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Abstract

The impact of the coronavirus disease 2019 (COVID-19) pandemic extended beyond direct infection-associated complicatioB
to wide-reaching impacts on health system including workflow disruption, enhanced telehealth utilization, labor force changes,
and access to procedures. Whilst it is clear that COVID-19 can affect histopathological findings on kidney biopsy, the impact of
COVID-19 pandemic on non-COVID-19 kidney disease research remains unclear. This study reviewed kidney biopsy research
activity (i.e., patient consent and bio-sample collection), kidney biopsy practice and histopathological findings over the COVID-
19 pandemic in an Australian metropolitan health service network of 4 hospitals between 2018 and 2023. All kidney biopsies
performed at the Metro North Kidney Health Service between 2018 and 2023 were divided into pre-pandemic (2018-2019),
pandemic (2020-2021) and post-pandemic (2022-2023) eras. Demographic data, consent rates, bio-sample collection rates,
and procedural complications were retrospectively compared between the 3 eras. Two hundred twenty-nine kidney biopsies were
performed in 2018 to 2019, 223 in 2020 t02021 and 213 in 2022 to 2023. Participant consent for research reduced from 70%
to 63% between pre-pandemic to pandemic eras but quickly recovered in the post-pandemic era (68%). Bio-sample collection
decreased (pre-pandemic: 50%, pandemic: 47 %, post-pandemic: 38%) and did not recover in the post-pandemic era indicating
the long tail effect on research activities. Although there were changes in service provision (e.g., delay in elective procedures,
lockdowns), these measures were not associated with changes in biopsy number, setting, and department over the course of
the pandemic. Kidney disease biomarker research activities decreased during the COVID-19 pandemic as demonstrated by
reductions in biomarker study consent and sample collection. Strategies to maintain non-pandemic research need to be built
into pandemic preparedness plans to preserve the momentum of discoveries which improve clinical outcomes for non-pandemic
diseases; discoveries which may well end up being repurposed for pandemic-related conditions (e.g., remdesivir from Ebola
research).

Abbreviations: COVID-19 = coronavirus disease 2019, HREC = Human Research Ethics Committee, SARS-CoV-2 = severe

acute respiratory syndrome coronavirus 2.
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1. Introduction

The impact of the coronavirus disease 2019 (COVID-19) pan-
demic extended beyond direct infection-associated complica-
tions. The COVID-19 pandemic had wide-reaching impacts on
the health care system including clinical workflow disruption to
reduce severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) transmission, enhanced telehealth utilization, labor
force changes and access to procedures such as kidney biopsy.!"!
Moreover, public health measures such as lockdowns reduced
general population access to nonurgent services and research
staff access to clinical spaces for non-COVID-19 research.?!
Rapid escalation and redirection of resources to develop
COVID-19 vaccines and therapies reduced resources available
for non-pandemic-related research activities.?!

On January 29, 2020, Queensland was the first Australian
state to declare a public health emergency.” Measures imposed
intermittently over 2020 to 2021 included closure of state
borders, limitations of patron numbers for public gatherings,
restrictions to aged care and hospital visitors, elective proce-
dure delays and school closures. Queensland’s COVID-19 vac-
cination program started in March 2021, achieving an 86.6%
double dose vaccination rate by end of the year. Vaccination
facilitated the easing of restrictions in early 2022. COVID-19
was declared to be no longer a Communicable Disease Incident
of National Significance on October 20, 2023. The Queensland
COVID-19 mortality rate was 33.9 per 1,00,000, lower than the
national mortality rates per 1,00,000 of 77 in Australia, 341 in
United States of America, 255 in France, 135 in Canada and 58
in Japan.>¢l

Whilst it is clear that COVID-19 can affect histopatholog-
ical findings on kidney biopsy,” the impact of the COVID-19
pandemic on non-COVID-19 kidney disease research remains
unclear. The Metro North Kidney Health Service is a network
of hospitals with longstanding kidney disease biomarker discov-
ery studies that span the pre-pandemic (2018-2019), pandemic
(2020-2021), and post-pandemic (2022-2023) eras, enabling
assessment of kidney disease research engagement over the
course of the COVID-19 pandemic. We evaluated kidney biopsy
practice, histopathological findings, research recruitment, and
sample collection from 2018 to 2023. All kidney biopsies per-
formed at the Metro North Kidney Health Service between
2018 and 2023 were divided into pre-pandemic (2018-2019),
pandemic (2020-2021), and post-pandemic (2022-2023) eras
and retrospectively analyzed.

2. Materials and methods

The Metro North Human Research Ethics Committee (HREC)
waived ethics review for the project as it was considered a
quality improvement audit (EX/2023/MNHA/97565). All kid-
ney biopsies performed at the Metro North Kidney Health
Service between January 1, 2018 and December 31, 2023 were
audited. Biopsies were divided into pre-pandemic (2018-2019),
pandemic (2020-2021), and post-pandemic (2022-2023) eras.
The pre-pandemic era was characterized by an absence of
Australian COVID-19 cases, the pandemic era was defined as
the period with the most stringent public health suppression
measures in place, and the post-pandemic era was characterized
by the revocation of many suppressive public health measures
(e.g., border restrictions and quarantine) and transition of gov-
ernment policy from “no community transmission” to “living
with COVID-19.”1891 Demographic, laboratory, procedural, his-
topathology, complication, and research engagement data was
extracted from the medical chart by 5 investigators (BS, YT, BA,
AK, MSYN).

The Metro North Kidney Health Service has longstanding
biomarker studies (identification of molecular pathways induced
by proteinuria in the human kidney proximal tubule compart-
ment [HREC/2002/QRBW/011], Biomarker in Kidney Disease
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study [BioKiD, HREC/2022/QRBW/81341]) with a research
workflow. Potential participants are approached regarding
interest in contributing to ongoing research studies at time
of biopsy by clinical or research staff. Consented participants
provide relevant bio-samples (e.g., urine, blood, excess kidney
tissue from kidney biopsy after diagnostic analysis) which are
collected by research staff. These samples then enter relevant
research study pathways per HREC-approved study protocol.
In this audit, surrogate indicators of kidney disease research
engagement were participant consent for biomarker studies and
excess kidney tissue received from kidney biopsies.

Data were compared between the 3 eras (2018-2019, 2020-
2021, 2022-2023). Continuous data were presented as either
mean = standard deviation if normally distributed, or median
[interquartile range] if not normally distributed, and compared
using a standard or Kruskal-Wallis analysis of variance, respec-
tively. Categorical data were reported as count (%) and com-
pared using a Chi-square test. Univariable and multivariable
logistic regression was used to assess the 2 ancillary outcomes:
bleeding; and obtaining a consent for biospecimen research.
Adjustment was made for confounders, ascertained using
directed acyclic graphs. Tukey’s test was used to account for
multiple comparisons. All analysis was performed using Stata
14 (StataCorp, USA).

To contextualize changes in kidney biopsy-related research
output over time, a search of studies indexed in the Pubmed
database which cited kidney biopsies was undertaken, with
results presented descriptively in the Supplementary Material,
Supplemental Digital Content, https:/links.lww.com/MD/
Qs156.

3. Results

There were 229 kidney biopsies performed in 2018 to 2019,
223 in 2020 to 2021 and 213 in 2022 to 2023 (Table 1). The
mean age at time of kidney biopsy was similar across the 3
phases of the COVID-19 pandemic. There were more inpatient
than outpatient biopsies across all eras. Native kidney biopsies
made up over 80% of the kidney biopsies in all eras. There were
more patients biopsied on dialysis during COVID-19 although
this did not reach statistical significance (P =.07). The lead-
ing indication for native kidney biopsy in the pre-pandemic
era was impaired kidney function (n = 50, 26%), proteinuria
during the pandemic era (n =65, 36%) and hemoproteinuria
(n=351, 27%) in the post-pandemic era. Creatinine rise was
the most prevalent indication for transplant biopsies across all
eras.

In the pre-pandemic era, 70% (n = 160) of patients undergo-
ing a kidney biopsy consented for biomarker research. The con-
sent rate trended downwards during the pandemic era to 63%
(n=141) but did not reach statistical significance (Table 2).
Post-pandemic, the proportion of people undergoing kidney
biopsy consenting to biomarker research returned to pre-
pandemic levels at 68% (n = 145). The proportion of biopsy
samples sent for research declined precipitously from 50%
(n = 115) in the pre-pandemic era, to 47% (n = 104) in the pan-
demic era, to 38% (n = 81) in the post-pandemic era (P =.03).

Of all biopsies performed, there were more glomerular dis-
ease diagnoses in the post-pandemic era (Table S1, Supplemental
Digital Content, https:/links.lww.com/MD/Q5156). In contrast,
diabetic nephropathy made up 16% (n=32) pre-pandemic,
17% (n = 32) pandemic,and 11% (n = 20) post-pandemic native
kidney biopsies. The ratio of primary glomerular disease:dia-
betic nephropathy diagnoses was higher in the post-pandemic
era compared to the pandemic era (P =.042). Tubulointerstitial
disease, vascular disease, and deposition disease made up sim-
ilar proportions of native kidney biopsy diagnoses across the
pre-pandemic, pandemic, and post-pandemic eras. Of trans-
plant biopsies, rejection comprised of 24% (n = 8) pre-pandemic
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Demographic data.

www.md-journal.com

Likelihood of research consent being signed.

2018-2019 2020-2021 2022-2023
Characteristic (n = 229) (n =223) (n=213)  P-value
Age (yr), mean + SD 52 +18 51+ 16 51+18 77
Sex, n (%)
M 118 (52) 114 (51) 107 (50) .93
F 111 (48) 109 (49) 106 (50)
Proceduralist, n (%)
Nephrology 175 (76) 177 (79) 160 (75) .67
IR 54 (24) 46 (21) 53 (25)
Location
Inpatient 130 (57) 123 (55) 108 (51) .37
Outpatient 99 (43) 100 (45) 105 (49)
Kidney, n (%)
Native 196 (86) 183 (82) 189 (89) A7
Transplant 33(14) 40 (18) 24 (11)
Needle gauge, n
14 0 1 0 .28
16 144 119 118
18 75 88 75
20 2 0 0
Not recorded 8 15 20
SBP (mm Hg), 130 +13 131+ 14 131 14 67
mean + SD
Dialysis, n (%) 46 (20) 50 (22) 30 (14) .07
Biopsy on aspirin, n(%) 40 (17) 45 (20) 40 (19 .70
Biopsy indication 196 (86) 183 (82) 189 (89) <.001*
(native)
Haematuria® 7(4) 5(@) 5@©)
Proteinuria 53 (27) 65 (36) 52 (28)
Nephrotic 13(7) 19 (10) 15 (8)
syndrome’
Haemoproteinuria® 28 (14) 1(17) 1(27)
Impaired kidney 50 (26) 18) 18 (10)
functiont
Monoclonal 3(2) 0(0) 6 (3)
gammopathy?
Lupus nephritis’ 15(8) 12 (7) 27 (14)
Systemic vasculitis’ 6 (8) 15(8) 15(8)
Otherf 0(0) 2(1) 1(1)
Biopsy indication 33(14) 40 (18) 24 (11) .67
(transplant)
Creatinine rise* 25 (76) 32 (80) 20 (83)
Proteinuria* 2 (6) 3(8) 1)
Haemoproteinuria* 0(0) 4(10) 0(0)
BK viragmia* 6(18) 318 2(10)
Investigations
Hb, g/L, mean + SD 115+ 23 119+ 24 118 £ 23 .16
Plt, x10%L, 264 + 108 273 + 98 266 + 99 .62
mean + SD
Urea, mmol/L, 127 £8.0 129+14.2 126 +£8.2 .95
mean + SD
Creatinine, pmol/L, 213 + 191 188 + 160 197 + 152 .28
mean + SD
UPCR, g/mol creat, 154 [57-375] 180 [39-536] 229 [72-499] 12
median [IQR]
UACR, g/mol creat, 112 [27-260] 121 [12-415] 129 [32-310] .09
median [IQR]

IR = interventional radiology, SBP = systolic blood pressure, SD = standard deviation.
*P <.001.

'Percentages expressed as percentage of native kidney biopsies over period.
*Percentages expressed as percentage of transplant kidney biopsies over period.

biopsies, 18% (n =7) pandemic biopsies, 29% (n=7) post-
pandemic biopsies. BK nephropathy was more common in the
pre-pandemic era at 9% (n = 3), with no cases during the pan-
demic era and 4% (n = 1) in the post-pandemic era. Across all
eras, females were at higher risk of a bleeding complication com-
pared to males. Bleeding risk was highest in the 25 to 34 year
old age group with an odds ratio of 2.61 (1.26-5.41; Tables S2

Research consent signed

Characteristic No(n=219) Yes(n=446) OR(95%Cl)  P-value
Year

2018-2019 (229) 69 (30) 160 (70) 1

2020-2021 (223) 82 (37) 141 (63) 0.74 (0.50-1.09) 14

2022-2023 (213) 68 (32) 145 (68) 0.92 (0.61-1.38) .68
Location

Inpatient (361) 132 (37) 229 (63) 1

Outpatient (304) 87 (29) 217(71)  1.27(0.94-1.73) 12
Proceduralist

Nephrology (512) 80 (26) 432 (84) 1

IR (153) 139 (91) 14 (9) 0.02 (0.01-0.03) <.001*

Data reported as count (row %). Odds ratio (OR) and 95% confidence intervals (95% Cl) estimated
using multivariable logistic regression, with both location and proceduralist adjusted for as
confounders.

Cl =confidence interval, IR = interventional radiology, OR = odds ratio.

*P < .001.

and S3, Supplemental Digital Content, https:/links.lww.com/
MD/QS5156).

The number of publications citing kidney biopsies dropped
from 700 to 750 per 100,000 between 2015 and 2019 to a nadir
of ~500 per 1,00,000 between 2022 and 2023. This increased
to ~650 per 1,00,000 in 2024 (Fig. S1, Supplemental Digital
Content, https:/links.lww.com/MD/Q5156).

4. Discussion

This is the first review of kidney disease research practices
over the course of the COVID-19 pandemic in a jurisdiction
with comparatively fewer COVID-19 cases. Kidney disease
biomarker research activities decreased during the COVID-19
pandemic as demonstrated by reductions in biomarker study
consent and sample collection. Although there were changes in
service provision (e.g., delay in elective procedures, lockdowns),
these measures were not associated with changes in biopsy num-
ber, setting, and department over the course of the pandemic.

The number of participants consented for kidney disease bio-
markers studies trended down during the COVID-19 pandemic.
At the Metro North Kidney Health Service, people undergoing
a kidney biopsy are routinely approached regarding partici-
pation in kidney disease biomarkers studies by research and
clinical staff. Research samples are collected by research staff.
Reductions in research consent and sample collection during
the pandemic era could be attributed to restrictions in research
staff access to clinical spaces during the pandemic, staff rede-
ployment for COVID-19 purposes and shift in public percep-
tions around science.'”! Recovery of research consent rates in
the post-pandemic era is consistent with staff being reinstated
in pre-pandemic positions. The observed fall in excess kidney
sample collection over the COVID-19 pandemic was likely due
to reduction in available tissue and consent rates. The observa-
tion that bio-sample collection rates are yet to recover at the
end of the pandemic despite increases in consent rates demon-
strated the long tail to the pandemic and its impacts on research
workflows. Possible contributors to this long tail effect could
include changes to research personnel through redeployment of
joint research/clinical staff, potential losses of funding oppor-
tunities secondary to reduced research output or altered fund-
ing priorities, and reduced medical research student enrollment
during the pandemic in the context of limiting hospital access
to essential personnel only and a significant shift to remote
learning.['1:12]

Our findings reflect a wider trend observed in the literature
with a reduction in publications citing kidney biopsies over the
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pandemic era (Fig. S1, Supplemental Digital Content, https://
links.lww.com/MD/Q5156). This change occurred in a dynamic
landscape where research priorities shifted dramatically towards
addressing the global pandemic. This included national and
international policies to expedite COVID-19 research ethics/
governance reviews, and many journals peer review/publication
processes were expedited/prioritized for COVID-19 research.!?!
Within the first 6 months of the pandemic there were more than
1000 registered clinical trials related to COVID-19 research.!'314
The shifting prioritization may explain the reduction in kidney
biopsy-related research to some degree.

The incidence of glomerular disease diagnoses were elevated,
but not significantly, over the course of the pandemic. These
results conflict with the findings from a multicentre cohort of
240 native kidney biopsies of people with COVID-19 which
demonstrated increased risks of collapsing glomerulopathy,
myoglobin cast nephropathy, proliferative glomerulonephri-
tis with monoclonal immunoglobulin G deposits; and reduced
risks of diabetic mellitus, immunoglobulin A nephropathy and
arteriosclerosis.[""! Another series of 14 native kidney biopsies in
patients with COVID-19, n = 10 (71%) had glomerular pathol-
ogy (n = 7 of whom had intercurrent tubular pathology) whereas
n =3 (29%) had isolated tubular pathology, indicating a broad
range of findings associated with COVID-19 infection.!'®! The
Kidney Histopathology After COVID-19 and SARS-CoV-2
Vaccination study (NCT05043168) found similar incidence
rates of necrotizing glomerulonephritis, thrombotic microan-
giopathy (TMA) and primary podocytopathies between 2019
and 2021."7 In that study, only 27 biopsies were completed
after COVID-19 infection and 15 biopsies were completed after
SARS-CoV vaccination out of 10,206 biopsies between 2019
and 2021, suggesting that COVID-19-related cases comprised
only a very small proportion of kidney biopsies, similar to our
locale. The higher ratio of primary glomerular disease:diabetic
nephropathy diagnoses during the pandemic era observed in
our center likely represented reduced appetite to biopsy people
with suspected diabetic nephropathy during the pandemic. This
was in the broader context of limited resource availability and
rationalization of lower-yield care during the COVID-19 pan-
demic,"®! which may have led to nephrologists being less likely
to biopsy a patient with diabetes where there was a high pre-
test probability of diabetic nephropathy, and the biopsy would
have been less likely to alter management. A survey of 182
Australasian nephrologists undertaken before the start of the
COVID-19 pandemic (2019-2020) indicated there was already
a lower tendency to biopsy people with vs without diabetes who
had active urinary sediment (69% vs 83%) or nephrotic range
proteinuria (21% vs 93%), supporting this assertion.!"”]

Limitations of our analysis include use of retrospective data
which increases risk of confounding bias however, demographic
features were similar across the 3 pandemic eras. Further stud-
ies are urgently needed to assess and address impacts on non-
pandemic research to increase preparedness for future
pandemics. Strategies to maintain non-pandemic research need
to be built into pandemic preparedness plans to preserve the
momentum of discoveries which improve clinical outcomes
for non-pandemic diseases; discoveries which may well end up
being repurposed for pandemic-related conditions (e.g., remde-
sivir from Ebola research). This study also highlights the impor-
tance of having robust research infrastructure in place with
effective failsafe mechanisms to protect against disruptions to
workflows caused by external influences.
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