.

Underlying CKD has been recognised as a risk factor
for admission to hospital and severe COVID-19 disease
[8-10]. Amongst 4.264 critically ill adults with COVID-19
admitted to 68 ICUs across the United States, 143 dialysis
patients had a shorter time from symptom onset to ICU
admission, compared with 521 non-dialysis dependent
CKD patients or 3600 patients without pre-existing CKD
[11]. An analysis of the international Health Outcome
Predictive Evaluation of COVID-19 (HOPE COVID-19)
evaluated the impact of renal function (eGFR) at admis-
sion on the clinical course of COVID-19 in 758 patients.
Patients with kidney dysfunction (eGFR < 60 ml/min)
upon hospital admission had a higher incidence of multi-
organ failure, such as sepsis, respiratory failure, and AKI
[12]. An early meta-analysis showed that the presence of
pre-existing CKD tripled the risk of COVID-19 patients
for severe disease [13].

Meta-analyses [5, 14] and nation-wide analyses [7, 15]
showed that hospitalised COVID-19 patients with chronic
kidney diseases, including CKD stages 3—5, maintenance
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dialysis and kidney transplantation, had higher mortality
rates than COVID patients without CKD. Mohan et al.
[16] found that nearly one in six deaths amongst active
transplant recipients in the USA in 2020 was attributed to
COVID-19, using registry data for waitlisted candidates
and kidney transplant recipients. The analyses found high
rates of mortality associated with COVID-19 amongst
waitlist candidates (24%) and kidney transplant recipients,
compared with 2019. The fatality rates of kidney trans-
plant recipients were excessively high (>30%) in the very
early post-transplant period [17, 18]. These observations
are corroborated by the OpenSAFELY study, which also
emphasised the significance of CKD as an important risk
factor for COVID-19 mortality. Estimated hazard ratios
from multivariate analysis were 1.33 for CKD with eGFR
30-60, and 2.52 for eGFR < 30 ml/min [7].

COVID-19 and acute kidney damage

COVID-19-associated kidney damage is a heterogeneous
syndrome not only regarding exposure and pathophysiol-
ogy, but also with regard to clinical presentation and the
individual patient’s short- and long-term prognosis. Kidney
damage in COVID-19 patients is common, and can range
from proteinuria, haematuria to acute kidney injury requir-
ing renal replacement therapy (RRT). Low molecular weight
proteinuria or haematuria were indicative of subclinical
AKI, even in the absence of a concomitant rise in serum
creatinine levels or a drop in estimated glomerular filtration
rate (eGFR).

Large observational studies from the USA, Europe and
Brazil have reported an incidence of COVID-19-associated
AKI of 28-34% in all hospitalised patients and 46-77%
of patients treated in the intensive care unit. COVID-19
AKIT in the intensive care unit (ICU) was generally more
severe. [19-22] The incidence of COVID-19 AKI stages 1,
2 and 3 was 44-66%, 19-20% and 14-34%, respectively,
in hospitalised patients, compared with 20-22%. 20-24%
and 36-57% in ICU patients. Importantly, patients admit-
ted to the ICU were at risk of AKI onset and progression.
An observational study from the UK showed that 36.7% of
unwell patients with no AKI or AKI stage 1 progressed to
AKI stages 2/3 within 48 h. More than 20 to 30% of the ICU
patients required kidney replacement therapy. More severe
AKI was associated with high mortality in patients with
critical COVID-19 disease [19].

However, ascertaining the true epidemiology of COVID-
19 AKI is difficult, owing to differences in health care sys-
tems, policies for hospitalisation or assignment levels of ICU
admission and case-mix of the populations analysed. More-
over, observational studies are prone to confounding and
bias. Many early epidemiological studies of patients with
COVID-19 used arbitrary serum creatinine-based definitions
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of AKI. Urine volume was reported infrequently. The lack of
serum creatinine measurements prior to hospital admission
often impeded the ability to identify pre-existing chronic
kidney disease (CKD) and created challenges for the reliable
detection and staging of AKI. Of note, one study in which
baseline serum creatinine levels were available reported that
35% of patients with COVID-19 AKI had underlying CKD.
The distinction between de novo AKI and AKI superim-
posed on pre-existing CKD was rarely made. Most observa-
tional studies reported the incidence and severity of COVID-
19 AKI during the first wave of the pandemic.

Recognised risk factors for COVID-19 AKI were classi-
fied into patient demographics (older adults with multiple
chronic conditions, male sex, ethnicity), patient characteris-
tics (CKD, diabetes mellitus, hypertension, obesity, cardiac
failure), genetic factors (APOL 1 genotype), factors iden-
tified at hospitalisation (high respiration rate, hypoxemia,
higher inflammatory markers, proteinuria) and factors aris-
ing during hospitalisation (sepsis, mechanical ventilation,
vasopressor dose, nephrotoxins) [23, 24].

CKD and chronic medical disorders affecting kidney
function/structure were identified as most important risk
factors for new onset AKI or progressive CKD. In a cohort
study from Spain, 21% of COVID-19 patients demonstrated
elevated serum creatinine levels at admission, of whom
43.5% had pre-existing CKD [25]. An observational study
from Italy found that 22.6% of the hospitalised patients
developed AKI, 45% of these showed an acute worsening
of CKD [26].

There were significant geographic variations in the
reported incidences of AKI. The incidence of AKI in China
(5.5%) and in parts of Africa or India was particularly low.
[27]. These variations were most likely due to significant
differences in patients’ characteristics (less CKD or obesity),
hospitalisation rates, access to the ICU, management (tra-
ditional Chinese medicine; less mechanical ventilation) and
in the assessment of kidney function and definition of AKI.

Currently, most epidemiological studies reported rates of
COVID-19-induced AKI during the first wave of the pan-
demic. However, the incidence of COVID-19-associated
AKI has reduced over time, with progressively lower rates
of kidney replacement therapy observed in the second and
third waves of pandemic [28-31]. The ISARIC WHO CCP-
UK study, a prospective nation-wide cohort study, analysed
the rate of AKI and its association with mortality. The
study was performed on 85,687 patients admitted to hospi-
tals with COVID-19 between January 2020 and December
2020. The authors reported that peak rates of AKI had fallen
from 33.8% but remained at >20%. [28]. There were several
putative reasons for the reduction of AKI rates, including
improved recognition of AKI, a move away from restrictive
fluid strategies, a reduced rate of invasive mechanical venti-
lation, introduction of effective therapies and vaccination for

COVID-19. Howeyver, the relative contribution of different
factors has not been studied rigorously.

Histopathology and potential pathophysiological
mechanisms of COVID-19-associated kidney damage

Descriptive kidney biopsy studies [32—-36] and post-mortem
examinations of kidney tissues [34, 35] noted a number of
distinct histological findings in COVID-19 patients with kid-
ney damage. This finding underlines the notion that there
were multiple causes of AKI. In general, the major patho-
logical, almost universal feature was the presence of acute
tubular injury of varying degrees. Acute tubular injury was
seen predominantly in critical COVID-19 patients. Case
reports and case series individually described glomerular
diseases such as collapsing glomerulopathy and focal seg-
mental glomerulosclerosis. Glomerular pathology was asso-
ciated with proteinuria and restricted to non-ICU patients.
The collapsing glomerulopathy had been observed mostly
in black patients, and was associated with high-risk APOL1
genotypes. Other examinations of kidney tissue revealed
endothelial injury and thrombotic microangiopathy, and
pigment nephropathy (rhabdomyolysis) in patients with
mild COVID-19-induced kidney damage. Of note, most
investigators of injured kidney tissues noted mild chronic
changes due to diabetic glomerulosclerosis or hypertensive
nephroangiosclerosis.

A detailed discussion of the complex and multifactorial
pathophysiology of COVID-19-associated AKI is outside
the scope of this clinical review. COVID-19 AKI is often
multifactorial in nature and may be due to a variety of inter-
acting mechanisms. The pathophysiology of COVID-19 kid-
ney injury involves both direct effects of COVID-19 on the
kidneys as well as mechanisms resulting from a) systemic
consequences of the inflammatory response to the viral
infection on hemodynamic stability (hypovolemia, sepsis);
b) effects of the virus on distant organs (organ crosstalk);
and c) therapeutic interventions to manage critical COVID-
19 disease (mechanical ventilation, nephrotoxins, inadequate
correction of volume depletion).

The COVID-19 virus can directly infect kidney podocytes
and proximal tubular cells and via an angiotensin converting
enzyme pathway, it can lead to mitochondrial dysfunction,
acute tubular necrosis and protein leakage in the Bowman's
capsule. Complement activation, local inflammation and
immune cell infiltration have been repeatedly described
in patients with COVID-19 AKI. Endothelial dysfunction,
microvascular thrombi and pigment nephropathy (rhabdo-
myolysis) are other potential mechanisms of COVID-19-in-
duced AKI. The pathophysiology of COVID-19-associated
AKI resembles—at least in part—AKI due to critical illness
(septic AKI).
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Currently, the contribution of direct viral infection to the
rate of COVID-19 AKI is unknown. High COVID-19 load
was found—in most, but not all reports—to be an independ-
ent predictor of disease severity and mortality. It may be
used to predict the clinical course and prognosis of patients
with COVID-19 [37, 38]. Findings of high viral load in
patients who had died with AKI suggested a crucial role of
virus kidney tissue invasion (renal tropisms) [39]. A retro-
spective cohort study found that the virus load at admission
was associated with AKI stage in a dose-dependent man-
ner in a multivariate logistic regression model adjusted for
covariates [40]. Moreover, a higher COVID-19 viral load in
urine sediments correlated with an increased incidence of
AKI and mortality [41]. The study of Jansen and co-workers
[42] aimed to investigate the direct effects of the virus on the
kidneys, independently of the systemic effects of COVID-19.
The authors studied both COVID-19-infected kidney tissues
and a model of infected human-induced pluripotent stem-
cell-derived kidney organoids. The results of these investi-
gations suggested that COVID-19 can directly infect kidney
cells and induce cell injury with subsequent fibrosis. These
data may explain both acute kidney injury and transition
to chronic kidney disease in long-COVID-19. Whether or
not high COVID-19 virus load is an independent predictor
of AKI is uncertain. The data should be interpreted with
caution and considered only as trends. There is wide het-
erogeneity in fluid samples taken at different phases of the
COVID-19 virus, and findings concerning the relationship
between viral load and disease severity or renal tissue infec-
tion are inconclusive.

Transmissibility of the virus, prolonged viability and
rapid mutations contributed to the COVID-19 pandemic.
Prolonged virus shedding provides the rationale for the
strategy to isolate infected patients. In a retrospective cohort
study involving adult hospitalised COVID-19 patients, Li
and co-workers found that older age was an independent
risk factor associated with slow viral decline [43]. How-
ever, disease severity (symptomatic disease, need for oxygen
replacement) was not significantly associated with slow viral
decline.

A small prospective study from Italy focussed on criti-
cally ill COVID-19 patients affected by the Delta or Omi-
cron variants of the virus. The authors found a higher inci-
dence of AKI in Omicron ICU patients (38.2%) than in Delta
ICU patients (9.7%). However, the study groups were not
well matched. The higher number of total comorbidities of
Omicron patients may be associated with higher mortality
and higher rate of AKI [44].

Population-based studies found that Omicron was associ-
ated with less severe COVID-19 disease in the general popu-
lation despite the high transmissibility and dramatic numbers
of infected patients. Vaccination with triple/booster vaccine
doses offered additional protection from critical COVID-19
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disease [45, 46]. The analyses of the Scottish Renal Registry
demonstrated improvements in both hospitalisation and mor-
tality in triple vaccinated patients receiving RRT (dialysis
and kidney transplantation) during an era when the Omicron
variant was the dominant strain in the general population of
Scotland. Whether these changes were due to vaccination,
the emergence of the Omicron strain or the administration
of antibodies and oral antivirals is unknown [47]. It remains
to be seen whether the rate of COVID-19-induced kidney
damage can be reduced by vaccination [48].

COVID-19-induced acute kidney damage
and outcomes

Systematic reviews have shown that kidney damage remains
a common extrapulmonary manifestation of critical COVID-
19. AKI was associated with increased severity of illness,
prolonged duration of hospitalisation and poor prognosis,
irrespective of the severity of the COVID-19 disease and
renal function prior to hospital admission. COVID-19-asso-
ciated AKI was associated with increased mortality even at
stage 1 [49]. The burden of CKD following COVID-19-re-
lated kidney damage may be substantial [50].

Long-COVID-19 and chronic renal disease

Multiorgan involvement after COVID-19 was detected in
18.5% of low-risk patients (N=201) discharged from UK
NHS hospitals after COVID-19. Impaired function of the
lungs (33%), heart (32%) and kidneys (10%) was common.
The rates of these multi-organ dysfunctions were signifi-
cantly raised compared with the expected risk in the gen-
eral population [51]. Assessment of the cumulative risk of
repeated infection showed that the risk and burden increased
in a graded fashion according to the number of COVID-19
infections [52].

Epidemiological research has uncovered a significant kid-
ney impairment in the post-acute COVID-19 period. Bowe
and co-workers assessed kidney outcomes in 89,216 US vet-
erans who were 30-day survivors of COVID-19 [53]. The
risk of post-acute kidney outcomes was graded according
to the severity of the acute infection (non-hospitalisation,
hospitalisation, admission to the ICU). Beyond the acute
illness, survivors of COVID-19 showed a higher risk of
AKI, a decline in estimated glomerular filtration rate (— 3.26
(non-hospitalised), — 5.2 (hospitalised) to — 7.69 (ICU) ml/
min/1.73m? per year) and all-cause mortality [53].

Huang et al. described the long-term consequences of
COVID-19 in 1733 Chinese patients discharged from hos-
pital [54]. Amongst the participants with an eGFR avail-
able both during the acute phase and at follow-up, 35% had
decreased eGFR (< 90 ml/min/1.73 m?) at 6 months. 13%
of participants with non-acute kidney injury and normal
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eGFR at the acute phase presented with decreased eGFR
at the end of the follow-up.

Gu et al. [55] followed up 1734 COVID-19 patients
with AKI (all stages). They found that AKI in the acute
phase of COVID-19 was closely related to the longitudi-
nal decline and post-acute kidney function status at nearly
1 year after symptom onset. After adjustment, the percent-
age of eGFR decline from acute phase to follow-up was
8.3% higher amongst AKI participants than those without
AKI at the acute phase. The eGFR decline of patients with
AKI stage 1, stage 2 and stage 3 was 6%, 16% and 18%
higher than those without AKI.

Stockmann and colleagues analysed retrospectively
long-term outcomes in 74 patients with critical COVID-
19 disease and AKI requiring RRT [56]. The median base-
line eGFR rate was 76.5 ml/min/1.73 m?. After a median
follow-up of 151 days post-initiation of RRT, 36 had died
during hospitalisation, 1 patient was still hospitalised and
37 patients were discharged. At the end of the follow-up,
34 patients had achieved variable degrees of renal recov-
ery, and 3 patients had non-recovery of renal function.

Nugent et al. conducted a retrospective cohort study at
5 US hospitals to assess the rate of change in eGFR after
hospital discharge in 182 patients with COVID-19-associ-
ated AKI and 1,430 patients with AKI not associated with
COVID-19 [57]. Patients with COVID-19-associated AKI
had a greater decrease in eGFR after adjusting for baseline
comorbidities (-12.4 ml/min/1.73 mz/year).

The Hamburg City Health Study COVID-19 programme
showed that subjects who apparently recovered from mild
to moderate COVID-19 infection (mostly non-hospitalised
individuals) had signs of subclinical multi-organ damage.
The glomerular filtration rate was significantly lower in the
post-infection period (9.6 months after the first positive
COVID-19 test) [58].

The prospective cohort study by Li et al. observed
a persistent decline in kidney function 1 year after dis-
charge in non-severely infected as well as in critical
COVID-19 patients [59]. The small prospective cohort
study by Al Rumaihi et al. showed that renal involvement
with COVID-19 can occur in the absence of AKI even in
mildly infected young patients without pre-existing renal
disease [60]. The higher serum creatinine concentrations
of COVID-19 patients compared to asymptomatic indi-
viduals remained within the normal range during follow-
up (6 months).

Using the IRoc-GN International Registry, Waldman
et al. found in patients with glomerular disease a) that
pre-COVID-19 eGFR was the main risk factor for AKI; b)
COVID-19 patients with glomerulonephritis had a higher
risk of impaired eGFR recovery after COVID-19-as-
sociated AKI and c) higher pre-COVID-19 proteinuria.

Focal-segmental GN or minimal change diseases were
associated with lower post-COVID-19 eGFR (median
follow-up 6.4 months after diagnosis of COVID-19) [61].

These results give an indication of long-term renal con-
sequences of an infection that affects a very large popula-
tion worldwide. However, it must be kept in mind that the
limitations of design and methodology may influence the
objective interpretation of epidemiological results. Major
confounders are the constraints of heterogeneous study
populations (non-hospitalised, hospitalised, critically ill
patients) with varying renal dysfunction at the end of the
active infection period and different timing and numbers
of renal function assessments during the post-COVID-19
period.

In all cases, glomerular filtration rate was estimated
using the surrogate marker creatinine (eGFR), which is
highly influenced by age, sex, muscle mass, body compo-
sition, critical disease and other extrarenal factors. This
often leads to misclassification of the true renal function.
Possible solutions are the use of cystatin C as an alterna-
tive endogenous biomarker of renal function or performing
direct measurements of GFR using an exogenous marker.

None of the studies documented persistent kidney dam-
age based on repeated assessments of urinalysis or kidney
biopsy. The follow-up of patients was short or mid-term,
whilst a significant proportion of patients was lost to fol-
low-up. It remains to be seen whether all patients without
kidney damage and normal or slightly reduced unadjusted
eGFR values will progress to CKD or ESRD or later regain
complete renal function after COVID-19 AKI.

However, these epidemiological data illustrate trajecto-
ries of kidney function after COVID-19 infection. Patients
with pre-existing primary kidney disease or kidney-affect-
ing chronic metabolic or cardiovascular diseases, and
immunosenescence are at an increased risk of progressive
kidney injury. In patients with normal baseline surrogate
markers of GFR, kidney function may decline gradually
over time, even in the absence of AKI or COVID-19 neces-
sitating hospitalisation. On the other hand, patients with
severe forms of COVID-19 might experience AKI with a
rapid loss of renal function. Post-infection trajectories of
patients with COVID-19-associated AKI may vary and
include complete, partial or non-recovery of renal func-
tion. There may be recurrent episodes of AKI and hospi-
talisation, particularly in reinfected patients.

Loss of renal function in the post-COVID-19 period
is likely multifactorial and might be driven by ongoing
hyperinflammation, tubular injury, maladaptive repair of
AKI or subclinical AKI, resulting in fibrosis, recurrent
sepsis and clinical deterioration of metabolic control and
onset of cardiac disease [62, 63]. There is no specific treat-
ment for this condition.
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Conclusion

The long-term sequelae of COVID-19-associated kidney
damage present an unmet clinical need, with no proven
interventions to hasten recovery or prevent transition of
AKI to CKD. COVID-19 patients often receive no nephro-
logical follow-up after hospital discharge, and often do not
realise that they have a decline of kidney function. There
are no guidelines regulating the follow-up period for such
AKI patients. Given the high morbidity and mortality of
chronic kidney disease, it seems vital to pay close attention
(at 3-month intervals for at least 12 months) to survivors
of COVID-19-associated AKI. Patients with higher stages
of AKI and patients with unresolved kidney dysfunction at
discharge, irrespective of kidney function prior to COVID-
19 infection, should be followed closely.
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